Clin Orthop Relat Res (2021) 479:1561-1573
DOI 10.1097/CORR.0000000000001672

Clinical Orthopaedics
and Related Research’

A Publication of The Association of Bone and Joint Surgeons®

Systematic Review or Meta-analysis

Does Biceps Tenotomy or Tenodesis Have Better Results After
Surgery? A Systematic Review and Meta-analysis

Julia Pozzetti Daou MD', Dan Yuta Nagaya MD', Fabio Teruo Matsunaga MD, PhD',

Marcel Jun Sugawara Tamaoki MD, PhD'

Received: 8 October 2020 / Accepted: 13 January 2021 / Published online: 18 February 2021

Copyright © 2021 by the Association of Bone and Joint Surgeons

Abstract

Background Although tenotomy and tenodesis are fre-
quently used for long head of the biceps tendon lesions,
controversies remain as to which technique is superior re-
garding pain, functionality, complications, and cosmetic
appearance.

Questions/purposes: (1) For long head of biceps tendon
lesions, does tenotomy or tenodesis result in greater im-
provements in VAS score for pain? (2) Which approach has
superior results when evaluating function outcome
(Constant) scores? (3) Does tenotomy or tenodesis have
fewer complications? (4) Does tenotomy or tenodesis result
in better cosmesis (Popeye sign)?

Methods A systematic review was performed in the
Cochrane Library, Embase, PubMed, and Literatura Latino
Americana e do Caribe em Ciéncias da Saude (LILACS)
using the keywords “long head of the biceps tendon,”
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“biceps tenodesis,” and “tenotomy.” We completed the
search in June 2020. The inclusion criteria were random-
ized controlled trials and quasirandomized controlled trials
that investigated tenodesis and tenotomy with no language
restriction and evaluation of adult patients who presented
with a long head of the biceps tendon lesion, associated
with other lesions or not, without previous shoulder sur-
geries and who had no response to nonoperative treatment.
The initial search yielded 239 studies, 40 of which were
duplicates. We assessed the titles and abstracts of 199 ar-
ticles and excluded all studies that were not randomized
controlled trials (literature reviews) or that compared dif-
ferent techniques. We assessed the full text of 14 articles
and excluded the ones that were protocols and cohort
studies. We evaluated the risk of bias using the Cochrane
Collaboration tool. We included eight studies in this sys-
tematic review and meta-analysis, with a total of 615 par-
ticipants, 306 of whom were treated with tenotomy and 309
with tenodesis. The median duration of follow-up was 2
years. Overall, the included studies had a low risk of bias.
The complications evaluated were adhesive capsulitis, bi-
ceps brachii tear, cramps, and a subsequent second surgical
procedure. We used a random model in this meta-analysis
so that we could generalize the results beyond the included
studies. In this study, we only reported differences between
the groups if they were both statistically valid and larger
than the minimum clinically important difference (MCID).
Results Comparing tenotomy and tenodesis, we observed no
difference between the groups regarding pain in the long term
(mean difference 0.25 [95% confidence interval -0.29 to
0.80]; p = 0.36). There was no difference in Constant score in
the long-term (mean difference -1.45 [95% CI -2.96 to 0.06];
p = 0.06). There were no differences when evaluating for
major complications (odds ratio 1.37 [95% CI 0.29 to 6.56];
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p = 0.70). There were not enough papers evaluating adhesive
capsulitis, cramping, and risk of revision surgery. Popeye sign
was more frequent in the tenotomy group than in the tenodesis
group (OR 4.70 [95% CI 2.71 to 8.17]; p < 0.001).
Conclusion This systematic review demonstrated that
tenotomy and tenodesis offer satisfactory treatment for long
head of the biceps tendon lesions. In terms of pain improve-
ment and Constant score, there was no difference between the
techniques, but patients undergoing tenotomy have worse
cosmetic results. Therefore, surgeons should choose the
technique based on their skills and the patient’s expectations
of surgery, such as cosmesis and time to recovery. More
studies are needed to evaluate complications such as adhesive
capsulitis and cramping, as well as to compare duration of
surgery and recovery time for each technique.

Level of Evidence Level 1, therapeutic study.

Introduction

Long head of the biceps tendon lesions cause anterior
shoulder pain [12, 17]. In most patients, the initial treat-
ment for a long head of the biceps tendon lesion is non-
operative and includes lifestyle modifications, rest,
rehabilitation, NSAID use, and corticosteroid injections.
Surgical treatment may be indicated if these measures are
ineffective [12, 24]. Tenotomy and tenodesis are the most
common surgical techniques for long head of the biceps
tendon lesions [6, 14]. Surgeons who perform tenotomy
think it is technically easier and allows for earlier return to
activities [5, 6, 9, 21]. On the other hand, advocates of
tenodesis propose that this technique reduces cosmetic
deformities and results in better supination strength, less
cramping, and less tendon retraction [1, 5, 6, 25, 26].
Cosmetic complications resulting from tenotomy (Popeye
sign) occur in 3% to 70% of patients [10, 16]. In addition,
persistent pain, subjective weakness, and discomfort may
be associated with this technique [12, 16].

There is no evidence of the superiority of either technique
[5, 7, 8]. Furthermore, although there are systematic reviews
on the subject, none have investigated the evidence based on
clinical trials alone [2, 18, 22, 23]. Nevertheless, it has been
suggested that tenotomy is better suited for patients older
than 55 to 60 years, while patients younger than 50 years or
those involved in heavy labor receive greater benefit from
tenodesis [1, 6, 16]. Because of the uncertainty about the best
treatment option, we conducted this systematic review.

We asked: (1) For long head of biceps tendon lesions,
does tenotomy or tenodesis result in greater improvements
in VAS score for pain? (2) Which approach has superior
results when evaluating function outcome (Constant)
scores? (3) Does tenotomy or tenodesis have fewer com-
plications? (4) Does tenotomy or tenodesis result in better
cosmesis (Popeye sign)?
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Materials and Methods

This review was performed at the Departamento de
Ortopedia e Traumatologia—Disciplina de Cirurgia da Mao
e Membro Superior da Universidade Federal de Sao
Paulo—Escola Paulista de Medicina. It is a systematic re-
view of randomized controlled or quasirandomized (with an
inadequate method of randomization) controlled trials that
compared tenodesis and tenotomy as treatments for long
head of the biceps tendon injuries. This study was registered
in PROSPERO by the protocol CRD42020166638.

Search Methods

The search was performed in the Cochrane Library, Embase,
PubMed, and LILACS on June 15, 2020. We searched
Current Controlled Trials (http:/www.isrctn.com/), WHO’s
international registry of clinical trials (http://apps.who.
int/trialsearch/), and Clinicaltrials.gov (http://clinicaltrials.
gov/) for clinical trials currently in progress or recently
completed (Table 1). We did not set a time interval for the
searches.

Study Selection

Two authors (JPD, DYN) independently selected and
assessed studies that were potentially eligible for inclusion in
the review. Any differences in opinion were resolved through
discussions and, when needed, a third author intervened.

The inclusion criteria were randomized and quasi-
randomized controlled trials with no language restriction and
assessment of adult patients presenting with a long head of the
biceps tendon lesion, associated with other injuries or not,
without previous shoulder surgeries and in whom non-
operative treatment did not work. The two surgical interven-
tions described for the treatment of long head of the biceps
lesions were tenodesis and tenotomy. We did not determine a
minimum follow-up duration nor a maximum percentage of
loss to follow-up. The exclusion criteria were animal studies,
observational studies, case reports, and letters to the editor.

The initial search yielded 239 studies, 40 of which were
duplicates. We assessed the titles and abstracts of 199 ar-
ticles and excluded all studies that were not randomized
controlled trials (literature reviews) or that compared dif-
ferent techniques. We assessed the full-text of 14 articles,
and excluded protocol and cohort studies.

Data Management and Extraction

Two authors (JPD, DYN) extracted the following information
from the studies using a form for data extraction: characteristics
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Table 1. Search strategy for each database

Database

Search strategy

Cochrane Library

Embase

PubMed

LILACS

(long head of the biceps tendon/exp
OR long head of the biceps tendon)
AND (biceps tenodesis/exp OR biceps
tenodesis) AND (tenotomy/exp OR
tenotomy)

(long head of the biceps tendon/exp
OR long head of the biceps tendon)
AND (biceps tenodesis/exp OR biceps
tenodesis) AND (tenotomy/exp OR
tenotomy)

(long head of the biceps tendon/exp
OR long head of the biceps tendon)
AND (biceps tenodesis/exp OR biceps
tenodesis) AND (tenotomy/exp OR
tenotomy)

(long head of the biceps tendon/exp
OR long head of the biceps tendon)
AND (biceps tenodesis/exp OR biceps
tenodesis) AND (tenotomy/exp OR
tenotomy

of the methods, including the design and duration of the study
and whether the protocol was published before patients were
recruited, financial sources, and details of the experimental
registry; characteristics of the participants, including the loca-
tion of study, number of participants recruited, number of
participants evaluated, inclusion criteria, exclusion criteria, age
of the participants, and type of lesions; characteristics of the
interventions, including the duration of intervention, type of
surgical intervention, and any complications; results, including
the duration and loss to follow-up; and methodologic domains
and assessment of the risk of bias.

Outcomes

The outcomes evaluated were pain: VAS score for pain in the
short-, medium-, and long-term (4 weeks, 6 months, and > 1
year postoperatively); functional results (Constant score) in the
short-, medium-, and long-term (4 weeks, 6 months, and > 1
year postoperatively); complications; and cosmetic deformities
(evaluated as Popeye sign). If the outcome was evaluated at two
points within the same period, we selected the last one.

The VAS score has a range of results from 0 to 10
points, in which higher scores represent more pain. The
minimum clinically important difference (MCID) of this
score is 2. The Constant score has a range of results from
0 to 100, and higher scores represent better functionality.
The MCID of this score is 10.4. Only Lee et al. [17]
evaluated the initial VAS, with a relevant difference be-
tween the groups.

The VAS for pain was evaluated in five studies [4, 6, 17, 19,
27]. Only one study evaluated short-term results [27]. Medium-
term results were evaluated by four studies [4, 6, 17, 19], and
long-term results were evaluated by three studies [6, 17, 19].

Belay et al. [4] and MacDonald et al. [19] did not assess
the Constant score outcome at any timepoint. Lee et al. [17]
did not publish the SDs for the outcome, and we were
unable to access these data despite attempting to contact the
authors of that study. The data were therefore not included
in this meta-analysis. There were 317 patients analyzed for
this outcome. No study evaluated the short-term Constant
score. Only Castricini et al. [6], Hufeland et al. [15], and
Mardani-Kivi et al. [20] evaluated the medium-term score,
with no statistical difference during this period.

Five studies [4, 6, 15, 19, 20] evaluated complications.
Belay et al. [4] presented complications including adhesive
capsulitis and rupture of the biceps brachii. Castricini et al. [6]
evaluated retear of the rotator cuff and cramping. Hufeland
et al. [15] only evaluated cramping during patient follow-up.
MacDonald et al. [19] reported adhesive capsulitis and the
need for another surgical approach. Finally, Mardani-Kivi
et al. [20] observed cramping in their patients.

All eight studies [4, 6, 7, 15, 17, 19, 20, 27] analyzed in
this study evaluated Popeye sign after surgical treatment
with tenotomy and tenodesis.

Results of the Search

The search was performed in June 2020; we found 239
studies, 40 of which were duplicates. After evaluating the
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Fig. 1. This flowchart shows the number of articles initially identified as well as the exclusion

and inclusion steps.

article titles and eliminating studies that were not clinical
trials or did not compare different techniques, we excluded
191 articles. Eight studies were evaluated (Fig. 1).

The eight clinical trials included a total of 615 partici-
pants[4,6,7,15,17,19,20,27] (Table 2). Six clinical trials
were randomized [4, 6, 7, 19, 20, 27] and two were qua-
sirandomized [7, 15]. These studies were completed
without financial incentives.

Two studies were conducted in hospitals in Italy [6, 7],
one in Korea [17], one in China [27], one in Iran [20], one in
Germany [15], one in two centers in Canada [19], and one in
the United Kingdom [4]. All of these studies included adults
with long head of the biceps tendon lesions who were treated
with either tenotomy or tenodesis. Mardani-Kivi et al. [20]
included patients who did not undergo physiotherapy pre-
viously, but the other seven studies included participants
who did not respond to nonoperative treatment. Because
only one study excluded patients who previously underwent
physiotherapy, we decided to analyze the results with and
without this particular study to evaluate whether there would
be any difference in the outcome.

{J:J?@Wolters Kluwer

Quality of Evidence

We used the Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) evidence system
to assess the quality of evidence [11]. For each study, the
quality of evidence was ultimately assigned one of four
grades: high quality, moderate quality, low quality, or very
low quality [3]. The classification of the strength of evidence
by the GRADE method indicated that the included studies
had moderate- to high-quality level of evidence (Table 2).

Evaluation of the Risk of Bias

Two authors (JPD, DYN) independently evaluated the risk
of bias of the included studies using the Cochrane
Collaboration’s tool for assessing the risk of bias [13]. The
following domains were analyzed: randomization se-
quence, allocation concealment, blinding of participants,
blinding of outcome assessment, incomplete outcome data,
selective reporting, and other biases (such as financial
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Table 2. Characteristics of studies that fulfilled the inclusion criteria for systematic review and meta-analysis

Number of Outcomes and Quality of
patients/sex/ evaluation evidence
Author Type of study mean age Country  Diagnosis methods Tenotomy Tenodesis Complications Grade
Belay et al. [4] Randomized, n=34 UK Disorders of (1) Pain - VAS n=20 n=14 The mean pain Adhesive DODD
prospective, single-  Male (n = 31) the long head  Reduced pain (1) Reduced (1) Reduced  score in 3 months capsulitis in both High
blinded study Female (n = 3) of the biceps Nighttime pain pain 8 (42.1) pain 4 (28.6) was lower in the groups after 3
56 years (2) Cosmetic Nighttime pain  Nighttime pain ~ tenotomy group months
deformities 8 (44.4) 6 (42.9) There were no
(evaluated as @ Popgye
Popeye sign) deformity
(n=5)
(none were improvement and
associated with
cramping)
Castricini Randomized, n=>55 Italy Long head of (1) Pain - VAS n=31(1)11=* n=24 Cramps occurred DODD
et al. [6] prospective, single-  Male: (n = 21) the biceps (6, 24 months) 1.9 (6 months), M15=2 in tenodesis High
blinded study e tendon _ 119024 (6 months); 1x  difference in pain, group at 6-month
Female: (n = 34) (2) Constant
Tenot 59 lesions Murley Scale months) 2 (24 months)  Constant-Murley follow-up
enotomy:
years (3) Complications @ @ One case of
: Improvement:  Improvement: rotator cuff retear
is: (4) Cosmetic
Tenodesis: 57 deformities 429% = 8.8%  44.1% * 7.8% for each group
ears . -
y (evaluated as (3) Cramps (n = (3) Cramps (n = higher mudeEnce
Popeye sign) - 0), rotator cuff  3), rotator cuff of Popeye sign
number of events  fetear (n=1)  retear (n=1)  deformity in the
@) 18 @5 tenotomy group
De Carliet al. Quasirandomized, n=65 Italy Reparable (1) Constant score n=30 n=35(1)44.1 = Not assessed in BBEO
[71 prospective Male: 48 rotator cuff  (preoperative and (1) 47.4 = 12.1/ 12.1/94.6 = 49 the study Moderate
Female: 17 tears v\{lttht postoperative) 946 = 4.9 0 erenes
concomitan (2) Cosmetic 25 onstant Score
58 years
y long head of deformities
the t?lceps (Popeye sign) -
lesions number of events

higher incidence
of Popeye sign

deformity in the
tenotomy group
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Table 2. continued

Number of Outcomes and Quality of
patients/sex/ evaluation evidence
Author Type of study mean age Country  Diagnosis methods Tenotomy Tenodesis Results Complications Grade
Hufeland Quasirandomized, n=20 Germany  SLAP biceps (1) Constantscore n=11(1)50.9* n=9(1)60.1 There was no Cramping was PPDHPD
etal. [15] prospective, single- Male: 11 pulley lesions  preoperatively, 6  8.5; 6 months 8.5; 6 months significant observed in 2 High
blinded study Female: 9 months, and 12 68.5 = 14,12  77.7 = 10.2; 12 difference on the  patients in the
) months months 77.4 = months 88.1 = Popeye between tenotomy group
>2 years (2) Popeye 1.8 7.5 the groups at 6-month
)3 )1 follow-up. At 12-
month follow-up,
no patient
complained
about cramps
Lee etal. [17] Randomized, n=128 Korea Long head of (1) Popeye n=56(1)11 n=72(1)4 The incidence of BPPO
prospective, Male: 29 the biceps (2) VAS (2)7.1£141;12 (2)68+127;12 Popeye deformity Moderate
double-blinded Female: 99 lesions preoperatively months 2.0 months 1.8  Was about 3 times
study 62.9 years (mean and 12months 3) (3)69.9 + 7.47; (3)69.9 = 7.19; _ nigherin the
age in tenodesis Constant 12 months 883 12 months 86,5 tenotomy group
roup) preoperatively and was higher in
group and 12 months men (5 of 11) than
in women (7 of
45) in the
tenotomy group
MacDonald Randomized, n=114 Canada  Lesions of the (1) Popeye (3 n=>52 n =48 There were no One patient had DDDD
etal. [19] prospective, Male: 92 long head of  months and 24 (1) 17 and 15 (1)5and 4 differences in adhesive High
double-blinded Female: 22 the biceps months) (2) 2.0 + 2.6 ()25 =+ 3; cramping capsulitis and
study 57.7 years (2) Cramping (3, 6, 22+ 29 23+ 27 between the two underwe.nt
and 12 months) 21 +28; 17 + 24 groups reoperation
(3) Reoperations 23+ 29 2129  Therewasa3s-
(3) 5 (3) 4 times higher risk
of Popeye
deformity after
tenotomy
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Table 2. continued

Number of Outcomes and Quality of
patients/sex/ evaluation evidence
Author Type of study mean age Country  Diagnosis methods Tenotomy Tenodesis Results Complications Grade
Mardani-Kivi Randomized, n=62 Iran Disorders of (1) Popeye n=29(1)7 n=33(1)1 The Constant Cramping was OPPO
etal. [20] prospective Male: 42 the Iong.head (2) VAS (2)1.96 + 1.22; (2)2.01 = 1.23; score and the VAS measjure.d asa Moderate
Femnale: 20 of the biceps  preoperatively, 6 6 months 638 6 months 6.10 increased complication and
with rotator months, 12 - Th I occurred in 9
' * 0.6; * 0.74; e only
54.5 years (mean cuff tear months, 24 significant patients in the
age of tenotomy ! 12 months 8.07 12 months 8.61 ;
group) and 55.5 months + 0,66 + 066 difference tenotomy group
. - T between the two
years (mean age (3) Constant score 54 \onths 9,07 24 months 9.53 hod N
of tenodesis preoperatively, 6 + 058 + 048 (3) metho s.was t. e
group) months, 12 61.76 + 8.07: 6 Popeye sign, with
months, 24 (316101 £ 612 % 7319 o higher incidence
months 6 months 73.07 Months 73.12 = 5 v gromy
+ 5.85; 12 6.83; 12 months group
months 82.14 + 83.51 = 5.13;24
7.93; 24 months months 89.94 +
88.1 = 54 3.24
Zhang et al. Randomized, n=151 China Long head of (1) Constant score n=77 n=74 The VAS was Cramping was DODD
[27] prospective, . the biceps f (1) Improved (1) Improved lower in the observed in 9 f
Male: 71 (2) Popeye sign High
double-blinded Female: 80 lesions and (3) VAS 2 and 4 )7 )2 tenodesis group  patients in the
study 61 years reparableﬁ weeks (3) 2 weeks (3) 2 weeks 4.8 in the 2—wgek teno:jom.y gLoup
rotator cu postoperatively 31+184 + 1.9; 4 weeks postopera.tlve an 5.|nt €
tears weeks 2 + 1.1 21+ 16 examination tenodesis group
There were no and was

differences
between other
outcomes in the

two groups

considered a
complication

SLAP = superior labrum anterior posterior.

L 19QUINN ‘6L SUM[OA

MITADY OIBWNSAS V :SISOpous ], 10 Awiojoud [, sdoorg

L9G1



1568 Pozzetti Daou et al.

Clinical Orthopaedics and Related Research™

incentives or population imbalance among the studied
groups).

Each criterion was judged and classified as having a low
risk of bias, high risk of bias, and uncertain risk of bias.
Disagreements among the authors regarding the risk of bias
for each of the domains were resolved by consensus.

The assessment of the risk of bias is important to de-
termine problems with the execution of the studies, which
could compromise their findings and applicability.

Randomization Sequence

Two studies that were considered randomized [6, 19] used
randomization software. Belay et al. [4] and Lee et al. [17]
reported the use of a randomization chart. Mardani-Kivi
etal. [20] used randomization blocks of four. One study used
randomized numbers [27]. Two studies did not specify how
the randomization was performed [7, 15].

Allocation Concealment

Six studies [4, 6, 15, 17, 19, 20] reported secrecy of allo-
cation with sealed envelopes that were opened only in the
operating room. However, the studies did not state whether
the envelope was opaque. Mardani-Kivi et al. [20] and De
Carli et al. [7] did not describe how patients were allocated
between the two groups.

Blinding of Participants and Personnel

Two studies did not describe whether there was blinding of
patients [7, 20]. Mardani-Kivi et al. [20], however, mentioned
that the rehabilitation protocol of the two groups was equal.
Belay et al. [4] and Castricini et al. [6] reported that the pa-
tients were blinded during follow-up, but they did not specify
whether the evaluator was blinded. Hufeland et al. [15]
mentioned that the examiner was blinded but did not mention
whether the patient was also blinded. Zhang et al. [27], Lee
etal. [17], and MacDonald et al. [19] blinded both the patient
and the examiner.

Measurement of Treatment Effects

Regarding measurement of the treatment effects, di-
chotomous data were analyzed by calculating the relative
risk, with a confidence interval of 95%. We used the
Mantel-Haenszel statistical method. Continuous data are
presented as the mean and SD.

When the primary studies expressed the same variables
for different instruments or units of measurement, the
standard difference of means was used.

am—
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Units for Analysis Matters

The randomization unit used in the included studies was
generally the individual participant. In exceptional in-
stances, such as in studies with patients with bilateral in-
volvement, data were evaluated by involvement instead of
by individual patient.

Dealing with Lack of Data

An intention-to-treat analysis was performed to include ev-
ery randomized participant for any intervention. Therefore,
when faced with inadequate information regarding the
expected effects, such as the number of patients, means,
uncertainty measurements (SD or error), or number of
events, we contacted the authors of the primary studies.
Three aspects of the studies were analyzed separately:
whether the intention-to-treat principle was used, whether
data losses were less than 20%, and whether these losses were
unequal between the compared groups. Four evaluated stud-
ies[4,7, 17, 19] were classified as having a low risk of bias for
this item; the study by Zhang et al. [27] was classified as
having an intermediate risk of bias because it did not address
whether there was loss of data during the study period.

Selective Reporting

Four studies published their protocols before data collection,
which could be a source of bias for the other studies [6, 19, 20,
27]. However, most of the outcomes evaluated in this review
were assessed in the eight studies, with the exception of the
VAS pain scale, which was not assessed by De Carli et al. [7],
Hufeland et al. [15], and Mardani-Kivi et al. [20]; and the
Constant score, which was not assessed by Belay et al. [4] and
MacDonald et al. [19]. Lee et al. [17] assessed the Constant
score but did not include data with SD.

Other Outcomes

None of the included studies mentioned having any fi-
nancial incentive. There was also a concern about
obtaining a balanced and homogeneous population be-
tween the two groups in all studies, which generated a
low risk of bias. Overall, the selected studies had a low
risk of bias (Fig. 2). It is possible to analyze each study
according to the type of bias (Fig. 3).

Ethical Approval

Ethical approval for this study was waived by Plataforma
Brasil.

Copyright © 2021 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.
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Random sequence generation (selection bias) _

Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) —
Blinding of outcome assessment (detection bias) _:|
Incomplete outcome data (attrition bias) —

Selective reporting (reporting bias) _:I

Other bias I |

0% 25% 50% 75%  100%

[ Low risk of hias [Junclear risk of bias [l High risk of bias

Fig. 2. This chart shows the risk of bias of the included studies.

Statistical Analyses

The meta-analysis was completed using Review Manager
(RevMan version 5.3, the Nordic Cochrane Centre, The
Cochrane Collaboration), thereby combining the relevant
effects of interest from our identified studies [13]. Continuous
and dichotomous variables were analyzed using the weighted
mean difference. The precision of the effect sizes is reported
as 95% Cls.

The heterogeneity of estimated effects among the included
studies was visually analyzed through forest graphics and the
I? test. Heterogeneity was considered relevant when I* was
greater than 50%. For the VAS, the I? was smaller than 50%
in each subgroup, but the test for subgroup differences was
77.6%. For the Constant score, the I of each subgroup was
smaller than 50%, and the test for subgroup differences was
0%. Complications had an I? of 57% and the Popeye 0%. All
of the outcomes used a random effects model.

Belay [4] Results

Castricini [6) VAS for Pain

There were no differences in VAS scores for pain in the
short-term (mean difference -0.10 [95% CI -0.54 to 0.34];
p = 0.66), medium-term (mean difference -0.57 [95% CI
-1.21 to 0.07]; p = 0.08), and long-term (mean difference
0.25 [95% CI -0.29 to 0.80]; p = 0.36) (Fig. 4).

De Carli [7]

Hufeland [15]

Lee [17]

MacDonald [19]

Constant Score
Mardani-Kivi [20]

There were no differences in Constant scores in the
medium-term (mean difference -0.76 [95% CI -3.96 to
2.43]; p=0.64), and no differences in long-term functional
Fig. 3. This chart shows a summary of the risk of bias. (Constant) scores (mean difference -1.45 [95% CI -2.96 to
0.06]; p = 0.06) (Fig. 5).

“ O O S O S O | ncompeteoutcome data (attrition bias)
® OO O | | @~ |selkctvereporting (reporting bias)

W [ W | W[ W] W= | == |Otherhias

® 0O S S ~ O | O -cindingofparicipants and personnel (performance bias)
® 0O S S @O -~ | @ cindingofoutcome assessment (detection bias)

® OSSO O O ®| O randomsequence generation (selection bias)
® 0O OO O O ®| @ | ~nocatonconcealment(selection bias)

Zhang [27]
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Tenotomy Tenodesis Mean Difference Mean Difference
Study or Subgroup Mean + SD Total Mean + SD Total Weight IV, 95% CI v, d 95% CI
1.1.1 Preoperative
Lee [17] 7.05%£2.33 56 5.93+1.49 72 14.1% 1.12(0.42-1.82) -
Subtotal (95% CI) 56 72 14.1% 1.12 (0.42-1.82) L 2
Heterogeneity. Not applicable
Test for overall effect: z = 3.13 (p= 0.002)
1.1.2 Short term
Zhang [27] 2411 77 21%16 74 17.7% -0.10(-0.54-0.34) -
Subtotal (95% CI) 77 74 17.7% =-0.10 (-0.54-0.34) L 3
Heterogeneity. Not applicable
Test for overall effect: z = 0.45 (p= 0.66)
1.1.3 Medium term
Belay [4] 26121 20 45+ 2.2 14 6.5% -1.90(-3.37--0.43) ——
Castricini [6] 1.1+ 19 31 15 & 2 24 10.0% -0.40(-1.44-0.64) =
Lee [17] 3.3%2.36 56 3.55%2.54 72 12.1% -0.25(-1.10-0.60) iy I
MacDonald [19] 34%35 46 37 3 47 7.5% -0.30(-1.63-1.03) e
Subtotal (95% CI) 153 157 36.1% -0.57(-1.21-0.07) 4
Heterogeneity: Tau? = 0.10; Chi? = 3.90, df = 3 (p= 0.27); I = 23%
Test for overall effect: z= 1.73 (p = 0.08)
1.1.4 Long term
Castricini [6] 119 31 LE 2 24 10.0% 0.00(-1.04-1.04) ==
Lee [17] 2.04%2.48 56 1.8%£1.75 72 13.2% 0.24(-0.53-1.01) = 4R
MacDonald [19] 29 3 52 23% 29 48 8.9% 0.60(-0.56-1.76) -~
Subtotal (95% CI) 139 144 32.1% 0.25 (-0.29-0.80) >
Heterogeneity. Tau? = 0.00; Chi® = 0.57, df = 2 (p = 0.75); I> = 0%
Test for overall effect: z= 0.92 (p= 0.36)
Total (95% CI) 425 447 100.0% 0.01 (~0.44-0.46) L 3
Heterogeneity. Tau? = 0.25; Chi? = 18.69, df = 8 (p = 0.02); I> = 57% :_10 _;5 § 10:
Test for overall effect: z= 0.04 (p = 0.97) Favor tenotomy  Favor tenodesis
Test for subgroup differences: Chi? = 13.39, df = 3 (p= 0.004), I> = 77.6%
Fig. 4. This figure shows a comparison of VAS scores for pain among the included studies.
Complications Limitations

There were no differences in the risk of major complica-
tions between tenotomy and tenodesis (OR 1.37 [95% CI
0.29 to 6.56]; p = 0.70) (Fig. 6).

We separately evaluated recurrent complications (ad-
hesive capsulitis, cramping, and revision surgeries), but
there were not enough papers evaluating those outcomes.

Cosmetic Results (Popeye Sign)

Tenodesis resulted in better cosmesis then tenotomy did
(OR 4.70 [95% CI1 2.71 to 8.17]; p < 0.001) (Fig. 7).

Discussion

There are several controversies about which technique is
superior to treat lesions of the long head of the biceps
tendon. It is believed that tenotomy has a shorter re-
habilitation, but tenodesis results in fewer complications.
In this review, we evaluated which technique (tenotomy or
tenodesis) is more effective for treating those injuries re-
garding pain, functionality, cosmesis, and complications.
We found eight randomized or quasirandomized controlled
trials that compared the results of surgical treatment for this
lesion using the two main techniques. These studies were
small and involved 615 patients, and some of the outcomes
could not be grouped for comparison because they were not
measured in the same period or were not considered in the
original study.

{J:J?@Wolters Kluwer

Our findings should be interpreted in light of some limitations.
Our main limitation is the total number of patients included,
which may have limited our ability to observe differences be-
tween the groups. Another limitation is the nonstandardization
between studies regarding the postoperative timepoint for
assessing outcomes, which made the data difficult to compare.
Stratifying the results as short-, medium-, and long-term
allowed us to assess the outcomes despite this obstacle.

We chose to include the study by Mardani-Kivi et al.
[20] because of the scarcity of randomized controlled trials
on the subject, even though they excluded patients who had
undergone nonoperative treatment. We performed the
meta-analysis with and without this study and obtained
similar results, so we chose to keep the study in our review.

To assess the VAS, Belay et al. [4] stratified the results
separating groups with and without rotator cuff repair, there-
fore, we were unable to extract all data in the meta-analysis.

VAS for Pain

There was no difference in pain as assessed by the VAS. Lee
et al.’s [17] study showed a difference between groups pre-
operatively, with higher VAS scores in the tenotomy group
than in the tenodesis group. Belay et al. [4] presented results
supporting tenotomy for earlier pain improvement; however,
those findings were not what we observed in our meta-
analysis. As pain improvement is not a parameter to choose
between the two techniques, surgeons should consider other
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Tenotomy Tenodesis Mean Difference Mean Difference

Study or Subgroup _ Mean 3 SD_Total Mean 3 SO Total Weight IV, 95% Cl A 95%Cl
1.1.1 Preoperative
Castricini [6] 81247 N 47+63 24 89% 1.10(-1.91-4.11) r
De Carli [7] 4742121 30 441:63 35 45% 330(-1.51-8.11) -
Hufeland [15) 50985 11 601£85 9 21% -920(-1669--1.71) -
Mardani-Kid [20) 61012612 29 61762807 33 72%  -0.75(-429-279) .
Znang 27) §23%81 77 527+86 74 102%  -040(-307-227) 9
Subtotal (95% C1) 178 175 329%  .0.26(.2.75-2.22 4
Heterogeneity: Tau"= 3.95; Ch*= 8.38, f= 4 (p = 0.08), P= 52%
Test for overall effect 2= 0.21 (p=084)
1.1.2 Short term
Subtotal (95% CI) 0 0 Not estimable
Heterogeneity. Not applicable
Test for overall effect Not applicable
1.1.3 Medium term
Castricini [6] 751281 31 75:81 24 53% 0.10(-4.22-4.42) g i
Hufeland [15) 685+ 14 11 77.7£102 9 11% -920(-1982-142 ——
Mardani-Kii [20) 7307£585 29 73124683 33 84%  -005(:321-3.11) T
Subtotal (95% C) n 66 148%  .0.76(-3.96-243) 4
Heterogenelty Tau"= 2.29, Chi*= 2.73, df= 2 (p = 0.26), "= 27%
Testfor overall effect 2= 0.47 (0= 0.64)
1.1.4 Long term
Castricini [6) 8521+ 81 31 844865 24 63% 080(-3.06-4.66) T
De Carli 7] 946+49 30 972449 35 115%  -260(-499--021) “
Hufeland (15) 7742118 11 881%75 9 16% -10.70(-19.22--2.18) —
Mardani-Kivi [20) 881+ 54 20 8942324 33 122% +1.30(-3.55-0.95) 9
Znang [27) 956+ 3 77 965128 74 206%  -0.90(-1.79--001) 1
Subtotal (95% C1) 178 175 524%  -1.45(.2.96-0.06) L
Heterogenelty Tau"= 1.24,Chi*= 753, 8= 4 (p=0.11), "= 47%
Test for overall effect 2= 1,89 (p=0.06)
Total (95% C1) a7 416 100.0%  -0.91(-2.04-0.22)
Heterogenelty. Tau* = 1.42; Chit= 20.20, df= 12 (p = 0.06); F'= 41% Koo o 100

Testfor overall effect 2=1.57 (p=0.12)
Test for subaroup differences: Chi*=069.0=2(p=0.71). F= 0%

Favortenotomy Fawor tenodesis

Fig. 5. This figure shows a comparison of the Constant score among the included studies.

points, such as cosmetic deformities that might not be well
tolerated in young patients, or duration of the surgery.

Constant Score

Regarding the Constant functional score, we found no
differences in the group that underwent tenotomy and those
who underwent tenodesis. Therefore, the Constant score
should not be a determinant for surgical technique selec-
tion, and surgeons should consider other parameters, again,
such as cosmetic issues and surgery duration.

Complications

We observed no difference in the risk of complications be-
tween tenotomy and tenodesis. However, some complications

reported by the studies, such as rotator cuff retear, are not
directly related to the techniques in question. Belay et al. [4]
reported one rupture of the biceps after tenodesis, which is a
complication that has a greater relationship with the selected
treatment method. Nonetheless, owing to the limitations of
the sample, we were unable to observe any differences be-
tween the techniques regarding complications. Postoperative
complications are not a good parameter to use for choosing a
technique, and surgeons should consider other outcomes
when selecting a surgical technique.

Cosmetic Results (Popeye Sign)

Popeye sign occurred more often in patients undergoing
tenotomy than in those undergoing tenodesis. Considering
that this outcome may not be well accepted, it is important
to explain to the patient the increased risk of deformity in
tenotomy surgery. On the other hand, tenotomy is usually a

Tenotomy Tenodesis Odds Odds Ratio
Study or Subg Events Total Events Total Weight M-H, 95% C1 M-H, 95% CI
Belay [4] 1 20 2 14 189 0.32(0.03-3.87) e B
Castricini (6] 1 3 4 24 208% 0.17(0.02-160) ———@p
Hufeland (15] 2 1 0 9 147% 500(021-1186%5)
MacDonald [19) 7 s2 4 48 293% 1.71(0.47- 6.26) e
Mardani-Kiv [20) 9 33 0 29 163% 22.88(127-41323) ——
Total (95% Cn 147 124 100.0% 137 (0.29-6.56)
Total events 20 10
Heterogeneity Tau’ = 1.74, Chi' = 930, df = 4 (p= 0.05), F = 57% bo1 o { % 00

Test for overall effect. 2= 0.39 (p = 0.70)

Fig. 6. This figure shows a comparison of
studies.

Favor tenotomy Favor tenodesis

general complications among the included
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Tenotomy Tenodesis Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M.H, Random, 95% CI M-H, Random, 95% CI
Belay [4) 5 2 1 14 59% 4.33(045-4202 —
Castricini [6) 18 AN 5 24 206% 526(1.56-17.76) ——
De Carli [7] 5 30 0 35 35% 1531(081-28951) e —
Hufeland [15] 3 " 1 8 50% 3.00(0.25-35.33) -_—
Lee[17) 1" 56 4 72 21.0% 416(1.25-1386) ——
MacDonald [19) 17 52 5 48 256% 4.18(1.40-1245) S——
Mardani-Kiv [20) 7 29 1 33 65% 10.18(1.17-88.68) |
Znang [27) T 2 T4 118% 360(0.72-17.93) T
Total (95% C1) 306 309 100.0% 470(2.71-8.47) <>
Total events 73 19

= Chi*= =7(p= B + -+ + 4
Heterogenelty Tau*= 000, Chi*= 148, df=7 (p=098), F= 0% 0.01 o1 10 100

Test for overall effect 2= 549 (p < 0.00001)

Favor tenotomy Favor tenodesis

Fig. 7. This figure shows a comparison of Popeye sign among the included studies.

shorter surgery, has less restrictive rehabilitation, and may
be more cost effective.

Conclusion

The studies in this review revealed that both tenotomy or
tenodesis offer satisfactory treatment for long head of the
biceps tendon lesions, but patients undergoing tenotomy have
worse cosmetic results. In terms of pain improvement, func-
tionality, and complications, there were no differences be-
tween the techniques. Therefore, surgeons should make their
procedure choice based on their skills and the patient’s ex-
pectations of surgery, such as cosmesis and time to recovery.
More studies are needed to evaluate complications such as
adhesive capsulitis and cramping, as well as to compare du-
ration of surgery, recovery, and the costs of each technique.
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