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Hypothesis/Background: Treatment options for the biceps brachii tendon include tenotomy, arthro-
scopic tenodesis, and open tenodesis. Few studies to date have compared all treatment options in the
context of a rotator cuff repair.
Methods: A retrospective review of 100 patients who underwent arthroscopic supraspinatus repair
between 2013 and 2018 with a minimum of one-year follow-up was performed. Patients were separated
into the following 4 groups: (1) 57 had isolated supraspinatus repair with no biceps tendon surgery
(SSP); (2) 16 had supraspinatus repair and biceps tenotomy; (3) 18 had supraspinatus repair and
arthroscopic biceps tenodesis; (4) 9 had supraspinatus repair and an open biceps tenodesis (SSP þ OT).
The primary outcome was operative time. The secondary outcomes were cost analysis, complications,
patient-reported outcome measures, range of motion, and strength testing.
Results: The operative time for the SSP þ OT group was significantly longer than that of the SSP group
(P < .05) but was not significantly longer than that of the other groups. The cost for the SSP group was
significantly less than the cost for the SSP þ OT and supraspinatus repair and arthroscopic biceps
tenodesis groups (P < .05 for both), whereas the cost for the supraspinatus repair and biceps tenotomy
group was significantly less than the cost for the SSP þ OT group (P < .05). There were no significant
differences between groups for complications, all patient-reported outcome measues, all range of mo-
tion, and all strength parameters.
Discussion/Conclusion: Operative time is the longest in open biceps tenodesis and is significantly
longer than that of isolated supraspinatus repair. No significant differences in operative times or costs
were identified in patients undergoing arthroscopic vs. open biceps tenodesis. All patients, irrespective of
the type of biceps tendon procedure, had excellent clinical and functional outcomes at least one year
after surgery. There was no difference in clinical or functional outcomes, or complications, among the 4
groups.

© 2021 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
The long head of the biceps brachii tendon (LHB) is a common
source of pain, especially with concomitant rotator cuff tears.2,11

Prior studies have demonstrated the incidence of LHB pathology
in the setting of rotator cuff tears to be 16%-75%.3,6,16 In isolation,
LHB lesions can be treated nonoperatively with rest, nonsteroidal
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anti-inflammatory medications, and physical therapy. However,
when combined with rotator cuff pathology necessitating surgical
repair, many surgeons consider addressing the LHB during
concomitant rotator cuff repair. A recent retrospective review
demonstrated improved patient-reported outcome scores at one
year postoperative in those patients undergoing biceps tendon
surgery and rotator cuff repair compared with isolated rotator cuff
repair.17 Various surgical treatment options exist for LHB pathology,
including tenotomy, arthroscopic tenodesis, and open tenodesis.

A recent article looking at isolated LHB lesions demonstrated
both arthroscopic and open biceps tenodesis have excellent clinical
and functional outcomes in a short-term follow-up.18 A randomized
r and Elbow Surgeons. This is an open access article under the CC BY-NC-ND license
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control trial demonstrated no significant differences in clinical
outcomes between biceps tenotomy and tenodesis; however, this
study included isolated LHB procedures and those with concurrent
rotator cuff repairs.9 When combined with arthroscopic rotator cuff
repair, arthroscopic tenodesis was shown to have greater operative
time than tenotomy.19 Few studies to date, however, have
compared all treatment options in the context of a rotator cuff
repair.

The purpose of this study was to compare all LHB treatment
options (tenotomy, arthroscopic tenodesis, and open tenodesis) in
the context of a rotator cuff repair, specifically comparing operative
time, cost, complications, patient-reported outcomes, and strength.
The hypothesis was open biceps tenodesis would have comparable
outcomes as other techniques but a significantly longer operative
time and a higher complication profile.

Materials and methods

A retrospective chart review of all patients who underwent a
primary rotator cuff repair by 2 fellowship-trained orthopedic
sports medicine surgeons between 2013 and 2018 was performed.
Inclusion criteria were defined as patients >30 years of age, an
isolated supraspinatus tear, primary surgical repair of the tear, and
a minimum of one-year follow-up data. Exclusion criteria included
prior rotator cuff repair, prior infection to the ipsilateral shoulder,
concomitant tears of the infraspinatus or subscapularis, and a
follow-up less than one year. A waiver of consent was granted by
the Institutional Review Board at the University of Pittsburgh.

Patients were separated into 4 groups based on biceps tendon
treatment: isolated supraspinatus repair with no biceps tendon
surgery (SSP group), supraspinatus repair and biceps tenotomy
(SSP þ tenotomy group), supraspinatus repair and arthroscopic
biceps tenodesis (SSP þ AT group), and supraspinatus repair and
open subpectoral biceps tenodesis (SSP þ OT group). Biceps tendon
surgery was performed when the patient had significant bicipital
groove pain on clinical examination, or there was intraoperative
evidence for pathology including tenosynovitis, tearing, biceps
tendon subluxation, or degenerative superior labrum anterior to
posterior tear; when these findings were absent, no biceps tendon
surgery was performed.

The primary outcome was operative time. Operative time was
calculated from the documented incision time to final closure,
which was recorded for each patient in the intraoperative records
in the electronic medical record. The secondary outcomes of in-
terest included cost analysis, complications, patient-reported
outcome measures, range of motion (ROM), and strength. For the
cost analysis, recent studies have reported the mean operative
room cost to be $60 per minute,8,13,14 whereas implant costs are
approximately $600 for the arthroscopic and open biceps tenodesis
procedures. For this analysis, a complication was any infection,
postoperative bicipital groove pain, revision biceps tendon surgery,
and biceps tenodesis failure that occurred in the postoperative
period till the most recent follow-up. For patient-reported outcome
measures, the visual analog pain scale and the subjective shoulder
value were measured at the final follow-up. ROM and strength
consisting of the manual muscle testing scale were assessed at the
final follow-up for forward flexion, external rotation, and internal
rotation. ROM and strength testing were performed by the 2
operative surgeons. Demographic variables including body mass
index, sex, and medical comorbidities including neurologic disease,
diabetes, alcohol use, hypercholesterolemia, and tobacco use were
also assessed.

To compare groups, a Kruskal-Wallis test followed by the post
hoc Mann-Whitney Utest was used for continuous, nonparametric
data. For categorical data, chi-square and Fisher exact tests were
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used. A Bonferroni correction was used for all secondary tests. A
post hoc power analysis was performed for the primary outcome of
surgical time for each pair-wise comparison between groups. Effect
sizes of 0.56, 0.76, 1.71, 0.28, 1.11, and 0.52 resulted in a calculated
power of 0.48, 0.77, 0.99, 0.12, 0.70, and 0.22 for comparison be-
tween SSP and SSPþ tenotomy; between SSP and SSPþAT; SSP and
SSP þ OT; between SSP þ tenotomy and SSP þ AT; between
SSPþ tenotomy and SSPþ OT; and between SSPþATand SSPþ OT,
respectively. All statistical analyses were performed by an indi-
vidual not involved with data collection or processing using SPSS,
version 26 (IBM, Armonk, NY, USA). Statistical significance was set
at P < .05.

Results

A total of 748 patients were reviewed; of which, 100 patients
met the inclusion criteria and were included in the analysis. Of the
patients excluded, 516 patients had less-than-one-year follow-up
data, whereas 216 patients had concomitant infraspinatus and/or
subscapularis tears. There were 57 patients in the SSP group, 16
patients in the SSP þ tenotomy group, 18 patients in the SSP þ AT
group, and 9 patients in the SSP þ OT group. There were no dif-
ferences in demographic variables including body mass index, sex,
and medical comorbidities between the 4 treatment groups
(Table I).

There was a statistically significant difference in operative time
among groups, with the SSP þ OT group having the longest oper-
ative time at 114 minutes, followed by the SSP þ AT group at 94
minutes, then the SSP þ tenotomy group at 84 minutes, and finally,
the SSP group at 73 minutes (P < .05, Table II). When comparing
among individual groups, the operative time for the SSPþ OTgroup
was significantly longer than for the SSP group (P < .05, Fig. 1) but
was not significantly longer than that of the other groups (P > .05,
Fig. 1).

There was a statistically significant difference in cost among
groups (P < .05, Table III). When comparing among individual
groups, the cost for the SSP group was significantly less than the
cost for the SSP þ OT and SSP þ AT groups (P < .05 for both),
whereas the cost for the SSP þ tenotomy group was significantly
less than the cost for the SSP þ OT group (P < .05) (Fig. 2).

The rate of complications did not significantly differ between
groups (P ¼ .90, Table II). The list of complications can be found in
Table IV. There was no significant difference in visual analog pain
scale or subjective shoulder value scores, ROM or strength with
forward flexion, external rotation, or internal rotation among
groups (P > .05, Table II).

Discussion

The main finding of this study was operative time was the
longest in patients undergoing supraspinatus repair with concur-
rent open biceps tenodesis, followed by concurrent arthroscopic
tenodesis, then concurrent tenotomy group, and finally supra-
spinatus repair alone. The surgical costs for patients undergoing
concurrent open tenodesis were significantly more expensive than
those for the concurrent tenotomy group; however, there was no
significant difference in costs between the concurrent arthroscopic
tenodesis and concurrent tenotomy groups or between the con-
current arthroscopic and open tenodesis groups. All patients, irre-
spective of the type of biceps tendon procedure, had excellent
clinical and functional outcomes at least one year after surgery.
There was no difference in clinical or functional outcomes, or
complications, among the 4 groups.

This study found that the operative time was significantly
longer for the SSP þ OT group than for the SSP group, but no



Table I
Demographic data for each bicep procedure groups.

Factor SSP SSP þ tenotomy SSP þ AT SSP þ OT P value

BMI (kg/m2) 29.9 ± 6.1 34.1 ± 11.0 26.8 ± 4.7 28.0 ± 3.1 .116
Sex (Male/Female) 21/36 5/11 10/8 6/3 .173
Neurologic disease 6/57 (11%) 3/16 (19%) 2/18 (11%) 0/9 (0%) .588
Diabetes 6/57 (11%) 4/16 (25%) 1/18 (6%) 1/9 (11%) .354
Alcohol use 29/57 (51%) 5/16 (31%) 10/18 (56%) 6/9 (67%) .548
Hypercholesterolemia 14/53 (26%) 8/16 (50%) 2/17 (12%) 2/9 (22%) .102
Tobacco use 8/56 (14%) 4/16 (25%) 4/18 (22%) 0/9 (0%) .358

BMI, body mass index.
Data reported as n/total (%) or mean ± standard deviation unless otherwise specified.
No statistically significant differences were found.

Table II
One-year follow-up data.

Outcome datapoint SSP SSP þ tenotomy SSP þ AT SSP þ OT P value

Operative time (min) n ¼ 92 73 ± 19 84 ± 23 94 ± 44 114 ± 25 .00
Complications (%) n ¼ 100 9.0 1.0 2.0 1.0 .90
VAS n ¼ 81 2.0 ± 2.6 2.5 ± 3.3 1.5 ± 2.2 0.3 ± 0.7 .26
SSV (%) n ¼ 68 85 ± 15 89 ± 10 77 ± 18 92 ± 8 .22
ROM FF (deg) n ¼ 98 161 ± 12 162 ± 10 155 ± 31 158 ± 8 .68
ROM ER (deg) n ¼ 98 51 ± 8 55 ± 10 49 ± 9 53 ± 9 .35
ROM IR (level) (%) n ¼ 91 .13
T1-T12 80.8 81.4 66.7 66.7
L1-L5 7.1 12.6 27.8 22.2
Sacrum 1.8 11.4 0 0
Unknown 10.3 6 5.5 11.1

Strength FF (MMT, %) .55
n ¼ 93
4/5 13.2 6.7 18.8 11.8
5/5 86.8 93.3 81.3 88.2

Strength ER (MMT, %) .90
n ¼ 91
4/5 7.7 6.7 12.5 0
5/5 92.3 93.3 87.5 100

Strength IR (MMT, %) .24
n ¼ 81
4/5 2.2 7.7 12.5 0
5/5 97.8 92.3 87.5 100

AT, arthroscopic biceps tenodesis; deg, degrees; ER, external rotation; FF, forward flexion; IR, internal rotation; L, lumbar; min, minutes;MMT, manual muscle test; n, number of
patients; OT, open biceps tenodesis; ROM, range of motion; SSP, supraspinatus repair; SSV, subjective shoulder value; T, thoracic; VAS, visual analog pain scale.
Significance set at P value < .05 (bold).
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significant difference was identified in operative times between
the other groups. Recent literature reports mixed results when
discussing operative times in biceps surgery with concomitant
rotator cuff repair; however, these studies do not compare
arthroscopic and open biceps tenodesis. A recent prospective
randomized trial reported the surgical time was approximately
10 minutes higher in the arthroscopic tenodesis group than that
in the tenotomy group.19 Another prospective cohort study
found similar surgical times between arthroscopic tenodesis and
tenotomy.5 MacDonald et al9 conducted a prospective random-
ized control trial comparing tenodesis and tenotomy. The au-
thors included isolated LHB pathology, LHB pathology with
repairable rotator cuff tears, and LHB pathology with irreparable
rotator cuff tears. Arthroscopic and open tenodesis methods
were used; however, the results were combined into the
tenodesis group and not differentiated. The authors found
similar operative times between the 2 groups.9 The results from
the present study demonstrated longer operative times for open
tenodesis with simultaneous supraspinatus repair than supra-
spinatus repair alone, but interestingly, there was no statistically
significant difference among the 3 biceps tendon procedures,
including arthroscopic vs. open biceps tenodesis.
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The difference in operative times between the groups, although
not statistically significant, could have clinical and monetary
implications. A recent descriptive epidemiologic study found a
15-minute increase in the operative time after arthroscopic rotator
cuff repair was associated with an increased risk of short-term
complications, including anemia requiring transfusion, venous
thromboembolism, surgical site infection, and hospital stay dura-
tion.1 The present study found the SSP group had a mean operative
time of 73 minutes, whereas the SSP þ tenotomy group had 84 mi-
nutes, the SSP þ AT group had 94 minutes, and the SSP þ OT group
had 114minutes. The difference in time between the 4 groups could
impact complications, even though this study found no significant
difference in postoperative complications. In addition, this study
found a significant difference in costs among the groups. When
comparing individual groups, the SSP þ OT group was significantly
more expensive than the SSP þ tenotomy group with a mean cost
difference of approximately $2800. Although not statistically sig-
nificant, the SSP þ OT group was $1200 more expensive than the
SSP þ AT group, whereas the SSP þ AT group was $1400 more
expensive than the SSP þ tenotomy group. These findings can help
guide surgeons in decision-making, especially for medical circum-
stances in which surgical time may need to be limited.



Figure 1 Comparison of operative time by surgical technique. There was a statistically significant difference in the operative time among groups. When comparing among indi-
vidual groups, the operative time was significantly longer for the SSP þ OT group than for the SSP group. Error bars represent standard deviation. AT, arthroscopic biceps tenodesis;
OT, open subpectoral biceps tenodesis; min, minutes; SSP, supraspinatus repair. Corrected P values for multiple comparisons are indicated between groups. Significance set at
P < .05 (*).

Table III
Cost analysis of the 4 groups.

Group N Mean SD

SSP 53 $4397 $1120
SSP þ tenotomy 15 $4684 $1848
SSP þ AT 16 $6274 $2666
SSP þ OT 9 $7427 $1515
Total 93 $5059 $1915

AT, arthroscopic biceps tenodesis; N, number of patients; OT, open biceps tenodesis;
SD, standard deviation; SSP, supraspinatus repair; $, American dollars.
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The results of this study demonstrated no difference in clinical
or functional outcomes among patients undergoing isolated
supraspinatus repair, arthroscopic biceps tenodesis with simulta-
neous rotator cuff repair, open biceps tenodesis with simultaneous
rotator cuff repair, and biceps tenotomy with simultaneous rotator
cuff repair. Previous studies have evaluated outcome differences
with tenotomy vs. tenodesis in the setting of rotator cuff
tears5,9,10,17,19; however, no study has specifically compared all
treatment options. A recent retrospective review found no differ-
ence in one-year outcomes between patients undergoing tenotomy
and tenodesis in the setting of rotator cuff repair; however, the
authors demonstrated greater improvement in outcomes for those
patients undergoing biceps surgery vs. patients undergoing rotator
cuff repair without biceps surgery.17 Another retrospective review
reported decreased abduction strength in patients undergoing
tenotomy with simultaneous rotator cuff repair as compared with
patients undergoing tenodesis with simultaneous rotator cuff
repair.10 Two recent prospective studies demonstrated equivalent
outcome measures and strength at 2 years between patients
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undergoing tenodesis and tenotomy with concurrent rotator cuff
repair but reported increased Popeye’s deformity in the tenotomy
group.5,12 A prospective, randomized control trial reported equiv-
alent outcome measures and pain scores between patients under-
going tenodesis and tenotomy; however, the authors included
isolated LHB pathology and patients with concurrent rotator cuff
tears.9 Various systematic reviews have found no significant func-
tional differences between patients undergoing tenodesis and
tenotomy in the setting of rotator cuff repair,4,7,15 which is in
agreement with the findings in this study. There was no difference
in the complication rates among the groups, which did not support
our initial hypothesis. However, a significant number of patients
undergoing rotator cuff repair without biceps surgery reported
postoperative bicipital groove pain. Although no significant con-
clusions can be drawn from these findings, future studies are
warranted to investigate the role in biceps surgery in all patients
undergoing rotator cuff repair. Our findings suggest that the type of
surgery to address biceps pathology during rotator cuff repair may
be chosen based on surgeon preference and comfort level in
addition to the individual clinical scenariowith no effect on the rate
of complications.

The strengths of the study include the comparison of all treat-
ment types for LHB pathology in the setting of rotator cuff repair
with isolated rotator cuff repair, which eliminates potential con-
founding variables present in many studies previously reported in
the literature. In addition, all patients had isolated supraspinatus
tears without concurrent subscapularis tears. This study, however,
is not without limitations. This study is a retrospective review with
a small number of patients; this was secondary to following strict
inclusion criteria, and therefore, recruiting a larger number of pa-
tients may require a multicenter study. Further prospective studies



Figure 2 Comparison of cost analysis by surgical technique. There was a statistically significant difference in costs among groups. When comparing among individual groups, the
cost for the SSP group was significantly less than the cost for the SSP þ OT and SSP þ AT groups. In addition, the SSP þ OT group was significantly more expensive than the
SSP þ tenotomy group; however, there was no significant difference in costs between the SSP þ AT and SSP þ tenotomy groups or between the SSP þ AT and SSP þ OT groups. Error
bars represent standard deviation. AT, arthroscopic biceps tenodesis; OT, open subpectoral biceps tenodesis; SSP, supraspinatus repair. Corrected P values for multiple comparisons
are indicated between groups. Significance set at P < .05 (*).

Table IV
Complications among the 4 groups.

Complications SSP SSP þ tenotomy SSP þ AT SSP þ OT P value

Bicipital groove pain (n ¼ 62) 5/35 (14) 1/10 (10) 1/10 (10) 0/7 (0) .92
Revision biceps tenodesis (n ¼ 94) 3/53 (6) 0/15 (0) 0/17 (0) 0/9 (0) 1.00
Infection requiring washout (n ¼ 100) 0/57 (0) 0/16 (0) 0/18 (0) 1/9 (11) .90
Manipulation under anesthesia (n ¼ 100) 3/57 (9) 0/16 (0) 1/18 (6) 0/9 (0) 1.00
Total (n ¼ 100) 9/57 (16) 1/16 (6) 2/18 (11) 1/9 (11) .90

AT, arthroscopic biceps tenodesis; N, number of patients; OT, open biceps tenodesis; SD, standard deviation; SSP, supraspinatus repair.
Data reported as n/total (%).
Significance set at P value < .05.
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with larger numbers may be warranted to further evaluate opera-
tive times and outcomes.

Conclusion

The operative time is the longest in open biceps tenodesis and is
significantly longer than that in isolated supraspinatus repair. No
significant differences in operative times or costs were identified in
patients undergoing arthroscopic vs. open biceps tenodesis. All
patients, irrespective of the type of biceps tendon procedure, had
excellent clinical and functional outcomes at least one year after
surgery. There was no difference in clinical or functional outcomes,
or complications, among the 4 groups. These findings can help
guide surgical decision-making when approaching LHB tendon
pathology in the setting of rotator cuff tears. In addition, these
findings may deter a surgeon from performing a biceps tendon
procedure on all patients during rotator cuff repair, irrespective of
biceps tendon pathology, as surgical timing and costs are increased.
Each surgery should be individualized to the patient and the
comfort level of the surgeon, with the knowledge that biceps
tendon surgery is an excellent option for patients with significant
biceps pathology.
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