Review

Outcomes and Complications After
Primary Arthroscopic Suprapectoral Versus
Open Subpectoral Biceps Tenodesis for
Superior Labral Anterior-Posterior Tears

or Biceps Abnormalities

A Systematic Review and Meta-analysis

Zi Jun Deng,* MS, Clark Yin,* MD, Joseph Cusano,* MD, Hussein Abdul-Rassoul,* MD,
Emily J. Curry,™ MPH, David Novikov,*" MD, Richard Ma,$ MD, and Xinning Li,"| MD

Investigation performed at the Department of Orthopaedic Surgery,
Boston University School of Medicine, Boston, Massachusetts, USA

Background: Biceps tenodesis is a surgical treatment for both superior labral anterior-posterior (SLAP) tears and long head of the
biceps tendon (LHBT) abnormalities. Biceps tenodesis can be performed either above or below the pectoralis major tendon with
arthroscopic or open techniques.

Purpose: To analyze the outcomes and complications comparing primary arthroscopic suprapectoral versus open subpectoral
biceps tenodesis for either SLAP tears or LHBT disorders.

Study Design: Systematic review; Level of evidence, 4.

Methods: A search strategy based on the PRISMA (Preferred Reporting ltems for Systematic Meta-Analyses) protocol was used to
include 18 articles (471 patients) from a total of 974 articles identified. Overall exclusion criteria included the following: non-English
language, non-full text, biceps tenodesis with concomitant rotator cuff repair, review articles, meta-analyses, and case reports.
Data were extracted and analyzed according to procedure type and tenodesis location: arthroscopic suprapectoral biceps
tenodesis (295 patients) versus open subpectoral bicepts tenodesis (176 patients).

Results: For arthroscopic suprapectoral biceps tenodesis, the weighted mean American Shoulder and Elbow Surgeons
(ASES) score was 90.0 (97 patients) and the weighted mean Constant score was 88.7 (108 patients); for open subpectoral
biceps tenodesis, the mean ASES score was 91.1 (199 patients) and mean Constant score was 84.7 (65 patients). Among the
176 patients who underwent arthroscopic biceps tenodesis, there was an overall complication rate of 9.1%. Among the 295
patients who underwent open biceps tenodesis, there was an overall complication rate of 13.5%. Both residual pain (5.7% vs
4.7%, respectively) and Popeye deformity (1.7% vs 1.0%, respectively) rates were similar between the groups. Open sub-
pectoral biceps tenodesis had higher reoperation (3.0% vs 0.0%, respectively), wound complication (1.0% vs 0.0%,
respectively), and nerve injury (0.7% vs 0.0%, respectively) rates postoperatively. A meta-analysis of 3 studies demonstrated
that both methods had similar ASES scores (P = .36) as well as all-cause complication rates (odds ratio, 0.76 [95% ClI, 0.13-
4.48]; P = .26).

Conclusion: Patients undergoing arthroscopic suprapectoral biceps tenodesis for either SLAP tears or LHBT abnormalities had
similar outcome scores and complication rates compared with those undergoing open subpectoral biceps tenodesis. Additionally,
both residual pain and Popeye deformity rates were similar between the 2 groups.
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or tenosynovitis.!” Nonoperative treatment consists of rest,
activity modification, nonsteroidal anti-inflammatory
drugs, physical therapy, and corticosteroid injections.
When nonoperative treatment fails, surgical options such
as SLAP repair, biceps tenotomy, or tenodesis are uti-
lized.?231:32:44 Depending on the underlying injury and
associated lesions, these procedures can either be per-
formed in a concomitant or isolated fashion. For isolated
lesions of the biceps tendon and SLAP tears in older and
lower-demand patients, the choice of biceps tenotomy ver-
sus tenodesis, along with the location and technique uti-
lized, is often debated.®* The current literature suggests
that clinical and functional outcomes are similar; however,
tenotomy results in a greater risk of developing a cosmetic
“Popeye” deformity along with biceps cramping or
spasms.1%1825:3% Supporters of biceps tenodesis advocate
several advantages over tenotomy, such as preservation
of the shape and contour of the biceps, preservation of
strength, and maintenance of the length-tension relation-
ship.3*3363 The use of biceps tenodesis increased by 50%
among the Midwest, Northeast, South, and West regions of
the United States between 2008 and 2011 and reflects its
growing popularity.3”®° Tenodesis is also emerging as
another option for the management of young athletic
throwers and high-demand patient populations with iso-
lated SLAP tears or LHBT disorders.*?

Biceps tenodesis can be performed arthroscopically or
open, with many variations on the type (eg, interference
screw fixation vs suture anchor fixation) and location
(eg, suprapectoral with arthroscopic technique vs subpec-
toral with open technique) of fixation.*5% Although clinical
and functional outcomes are generally satisfactory, the
optimal biceps tenodesis technique is still widely debated
in the literature.l'1®2835 Several clinical trials have
directly compared the functional outcomes between differ-
ent tenodesis techniques; however, a comparison of treat-
ment outcomes and surgical complications was not possible
because of low sample sizes.2%1 A systematic review of
aggregated cases can assess both the functional outcomes
and the surgical complications as applied to a larger cohort
of patients.

The purpose of this study was to conduct a systematic
review and meta-analysis of the literature to compare out-
comes (American Shoulder and Elbow Surgeons [ASES]
and Constant scores) and complication rates between pri-
mary arthroscopic suprapectoral biceps tenodesis and open
subpectoral biceps tenodesis without concomitant rotator
cuff repair to treat either SLAP tears or LHBT disorders.
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METHODS
Search Strategy

A systematic and rigorous search strategy was developed
according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) protocols
(Figure 1).%%%° This strategy yielded appropriate peer-
reviewed articles via a 4-phase systematic review. In phase
1 (“identification”), electronic databases were searched to
find relevant biceps tenodesis articles. MEDLINE
(PubMed), Embase (Elsevier), and Cochrane Library
databases were accessed and searched on December 15,
2017, with the following Boolean search terms: ((((Supra-
pectoral Biceps tenodesis OR Subpectoral Biceps tenod-
esis OR Biceps tenodesis OR Arthroscopic biceps
tenodesis OR Open biceps tenodesis OR tenodesis OR
mini open biceps tenodesis) AND (Pain OR Range of
Motion OR ROM OR Popeye OR Muscle Cramp OR sat-
isfaction rate OR postoperative American Shoulder and
Elbow Surgeon Scores OR satisfaction score OR ASES
OR Complications OR Revisions OR SANE OR UCLA
OR Constant OR Constant-Murley OR DASH OR
RCQOL OR WORC OR WOSI OR Simple Shoulder Test
OR outcomes))). To increase sensitivity, no filter was
used during the database searches.

Eligibility Criteria

All search returns were extracted and examined for rele-
vance, and duplicated search returns were discarded. In
phase 2 (“screening”), titles and abstracts were screened for
relevance. Bibliographies of screened articles were also
manually searched for other relevant articles that were
potentially screened out of the database algorithms.
Articles were filtered out based on the following overall
exclusion criteria: (1) non-English text, (2) only the abstract
was available, (3) treatment was arthroscopic rotator cuff
repair with concomitant biceps tenodesis, (4) review article
or meta-analysis, or (5) case report. The treatment methods
reviewed were arthroscopic suprapectoral biceps tenodesis,
open subpectoral biceps tenodesis, and mini-open subpec-
toral biceps tenodesis. For this review, the mini-open tech-
nique was grouped together with the open technique. While
reviews and meta-analyses were excluded because of the
aggregate nature of data from other primary studies, a bib-
liography review of these relevant reviews and meta-
analyses added 2 primary studies previously not included
in the original search criteria.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart exhibiting the search strategy

to identify articles for inclusion.

Article Review

In phase 3 (“eligibility”), all articles eligible after the
screening phase were fully reviewed and evaluated for (1)
inclusion criteria, (2) relevant data on clinical outcome
scores, and (3) postoperative complications. All articles
were reviewed, assessed, and data mined by 2 independent
evaluators (Z.J.D., C.Y.). All results were then compared to
ensure consistency and accuracy. Any conflicts or issues
were resolved by a second review of the articles, and in the
event of further disagreement, the final decision was made
by the senior author (X.L.).

Data Extraction and Assessment

In phase 4 (“included”), articles that met inclusion cri-
teria were analyzed for quality, and data were extracted
to be used for the systematic review. The following items
were extracted from the included articles: author,
publication year, journal title, level of evidence, study
design, surgical procedure, number of patients, mean
age at the time of surgery, sex, mean follow-up period,

concomitant procedures, outcome scores, and complica-
tions. In studies that included multiple surgical treat-
ment methods, relevant data pertaining to the surgical
procedures of this study were stratified and analyzed
independently.

Aggregated mean outcome scores were calculated for the
arthroscopic biceps tenodesis and open biceps tenodesis
groups for comparison purposes. Scores were excluded if
(1) the article failed to report a particular outcome score,
(2) they were reported as a median value, or (3) they were
found to be questionable and/or inconsistent with other out-
come scores reported in the same article. With these crite-
ria, the ASES scores reported by Faruqui et al'® (ASES
score was reported as a median value) and Shen et al®®
(ASES score of 33.6 conflicted with a Constant score of
89.1 reported within the same article) were excluded.

All complications reported by the included studies were
consolidated into a list for comparison. An additional 2 arti-
cles were excluded in the final analysis. Mazzocca et al®®
did not differentiate postoperative complications after
biceps tenodesis without concomitant rotator cuff repair,
although they reported outcome scores in this manner. The
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TABLE 1
Risk of Bias

Deviations From Selection of

First Author Selection of Classification of Intended Missing Measurement Reported Final
(Year) Confounding Participants Interventions Interventions Data of Outcomes Results  Assessment
Boileau® (2009) Moderate Moderate Low Low Low Low Low Moderate
Chalmers® (2016) Moderate Moderate Moderate Low High Low Low High
Denard!! (2014) Moderate Moderate Low Moderate Low Low Low Moderate
Ek (2014) Moderate Moderate Low Moderate Moderate Low Low Moderate
Faruqui'® (2017) Moderate Unclear Low Low Low Low Low Moderate
Gombera'® (2015) Moderate Unclear Unclear Low Moderate Low Moderate = Moderate
Gottschalk?® (2014) Moderate Low Low Moderate Moderate Low Low Moderate
Green?! (2017) Moderate Low Low Moderate Moderate Low Moderate = Moderate
Hufeland?® (2017)  Moderate Low Low Moderate Moderate Low Low Moderate
McMahon®® (2016) Moderate Moderate Moderate Low Low Low Low Moderate
Ng*! (2012) Moderate Moderate Low Moderate Low Moderate Low Moderate
Pogorzelski?” (2018) Moderate Moderate Low Moderate Moderate Low Low Moderate
Said® (2014) Low Unclear Low Unclear Low Low Low Low
Schroder® (2017) Moderate Moderate Low Moderate Moderate Low Low Moderate
Shen®® (2014) Low Low Low Moderate Low Low Low Moderate
Tahal®” (2017) Moderate Low Low Moderate Low Low Low Moderate
Vap®® (2017) Moderate Moderate Low Low Low Low Low Moderate
Werner®! (2014) Moderate Moderate Low Low Moderate Low Low Moderate

the study, (3) bias in the classification of interventions, (4)
bias due to deviations from intended interventions, (5)
bias due to missing data, (6) bias in the measurement of
outcomes, and (7) bias in the selection of reported results.
Each criterion was rated as low, moderate, high, or critical

study by Chalmers et al® was excluded, as the authors did
not report on postoperative complications.

Statistical Analysis

Patient characteristics as well as subjective and objective
outcomes were collected and analyzed. There were 3 stud-
ies!®21:61 that compared outcomes between arthroscopic
suprapectoral and open subpectoral biceps tenodesis and
were therefore chosen to be included in a meta-analysis.
The remaining studies were descriptively analyzed. Data
were collected in Excel Version 1710 (Microsoft), and all
statistical analyses were performed utilizing Review Man-
ager 5.3 software (Cochrane). Random-effects models were
chosen in an effort to account for differences among stud-
ies in regard to patient characteristics, surgical indica-
tions, and study methodology.® Heterogeneity analysis of
the included studies was conducted using I?, which repre-
sents an estimated percentage of error attributed to inter-
study variation.?? An I? value of <25% was deemed to be of
low heterogeneity, 25%-75% was moderately heteroge-
neous, and >75% was highly heterogeneous.?* Results
were expressed as mean differences for continuous vari-
ables and odds ratios (ORs) for dichotomous variables with
95% CIs. A P value of <.05 was deemed statistically
significant.

Quality Assessment

To assess the quality of each study that was included
in the analysis, the ROBINS-I (Risk of Bias in Non-
Randomized Studies—of Interventions) was determined.®
This risk-of-bias tool includes 7 criteria: (1) bias due to
confounding, (2) bias in the selection of participants into

risk of bias. The category was labeled as unclear when
insufficient data were provided to permit a judgment
(Table 1).

RESULTS

After a careful review of the available literature, ten level 4
studies, T seven level 3 studies,>®11:1419-2161 311d one level 1
study®* were included in the final analysis. The 18 included
studies spanned a period from May 2009 to February 2018
and included assessments of arthroscopic suprapectoral
biceps tenodesis, open subpectoral biceps tenodesis, and
mini-open subpectoral biceps tenodesis. Open subpectoral
biceps tenodesis articles were aggregated together with the
mini-open subpectoral biceps tenodesis articles to form a
combined open subpectoral biceps tenodesis group. There
were 8 studies that evaluated arthroscopic biceps tenodesis
and 13 studies that evaluated open biceps tenodesis. Of
these, 3 studies directly compared arthroscopic and open
biceps tenodesis.

Various outcome measures were used, including the
ASES score, Constant score, Disabilities of the Arm,
Shoulder and Hand score, Oxford Shoulder Score, Rowe
score, 12-Item Short Form Health Survey, Simple Shoul-
der Test, Single Assessment Numerical Evaluation, Uni-
versity of California Los Angeles shoulder score, visual

YReferences 15, 20, 26, 38, 41, 47, 50, 55, 57, 58.
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TABLE 2
Patient Demographics, Outcome Scores,
and Complication and Reoperation Rates®

Arthroscopic
Suprapectoral Open Subpectoral
Biceps Tenodesis Biceps Tenodesis

No. of patients per study 15-49 11-39

Age, weighted mean 54.0 (22-69) 46.8 (16-73)
(range), y

Follow-up time, range, mo 12-68 6-109

ASES score, weighted mean  90.0 (n = 97) 91.1 (n = 199)

Constant score, weighted 88.7 (n = 108) 84.7 (n = 65)
mean

Complication, n (%) 16 (9.1) 40 (13.5)

Reoperation, n (%) 0(0.0) 9(3.0)

“ASES, American Shoulder and Elbow Surgeons.

analog scale, and patient satisfaction. The majority of
studies used either the ASES or Constant score to evaluate
patient outcomes.

Overall, 471 patients were available for follow-up, with
176 in the arthroscopic biceps tenodesis group and 295 in
the open biceps tenodesis group. The weighted mean age
at the time of surgery was 54.0 years (range, 22-69 years),
with a range of follow-up of 12 to 68 months, for the arthro-
scopic biceps tenodesis group. For the open biceps tenod-
esis group, the weighted mean age at the time of surgery
was 46.8 years (range, 16-73 years), with a range of follow-
up of 6 to 109 months. The number of patients per study
ranged from 15 to 49 in the arthroscopic group and 11 to 39
in the open group (Table 2). Given the limitation of data
provided by the studies reviewed, a mean + SD for age or
follow-up across studies could not be accurately
calculated.

Arthroscopic Suprapectoral Biceps Tenodesis

Overall, 8 studies evaluated clinical outcomes after arthro-
scopic biceps tenodesis (Table 3).5:11:15:19.21,26,55.61 mpy g1
were 4 studies®?%5%1 (108 patients) that used the Con-
stant score, with a weighted mean value of 88.7. Based on
the 5 studies19-21:26:61 (97 patients) with eligible ASES
scores reported, the aggregated weighted mean ASES score
was 90.0. Of the 176 patients, there were no intraoperative
complications. The overall complication rate was 9.1%.
Complications reported postoperatively included 10 (5.7%)
cases of persistent pain, 3 (1.7%) Popeye deformities, and 3
(1.7%) cases of postoperative stiffness. None of the studies
reported infections, nerve injuries, or the need for reopera-
tion (Table 5).

Various concomitant procedures were reported in 6 of the
studies,1:1921.26.55.61 with the most common being subacro-
mial decompression (98/176 or 55.7%), distal clavicle exci-
sion (16/176 or 9.1%), and labral debridement (8/176 or
4.55%). There were 2 studies®!® that reported no concomi-
tant procedures.
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Open Subpectoral Biceps Tenodesis

A total of 13 studies were identified that evaluated clinical
outcomes after open biceps tenodesis (Table 4).# Overall,
9 studies®1419-21.47.57.58.61 (199 patients) used the ASES
score as a measure of clinical outcomes, with a weighted
mean value of 91.1. Additionally, 2 studies®®6! (65 patients)
used the Constant score, with a weighted mean value of
84.7. The overall complication rate was 13.5%. There were
9 (3.0%) reoperations, 8 (2.7%) cases of postoperative stiff-
ness, 14 (4.7%) cases of residual pain, 3 (1.0%) Popeye defor-
mities, 3 (1.0%) cases of postoperative wound erythema
indicative of an infection, 2 (0.7%) nerve injuries, and
1 (0.3%) traumatic rupture (Table 5). Of the 9 reoperations,
6 were reported by Schroder et al,>* 2 by Green et al,! and 1
by Chalmers et al.® Schroder et al reported that 3 patients
underwent labral repair, 2 underwent capsular release,
and 1 underwent acromioclavicular (AC) joint resection.
Green et al reported that 2 patients underwent a reopera-
tion for rotator cuff tears that occurred at 5 and 10 years
after their biceps tenodesis. Chalmers et al® reported that 1
patient underwent a reoperation for lysis of adhesions and
manipulation under anesthesia. Moreover, 11 studies”
reported information on whether concomitant procedures
were performed, with subacromial decompression (115/
226 or 50.9%) and distal clavicle resection (27/226 or
11.9%) being the 2 most common procedures reported.

Method of Fixation Used in Arthroscopic
Suprapectoral and Open Subpectoral
Biceps Tenodesis

As seen in Tables 3 and 4, the fixation method and hard-
ware used in each of the 18 studies varied, but the majority
used interference screw fixation (277/471 or 58.8%). The
second most commonly used fixation method was suture
anchors (125/471 or 26.5%). In particular, 180 of the 295
(61.0%) patients in the open group and 97 of the 176 (63.6%)
patients in the arthroscopic group underwent interference
screw fixation.

Meta-analysis: Mean ASES Score

Only 3 studies!?2%¢! collected mean ASES scores compar-
ing arthroscopic suprapectoral with open subpectoral
biceps tenodesis. The meta-analysis included a total of
65 patients in the arthroscopic suprapectoral group com-
pared with 81 in the open subpectoral group. There was a
mean difference of 1.63 (95% CI, —5.13 to 1.87) in favor of
ASES scores in patients who underwent open subpectoral
biceps tenodesis; however, this failed to reach statistical
significance (P = .36) with moderate heterogeneity (IZ =
37%) (Figure 2).

#References 8, 14, 19-21, 38, 41, 47, 50, 54, 57, 58, 61.
**References 8, 14, 19-21, 38, 41, 47, 57, 58, 61.
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TABLE 3
Data for Included Arthroscopic Suprapectoral Biceps Tenodesis Studies®
First No. of Age at
Author Patients  Surgery,® Constant ASES Other Outcome Concomitant
(Year) LOE Fixation Notes (M/F) y Score’ Score? Scores Procedures Complications
Boileau® 3  Bioabsorbable 15 (9/6) 52 (28-64) 89 N/A 14 patients very None 1 patient had
(2009) interference screw at satisfied or residual pain
top of bicipital groove satisfied; 13
returned to
previous level of
sport
Denard™! 3  Tenodesis performed 15 (12/2) 52.0+8.0 N/A 89.9 UCLA: 32.7; SANE:  SAD (n = 14);distal None
(2014) intra-articularly high 91.2; 100% clavicle
in bicipital groove satisfaction; 100% excision (n = 8);
with interference return to normal posterior
screw activity capsular release
(n=2);
spinoglenoid
cyst
debridement
(n = 1); other
procedures
(n=3)
Faruqui'® 4 Suture anchor fixation 15 (N/A) 54.9+11.0 N/A 66.7¢ DASH: 9.2¢ None None
(2017) proximal to bicipital
groove (modified
Norwegian method)'®
Gombera®® 3 Interference screw 23 (N/A) 57.3+6.8 N/A 88.9+ 3.4 Satisfaction (1-10): SAD (n = 17); 8 patients reported
(2015) between pectoralis (45-69) (81.7- 9.1+0.3(8.5-9.6); labral pain at night or
major and 96.1) 18 returned to full debridement with heavy
subscapularis athletic activity; (n = 8); rotator activities
15 had pain-free cuff
shoulder debridement
(n=3)
Green?! 3  Intraosseous tendon 15 (10/5) 60.0 +10.2 N/A 91.4+13.9 VAS(0-10): 0.9+1.8; SAD (n=9); None
(2017) fixation without satisfaction with removal of loose
interference function (0-10): 9.3 body and
screw*®®%; tenodesis + 1.2; satisfaction lipoma excision
performed 1.5 cm with contour (0- n=1
proximal to pectoralis 10): 9.2+ 1.2
tendon
Hufeland?® 4 Modified lasso-loop 17 (10/7) 49.0+10.1 84.0+7.0 904 +128 SST:11.1+1.2 SAD and AC joint 3 patients with
(2017) stitch tendon arming (22-69) resection Popeye
with interference n=9) deformity
screw at entrance to
bicipital groove®
Shen®® 4 Suture anchor fixation 49 (21/28) 56 (37-65) 89.1 33.6" UCLA: 31.2 SAD (n = 49) 1 patient reported
(2014) proximal to constant pain
narrowest point of
bicipital groove
Werner®! 3  Interference screw just 27 (18/9) 49.3+7.2 90.7+10.4 90.1+13.6 LHB score: 91.6 £8.3; Acromioplasty 3 patients reported
(2014) proximal to pectoralis SANE: 87.4 +£13.9; (n = 21); distal postoperative
major tendon SST: 10.4 + 2.1; clavicle stiffness
VR-36: 81.0 £ 8.1 excision (n = 8) requiring intra-
articular
corticosteroid
injections

“AC, acromioclavicular; ASES, American Shoulder and Elbow Surgeons; DASH, Disabilities of the Arm, Shoulder and Hand; F, female;
LHB, long head of the biceps tendon; LOE, level of evidence; M, male; N/A, not available; SAD, subacromial decompression; SANE, Single
Assessment Numerical Evaluation; SST, Simple Shoulder Test; UCLA, University of California, Los Angeles; VAS, visual analog scale; VR-36,

Veterans RAND 36-Item Health Survey.

®Data are shown as mean (range), mean * SD, or mean * SD (range).
‘Data are shown as mean or mean * SD.
9Data are shown as mean, mean + SD, or mean + SD (range) unless otherwise indicated.
°Median value reported (not used to calculate mean score).
Mnconsistent with other outcome scores reported by authors (not used to calculate mean score).
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TABLE 4
Data for Included Open and Mini-Open Subpectoral Biceps Tenodesis Studies®
No. of Other
First Author Patients Age at Constant Outcome Concomitant
(Year) LOE Fixation Notes (M/F) Surgery,”y  Score’ ASES Score? Scores Procedures Complications
Chalmers® 3 21 cases of 23 (14/9) 45 + 13 (19- N/A 87 + 17 SST: 9.4 £ 3.6; None 1 patient
(2016) interference 67) VAS (0-10): 1.5 underwent
screw +2.0; 75% reoperation with
fixation; 1 returned to subsequent
case of suture preinjury level arthroscopic lysis
anchor of play and full of adhesions and
fixation; 1 duty at work MUA
case of
sutures tied
over bone
bridge with
“docking”
technique;
open
Ek'* (2014) 3 Suture anchor 15 (14/1) 47 (30-59) N/A 93.3+11.0 SSV:85.4+12.2; SAD (n = 11);distal 1 patient developed
fixation; VAS: 0.8+ 1.4; clavicle excision Popeye deformity
inferior 93% were (n=1)
aspect of satisfied or very
bicipital satisfied; 73%
groove at returned to
inferior preinjury level
margin of of sports
pectoralis
major tendon;
open
Gombera™® 3  Interference 23 (N/A) 56.9+6.7 N/A 92.3+3.2  Satisfaction (1-10): SAD (n = 18); labral 1 superficial
(2015) screw (46-70) (85.7-99.5) 8.9+ 0.3 (8.4- debridement erythema that
fixation; 9.5); 16 were (n = 6); rotator resolved with
tendon placed able to fully cuff debridement oral antibiotics;
under, not return to (n=4) 1 brachial
distal to, athletic activity plexopathy that
pectoralis resolved 5
major tendon; months
open postoperatively
with physical
therapy; 10
patients reported
pain at night or
with heavy
activities
Gottschalk?® 4  Interference 26 (29 46.7 (19-63) N/A 87.5(46.7- VAS: 1.5 (0-8); SAD and 1 brachial plexus
(2014) screw fixation shoulders) 100.0) 89.66% acromioplasty neurapraxia
at border of (16/10) returned to (n = 26); distal from
superior preinjury level clavicle excision preoperative
aspect of of activity (n = 14); limited interscalene
pectoralis debridement of anesthetic;
major; open partial rotator 1 traumatic
cuff tear (n = 10); rupture after
lysis of adhesions falling 1 week
for adhesive postoperatively;
capsulitis (n = 3); 2 cases of
removal of postoperative
foreign bodies wound erythema;
and labral none required
debridement reoperation
(n=3)
Green?! 3  Intraosseous 23 (21/2) 56.6 + 10.7 N/A 90.6+11.4 VAS(0-10):0.7+ SAD (n=19) 2 patients went on
(2017) tendon 1.1; satisfaction to undergo
fixation with function surgery for
without (0-10): 8.9+ 1.8; rotator cuff tears
interference satisfaction that occurred
screw??51; with contour (0- several years
open 10:9.1+14 after biceps

tenodesis (5 and
10 years)

(continued)



8 Deng et al

TABLE 4 (continued)

The Orthopaedic Journal of Sports Medicine

No. of Other
First Author Patients Age at Constant Outcome Concomitant
(Year) LOE Fixation Notes (M/F) Surgery,’y  Score®  ASES Score? Scores Procedures Complications
McMahon®® 4 Tenodesis with 16 (15/1) 57.3 (42-73) N/A N/A DASH (chronic): None 2 patients had
(2016) interference 11.2 (0-35); Popeye
screw; DASH (acute): deformity; of
fixation at 7.3 (2.5-10.8); these, 1 had poor
bottom of MEPS outcome with
bicipital (chronic): 86 recurrent
groove; open (85-100); MEPS muscular spasm,
(acute): 91 mild to moderate
(85-100) persistent pain,
and weakness at
biceps
Ng*! (2012) 4 5 cases of 11 (10/1) 41 (23-65) N/A N/A All except 1 None 1 failure defined as
interference patient no improvement
screw reported in pain, strength,
fixation; 6 improvement in or cosmesis
cases of “on- arm pain,
bone” suture strength, and
anchor appearance
fixation; open
Pogorzelski*’ 4  Interference 16° (10/10) 38.5+6.4 N/A 94 (53-100) DASH: 8 (0-39); SAD (n = 13) 1 patient developed
(2018) screw SANE: 92 adhesive
fixation; open (64-99); SF-12 capsulitis treated
PCS: 52 (29-61); nonoperatively
100% returned
to previous
sport, with 39%
of these
returning to
preinjury level
or higher
Said®® (2014) 4 2 bone tunnels 30 (N/A) 25-48 76.43 N/A N/A Concomitant None
with suturing procedures were
over bony not described by
bridge; mini- author(s)
open
Schroder®* 1  Suture anchor 39 (24/15) 40 (18-64) N/A N/A Rowe: 86.8 (82.2-  Concomitant 4 patients had
(2017) placed low in 91.4); WOSI: procedures were postoperative
bicipital 436 (313-559); not described by stiffness; 6
groove; mini- EQ-VAS: 79.6 author(s) patients required
open (74.0-85.2) reoperation (2
capsular release,
3 labral repair, 1
AC joint
resection)
Tahal®” 4  Interference 247 (19/11) 36.7+7.9 N/A 95.8+7.8 DASH:6.9+11.5; SAD (n = 24); 3 continued to have
(2017) screw SANE: 89.2 + subcoracoid pain
fixation; 19.3; SF-12 decompression
fixation PCS: 54.7 £ 5.5; (n=2)
centrally in VAS: 0.25 + debridement of
bicipital 0.74; supraspinatus
groove; open satisfaction: 9.2 partial tear (n =
+1.7; 85% 7); debridement

reported return
to sport

of subscapularis
partial tear (n =
1); debridement
of labrum (n =
10); distal
clavicle excision
(n=3)

(continued)
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TABLE 4 (continued)

9

No. of Other
First Author Patients Age at Constant Outcome Concomitant
(Year) LOE Fixation Notes (M/F) Surgery,’y  Score®  ASES Score? Scores Procedures Complications
Vap®® (2017) 4  Interference 14 (6/8) 37 (16-49) N/A 97 (28-100) QuickDASH: 7 (0- SAD None
screw 54); SF-12 PCS: acromioplasty
fixation; 56 (39-59); 36% (n = 14);
fixation in returned to subcoracoid
bicipital recreational decompression
groove; open activity with no (n=4);
modification debridement of
supraspinatus
partial tear (n =
4); debridement
of subscapularis
(n=2)
Werner®! 3  Interference 35 (22/13) 523+ 7.7 91.8+ 88.4+10.0 LHB score: 93.6 £+ Acromioplasty 3 patients reported
(2014) screw fixation 6.6 5.8; SANE: 86.8 (n = 26); distal postoperative
posterior to +10.7; SST: clavicle excision stiffness
pectoralis 10.6 + 1.4; VR- n=9) requiring intra-
major 36:80.1+8.9 articular
attachment,; corticosteroid
open injections

“AC, acromioclavicular; ASES, American Shoulder and Elbow Surgeons; DASH, Disabilities of the Arm, Shoulder and Hand; EQ-VAS,
EuroQol Visual Analog Scale; F, female; LHB, long head of the biceps tendon; LOE, level of evidence; M, male; MEPS, Mayo Elbow Perfor-
mance Score; MUA, manipulation under anesthesia; N/A, not available; QuickDASH, shortened form of Disabilities of the Arm, Shoulder and
Hand; SAD, subacromial decompression; SANE, Single Assessment Numerical Evaluation; SF-12 PCS, 12-Item Short Form Health Survey
physical component summary; SST, Simple Shoulder Test; SSV, Subjective Shoulder Value; VAS, visual analog scale; VR-36, Veterans RAND
36-Item Health Survey; WOSI, Western Ontario Shoulder Instability Index.

®Data are shown as mean (range), mean + SD, mean + SD (range), or range.

‘Data are shown as mean or mean + SD.

9Data are shown as mean (range), mean + SD, or mean + SD (range).

“Initial cohort included 20 patients; however, 4 were lost to follow-up.

/nitial cohort included 30 patients; however, 6 were lost to follow-up.

TABLE 5
Complications®
Arthroscopic Open
Suprapectoral Subpectoral

Biceps Tenodesis
(n = 295 Patients)

Biceps Tenodesis
(n = 176 Patients)

Residual pain 10 (5.7) 14 (4.7)
Popeye deformity 3(1.7) 3(1.0)
Postoperative stiffness 3.7 8(2.7)
Reoperation 0(0.0) 9(3.0)
Postoperative wound 0 (0.0) 3(1.0)
erythema
Nerve-related injury 0 (0.0) 2(0.7)
Traumatic rupture 0(0.0) 1°(0.3)
Total 16 (9.1) 40 (13.5)

“Data are shown as n (%).
®Subsequent to a fall 1 week after surgery.

Meta-analysis: All-Cause
Postoperative Complications

All-cause postoperative complications were reported by all
3 studies. Green et al,?! however, did not have any com-
plications in the arthroscopic suprapectoral group.
Although patients who underwent arthroscopic biceps

tenodesis had a lower odds of experiencing a complication
than those who underwent open biceps tenodesis, the
result failed to reach statistical significance (OR, 0.76
[95% CI, 0.13-4.48]; P = .26) with low heterogeneity (I? =
20%) (Figure 3).

DISCUSSION
Clinical Results

The present systematic review and meta-analysis com-
pared the clinical outcomes and postoperative complica-
tions of 2 common surgical methods for the treatment of
SLAP or biceps tendon injuries: arthroscopic suprapectoral
biceps tenodesis and open subpectoral biceps tenodesis. The
meta-analysis demonstrated that both arthroscopic supra-
pectoral and open subpectoral biceps tenodesis had similar
ASES scores (P = .36). The weighted mean ASES score for
arthroscopic biceps tenodesis was 90.0, while the weighted
mean ASES score for open biceps tenodesis was 91.1. Tak-
ing into consideration a previously reported minimal clini-
cally important difference of 11 points for the ASES score,*®
the scores were comparable between both methods of tenod-
esis, as there was a 1.1-point difference. The mean Con-
stant score for the arthroscopic group was 88.7, while the
mean Constant score for the open group was 84.7, which is
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AS Suprapectoral Open Subpectoral
Study or Subgroup  Mean SD Total Mean

Mean Difference
SD Total Weight IV, Random, 95% CI
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Mean Difference
IV, Random, 95% CI

Gombera, 2015 88.9 3.4 23 923 3.2 23 62.9% -3.40([-5.31, -1.49] -

Green, 2017 91.4 13.9 15 90.6 11.4 23 14.1%  0.80 [-7.64, 9.24] -_—
Werner, 2014 90.1 136 27 884 10 35 23.1% 1.70 [-4.41, 7.81] S e —
Total (95% CI) 65

Heterogeneity: Tau® = 4.12; Chi* = 3.16,df = 2 (P = 0.21); I* = 37%
Test for overall effect: Z = 0.91 (P = 0.36)

81 100.0% -1.63[-5.13, 1.87] *

-20 -10 0 10 20
Favors [Open Subpectoral] Favors [AS Suprapectoral]

Figure 2. Mean ASES scores: arthroscopic suprapectoral versus open subpectoral biceps tenodesis. AS, arthroscopic; IV, inverse

variance.
AS Suprapectoral Open Subpectoral Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gombera, 2015 0 23 2 23 28.3% 0.18 [0.01, 4.03] = {
Green, 2017 0 15 0 23 Not estimable
Werner, 2014 3 27 3 35 71.7% 1.33[0.25, 7.19]
Total (95% CI) 65 81 100.0% 0.76 [0.13, 4.48]
Total events 3 5

Heterogeneity: Tau? = 0.41; Chi’ = 1.25, df = 1 (P = 0.26); I = 20%
Test for overall effect: Z = 0.30 (P = 0.76)

0.002 0.1 10 500
Favors [AS Suprapectoral] Favors [Open Subpectoral]

Figure 3. All-cause postoperative complications: arthroscopic suprapectoral versus open subpectoral biceps tenodesis. AS,

arthroscopic; M-H, Mantel-Haenszel.

similar between the 2 groups. Although our study did not
show a statistically significant difference between compli-
cation rates (arthroscopic suprapectoral: 9.1%; open sub-
pectoral: 13.5%), this may be related to sample size
limitations. However, our more in-depth analysis did show
that the arthroscopic suprapectoral biceps tenodesis group
had 24% lower odds of developing a complication compared
with the open subpectoral biceps tenodesis group (OR, 0.76
[95% CI, 0.13-4.48]; P = .26), which may be a clinically
relevant finding. This is likely related to the higher reop-
eration (3.0% vs 0.0%, respectively), wound complication
(1.0% vs 0.0%, respectively), and nerve injury (0.7% vs
0.0%, respectively) rates seen in the open subpectoral
biceps tenodesis group.

Our results are in line with a previous systematic review
by Abraham et al' comparing subjective and objective out-
comes between open and arthroscopic biceps tenodesis in
the setting of rotator cuff repair. The authors created a
grading system to analyze their included studies and found
“good to excellent” results in 98% of cases.' Additionally,
regarding functional outcome scores, our findings are sim-
ilar to a recent systematic review by Hurley et al?” in which
the authors found no difference in functional ASES or Con-
stant scores. However, Hurley et al demonstrated a slightly
higher complication rate in the arthroscopic group, with 1
study demonstrating a higher rate of overall complications
(P < .05),%° whereas another showed a higher rate of stiff-
ness (P < .05).°2 An important distinction from our study is
that the aforementioned reviews did not exclude rotator
cuff repair and included a number of different tenodesis
locations (subpectoral, suprapectoral, and intracuff). The
articles included in our study only consist of patients
undergoing primary arthroscopic suprapectoral biceps
tenodesis or open subpectoral biceps tenodesis for either
SLAP tears or biceps abnormalities and no associated rota-
tor cuff repair.

Tenodesis Location and Fixation Method

As seen in Tables 3 and 4, the fixation method and hard-
ware of each of the 18 articles varied, but the majority used
interference screw fixation (277/471 or 58.8%). The second
most commonly used fixation method was suture anchors
(125/471 or 26.5%). In particular, 180 of the 295 (61.0%)
patients in the open group and 97 of the 176 (63.6%)
patients in the arthroscopic group underwent interference
screw fixation. Most of the current literature suggests that
interference screw fixation is superior to other methods,
although some debate still exists.?83536:3% Millett et al®®
compared open subpectoral biceps tenodesis with suture
anchor versus interference screw fixation and found that
the suture anchor group had a higher rate of reported pain,
although both groups demonstrated similar improvements
in their modified Constant scores. Scheibel et al®® compared
arthroscopic soft tissue tenodesis versus bony fixation
anchor tenodesis and found significantly better long head
of the biceps tendon (LHB) scores with bony fixation anchor
tenodesis (80.9 vs 91.8, respectively); however, they did not
find a statistically significant difference in overall Constant
scores (75.0 vs 78.3, respectively) between the 2 groups.

It is expected that individual surgeons have personal pre-
ferences on how to perform biceps tenodesis, along with
which type of hardware or size to use as well as tensioning
technique, and this is a source of heterogeneity that should
be considered when looking at our results, especially regard-
ing specific postoperative complications. Future studies on
fixation or tensioning methods and hardware may shed more
light on the optimal fixation method and hardware size that
will improve outcomes and minimize failure.

The exact site of tenodesis fixation is another source of
heterogeneity, and the effect that it plays on our results is
difficult to assess statistically because of the lack of detail
provided by the authors as well as the small sample sizes.
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Within the arthroscopic suprapectoral group, fixation sites
were all described as somewhere around the top of the
bicipital groove, which may be intra- or extra-articular in
location, albeit with differing terminology. In contrast,
some of the open biceps tenodesis studies either did not
clarify fixation location, stated only that it was subpectoral,
or described that the site was somewhere within the bicip-
ital groove itself below the pectoralis major insertion. The
debate regarding the best site of fixation is ongoing, as
there is concern that more proximal tenodesis locations
result in persistent bicipital groove or residual pain and the
need for revision.”**?? Sanders et al®® found that proximal
tenodesis resulted in significantly higher rates of revision
(45.4%) compared with distal tenodesis techniques. How-
ever, their study included patients with rotator cuff tears
and other concomitant shoulder injuries, which could bias
their results and revision rates. Conversely, Brady et al,” in
alarge multicenter study, concluded that a tenodesis site at
the articular margin performed arthroscopically in the
groove resulted in a low rate of residual pain and substan-
tially low reoperation rate (4.1%). Unlike our study, both of
these studies included patients with concomitant rotator
cuffrepair. In the patients with either SLAP tears or biceps
tendon abnormalities and no rotator cuff tears, we found no
difference in the outcome (residual pain or Popeye defor-
mity) between the 2 different locations of biceps tenodesis
(arthroscopic suprapectoral vs open subpectoral). With
regard to residual pain in particular, in the studies
reviewed, it could be specified further either as residual
pain from the bicipital groove or residual pain from all
causes. It is very difficult to clinically differentiate groove
versus nongroove pain. In our systematic review of primary
arthroscopic or open techniques for either SLAP tears or
LHBT abnormalities, we found no difference in residual
groove pain, residual nongroove pain, or residual all-
cause pain between arthroscopic suprapectoral and open
subpectoral biceps tenodesis.

Complications

A number of complications were reported among the arti-
cles (see Table 5). The open group was observed to have
individual complications that were not seen in the arthro-
scopic group and vice versa. Of the various individual com-
plications, there was a higher rate of reoperation associated
with open biceps tenodesis (3.0%) compared with the
arthroscopic group (0.0%). However, none of these reopera-
tions were related to the tenodesis procedure, as the major-
ity of these complications were reported by Schroder et al®*
and included 2 patients who underwent capsular release, 3
patients who underwent labral repair, and 1 patient who
underwent AC joint resection. Green et al?! reported that 2
patients required reoperations at 5 and 10 years after their
biceps tenodesis, both for rotator cuff repair. They sug-
gested that the higher incidence of reoperations was seen
because of their longer than average follow-up of 4.5 years.
Chalmers et al® reported that 1 patient required a reoper-
ation for subsequent arthroscopic lysis of adhesions and
manipulation under anesthesia. The secondary operative
procedures reported in these studies were unrelated to
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biceps tenodesis, and taking this information into consider-
ation, we found no difference in the reoperation rate asso-
ciated with open biceps tenodesis versus arthroscopic
biceps tenodesis for the treatment of SLAP tears and
LHBT-related abnormalities.

Arthroscopic biceps tenodesis had a similar incidence of
residual pain compared with open biceps tenodesis (5.7% vs
4.7%, respectively). The source of persistent pain after
biceps tenodesis is controversial, as mentioned above, with
previous literature showing conflicting results. Jeong
et al®° noted persistent bicipital tenderness in 24.2% of
patients who underwent arthroscopic intracuff tenodesis
as compared with 2.5% who underwent open subpectoral
tenodesis (P = .012). Of note, they used soft tissue tenodesis
for their arthroscopic group. Conversely, Duchman et al'?
noted no significant difference in the frequency of bicipital
groove tenderness between the open and arthroscopic
groups (20.0% vs 10.0%, respectively; P = .437). The differ-
ences in bicipital groove pain reported in the literature
could be related to the technique, patient factors, or the
ability to accurately diagnose or report residual groove pain
from a physical examination.

The rate of postoperative stiffness was slightly lower for
the arthroscopic versus open biceps tenodesis group (1.7%
vs 2.7%, respectively). This is in contrast to a 2014 study by
Werner et al®? in which the authors examined 249 patients,
of whom 143 underwent open subpectoral biceps tenodesis
and the remaining 106 underwent arthroscopic suprapec-
toral biceps tenodesis. These authors found a significantly
increased incidence of postoperative stiffness in the arthro-
scopic group compared with the open group (17.9% vs 5.6%,
respectively; P = .002). They suggested several possibilities
that could explain this outcome, including increased soft
tissue manipulation and dissection inherent to the arthro-
scopic suprapectoral technique, increased fluid extravasa-
tion, and increased risk of bleeding in the region of the
bicipital sheath. However, in our comprehensive review of
the literature, we found very low rates of postoperative
stiffness in both groups after biceps tenodesis.

Several unique complications were noted in the open
biceps tenodesis group that were not seen in the arthroscopic
group. Notably, there were 3 cases of postoperative wound
erythema suggestive of a surgical site infection (2 from
Gottschalk et al?® and 1 from Gombera et al'®) and 2
nerve-related injuries (1 from Gombera et al and 1 from
Gottschalk et al). Both of these complications might be
related to the nature of the open biceps tenodesis technique
being a more invasive procedure. An increased rate of infec-
tions after open versus arthroscopic surgery is a well-noted
phenomenon in rotator cuff repair. Jensen et al*® evaluated
complications after open and arthroscopic rotator cuff repair
and found that patients in the open group were significantly
more likely to incur an infection within 6 months postoper-
atively versus the arthroscopic group (0.86% vs 0.37%,
respectively; P < .001). Nho et al*? examined complications
after subpectoral biceps tenodesis, and while the overall rate
was low (2.0%), the complications that did result were
severe, including a patient who developed a deep wound
infection necessitating irrigation and debridement with
intravenous antibiotics. Similarly, Abtahi et al® examined
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complications after open subpectoral biceps tenodesis and
found a complication rate of 7%, with 4 (4%) cases of super-
ficial wound infections.

Furthermore, the open approach may lend itself to more
accidental damage to nerves. In our review, Gombera
et al'® reported that 1 patient developed brachial plexopa-
thy with triceps weakness, and Gottschalk et al2° reported
that 1 patient developed brachial plexus neurapraxia that
was eventually determined to be the result of preoperative
interscalene anesthesia. Previous literature has described
cases of nerve injuries after open biceps tenodesis. Rhee
et al*® looked at 4 patients who developed iatrogenic bra-
chial plexus injuries after open subpectoral biceps tenod-
esis. The close proximity of the terminal branches of the
plexus to the tenodesis site, in particular the musculocuta-
neous nerve, increases the risk of inadvertent damage via
retraction.?

Concomitant Procedures

Many biceps tenodesis procedures are performed in
patients with concomitant rotator cuff tears, which may
influence the overall results. To reduce bias and rotator cuff
repair as a confounding factor, articles with concomitant
rotator cuff repair were excluded from our systematic
review during both the screening and the eligibility phases
of article selection. A total of 6 of the arthroscopic biceps
tenodesis studies reported concomitant procedures during
surgery; the most common of these were subacromial
decompression, acromioplasty, and distal clavicle exci-
sion,1119:21.26.55.61 pyyrthermore, 8 of the open biceps tenod-
esis articles reported concomitant procedures that were
performed, with the most common being subacromial
decompression, acromioplasty, and distal clavicle exci-
sion.1419-2147.67.58.61 Giyen the frequency of concomitant
procedures and the qualitative similarity of the number
and types of concomitant procedures between the 2 surgical
method groups (excluding rotator cuff repair), it is likely
that these concomitant procedures have minimal influence
over the differences in clinical outcomes and rates of com-
plications between arthroscopic and open biceps tenodesis.
However, it was not possible for us to stratify patients
between those who underwent biceps tenodesis with versus
without any concomitant procedures, so it is also possible
that the benefits seen in patients undergoing biceps tenod-
esis (arthroscopic or open) are also related to these com-
monly performed concomitant procedures.

Limitations

The results of the present study should be interpreted
within the limitations associated with the study design.
The data were extracted from studies that were performed
at different time points, with surgery performed by many
different surgeons on patients of varying ages and surgical
indications as well as varying concomitant procedures.
Additionally, considering that there are a number of differ-
ent standardized shoulder outcome scores utilized in the
assessment of outcomes after shoulder surgery, each of the
18 articles included in this study used its own unique
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combination of standardized scores to assess their clinical
outcomes. We chose to use the ASES and Constant scores in
this review because of their consistent application in the
majority of included articles. As such, much of the other
clinical outcome information obtained via other standard-
ized clinical outcome scores was reported but not analyzed.

When comparing ASES scores, the arthroscopic biceps
tenodesis group had fewer patients than the open biceps
tenodesis group (roughly a 1:2 ratio) and vice versa when
comparing Constant scores (roughly a 3:1 ratio). These
uneven sample sizes led to differences in sample size, power,
and variance, which should still be taken under consider-
ation even if only the calculated means were used as the
measure of comparison between the 2 groups. In addition,
the type of injury being treated (SLAP tear vs LHBT disor-
der) was not always explicitly stated, and differences in
these 2 patient populations in terms of demographics and
patient factors may have biased the study results. Unfortu-
nately, given the current body of literature, we were unable
to separate these 2 patient groups and analyze the data
separately.

Last, the comparison of complication rates between
arthroscopic and open biceps tenodesis should be consid-
ered in light of 3 problems. First, the sample size was rel-
atively small. Second, the documentation of complications
was not uniform between studies, and individual studies
disproportionately contributed more to select complica-
tions. In particular, the double-blind study from Schroder
et al®* contributed to 6 of the 9 cases of reoperations in the
open biceps tenodesis group. Alternatively, there were arti-
cles that neither addressed nor reported on any patient
complications. Third, the fixation hardware and techniques
used by the surgeons varied widely and added to the diffi-
culty of comparing the results and controlling for confound-
ing variables. These considerations should be fully
understood before drawing conclusions about the risks of
arthroscopic versus open biceps tenodesis.

CONCLUSION

Patients undergoing arthroscopic suprapectoral biceps
tenodesis for either SLAP tears or LHBT abnormalities had
similar outcome scores and complication rates compared
with open subpectoral biceps tenodesis. Furthermore, both
residual pain (groove or nongroove pain) and Popeye defor-
mity rates were similar between the 2 groups. Future stud-
ies with larger sample sizes and without concomitant
procedures (subacromial decompression, AC joint resec-
tion, etc) are warranted to further investigate the postop-
erative outcomes and complication profiles between these 2
treatment methods.

REFERENCES

1. Abraham VT, Tan BH, Kumar VP. Systematic review of biceps tenod-
esis: arthroscopic versus open. Arthroscopy. 2016;32:365-371.

2. Abtahi AM, Granger EK, Tashjian RZ. Complications after subpectoral
biceps tenodesis using a dual suture anchor technique. Int J Shoulder
Surg. 2014;8:47-50.



The Orthopaedic Journal of Sports Medicine

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

. AlQahtani SM, Bicknell RT. Outcomes following long head of biceps

tendon tenodesis. Curr Rev Musculoskelet Med. 2016;9:378-387.

. Boileau P, Krishnan SG, Coste JS, Walch G. Arthroscopic biceps

tenodesis: a new technique using bioabsorbable interference screw
fixation. Arthroscopy. 2002;18:1002-1012.

. Boileau P, Parratte S, Chuinard C, Roussanne Y, Shia D, Bicknell R.

Arthroscopic treatment of isolated type Il SLAP lesions: biceps tenod-
esis as an alternative to reinsertion. Am J Sports Med. 2009;37:
929-936.

. Borenstein M, Hedges LV, Higgins JP, Rothstein HR. A basic intro-

duction to fixed-effect and random-effects models for meta-analysis.
Res Synth Methods. 2010;1:97-111.

. Brady PC, Narbona P, Adams CR, et al. Arthroscopic proximal biceps

tenodesis at the articular margin: evaluation of outcomes, complica-
tions, and revision rate. Arthroscopy. 2015;31:470-476.

. Chalmers PN, Monson B, Frank RM, et al. Combined SLAP repair and

biceps tenodesis for superior labral anterior-posterior tears. Knee
Surg Sports Traumatol Arthrosc. 2016;24:3870-3876.

. Chalmers PN, Trombley R, Cip J, et al. Postoperative restoration of

upper extremity motion and neuromuscular control during the over-
hand pitch: evaluation of tenodesis and repair for superior labral
anterior-posterior tears. Am J Sports Med. 2014;42:2825-2836.

De Carli A, Vadala A, Zanzotto E, et al. Reparable rotator cuff tears
with concomitant long-head biceps lesions: tenotomy or tenotomy/
tenodesis? Knee Surg Sports Traumatol Arthrosc. 2012;20:
2553-2558.

Denard PJ, Lddermann A, Parsley BK, Burkhart SS. Arthroscopic
biceps tenodesis compared with repair of isolated type Il SLAP
lesions in patients older than 35 years. Orthopedics. 2014;37:
e292-e297.

Dickens JF, Kilcoyne KG, Tintle SM, Giuliani J, Schaefer RA, Rue JP.
Subpectoral biceps tenodesis: an anatomic study and evaluation of
at-risk structures. Am J Sports Med. 2012;40:2337-2341.

Duchman KR, DeMik DE, Uribe B, Wolf BR, Bollier M. Open versus
arthroscopic biceps tenodesis: a comparison of functional outcomes.
lowa Orthop J. 2016;36:79-87.

Ek ET, Shi LL, Tompson JD, Freehill MT, Warner JJ. Surgical treat-
ment of isolated type Il superior labrum anterior-posterior (SLAP)
lesions: repair versus biceps tenodesis. J Shoulder Elbow Surg.
2014;23:1059-1065.

Faruqui S, Kotob MA, Hanna CC, Foad A. The modified Norwegian
method of biceps tenodesis: how well does it work? Knee Surg Sports
Traumatol Arthrosc. 2017;25:3264-3269.

Foad A, Faruqui S, Hanna CC. The modified Norwegian method of
biceps tenodesis. Arthrosc Tech. 2014;3:e1-e5.

Friedman DJ, Dunn JC, Higgins LD, Warner JJ. Proximal biceps ten-
don: injuries and management. Sports Med Arthrosc Rev. 2008;16:
162-169.

Friedman JL, FitzPatrick JL, Rylander LS, Bennett C, Vidal AF,
McCarty EC. Biceps tenotomy versus tenodesis in active patients
younger than 55 years: is there a difference in strength and out-
comes? Orthop J Sports Med. 2015;3:2325967115570848.
Gombera MM, Kahlenberg CA, Nair R, Saltzman MD, Terry MA. All-
arthroscopic suprapectoral versus open subpectoral tenodesis of the
long head of the biceps brachii. Am J Sports Med. 2015;43:1077-1083.
Gottschalk MB, Karas SG, Ghattas TN, Burdette R. Subpectoral
biceps tenodesis for the treatment of type Il and IV superior labral
anterior and posterior lesions. Am J Sports Med. 2014;42:2128-2135.
Green JM, Getelman MH, Snyder SJ, Burns JP. All-arthroscopic
suprapectoral versus open subpectoral tenodesis of the long head
of the biceps brachii without the use of interference screws. Arthros-
copy. 2017;33:19-25.

Gupta AK, Chalmers PN, Klosterman EL, et al. Subpectoral biceps
tenodesis for bicipital tendonitis with SLAP tear. Orthopedics. 2015;
38:e48-e53.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002;21:1539-1558.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring incon-
sistency in meta-analyses. BMJ. 2003;327:557-560.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

Suprapectoral Versus Subpectoral Biceps Tenodesis 13

Hsu AR, Ghodadra NS, Provencher MT, Lewis PB, Bach BR. Biceps
tenotomy versus tenodesis: a review of clinical outcomes and biome-
chanical results. J Shoulder Elbow Surg. 2011;20:326-332.

Hufeland M, Kolem C, Ziskoven C, Kircher J, Krauspe R, Patzer T. The
influence of suprapectoral arthroscopic biceps tenodesis for isolated
biceps lesions on elbow flexion force and clinical outcomes. Knee
Surg Sports Traumatol Arthrosc. 2017;25:3220-3228.

Hurley DJ, Hurley ET, Pauzenberger L, Lim Fat D, Mullett H. Open
compared with arthroscopic biceps tenodesis: a systematic review.
JBJS Rev. 2019;7:e4.

Hwang JT, Yang CJ, Noh KC, et al. Which is better for arthroscopic
tenodesis of the long head of the biceps: soft tissue or bony interfer-
ence fixation? Arthroscopy. 2016;32:560-567.

Jensen AR, Cha PS, Devana SK, et al. Evaluation of the trends, con-
comitant procedures, and complications with open and arthroscopic
rotator cuff repairs in the Medicare population. Orthop J Sports Med.
2017;5:2325967117731310.

Jeong HY, Kim JY, Cho NS, Rhee YG. Biceps lesion associated with
rotator cuff tears: open subpectoral and arthroscopic intracuff tenod-
esis. Orthop J Sports Med. 2016;4:2325967116645311.

Koh KH, Ahn JH, Kim SM, Yoo JC. Treatment of biceps tendon
lesions in the setting of rotator cuff tears: prospective cohort study
of tenotomy versus tenodesis. Am J Sports Med. 2010;38:1584-1590.
Lee HJ, Jeong JY, Kim CK, Kim YS. Surgical treatment of lesions
of the long head of the biceps brachii tendon with rotator cuff tear:
a prospective randomized clinical trial comparing the clinical
results of tenotomy and tenodesis. J Shoulder Elbow Surg. 2016;
25:1107-1114.

Lim TK, Moon ES, Koh KH, Yoo JC. Patient-related factors and com-
plications after arthroscopic tenotomy of the long head of the biceps
tendon. Am J Sports Med. 2011;39:783-789.

Lutton DM, Gruson Kl, Harrison AK, Gladstone JN, Flatow EL. Where
to tenodese the biceps: proximal or distal? Clin Orthop Relat Res.
2011;469:1050-1055.

Mazzocca AD, Bicos J, Santangelo S, Romeo AA, Arciero RA. The
biomechanical evaluation of four fixation techniques for proximal
biceps tenodesis. Arthroscopy. 2005;21:1296-1306.

Mazzocca AD, Cote MP, Arciero CL, Romeo AA, Arciero RA. Clinical
outcomes after subpectoral biceps tenodesis with an interference
screw. Am J Sports Med. 2008;36:1922-1929.

McCormick F, Nwachukwu BU, Solomon D, et al. The efficacy of
biceps tenodesis in the treatment of failed superior labral anterior
posterior repairs. Am J Sports Med. 2014;42:820-825.

McMahon PJ, Speziali A. Outcomes of tenodesis of the long head of
the biceps tendon more than three months after rupture. World J
Orthop. 2016;7:188-194.

Millett PJ, Sanders B, Gobezie R, Braun S, Warner JJ. Interference
screw vs. suture anchor fixation for open subpectoral biceps tenod-
esis: does it matter? BMC Musculoskelet Disord. 2008;9:121.

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: the
PRISMA statement. J Clin Epidemiol. 2009;62:1006-1012.

Ng CY, Funk L. Symptomatic chronic long head of biceps rupture:
surgical results. Int J Shoulder Surg. 2012;6:108-111.

Nho SJ, Reiff SN, Verma NN, Slabaugh MA, Mazzocca AD, Romeo
AA. Complications associated with subpectoral biceps tenodesis: low
rates of incidence following surgery. J Shoulder Elbow Surg. 2010;19:
764-768.

Nho SJ, Strauss EJ, Lenart BA, et al. Long head of the biceps tendi-
nopathy: diagnosis and management. J Am Acad Orthop Surg. 2010;
18:645-656.

Oh JH, Lee YH, Kim SH, et al. Comparison of treatments for superior
labrum-biceps complex lesions with concomitant rotator cuff repair: a
prospective, randomized, comparative analysis of debridement,
biceps tenotomy, and biceps tenodesis. Arthroscopy. 2016;32:
958-967.

Ozalay M, Akpinar S, Karaeminogullari O, et al. Mechanical strength
of four different biceps tenodesis techniques. Arthroscopy. 2005;21:
992-998.



14

46.

47.

48.

49.

50.

51.

52.

53.

54.

Deng et al

Patzer T, Kircher J, Krauspe R. All-arthroscopic suprapectoral long
head of biceps tendon tenodesis with interference screw-like tendon
fixation after modified lasso-loop stitch tendon securing. Arthrosc
Tech. 2012;1:e53-e56.

Pogorzelski J, Horan MP, Hussain ZB, Vap A, Fritz EM, Millett PJ.
Subpectoral biceps tenodesis for treatment of isolated type Il SLAP
lesions in a young and active population. Arthroscopy. 2018;34(2):
371-376.

Puzzitiello RN, Gowd AK, Liu JN, Agarwalla A, Verma NN, Forsythe B.
Establishing minimal clinically important difference, substantial clini-
cal benefit, and patient acceptable symptomatic state after biceps
tenodesis. J Shoulder Elbow Surg. 2019;28:639-647.

Rhee PC, Spinner RJ, Bishop AT, Shin AY. latrogenic brachial plexus
injuries associated with open subpectoral biceps tenodesis: a report
of 4 cases. Am J Sports Med. 2013;41:2048-2053.

Said HG, Babagi AA, Mohamadean A, Khater AH, Sobhy MH.
Modified subpectoral biceps tenodesis. Int Orthop. 2014;38:
1063-1066.

Sampatacos N, Getelman MH, Henninger HB. Biomechanical com-
parison of two techniques for arthroscopic suprapectoral biceps
tenodesis: interference screw versus implant-free intraosseous ten-
don fixation. J Shoulder Elbow Surg. 2014;23:1731-1739.

Sanders B, Lavery KP, Pennington S, Warner JJ. Clinical success of
biceps tenodesis with and without release of the transverse humeral
ligament. J Shoulder Elbow Surg. 2012;21:66-71.

Scheibel M, Schroder RJ, Chen J, Bartsch M. Arthroscopic soft tissue
tenodesis versus bony fixation anchor tenodesis of the long head of
the biceps tendon. Am J Sports Med. 2011;39:1046-1052.

Schroder CP, Skare O, Reikeras O, Mowinckel P, Brox JI. Sham
surgery versus labral repair or biceps tenodesis for type Il SLAP
lesions of the shoulder: a three-armed randomised clinical trial. Br J
Sports Med. 2017;51:1759-1766.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

The Orthopaedic Journal of Sports Medicine

Shen J, Gao QF, Zhang Y, He YH. Arthroscopic tenodesis through
positioning portals to treat proximal lesions of the biceps tendon. Cell
Biochem Biophys. 2014;70:1499-1506.

Sterne JA, Hernan MA, Reeves BC, et al. ROBINS-I: a tool for
assessing risk of bias in non-randomised studies of interventions.
BMJ. 2016;355:i4919.

Tahal DS, Katthagen JC, Vap AR, Horan MP, Millett PJ. Subpectoral
biceps tenodesis for tenosynovitis of the long head of the biceps in
active patients younger than 45 years old. Arthroscopy. 2017;33:
1124-1130.

Vap AR, Katthagen JC, Tahal DS, et al. Isolated biceps reflection
pulley tears treated with subpectoral biceps tenodesis: minimum
2-year outcomes. Arthroscopy. 2017;33:1788-1794.

Vrabel M. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses. Oncol Nurs Forum. 2015;42:552-554.

Werner BC, Brockmeier SF, Gwathmey FW. Trends in long head
biceps tenodesis. Am J Sports Med. 2015;43:570-578.

Werner BC, Evans CL, Holzgrefe RE, et al. Arthroscopic suprapec-
toral and open subpectoral biceps tenodesis: a comparison of mini-
mum 2-year clinical outcomes. Am J Sports Med. 2014;42:
2583-2590.

Werner BC, Pehlivan HC, Hart JM, et al. Increased incidence of post-
operative stiffness after arthroscopic compared with open biceps
tenodesis. Arthroscopy. 2014;30:1075-1084.

Wittstein JR, Queen R, Abbey A, Toth A, Moorman CT 3rd. Isokinetic
strength, endurance, and subjective outcomes after biceps tenotomy
versus tenodesis: a postoperative study. Am J Sports Med. 2011;39:
857-865.

Zhang Q, Zhou J, Ge H, Cheng B. Tenotomy or tenodesis for long
head biceps lesions in shoulders with reparable rotator cuff tears: a
prospective randomised trial. Knee Surg Sports Traumatol Arthrosc.
2015;23:464-469.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


