
Management of Carpal Tunnel Syndrome: 
Evidence-Based Clinical Practice Guideline

Adopted by the American Academy of Orthopaedic Surgeons (AAOS) Board of Directors
February 29, 2016

Presenter
Presentation Notes
This is a presentation on the American Academy of Orthopaedic Surgeons Management of Carpal Tunnel Syndrome Evidence-based Clinical Practice Guideline.  This guideline was adopted by the AAOS Board of Directors on February 29, 2016.



The American Academy of Orthopaedic Surgeons
2016 Clinical Practice Guideline 
on the Management of Carpal Tunnel Syndrome

Brent Graham, MD, MSc, FRCSC; Allan E. Peljovich, MD, MPH; Robert 
Afra, MD; Mickey S. Cho, MD; Rob Gray, MD; John Stephenson, MD; 
Andrew Gurman, MD; Joy MacDermid, PhD; Gary Mlady, MD; Atul T 
Patel, MD; David Rempel, MD, MPH; Tamara D. Rozental, MD; 
Mohammad Kian Salajegheh, MD; Michael Warren Keith, MD; David 
Jevsevar, MD, MBA; Kevin Shea, MD; Kevin John Bozic, MD, MBA; Julie 
Adams, MD; Jay Mark Evans, MD, John Lubahan, MD; Wilson Zachary 
Ray, MD; Robert Spinner, MD; Grant Thompson, MD. AAOS Staff: 
William O. Shaffer, MD; Deborah Cummins, PhD; Jayson N. Murray, MA; 
Mukarram Mohiuddin, MPH; Kyle Mullen, MPH; Yasseline Martinez; 
Kaitlyn Sevarino, MBA; Anne Woznica, MLIS, AHIP; Peter Shores, MPH; 
Erica Linskey

© 2019 American Academy of Orthopaedic Surgeons 



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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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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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
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Presentation Notes
What is Evidence-Based Medicine

What 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 research

It 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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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 Experience
Best External Evidence, and
Patient Values and Expectations

All 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. 
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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 Standards

When 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 
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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
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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.
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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

Work group members define additional 
exclusion criteria based on PICO question

Presenter
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 peer-reviewed published article report of a clinical study. 
For any included study that uses “paper-and-pencil” outcome measures (e.g., SF-36), only those outcome measures that have been validated will be included 
For any given follow-up time point in any included study, there must be ≥ 50% patient follow-up (if the follow-up is >50% but <80%, the study quality will be downgraded by one Level) 
Study must be of humans 
Study must be published in English 
Study results must be quantitatively presented Study must not be an in vitro study 
Study must not be a biomechanical study 
Study must not have been performed on cadavers 

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 commentaries
Confounded studies that give patients the treatment of interest and along with another treatment
Case 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 results
All studies evaluated as “very low quality”, and
Composite measures or outcomes even if they are patient-orientated 

Study Inclusion Criteria for the AAOS Management of Carpal Tunnel Syndrome Clinical Practice Guideline also contained the following criteria which was customized by the Work Group:

Study must be of an CTS injury or prevention thereof
Study must be published in or after 1966 for surgical treatment, rehabilitation, bracing,
prevention and MRI
Study must be published in or after 1966 for x rays and non-operative treatment
Study must be published in or after 1966 for all others non specified
Study should have 10 or more patients per group
For surgical treatment a minimum of 3 months follow up duration.
Antibiotic prophylaxis, anticoagulations, mode of anesthesia: all follow-ups
For non-operative treatment a minimum of 1 month.
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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 Searches

The 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 Appendix V 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. 
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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/systematic review
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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 

8,341 articles 
excluded from title 
and abstract review

10,804 abstracts 
reviewed. Primary 

search performed on 
February 27, 2015

2,463 articles recalled 
from abstract review

2,233 articles 
excluded after full 
text review for not 

meeting the a priori 
inclusion criteria or 
not best evidence 

available
230 articles included 
after full text review 
and quality analysis 
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Study Attrition Flowchart

The 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 Carpal Tunnel Syndrome Clinical Practice Guideline. Of the initial 10,804 abstracts, only 230 were included after the full-text review and quality analysis.  The literature search strategies used to identify the abstracts are included in the guideline’s full text pdf. 



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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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…”
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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 

Presenter
Presentation Notes
Peer Review

Following 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. 






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 
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Public Commentary

After 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. 
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FINAL MEETING

The work group is charged with:
 Review of data summaries
 Final recommendation language
 Rationale and risk/harm construction
 Future research 

Presenter
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 CARPAL TUNNEL SYNDROME
CLINICAL PRACTICE GUIDELINE OVERVIEW 
 Based on a systematic review of published 

studies 

 Addresses the diagnosis and treatment of 
adult patients presenting with complaints 
which may be attributable to carpal tunnel 
syndrome

 Highlights limitations in literature and areas 
requiring future research 

 Trained physicians and surgeons are intended 
users
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Overview 

Burden of Disease
CTS is the most common compressive neuropathy affecting the upper extremity and is an important cause of lost workplace productivity. The prevalence of CTS is estimated to be 0.7/10,000 workers. Between 1997 and 2010 CTS was the second most common cause of days lost from the workplace. Throughout this period the median time lost per case of CTS varied between 21 and 32 days.

Etiology:   CTS is caused by compression of the median nerve under the transverse carpal ligament.
Although pressure on the median nerve is clearly the pathophysiologic basis for the symptoms
observed clinically, the etiology of elevated pressure within the carpal canal is unknown.

Risk Factors
Conditions which occupy volume within the carpal canal may increase the risk of symptomatic compression of the median nerve. Diseases affecting the synovium of the flexor tendons, such as rheumatoid arthritis, or rare tumors or anomalous muscles in the carpal canal are example of uncommonly encountered medical conditions associated with an increased risk of CTS. Given that the cause of increased pressure within the carpal canal is unknown in the majority of cases, there is little known about risk factors for developing CTS, although a number of associations both with medical conditions and workplace exposures have been described. For more
information regarding risk factors, please see the recommendations concerning risk factors for CTS. 

Emotional and Physical Impact
The principal impact of CTS on patients relates to the sensory disturbance which may disrupt sleep and, during non-sleeping hours, impair strength and the ability to carry out fine manipulation. CTS may also be associated with pain in the wrist and digits. These symptoms may have a substantial effect on an individual’s ability to accomplish activities of daily living and to perform work-related duties. 

Potential Benefits, Harms, and Contraindications
The main benefit of a guideline focused on diagnosis is the emphasis on standardized diagnostic criteria which reduce variability in the case definition for CTS. This could have an important impact on the care of CTS, by minimizing the risk of incorrect diagnosis, and also help in the design of studies seeking to identify associations with specific workplace exposures, an area of interest for workers.
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OBSERVATION

 Strong evidence supports Thenar atrophy is strongly associated with ruling-in 
carpal tunnel syndrome, but poorly associated with ruling-out carpal tunnel 
syndrome.

Strength of Recommendation: Strong  

Presenter
Presentation Notes
RATIONALE
There were two high quality (Claes, 2013; Naranjo, 2007) and two moderate quality studies (Gomes, 2006; Makanji, 2014) with strong evidence that the presence of thenar atrophy can rule in the diagnosis of CTS. Pooling the results into a meta-analysis demonstrated a strong association with electrodiagnostic studies (EDS) that used the criteria for the diagnosis of CTS established by the American Association of Electrodiagnostic Medicine (AANEM). The individual studies, as well as the meta-analysis, showed that the absence of thenar atrophy did not rule out the diagnosis of CTS. The meta-analysis did not include two moderate quality studies (De Krom, 1990 or Gerr, 1998) because of variations in the electrodiagnostic test methods and also because of the availability of higher quality evidence examining the utility of thenar atrophy. The study by Claes was somewhat limited by its exclusion of the patients with severe thenar atrophy. The studies also did not clearly differentiate loss of thenar muscle bulk on a neurogenic basis versus disuse atrophy, for example in cases of trapeziometacarpal joint osteoarthritis.��POSSIBLE HARMS OF IMPLEMENTATION 
There are no known harms associated with implementing these recommendations.

FUTURE RESEARCH 
Future studies should define diagnostic reference standard.  The development of standardized diagnostic scales and stand-alone maneuvers or tests should be evaluated against a reference standard. Studies should include appropriate blinding as well as timing between tests to allow for unbiased and accurate assessments.� 
Claes,F.; Kasius,K.M.; Meulstee,J.; Verhagen,W.I. Comparing a new ultrasound approach with electrodiagnostic studies to confirm clinically defined carpal tunnel syndrome: a prospective, blinded study. Am J Phys Med Rehabil.; 2013/11: 11

de Krom,M.C.; Knipschild,P.G.; Kester,A.D.; Spaans,F. Efficacy of provocative tests for diagnosis of carpal tunnel syndrome. ; 1990/2/17: 8686

Gerr,F.; Letz,R. The sensitivity and specificity of tests for carpal tunnel syndrome vary with the comparison subjects. J Hand Surg Br; 1998/4: 2

Gomes,I.; Becker,J.; Ehlers,J.A.; Nora,D.B. Prediction of the neurophysiological diagnosis of carpal tunnel syndrome from the demographic and clinical data. Clin Neurophysiol.; 2006/5: 5

Makanji,H.S.; Becker,S.J.; Mudgal,C.S.; Jupiter,J.B.; Ring,D. Evaluation of the scratch collapse test for the diagnosis of carpal tunnel syndrome. J Hand Surg Eur.Vol.; 2014/2: 2

Naranjo,A.; Ojeda,S.; Mendoza,D.; Francisco,F.; Quevedo,J.C.; Erausquin,C. What is the diagnostic value of ultrasonography compared to physical evaluation in patients with idiopathic carpal tunnel syndrome?. Clin Exp.Rheumatol.; 2007/11: 6
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PHYSICAL SIGNS

 Strong evidence supports not using the Phalen Test, Tinel Sign, Flick Sign, or Upper 
limb neurodynamic/nerve tension test (ULNT) criterion A/B as independent 
physical examination maneuvers to diagnose carpal tunnel syndrome, because 
alone, each has a poor or weak association with ruling-in or ruling-out carpal 
tunnel syndrome.

Strength of Recommendation: Strong  

Presenter
Presentation Notes
RATIONALE
Evidence from five high quality studies (Gok, 2008; Naranjo, 2007; Vanti, 2011; Vanti, 2012; Wainner, 2005) and one moderate quality study (Tan, 2012) supports not using the Phalen Test, Tinel Sign, Flick Sign, or ULNT criterion A/B as independent physical examination maneuvers to rule in or rule out the diagnosis of carpal tunnel syndrome. Each of these studies showed poor agreement with electrodiagnostic tests as the reference standard. The EDS criteria in some instances used the AANEM criteria and in others general EDS methods. A meta-analysis of the performance of the Tinel sign and Phalen test also demonstrated poor agreement to this reference standard.��POSSIBLE HARMS OF IMPLEMENTATION 
There are no known harms associated with implementing these recommendations.

FUTURE RESEARCH 
Future studies should define diagnostic reference standard.  The development of standardized diagnostic scales and stand-alone maneuvers or tests should be evaluated against a reference standard. Studies should include appropriate blinding as well as timing between tests to allow for unbiased and accurate assessments.� 
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MANEUVERS
 Moderate evidence supports not using the following as independent physical examination maneuvers to 

diagnose carpal tunnel syndrome, because alone, each has a poor or weak association with ruling-in or 
ruling-out carpal tunnel syndrome:
 Carpal Compression Test
 Reverse Phalen Test
 Thenar Weakness or Thumb Abduction Weakness or Abductor Pollicis Brevis Manual Muscle Testing
 2-Point Discrimination
 Semmes-Weinstein Monofilament Test
 CTS-Relief Maneuver (CTS-RM)
 Pin Prick Sensory Deficit; Thumb or Index or Middle Finger
 ULNT Criterion C
 Tethered Median Nerve Stress Test
 Vibration Perception-Tuning Fork
 Scratch Collapse Test
 Luthy Sign
 Pinwheel

Strength of Recommendation: Moderate  

Presenter
Presentation Notes
RATIONALE 
Several moderate and high quality studies provided a moderate level of evidence to suggest that the various tests listed above were not found to have been used as individual tests to rule in or rule out the diagnosis of CTS. CTS-RM had a moderate association to the reference standard when ruling-in CTS according to one high quality study (Gok, 2008) however the generalizability of these results is unclear because the study sample only contained female subjects. Meta-analysis could not be performed on any of these studies due to inconsistent reporting or lack of sufficient evidence. The reference standard for comparison was the use of either electrodiagnostic studies (EDS) following AANEM criteria or other general EDS methods. There is conflicting evidence of whether or not combining tests helps to rule in or rule out the
diagnosis of CTS, as the test combinations were not validated or weighted to ensure reliability, accuracy, and/or clinical relevance; any valid scales are evaluated in the diagnostic scales recommendation.��POSSIBLE HARMS OF IMPLEMENTATION 
It is possible that elderly patients will be denied access to the benefits of THA due to concerns regarding increased risk.
 
FUTURE RESEARCH 
Continued long term studies following younger (age < 50) and older (age > 80) patients with symptomatic osteoarthritis of the hip undergoing total hip arthroplasty using contemporary techniques.
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HISTORY INTERVIEW TOPICS
 Moderate evidence supports not using the following as independent history interview topics to 

diagnose carpal tunnel syndrome, because alone, each has a poor or weak association with 
ruling-in or ruling-out carpal tunnel syndrome:
 Sex/Gender
 Ethnicity
 Bilateral Symptoms
 Diabetes Mellitus
 Duration of Symptoms
 Patient Localization of Symptoms
 Hand Dominance
 Symptomatic Limb
 Age
 BMI

Strength of Recommendation: Moderate  

Presenter
Presentation Notes
Rationale
Two high quality studies (Claes, 2013; Katz, 1990) and several moderate quality studies investigated the relationship between history interview topics and CTS as compared to a reference standard which was the use of either EDS following AANEM criteria or general EDS methods. When examined individually, each of the factors listed above had a poor or weak association with EDS based on the likelihood ratio. Sex/gender data pooled in a meta-analysis, also showed a poor association with electrodiagnostic testing.

Risks and Harms of Implementing this Recommendation
There are no known harms associated with implementing these recommendations.

Future Research
Future studies should evaluate and use standardized language for describing symptoms and their
severity. Standardized scales and stand-alone history interview topics should be evaluated
against a reference standard.
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HAND-HELD NERVE CONDUCTION STUDY (NCS)

 Limited evidence supports that a hand-held nerve conduction study (NCS) 
device might be used for the diagnosis of carpal tunnel syndrome.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale
There was one moderate quality study (Tan, 2012) evaluating the use of a hand-held NCS device for the diagnosis of CTS. This study showed that a handheld NCS device can rule in or rule out the diagnosis of CTS, in patients with typical symptoms of CTS, using EDS following AANEM criteria as the reference standard. The hand-held NCS device closely parallels the severity of disease compared with the neurological assessment as well.

Risks and Harms of Implementing this Recommendation
The user should be aware of the limitations and specific utility of these devices. They should not be used in patients that have symptoms or signs that might suggest an alternative diagnosis or in patients who have weakness or atrophy. Use of the hand-held NCS device in those with alternative diagnosis to CTS or motor deficit may result in missed or delayed diagnosis.

Future Research
More high quality studies are needed to confirm the utility of this method in comparisoned to electrodiagnostic studies.

Tan,S.V.; Sandford,F.; Stevenson,M.; Probert,S.; Sanders,S.; Mills,K.R.; Koutroumanidis,M. Hand-held nerve conduction device in carpal tunnel syndrome: a prospective study. Muscle Nerve; 2012/5: 5
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MRI
 Moderate evidence supports not routinely using MRI for the diagnosis of carpal 

tunnel syndrome.

Strength of Recommendation: Moderate  

Presenter
Presentation Notes
Rationale
There was one high quality study (Jarvik, 2002) evaluating MRI for the diagnosis of CTS. Findings on MRI had a weak or poor association as a rule out test for CTS as compared to a classic or probable hand pain diagram and nerve conduction study. Only severe fascicular swelling, severe flexor tenosynovitis, or severe increased muscle signal had a strong association with CTS, suggesting that MRI would be insensitive in identifying the diagnosis of CTS in the majority of patients in whom these findings would be unlikely to be present.

Risks and Harms of Implementing this Recommendation
There are no known harms associated with implementing these recommendations.

Future Research
In order for imaging modalities to be effective in diagnosis of CTS consensus on the optimal location for the measurements and threshold values for parameters such as cross-sectional area are required.

(41) Jarvik JG, Yuen E, Haynor DR, Bradley CM, Fulton-Kehoe D, Smith-Weller T, Wu R, Kliot M, Kraft G, Wang L, et al. MR nerve imaging in a prospective cohort of patients with suspected carpal tunnel syndrome. Neurology 2002 Jun 11;58(11):1597-602.
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DIAGNOSTIC ULTRASOUND

• Limited evidence supports not routinely using ultrasound for the diagnosis of 
carpal tunnel syndrome.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale
There were five high quality (Naranjo, 2007; Moran, 2009; Ziswiler, 2005; Wong, 2004; Claes, 2013) and seven moderate quality studies (Abdel Ghaffar, 2012; Dejaco, 2013; Fowler, 2014; Hashemi, 2009; Moghtaderi, 2012; Nakamichi, 2002; Pastare, 2009) evaluating ultrasound for the diagnosis of CTS compared with EDS as the reference standard. These studies showed conflicting results regarding the utility of ultrasound (US) as either a rule in or rule out test in the diagnosis of CTS. In general, there was variation between the studies for the cut-off value for making the diagnosis or for exclusion of CTS. The ideal location for measuring the cross-sectional area (CSA) of the median nerve for indicating the diagnosis of CTS also varied between studies. There is a general agreement that a CSA greater than 12-13 mm is strongly correlated with EDS. As a rule out study for CTS, there is a strong correlation with CSA below 8 mm. One moderate quality (Abdel Ghaffar, 2012) and one low quality study (Mallouhi, 2006) suggest that a US measurement of nerve hypervascularity may have a strong association as a rule out study for CTS.

Risks and Harms of Implementing this Recommendation
There are no known harms associated with implementing these recommendations.

Future Research
In order for imaging modalities to be effective in diagnosis of CTS consensus on the optimal location for the measurements and threshold values for parameters such as cross-sectional area are required. Further high quality studies are needed to determine the utility of hypervascularity of the median nerve by ultrasound in the diagnosis of CTS.
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DIAGNOSTIC SCALES

 Moderate evidence supports that diagnostic questionnaires and/or 
electrodiagnostic studies could be used to aid the diagnosis of carpal tunnel 
syndrome.

Presenter
Presentation Notes
Rationale
The evaluation of diagnostic tools, either scales based on clinically acquired information from the history and physical examination, or electrodiagnostic tests, requires a clear consensus on a reference standard against which the performance of these diagnostic tests can be compared. This type of consensus still does not exist with respect to carpal tunnel syndrome. It is recognized that electrodiagnostic testing has long been considered to represent a reference standard but this assumption is untenable because these tests clearly have false positive and negative results. Beyond this there simply is no consensus supporting any single diagnostic tool as a reference
standard. Where clinical diagnostic scales are taken as the reference standard, electrodiagnostic tests may demonstrate poor sensitivity and specificity. The same is true of clinical diagnostic scales when electrodiagnostic tests are taken as the reference standard. Agreement between electrodiagnostic tests and clinical diagnostic tests, regardless of which is taken as the reference standard, is also complicated by the binary nature of the comparison. Electrodiagnostic data is, by and large, continuous in nature and so establishing a hard cutoff point to compare to clinical diagnostic scales seems potentially arbitrary. At least one of the clinical diagnostic scales, the
CTS-6, attempts to address this by defining the diagnosis in probabilistic terms as a continuous variable. Given this set of circumstances the Workgroup sought to evaluate the role of clinical diagnostic tests and electrodiagnostic testing in the evaluation of CTS in the context in which they are used, in other words, in clinical settings where a patient presents with complaints that might be attributable to this condition.

There were two clinical diagnostic tests studied in high quality investigations, the Katz Hand Diagram and the CTS-6. The Boston Carpal Tunnel Scale, a status instrument most frequently used to measure outcomes of treatment for CTS was also evaluated in two high quality studies. 

In comparison to electrodiagnostic testing Katz et al demonstrated high sensitivity (0.96) and good negative predictive value (0.91) for the “classic”, “probable” or “possible” designations however, positive predictive value and specificity were low. This indicates that, using electrodiagnostic testing as a reference standard, the Katz Hand Diagram used in this way had more value as a “rule out test”. Sensitivity decreased and specificity increased if comparison to electrodiagnostic tests was made only using “classic” or “probable” results. Sensitivity decreased further and specificity was commensurately increased when only “classic” results were compared to electrodiagnostic testing. Defined using only “classic” or “classic” or “probable” results the Katz Hand Diagram was considered weak or poor as either a “rule in” or “rule out” test. Vanti made similar observations using AANEM electrodiagnostic definitions for CTS in demonstrating that the “classic” or “probable” results functioned as a strong “rule out” test.

Graham took a different approach to evaluating the respective roles of electrodiagnostic testing and the CTS-6, an instrument that expresses the probability of CTS. The pre-test probability of CTS was established using the CTS-6 and then the post-test probability after electrodiagnostic testing was estimated using likelihood ratios established with two electrodiagnostic standards for CTS, one lax (with higher sensitivity and lower specificity) and one stringent (with lower sensitivity and higher specificity). This study showed that the changes in probability after electrodiagnostic testing, using either electrodiagnostic definition, were small and probably
below a clinically relevant standard. This suggests that the most appropriate setting for electrodiagnostic testing is where there is uncertainty about the clinical diagnosis.

There were two high quality studies evaluating the Boston Carpal Tunnel Syndrome Questionnaire (Wainner, Naranjo). Both of these studies used electrodiagnostic tests as the reference standard. The results were consistent in both studies in showing that this instrument functioned as either a weak or poor “rule in” or “rule out” test. This may have been due to the fact that the scale was actually developed as a status instrument rather than as a diagnostic scale.

Risks and Harms of Implementing this Recommendation
While diagnostic scales/questionnaires can be used for the clinical assessment of CTS, they may be unable to exclude other etiologies that could mimic CTS (such as cervical radiculopathy), or identify other disorders (such as polyneuropathy) that may affect the decision making process regarding therapy. Where indicated, appropriate clinical evaluation for alternative diagnoses should be carried out. Electrodiagnostic testing may be of most value when the clinical diagnosis is unclear or when atypical features exist.

Future Research
Establishing consensus on a reference standard for the diagnosis for CTS is the most importantresearch goal in this area.
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INCREASED RISK OF CTS

 Strong evidence supports that BMI and high hand/wrist repetition rate are 
associated with the increased risk of developing carpal tunnel syndrome (CTS).

Strength of Recommendation: Strong  

Presenter
Presentation Notes
Rationale
BMI evaluated as a continuous variable was shown to be associated with development of CTS in four high quality (Armstrong, 2008; Bonfiglioli, 2013; Evanoff, 2014; Garg, 2012) and three moderate quality studies (Burt, 2011; Hlebs, 2014; Nordstrom, 1997). Only one moderate quality study (Goodson, 2014) found an insignificant result for the relationship between BMI and CTS. When evaluated as a categorical variable, five moderate quality studies (Becker, 2002; Burt, 2011; Burt, 2013; Coggon, 2013; Geoghegan, 2004) found a correlation between increasing BMI and development of CTS, while one high quality study (Hakim, 2002) and two moderate quality (Mondelli, 2006; Violante, 2007) studies found no significance.

High hand/wrist repetition rate at work was significantly associated to an increased risk of CTS by two high quality (Armstrong, 2008; Evanoff, 2014) and four moderate quality studies (Chiang, 1990; Coggon, 2013; Goodson, 2014; Silverstein, 1987). In all studies, the hand/wrist repetition involved moderate to high hand forces. One of the high quality studies (Armstrong, 2008) showed an insignificant association in two of the categories of repetition, but still showed a significant increase between the high and low quartile categories.

Peri-menopausal status was shown in one high quality study (Hakim, 2002) to be associated with an increased risk of CTS development, but no association was found between CTS and post-menopausal status.

Wrist ratio/index (ratio of wrist depth to width >0.7mm) was significantly associated with an increased risk of CTS in one high (Armstrong, 2008) and six moderate quality studies (Boz, 2004; Gordon, 1988; Hlebs, 2014; Moghtaderi, 2005; Sabry, 2009; Shariff-Mollayousefi, 2008).

Rheumatoid arthritis was associated with an increased risk of CTS in one high quality (Garg, 2012) and one moderate quality study (Burt, 2011). One moderate quality study (Geoghegan, 2004) showed an association between osteoarthritis and CTS.

Mood (“felt down, blue or depressed always/never, compared to seldom”) was associated with increased risk of CTS in one high quality study (Garg, 2012). One moderate quality study (Coggon, 2013) showed an association with increased risk based on self-rated mental health.

Hand, wrist or elbow tendinopathies (musculoskeletal conditions) were associated with increased risk of CTS in one high quality (Garg, 2012) and two moderate quality studies (Aktas, 2008; Nordstrom, 1997).

Gardening was associated with an increased risk of developing CTS in one high quality study (Garg, 2012).

The American Conference of Governmental Industrial Hygienists (ACGIH) hand activity level (HAL) is a standardized method for evaluating jobs that involves expert observation, direct measurement or video analysis to assess both pinch/grip force and hand/wrist repetition rate. There was one high quality (Bonfiglioli, 2013) and three moderate quality (Burt, 2011; Burt, 2013; Violante, 2007) studies, showing significant associations to increased risk of CTS when the ACGIH HAL was at or above the threshold limit. In addition, there was one high quality study (Garg, 2012) that showed an association with CTS by hazard ratio but this finding was limited by a wide confidence interval that included a value of 1.0 (HR: 2.01, CI: 0.8-5.0).

Assembly line work was associated with increased risk for the development of CTS in one high quality (Armstrong, 2008) and two low quality studies (Bonfiglioli, 2006; Lecler, 1998).

Computer work was significantly associated with increased risk of CTS by three moderate quality studies (Ali, 2006; Coggon, 2013; Eleftheriou, 2012). One study found an increased association with an average of greater than eight hours of computer use per day and more than four years of computer work (Ali, 2006). Another study found an association between an increased risk of CTS and working on a keyboard or mouse for more than four hours per day (Coggon, 2013). The third study found an association with a very high number of keystrokes typed per year and a higher risk of CTS (Eletheriou, 2012). There was one moderate quality study (Ali, 2006) evaluating internet use for leisure, which also found a significant result for increasing risk of CTS.

The use of vibrating hand-held tools was associated with an increased risk of CTS in one high quality (Armstrong, 2008) and three moderate quality studies (Coggon, 2013; Dale, 2014; Nordstrom, 1997).

Tendonitis in the shoulder, hand, finger, or wrist was shown to increase risk of CTS by one high quality (Armstrong, 2008) and one low quality study (Werner, 2005).
Workplace forceful grip/exertion was found to be significantly associated with increased risk of CTS by one high quality (Armstrong, 2008) and four moderate quality studies (Burt, 2011; Burt, 2013; Dale, 2014; Evanoff, 2012).

Comorbidities including dialysis, fibromyalgia, and varicosis each had one moderate quality study (Shin, 2008; Fahmi, 2013; De Krom, 1990) showing that each has a significantly increased risk of CTS.

Wrist fracture showed an increased risk of CTS in two moderate quality studies (Geoghegan, 2004; Dyer, 2008). One moderate quality study (Morgenstern, 1991) showed an insignificant relationship, but that study included only female participants and therefore the findings may not be generalizable.

Risks and Harms of Implementing this Recommendation
There are no known harms associated with implementing these recommendations.

Future Research
Studies should be conducted to identify objective methods for assessing workplace physical factors in order to improve the precision of risk estimation and improve confidence in thresholds of injury. Workplace intervention studies should be conducted to confirm that modifications in work activities may improve symptoms and functional deficits in workers with CTS. Studies of risk should include proper control for confounding as in a logistic regression analysis with appropriate population sizes and associated odds ratios. 
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INCREASED RISK OF CTS
 Moderate evidence supports that the following factors are associated with the increased risk of 

developing carpal tunnel syndrome (CTS): 
 Peri-Menopausal
 Wrist Ratio/Index
 Rheumatoid Arthritis
 Psychosocial Factors
 Distal Upper Extremity Tendiopathies
 Gardening
 ACGIH Hand Activity Level at or above Threshold
 Assembly Line Work
 Computer Work
 Vibration
 Tendonitis
 Workplace Forceful Grip/Exertion

Presenter
Presentation Notes
Rationale
Peri-menopausal status was shown in one high quality study (Hakim, 2002) to be associated with an increased risk of CTS development, but no association was found between CTS and post-menopausal status.� �Wrist ratio/index (ratio of wrist depth to width >0.7mm) was significantly associated with an increased risk of CTS in one high (Armstrong, 2008) and six moderate quality studies (Boz, 2004; Gordon, 1988; Hlebs, 2014; Moghtaderi, 2005; Sabry, 2009; Shariff-Mollayousefi, 2008). � �Rheumatoid arthritis was associated with an increased risk of CTS in one high quality (Garg, 2012) and one moderate quality study (Burt, 2011).  One moderate quality study (Geoghegan, 2004) showed an association between osteoarthritis and CTS.� �Mood (“felt down, blue or depressed always/never, compared to seldom”) was associated with increased risk of CTS in one high quality study (Garg, 2012). One moderate quality study (Coggon, 2013) showed an association with increased risk based on self-rated mental health.� �Hand, wrist or elbow tendinopathies (musculoskeletal conditions) were associated with increased risk of CTS in one high quality (Garg, 2012) and two moderate quality studies (Aktas, 2008; Nordstrom, 1997).� �Gardening was associated with an increased risk of developing CTS in one high quality study (Garg, 2012).� �The American Conference of Governmental Industrial Hygienists (ACGIH) hand activity level (HAL) is a standardized method for evaluating jobs that involves expert observation, direct measurement or video analysis to assess both pinch/grip force and hand/wrist repetition rate. There was one high quality (Bonfiglioli, 2013) and three moderate quality (Burt, 2011; Burt, 2013; Violante, 2007) studies, showing significant associations to increased risk of CTS when the ACGIH HAL was at or above the threshold limit.  In addition, there was one high quality study (Garg, 2012) that showed an association with CTS by hazard ratio but this finding was limited by a wide confidence interval that included a value of 1.0 (HR: 2.01, CI: 0.8-5.0).� �Assembly line work was associated with increased risk for the development of CTS in one high quality (Armstrong, 2008) and two low quality studies (Bonfiglioli, 2006; Lecler, 1998).� �Computer work was significantly associated with increased risk of CTS by three moderate quality studies (Ali, 2006; Coggon, 2013; Eletheriou, 2012).  One study found an increased association with an average of greater than eight hours of computer use per day and more than four years of computer work (Ali, 2006).  Another study found an association between an increased risk of CTS and working on a keyboard or mouse for more than four hours per day (Coggon, 2013).  The third study found an association with a very high number of keystrokes typed per year and a higher risk of CTS (Eleftheriou, 2012). There was one moderate quality study (Ali, 2006) evaluating internet use for leisure, which also found a significant result for increasing risk of CTS.� �The use of vibrating hand-held tools was associated with an increased risk of CTS in one high quality (Armstrong, 2008) and three moderate quality studies (Coggon, 2013; Dale, 2014; Nordstrom, 1997).� �Tendonitis in the shoulder, hand, finger, or wrist was shown to increase risk of CTS by one high quality (Armstrong, 2008) and one low quality study (Werner, 2005).� �Workplace forceful grip/exertion was found to be significantly associated with increased risk of CTS by one high quality (Armstrong, 2008) and four moderate quality studies (Burt, 2011; Burt, 2013; Dale, 2014; Evanoff, 2012).

Risks and Harms of Implementing this Recommendation
There are no known harms associated with implementing these recommendations.

Future Research
Studies should be conducted to identify objective methods for assessing workplace physical factors in order to improve the precision of risk estimation and improve confidence in thresholds of injury. Workplace intervention studies should be conducted to confirm that modifications in work activities may improve symptoms and functional deficits in workers with CTS. Studies of risk should include proper control for confounding as in a logistic regression analysis with appropriate population sizes and associated odds ratios. 
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INCREASED RISK OF CTS
 Limited evidence supports that the following factors are associated with the increased risk of 

developing carpal tunnel syndrome (CTS):
 Dialysis
 Fibromyalgia
 Varicosis
 Distal Radius Fracture

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale
BMI evaluated as a continuous variable was shown to be associated with development of CTS in four high quality (Armstrong, 2008; Bonfiglioli, 2013; Evanoff, 2014; Garg, 2012) and three moderate quality studies (Burt, 2011; Hlebs, 2014; Nordstrom, 1997). Only one moderate quality study (Goodson, 2014) found an insignificant result for the relationship between BMI and CTS. When evaluated as a categorical variable, five moderate quality studies (Becker, 2002; Burt, 2011; Burt, 2013; Coggon, 2013; Geoghegan, 2004) found a correlation between increasing BMI and development of CTS, while one high quality study (Hakim, 2002) and two moderate quality (Mondelli, 2006; Violante, 2007) studies found no significance.

High hand/wrist repetition rate at work was significantly associated to an increased risk of CTS by two high quality (Armstrong, 2008; Evanoff, 2014) and four moderate quality studies (Chiang, 1990; Coggon, 2013; Goodson, 2014; Silverstein, 1987). In all studies, the hand/wrist repetition involved moderate to high hand forces. One of the high quality studies (Armstrong, 2008) showed an insignificant association in two of the categories of repetition, but still showed a significant increase between the high and low quartile categories.

Peri-menopausal status was shown in one high quality study (Hakim, 2002) to be associated with an increased risk of CTS development, but no association was found between CTS and post-menopausal status.

Wrist ratio/index (ratio of wrist depth to width >0.7mm) was significantly associated with an increased risk of CTS in one high (Armstrong, 2008) and six moderate quality studies (Boz, 2004; Gordon, 1988; Hlebs, 2014; Moghtaderi, 2005; Sabry, 2009; Shariff-Mollayousefi, 2008).

Rheumatoid arthritis was associated with an increased risk of CTS in one high quality (Garg, 2012) and one moderate quality study (Burt, 2011). One moderate quality study (Geoghegan, 2004) showed an association between osteoarthritis and CTS.

Mood (“felt down, blue or depressed always/never, compared to seldom”) was associated with increased risk of CTS in one high quality study (Garg, 2012). One moderate quality study (Coggon, 2013) showed an association with increased risk based on self-rated mental health.

Hand, wrist or elbow tendinopathies (musculoskeletal conditions) were associated with increased risk of CTS in one high quality (Garg, 2012) and two moderate quality studies (Aktas, 2008; Nordstrom, 1997).

Gardening was associated with an increased risk of developing CTS in one high quality study (Garg, 2012).

The American Conference of Governmental Industrial Hygienists (ACGIH) hand activity level (HAL) is a standardized method for evaluating jobs that involves expert observation, direct measurement or video analysis to assess both pinch/grip force and hand/wrist repetition rate. There was one high quality (Bonfiglioli, 2013) and three moderate quality (Burt, 2011; Burt, 2013; Violante, 2007) studies, showing significant associations to increased risk of CTS when the ACGIH HAL was at or above the threshold limit. In addition, there was one high quality study (Garg, 2012) that showed an association with CTS by hazard ratio but this finding was limited by a wide confidence interval that included a value of 1.0 (HR: 2.01, CI: 0.8-5.0).

Assembly line work was associated with increased risk for the development of CTS in one high quality (Armstrong, 2008) and two low quality studies (Bonfiglioli, 2006; Lecler, 1998).

Computer work was significantly associated with increased risk of CTS by three moderate quality studies (Ali, 2006; Coggon, 2013; Eleftheriou, 2012). One study found an increased association with an average of greater than eight hours of computer use per day and more than four years of computer work (Ali, 2006). Another study found an association between an increased risk of CTS and working on a keyboard or mouse for more than four hours per day (Coggon, 2013). The third study found an association with a very high number of keystrokes typed per year and a higher risk of CTS (Eletheriou, 2012). There was one moderate quality study (Ali, 2006) evaluating internet use for leisure, which also found a significant result for increasing risk of CTS.

The use of vibrating hand-held tools was associated with an increased risk of CTS in one high quality (Armstrong, 2008) and three moderate quality studies (Coggon, 2013; Dale, 2014; Nordstrom, 1997).

Tendonitis in the shoulder, hand, finger, or wrist was shown to increase risk of CTS by one high quality (Armstrong, 2008) and one low quality study (Werner, 2005).
Workplace forceful grip/exertion was found to be significantly associated with increased risk of CTS by one high quality (Armstrong, 2008) and four moderate quality studies (Burt, 2011; Burt, 2013; Dale, 2014; Evanoff, 2012).

Comorbidities including dialysis, fibromyalgia, and varicosis each had one moderate quality study (Shin, 2008; Fahmi, 2013; De Krom, 1990) showing that each has a significantly increased risk of CTS.

Wrist fracture showed an increased risk of CTS in two moderate quality studies (Geoghegan, 2004; Dyer, 2008). One moderate quality study (Morgenstern, 1991) showed an insignificant relationship, but that study included only female participants and therefore the findings may not be generalizable.

Risks and Harms of Implementing this Recommendation
There are no known harms associated with implementing these recommendations.

Future Research
Studies should be conducted to identify objective methods for assessing workplace physical factors in order to improve the precision of risk estimation and improve confidence in thresholds of injury. Workplace intervention studies should be conducted to confirm that modifications in work activities may improve symptoms and functional deficits in workers with CTS. Studies of risk should include proper control for confounding as in a logistic regression analysis with appropriate population sizes and associated odds ratios. 
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DECREASED RISK OF CTS
 Moderate evidence supports that physical activity/exercise is associated with a decreased risk 

of developing carpal tunnel syndrome (CTS).

Presenter
Presentation Notes
Rationale
Vigorous exercise was associated with reduced risk of CTS in one moderate quality study (Goodson, 2014). In the same study, increased risk of CTS was associated with wrist straining exercise (e.g., weight lifting, mountain biking, racquet sports), but that risk was reduced if there was also vigorous exercise. Another moderate quality study (Eleftheriou, 2012) found an association between regular physical activity (e.g., basketball, football, tennis, jogging, and swimming) and reduced risk of CTS.

Risks and Harms of Implementing this Recommendation
There are no known harms associated with implementing these recommendations.

Future Research
The moderate quality studies finding that found a reduction in risk for CTS with vigorous exercise are intriguing. There should be additional research to confirm these findings and identify the specific types and amount of exercise that may be effective. There should be studies to investigate apportionment of risk
between personal and workplace factors.nditions. Studies of risk should include proper control for confounding as in a logistic regression analysis with appropriate population sizes and associated odds ratios.
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FACTORS SHOWING NO ASSOCIATED RISK OF CTS
 Moderate evidence supports that the use of oral contraception and female hormone 

replacement therapy (HRT) are not associated with increased or decreased risk of developing 
carpal tunnel syndrome (CTS).

Presenter
Presentation Notes
Rationale
Oral contraception use among females was shown to have no significant relationship to the development of CTS in three moderate quality studies (Geoghehan, 2004; Mondelli, 2006; Morgenstern, 1991). Oral HRT use among females was shown to have no significant relationship to the development of CTS in one high quality and one moderate quality study (Hakim, 2002; Geoghehan, 2004). Education level among females showed no significant relationship to the development of CTS in one moderate quality (Bonfiglioli, 2007) and two low quality studies (Kaplan, 2008; Wright, 2014). Race/ethnicity showed no significant relationship to the development of CTS in one moderate quality study (Nathan, 2002). High hand/wrist repetition rate at work was significantly associated to an increased risk of CTS by two high quality (Armstrong, 2008; Evanoff, 2014) and four moderate quality studies (Chiang, 1990; Coggon, 2013; Goodson, 2014; Silverstein, 1987). In all studies, the hand/wrist repetition involved moderate to high hand forces. One of the high quality studies (Armstrong, 2008) showed an insignificant association in two of the categories of repetition, but still showed a significant increase between the high and low quartile categories.

Risks and Harms of Implementing this Recommendation
There are no known harms associated with implementing these recommendations.

Future Research
The moderate quality studies finding that found a reduction in risk for CTS with vigorous exercise are intriguing. There should be additional research to confirm these findings and identify the specific types and amount of exercise that may be effective. There should be studies to investigate apportionment of risk between personal and workplace factors. Studies should be conducted to identify objective methods for assessing workplace physical factors in order to improve the precision of risk estimation and improve confidence in thresholds of injury. Workplace intervention studies should be conducted to confirm that modifications in work activities may improve symptoms and functional deficits in workers with CTS. More research into the relationship between diabetes and CTS should be done, as the conflicting results
indicate a possible association between these conditions. Studies of risk should include proper control for confounding as in a logistic regression analysis with appropriate population sizes and associated odds ratios.

Geoghegan,J.M.; Clark,D.I.; Bainbridge,L.C.; Smith,C.; Hubbard,R. Risk factors in carpal tunnel syndrome. J Hand Surg Br; 2004/8: 4

Hakim,A.J.; Cherkas,L.; El,Zayat S.; MacGregor,A.J.; Spector,T.D. The genetic contribution to carpal tunnel syndrome in women: a twin study. Arthritis Rheum.; 2002/6/15: 3

Mondelli,M.; Grippo,A.; Mariani,M.; Baldasseroni,A.; Ansuini,R.; Ballerini,M.; Bandinelli,C.; Graziani,M.; Luongo,F.; Mancini,R.; Manescalchi,P.; Pellegrini,S.; Sgarrella,C.; Giannini,F. Carpal tunnel syndrome and ulnar neuropathy at the elbow in floor cleaners. Neurophysiol.Clin; 2006/7: 4

Morgenstern,H.; Kelsh,M.; Kraus,J.; Margolis,W. A cross-sectional study of hand/wrist symptoms in female grocery checkers. Am J Ind.Med; 1991: 2
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FACTORS SHOWING NO ASSOCIATED RISK OF CTS
 Limited evidence supports that race/ethnicity and female education level are not associated 

with increased or decreased risk of developing carpal tunnel syndrome (CTS).

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale
Oral contraception use among females was shown to have no significant relationship to the development of CTS in three moderate quality studies (Geoghehan, 2004; Mondelli, 2006; Morgenstern, 1991). Oral HRT use among females was shown to have no significant relationship to the development of CTS in one high quality and one moderate quality study (Hakim, 2002; Geoghehan, 2004). Education level among females showed no significant relationship to the development of CTS in one moderate quality (Bonfiglioli, 2007) and two low quality studies (Kaplan, 2008; Wright, 2014). Race/ethnicity showed no significant relationship to the development of CTS in one moderate quality study (Nathan, 2002). High hand/wrist repetition rate at work was significantly associated to an increased risk of CTS by two high quality (Armstrong, 2008; Evanoff, 2014) and four moderate quality studies (Chiang, 1990; Coggon, 2013; Goodson, 2014; Silverstein, 1987). In all studies, the hand/wrist repetition involved moderate to high hand forces. One of the high quality studies (Armstrong, 2008) showed an insignificant association in two of the categories of repetition, but still showed a significant increase between the high and low quartile categories.

Risks and Harms of Implementing this Recommendation
There are no known harms associated with implementing these recommendations.

Future Research
The moderate quality studies finding that found a reduction in risk for CTS with vigorous exercise are intriguing. There should be additional research to confirm these findings and identify the specific types and amount of exercise that may be effective. There should be studies to investigate apportionment of risk between personal and workplace factors. Studies should be conducted to identify objective methods for assessing workplace physical factors in order to improve the precision of risk estimation and improve confidence in thresholds of injury. Workplace intervention studies should be conducted to confirm that modifications in work activities may improve symptoms and functional deficits in workers with CTS. More research into the relationship between diabetes and CTS should be done, as the conflicting results
indicate a possible association between these conditions. Studies of risk should include proper control for confounding as in a logistic regression analysis with appropriate population sizes and associated odds ratios.

Bonfiglioli,R.; Mattioli,S.; Fiorentini,C.; Graziosi,F.; Curti,S.; Violante,F.S. Relationship between repetitive work and the prevalence of carpal tunnel syndrome in part-time and full-time female supermarket cashiers: a quasi-experimental study. Int.Arch Occup.Environ.Health; 2007/1: 3

Kaplan,Y.; Kurt,S.G.; Karaer,H. Carpal tunnel syndrome in postmenopausal women. J Neurol Sci; 2008/7/15: 1

Nathan,P.A.; Meadows,K.D.; Istvan,J.A. Predictors of carpal tunnel syndrome: an 11-year study of industrial workers. J Hand Surg Am; 2002/7: 4

Wright,C.; Smith,B.; Wright,S.; Weiner,M.; Wright,K.; Rubin,D. Who develops carpal tunnel syndrome during pregnancy: An analysis of obesity, gestational weight gain, and parity. Obstetric Medicine; 2014/6/27: 2
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FACTORS SHOWING CONFLICTING RISK OF CTS
 Limited evidence supports that the following factors have conflicting results regarding the 

development of carpal tunnel syndrome (CTS):
 Diabetes
 Age
 Genetics
 Comorbid Drug Use
 Smoking
 Wrist Bending
 Workplace

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale
Diabetes showed a conflicting relationship to CTS development. One high quality study (Armstrong, 2008) did not demonstrate a significant association with CTS. The odds ratio was elevated but there was a wide confidence interval that included a value of 1.0 (OR 2.45, CI: 0.92-6.53). Three moderate quality studies (Becker, 2002; Geoghegan, 2004; Plastino, 2011) found significant associations between diabetes and an increased risk of CTS and one (Coggon, 2013) did not find an association.

Age showed a conflicting relationship to CTS development. Two high quality studies (Armstrong, 2008; Bonfiglioli, 2013) showed increased risk in older workers on a continuous scale. Two other high quality studies (Evanoff, 2014; Garg, 2012) measuring age on a continuous scale showed insignificant results but with slightly increased risk ratios and narrow confidence limits. Two moderate quality studies (Morgenstern, 1991; Shin, 2008) also found a significantly increased risk of CTS when measuring age
continuously and one moderate quality study (Silverstein, 1987) found an insignificant relationship. When measured categorically, one high quality study (Hakim, 2002) showed an increasing association at age >46 and one moderate quality study (Violante, 2007) found an increasing association among all categories. Two moderate quality studies (Eleftheriou, 2012; Mondelli, 2006) did not find a significant association between categories of age and CTS development.

Female gender/sex was associated with increased risk of CTS in one high quality (Bonfiglioli, 2013) and three moderate quality studies (Burt, 2011; Eleftheriou, 2012; Violante, 2007), while two high quality (Armstrong, 2008; Evanoff, 2014) and two moderate quality studies (Shin, 2008; Silverstein, 1987) showed no significant association.

Family history/genetics was associated with increased risk of CTS in one high quality (Hakim, 2002) and two moderate quality studies (Bonfiglioli, 2007; Burt 2011), while two moderate quality studies (Nordstrom, 1997; Violante, 2007) showed no significant correlation. The studies used varying diagnostic methods, and two of the studies evaluated female populations, which may have contributed to the conflicting results.��Comorbid drug use showed a conflicting relationship to CTS development. One high quality study (Hakim, 2002) found no association with thyroxine replacement. One moderate quality study (Geoghegan, 2004) reported an increasing risk of CTS with insulin, sulphonyl, or thyroxine. Two moderate quality studies reported no association to CTS when using diuretics (Morgenstern, 1991) or metformin (Geoghegan, 2004).

Smoking had a conflicting relationship to CTS development. Two moderate quality studies (Eleftheriou, 2012; Violante, 2007) found an association of increasing risk, one moderate quality study (Coggon, 2013) found an inverse association, and one moderate quality study (Geoghegan, 2004) found no association.

Wrist bending had a conflicting relationship to CTS development. One high (Armstrong, 2008) and one moderate quality study (De Krom, 1990) showed an increased risk while two moderate quality studies (Dale, 2014; Evanoff, 2012) displayed an insignificant association. One moderate quality study (Nordstrom, 1997) showed an insignificant result with a short duration of wrist bending and an increased risk of CTS with more frequent wrist bending.

Many recent high and moderate quality studies were identified and provide new insights into workplace factors associated with CTS. However, the studies did not consider the relative contributions of personal and work-related factors on CTS, so it is difficult to calculate risk attributable to different risk factors from the data. Some occupational factors and workplace exposures were evaluated by single studies with weak designs or relatively weak exposure assessment methods. The findings from those studies, therefore, did not contribute to the conclusions. Workplace categories include: clerical/office work, industrial, construction, farming, hospital, professional, technical, managerial, sales, skilled trades (agriculture, fabrication, machining, transporter techs, electricians, plumbers, construction), and other
jobs.

Risks and Harms of Implementing this Recommendation
There are no known risks or harms.

Future Research
There should be studies to investigate apportionment of risk between personal and workplace factors. Studies should be conducted to identify objective methods for assessing workplace physical factors in order to improve the precision of risk estimation and improve confidence in thresholds of injury. Workplace intervention studies should be conducted to confirm that modifications in work activities may improve symptoms and functional deficits in workers with CTS. More research into the relationship between diabetes and CTS should be done, as the conflicting results indicate a possible association between these conditions. Studies of risk should include proper control for confounding as in a logistic regression analysis with appropriate population sizes and associated odds ratios.
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IMMOBILIZATION
 Strong evidence supports that the use of immobilization 

(brace/splint/orthosis) should improve patient reported outcomes.

Presenter
Presentation Notes
Rationale
There are two high quality studies (Hall 2013 and Manente 2001) that directly compare the use of brace/splint to no use of brace/splint to treat carpal tunnel syndrome. Hall 2013 compared 8 weeks of full-time splinting versus no splinting. The authors showed statistically significant improvement in pain and function (Boston Questionnaire for assessment of carpal tunnel symptom functional status scale, Boston Questionnaire for assessment of carpal tunnel symptom severity, AS, phalens, grip strength, Purdue Pegboard Test score, Semmes Weinstein monofilaments). The authors describe statistically significant differences when comparing percent change in these factors from pre to post treatment. There were some baseline/pretreatment differences between the groups, such that it calls into question whether these factors were actually statistically different after treatment. Manente 2001 compared four weeks of night bracing to no intervention. The treated group showed a reduction in the Boston
Carpal Tunnel Questionnaire symptomatic score (from 2.75 to 1.54 at 4 weeks; p<0.001) and functional score (from 1.89 to 1.48 at 4 weeks; p<0.001). Subjects’ Global Impression of Change Questionnaire documented improvement in the braced group at 4 weeks (p=0.006). Subjects’ Global Impression of Change Questionnaire documented improvement in the braced group at 4 weeks (p=0.006).

Risks and Harms of Implementing this Recommendation
No harm in implementation of brace/splint use, if tolerated by patient.

Future Research for Nonoperative Treatments
Further research in acupuncture is warranted. In a prospective randomized double-blind controlled study, Yao et al evaluated the efficacy of acupuncture (weekly sessions for 6 weeks) versus placebo to treat carpal tunnel syndrome. No significant measures of improvement were noted. Soft tissue manipulation: further research in manipulation is warranted. Many different techniques are utilized and the terminology distinguishing them is loosely utilized. Further research into linseed oil’s biological mechanism of action, along with technical refinements and specifics in its manufacture are warranted.


Hall,B.; Lee,H.C.; Fitzgerald,H.; Byrne,B.; Barton,A.; Lee,A.H. Investigating the effectiveness of full-time wrist splinting and education in the treatment of carpal tunnel syndrome: a randomized controlled trial. Am J Occup.Ther; 2013/7: 4

Manente,G.; Torrieri,F.; Di,Blasio F.; Staniscia,T.; Romano,F.; Uncini,A. An innovative hand brace for carpal tunnel syndrome: a randomized controlled trial. Muscle Nerve; 2001/8: 8
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STERIOD INJECTIONS
 Strong evidence supports that the use of steroid (methylprednisolone) 

injection should improve patient reported outcomes.

Presenter
Presentation Notes
Rationale
There is one high quality study (Atroshi 2013) that directly compares the use of steroid injection to placebo to treat carpal tunnel syndrome. In a prospective, randomized, double-blinded, placebo controlled study, the efficacies of 40mg methylprednisolone and 80mg methylprednisolone were compared to placebo injection at various time lines (10 weeks and 1 year). At 10 weeks, there was greater improvement in the CTS symptom severity score in the group receiving injections of 40mg or 80mg methylprednisolone (p<0.003) versus placebo injections; but there was no difference amongst the groups at 1 year. However, patients receiving 80mg methylprednisolone injection were less likely to go on to need surgery than placebo injection (p=0.04). A small p-value (p<.05) indicates that this difference was not observed due to chance, subsequently favoring the alternative hypothesis of methylprednisolone injection improving patient outcomes.

Several high quality studies (Dammers 2006[1-3], Wong 2001, and Wong 2005) compare various doses of injected or routes of administration of methylprednisolone to treat carpal tunnel syndrome. In a double blinded, randomized study, Dammers 2006 compare the efficacy of 20, 40, and 60mg methylprednisolone injections to treat carpal tunnel syndrome. There was no significant difference in treatment response at 1 year. In a randomized double blind controlled trial, Wong 2005 compare a the effects of a single 80mg methylprednisolone injection with saline injection at 8 weeks versus two 80mg methylprednisolone injections 8 weeks apart. There
was no significant difference between groups respect to Global Symptom Score, electrophysiological study, or functional outcomes (p=0.26). In a prospective randomized
double-blind study, Wong 2001 compared 25mg methylprednisolone orally for 10 days and placebo injection to 15mg methylprednisolone injection with oral placebo. The steroid injection provided significant improvement based on Global Symptom Score at 12 weeks.

Risks and Harms of Implementing this Recommendation
There is potential harm of corticosteroid injection in the vicinity of flexor tendons and neurovascular structures.

Future Research for Nonoperative Treatments
Further research in acupuncture is warranted. In a prospective randomized double-blind controlled study, Yao et al evaluated the efficacy of acupuncture (weekly sessions for 6 weeks) versus placebo to treat carpal tunnel syndrome. No significant measures of improvement were noted. Soft tissue manipulation: further research in manipulation is warranted. Many different techniques are utilized and the terminology distinguishing them is loosely utilized. Further research into linseed oil’s biological mechanism of action, along with technical refinements and specifics in its manufacture are warranted.


Atroshi,I.; Flondell,M.; Hofer,M.; Ranstam,J. Methylprednisolone injections for the carpal tunnel syndrome: a randomized, placebo-controlled trial. Ann.Intern.Med; 2013/9/3: 5
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Wong,S.M.; Hui,A.C.; Lo,S.K.; Chiu,J.H.; Poon,W.F.; Wong,L. Single vs. two steroid injections for carpal tunnel syndrome: a randomised clinical trial. Int.J Clin Pract.; 2005/12: 12
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© 2019 American Academy of Orthopaedic Surgeons 

MAGNET THERAPY
 Strong evidence supports not using magnet therapy for the treatment of 

carpal tunnel syndrome.

Presenter
Presentation Notes
Rationale
Several high quality studies (Colbert 2010, Weintraub 2008) evaluated the use of magnets in treating carpal tunnel syndrome. In a prospective randomized double-blinded controlled trial, Weintraub 2008 evaluated the efficacy of a magnet (simultaneous static and time-varying dynamic magnetic field stimulation 4 hours/day for two months). No significant measures of improvement were noted. In a randomized, double-blind controlled trial, Colbert 2010 evaluated the efficacy of magnet (wore nightly for 6 weeks a neodymium magnet of 15 or 45mTesla) versus placebo magnet on the treatment of carpal tunnel syndrome. No significant measures of improvement were noted.

Risks and Harms of Implementing this Recommendation
Magnet use may lead to sleep disturbance.

Future Research for Nonoperative Treatments
Further research in acupuncture is warranted. In a prospective randomized double-blind controlled study, Yao et al evaluated the efficacy of acupuncture (weekly sessions for 6 weeks) versus placebo to treat carpal tunnel syndrome. No significant measures of improvement were noted. Soft tissue manipulation: further research in manipulation is warranted. Many different techniques are utilized and the terminology distinguishing them is loosely utilized. Further research into linseed oil’s biological mechanism of action, along with technical refinements and specifics in its manufacture are warranted.


Colbert,A.P.; Markov,M.S.; Carlson,N.; Gregory,W.L.; Carlson,H.; Elmer,P.J. Static magnetic field therapy for carpal tunnel syndrome: a feasibility study. Arch Phys Med Rehabil.; 2010/7: 7

Weintraub,M.I.; Cole,S.P. A randomized controlled trial of the effects of a combination of static and dynamic magnetic fields on carpal tunnel syndrome. Pain Med; 2008/7: 5
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ORAL TREATMENTS
 Moderate evidence supports no benefit of oral treatments (diuretic, gabapentin, astaxanthin 

capsules, NSAIDs, or pyridoxine) compared to placebo.

Presenter
Presentation Notes
Rationale
Two high quality studies (Chang 1998 and Hui 2011) compare various oral regimens to treat carpal tunnel syndrome. In a prospective randomized double-blind study placebo controlled study, Chang 1993 compare various 4 week oral medication regimens (diuretic [trichlormethiazide 2mg daily] versus NSAID [tenoxicam-SR 20mg daily] versus steroid [2 weeks of prednisolone 20mg daily followed by 2 weeks of 10mg daily]) to placebo. No significant changes from baseline were noted in the placebo, diuretic, or NSAID arms. However, the steroid arm improved significantly at 4 weeks, based on GSS Questionnaire. A review of the data provided indicates that at 4 weeks, the steroid arm had statistically significant improvement over the NSAID and diuretic arms based on GSS Questionnaire. Hui 2011 failed to show any significance when comparing oral Gabapentin to placebo.

Risks and Harms of Implementing this Recommendation
There is potential harm of oral NSAID or steroid use.

Future Research for Nonoperative Treatments
Further research in acupuncture is warranted. In a prospective randomized double-blind controlled study, Yao et al evaluated the efficacy of acupuncture (weekly sessions for 6 weeks) versus placebo to treat carpal tunnel syndrome. No significant measures of improvement were noted. Soft tissue manipulation: further research in manipulation is warranted. Many different techniques are utilized and the terminology distinguishing them is loosely utilized. Further research into linseed oil’s biological mechanism of action, along with technical refinements and specifics in its manufacture are warranted.


Chang,B., Dellon,A.L. Surgical management of recurrent carpal tunnel syndrome. J Hand Surg Br 1993/8; 4: 467-470

Chang,M.H.; Chiang,H.T.; Lee,S.S.; Ger,L.P.; Lo,Y.K. Oral drug of choice in carpal tunnel syndrome. ; 1998/8: 2

Hui,A.C.; Wong,S.M.; Leung,H.W.; Man,B.L.; Yu,E.; Wong,L.K. Gabapentin for the treatment of carpal tunnel syndrome: a randomized controlled trial. Eur.J Neurol; 2011/5: 5
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ORAL STEROIDS
 Moderate evidence supports that oral steroids could improve patient reported outcomes as 

compared to placebo.

Presenter
Presentation Notes
Rationale
Two high quality studies (Chang 1998 and Hui 2011) compare various oral regimens to treat carpal tunnel syndrome. In a prospective randomized double-blind study placebo controlled study, Chang 1993 compare various 4 week oral medication regimens (diuretic [trichlormethiazide 2mg daily] versus NSAID [tenoxicam-SR 20mg daily] versus steroid [2 weeks of prednisolone 20mg daily followed by 2 weeks of 10mg daily]) to placebo. No significant changes from baseline were noted in the placebo, diuretic, or NSAID arms. However, the steroid arm improved significantly at 4 weeks, based on GSS Questionnaire. A review of the data provided indicates that at 4 weeks, the steroid arm had statistically significant improvement over the NSAID and diuretic arms based on GSS Questionnaire. Hui 2011 failed to show any significance when comparing oral Gabapentin to placebo.

Risks and Harms of Implementing this Recommendation
There is potential harm of oral NSAID or steroid use.

Future Research for Nonoperative Treatments
Further research in acupuncture is warranted. In a prospective randomized double-blind controlled study, Yao et al evaluated the efficacy of acupuncture (weekly sessions for 6 weeks) versus placebo to treat carpal tunnel syndrome. No significant measures of improvement were noted. Soft tissue manipulation: further research in manipulation is warranted. Many different techniques are utilized and the terminology distinguishing them is loosely utilized. Further research into linseed oil’s biological mechanism of action, along with technical refinements and specifics in its manufacture are warranted.


Chang,B., Dellon,A.L. Surgical management of recurrent carpal tunnel syndrome. J Hand Surg Br 1993/8; 4: 467-470
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Hui,A.C.; Wong,S.M.; Leung,H.W.; Man,B.L.; Yu,E.; Wong,L.K. Gabapentin for the treatment of carpal tunnel syndrome: a randomized controlled trial. Eur.J Neurol; 2011/5: 5
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KETOPROFEN PHONOPHORESIS

• Moderate evidence supports that ketoprofen phonophoresis could provide 
reduction in pain compared to placebo.

Presenter
Presentation Notes
Rationale
Two high quality studies (Chang 1998 and Hui 2011) compare various oral regimens to treat carpal tunnel syndrome. In a prospective randomized double-blind study placebo controlled study, Chang 1993 compare various 4 week oral medication regimens (diuretic [trichlormethiazide 2mg daily] versus NSAID [tenoxicam-SR 20mg daily] versus steroid [2 weeks of prednisolone 20mg daily followed by 2 weeks of 10mg daily]) to placebo. No significant changes from baseline were noted in the placebo, diuretic, or NSAID arms. However, the steroid arm improved significantly at 4 weeks, based on GSS Questionnaire. A review of the data provided indicates that at 4 weeks, the steroid arm had statistically significant improvement over the NSAID and diuretic arms based on GSS Questionnaire. Hui 2011 failed to show any significance when comparing oral Gabapentin to placebo.

Risks and Harms of Implementing this Recommendation
There is potential harm of oral NSAID or steroid use.

Future Research for Nonoperative Treatments
Further research in acupuncture is warranted. In a prospective randomized double-blind controlled study, Yao et al evaluated the efficacy of acupuncture (weekly sessions for 6 weeks) versus placebo to treat carpal tunnel syndrome. No significant measures of improvement were noted. Soft tissue manipulation: further research in manipulation is warranted. Many different techniques are utilized and the terminology distinguishing them is loosely utilized. Further research into linseed oil’s biological mechanism of action, along with technical refinements and specifics in its manufacture are warranted.


Soyupek,F.; Yesildag,A.; Kutluhan,S.; Askin,A.; Ozden,A.; Uslusoy,G.A.; Demirci,S. Determining the effectiveness of various treatment modalities in carpal tunnel syndrome by ultrasonography and comparing ultrasonographic findings with other outcomes. Rheumatol.Int.; 2012/10: 10

Yildiz,N.; Atalay,N.S.; Gungen,G.O.; Sanal,E.; Akkaya,N.; Topuz,O. Comparison of ultrasound and ketoprofen phonophoresis in the treatment of carpal tunnel syndrome. J Back Musculoskelet.Rehabil.; 2011: 1
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THERAPEUTIC ULTRASOUND

 Limited evidence supports that therapeutic ultrasound might be effective 
compared to placebo.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale
One high quality study (Ebenbichler 1998) evaluated the use of ultrasound in treating carpal tunnel syndrome. In a randomized controlled trial, Ebenbichler 1998 evaluated the efficacy of ultrasound (20 sessions of 15 minute interventions of 1MHz, 1.0 W/cm, pulse mode 1:4 at 5 sessions/week for 2 weeks followed by 2 sessions/week) versus placebo ultrasound on the treatment of carpal tunnel syndrome. Multiple measures showed significant improvement in the ultrasound group: grip strength, motor distal latency (p<0.001), and pinch strength.

Risks and Harms of Implementing this Recommendation
No known harm in use of ultrasound.

Future Research for Nonoperative Treatments
Further research in acupuncture is warranted. In a prospective randomized double-blind controlled study, Yao et al evaluated the efficacy of acupuncture (weekly sessions for 6 weeks) versus placebo to treat carpal tunnel syndrome. No significant measures of improvement were noted. Soft tissue manipulation: further research in manipulation is warranted. Many different techniques are utilized and the terminology distinguishing them is loosely utilized. Further research into linseed oil’s biological mechanism of action, along with technical refinements and specifics in its manufacture are warranted.


Ebenbichler,G.R.; Resch,K.L.; Nicolakis,P.; Wiesinger,G.F.; Uhl,F.; Ghanem,A.H.; Fialka,V. Ultrasound treatment for treating the carpal tunnel syndrome: randomised "sham" controlled trial. ; 1998/3/7: 7133
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LASER THERAPY
• Limited evidence supports that laser therapy might be effective compared to 

placebo.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale
Several high quality studies (Chang 2008, Evcik 2007, Fusakul 2014) evaluated the use of laser therapy in treating carpal tunnel syndrome. In a randomized, controlled trial, Chang 2008 evaluated the efficacy of a laser (830nm diode with 10Hz, 50% duty cycle, 60 mW, 9.7J/cm) versus placebo laser on the treatment of carpal tunnel syndrome. The treatment was rendered for 10 minutes daily for 5 days a week for two weeks. After 4 weeks, the laser treatment provided significantly improved grip strengths, digital prehension, and lateral prehension (p<0.05). In a randomized controlled trial, Evcik 2007 evaluated the efficacy of laser (7J/2min) versus placebo laser. The treatment was rendered five times per week for two weeks. After four weeks, significant improvement in grip strength and pinch strength was noted (p<0.001); there was also
significant improvement in sensory nerve velocity, sensory distal latency, and motor distal latency (p<0.001). In a randomized double-blinded controlled trial, Fusakul 2014 evaluated the efficacy of laser (gallium-aluminum-arsenide at a dose of 18J/session) versus placebo laser. Grip strength and pinch strength was significantly improved. At 12 weeks follow up, distal motor latency was significantly improved (p<0.05).

Risks and Harms of Implementing this Recommendation
Potential harm of laser therapy is unknown.

Future Research for Nonoperative Treatments
Further research in acupuncture is warranted. In a prospective randomized double-blind controlled study, Yao et al evaluated the efficacy of acupuncture (weekly sessions for 6 weeks) versus placebo to treat carpal tunnel syndrome. No significant measures of improvement were noted. Soft tissue manipulation: further research in manipulation is warranted. Many different techniques are utilized and the terminology distinguishing them is loosely utilized. Further research into linseed oil’s biological mechanism of action, along with technical refinements and specifics in its manufacture are warranted.

Chang,W.D.; Wu,J.H.; Jiang,J.A.; Yeh,C.Y.; Tsai,C.T. Carpal tunnel syndrome treated with a diode laser: a controlled treatment of the transverse carpal ligament. Photomed.Laser Surg; 2008/12: 6

Evcik,D.; Kavuncu,V.; Cakir,T.; Subasi,V.; Yaman,M. Laser therapy in the treatment of carpal tunnel syndrome: a randomized controlled trial. Photomed.Laser Surg; 2007/2: 1

Fusakul,Y.; Aranyavalai,T.; Saensri,P.; Thiengwittayaporn,S. Low-level laser therapy with a wrist splint to treat carpal tunnel syndrome: a double-blinded randomized controlled trial. Lasers Med Sci; 2014/1/30: 0
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SURGICAL RELEASE LOCATION

 Strong evidence supports that surgical release of the transverse carpal 
ligament should relieve symptoms and improve function.

Presenter
Presentation Notes
Rationale
There were 17 high quality (Atroshi 2006, Castillo 2014, Cellocco 2005, Cellocco 2009, Cresswell 2008, Gerritsen 2002, Hamed 2009, Hui 2005, Ismatullah 2013, Jarvik 2009, Larsen 2013, Malhotra 2007, Saw 2003, Sennwald 1995, Suppaphol 2012, Trumble 2002, and Zyluk 2006) and 10 moderate quality (Andreu 2013, Aslani 2012, Capa-Grasa 2014, Dumontier 1995, Elsharif 2014, Faraj 2012, Ly-Pen 2012, Tarallo 2014, Tian 2007, and Ucar 2012) studies demonstrating that release of the transverse carpal ligament is an effective treatment for patients with CTS.

Risks and Harms of Implementing this Recommendation
The risks associated with implementing this recommendation are those of a small outpatient
operative procedure.

Future Research for Surgical Release of Carpal Tunnel Syndrome
Future research should focus on stratifying treatment outcomes based on preoperative symptom severity.

Castillo,T.N.; Yao,J. Prospective randomized comparison of single-incision and two-incision carpal tunnel release outcomes. Hand (N.Y); 2014/3: 1
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Andreu,J.L.; Ly-Pen,D.; Millan,I.; de,Blas G.; Sanchez-Olaso,A. Local injection versus surgery in carpal tunnel syndrome: Neurophysiologic outcomes of a randomized clinical trial. Clin Neurophysiol.; 2013/11/23: 0

Larsen,M.B.; Sorensen,A.I.; Crone,K.L.; Weis,T.; Boeckstyns,M.E. Carpal tunnel release: a randomized comparison of three surgical methods. J Hand Surg Eur.Vol.; 2013/7: 6
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Ly-Pen,D.; Andreu,J.L.; Millan,I.; de,Blas G.; Sanchez-Olaso,A. Comparison of surgical decompression and local steroid injection in the treatment of carpal tunnel syndrome: 2-year clinical results from a randomized trial. Rheumatology (Oxford); 2012/8: 8
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Jarvik,J.G.; Comstock,B.A.; Kliot,M.; Turner,J.A.; Chan,L.; Heagerty,P.J.; Hollingworth,W.; Kerrigan,C.L.; Deyo,R.A. Surgery versus non-surgical therapy for carpal tunnel syndrome: a randomised parallel-group trial. ; 2009/9/26: 9695
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SURGICAL RELEASE PROCEDURE

 Limited evidence supports that if surgery is chosen, a practitioner might 
consider using endoscopic carpal tunnel release based on possible short term 
benefits.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale
Eleven high quality (Atroshi 2006, Atroshi 2009, Ejiri 2012, Kang 2013, Larsen 2013, MacDermid 2003, Malhotra 2007, Saw 2003, Sennwald 1995, Trumble 2002, and Wong 2003) and 6 moderate quality (Agee 1992, Aslani 2012, Dumontier 1995, Ferdinand 2002, Jacobsen 1996, and Tian 2007) studies evaluated whether endoscopic carpal tunnel release provided any benefit over open or “mini-open” release at early follow up (3 months to one year). Three high quality studies (Atroshi 2009, Saw 2003 and Trumble 2002) favored endoscopic release for symptom relief in the first 3-6 months after surgery and one study (Saw 2003) demonstrated an earlier return to work. One high quality (Atroshi 2009) and one moderate quality study (Tian 2007) examined long term outcomes for endoscopic release versus open release and did not find
any advantage of one method over the other. Studies comparing “mini-open” to standard release were inconclusive.

Risks and Harms of Implementing this Recommendation
The risks associated with implementing this recommendation are those of a small outpatient
operative procedure.

FUTURE RESEARCH 
Future work should focus on stratifying treatment outcomes based on preoperative symptom severity.

Agee,J.M.; McCarroll,H.R.,Jr.; Tortosa,R.D.; Berry,D.A.; Szabo,R.M.; Peimer,C.A. Endoscopic release of the carpal tunnel: a randomized prospective multicenter study. J Hand Surg Am; 1992/11: 6

Aslani,H.R.; Alizadeh,K.; Eajazi,A.; Karimi,A.; Karimi,M.H.; Zaferani,Z.; Hosseini Khameneh,S.M. Comparison of carpal tunnel release with three different techniques. Clin Neurol Neurosurg.; 2012/9: 7

Atroshi,I.; Hofer,M.; Larsson,G.U.; Ornstein,E.; Johnsson,R.; Ranstam,J. Open compared with 2-portal endoscopic carpal tunnel release: a 5-year follow-up of a randomized controlled trial. J Hand Surg Am; 2009/2: 2

Atroshi,I.; Larsson,G.U.; Ornstein,E.; Hofer,M.; Johnsson,R.; Ranstam,J. Outcomes of endoscopic surgery compared with open surgery for carpal tunnel syndrome among employed patients: randomised controlled trial. ; 2006/6/24: 7556

Dumontier,C.; Sokolow,C.; Leclercq,C.; Chauvin,P. Early results of conventional versus two-portal endoscopic carpal tunnel release. A prospective study. J Hand Surg Br; 1995/10: 5

Ejiri,S.; Kikuchi,S.; Maruya,M.; Sekiguchi,Y.; Kawakami,R.; Konno,S. Short-term results of endoscopic (Okutsu method) versus palmar incision open carpal tunnel release: a prospective randomized controlled trial. Fukushima J Med Sci; 2012: 1

Ferdinand,R.D.; MacLean,J.G. Endoscopic versus open carpal tunnel release in bilateral carpal tunnel syndrome. A prospective, randomised, blinded assessment. J Bone Joint Surg Br; 2002/4: 3
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Larsen,M.B.; Sorensen,A.I.; Crone,K.L.; Weis,T.; Boeckstyns,M.E. Carpal tunnel release: a randomized comparison of three surgical methods. J Hand Surg Eur.Vol.; 2013/7: 6
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SURGICAL PROCEDURES VERSUS NONOPERATIVE TREATMENTS

 Strong evidence supports that surgical treatment of carpal tunnel syndrome 
should have a greater treatment benefit at 6 and 12 months as compared to 
splinting, NSAIDs/therapy, and a single steroid injection.

Presenter
Presentation Notes
Rationale
Four high quality (Gerritsen 2002, Hui 2005, Ismatullah 2013, and Jarvik 2009) and 3 moderate quality (Andreu 2013, Ly 2005, and Ly-Pen 2012) studies compared the effectiveness of surgical treatment to non-operative treatment for the relief of CTS symptoms. All three studies showed that surgery was superior for the relief of daytime and nocturnal paresthesias and return of grip strength. Of these, one high quality (Gerritson 2002) and one moderate quality study (Andreu 2013) examined the long term outcomes for surgery versus conservative treatment and found better results with surgery
Risks and Harms of Implementing this Recommendation
The risks associated with implementing this recommendation are those of a small outpatient operative procedure.

Future Research for Surgical Release of Carpal Tunnel Syndrome
Future research should focus on stratifying treatment outcomes based on preoperative symptom severity.

Andreu,J.L.; Ly-Pen,D.; Millan,I.; de,Blas G.; Sanchez-Olaso,A. Local injection versus surgery in carpal tunnel syndrome: Neurophysiologic outcomes of a randomized clinical trial. Clin Neurophysiol.; 2013/11/23: 0

Gerritsen,A.A.; de Vet,H.C.; Scholten,R.J.; Bertelsmann,F.W.; de Krom,M.C.; Bouter,L.M. Splinting vs surgery in the treatment of carpal tunnel syndrome: a randomized controlled trial. ; 2002/9/11: 10

Hui,A.C.; Wong,S.; Leung,C.H.; Tong,P.; Mok,V.; Poon,D.; Li-Tsang,C.W.; Wong,L.K.; Boet,R. A randomized controlled trial of surgery vs steroid injection for carpal tunnel syndrome. ; 2005/6/28: 12

Ismatullah,I. Local steroid injection or carpal tunnel release for carpal tunnel syndrome - Which is more effective?. Journal of Postgraduate Medical Institute; 2013: 2

Jarvik,J.G.; Comstock,B.A.; Kliot,M.; Turner,J.A.; Chan,L.; Heagerty,P.J.; Hollingworth,W.; Kerrigan,C.L.; Deyo,R.A. Surgery versus non-surgical therapy for carpal tunnel syndrome: a randomised parallel-group trial. ; 2009/9/26: 9695

Ly,Pen D.; AndrÃ©u,J.L.; Blas,G.; SÃ¡nchez,Olaso A.; MillÃ¡n,I. Surgical decompression versus local steroid injection in carpal tunnel syndrome: a one-year, prospective, randomized, open, controlled clinical trial. Arthritis Rheum.; 2005: 0

Ly-Pen,D.; Andreu,J.L.; Millan,I.; de,Blas G.; Sanchez-Olaso,A. Comparison of surgical decompression and local steroid injection in the treatment of carpal tunnel syndrome: 2-year clinical results from a randomized trial. Rheumatology (Oxford); 2012/8: 8
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ADJUNCTIVE TECHNIQUES

 Moderate evidence supports that there is no benefit to routine inclusion of the 
following adjunctive techniques: epineurotomy, neurolysis, flexor 
tenosynovectomy, and lengthening/reconstruction of the flexor retinaculum 
(transverse carpal ligament).

Strength of Recommendation: Moderate  

Presenter
Presentation Notes
Rationale
Epineurotomy: There are two high quality studies (Leinberry 1997and Crnkovic 2012) and one moderate quality study (Blair 1996) that evaluated carpal tunnel release alone versus the addition of epineurotomy of the median nerve. The Leinberry (1997) evaluated patients at 11.8 months after surgery. There was no significant difference found in clinical evaluation (Boston Questionnaire, APB strength, Phalen’s, Tinel’s, or two-point discrimination) or in symptom recurrence. Crnkovic (2012) studied nerve volume measured by MRI as an index of nerve recovery. Patients were evaluated at 3 and 6 months after surgery and no significant differences was noted at either time point. There were also no differences found for the symptoms of pain between the groups. Blair (1996) found no differences in post-operative two-point discrimination, pain, or ability to complete activities of daily living at a minimum of two years following surgery. There were also no differences electrodiagnostic parameters.

Neurolysis: There was one high quality study (Mackinnon 1991) and one moderate quality study (Lowry 1988) which evaluated the addition of neurolysis of the median nerve to a standard carpal tunnel release. The Mackinnon study focused on internal neurolysis and found no differences in thenar atrophy, muscle strength, pressure threshold, vibration threshold and static two-point discrimination at 12 months after surgery. No difference was noted in pinch or grip strength. The Lowry study evaluated the NCS findings at 3 months after surgery and did not find a difference in nerve conduction velocity or distal motor and sensory latency. Neither study
found a difference in symptom relief or recurrence.

Flexor Tenosynovectomy: There was one high quality study (Shum 2002) evaluating flexor tenosynovectomy as an adjunct to carpal tunnel release. There was no difference in surgical site infection, scar sensitivity, wrist motion, finger motion, or Boston Carpal Tunnel Questionnaire at 12 months following surgery.

Flexor Retinaculum Reconstruction/Lengthening: There was one high quality study (Dias 2004) that evaluated flexor retinaculum lengthening/reconstruction. Six months following surgery there were no differences in grip strength, Jebsen Taylor score, Phalen test, pinch strength, Boston Carpal Tunnel Questionnaire score or symptom recurrence.

Risks and Harms of Implementing this Recommendation
There are no known harms with implementation of this recommendation

Future Research
Future research should be directed on conducting studies with larger sample sizes. There may also be certain subsets of patients who would benefit from regular inclusion of these adjunctive procedures, and future research can focus on such subsets.

-Crnkovi?-T; -Bili?-R; Trkulja,V.; Cesarik,M.; Gotovac,N.; -Kolund?i?-R The effect of epineurotomy on the median nerve volume after the carpal tunnel release: a prospective randomised double-blind controlled trial. Int.Orthop.; 2012: 0

Blair,W.F.; Goetz,D.D.; Ross,M.A.; Steyers,C.M.; Chang,P. Carpal tunnel release with and without epineurotomy: a comparative prospective trial. J Hand Surg Am; 1996/7: 4

Dias,J.J.; Bhowal,B.; Wildin,C.J.; Thompson,J.R. Carpal tunnel decompression. Is lengthening of the flexor retinaculum better than simple division?. J Hand Surg Br; 2004/6: 3

Leinberry,C.F.; Hammond,N.L.,III; Siegfried,J.W. The role of epineurotomy in the operative treatment of carpal tunnel syndrome. J Bone Joint Surg Am; 1997/4: 4

Lowry,W.E.,Jr.; Follender,A.B. Interfascicular neurolysis in the severe carpal tunnel syndrome. A prospective, randomized, double-blind, controlled study. Clin Orthop Relat Res.; 1988/2: 0

Mackinnon,S.E.; McCabe,S.; Murray,J.F.; Szalai,J.P.; Kelly,L.; Novak,C.; Kin,B.; Burke,G.M. Internal neurolysis fails to improve the results of primary carpal tunnel decompression. J Hand Surg Am; 1991/3: 2

Shum,C.; Parisien,M.; Strauch,R.J.; Rosenwasser,M.P. The role of flexor tenosynovectomy in the operative treatment of carpal tunnel syndrome. J Bone Joint Surg Am; 2002/2: 2
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BILATERAL VERSUS STAGED CARPAL TUNNEL RELEASE

 Limited evidence supports that simultaneous bilateral or staged endoscopic 
carpal tunnel release might be performed based on patient and surgeon 
preference. No evidence meeting the inclusion criteria was found addressing 
bilateral simultaneous open carpal tunnel release.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale
There were two low strength studies (Fehringer 2002, Nesbitt 2006) which looked at simultaneous and staged endoscopic carpal tunnel releases. There were no studies that met our inclusion criteria which evaluated open release. The results of these studies were conflicting. For example, grip strength in short term follow-up was better in the staged group, but return to work was faster in the simultaneous group. Patient-specific factors, such as quality of life, nonemployment work, care-giving, family and community responsibilities were not addressed. Both studies were limited in that there was no randomization of treatment protocols. Patients selected simultaneous or staged procedures, and both groups were satisfied with their choices. At 6 month follow up, there was no difference between the two groups. 

Because no studies comparing simultaneous versus staged procedures for open release were considered, there are no data to support concurrent or sequential bilateral open carpal tunnel releases. This does not constitute a mandate that bilateral simultaneous carpal tunnel releases should be performed endoscopically.

Implications of two versus one surgical experience such as two anesthetics, total analgesic consumption, costs of two OR and perioperative nursing unit visits were not addressed.

Risks and Harms of Implementing this Recommendation
There are no known harms associated with implementing this recommendation.

Future Research
Studies of simultaneous versus staged open carpal tunnel releases with adequate follow up would be helpful in elucidating whether simultaneous open release should be considered as a treatment option.

Studies which define return to work status by rigorous, objective criteria would be helpful to define the strength of the recommendation regarding simultaneous release� 
Fehringer,E.V.; Tiedeman,J.J.; Dobler,K.; McCarthy,J.A. Bilateral endoscopic carpal tunnel releases: Simultaneous versus staged operative intervention. ; 2002/3: 3

Nesbitt,K.S.; Innis,P.C.; Dubin,N.H.; Wilgis,E.F. Staged versus simultaneous bilateral endoscopic carpal tunnel release: an outcome study. Plast.Reconstr.Surg; 2006/7: 1
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LOCAL VERSUS INTRAVENOUS (IV) REGIONAL ANESTHESIA

 Limited evidence supports the use of local anesthesia rather than intravenous 
regional anesthesia (Bier block) because it might offer longer pain relief after 
carpal tunnel release; no evidence meeting our inclusion criteria was found 
comparing general anesthesia to either regional or local anesthesia for carpal 
tunnel surgery.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
RATIONALE
There were two moderate quality studies comparing local anesthesia to intravenous regional anesthesia. Nabhan (2011) studied 43 patients randomized to receive either local anesthesia or intravenous regional anesthesia using prilocaine. Three patients in the intravenous regional anesthesia group and one patient in the local anesthesia group required supplementation with additional local infiltration at the surgery site. The tourniquet was inflated longer in the intravenous regional anesthesia group but the operating time was the same in both groups. There were no other differences between the groups.

Sorensen et al (2013) randomized 38 patients to have endoscopic carpal tunnel release under either local anesthesia with ropivicaine or intravenous regional anesthesia with mepivicaine. The group treated with local anesthesia had less pain at the end of the procedure as well as two hours after surgery was completed although pain during the procedure was equal in the two groups.

Risks and Harms of Implementing this Recommendation
The main concern with the local infiltration of anesthetic agents is the well-documented cardiotoxicity of bupivacaine3.

FUTURE RESEARCH STATEMENT
No evidence meeting our inclusion criteria was found specifically comparing local anesthesia to either general anesthesia or regional anesthesia using brachial plexus blocks. Studies evaluating the role of regional anesthesia administered via brachial plexus block might be valuable given the post-operative analgesia conferred by these methods. In the existing literature the main advantage of local infiltration compared with intravenous regional anesthesia was post-operative pain relief for up to two hours.� 
Nabhan,A.; Steudel,W.I.; Dedeman,L.; Al-Khayat,J.; Ishak,B. Subcutaneous local anesthesia versus intravenous regional anesthesia for endoscopic carpal tunnel release: a randomized controlled trial. J Neurosurg.; 2011/1: 1

Sorensen,A.M.; Dalsgaard,J.; Hansen,T.B. Local anaesthesia versus intravenous regional anaesthesia in endoscopic carpal tunnel release: a randomized controlled trial. J Hand Surg Eur.Vol.; 2013/6: 5
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BUFFERED VERSUS PLAIN LIDOCAINE

 Moderate evidence supports the use of buffered lidocaine rather than plain 
lidocaine for local anesthesia because it could result in less injection pain.

Strength of Recommendation: Moderate  

Presenter
Presentation Notes
RATIONALE
There were two high quality studies evaluating the use of buffered lidocaine for local anesthesia. Vossinakis et al (2004) studied 21 patients undergoing sequential, bilateral carpal tunnel release under local anesthesia. In each case one hand was anesthetized with lidocaine buffered with sodium bicarbonate and the other hand with plain lidocaine. Following infiltration the patients reported pain on a 100 mm visual analog scale. Those receiving the buffered solution reported less pain and the difference between the groups was statistically significant. Watts et al (2004) randomized 64 patients to have a carpal tunnel release under local anesthesia
using either plain lidocaine or lidocaine buffered with sodium bicarbonate. One minute after infiltration, and before application of a tourniquet, pain was measured on a 100 mm visual analog scale. Although patients who received buffered lidocaine reported less pain, the difference from those receiving the plain lidocaine was not statistically significant.

Risks and Harms of Implementing this Recommendation
The main concern with the local infiltration of anesthetic agents is the well-documented cardiotoxicity of bupivacaine.

FUTURE RESEARCH STATEMENT
No evidence meeting our inclusion criteria was found specifically comparing local anesthesia to either general anesthesia or regional anesthesia using brachial plexus blocks. Studies evaluating the role of regional anesthesia administered via brachial plexus block might be valuable given the post-operative analgesia conferred by these methods. In the existing literature the main advantage of local infiltration compared with intravenous regional anesthesia was post-operative pain relief for up to two hours.� 
Vossinakis,I.C.; Stavroulaki,P.; Paleochorlidis,I.; Badras,L.S. Reducing the pain associated with local anaesthetic infiltration for open carpal tunnel decompression. J Hand Surg Br; 2004/8: 4

Watts,A.C.; Gaston,P.; Hooper,G. Randomized trial of buffered versus plain lidocaine for local anaesthesia in open carpal tunnel decompression. J Hand Surg Br; 2004/2: 1
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ASPIRIN USE

• Limited evidence supports that the patient might continue the use of aspirin 
perioperatively; no evidence meeting our inclusion criteria addressed other 
anticoagulants.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale
One low quality study (Brunetti 2013) met our inclusion criteria. This study examined only aspirin use that was either continued or stopped five days before surgery and resumed three days postoperatively. Compared with controls that were not on aspirin, there were no differences in either hematoma formation or other general complications. There is no evidence meeting our criteria on any other anticoagulant therapies.

Risks and Harms of Implementing this Recommendation
There is a potential risk of bleeding in patients who undergo surgical procedures while on anticoagulants.

Future Research
Investigate anticoagulant use in carpal tunnel surgery using different types of anesthesia and with and without the use of a tourniquet as well. More data is needed on other anticoagulant types including NSAIDs.� 
Brunetti,S.; Petri,G.J.; Lucchina,S.; Garavaglia,G.; Fusetti,C. Should aspirin be stopped before carpal tunnel surgery? A prospective study. World J Orthop; 2013: 4
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PREOPERATIVE ANTIBIOTICS

• Limited evidence supports that there is no benefit for routine use of 
prophylactic antibiotics prior to carpal tunnel release because there is no  
demonstrated reduction in postoperative surgical site infection.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale
There were two low quality studies (Harness, Tosti) which evaluated the use of prophylactic antibiotics in carpal tunnel release. Neither study showed a statistically significant difference between the groups receiving prophylactic antibiotics and those not receiving antibiotics. There is insufficient evidence to support the routine use of prophylactic antibiotics to prevent surgical site infections in carpal tunnel release.

Risks and Harms of Implementing this Recommendation
Routine use of prophylactic antibiotics is not without consequence. Financial cost, anaphylaxis, development of antibiotic resistance, and changes in microbiome population are all factors.

Future Research
Future research should consider reporting on the associated cost, value, and quality of life as they relate to antibiotics. Future research should also focus on the efficacy of preoperative antibiotic treatment in diabetics and/or other immunocompromised populations.� 
Harness,N.G.; Inacio,M.C.; Pfeil,F.F.; Paxton,L.W. Rate of infection after carpal tunnel release surgery and effect of antibiotic prophylaxis. J Hand Surg Am; 2010/2: 2

Tosti,R.; Fowler,J.; Dwyer,J.; Maltenfort,M.; Thoder,J.J.; Ilyas,A.M. Is antibiotic prophylaxis necessary in elective soft tissue hand surgery?. ; 2012/6: 6
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SUPERVISED VERSUS HOME THERAPY

 Moderate evidence supports no additional benefit to routine supervised 
therapy over home programs in the immediate postoperative period. No 
evidence meeting the inclusion criteria was found comparing the potential 
benefit of exercise versus no exercise after surgery.

Strength of Recommendation: Moderate  

Presenter
Presentation Notes
Rationale
Routine post-operative therapy after carpal tunnel release was examined in 6 high quality studies. From these, two studies (Hochberg 2001 and Jerosch-Herold 2012) addressed interventions not relevant to current core practices of postoperative rehabilitation. The remaining four studies (Alves 2011, Fagan 2004, Pomerance 2007, and Provinciali 2000) addressed the need for supervised therapy in addition to a home program in the early postoperative period, the early use of laser, or the role of sensory reeducation in the later stages of recovery. 

One high quality study (Alves 2011) evaluated the use of laser administered to the carpal tunnel in 10 daily consecutive sessions at a 3J dosage and found no difference in pain/symptom reoccurrence in comparison to placebo.

Two moderate quality studies (Pomerance 2007 and Provinciali 2000) compared in-clinic or therapist supervised exercise programs in addition to a home program to a home program alone. The studies were somewhat limited by an incomplete description of who delivered home programs, exercise/education content and dosage, and treatment progression. Pomerance (2007) compared a two week program directed by a therapist combined with a home program alone and found no additional benefit in terms of grip or pinch strength in comparison to the home program alone. Provinciali (2000) compared one hour sessions over 10 consecutive days of in-clinic
physiotherapy comprising a multimodal program with a home program that was progressed in terms of strength/endurance. No benefit was found in outcome when measured by a CTS-specific patient reported instrument.

Risks and Harms of Implementing this Recommendation
There is no known harm to implementing this recommendation.

Future Research
More trials comparing different approaches are needed. These studies should include validated measures of patient-reported outcomes, impairment, adherence and costs. Better description of the characteristics of the exercise and education content, provider and delivery are needed. Studies that address how to identify subsets that need different approaches (treatment-based prediction rules) or targeting of interventions based on different surgical approaches, patient presentations or individual circumstances are also needed.� 
Alves,M.P.T.; Araujo,G.C.S. Low-level laser therapy after carpal tunnel release. Revista Brasileira de ortopedia; 2011: 0

Fagan,D.J.; Evans,A.; Ghandour,A.; Prabhkaran,P.; Clay,N.R. A controlled clinical trial of postoperative hand elevation at home following day-case surgery. J Hand Surg Br; 2004/10: 5

Pomerance,J.; Fine,I. Outcomes of carpal tunnel surgery with and without supervised postoperative therapy. J Hand Surg Am; 2007/10: 8

Provinciali,L.; Giattini,A.; Splendiani,G.; Logullo,F. Usefulness of hand rehabilitation after carpal tunnel surgery. Muscle Nerve; 2000/2: 2

Hochberg J. A randomised prospective study to assess the efficacy of two cold-therapy treatments following carpal tunnel release. Journal of Hand Therapy 2001;14(3): 208–15
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POSTOPERATIVE IMMOBILIZATION

 Strong evidence supports no benefit to routine postoperative immobilization 
after carpal tunnel release.

Presenter
Presentation Notes
Rationale
There were two high quality studies (Bury et al, Finsen et al) and four moderate quality studies (Cebesay et al, Cook et al, Huemer et al, Martins et al) that evaluated post-operative splinting in comparison to no splinting.These studies did not identify any clear benefit to immediate post-operative splinting.

One high quality study (Bury et al) showed no short or long-term difference in regards to grip strength, pinch strength, and range of motion between patients splinted for 2 weeks post-operatively and patients who had no splinting. A second high quality study (Finsen et al) also showed no difference in grip strength and pinch at 1.4
and 5.9 months between the splinted and unsplinted groups.

A moderate strength study (Cook et al) did show a statistically significant improvement in grip and pinch strength at 2 weeks and 4 weeks in patients who were not splinted and allowed to begin early range of motion exercises compared with patients splinted for 2 weeks. A treatment effect of allowing early range of motion
exercises may have contributed to the increase in the improvement in motion in the short term. At three months after surgery, there was no difference between the splinted and unsplinted groups in regards to grip and pinch strength.

One moderate strength study (Martins et al) did show a short-term benefit to post-operative splinting in regards to 2-point discrimination at 2 weeks in patients that were splinted, but this effect was not present at the 3 month follow-up.

One high quality study (Ritting et al) showed no difference in wound complications between patients who removed a bulky, post-operative dressing at 48-72 hours and patients who kept their dressing on for 2 weeks.At two weeks follow-up, the group who removed their dressing early had better grip and 3-point pinch strength,
however, there was no difference in 3-point pinch strength between the groups at week follow up six and 12 weeks after surgery. Of note, the patients randomized to early dressing removal had better grip strength preoperatively, compared to the group randomized to maintaining the dressing for 2 weeks, which may have
accounted for the differences observed.

Risks and Harms of Implementing This Recommendation
There are no known harms associated with implementing this recommendation.

Future Research
Future research should focus on determining if there is a benefit to beginning early range of motion exercises and when a patient may return to unrestricted activities..

Bury,T.F.; Akelman,E.; Weiss,A.P. Prospective, randomized trial of splinting after carpal tunnel release. Ann.Plast.Surg; 1995/7: 1

Cook,A.C.; Szabo,R.M.; Birkholz,S.W.; King,E.F. Early mobilization following carpal tunnel release. A prospective randomized study. J Hand Surg Br; 1995/4: 2

Finsen,V.; Andersen,K.; Russwurm,H. No advantage from splinting the wrist after open carpal tunnel release. A randomized study of 82 wrists. Acta Orthop Scand.; 1999/6: 3

Martins,R.S.; Siqueira,M.G.; Simplicio,H. Wrist immobilization after carpal tunnel release: a prospective study. Arq Neuropsiquiatr.; 2006/9: 3

Ritting,A.W.; Leger,R.; O'Malley,M.P.; Mogielnicki,H.; Tucker,R.; Rodner,C.M. Duration of postoperative dressing after mini-open carpal tunnel release: a prospective, randomized trial. J Hand Surg Am; 2012/1: 1
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FUTURE RESEARCH 

• A significant obstacle to evaluating pathways to the treatment of CTS is the absence of a widely 
accepted reference standard for the diagnosis. An effort to achieve consensus among the many 
clinical disciplines which evaluate and treat CTS is an important goal of future research in this 
area. If consensus of this nature can be established, then a clear and consistent case definition 
should allow a comparison of treatment options as well as an evaluation of the impact of 
workplace exposures on the development of CTS symptoms.
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FUTURE RESEARCH
A significant obstacle to evaluating pathways to the treatment of CTS is the absence of a widely accepted reference standard for the diagnosis. An effort to achieve consensus among the many clinical disciplines which evaluate and treat CTS is an important goal of future research in this area. If consensus of this nature can be established, then a clear and consistent case definition should allow a comparison of treatment options as well as an evaluation of the impact of workplace exposures on the development of CTS symptoms.
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FUTURE RESEARCH – PHYSICAL EXAM

 Future studies should define diagnostic reference standard. The development of standardized 
diagnostic scales and stand-alone maneuvers or tests should be evaluated against a reference 
standard. Studies should include appropriate blinding as well as timing between tests to allow 
for unbiased and accurate assessments.
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Future studies should define diagnostic reference standard. The development of standardized diagnostic scales and stand-alone maneuvers or tests should be evaluated against a reference standard. Studies should include appropriate blinding as well as timing between tests to allow for unbiased and accurate assessments.
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FUTURE RESEARCH – HISTORY INTERVIEW TOPICS

• Future studies should evaluate and use standardized language for describing 
symptoms and their severity. Standardized scales and stand-alone history 
interview topics should be evaluated against a reference standard.
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FUTURE RESEARCH – HISTORY INTERVIEW TOPICS

Future studies should evaluate and use standardized language for describing symptoms and their severity. Standardized scales and stand-alone history interview topics should be evaluated against a reference standard.
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FUTURE RESEARCH – PATIENT REPORTED NUMBNESS AND PAIN

 Future studies should evaluate and use standardized language for describing 
symptoms and their severity. Standardized scales and stand-alone history 
interview topics should be evaluated against a reference standard.
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FUTURE RESEARCH – PATIENT REPORTED NUMBNESS AND PAIN

Future studies should evaluate and use standardized language for describing symptoms and their severity. Standardized scales and stand-alone history interview topics should be evaluated against a reference standard.
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FUTURE RESEARCH – HAND-HELD NERVE CONDUCTION STUDY

 More high quality studies are needed to confirm the utility of this method in 
comparisoned to electrodiagnostic studies.
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FUTURE RESEARCH – TOBACCO USE

More high quality studies are needed to confirm the utility of this method in comparisoned to electrodiagnostic studies.
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FUTURE RESEARCH – MRI

 In order for imaging modalities to be effective in diagnosis of CTS consensus on 
the optimal location for the measurements and threshold values for parameters 
such as cross-sectional area are required.
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In order for imaging modalities to be effective in diagnosis of CTS consensus on the optimal location for the measurements and threshold values for parameters such as cross-sectional area are required.
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FUTURE RESEARCH – DIGNOSTIC ULTRASOUND

• In order for imaging modalities to be effective in diagnosis of CTS consensus on the optimal 
location for the measurements and threshold values for parameters such as cross-sectional 
area are required. Further high quality studies are needed to determine the utility of 
hypervascularity of the median nerve by ultrasound in the diagnosis of CTS.
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In order for imaging modalities to be effective in diagnosis of CTS consensus on the optimal location for the measurements and threshold values for parameters such as cross-sectional area are required. Further high quality studies are needed to determine the utility of hypervascularity of the median nerve by ultrasound in the diagnosis of CTS.
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FUTURE RESEARCH – DIAGNOSTIC SCALES

 Establishing consensus on a reference standard for the diagnosis for CTS is the 
most important research goal in this area.
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Establishing consensus on a reference standard for the diagnosis for CTS is the most important research goal in this area.
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FUTURE RESEARCH – INCREASED RISK OF CTS

 Studies should be conducted to identify objective methods for assessing workplace physical 
factors in order to improve the precision of risk estimation and improve confidence in 
thresholds of injury. Workplace intervention studies should be conducted to confirm that 
modifications in work activities may improve symptoms and functional deficits in workers with 
CTS. Studies of risk should include proper control for confounding as in a logistic regression 
analysis with appropriate population sizes and associated odds ratios.
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Studies should be conducted to identify objective methods for assessing workplace physical factors in order to improve the precision of risk estimation and improve confidence in thresholds of injury. Workplace intervention studies should be conducted to confirm that modifications in work activities may improve symptoms and functional deficits in workers with CTS. Studies of risk should include proper control for confounding as in a logistic regression analysis with appropriate population sizes and associated odds ratios.



© 2019 American Academy of Orthopaedic Surgeons 

FUTURE RESEARCH – DECREASED RISK OF CTS

 The moderate quality studies finding that found a reduction in risk for CTS with vigorous 
exercise are intriguing. There should be additional research to confirm these findings and 
identify the specific types and amount of exercise that may be effective. There should be 
studies to investigate apportionment of risk between personal and workplace factors. Studies 
should be conducted to identify objective methods for assessing workplace physical factors in 
order to improve the precision of risk estimation and improve confidence in thresholds of 
injury. Workplace intervention studies should be conducted to confirm that modifications in 
work activities may improve symptoms and functional deficits in workers with CTS.  More 
research into the relationship between diabetes and CTS should be done, as the conflicting 
results indicate a possible association between these conditions. Studies of risk should include 
proper control for confounding as in a logistic regression analysis with appropriate population 
sizes and associated odds ratios.
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The moderate quality studies finding that found a reduction in risk for CTS with vigorous exercise are intriguing. There should be additional research to confirm these findings and identify the specific types and amount of exercise that may be effective. There should be studies to investigate apportionment of risk between personal and workplace factors. Studies should be conducted to identify objective methods for assessing workplace physical factors in order to improve the precision of risk estimation and improve confidence in thresholds of injury. Workplace intervention studies should be conducted to confirm that modifications in work activities may improve symptoms and functional deficits in workers with CTS.  More research into the relationship between diabetes and CTS should be done, as the conflicting results indicate a possible association between these conditions. Studies of risk should include proper control for confounding as in a logistic regression analysis with appropriate population sizes and associated odds ratios.
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FUTURE RESEARCH –
FACTORS SHOWING CONFLICTING RISK OF CTS
 There should be studies to investigate apportionment of risk between personal and workplace 

factors.  Studies should be conducted to identify objective methods for assessing workplace 
physical factors in order to improve the precision of risk estimation and improve confidence in 
thresholds of injury.  Workplace intervention studies should be conducted to confirm that 
modifications in work activities may improve symptoms and functional deficits in workers with 
CTS. More research into the relationship between diabetes and CTS should be done, as the 
conflicting results indicate a possible association between these conditions. Studies of risk 
should include proper control for confounding as in a logistic regression analysis with 
appropriate population sizes and associated odds ratios.
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FUTURE RESEARCH – 
FACTORS SHOWING CONFLICTING RISK OF CTS

There should be studies to investigate apportionment of risk between personal and workplace factors.  Studies should be conducted to identify objective methods for assessing workplace physical factors in order to improve the precision of risk estimation and improve confidence in thresholds of injury.  Workplace intervention studies should be conducted to confirm that modifications in work activities may improve symptoms and functional deficits in workers with CTS. More research into the relationship between diabetes and CTS should be done, as the conflicting results indicate a possible association between these conditions. Studies of risk should include proper control for confounding as in a logistic regression analysis with appropriate population sizes and associated odds ratios.
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FUTURE RESEARCH – NONOPERATIVE TREATMENTS

 Further research in acupuncture is warranted. In a prospective randomized double-blind 
controlled study, Yao et al evaluated the efficacy of acupuncture (weekly sessions for 6 weeks) 
versus placebo to treat carpal tunnel syndrome. No significant measures of improvement were 
noted. Soft tissue manipulation: further research in manipulation is warranted. Many different 
techniques are utilized and the terminology distinguishing them is loosely utilized. Further 
research into linseed oil’s biological mechanism of action, along with technical refinements and 
specifics in its manufacture are warranted.
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Further research in acupuncture is warranted. In a prospective randomized double-blind controlled study, Yao et al evaluated the efficacy of acupuncture (weekly sessions for 6 weeks) versus placebo to treat carpal tunnel syndrome. No significant measures of improvement were noted. Soft tissue manipulation: further research in manipulation is warranted. Many different techniques are utilized and the terminology distinguishing them is loosely utilized. Further research into linseed oil’s biological mechanism of action, along with technical refinements and specifics in its manufacture are warranted.
.
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FUTURE RESEARCH – SURGICAL RELEASE 
 Future research should focus on stratifying treatment outcomes based on preoperative symptom 

severity.
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FUTURE RESEARCH – SURGICAL RELEASE

Future research should focus on stratifying treatment outcomes based on preoperative symptom severity.
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FUTURE RESEARCH –
BILATERAL VERSUS STAGED CARPAL TUNNEL RELEASE
 Studies of simultaneous versus staged open carpal tunnel releases with adequate follow up would be 

helpful in elucidating whether simultaneous open release should be considered as a treatment 
option.

Studies which define return to work status by rigorous, objective criteria would be helpful to define 
the strength of the recommendation regarding simultaneous releases.
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Studies of simultaneous versus staged open carpal tunnel releases with adequate follow up would be helpful in elucidating whether simultaneous open release should be considered as a treatment option.

	Studies which define return to work status by rigorous, objective criteria would be helpful to define the strength of the recommendation regarding simultaneous releases.
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FUTURE RESEARCH – LOCAL VS INTRAVENOUS REGIONAL 
ANESTHESIA
 No evidence meeting our inclusion criteria was found specifically comparing local anesthesia to either 

general anesthesia or regional anesthesia using brachial plexus blocks. Studies evaluating the role of 
regional anesthesia administered via brachial plexus block might be valuable given the post-operative 
analgesia conferred by these methods. In the existing literature the main advantage of local 
infiltration compared with intravenous regional anesthesia was post-operative pain relief for up to 
two hours.
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No evidence meeting our inclusion criteria was found specifically comparing local anesthesia to either general anesthesia or regional anesthesia using brachial plexus blocks. Studies evaluating the role of regional anesthesia administered via brachial plexus block might be valuable given the post-operative analgesia conferred by these methods. In the existing literature the main advantage of local infiltration compared with intravenous regional anesthesia was post-operative pain relief for up to two hours.
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FUTURE RESEARCH – BUFFERED VS PLAIN LIDOCAINE
 No evidence meeting our inclusion criteria was found specifically comparing local anesthesia to either 

general anesthesia or regional anesthesia using brachial plexus blocks. Studies evaluating the role of 
regional anesthesia administered via brachial plexus block might be valuable given the post-operative 
analgesia conferred by these methods. In the existing literature the main advantage of local 
infiltration compared with intravenous regional anesthesia was post-operative pain relief for up to 
two hours.
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No evidence meeting our inclusion criteria was found specifically comparing local anesthesia to either general anesthesia or regional anesthesia using brachial plexus blocks. Studies evaluating the role of regional anesthesia administered via brachial plexus block might be valuable given the post-operative analgesia conferred by these methods. In the existing literature the main advantage of local infiltration compared with intravenous regional anesthesia was post-operative pain relief for up to two hours.
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FUTURE RESEARCH – ASPIRIN USE
 Investigate anticoagulant use in carpal tunnel surgery using different types of anesthesia and with 

and without the use of a tourniquet as well. More data is needed on other anticoagulant types 
including NSAIDs.
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Investigate anticoagulant use in carpal tunnel surgery using different types of anesthesia and with and without the use of a tourniquet as well. More data is needed on other anticoagulant types including NSAIDs.
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FUTURE RESEARCH – PREOPERATIVE ANTIBIOTICS
 Future research should consider reporting on the associated cost, value, and quality of life as they 

relate to antibiotics. Future research should also focus on the efficacy of preoperative antibiotic 
treatment in diabetics and/or other immunocompromised populations.
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Future research should consider reporting on the associated cost, value, and quality of life as they relate to antibiotics. Future research should also focus on the efficacy of preoperative antibiotic treatment in diabetics and/or other immunocompromised populations.
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FUTURE RESEARCH – SUPERVISED VS HOME THERAPY
 More trials comparing different approaches are needed. These studies should include validated 

measures of patient-reported outcomes, impairment, adherence and costs. Better description of the 
characteristics of the exercise and education content, provider and delivery are needed. Studies that 
address how to identify subsets that need different approaches (treatment-based prediction rules) or 
targeting of interventions based on different surgical approaches, patient presentations or individual 
circumstances are also needed.
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More trials comparing different approaches are needed. These studies should include validated measures of patient-reported outcomes, impairment, adherence and costs. Better description of the characteristics of the exercise and education content, provider and delivery are needed. Studies that address how to identify subsets that need different approaches (treatment-based prediction rules) or targeting of interventions based on different surgical approaches, patient presentations or individual circumstances are also needed.
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FUTURE RESEARCH – POSTOPERATIVE IMMOBILIZATION
 Future research should focus on determining if there is a benefit to beginning early range of motion 

exercises and when a patient may return to unrestricted activities.
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Future research should focus on determining if there is a benefit to beginning early range of motion exercises and when a patient may return to unrestricted activities.
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PLEASE CITE CLINICAL PRACTICE GUIDELINE AS:  

American Academy of Orthopaedic Surgeons Evidence-Based Clinical Practice 
Guideline on the Management of Carpal Tunnel Syndrome 
http://www.orthoguidelines.org/topic?id=1020. Published February 29, 2016. 
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American Academy of Orthopaedic Surgeons Evidence-Based Clinical Practice Guideline on the Management of Carpal Tunnel Syndrome http://www.orthoguidelines.org/topic?id=1020. Published February 29, 2016. 
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CARPAL TUNNEL SYNDROME CASE STUDIES

Appropriate use criteria (AUC) provide treatment recommendations on a patient-specific level using 
evidence from AAOS clinical practice guidelines, along with clinician expertise and experience. A 
multidisciplinary clinician writing panel creates realistic patient profiles who may present with a particular 
orthopaedic disease in a clinical setting. A separate multidisciplinary clinician voting panel uses a modified 
Delphi method to rate the appropriateness of various procedures for those patient profiles.

The American Academy of Orthopaedic Surgeons adopted the AUC for the Management of Carpal Tunnel 
Syndrome on December 9, 2016. This AUC was developed to improve patient care and obtain the best 
outcomes while considering the subtleties and distinctions necessary in making clinical decisions for the 
management of carpal tunnel syndrome.  

The following three clinical scenarios demonstrate how the AUC can be used in the decision-making 
process.  Users can easily access this valuable tool via OrthoGuidlines
http://www.orthoguidelines.org/go/auc/default.cfm?auc_id=224989&actionxm=Terms
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Appropriate use criteria (AUC) provide treatment recommendations on a patient-specific level using evidence from AAOS clinical practice guidelines, along with clinician expertise and experience. A multidisciplinary clinician writing panel creates realistic patient profiles who may present with a particular orthopaedic disease in a clinical setting. A separate multidisciplinary clinician voting panel uses a modified Delphi method to rate the appropriateness of various procedures for those patient profiles.

The American Academy of Orthopaedic Surgeons adopted the AUC for the Management of Carpal Tunnel Syndrome on December 9, 2016. This AUC was developed to improve patient care and obtain the best outcomes while considering the subtleties and distinctions necessary in making clinical decisions for the management of carpal tunnel syndrome.  

The following three clinical scenarios demonstrate how the AUC can be used in the decision-making process.  Users can easily access this valuable tool via OrthoGuidlines http://www.orthoguidelines.org/go/auc/default.cfm?auc_id=224989&actionxm=Terms
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Case Study 

A 41-year old woman presented with numbness and tingling in 
her right hand that had persisted for 5 months. She was 
otherwise healthy and worked as a beautician. The symptoms 
were confined to the median nerve distribution of her 
right hand. She felt that the symptoms were fairly severe and 
were beginning to affect her work, because she had to take 
frequent breaks to “shake out” her hands. She reported that 
she would wake up on a nightly basis with burning pain in 
her hand and similarly had to “shake it out.”

Two months prior, her primary care physician had suggested 
that she try night splinting. Although splinting resulted in 
transient improvement, her symptoms continued to progress. 
She reported dropping things sometimes, but felt that this was 
mostly the result of numbness.
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A 41-year old woman presented with numbness and tingling in her right hand that had persisted for 5 months. She was otherwise healthy and worked as a beautician. The symptoms were confined to the median nerve distribution of her right hand. She felt that the symptoms were fairly severe and were beginning to affect her work, because she had to take frequent breaks to “shake out” her hands. She reported that she would wake up on a nightly basis with burning pain in her hand and similarly had to “shake it out.”

Two months prior, her primary care physician had suggested that she try night splinting. Although splinting resulted in transient improvement, her symptoms continued to progress. She reported dropping things sometimes, but felt that this was mostly the result of numbness.
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PHYSICAL EXAMINATION
On physical examination, the patient exhibited full range of motion and demonstrated no 
atrophy or weakness. The Tinel sign was positive in the right hand, and the Phalen test was 
positive bilaterally; however, the Phalen test elicited a result more quickly in the right hand. 
Sensation was intact and symmetric based on Semmes-Weinstein monofilament testing and 
static two-point discrimination.

The patient scored 16.5 points out of a total of 26 points on the CTS-6, with numbness in the 
median nerve territory (3.5 points), nocturnal numbness (4 points), Phalen test (5 points), 
and a positive Tinel sign (4 points) (See “Appendix A. Diagnostic Tools,” in the 
full AUC: http://www.aaos.org/ctsauc). This placed the patient in the category of High 
Probability for CTS. No electrodiagnostic testing was performed.

Presenter
Presentation Notes
On physical examination, the patient exhibited full range of motion and demonstrated no atrophy or weakness. The Tinel sign was positive in the right hand, and the Phalen test was positive bilaterally; however, the Phalen test elicited a result more quickly in the right hand. Sensation was intact and symmetric based on Semmes-Weinstein monofilament testing and static two-point discrimination.

The patient scored 16.5 points out of a total of 26 points on the CTS-6, with numbness in the median nerve territory (3.5 points), nocturnal numbness (4 points), Phalen test (5 points), and a positive Tinel sign (4 points) (See “Appendix A. Diagnostic Tools,” in the full AUC: http://www.aaos.org/ctsauc). This placed the patient in the category of High Probability for CTS. No electrodiagnostic testing was performed.
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DISCUSSION

In terms of clinical severity, this patient met the criteria for Moderate Severity, examples of 
which include “pain/sensory disturbances, tingling, frequent activity-related symptoms, 
and/or difficulty with fine motor coordination.”1 Had the patient exhibited thenar atrophy 
or measurable weakness, the category High Severity would have been selected. In terms of 
Response to Previous Treatment, the patient exhibited “[p]ositive response to non-operative 
treatment and subsequent recurrence of symptoms.”

Based on these criteria, the median score for carpal tunnel release was 8 out of 9, making it 
the highest rated appropriate treatment. Other treatments considered appropriate for this 
patient include continued splinting, steroid injection, or obtaining EDSs. This scenario 
demonstrates that, given a high probability for CTS based on clinical presentation and 
examination, EDSs are not necessary to confirm the diagnosis before proceeding with carpal 
tunnel release. The AUC does not comment on open, mini-open, or endoscopic release 
except to note that they are all reasonable and appropriate options in cases in which carpal 
tunnel release is indicated.

Presenter
Presentation Notes
In terms of clinical severity, this patient met the criteria for Moderate Severity, examples of which include “pain/sensory disturbances, tingling, frequent activity-related symptoms, and/or difficulty with fine motor coordination.”1 Had the patient exhibited thenar atrophy or measurable weakness, the category High Severity would have been selected. In terms of Response to Previous Treatment, the patient exhibited “[p]ositive response to non-operative treatment and subsequent recurrence of symptoms.”

Based on these criteria, the median score for carpal tunnel release was 8 out of 9, making it the highest rated appropriate treatment. Other treatments considered appropriate for this patient include continued splinting, steroid injection, or obtaining EDSs. This scenario demonstrates that, given a high probability for CTS based on clinical presentation and examination, EDSs are not necessary to confirm the diagnosis before proceeding with carpal tunnel release. The AUC does not comment on open, mini-open, or endoscopic release except to note that they are all reasonable and appropriate options in cases in which carpal tunnel release is indicated.
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Case Study 2 

A 65-year-old woman with mild type II diabetes that was controlled with medication and diet 
reported experiencing episodic numbness and pain in her hands, mostly on the right, for 3 to 4 
years. The numbness and pain had recently begun bothering her more at night, waking her up 
once or twice per week. She had difficulty assessing the location of the pain and numbness and 
indicated that they affected all her fingers, including her palm. She had not received prior 
treatment. She had not experienced neck pain or radiating pain, more proximal numbness, or 
weakness or coordination problems, and she reported that her diabetes had been well-
controlled overall. She described her symptoms as mild overall, but bothersome.

Presenter
Presentation Notes
A 41-year old woman presented with numbness and tingling in her right hand that had persisted for 5 months. She was otherwise healthy and worked as a beautician. The symptoms were confined to the median nerve distribution of her right hand. She felt that the symptoms were fairly severe and were beginning to affect her work, because she had to take frequent breaks to “shake out” her hands. She reported that she would wake up on a nightly basis with burning pain in her hand and similarly had to “shake it out.”

Two months prior, her primary care physician had suggested that she try night splinting. Although splinting resulted in transient improvement, her symptoms continued to progress. She reported dropping things sometimes, but felt that this was mostly the result of numbness.
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PHYSICAL EXAMINATION

The patient had a negative Tinel sign and a Phalen test, leading to paresthesia in the ring 
and long fingers. She had normal sensation and no evidence of motor weakness or atrophy. 
The patient experienced vague tenderness to palpation over the base of the palm and 
volar wrist, but the Watson test was negative, there was no evident swelling or erythema, 
and radiographs were normal.

Presenter
Presentation Notes
The patient had a negative Tinel sign and a Phalen test, leading to paresthesia in the ring and long fingers. She had normal sensation and no evidence of motor weakness or atrophy. The patient experienced vague tenderness to palpation over the base of the palm and volar wrist, but the Watson test was negative, there was no evident swelling or erythema, and radiographs were normal.
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DISCUSSION

The patient was found to have a CTS-6 score of 9 (nocturnal numbness, 4 points; positive Phalen test, 5 points), which 
falls in the Moderate Probability category. Additionally, according to the Katz Hand Diagram, this patient fell into the 
Probable Pattern category based on the presence of pain/numbness in the palm (See “Appendix A. Diagnostic Tools,” 
in the full AUC: http://www.aaos.org/ctsauc). The Symptom Severity for this patient was Low, based on her 
episodic/infrequent symptoms and her own assessment.

Based on the AUC, the appropriate course of action for this patient would consist of nonsurgical treatment or EDSs. 
Nonsurgical treatment could include a steroid injection, splints, or oral steroids/ketoprofen phonophoresis. Carpal 
tunnel release would be unlikely to be appropriate at this stage.

Presenter
Presentation Notes
The patient was found to have a CTS-6 score of 9 (nocturnal numbness, 4 points; positive Phalen test, 5 points), which falls in the Moderate Probability category. Additionally, according to the Katz Hand Diagram, this patient fell into the Probable Pattern category based on the presence of pain/numbness in the palm (See “Appendix A. Diagnostic Tools,” in the full AUC: http://www.aaos.org/ctsauc). The Symptom Severity for this patient was Low, based on her episodic/infrequent symptoms and her own assessment.

Based on the AUC, the appropriate course of action for this patient would consist of nonsurgical treatment or EDSs. Nonsurgical treatment could include a steroid injection, splints, or oral steroids/ketoprofen phonophoresis. Carpal tunnel release would be unlikely to be appropriate at this stage.
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Case Study 3

A 54-year-old man who worked as a custodian in a nursing 
facility presented with pain in both hands that had persisted for 
3 months, along with vague numbness and tingling. He declared 
this to be a workers’ compensation injury and was sent to an 
occupational health clinic, where he was given splints to wear. 
The patient claims that he was compliant with splint usage, and 
he wore them to the orthopaedic consultation. The splints did 
not help the patient, and the occupational health physician 
ordered bilateral EDSs. The nerve conduction velocity study 
suggested moderate CTS on the left, mild CTS on the right, and 
mild cubital tunnel syndrome bilaterally. The electromyographic 
component of the examination was normal. At that point, the 
patient was referred to the orthopaedic physician for further 
evaluation.

Presenter
Presentation Notes
A 54-year-old man who worked as a custodian in a nursing facility presented with pain in both hands that had persisted for 3 months, along with vague numbness and tingling. He declared this to be a workers’ compensation injury and was sent to an occupational health clinic, where he was given splints to wear. The patient claims that he was compliant with splint usage, and he wore them to the orthopaedic consultation. The splints did not help the patient, and the occupational health physician ordered bilateral EDSs. The nerve conduction velocity study suggested moderate CTS on the left, mild CTS on the right, and mild cubital tunnel syndrome bilaterally. The electromyographic component of the examination was normal. At that point, the patient was referred to the orthopaedic physician for further evaluation.
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PHYSICAL EXAMINATION

On examination, the patient had diffuse tenderness 
over both hands and withdrew from attempted 
palpation. The Tinel sign was absent, producing 
localized pain over the volar wrist but no 
paresthesia. The Phalen test was negative. The Tinel 
sign was negative over the cubital tunnels bilaterally. 
Sensation was intact bilaterally, with normal static 
two-point discrimination.

Presenter
Presentation Notes
On examination, the patient had diffuse tenderness over both hands and withdrew from attempted palpation. The Tinel sign was absent, producing localized pain over the volar wrist but no paresthesia. The Phalen test was negative. The Tinel sign was negative over the cubital tunnels bilaterally. Sensation was intact bilaterally, with normal static two-point discrimination.
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DISCUSSION

In this patient, the likelihood of CTS was low, with a CTS-6 score of <5. Electrodiagnostic testing was suggestive of 
“moderate median neuropathy at the wrist.” In terms of clinical severity, the patient met the criteria for Moderate 
Severity and exhibited Failure to Respond to Non-Operative Treatment. The two most appropriate options for this 
patient would be to investigate alternative diagnoses or attempt a diagnostic/therapeutic steroid injection. In this 
patient, the median rating for carpal tunnel release was 6 out of 9, or May Be Appropriate. In this case, the positive 
EDSs stood in contrast to both an equivocal presentation and physical examination and failure of nonsurgical 
treatment, which is suggestive of the potential for a false-positive electrodiagnostic study result and resulted in the 
recommendation to consider alternative diagnoses.
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Presentation Notes
In this patient, the likelihood of CTS was low, with a CTS-6 score of <5. Electrodiagnostic testing was suggestive of “moderate median neuropathy at the wrist.” In terms of clinical severity, the patient met the criteria for Moderate Severity and exhibited Failure to Respond to Non-Operative Treatment. The two most appropriate options for this patient would be to investigate alternative diagnoses or attempt a diagnostic/therapeutic steroid injection. In this patient, the median rating for carpal tunnel release was 6 out of 9, or May Be Appropriate. In this case, the positive EDSs stood in contrast to both an equivocal presentation and physical examination and failure of nonsurgical treatment, which is suggestive of the potential for a false-positive electrodiagnostic study result and resulted in the recommendation to consider alternative diagnoses.
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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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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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OrthoGuidelines allows the user to search across ALL Clinical Practice Guidelines and Appropriate Use Criteria via a single keyword search.
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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.



© 2019 American Academy of Orthopaedic Surgeons 

 Acute Achilles Tendon Rupture
 Acute Compartment Syndrome
 Anterior Cruciate Ligament Injuries
 Carpal Tunnel Syndrome
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 Surgical Site Infections
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