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ABSTRACT
Introduction: The long head of biceps tendon is a common source of anterior shoulder
pain and impaired function. Multiple surgical procedures are available as treatment
options, but the optimal procedure is not known. The aim of this systematic review and
meta-analysis is to review the literature to assess the clinical effectiveness of various
surgical procedures to treat pain arising from the long head of biceps.
Methods: The study protocol was designed and registered prospectively on PROSPERO
(International prospective register for systematic reviews). Electronic databases used
for the literature search will include MEDLINE, EMBASE, PsycINFO, and The Cochrane
Library. Randomised controlled trials (RCTs) evaluating surgical procedures on the long
head of biceps will be included. Our primary outcome is any functional patient-reported
outcome measure related to the shoulder. Secondary outcomes will include the rate
of ‘Popeye’ deformity, the rate of biceps cramping pain, the rate of complications,
objective measurements of strength testing such as dynamometer, and other patientreported outcome measures not specific to the shoulder such as the Visual-Analog
Scale (VAS) for pain. Methodological quality of included studies will be assessed using
The Cochrane Risk of Bias Tool 2.0 and the Jadad score. Inconsistency and bias across
included studies will be assessed statistically. Comparable outcome data will be pooled
and analysed quantitatively or qualitatively as appropriate.
Ethics and dissemination: No ethical clearances required for this study. We plan to
publish this systematic review and meta-analysis in a peer-reviewed journal. It will
also be presented at various national and international conferences.
Highlights
• Evaluating the clinical effectiveness of surgical procedures for long head of biceps
pathology.
• Randomised controlled trials.
• Biceps tenodesis and biceps tenotomy.
• Systematic review compliant with the PRISMA guideline.
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1. INTRODUCTION

2.1 ELIGIBILITY CRITERIA
2.1.1 Study design

The long head of biceps tendon is a common source of
anterior shoulder pain [1–3] and impaired function [4].
Pathology involving the long head of biceps tendon can
be primary or secondary in nature. Primary pathology
involves long head of biceps tendinopathy including
fraying and tears. Secondary pathology occurs in
association with other diagnoses, frequently rotator cuff
tears [3, 5]. Conservative management of long head of
biceps tendinopathy can include rest, ice compress, oral
non-steroidal anti-inflammatory drugs, corticosteroid
intra-articular injection, and physical therapy [5].
When surgical management is required, the optimal
surgical procedure to provide optimal clinical benefit
remains unclear. Various surgical procedures have been
described. A popular option is a biceps tenotomy. This is
a technically simple and well tolerated procedure with
minimal post-operative rehabilitation. Some patients
report adverse effects including ‘Popeye’ deformity,
cramps, and fatigue [6–9]. Biceps tenodesis is a common
alternative, which may be favoured in some patients and
allows a closer restoration of normal anatomy [9, 10].
This procedure is technically more difficult and requires
a longer post-operative rehabilitation period [7, 9, 11].
A wide variety of techniques have been described for
biceps tenodesis [12–15]. These can be categorised
by location (intra-articular, extra-articular but within
the bicipital grove, and sub-pectoral). The method of
tenodesis can also be further categorised into suture
anchors, suspensory buttons, and screw fixation. O’Brien
reported a technique for arthroscopic long head of
biceps tendon transfer and soft tissue tenodesis to the
conjoint tendon [16].
Most techniques have been reported in observational
studies and have shown good to excellent outcomes in
the vast majority. Few comparative studies have been
reported, directly comparing two or more techniques.
Despite these, there remains some dissonance amongst
the published literature. The purpose of this metaanalysis and systematic review is to assess the clinical
effectiveness of various surgical procedures to treat
pain arising from the long head of biceps within the
shoulder.

Randomised controlled trials will be included. All other
trial designs will be excluded.

2. METHODS

2.1.2 Participants
We will include studies with human patients of any age
undergoing any type of surgery to the long head of biceps.
This may include arthroscopic and open techniques.

2.1.3 Intervention and comparators
The intervention of interest is a surgical procedure of
biceps tenodesis. The comparators will be alternative
surgical procedures for biceps pathology including, biceps
tenotomy and tendon transfer.

2.1.4 Outcomes
The primary outcome of interest will be any functional
patient-reported outcome measures related to the
shoulder. This may include The Oxford Shoulder Score
(OSS), The Constant-Murley Score (CMS), and The
American Shoulder and Elbow Surgeons Shoulder Score
(ASES).
Secondary outcomes will include the rate of ‘Popeye’
deformity, the rate of biceps cramping pain, the rate
of complications such as humeral fractures, objective
measurements of strength testing, and other patientreported outcome measures not specific to the shoulder
such as the Visual-Analog Scale (VAS) for pain.

2.1.5 Timing
No restrictions on the timing of the study. Where multiple
studies report on the same patient cohort exist, the study
with the longest time to follow-up will be included.

2.1.6 Setting
No restrictions on the setting of the study.

2.1.7 Language
No restrictions on the language of the study. Any studies
that require translation into English will be included in the
appendix.

2.2 INFORMATION SOURCES
The following bibliographic databases were searched;
MEDLINE, EMBASE, PsycINFO and The Cochrane Library.

2.2.1 Search strategy
This study protocol was designed and prospectively
registered on the PROSPERO (International prospective
register for systematic reviews) database (Ref:
CRD42020198658). The protocol is reported according to
the Preferred Reporting Items for Systematic reviews and
Meta-Analyses Protocol (PRISMA-P) [17, 18].

No restrictions were placed on the date of publication.
In order to increase sensitivity and heighten precision
randomised controlled trial filters, provided by The
Cochrane group, were used for each database in the
search strategy. The utilised search terms are included
in the appendix. We manually searched references from
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published systematic reviews investigating the same or
similar topic for relevant included studies. On searching the
PROSPERO database, no ongoing or recently completed
systematic reviews on this exact topic were found.

2.3 STUDY RECORDS
2.3.1 Data management
All literature search results will be combined and collected
in Endnote X9 (Clarivate Analytics) with duplicate articles
being removed. Two independent reviewers will screen
titles and abstracts of returned search results, with
consensus sought prior to full text review. Subsequent
full text review of articles meeting all eligibility criteria
will determine the final inclusion.

2.3.2 Data collection process
Data extraction will involve two independent reviewers.
A standardised proforma will be used by one reviewer
to extract the required data. A second reviewer will
then check the extracted data for any inaccuracies. Any
differences found during the data extraction process will
be resolved by discussion and the involvement of a third
reviewer as needed. Authors of individual studies will be
attempted to be contacted regarding any missing data
or any desired additional information. Microsoft Excel will
be used for data capture and Review Manager (RevMan
version 5.3) used as a software tool for data management.

2.3.3 Data items
Extracted data items will include study design, patient
cohort, study characteristics, surgical intervention,
comparator surgical intervention, primary outcome
measure data, and any secondary outcome measure
data. Mean and standard deviations will be extracted for
all outcome measures. Data on adverse events will be
extracted.

2.4 OUTCOMES AND PRIORITISATION
2.4.1 Primary outcome
The primary outcome of interest will be functional patientreported outcome measures related to the shoulder.
This may include The Oxford Shoulder Score (OSS), The
Constant-Murley Score (CMS), and The American Shoulder
and Elbow Surgeons Shoulder Score (ASES).

2.4.2 Secondary outcomes
Secondary outcomes examined will include the rate of
‘Popeye’ deformity, the rate of biceps cramping pain,
the rate of complications such as humeral fractures,
objective measurements of strength testing, and other
patient-reported outcome measures not specific to the
shoulder such as the Visual-Analog Scale (VAS) for pain.

2.5 RISK OF BIAS OF INDIVIDUAL STUDIES
To assess for potential bias of individual studies, the
Cochrane collaboration Risk of Bias tool 2.0 will be used
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[19]. Within this tool, there are 5 domains of bias, with
each domain being assigned a level of risk of bias (high
risk, low risk, or some concerns). Interpretation of the
risk of bias for each domain will be guided by pre-set
signalling questions. The tool subsequently generates an
overall risk of bias for each study. As a supplementary
method for assessing bias, each study will also be
assessed using the Jadad scale [20]. The Jadad scale
ranges from 0 to a maximum of 5 points. 2 points can
be given for randomisation – 1 point for stating the
study is randomised and a further point if the method of
randomisation is appropriate. 2 points can be given for
blinding – 1 point for stating the use of blinding within
the study and a further point if the method of blinding
is appropriate. An additional point is given if all patients
involved in the trial have been accounted for.

2.6 DATA SYNTHESIS
2.6.1 Quantitative synthesis
Data will be synthesised quantitatively, in the form
of a forest plot, if the outcomes recorded within
individual studies are comparable. We will assess
for heterogeneity between studies. Heterogeneity
will be quantified using the using chi-square test for
heterogeneity and the I2 statistic. Due to expected
heterogeneity between studies, a random effects model is
likely to be used for most analyses. Data from continuous
variables will be summarised using standardised mean
difference and inverse variance statistical analysis. Any
dichotomous data presented will be measured for effect
using odds ratios.

2.6.2 Qualitative synthesis
Data will only be reported descriptively when outcome
measures from individual studies are not comparable,
heterogeneity is too high, or the rate of incidence of the
event is too low for pooled statistical analysis.

2.6.3 A priori subgroup analyses
We expect to be able to perform multiple subgroup
analyses based on our inclusion criteria. This may include
isolated biceps pathology versus biceps pathology with
associated rotator cuff repair, younger patients versus
older participants (possible age range for treatment
effect), type of fixation used during biceps tenodesis
(screws, anchors, or buttons), as well as, the tenodesis
location (intra-articular, subpectoral, or extra-articular
but within the bicipital groove).

2.6.4 Meta-bias
Meta-biases will be assessed for by assessing publication
bias, with use of a funnel plot of included studies
investigating our primary outcome. Reviewing available
trial protocols or registrations to compare pre-defined
outcomes with those ultimately analysed and reported,
will also assess for selective reporting within studies.
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The risk of bias within each individual study will be
assessed for as previously described. Statistical analysis
of heterogeneity, as a measure of inconsistency, will be
used to assess bias across studies.

REGISTRATION

2.6.5 Confidence in cumulative estimate

AUTHOR AFFILIATIONS

The strength of the body of evidence provided will
be assessed using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
approach [21–23]. Each outcome assessed will
consequently be described as being of very low, low,
moderate, or high certainty.

APPENDIX

SEARCH TERMS FOR MEDLINE
1. Randomised controlled trial.pt.
2. Controlled clinical trial.pt.
3. Randomised.ab,ti.
4. Placebo.ab,ti.
5. Clinical trials.mp.
6. Randomly.ab,ti.
7. Trial.ti.
8. 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7
9. Bicep.ab,ti.
10. Biceps.ab,ti.
11. Biceps brachii.ab,ti.
12. Bicipital.ab,ti.
13. 9 OR 10 OR 11 OR 12
14. Tenotomy.ab,ti.
15. Tenodesis.ab,ti.
16. Transfer.ab,ti.
17. Reattach.ab,ti.
18. Reattached.ab,ti.
19. Reattachment.ab,ti.
20. Surgical.ab,ti.
21. Surgery.ab,ti.
22. Operative.ab,ti.
23. Operation.ab,ti.
24. Procedure.ab,ti.
25. Fixation.ab,ti.
26. 14 OR 15 OR 16 OR 17 OR 18 OR 19 OR 20 OR 21 OR
22 OR 23 OR 24 OR 25
27. 8 AND 13 AND 26
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