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Biceps tenodesis is an accepted treatment option for various pathologies of the long head of the biceps
tendon and labrum. Many techniques have been published, both arthroscopic and open, that utilize
various fixation techniques and locations of the tenodesis, yet none has been proven to be superior. We
introduce a novel method, the SALSA (subacromial locking stitch anchor), an all-arthroscopic supra-
pectoral biceps tenodesis utilizing a running locking stitch from a double-loaded biocomposite anchor.
This technique provides a reliable method of multipoint fixation including the transverse humeral lig-
ament that avoids many of the potential complications encountered with other techniques.

© 2024 The Authors. Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Pathology of the long head of the biceps tendon (LHBT), whether
in isolation or associated with other shoulder conditions, has long
been recognized as a significant generator of pain and dysfunc-
tion.2,4,8 When conservative efforts fail to improve a patient’s
symptoms, operative treatment becomes a viable option. The 2
main surgical options for the LHBT are tenotomy and tenodesis.
Tenodesis has the advantages of lowering the incidence of cosmetic
deformity and decreasing muscle spasms and fatigue by main-
taining the tension-length relationship of the biceps muscle.3,10,12

Multiple techniques have been published for both arthroscopic
and open biceps tenodesis. They vary by location of tenodesis and
type of fixation used. Techniques can be divided into 2 main
groups: suprapectoral and subpectoral. Fixation techniques include
bone tunnels, simple sutures, cortical buttons, interference screws,
and various types of anchors. All have advantages and
disadvantages.

We describe a novel arthroscopic technique, the SALSA (sub-
acromial locking stitch anchor), utilizing running, locking stitches
from a double-loaded biocomposite anchor placed in the supra-
pectoral region of the bicipital groove at the LHBT’s normal resting
length that incorporates the transverse humeral ligament for added
stability.
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The patient is positioned in the beach chair position under
general anesthesia with an interscalene block placed preopera-
tively. The operative arm is attached to a limb positioner such as the
SPIDER2 (Smith & Nephew, Andover, MA, USA) to allow for
manipulation throughout the procedure. The arm is placed in slight
abduction and neutral rotation.

Diagnostic glenohumeral arthroscopy is performed first with the
30� arthroscope placed through the standard posterior portal. An
anterior portal is established centrally in the rotator interval and a
disposable cannula is inserted. Biceps pathology is visualized by
pulling the LHBT into the joint utilizing a probe and looking into the
bicipital groove. The location of the bicipital groove is marked
percutaneously utilizing a spinal needle throughwhich a 3-0 Prolene
marking suture is placed (Fig. 1). The suture is retrieved via the
anterior portal and serves tomark the location of the bicipital groove
in the subacromial space. The arthroscope is then redirected via the
posterior portal into the subacromial space. A mid-lateral portal is
established and a working cannula is placed in the subacromial
space. A subacromial bursectomy is performed using a full radius
resector and thermal ablation device. Next, the recess between the
tuberosities and undersurface of the deltoid is cleared. Care is taken
to avoid bleeding as much as possible by utilizing the thermal
ablation probe. This device should be usedwith caution in the area of
the axillary neurovascular bundle on the undersurface of the deltoid.

Next, the shoulder is externally rotated approximately 45 de-
grees to allow better visualization of the bicipital groove via the
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Figure 1 A 3-0 Prolene marking suture is placed percutaneously with a spinal needle into the LHBT to ease finding the location of the bicipital groove in the subacromial space.
LHBT, long head of the biceps tendon.

Figure 2 Portal placement with reference to anatomic landmarks: posterior portal (P),
lateral portal (L), anterolateral portal (AL), anterior portal (A).
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posterior portal. In very large patients, it is sometimes advanta-
geous to move the scope to a posterolateral portal for better visu-
alization. The mid-lateral portal functions as a working portal for
suture passage and tying. An anterolateral portal is established for
anchor placement. Its location is anterior to the mid-lateral portal
approximately 4 cm distal to the anterolateral margin of the acro-
mion (Fig. 2).

The thermal ablation probe is used to cautiously palpate for the
bicipital groove through the lateral portal. The Prolene marking
suture is helpful in identifying the general location of the groove.
The probe can usually be felt to fall over the rim of the groove and
release of the ligament may be started at this point. The posterior
insertion of the transverse humeral ligament is released utilizing
the thermal probe beginning at the most superior aspect of the
bicipital groove and passing inferiorly for approximately 4 cm
(Fig. 3). This must be done cautiously to avoid bleeding from
adjacent vessels and inadvertent transection of the tendon. The
ascending branch of the anterior humeral circumflex vessels is
located anterior to the bicipital groove making release of the pos-
terior attachment of the transverse humeral ligament a safer op-
tion. After releasing the ligament, the biceps tendon can be
visualized.

A spinal needle is used to localize the position of the antero-
lateral portal to facilitate direct insertion of an anchor into the mid-
portion of the exposed bicipital groove. Once the appropriate
positioning is determined, an incision is made and the HEALICOIL
Awl-Dilator is introduced followed by insertion of the HEALICOIL
REGENESORB 4.75 mm Anchor with double-loaded #2 ULTRA-
BRAID sutures (Blue, Cobraid Blue; Smith & Nephew, Andover, MA,
USA).

While viewing from the posterior portal, one Blue suture limb is
retrieved via the mid-lateral portal utilizing a crab claw suture
retriever. The Blue suture limb is loaded onto a self-retrieving su-
ture passing device and inserted via the mid-lateral portal. Sutures
are passed inferior to the anchor initially. The Blue suture is passed
through both the biceps tendon and transverse humeral ligament.
The Blue suture is retrieved back through themid-lateral portal and
the suture passer is reloaded with the same Blue suture. The same
Blue suture limb is passed through the tendon a total of 4 times. In
order to create a locking stitch, the suture passer is looped around
the stitch before passing the suture through the tendon a second
time. In the right shoulder, the suture passer is rotated in a coun-
terclockwise direction around the suture while progressing inferi-
orly. The opposite is true on the left shoulder. The fourth pass with
this suture is placed adjacent to the anchor again in a locking stitch
fashion by rotating the suture passer around the stitch prior to
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placement in the biceps tendon and transverse humeral ligament
(Fig. 4). This maneuver avoids over- or under-tensioning of the
biceps. The Blue suture limb is now retrieved back through the
anterolateral portal and one suture limb from the other Cobraid
Blue suture is retrieved via the mid-lateral portal. The sequence is
then repeated this time moving progressively superiorly. In the
right shoulder, the suture passer is rotated in a clockwise direction
around the suture while progressing superiorly. The opposite is
true on the left shoulder. Again, the final pass of the suture is placed
adjacent to the anchor. The suture pairs are retrieved via the mid-
lateral portal and tied using non-sliding Revo knots. The suture tails
are cut and the arthroscope is redirected via the posterior portal
back into the glenohumeral joint. A thermal ablation device is
passed via the anterior portal into the joint to release the biceps
tendon from its origin at the superior labrum. The tendon should
remain in the joint and not pass down through the bicipital groove
if the tenodesis has been performed properly (Fig. 5). The described
surgical steps for the SALSA technique including arthroscopic
footage of passing the locking stitches are shown in Supplementary
Video S1.



Figure 3 With the arm in abduction and external rotation, the posterior insertion of
the transverse humeral ligament is released utilizing the thermal probe beginning at
the most superior aspect of the bicipital groove and passing inferiorly for approxi-
mately 4 cm.

Figure 4 The inferior Blue suture limb is passed through the tendon and transverse humeral ligament a total of 4 times utilizing a locking stitch configuration with the fourth pass
placed adjacent to the anchor.

Figure 5 LHBT remains in the joint and does not pass down through the bicipital
groove if the tenodesis has been performed properly. LHBT, long head of the biceps
tendon.
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Discussion

Tenodesis is a widely accepted treatment option for various
pathologies affecting the LHBT; however, there is no consensus as
to the ideal technique and site of tenodesis. Arthroscopic bicipital
tenodesis continues to evolve with improvements in instrumen-
tation and fixation devices since its first description by Gartsman
et al in 2000.1 Our technique offers multiple advantages compared
to previously reported techniques.

The SALSA technique is an all-arthroscopic technique. There is
no need for a separate incision in the axilla; this lessens the chance
of a deep wound infection, increased blood loss, and poor cosmesis
from a larger incision. Although the axillary nerve is adjacent to the
area of tenodesis, it is protected during our technique by staying
posterior to the bicipital groove and maintaining visualizationwith
the arthroscope. Unlike an open axillary approach, the SALSA
technique tenodesis site is far from the musculocutaneous nerve
which is at risk during subpectoral techniques with
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musculocutaneous neuropathy and brachial plexopathy described
as potential complications during dissection and retraction.7

Our technique describes a tenodesis in situ, performed prior to
releasing the LHBT from its superior attachment to the labrum
thereby fixing the tendon anatomically and decreasing the possi-
bility of over- or under-tensioning. Multiple points of fixation are
achieved between the biceps tendon, sheath, and the static trans-
verse humeral ligament during our technique by the locking su-
tures which run both superior and inferior to the anchor. Other
techniques rely on a single point of fixation which may fail more
easily. While the minimum load to failure required to achieve a
clinically reliable tenodesis is unknown, a recent biomechanical
study of suture anchors compared to interference screws and a
compressive rivet resulted in favorable results for the suture
anchor.11

The SALSA tenodesis is performed in the area identified as
containing significant amounts of pathology. The biceps tendon is
secured within this area eliminating tension on an abnormal
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tendon which may occur from superior placement of the anchor at
the entry of the bicipital groove. McCrum et al found no difference
in anterior shoulder pain, cramping, weakness, or deformity for
suprapectoral vs. subpectoral tenodesis; however, subpectoral
tenodesis had an increased risk of transient nerve injury.5

Another advantage of our technique is the relatively small uni-
cortical hole made in the metaphyseal portion of the proximal
humerus minimizing the chances of fracture. The creation of a large
drill hole in the proximal diaphysis of the humerus as required in
subpectoral interference screw techniques has been shown to in-
crease the susceptibility of humeral fracture with an applied
torsional load.6 Techniques that involve bicortical drilling, such as
transhumeral button fixation, increase the risk of injury to the
posterolateral neurovascular structures (axillary nerve, posterior
humeral circumflex artery, and radial nerve).9

This technique does have its challenges. It may be difficult to
visualize the bicipital groove in larger individuals via the posterior
portal but modifications in the technique discussed above are
usually successful. Use of the ablation probe adjacent to the axillary
neurovascular bundle results in contraction of the muscle andmust
be performed cautiously. The marking suture will guide the sur-
geon to the general location of the bicipital groove but the surgeon
must release the transverse humeral ligament cautiously and
determine the direction of the bicipital groove to avoid inadvertent
transection of the biceps tendon utilizing the thermal ablation
probe. This technique is easier to perform with a self-retrieving
suture passer although a grasper can also be placed into the ante-
rolateral portal to assist with this step.

Conclusion

The SALSA technique is an all-arthroscopic suprapectoral biceps
tenodesis that utilizes a double-loaded biocomposite anchor with a
running, locking stitch securing the LHBT at the normal resting
tension with multiple points of fixation along the transverse hu-
meral ligament. This technique provides a reliablemethod of robust
fixation that avoids the potential complications including cramp-
ing, neurologic injury, or cosmetic deformity.
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