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Background: Biceps tenodesis is a common treatment for pathologies involving the long head of the
biceps brachii. Given variations in surgical approach, focus has been placed on the location of the
tenodesis to maintain appropriate length-tension relationship. The purpose of this study is to assess for
variations in the tunnel placement in subpectoral biceps tenodesis procedures and correlation of tunnel
position with patient-reported outcomes.
Methods: This is a retrospective case series of outcomes as a function of tunnel location with open
subpectoralis biceps tenodesis. The location of the biceps tenodesis tunnel was measured on post-
operative Grashey radiographs. Correlation between the tenodesis tunnel and postoperative American
Shoulder and Elbow Surgeons (ASES) score and Visual Analog Scale (VAS) was assessed.
Results: 31 patients were included in the study with an average follow-up of 17 months. The overall
tunnel position from the superior edge of the greater tuberosity ranged from 4.20 cm to 12.61 cm, with
an average of 7.46 cm. Final ASES score and VAS were 84.5 and 1.2, respectively. There was only weak
correlation between both ASES score and tunnel position (r ¼ �0.12) and VAS and tunnel position
(r ¼ �0.23).
Discussion: Subpectoralis biceps tenodesis continues to be a viable treatment option for biceps and
superior labral pathology. There remains no consensus on tenodesis location, and this study found no
significant difference between tunnel location and patient-reported outcomes. Therefore, it is likely that
a range of tenodesis locations exists in which favorable clinical results are achieved, explaining the
numerous recommendations on tunnel placement.

© 2023 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/).
Biceps tenodesis is a common surgical treatment of pathologies
of the long head of the biceps.16 Variations in the surgical approach
exist, particularly with respect to the location of the tenodesis.15,16

Attention is given to the tenodesis location as it affects tendon
length which has potential implications on the tendon length-
tension relationship and subsequently pain and function.4 An
abundance of literature exists on suprapectoral and subpectoral
biceps tenodesis locations and fixation techniques, supporting the
use of either approach in achieving reliable outcomes.7,8,13 A 2020
meta-analysis comparing both approaches showed that both lo-
cations had favorable and comparable results.4
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Despite recognizing the importance of the biceps tenodesis
location, to the best of our knowledge, there are no studies
assessing the tunnel location within each group. With respect to
subpectoral biceps tenodesis, there are multiple conflicting rec-
ommendations on the ideal location for placement of the tenod-
esis tunnel. Most commonly, the tenodesis is recommended to be
placed immediately (or approximately 1 cm) proximal to the
inferior border of the pectoralis major tendon. Other recommen-
dations include placing the tunnel as far proximal as the pectoralis
major tendonwill allowwhile others place the tunnel in a location
that attempts to return the musculotendinous junction to its
native location.3,9,10,12,14,17 Nonetheless, it is not apparent if the
location of the tenodesis tunnel in the subpectoral approach af-
fects outcomes. Therefore, this study was conducted to assess for
variations in the tunnel placement in subpectoral biceps tenodesis
procedures and correlation of tunnel position with patient-
reported outcomes.
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Figure 1 Variations in the tunnel position by each surgeon.

Figure 2 Average locations of biceps tenodesis tunnel by surgeon.
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Materials and methods

This is a retrospective case series of patients who underwent
open subpectoralis biceps tenodesis over a 3-year period. Surgical
indications included failure of conservative treatment for biceps
labral complex injuries including biceps tenosynotivitis, biceps
tendon tears, and unstable superior labral tears. Exclusion criteria
were follow-up less than 6months and concurrent procedures such
as rotator cuff repair, lysis of adhesions, labral repair, or capsulor-
rhaphy. Institutional review board approval was granted.
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For this approach, the patient’s arm is placed at approximately
30 degrees of abduction and external rotation. The inferior
portion of the pectoralis major tendon in palpated and a 2-3 cm
incision is made on the anteromedial aspect of the proximal hu-
merus. Blunt dissection is used to again identify the inferior
portion of the pectoralis major tendon and the biceps running
deep to it. The long head of the biceps tendon will consistently be
located traversing superiorly into the bicipital groove and can be
delivered into the operative field by use of surgeon’s finger or a
right angle clamp. Tenodesis site is then identified and is ideally in
line with the bicipital groove and approximately 1 cm proximal to
the distal insertion of the pectoralis major tendon.19 Techniques
for securing the tendon is surgeon specific. In the present study,
we included patients from three surgeons. For surgeons A and B,
the tunnel is typically drilled to 6 mm and the tendon is secured
with an Arthrex biceps button (Arthrex, Naples, FL, USA). For
surgeon C, the tunnel is drilled to 8 mm and the tendon is secured
with an Arthrex biotenodesis screw (Arthrex, FL, USA).

The location of the biceps tenodesis tunnel was measured on
postoperative Grashey radiographs (Fig. 1) taken in a standard
fashion to allow for comparisons of measurements. Measurements
were conducted via our digital picture archiving and communica-
tion system as previously described.10 The distance from the
superior aspect of the tenodesis tunnel to the superolateral portion
of the greater tuberosity was determined in parallel to the longi-
tudinal axis of the humerus. Patient outcomes were assessed by the
American Shoulder and Elbow Surgeons (ASES) score and the
Visual Analog Scale (VAS), determined preoperatively and post-
operatively at the final follow-up.

Patients were stratified by one of three surgeons that per-
formed the procedure. The average tunnel position of each sur-
geon was calculated, and an analysis of variance was calculated to
assess for a difference in positions among the surgeons. In addi-
tion, a Pearson’s correlation test was performed to evaluate
whether the tenodesis tunnel locations was correlated with the
ASES score or VAS. Statistical analyses were conducted via SPSS
(IBM Corp., Armonk, NY, USA), and P values � .05 were deemed
statistically significant.

Results

The study included 31 patients (9 females and 22 males) with
an average age of 45.8 years ± 11.1 years. Average follow-up was
17 months, with a minimum follow-up of 10 months. No
complications such as humeral fracture, neurovascular injury, or
infections occurred. The mean ASES improved by 39 points, from
45.5 to 85.5 (P < .0001), and average VAS improved from 4.7 to 1.2
(P < .0001).

The surgeries were performed by three surgeons, with 9
shoulders from surgeon A, 7 from surgeon B, and 15 from surgeon C.
The overall tunnel position from the top edge of the tuberosity
ranged from 4.20 cm to 12.61 cm, with an average of 7.46 cm. The
tunnel position varied among the 3 surgeons, with average place-
ment of 5.88 cm, 7.36 cm, and 8.46 cm from the superolateral
portion of the greater tuberosity (P ¼ .0036) (Fig. 2). Even within
each surgeon’s cohort, variations in tunnel placement existed. The
ranges of each surgeon were 4 cm, 5.1 cm, and 6.9 cm (Fig. 4).

Fig. 3 demonstrates ASES as a function of tunnel position. There
was weak correlation between final ASES and tunnel position
(r¼�0.12), with a P value of 0.54. To achieve statistical significance
for such a correlation, 542 subjects are needed. Furthermore, even
if statistical significance was reached, then the tunnel position
would explain 1.44% of the variance in ASES, which is not clinically
significant. Similarly, correlation between final VAS and tunnel
position was weak (r ¼ �0.23, P ¼ .25).



Figure 3 Variations in the tunnel position by each surgeon. The blue circle is the average tunnel position for each surgeon.

Figure 4 American Shoulder and Elbow Surgeons Shoulder score as a function of tunnel position. Each blue circle is a patient's American Shoulder and Elbow Surgeons Shoulder
score and tunnel position.
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Discussion

Subpectoralis biceps tenodesis a viable option to treat pathology
of the biceps and superior labrum.16 However, the exact location of
the tunnel can be difficult to obtain depending on the goal location,
with no consensus on the target location and whether it impacts
surgical outcomes. Mazzocca et al and Provencher et al recom-
mended placing the tunnel 1 cm proximal to the inferior border of
the pectoralis major tendon.14,17 Denard et al3 recommended placing
the tendon just proximal to most inferior aspect of the inferior
border of the pectoralis major tendon. Johannsen et al10 have rec-
ommended placing the tunnel as far proximal as allowed by the
pectoralis major tendon. Others have recommended that the tendon
be positioned on the basis of placing the musculotendinous junction
at its native location.9,12 Two techniques have been described to
achieve this goal.9,12 The first is to place the tendon so that
themusculotendinous junction is 3 cm distal to the inferior border to
the pectoralismajor tendon.12 The other is to place the tendon so that
the musculotendinous junction is 2 cm distal from the proximal
pectoralis insertion.9 In the present study, a large range in tunnel
locationswas found.While the 3 surgeons strived to obtain the same
location for the tenodesis tunnel, there was a considerable variation,
including locations from 4.20 cm to 12.61 cm from the superolateral
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portion of the greater tuberosity. The range of location represented
in this study incorporates the majority of the recommended loca-
tions in the literature.3,9,10,12,14,17 One of the surgeons had an average
tunnel placement of 5.88 cm, similar to a previous study on open
subpectoral biceps tenodesis reporting tunnel placement of 5.43
cm.10 Nonetheless, this is different than the 7.36 cm and 8.46 cm by
the other surgeons in this study.

As all the surgeons strived to place the tendon superior to the
inferior border of the pectorialis major or as far superior into the
bicipital grove as possible, there could be several reasons for this
large range of locations. One possibility was the size of the pa-
tient’s pectoralis and the amount of abduction the arm was
placed in to obtain exposure could make the pectoralis tendon
more difficult to retract. Additionally, while the average distance
to the inferior boarder is 7.5 cm from the top of the humeral head,
there is some variability.6,11 These would lead to the position of
the tunnel being variable in regards to radiographic landmarks
but not in respects to the pectoralis. Further, a systematic review
of 201 articles found that both the insertion as well as the
number of layers of the sternal portion of the pectoralis major
have been reported inconsistently and that these inconsistencies
have made their way into numerous articles and clinical
diagnoses.4
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This study found no clinical difference between the location of
the bicep tenodesis tunnel and clinical outcomes. The final ASES
scores achieved in this case series are comparable to previously
reported results of subpectoral biceps tenodesis which range from
82.3 to 92.3 for subpectoral biceps tenodesis, and there was no
association between tunnel location and final ASES scores.4

Therefore, it is likely that there exists a range of tenodesis loca-
tions that yield equal clinical results, explaining the numerous
recommendations on tunnel placement.

Several studies also have reported equal results of the sub-
pectoralis biceps tenodesis compared to suprapectoralis biceps
tenodesis.4,7,8,13 In his editorial commentary, Dr. Paul Brady elabo-
rates on the notion that while controversy exists regarding the ideal
tenodesis location regarding suprapectoral vs. subpectroal tenod-
esis, “biceps tenodesis location may not matter.1 The current study
allows greater generalizability of the comparisons of subpectoral
and suprapectoral biceps tenodesis by lessening the importance of
the performed location in the subpectoral group. Future studies can
analyze whether the same is true within the suprapectoral group.

The finding of this study should be taken with some precaution.
There have been case reports of humeral fractures after biceps
tenodesis placement in the metaphysis.2,18 Additionally, one should
be cautious of the radial nerve when using a bicortical device.5

Dickens et al described the radial nerve as being 16.6 mm deep and
14.5 mm medial from the tenodesis site when the tenodesis tunnel
was located 1 cm proximal to the inferior border of the pectoralis
major and centered in the inferior aspect of the bicipital groove.13 As
the tenodesis tunnel is movedmore distally, the radial nerve becomes
closer to the tunnel posteriorly. While neither fractures nor radial
nerve injuries were seen in our study, they remain important
considerations.

This study has several limitations. While this is a novel study
comparing clinical outcome measurements with subpectoral
biceps tenodesis tunnel location, it is retrospective study with short
term follow-up. Furthermore, radiographic evaluation was used to
determine the tenodesis tunnel placement. While this has been
shown to be correlated with anatomical landmarks, patient factors
might affect the anatomy, and the exact relationship of the tunnel
location relative to the pectoralis major tendon were not deter-
mined.10 A computed tomography scan would have aided in
reducing possible measurement error and will be utilized in future
studies. Finally, patients with concurrent procedureswere excluded
from the study. Although the rationale behind this was to minimize
confounders, many patients require additional procedures, and
there could be a more complex interplay with additional proced-
ures. Additional prospective, long term studies are needed to verify
the results of the current study and increase its generalizability. Any
follow-up studies examining this topic should include a larger
cohort of patients with a variety of pathologies other than those
involving the biceps tendon to ensure it is adequately powered.
Including patient-reported outcomes such as pain and esthetics
including the pop-eye deformity would further strengthen the
effect of this study, and these factors will be recorded and analyzed
in any follow-up studies on this subject.

Conclusion

There are multiple recommendations in the literature as to the
ideal location of the biceps tenodesis tunnel. However, this is likely a
result of the large range of acceptable locations. Our results showed
that variations existed not only among surgeons but within each
surgeon and that these variations did not affect patient outcomes.
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