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ABSTRACT

Objectives The comparative clinical effectiveness

of common surgical techniques to address long head
of biceps (LHB) pathology is unclear. We synthesised
the evidence to compare the clinical effectiveness of
tenotomy versus tenodesis.

Design A systematic review and meta-analysis

using the Grading of Recommendations Assessment,
Development and Evaluation approach.

Data sources EMBASE, Medline, PsycINFO and the
Cochrane Library of randomised controlled trials were
searched through 31 October 2021.

Eligibility criteria We included randomised controlled
trials, reporting patient reported outcome measures,
comparing LHB tenotomy with tenodesis for LHB
pathology, with or without concomitant rotator cuff
pathology. Studies including patients treated for
superior labral anterior—posterior tears were excluded.
No language limits were employed. All publications
from database inception to 31 October 2021 were
included.

Data extraction and synthesis Screening was
performed by two authors independently. A third author
reviewed the article, where consensus for inclusion
was required. Data were extracted by two authors.
Data were synthesised using RevMan. Inverse variance
statistics and a random effects model were used.
Results 860 patients from 11 RCTs (426 tenotomy

vs 434 tenodesis) were included. Pooled analysis of
patient-reported functional outcome measures data
demonstrated comparable outcomes (n=10 studies;
403 tenotomy vs 416 tenodesis; standardised mean
difference (SMD): 0.14, 95% Cl —0.04 to 0.32, p=0.13).
There was no significant difference for pain (Visual
Analogue Scale) (n=8 studies; 345 tenotomy vs 350
tenodesis; MD: —-0.11, 95% Cl —0.28 to 0.06, p=0.21).
Tenodesis resulted in a lower rate of Popeye deformity
(n=10 studies; 401 tenotomy vs 410 tenodesis; OR:
0.29, 95% Cl 0.19 to 0.45, p<0.00001). Tenotomy
demonstrated shorter operative time (n=4 studies; 204
tenotomy vs 201 tenodesis; MD 15.2, 95% CI 1.06 to
29.36, p<0.00001).

Conclusions Aside from a lower rate of cosmetic
deformity, tenodesis yielded no significant clinical
benefit to tenotomy for addressing LHB pathology.
PROSPERO registration number CRD42020198658.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The present systematic review and meta-analysis
was undertaken to include only randomised con-
trolled trials in an attempt to reduce risk of bias
within studies.

= We employed the Grading of Recommendations
Assessment, Development and Evaluation approach
to evaluate the certainty of our findings in a system-
atic manner.

= A sensitivity analysis accounting for the influence of
concomitant rotator cuff tear was undertaken.

= Pooling of various patient reported outcome mea-
sures was used and reported using standardised
mean difference, which increases power but may
minimise small but significant effects between dif-
ferent outcome measures.

INTRODUCTION
Pathology in the long head of biceps was
described as early as 1835." Initial descriptions
relate to dislocation from the bicipital groove
andatraumatic rupture.' ? As surgeons became
more specialised, and diagnostic techniques
improved, associations with rotator cuff tears
were described.”* The long head of biceps was
also noted to be an isolated source of pain in
the anterior shoulder in some patients.” ® In
most cases, the long head of biceps tendon
is thought to be an associated pathology. The
range of pathology ranges from fraying and
inflammation to partial tearing and rupture.
Medial subluxation is commonly seen with
upper border of subscapularis tendon tears.”
Lateral subluxation can be associated with
leading edge of supraspinatus tears, which
may involve the rotator cable. Occasionally,
the long head of biceps may be the principal
source of anterior shoulder pain. In younger
patients, it can be associated with superior
labral injuries.®

Long head of biceps tenotomy, often
performed arthroscopically, involves
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detaching the tendon from the superior labral anchor,
typically with a radiofrequency ablation device. Long head
of biceps tenodesis involves reattaching the detached
long head of biceps, using a button device or suture
anchor typically, to the proximal humerus. This can be
either intra-articularly, withing the bicipital groove, or in
the subpectoral region of the proximal humerus. With
significant advances in arthroscopic instrumentation and
implants, a large increase in variations of both tenotomy
and tenodesis have been reported.”™” Some authors have
demonstrated tenotomy at the biceps anchor can auto-
tenodese in the intra-articular opening of the groove,
as the stump base retracts.'” This implantfree tech-
nique may have cost and time-saving benefits; however,
a larger proportion of techniques have reported utili-
sation of implants to secure the tendon. These include
suture anchors, tenodesis screws and suspensory buttons.
Having chosen to tenotomise or tenodese, and after the
fixation type is chosen, the surgeon must then determine
the location of the tenodesis.

There remains significant debate regarding optimal
location of tenodesis to address long head of biceps
pathology. Some authors have suggested the bicip-
ital groove and transverse humeral ligament as caus-
ative factors for pain and advocated for subpectoral
tenodesis location.'” Others have demonstrated intra-
articular tenodesis at the proximal portion of the
bicipital groove can yield reliable improvement in symp-
toms.'® ' Cramping pain in the muscle belly has been
reported following tenodesis. It is thought to be related
to mismatch of tension between the muscle bellies.”
O’Brien popularised the arthroscopic long head of
biceps tendon transfer (to the short head) procedure
as means of addressing differential traction between the
muscle bellies.*

The increasing number of variations of surgical
techniques addressing long head of biceps tendon
pathology in the last few decades has been accompanied
by an increase in published studies reporting clinical
outcomes. Most techniques have been reported with
clinical outcomes from case series or cohort studies.
Few studies have evaluated differences between surgical
techniques using a randomised controlled trial (RCT)
design. Most RCTs have enrolled less than 50 patients
total. Studies of this magnitude are unlikely to find
difference in clinical outcomes unless a large treatment
effect exists between techniques. A systematic review and
meta-analysis of multiple RCTs may provide sufficient
statistical power to detect differences between various
surgical techniques for managing long head of biceps
tendon pathology.

The aim of this study was to systematically review the
literature and quantitively synthesise data relating to
surgical treatment of pathology in the long head of biceps
tendon. The primary aim was to determine whether
a difference in clinical effectiveness exists between
tenotomy and tenodesis using data from RCTs.

METHODS

This study is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.”' A protocol for the study was regis-
tered with International Prospective Register for System-
atic Reviews (https://www.crd.york.ac.uk/prospero/),
and published prior to study commencement.”

Eligibility criteria

Only RCTs were included. All other trial designs were
excluded. Studies with human patients of any age under-
going any type of surgery to the long head of biceps were
included. This included both arthroscopic and open
techniques. The intervention of interest was the surgical
procedure of biceps tenodesis. The comparators included
any alternative surgical procedures for biceps pathology,
including biceps tenotomy. Studies relating to superior
labral anterior—posterior (SLAP) tears predominantly
were excluded. The primary outcome included patient
reported functional outcome measures related to the
shoulder. Secondary outcome measures included pain
Visual Analogue Scale (VAS), rate of cosmetic deformity
(‘Popeye’ sign) and operative time.

Information sources and search strategy

The following bibliographic databases were searched:
MEDLINE, EMBASE, PsycINFO and the Cochrane
Library of RCTs. No restrictions were placed on language.
Eligible studies published from database inception up to
31 October 2021 were included. To increase sensitivity
and heighten precision, the RCT filters developed by the
Cochrane collaborative were used for each database in
the search strategy.” The used search terms are included
in the online supplemental appendix. Search terms were
generated using a population, intervention, comparator
and outcome (PICO) approach, and combined with the
Cochrane RCT filters for each database searched.” Most
search terms were limited to abstract and title fields. Refer-
ences from published systematic reviews investigating the
same or similar topic were manually searched for relevant
included studies. The database search was conducted
between 1 October 2021 and 31 October 2021. Two coau-
thors conducted the electronic search of databases (AWH
and MSR).

Study selection and data extraction

All literature search results were combined in Endnote
V.X9 (Clarivate Analytics). Duplicate articles were
removed. Two independent reviewers (AWH and RI)
screened the titles and abstracts, with consensus sought
prior to full text review. Subsequent full text review of
articles meeting all eligibility criteria determined the final
inclusion.

Data extraction involved two independent reviewers
(AWH and KT). A standardised proforma was used by
one reviewer (AWH) to extract the required data. A
second reviewer (KT) then checked the extracted data
for any inaccuracies. Any differences found during the
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data extraction process was resolved by discussion and
the involvement of a third reviewer (MSR) as needed.
Attempts to contact corresponding authors via email were
made for any missing data or desired additional infor-
mation. Microsoft Excel was used for data capture and
Review Manager (RevMan V.5.3) used as a software tool
for data management.

Extracted data items included study design, patient
cohort, study characteristics, surgical intervention,
comparator surgical intervention, primary outcome
measure data and any secondary outcome measure data.
Mean and SD were extracted for all outcome measures.
Where the mean or SD was not reported, the corre-
sponding author was contacted to request raw data.

The primary outcome was patient-reported functional
outcome measures (PROMs) pooled using standardised
mean difference (SMD) and a random effects model. The
SMD is a summary statistic in meta-analysis used when
studies measure the same outcome (eg, pain in function
after surgery to the long head of biceps) but measures
it in different ways (eg, different PROMs). It allows the
results of the studies to be presented on a uniform scale.**
The random effects approach for meta-analysis incorpo-
rates an assumption that different studies are estimating
different, yet related, intervention effects. It uses the
inverse-variance statistical method.** It allows for a degree
of heterogeneity between studies that is not readily
explained by other factors; in the context of surgical
trials, the treatment effect may be influenced by subtle
and difficult to detect variations in patient selection,
surgical technique and other factors.** This included the
Constant-Murley Score (CMS), the American Shoulder
and Elbow Surgeons Shoulder Score (ASES) and Univer-
sity of California at Los Angeles (UCLA) shoulder score.
Pooling of PROMs allowed for increased statistical
power and permitted a larger number of studies to be
included in each meta-analysis. The decision was made
to pool results as most of the patientreported outcome
measures are thought to measure similar aspects of the
clinical outcome. That is, most outcome scores included
employ questions to quantify degree of pain, and level
functional limitation. The CMS also includes a physician-
administered objective component using a spring
balance and a goniometer to assess strength and range of
motion, respectively. Studies have reported good correla-
tion between the CMS, ASES and Oxford Shoulder Score
(0SS) .***° The limitation to pooling PROMs in this way
is the possibility of minimising small but significant effects
potentially seen between different outcome measures.
Secondary outcomes included pain VAS, rate of cosmetic
deformity (Popeye sign) and operative time.

Assessment of risk of bias

Two reviewers assessed risk of bias independently (AWH
and KT). To assess for potential bias of individual studies,
the Cochrane collaboration Risk of Bias tool V.2.0 was
used.?” Within this tool, there are five 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 is guided by preset
signalling questions. The tool subsequently generates an
overall risk of bias for each study.

To assess for risk of bias across studies, publication
bias was assessed using a funnel plot of included studies
investigating the primary outcome. We reviewed available
trial protocols and registrations to compare predefined
outcomes and statistical analysis plans with those reported
in the published manuscripts, assessing for selective
reporting within studies.

Data synthesis and statistical analysis

Data were synthesised and analysed as primary and
secondary outcomes. The primary outcome included
PROMs, pooled using an SMD scale. A random effects
model was used for analysis due to expected heterogeneity
across the studies. Heterogeneity was quantified using the
I* value and the y” test for heterogeneity. Statistical hetero-
geneity is a consequence of methodological and clinical
diversity, occurring when different studies are brought
together in a meta-analysis. The I” statistic describes the
percentage of the variability in treatment effect estimates
due to heterogeneity rather than chance.** I? values were
interpreted as described in the Cochrane Handbook:
0%-40% might not be important, 30%-60% may repre-
sent moderate heterogeneity, 50%-90% may represent
substantial heterogeneity and 75%-100% represents
considerable heterogeneity. Data were only synthesised
if the method in which the outcome was recorded was
comparable. Outcomes with continuous variables, such as
operative time, were summarised using mean differences
and inverse variance statistical analysis. Outcomes with
dichotomous data, such as rate of cosmetic deformity
(Popeye sign), were summarised using ORs with 95% Cls.
A sensitivity analysis was undertaken to compare studies
involving patients with and without an intact rotator cuff.

Determining certainty of findings (using GRADE approach)
The Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) framework was used to
describe the strength of the body of evidence provided
and confidence in the findings.”® Each outcome assessed
was determined to be of very low, low, moderate or high
certainty. Certainty can be adjusted due to risk of bias,
inconsistency, indirectness, imprecision and publication
bias. The level of certainty can be increased by a large
magnitude of effect, a dose-response gradient or the
effect of plausible residual confounding.

Patient and public involvement
No patients were involved.

RESULTS

Study selection

The literature search of EMBASE, MEDLINE, PsychINFO
and Cochrane library databases identified 1034 records.
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quantitative synthesis
(meta-analysis)
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Figure 1
Analyses.

After removal of duplicates, 623 unique manuscripts were
screened. Five hundred and ninety eight records were
excluded after title and abstract screening; 25 records
were selected for full text review. Of these 25 records, 15
were eligible for inclusion in the systematic review. Eleven
were eligible for inclusion in the meta-analysis. The study
selection process, with reasons for exclusion, is presented
in the PRISMA flowchart (figure 1).

Study characteristics
Included trials were published between 2006 and 2021.
Individual characteristics are reported in table 1. Only

PRISMA flow diagram for included studies. PRISMA, Preferred Reporting ltems for Systematic Reviews and Meta-

RCTs were included. Of these, three were conducted in
Italy, three in the Republic of Korea, two in China, two
in the USA, two in Iran, one in Canada, one in Spain
and one in the Netherlands. Eleven studies compared
biceps tenodesis with biceps tenotomy with sample sizes
ranging from 34 to 151 and a total of 860 patients. These
were included in the meta-analysis. One study compared
tenodesis in the groove and tenotomy of the long head
of biceps attachment on the supraglenoid tubercle with
tenodesis only.29 One study compared interference screw
tenodesis with suture anchor tenodesis,30 one compared
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Table 2 Results of risk of bias assessments for included studies using the Cochrane risk of bias V.2.0 tool

Deviations
from the
Randomisation  intended

process

Missing
Study ID

Measurement
interventions outcome data of the outcome result

Selection of
the reported
Overall

Franceschi et al 2006

Sanders et al 20127

Zhang et al 2013*

Lee et al 2016

Lee et al 2016

Park et al 2016%°

Castricini et al 2017%

Mardani-Kivi et al

2018%

Belay et al 2019

Mardani-Kivi et al

2019*

Zhang et al 2019*

Forsythe et al 20202

MacDonald et al 2020*°

Garcia et al 2020

van Deurzen et al
20214

arthroscopic intra-articular tenodesis with open subpec-
toral tenodesis’ and one compared arthroscopic
suprapectoral tenodesis with open subpectoral tenod-
esis.?? In total, the 15 studies included 1084 patients,
which were included in the systematic review.

Risk of bias within studies
Overall, 3 studies were assessed as low risk of bias; 10
studies had ‘some concerns’ regarding bias; 2 studies

Low risk
Some concerns

High risk

50 O ¢

L _JONON HONON HON NONON JONON _

were assessed as high risk of bias (table 2). In the two
studies assessed as high risk of bias, no final follow-up
time was stated, or there was a wide range in the time of
assessment. One of these studies was at risk of ‘selection
of the reported result’ due to the absence of information
on final follow-up. Where studies were assessed as ‘some
concerns’ of bias, missing outcome data and possible
selection of the reported result, was frequently found. Not
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Figure 2 Funnel plot of included studies reporting the primary outcome investigating publication bias. SMD, standardised

mean difference.

all participants randomised had available data and there
was often a lack of a clear, predefined, statistical analysis
plan, finalised prior to commencement of the trial.

Risk of bias across studies

Low-moderate heterogeneity was found between studies
when investigating pooled PROMs as the primary
outcome (I 37%). This was similar when excluding
studies without a concurrent rotator cuff tear (I* 40%).
Some heterogeneity was expected due to the variety
of PROMs used. Heterogeneity between studies when
looking at secondary outcomes was low: pain VAS (I*:
0%), and ‘Popeye’ deformity (I*: 5%). However, consid-
erable heterogeneity was found for operative time (I*:
96%). No clear evidence of publication bias was found
(figure 2).

Results of individual studies

Of the 15 included studies in this systematic review, 10
were parallel-group RCTs comparing biceps tenodesis
with biceps tenotomy.”** One three-arm study compared
biceps tenodesis, tenotomy and debridement.® The teno-
desis attachment site and fixation method varied. Three
studies compared differences in tenodesis technique.”
Of these, two RCTs compared tenodesis location
(arthroscopic suprapectoral vs open subpectoral).”’
The other RCT compared interference screw with suture
anchor fixation for biceps tenodesis.”” One RCT evalu-
ated the addition of tenotomy of the long head of biceps
attachment on the supraglenoid tubercle after tenodesis
within the proximal aspect of the groove.”

Differences in function (data from patient-reported outcome
measures)

Most studies found no difference in function as reported
by a variety of patientreported outcome measures,
including Constant, American Shoulder and Elbow
Society (ASES) shoulder score, University of California
Los Angeles (UCLA) score, Western Ontario Rotator Cuff
(WORC) score, Single Assessment Numerical Evaluation
(SANE) score, Simple Shoulder Test (SST), EuroQol 5
domain (EQb5D) score, Dutch Oxford Shoulder Score
(OSS), Shoulder Strength Index (SSI), Korean Shoulder
Score (KSS), 36-item Short Form (SF36), Visual Analogue
Scale (VAS), Numerical Rating Scale (NRS), and Disabili-
ties of the Arm, Shoulderm and Hand (DASH). Mardani-
Kivi et al (2018) demonstrated statistically significant
difference in patient satisfaction as measured by VAS in
favour of tenodesis (9.53 vs 9.07, p=0.0001); however,
the difference reported is small and likely not clinically
signiﬁcant.37 Zhang et al* found a difference in pain as
measured by VAS at 2 weeks postoperatively (3.1 tenotomy
vs 4.8 tenodesis, p<0.001), that disappeared by the 4-week
postoperative timepoint (2.0 tenotomy vs 2.1 tenodesis,
p<0.001).*

Rate of ‘Popeye deformity’ and cramping pain

Of 14 studies that reported rate of Popeye deformity,
8 demonstrated a higher frequency in the tenotomy
group.” ¥ Park et al demonstrated anatomic failure
using ultrasonography or MRI in 7/33 in those receiving
tenodesis with an interference screw versus 2/34 receiving
tenodesis with a suture anchor.* However, there was no
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significant difference in rate of reported Popeye defor-
mity or biceps cramping between the two groups.” Van
Deurzen et al found high rates of Popeye deformity in
both tenodesis (16/48) and tenotomy (24/52) groups,
resulting in lack of difference statistically.*” Their tech-
nique for tenodesis included incorporating the biceps
with the anterior suture anchor used in the concomitant
rotator cuff repair. They also found no difference in rate
of biceps cramping between the two groups.” Castri-
cini et al found higher rates of Popeye deformity in the
tenotomy group (5/24 vs 18/31, p=0.006) at 24 months
postoperatively.”® They also reported higher rates of
biceps cramping at 6 months in the tenodesis group (3/24
tenodesis vs 0/31 tenotomy). All 3 patients that reported
cramping resolved by 24 months postoperatively.”® Ten
studies in total regorted biceps cramping as an outcome
measure.”’ #7374 Most demonstrated no difference
between the two groups they evaluated with respect to
cramping.” # % " MardaniKivi et af’ reported 9/29
in the tenotomy group and 0/33 in the tenodesis group
experienced biceps cramping (p=0.0001)."" Garcia et al
enrolled 70 male heavy manual workers into an RCT
comparing tenotomy versus tenodesis. They demon-
strated higher rates of Popeye deformity in the tenotomy
group (13/23 vs 2/18) at 12 months (p=0.01); however,
no difference in the rate of reported biceps cramping.*!

Range of motion and strength differences

Some studies measured shoulder and/or elbow range
of motion using goniometers. Others included dyna-
mometer testing using a variety of testing protocols to
record strength measurements at the shoulder, elbow,
and forearm. Of the 15 included studies, 11 reported
these variables as outcome measures.”? * #2750 38 4045 71
studies report no difference in shoulder range of motion
between the two groups evaluated. Nine studies evaluated
elbow flexion strength and reported no differences. De
Carli et al also found no differences in shoulder flexion
strength, shoulder extension strength and shoulder
abduction strength (tested at 45° abduction) between
tenotomy and tenodesis.”® Lee et al reported no differ-
ence in elbow flexion strength and forearm pronation
strength with tenotomy compared with tenodesis. They
did demonstrate greater supination strength in the
tenodesis compared with the tenotomy group (99.8%
compared with contralateral side vs 81.8% compared with
the contralateral side).” Oh et al conducted a three-arm
trial comparing debridement, tenotomy and tenodesis.
In this study, they found lower supination strength in the
tenotomy group (88% compared with the contralateral
side) compared with the tenodesis (112%) and debride-
ment (129%) groups (p=0.039)."> Garcia et al reported
increased fatigue time in the tenodesis group compared
with tenotomy (122s vs 95s, p=0.03)."" Van Deurzen
et al also reported lower rates of reported upper arm
fatigue in the tenodesis group compared with tenotomy
(31%v 50%, p=0.05); however, they did not formally test
fatigability.*

One study compared biceps tenodesis with an inter-
ference screw to a suture anchor biceps tenodesis.” This
study demonstrated no significant difference in func-
tional scores (ASES, Constant, SST and KSS), pain (VAS),
range of motion (ROM) or ‘Popeye’ deformity between
these groups. A greater number of failures were observed
in the interference screw group (n=7) compared with the
suture anchor group (n=2).

Regarding tenodesis location, one study compared
arthroscopic intra-articular biceps tenodesis with open
subpectoral biceps tenodesis.”’ This study found no
difference in functional scores (Constant and SST), pain
(VAS), and patient satisfaction between these groups.
Forsythe et al conducted an RCT comparing arthroscopic
suprapectoral biceps tenodesis with open subpectoral
biceps tenodesis.” This study found no significant differ-
ence in functional scores (ASES, Constant and SANE),
ROM, pain or complication rates between these groups.
They reported a significantly greater surgical time for
arthroscopic suprapectoral biceps tenodesis group
(16.9+8.4min vs 9.8+3.1 min, p<0.001).

Synthesis of results

A meta-analysis of 10 included studies was performed for
the primary outcome, investigating differences in patient-
reported outcome measures comparing tenodesis with
tenotomy. Various PROMs measured by these individual
studies (Constant, ASES and UCLA) were pooled and an
SMD scale was used.

Primary outcome

Pooled PROMs

Pooled analysis of different PROMs (Constant, ASES and
UCLA) measured by 10 individual studies (416 patients
in tenodesis group and 403 patients in tenotomy group)
demonstrated comparable outcomes between tenotomy
and tenodesis (SMD: 0.14, 95% CI -0.04 to 0.32; p=0.13;
1*: 37%) (figure 3).

Pooled PROMSs (with rotator cuff tear)

A sensitivity analysis comparing tenodesis with tenotomy,
excluding the study involving patients without a rotator
cuff tear, demonstrated comparable outcomes between
tenotomy and tenodesis (n=9 studies; 385 tenotomy vs
394 tenodesis; SMD: 0.12, 95% CI -0.07 to 0.31; p=0.22;
I*: 40%).

Secondary outcomes

Pain (VAS)

Postoperative pain was measured using the VAS in 8
studies (350 patients in tenodesis group and 345 patients
in tenotomy group). The pooled mean difference was
-0.11 (n=8 studies; 345 tenotomy vs 350 tenodesis; MD:
-0.11, 95% CI -0.28 to 0.06, p=0.21; 1% 0%), revealing no
significant difference between groups (figure 4A).

Rate of ‘Popeye’ deformity
Ten studies reported the incidence of ‘Popeye’ defor-
mity (including 410 patients in tenodesis group, and 401
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Tenodesis Tenotomy Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% Cl _Year 1V, Random, 95% CI
De Carli 2012 97.2 4.9 35 94.6 4.9 30 8.9% 0.52 [0.03, 1.02] 2012
Zhang 2013 96.5 2.6 74 95.6 3 77 14.7% 0.32 [-0.00, 0.64] 2013
Lee 2016 86.5 11.07 72 88.3 10.21 56 13.5% -0.17[-0.52,0.18] 2016 A
0Oh 2016 94.28 8.16 40 92.84 8.44 40 10.4% 0.17 [-0.27, 0.61] 2016 e
Castricini 2017 84.4 6.5 24 85.2 8.1 31 8.0% -0.11[-0.64, 0.43] 2017 e E—
Mardani-Kivi 2018 89.94 3.24 33 88.1 5.4 29 8.7% 0.41 [-0.09, 0.92] 2018 -
Zhang 2019 31.31 2.34 22 30.11 2.87 18 6.3% 0.45 [-0.18, 1.09] 2019
Belay 2019 59.4 24.175 14 67.7 20.425 20 5.4% -0.37 [-1.06, 0.32] 2019
MacDonald 2020 79.4 21.8 57 823 17.8 57 12.8% -0.14[-0.51, 0.22] 2020 I E—
van Deurzen 2021 78.2 18.5 45 73.4 12.9 45 11.2% 0.30 [-0.12, 0.71] 2021 -
Total (95% CI) 416 403 100.0% 0.14 [-0.04, 0.32] e
Heterogeneity: Tau? = 0.03; Chi’ = 14.32, df= 9 (P = 0.11); I’ = 37% t t

. ;
-1 -0.5 0 0.5 1

Test for overall effect: Z = 1.52 (P = 0.13) Favours [Tenodesis] Favours [Tenotomy]

Figure 3 Forest plot investigating differences between tenotomy and tenodesis for primary outcome (function as assessed by
a patientreported outcome measures), pooled using SMD. SMD, standardised mean difference.

patients in tenotomy group). Long head of biceps teno-  Operative time

desis significantly reduced the rate of ‘Popeye’ deformity ~ Four studies measured operative time in minutes in 405
(n=10 studies; 401 tenotomy vs 410 tenodesis; OR: 0.29,  patients (201 patients in tenodesis group and 204 patients
95% CI 0.19 to 0.45, p<0.00001; % 5%) (figure 4B).

A Pain (VAS)

Tenodesis Tenotomy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Zhang 2013 2.1 1.6 74 2 1.1 77 14.7% 0.10 [-0.34, 0.54] 2013 —r
Lee 2016 1.8 0.89 72 2 0.87 56 30.2% -0.20([-0.51, 0.11] 2016 —u T
Oh 2016 0.45 0.93 40 0.54 0.93 40 17.1% -0.09 [-0.50, 0.32] 2016 —
Castricini 2017 1 2 24 1 19 31 2.6% 0.00[-1.04, 1.04] 2017 ———
Zhang 2019 0.75 0.48 22 0.88 0.52 18 29.0% -0.13[-0.44,0.18] 2019 =
Belay 2019 4.6 2.5 14 3.7 25 20 1.0% 0.90[-0.81, 2.61] 2019
MacDonald 2020 23 2.9 57 2.9 3 57 2.4% -0.60[-1.68, 0.48] 2020 e — E—
van Deurzen 2021 1.5 2.4 47 1.6 2.4 46 3.0% -0.10[-1.08, 0.88] 2021 e
Total (95% CI) 350 345 100.0% -0.11 [-0.28, 0.06] ‘[

Heterogeneity: Tau? = 0.00; Chi? = 3.40, df = 7 (P = 0.85); I’ = 0%
Test for overall effect: Z = 1.25 (P = 0.21)

-2 -1 1 2
Favours [Tenodesis] Favours [Tenotomy]

B Rate of ‘Popeye’ deformity

Tenodesis Tenotomy Odds Ratio 0Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
De Carli 2012 0 35 5 30 2.2% 0.07 [0.00, 1.23] 2012
Zhang 2013 2 74 7 77 7.3% 0.28 [0.06, 1.38] 2013 I
Lee 2016 4 72 11 56 12.6% 0.24 [0.07, 0.80] 2016 —_—
Oh 2016 8 40 10 40 16.2% 0.75 [0.26, 2.15] 2016 —
Castricini 2017 5 24 18 31 12.4% 0.19 [0.06, 0.64] 2017 s a—
Mardani-Kivi 2018 1 33 7 29 4.1% 0.10 [0.01, 0.86] 2018 —
Belay 2019 1 14 5 20 3.7% 0.23 [0.02, 2.24] 2019 I — —
MacDonald 2020 4 57 15 57 13.2% 0.21 [0.07, 0.68] 2020 —_—
Garcia-Rellan 2020 2 18 13 23 6.7% 0.10 [0.02, 0.52] 2020 e
van Deurzen 2021 14 43 18 38 21.5% 0.54 [0.22, 1.32] 2021 —
Total (95% CI) 410 401 100.0% 0.29 [0.19, 0.45] <o
Total events 41 109

L 2 _ 2 - _ 12 _ co ' | | '
Heterogeneity: Tau? = 0.02; Chi* = 9.45, df = 9 (P = 0.40); I° = 5% 0.605 o1 1o 200

Test for overall effect: Z = 5.47 (P < 0.00001) Favours [1.'enodesis] Favours [Tenotomy]

C Operative time

Tenodesis Te y Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Zhang 2013 50.4 5.9 74  40.4 4 77 27.2% 10.00 [8.39, 11.61] 2013 -
Zhang 2019 75.33 9.45 22 40.55 7.51 18 26.3% 34.78[29.52, 40.04] 2019 —
MacDonald 2020 74 40 57 69 39 57 21.2% 5.00[-9.50, 19.50] 2020 — T
van Deurzen 2021 82 18 48 73 21.3 52 25.3% 9.00 [1.29, 16.71] 2021 e
Total (95% CI) 201 204 100.0% 15.21 [1.06, 29.36] —~—e—
ity: 2 = : Chi = = P = t t t +
Heterogeneity: Tau® = 190.93; Chi* = 79.52, df = 3 (P < 0.00001); > = 96% 30 1o 5 10 20

Test for overall effect: Z = 2.11 (P = 0.04) Favours [Tenodesis] Favours [Tenotomy]

Figure 4 Forest plots investigating differences between tenotomy and tenodesis for secondary outcomes: (A) pain as
measured by VAS, (B) rate of Popeye deformity and (C) operative time. VAS, Visual Analogue Scale.
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in tenotomy group). Long head of biceps tenotomy
demonstrated a significantly shorter operative time (n=4
studies; 204 tenotomy vs 201 tenodesis; MD: 15.21, 95% CI
1.06 to 29.36, p<0.00001; % 96%) (figure 4C).

Certainty of meta-analysis findings using GRADE framework

The quality of evidence was rated for all four outcomes
using the GRADE framework (table 3). The finding of
no significant difference between tenotomy and tenod-
esis for the primary outcome (PROMs) was determined
as ‘very low’ certainty. The findings relating to secondary
outcomes were assessed as ‘moderate’ certainty (no
difference in pain as measured by VAS and lower rate
of ‘Popeye’ deformity favouring tenodesis) and ‘low’
certainty (shorter operative time favouring tenotomy).
The GRADE evaluation for rate of ‘Popeye’ deformity and
operative time were upgraded due to a large effect size.
This was indicated by a test for overall effect Z-score of >2.
A Z-score of 1 is equivalent to 1 SD; a Z-score of >2 was
chosen as 2 SDs away from the mean is widely accepted as
significant. The primary outcome was assessed as higher
importance than the secondary outcomes. Detailed expla-
nations for adjustments to certainty within the GRADE
framework as outlined in the footnote of table 3.

DISCUSSION

This systematic review identified 15 RCTs comparing various
techniques for addressing long head of biceps pathology.
Of these, 11 performed a comparison of tenotomy versus
tenodesis. These studies were included in the meta-analysis.
Pooled results from patient reported outcome measures
from 10 of these studies (403 patients received tenotomy
compared with 416 who received tenodesis) demonstrated
no clinical difference between tenotomy and tenodesis.
Nine out of 10 studies included patients with concomitant
rotator cuff tear. Sensitivity analysis, including only studies
with concomitant rotator cuff tear, did not affect this finding.
No difference was observed regarding pain as measured by
VAS. Rate of ‘Popeye’ deformity was significantly lower in the
tenodesis group compared with the tenotomy group (OR:
0.29,95% CI 0.19 to 0.45). Tenotomy demonstrated a shorter
operative compared with tenodesis (MD: 15.21, 95% CI 1.06
to 29.36). Using the GRADE framework, there was a very
low certainty of finding relating to function (PROMs), low
certainty for operative time, moderate certainty for pain
(VAS) and Popeye deformity.

The strengths of this study are that a broad and systematic
search was performed, not limited by language. All included
studies were assessed for risk of bias using version 2.0 of the
Cochrane risk of bias tool. Risk of bias across studies was also
assessed using a funnel plot and demonstrated no evidence
for publication bias. A sensitivity analysis was employed to
determine change to the primary outcome when uncoupling
associated pathology. Certainty of findings were reported
in accordance with the GRADE framework, allowing for
multiple variables.

There are limitations to this study. The systematic review
and meta-analysis is restricted by the quality and size of the
included RCTs. Twelve studies were assessed to have either
‘some concerns’ or ‘high risk’ of bias. Six of 10 studies used
to compare functional PROMs enrolled 40 or fewer patients
in each group. Despite included data from over 800 patients,
B error may exist for detecting a clinical difference between
tenotomy and tenodesis. Larger low risk of bias studies are
needed to determine whether modest clinical differences
exist between these two techniques. A large number of
variations on the surgical techniques were used across the
included studies. While this provides some external validity,
subtle clinical differences may exist between techniques
employed for tenotomy or tenodesis. There was some hetero-
geneity detected for the primary outcome measure (func-
tion as assessed by PROMs, 1% 37%). Due to the variety of
functional outcome measures used across studies, we opted
to pool measures using SMD. This analysis may potentially
dilute subtle clinical difference detected by some measures
but not others.

Recently, several meta-analyses have been published on the
topic of surgical treatments for the long head of biceps.*™’
These studies are all limited to some extent, with some
disagreement in their findings. Dekker et al reviewed cadav-
eric studies and demonstrated no difference in ultimate
load to failure in various fixation types including screws and
anchors.”' They also demonstrated no difference in load to
failure when suprapectoral and subpectoral tenodesis loca-
tions were compared. Another meta-analysis of similar cadav-
eric studies demonstrated superior ultimate load of failure
with screws compared with suture anchors (86N greater load
95% CI 84 to 188, p=0.002).” They did find similar results to
Dekker et alwhen comparing tenodesis location.

Meta-analyses investigating clinical differences between
tenodesis and tenotomy of the long head of biceps have
included different studies despite similar objectives. Belk et al
included five RCTs yielded from a limited search strategy.”’
They found no differences in patientreported outcome
measures. Tenodesis was found to have superior forearm
supination strength. The limitations of this study were the
limited search strategy, and inclusion of both long head
of biceps tendon and superior labral pathology. Zhu et al
performed a similar limited search strategy to Belk et al and
yielded similar results.*® Both studies limited the language to
English, and used V.1.0 of the Cochrane risk of bias tool to
assess bias within studies. Na et al performed a meta-analysis
comparing tenotomy to tenodesis to treat long head of
biceps pathology in the context of repairable rotator cuff
tears.” They included two RCTs and five cohort studies in
their data synthesis. Tenodesis demonstrated lower rates of
‘Popeye’ deformity, and lower Constant score; however, this
was less than the minimum clinically important difference.**
This study was again limited by a limited search strategy, and
the inclusion of lower quality study designs, with greater risk
of bias within studies. The most robust meta-analysis on this
topic published to date was by Zhou et al. They performed a
more systematic search of multiple electronic databases and
included nine RCTs in their meta-analysis.”” They reported
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that Constant scores and rate of ‘Popeye’ deformity favoured
tenodesis over tenotomy. They also used the GRADE frame-
work and a trial sequential analysis approach to determine
certainty of findings. The main limitation of this study was
the use of a fixed effects model, which does not account for
significant heterogeneity between studies.

Despite the several recent meta-analyses comparing
tenotomy and tenodesis, the current study allows for more
precise findings. The systematic search using broad search
terms and a PICO approach permitted a more complete
inclusion of all relevant studies. Studies that only included
patients treated with long head of biceps tendon pathology,
either with or without rotator cuft tear were included.
Another advantage in the current study is sensitivity anal-
ysis accounting for the presence of concomitant rotator
cuff tear. SLAP tears were excluded as it likely represent
a significantly different pathology. Included studies were
limited to level I evidence and assessed for risk of bias within
studies using the latest version of the Cochrane risk of bias
tool (Version 2.0). Bias between studies was assessed using
a funnel plot and demonstrated no publication bias. Given
heterogeneity among studies, pooled PROMs were favoured
and a random effects model was chosen. Certainty of find-
ings were reported using the GRADE framework.

The clinical implications of this study are to report the
most up to date and robust meta-analysis of the highest
quality evidence on tenotomy versus tenodesis. There is
reasonable certainty that tenodesis reduced the risk of
postoperative Popeye deformity. Whether this confers a
clinical advantage remains unclear. There were no signif-
icant clinical differences between tenotomy and tenod-
esis; however, there may be a beta error present and most
studies are underpowered to detect a modest difference.
Meta-analysis of published studies does not demonstrate
a superior clinical improvement with tenodesis over
tenotomy; however, a large well-designed RCT is required
to investigate whether clinical differences exist between
these techniques. In current practice, orthopaedic
surgeons often favour tenodesis to address long head of
biceps pathology; however, this study demonstrates that
this approach unlikely yields superior clinical benefit over
tenotomy.

CONCLUSION

Tenodesis produced lower rates of ‘Popeye’ deformity
while tenotomy required shorter operative time. No func-
tional differences were detected using a variety of patient-
reported outcome measures between these techniques. A
large well-designed RCT is needed to investigate differ-
ences in clinical effectiveness between tenotomy and
tenodesis.
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