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Abstract
Background: Biceps tenodesis can be performed via an open or
arthroscopic approach, and there is currently no consensus over which
method is superior. The purpose of this study was to systematically
review the cohort studies available in the literature to ascertain if open
or arthroscopic techniques for biceps tenodesis result in superior
clinical outcomes.

Methods: A systematic search of articles in MEDLINE, Embase, and the
Cochrane Library databases was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. Cohort studies comparing the open and arthroscopic
techniques for biceps tenodesis were included.

Results: Seven clinical trials were identified with 598 patients. The mean
follow-up was 23.6 months. In all of the included studies, there was no
significant difference (p. 0.05) in any of the functional outcome scoring
systems used, including, most commonly, the American Shoulder and
Elbow Surgeons (ASES) score and the Constant score. Similarly, no study
found a significant difference (p . 0.05) in either patient satisfaction
or return to sport. However, 2 studies found a slightly higher rate of
complications with the arthroscopic technique due to an increased rate of
fixation failure in 1 study and stiffness in the other study.

Conclusions: This study found that both open tenodesis and arthroscopic
tenodesis result in excellent clinical outcomes, with no significant
differences between either method.

Level of Evidence: Therapeutic Level III. See Instructions for Authors for a
complete description of levels of evidence.

Lesions of the long head of the
biceps brachii tendon (LHBT)
are a common pathology that
can cause substantial pain in the

shoulder, often accompanying rotator cuff
disease1-3. LHBT lesions are primarily
treated nonoperatively, but if conservative
management fails, LHBT lesions can be
treated surgically with a tenodesis or a
tenotomy. Treatment algorithms generally
recommend tenodesis for younger patients or

those with cosmetic concerns4. Biceps
tenodesis can be performed via an open or
arthroscopic approach, and there is currently
no consensus overwhichmethod is superior5.

The open procedure has traditionally
been the standard approach for biceps teno-
desis, as it is a reliable and simple technique
that has been shown to provide excellent
outcomes5. Recently, there has been an
increasingpercentageofpatientsbeing treated
with an arthroscopic tenodesis, which only
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made up 0.15% of tenodeses in 2007 but
48.5% of tenodeses in 20116. This recent
shift is based on advancements in arthro-
scopic techniques and instrumentation,
with authors advocating for arthroscopic
techniques utilizing a minimally invasive
approach, which potentially reduces the
risk of complications7.

Currently, there is no consensus
on whether open or arthroscopic tech-
niques result in improved patient out-
comes, and, to our knowledge, there
has been no previous systematic review
of cohort studies comparing the 2 ap-
proaches. The purpose of this study was
to systematically review the cohort studies
in the literature to ascertain if the open or
arthroscopic approach for biceps tenodesis
results in superior clinical outcomes. Our
hypothesis was that both open and
arthroscopic tendodeses would result in
excellent outcomes, with no significant
difference between them.

Materials and Methods
Study Selection
Two independent reviewers performed a
literature search based on the Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guide-

lines and reviewed the search results,
with a senior author arbitrating in the
event of a disagreement8. The title and
abstract were reviewed for all search
results, and potentially eligible studies
received a full-text review. In addition,
the reference lists of all included studies
and all literature reviews found via the
search were manually screened for
additional articles that met the inclusion
criteria.

Search Strategy
The search was conducted using
MEDLINE, Embase, and the Cochrane
Library, and databases were screened
from their inception to November 5,
2017. The search algorithm was (biceps
tenodesis) AND (openOR subpectoral)
AND(arthroscopicORsuprapectoral or
intracuff).

Eligibility Criteria
The inclusion criteria were clinical studies
comparing open and arthroscopic biceps
tenodesis, publication in a peer-reviewed
journal, publication in English, and avail-
ability of the fullmanuscript of studies.The
exclusion criteria were case series, no re-
ported clinical outcomes, review studies,

cadaver studies, biomechanical studies, or
abstract only.

Data Extraction
All relevant informationwas collectedby
2 independent reviewers using a pre-
determined data sheet. When required
informationwas not available in the text,
the authors were contacted via e-mail.
The Level of Evidence (LOE) was as-
sessed using the criteria from theOxford
Centre for Evidence-Based Medicine9.
The methodological quality of the evi-
dence (MQOE) was assessed using the
Newcastle-Ottawa Scale, a 9-point scale
in which studies with 7 to 9 points were
identified as very good, 5 to 6 points
were identified as good, 4 points were
identified as satisfactory, and 0 to 3
points were identified as unsatisfactory10.

Outcomes Analyzed and Statistics
The outcomes analyzed were functional
outcomes (American Shoulder and
Elbow Surgeons [ASES] score11, Con-
stant score12, University of California at
Los Angeles [UCLA] score13, Disabil-
ities of the Arm, Shoulder and Hand
[DASH] score14, and Simple Shoulder
Test [SST]15), patient satisfaction and

Fig. 1

PRISMA study selection flow diagram.
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return to sport, range of motion (for-
ward, abduction, external rotation, and
stiffness), and complications.

Statistics
Statistical analysis was performed using
SPSS Statistics for Windows, version
22.0 (IBM). Qualitative analysis was
performed for each study. Significance
was set at p, 0.05.

Results
Literature Search
The initial literature search resulted in
225 total studies. Once duplicates were
removed, 14 studies were assessed for
eligibility and full texts were reviewed.
Seven clinical trials with 598 patients
were included in this review (Fig. 1).

Study Characteristics and Patient
Demographic Characteristics
There were 7 studies included (all Level-
III studies), with 263 patients treated

with arthroscopic biceps tenodesis and
335 patients treated with open biceps
tenodesis16-22. All of the included stud-
ies used an open subpectoral technique,
6 of the studies used an arthroscopic
suprapectoral tenodesis, and 1 study19

used an arthroscopic intracuff fixation
technique. The mean age of patients
treated ranged from 38.9 to 63.6 years.
The mean follow-up time was 23.6
months (range, from 9.7 to 54.6
months). The study characteristics and
patient demographic characteristics are
reported in Table I.

Functional Outcomes
Six studies compared functional out-
comes between patients treated with
open tenodesis and those treated with
arthroscopic biceps tenodesis16-19,21,22

(Table II). Five studies compared
the ASES scores between tenodesis
techniques16-18,21,22. None of those
5 studies found a significant difference

(p. 0.05). The mean ASES score
ranged from 82.3 to 92.3 points for the
open biceps tenodesis group and from
79.6 to 91.4 points for the arthroscopic
biceps tenodesis group. Four studies
used the Constant score for a compari-
son of techniques16,19,21,22. None of
those 4 studies found a significant dif-
ference (p. 0.05). The mean Constant
score ranged from 86.0 to 91.8 points
for the open biceps tenodesis group
and from 85.9 to 90.7 points for the
arthroscopic biceps tenodesis group.
Three other studies compared the
UCLA, DASH, or SST scores between
those 2 groups16,19,21. None of those 3
studies found a significant difference
(p. 0.05) in any outcome measure.

Patient Satisfaction and Return
to Sport
Three studies compared patient satis-
faction and return to sport between
patients treated with open tenodesis

TABLE II Functional Outcomes*

Study ASES Constant UCLA DASH SST

Duchman16 (2016) 82.3 vs. 79.6 88.0 vs. 86.7 NR 11.3 vs. 13.7 10.8 vs. 11.1

Gombera17 (2015) 92.3 vs. 88.9 NR NR NR NR

Green18 (2017) 90.6 vs. 91.4 NR NR NR NR

Jeong19 (2016) NR 86.5 vs. 85.9 30.5 vs. 31.5 NR NR

Werner21 (2014) 88.4 vs. 90.1 91.8 vs. 90.7 NR NR 10.6 vs. 10.4

Yi22 (2016) 86.0 vs. 84.7 86.0 vs. 86.4 NR NR NR

*The values are given as the reported means, in points, of patients who underwent open tenodesis compared with those who
underwent arthroscopic tenodesis. NR5 not reported.

TABLE I Study Characteristics and Patient Demographic Characteristics*

Study LOE MQOE

Arthroscopic Open

Follow-up
(mo)

No. of
Patients Age† (yr)

Male
Sex

No. of
Patients Age† (yr)

Male
Sex

Duchman16 (2016) III 6 20 49.96 11.8 75% 25 38.96 11.0 88% 38.4

Gombera17 (2015) III 6 23 57.36 6.8 NR 23 56.96 6.7 NR 30.1

Green18 (2017) III 7 15 56.66 10.7 67% 23 60.06 10.2 91.3% 54.6

Jeong19 (2016) III 7 33 63.66 5.8 64% 39 59.66 10 51% 23.5

Werner20 (2014) III 8 106 51.56 9.5 61% 143 53.56 11.2 72% 9.7

Werner21 (2014) III 7 32 49.36 7.2 67% 50 52.36 7.7 63% 37.2

Yi22 (2016) III 7 34 55.86 5 41% 32 54.46 5.8 47% 26.8

*MQOE5methodological quality of evidence, and NR5 not reported. †The values are given as the mean and the standard deviation.
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and those treated with arthroscopic
biceps tenodesis16-18 (Table III). All 3
studies found no significant difference
in patient satisfaction (p. 0.05)16-18.
One study showed that 96% of the
patients were satisfied with the open
biceps tenodesis and 100% of the
patients were satisfied with the arthro-
scopic biceps tenodesis, and the other 2
studies showed no difference in the
satisfaction subscale of the ASES score.
One study compared return to sport
and found no significant difference
(p. 0.05), with 69.5% of patients
returning to sport after the open biceps
tenodesis and 78.3% of patients re-
turning to sport after the arthroscopic
biceps tenodesis17.

Range of Motion
Six studies compared the range of
motion between patients treated with
open tenodesis and those treated with
arthroscopic biceps tenodesis16-18,20-22

(Table IV). Five studies compared the
range of motion in forward flexion
between the 2 groups, and 1 of those
5 studies found a significant differ-
ence in favor of open biceps tenodesis

(p, 0.05)16-18,21,22. Five studies com-
pared the range of motion in abduction
between the 2 groups, and none of those
studies found a significant difference
(p. 0.05)16-18,21,22. Four studies
compared the range of motion in exter-
nal rotation between the 2 groups,
and none of those studies found a sig-
nificant difference (p. 0.05)16,18,21,22.
Additionally, Werner et al. found an
increased rate of stiffness following
arthroscopic biceps tenodesis compared
with the open approach20.

Complications
All 7 studies compared the complication
rates between patients treated with
open tenodesis and those treated with
arthroscopic biceps tenodesis16-22

(Table V). One study showed a signifi-
cantly higher overall complication rate
(p, 0.05) with the arthroscopic tech-
nique due to an increased number with
bicipital groove pain and the Popeye
sign, a bulge in the biceps muscle due to
failure of the fixation19. Werner et al.
found a significantly higher rate of
stiffness with the arthroscopic approach
(p, 0.05)20. The Popeye sign was

reported in 6 studies, with rates ranging
from 0% to 5.1% for the patients
who underwent the open approach
and from 0% to 15.2% for the patients
who underwent the arthroscopic
approach16-19,21,22. Bicipital groove
pain was reported in 4 studies, with rates
ranging from 0% to 43.4% for the open
approach and from 5.9% to 34.8% for
the arthroscopic approach16,17,19,22.
Brachial plexus palsy was reported in
2 cases with the open approach, 1 of
which was transient, but no cases
were reported using the arthroscopic
approach17,19. Postoperative superficial
wound infections were reported in 2
cases with the open approach, but no
cases were reported using the arthro-
scopic approach17,19.

Discussion
The most important findings from our
study were that both open and arthro-
scopic tenodesis result in similarly
excellent clinical outcomes. There were
no significant differences between the
functional outcome scores in any of the
included studies. Therefore, based on
the findings fromour study, the decision
to perform the biceps tenodesis either
via an open approach or arthroscopically
should be based on surgeon preference
and consultation with the patient.
In some cases, the approach utilized
for tenodesis may be dictated by con-
comitant pathology, including rotator
cuff or labral pathology, as the arthro-
scopic approach also allows for diag-
nostic assessment in the setting of
uncertain pathology. However, further

TABLE III Patient Satisfaction and Return to Sport*

Study Satisfaction Return to Sport

Duchman16 (2016) 96 vs. 100 NR

Gombera17 (2015) 8.9 vs. 9.1 69.5 vs. 78.3

Green18 (2017) 8.9 vs. 9.3 NR

*Thevalues aregiven as the reportedmeans, inpoints, of patientswhounderwent
open tenodesis compared with those who underwent arthroscopic tenodesis.
NR5 not reported.

TABLE IV Range of Motion*

Study Forward Flexion Shoulder Abduction External Rotation Stiffness

Duchman16 (2016) 177.8° vs. 171.3°† 177.4° vs. 171.8° 0° vs. 5° deficit NR

Green18 (2017) 169.2° vs. 168.2° 161.7° vs. 158.9° NR NR

Jeong19 (2016) 150.6° vs. 155.5° 155.9° vs. 154.5° 53.9° vs. 56.4° NR

Werner20 (2014) NR NR NR 5.6% vs. 17.9%†

Werner21 (2014) 98.1° vs. 95.9° 98.1° vs. 94.4° 99.4° vs. 94.6° 6% vs. 9.4%

Yi22 (2016) 167.8° vs. 165.5° 169.5° vs. 170.3° 59.7° vs. 61.6° NR

*The values are given as the reportedmeans of the rangeofmotionof patientswhounderwent open tenodesis comparedwith thosewhounderwent
arthroscopic tenodesis. NR5 not reported. †Significant.
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prospective randomized studies are
needed to confirm these findings.

Tenotomy is surgically easier to
perform as there is no fixation required,
but tenotomy results in a higher inci-
dence of muscle cramping, Popeye sign,
decreased elbow flexion, and decreased
supination power compared with
tenodesis23-27. As a result, tenotomy is
typically indicated in older, non-active
patients who are less concerned with the
cosmetic result4. Althoughboth result in
excellent clinical outcomes, tenodesis is
indicated in younger patients, athletes,
and patients concerned with cosmetic
appearance. It is a longer and more
expensive procedure due to the use of
additional implants, as well as requiring
longer rehabilitation, but it allows for a
better return to physical activity through
the maintenance of the LHBT length-
tension relationship28.

Our study found that functional
outcomes canbe expected to be excellent
with both open and arthroscopic ap-
proaches. No study showed a significant
difference in the ASES score, which was
the most commonly utilized functional
outcome scoring system. Additionally,
the Constant score was not significantly
different between either approach.
Similarly, themean range ofmotion was
similar in both procedures, although the
forward range of motion was slightly
higher with the arthroscopic procedure.
Werner et al. found that the arthroscopic
approach resulted in a higher incidence
of postoperative stiffness and concluded

this may be due to the position of the
tenodesis, with a more superior position
potentially being an influencing fac-
tor20.However, they also found that this
result reduced over time and did not
appear to have any long-term conse-
quences. In the literature, there is lim-
ited evidence to suggest that LHBT
location, specifically within the bicipital
groove, may result in inferior outcomes
compared with a more distal tenodesis
location5.

In 1 study, there were more com-
plications observed with the open pro-
cedure compared with the arthroscopic
approach19. A higher overall complica-
tion rate was not seen in the other
included studies, but, in many of the
studies, there was a slightly lower com-
plication rate with the arthroscopic
technique, although this did not reach
significance. Additionally, in the study
inwhich therewas ahigher complication
rate with the open approach, the teno-
desis was fixated intracuff, rather than
suprapectorally, as in theother studies19.
There is a concern that the open tech-
nique may lead to a higher risk of nerve
injuries andmay result in a higher risk of
woundcomplications.However, further
large-scale studies are necessary to eval-
uate this, as the reported incidence was
very low across the included studies17,19.
Mazzocca et al. performed a biome-
chanical assessment of 4 different teno-
desis techniques in a cadaver model,
including both arthroscopic and open
fixation methods3. Their results showed

no significant differences between the
fixation approaches in the failure
strength and concluded there are no
biomechanical differences between the
fixationmethods. It does not appear that
either approach results in a higher inci-
dence of failure or a positive Popeye sign,
as only a few instances were reported in
the included studies19,22. As biceps
tenodesis is often performed instead of
tenotomy because of improved cosmetic
appearance, the scar cosmesis could be a
further deciding factor in consenting
patients4.

Further study is still required in
this area, with randomized controlled
trials needed to confirm our findings, as
the literature currently consists of ret-
rospective studies. Additionally, patient
preference can be an important factor in
determining surgical treatment along-
side surgeon experience and preference,
whereas patient perception of open
tenodesis compared with arthroscopic
tenodesis has not been studied.

There were limitations and inher-
ent bias in our study. First, the limita-
tions inherent in the included studies
were present in this current study as
this was a systematic review of their
data. All of the included studies were
retrospective and carried a risk of selec-
tion bias, as they were nonrandomized.
Additionally, not all of the studies
included a minimum follow-up of 2
years, so the patients may not have
reached the point of maximal medical
improvement. There were several

TABLE V Complications*

Study
Total

Complications Reoperations
Bicipital Groove

Pain Popeye Sign
Neurological

Injury Infection

Duchman16 (2016) 20% vs. 15% 0% vs. 0% 20% vs. 10% 0% vs. 5% 0% vs. 0% 0% vs. 0%

Gombera17 (2015) 5.2% vs. 3.5% 0% vs. 0% 43.4% vs. 34.8% 0% vs. 0% 4.3% vs. 0% 4.3% vs. 0%

Green18 (2017) 8.7% vs. 0% 8.7% vs. 0% NR 0% vs. 0% 0% vs. 0% 0% vs. 0%

Jeong19 (2016) 12.8% vs. 33.3%† 0% vs. 0% 2.6% vs. 24.2%† 5.1% vs. 15.2% 2.6% vs. 0% 2.6% vs. 0%

Werner20 (2014) 5.6% vs. 17.9%† NR NR NR NR NR

Werner21 (2014) 6.0% vs. 9.4% 0% vs. 0% NR 0% vs. 0% 0% vs. 0% 0% vs. 0%

Yi22 (2016) 9.7% vs. 8.8% 0% vs. 0% 0% vs. 5.9% 3.1% vs. 2.9% 0% vs. 0% l0% vs. 0%

*The values are given as the incidence of complications in the open tenodesis group compared with the arthroscopic tenodesis group. NR5 not
reported. †Significant.
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fixation methods used, which may also
have affected the clinical outcome. Jeong
et al. used an intracuff tenodesis, which
resulted in the highest rate of compli-
cations and Popeye signs in the stud-
ies19. In half of the included studies,
rotator cuff repairs were also performed
and thus these patients did not have
isolated biceps tenodesis. However,
biceps tenodesis is often performed as an
adjunct to a rotator cuff surgical proce-
dure, and, thus, this represented a real-
world treatment scenario. Lastly, 2of the
studies included overlapping patients,
but we believed that inclusion of both
was justified as they showed different
results and we did not perform any
pooling.

In conclusion, this current study
found that both open tenodesis and
arthroscopic tenodesis result in excellent
clinical outcomes, with no significant
differences between either method.
Surgeons should base their decision to
perform the tenodesis via an open or
arthroscopic approach on their own
surgical preference and technical
experience.
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