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(MRCTs), which account for roughly one third of all rotator cuff tears. Treatment options for this con-
dition include tenotomy, tenodesis, augmentation, and the use of the tendon as a graft for partial su-
perior capsule reconstruction. Augmentation and superior capsular reconstruction are evolving
techniques in the management of MRCTs. However, similar to the lack of consensus on the treatment of
MRCTs, there are no clear guidelines for the management of concurrent biceps tendon pathology.
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Massive rotator cuff tears (MRCTs) represent a significant
portion of rotator cuff tears, accounting for 20%-40% of all tears.!*"!
In the setting of MRCTs, the long head of the biceps tendon (LHBT)
is often affected, causing anterior shoulder pain and dysfunction as
a result of tendonitis, partial tearing, or subluxation."?! Compre-
hending these pathologies can offer valuable insights and direction
towards determining the optimal course of treatment.

There is a wide variety of treatment options for LHBT pathol-
ogy in the setting of MRCTs. These include tenotomy, tenodesis,
rotator cuff repair (RCR) augmentation, and as partial superior
capsule reconstruction (BiSCR). Determining the appropriate
course of treatment is patient specific and must factor in age,
comorbidities, activity level, degree of biceps tendon pathology,
and rotator cuff tissue quality such as tear size, pattern and fatty
infiltration.*

The purpose of this article is to provide a comprehensive review
of the anatomy and biomechanics of the LHBT, as well as the sur-
gical options and outcomes for LHBT pathology in the context of
MRCTs.

Institutional review board approval was not required for this study.
*Corresponding author: Patrick J. Denard, MD, Oregon Shoulder Institute, 2780
E. Barnett Rd Suite 200, Medford, OR 97504, USA.
E-mail address: pjdenard@gmail.com (PJ. Denard).
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Anatomy

The biceps brachii muscle is comprised of a short head and a
long head.*® The short head arises from the anterolateral aspect of
the coracoid process as part of the conjoined tendon. The long head
originates from the supraglenoid tubercle of the scapula.'™'” The
LHBT has an intra-articular portion that passes over the humeral
head before exiting the glenohumeral joint in the bicipital
groove.''” The tendon measures around 5-6 mm in diameter and 9
cm in length, but its size may vary between individuals.'® Typically,
the intra-articular portion is wide and flat, while the extra-articular
portion is rounder and thinner.>*

There are variations in vascular supply and sensory innervation
along the length of the tendon. The proximal portion of the long
head is richly vascularized with the anterior circumflex humeral
artery being the main blood supply.'® In contrast, the distal portion is
fibrocartilaginous and avascular which in turn facilitates its sliding
motion within the groove. Sensory innervation follows a similar
pattern, with rich sensory and sympathetic supply concentrated at
the biceps tendon anchor proximally that then becomes less intense
at the distal musculotendinous junction. This observation may
explain why proximal LHBT pathology can be very symptomatic.

During arm movements, the LHBT is stabilized by the bicipital
groove and the biceps pulley.*! The biceps pulley is a ligamentous
structure that acts as a sling to stabilize the LHBT as it exits the
joint.#! It is composed of two structures, namely the superior
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glenohumeral ligament (SGHL) and coracohumeral ligament
(CHL).'® The transverse humeral ligament is a broad fibrous band
located between the greater and lesser tuberosities of the humer-
us.*? Although it was traditionally thought to help retain the LHBT
within the bicipital groove, its role as a stabilizer has been recently
questioned by several authors.”>° As the LHBT travels through the
glenohumeral joint, it runs alongside the upper part of the sub-
scapularis (SSC) muscle. Biceps subluxation can result from injury
to the SGHL, CHL, and/or the associated SSC fibers.”°

In the context of MRCTs, particularly involving partial ante-
rosuperior SSC tendon tears, a distinctive 'comma’' shape is appre-
ciated as the SSC tendon retracts medially, revealing the SGHL and
CHL.">"" Termed the 'comma sign,’ this hallmark aids in identifying
the SSC's superolateral border. Research has highlighted the cap-
sule's role in this configuration, thickening the rotator interval to
connect the articular SSC and bursal SS tendons.'>!” This capsule-
based structure envelops the bicipital groove, merging with the
SGHL and CHL, reinforcing the SSC tendon's fibrous framework.

Biomechanics

The LHBT is regarded as a dynamic stabilizer of the gleno-
humeral joint. Although the precise contribution of the LHBT to
humeral head stability remains a topic of debate, several studies
have corroborated the importance of the LHBT in joint stability.
Complete disruption of the LHBT has been shown to contribute to
superior humeral head migration, and thus reduction of the
acromiohumeral interval (AHI).** In a clinical study conducted by
Ratte et al,*® patients with a normal LHBT exhibited a narrowed
AHI in 33.4% of cases compared to 100% of patients with a path-
ological LHBT (P =.05). In a cadaveric study by Han et al,”* BiSCR
was shown to reduce superior humeral head translation and
subacromial contact pressures at 0° and 60° of glenohumeral
abduction. These findings suggest that an intact LHBT plays a role
in maintaining a centered humeral head.

While some experts advocate preserving the LHBT in rotator cuff
tears to act as a humeral head depressor, the biceps is not a primary
stabilizer of the glenohumeral joint as the retentive effect is negli-
gible when the coracoacromial arch is maintained.“® Thus, the long
head of the biceps may contribute to shoulder stability, but its
absence or a tenotomy alone may not cause significant instability. It
is important to note that the glenohumeral joint is a complex
structure, and stability is influenced by multiple factors, including
the integrity of other structures like the rotator cuff muscles and
joint capsule.

Surgical treatment options

In the management of MRCTs, two common approaches for
dealing with the LHBT are biceps tenotomy or tenodesis.”> More
recently, there have been emerging techniques that integrate the
biceps into MRCT repair constructs.

Tenotomy and tenodesis

Biceps tenotomy is a simpler procedure that involves complete
cutting or division of the LHBT (Fig. 1).>* The tendon is completely
detached from its origin and allowed to retract into the arm away
from the shoulder joint. Biceps tenotomy is considered when pre-
serving the tendon is not a priority or when it is significantly
degenerated or damaged. However, a cosmetic deformity known as
a “Popeye deformity,” characterized by a visible bulge in the upper
arm due to the retracted biceps muscle, is frequently post-
operatively. Conversely, biceps tenodesis is a surgical procedure
that involves detaching the LHBT from its origin and reattaching the
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Figure 1 Arthroscopic view of a right shoulder through a 70° arthroscope via the
posterior portal in a patient in the lateral decubitus position showing tenotomy of the
long head of biceps tendon using a scissor. BT, biceps tendon.

tendon to a stable location on the humerus during RCR (Fig. 2).>3
The goal is to stabilize the biceps tendon, and maintain cosmesis
and perhaps function.

The clinical observation that LHBT spontaneous rupture could
alleviate pain in MRCTs led Walch et al°? to introduce arthroscopic
tenotomy in a series of 307 patients as a simple, palliative, and
reproducible measure. However, their study included 38% of pa-
tients with preoperative shoulder osteoarthritis, raising questions
about the extent to which tenotomy addressed rotator cuff pain,
arthritis pain or both. Furthermore, patients with MRCTs and a high
grade of fatty infiltration presented worse postoperative outcomes,
indicating that fatty infiltration of the rotator cuff negatively in-
fluences the results of arthroscopic biceps tenotomy, similar to its
effect on RCR. It is important to note that while the authors did not
speculate on the mechanisms, they reported that the procedure
was effective for a selected group of MRCTs.>? Isolated biceps
tenotomy is considered for older patients with MRCTs seeking pain
relief without requiring postoperative rehabilitation.”#%4352
Conversely, biceps tenodesis is undertaken among young, moder-
ately active patients or in those concerned about the potential
cosmetic deformity associated with tenotomy.>>

Postoperatively, both biceps tenotomy and tenodesis have been
found to significantly reduce pain and improve function.'>?? Zhang
et al’® conducted a randomized control trial comparing clinical
outcomes in patients at least 55 year old undergoing tenotomy (n =
77) or tenodesis (n = 74) with concomitant arthroscopic RCR. They
found no significant differences in terms of Constant Scores (CS),
forearm supination and elbow flexion strength, Popeye deformity,
Visual Analog Scale (VAS) for pain, and satisfaction when
comparing both procedures at an average 24-month follow-up.
However, they reported a shorter surgical time (40.4 + 4.0 vs.
50.4 + 5.9 min; P < .001) and faster pain relief in the tenotomy
group at the 2-week postoperative mark (VAS, 3.1 + 1.8 vs. 4.8 + 1.9;
P < .001). Alternatively, Belay et al® descriptively reported in their
randomized controlled trial of 34 patients (tenotomy, n = 20;
tenodesis, n = 14) a lower VAS pain score at 3 months (2.6 + 2.1 vs.
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Figure 2 Schematic of a biceps tenodesis high in the bicipital groove performed using an inlay technique. The interference screw and the biceps tendon, which is whipstiched past the
length of the screw, are placed inside the bone socket as shown in the enlarged figure on the right. Obtained with permission from: Haidamous G, Noyes MP, Denard PJ. Arthroscopic
Biceps Tenodesis Outcomes: A Comparison of Inlay and Onlay Techniques. Am ] Sports Med. 2020 Oct;48(12):3051-3056. https://doi.org/10.1177/0363546520952357.

4.5 + 2.2). These findings may reflect that tenotomy is less chal-
lenging and provides faster pain relief despite being historically
linked to a higher incidence of cosmetic deformity than tenodesis.

Although the most commonly reported complication with
tenotomy is the Popeye deformity, with an incidence as high as 70%,
other setbacks include loss of the LHBT ability to stabilize the hu-
meral head and sudden onset cramping pain.” Conversely, tenod-
esis involves tendon-to-tendon suturing leading to neutralization
of opposite traction forces, thus reducing the risk of cosmetic
deformity and superior humeral head translation.>> Despite these
advantages, some complications, such as bicipital groove pain and
stiffness, are more prevalent with tenodesis.>* Taking care not to
over-tense the LHBT can help prevent bicipital groove pain.> In this
regard, tenodesis requires longer operative time and postoperative
rehabilitation compared to tenotomy in the isolated setting.'"®
Tenodesis can be performed at different anatomical sites along
the LHBT, requiring either an arthroscopic or open approach.>
Proximally, an all-arthroscopic technique can be utilized, while
distally, an open approach is necessary.>> Proximal fixation includes
Zone 1 (within the bicipital groove or integrated into the RCR) and
Zone 2, at the suprapectoral region.>*>>° Distal fixation is achieved
through an open approach at the subpectoral level of the tendon.>’
Arthroscopic tenodesis is often preferred, particularly when addi-
tional arthroscopic shoulder procedures are performed. Open
tenodesis may be more suitable for cases where biceps pathology is
too distal to be addressed arthroscopically, such as tendon lesions
at or beyond the proximal edge of the pectoralis major, or for
persistent pain following a previous biceps tenotomy or proximal
tenodesis.”> Despite the lack of clinically significant differences
between these two techniques, in the context of an arthroscopic
repair of MRCT,?>3>35% 3 biceps tenodesis can be accomplished
more efficiently with an arthroscopic approach rather than by
performing a separate incision for distal fixation.

Augmentation
Biceps augmentation involves incorporating the LHBT into the

RCR construct. The rationale behind this technique is to utilize
LHBT’s biological profile to augment the repair and enhance the
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construct’s biomechanical properties. Colbath et al'* studied the
ability of endogenous tenocytes derived from the LHBT scaffold to
promote tenogenic differentiation of human adipose-derived
mesenchymal stromal cells (ADMSCs). Tenocytes derived from
the LHBT scaffold secreted growth factors that initiated ADMSC
differentiation to an immature tenocyte-like phenotype. This
immature phenotype demonstrated higher healing potential as
shown by an 8.7x increase in scleraxis and a 3.6x in collagen
type III messenger RNA expression compared to undifferentiated
ADMSCs.

LHBT augmentation has gained popularity in recent years.*’
Initially, biceps tenotomy or tenodesis was performed concomi-
tantly with RCR. However, as the biological benefits have surfaced,
more surgeons have integrated the LHBT to their repair con-
structs.®>? In MRCTs, the LHBT can serve as an augmentation patch
(Fig. 3) or can be sutured directly to the rotator cuff defect (Fig. 4).
Early reports of biceps augmentation were described by Neviaser*?
in 1971, where the LHBT tendon was cut proximally adjacent to the
supraglenoid tuberosity and distally at the upper level of the
bicipital groove. Subsequently, the intraarticular tendon segment
was longitudinally sectioned to provide sufficient width to cover
the humeral head, effectively using the LHBT as a patch. In another
technique for biceps augmentation in MRCTs Ji et al’’ left the
LHBT's proximal insertion intact, and the tendon was incorporated
into the defect area to provide additional resistance to suture cut
out and enhance humeral head stability. Additional advantages
include avoiding the potential risks associated with autograft and
allografts, such as donor site morbidity and immune reactions, and
increased cost.> Despite the benefits of biceps augmentation, the
biceps is not always present in the setting of a MRCT. Additionally,
the potential as a graft source may be limited by tendon quality.*?

Studies have demonstrated that RCR with biceps augmentation
generally leads to improvements in muscle strength and functional
outcomes.>'> Rhee et al*’ reported significant improvement in
functional outcomes in 31 cases undergoing open and arthroscopic
RCR with LHBT augmentation in terms of VAS (A 1.75; P < .001),
University of California Los Angeles score (A 18.6; P < .001), CS
(A 33.4; P<.001), and Simple Shoulder Test (A 6; P <.001). Patients
improved significantly in FF (A 36°; P < .001), external rotation
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Figure 3 Illustration of the LHBT preparation. (A) A 27 mm long segment of the LHBT is centered in the compression tray (Biceps Compression Tray; Arthrex Inc.). (B) The trays are
placed into the device while holding compression between the minimum and maximum values (Modular Glenoid System; Arthrex Inc.). (C) Compressed biceps patch. LHBT, long
head of the biceps tendon. Obtained with permission from: Denard PJ, Ardebol ], Pasqualini I, Horinek JL, Dines ], Tokish JM. Compressed autograft biceps tendon augmentation of
subscapularis repair following shoulder arthroplasty. JSES Rev Rep Tech. 2022 Aug 24;2(4):535-538. https://doi.org/10.1016/j.xrrt.2022.08.002.

PSCR with BT

Figure 4 Arthroscopic steps: (A-C) GT preparation and anchor placement. (D-F) LHBT tenodesis. (G1-G3) LHBT tenotomy. (H and I) Rotator cuff repair including LHBT. (J) Intra-
articular view of SCR. BT, biceps tendon; GT, greater tuberosity; IS, infraspinatus; SCR, superior capsular reconstruction; SS, supraspinatus; LHBT, long head of the biceps tendon.
Obtained with permission from: Llinds PJ, Bailie DS, Sanchez DA, Chica ], Londono JF, Herrera GA. Partial Superior Capsular Reconstruction to Augment Arthroscopic Repair of
Massive Rotator Cuff Tears Using Autogenous Biceps Tendon: Effect on Retear Rate. Am ] Sports Med. 2022 Sep;50(11):3064-3072. https://doi.org/10.1177/03635465221112659.

(A 9°; P=.046), and abduction (A 34°; P < .001), but not in internal
rotation (L1 to T10; P = .09). Complete healing was achieved in
64.3% of cases as determined using postoperative magnetic reso-
nance images at the 32-month follow-up. Similarly, Jeong et al*°
reported significant improvement in VAS, Simple Shoulder Test,
CS, and range of motion (except external rotation) in their retro-
spective case series of 107 patients. At the 3-year follow-up,
radiographs and magnetic resonance image showed a significant
increase in the AHI (8.6-9.3 mm; P < .05) and a 79% healing rate,
respectively. In a comparative study, Llins et al*® compared clinical
outcomes after arthroscopic RCR (n = 50 patients) to arthroscopic
RCR with LHBT augmentation (n = 56). They showed significantly
greater postoperative clinical improvement (American Shoulder
and Elbow Surgeons score [ASES] 77 vs. 71, P < .01; VAS 1.6 vs. 2.1,
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P < .01) and healing (86% vs. 54%; P < .01) evaluated by ultrasound
in the augmentation group at the 2-year follow-up.

While biceps augmentation offers potential benefits, there are
considerations to be aware of. One important consideration is the
increased complexity of the procedure, which may require addi-
tional surgical skills and expertise. Furthermore, the long-term
effects and durability of biceps augmentation are still being stud-
ied, and further research is needed to fully understand its impact on
long-term outcomes.

Superior capsular reconstruction

Superior capsule reconstruction was initially introduced by
Mihata et al®® for patients with irreparable MRCTs using fascia lata
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autograft. However, to avoid donor site morbidity, Chillemi et al'?
suggested using the LHBT. In their technique, the biceps tendon
was tenotomized distally, and anchors were positioned anteriorly
and posteriorly for lateral row fixation, thus providing a partial
reconstruction of the superior capsule. BiSCR is suitable for MRCTs
in young patients without arthritis, with fatty infiltration grade 3 or
higher, and grade 4 retraction of the SS or infraspinatus tendons.’
However, like augmentation, BiSCR required sufficient tendon
quality. 293039

Multiple studies have shown promising clinical outcomes with
BiSCR.>6-? In their retrospective review, Barth et al*° found sig-
nificant improvement in VAS (A 3.8; P <.001) and ASES (A 35; P <
.001) in the BiSCR cohort of 24 patients. When comparing BiSCR to
double-row (DR) repair or transosseous (TOE) repair plus patch,
they found significantly higher postoperative strength (BiSCR 6.4
vs. TOE 4.7 vs. DR 4.0 kg; P =.006) and healing in the BiSCR cohort
(BiSCR 92% vs. DR 61% vs. TOE 57%). In a retrospective review of 26
patients comparing superior capsule reconstruction with fascia lata
to BiSCR, Kocaoglu et al’! reported that both groups improved
comparably and significantly in ASES and VAS, with similar retear
rates (21% vs. 17%; P > .05). They concluded LHBT use may offer
similar improvement without the need for graft harvesting.
Regardless of these positive outcomes, studies have consistently
highlighted the importance of not over tensioning the LHBT at the
proximal stump since it may generate persistent pain and
compromise muscle strength for up to six months post-
operatively.’®>° The tension on the proximal stump is influenced
by suture placement and arm position, and when performed
correctly, the procedure provides an effective downward vector
that minimizes superior head migration.>!'® Nevertheless, auto-
grafts have fewer complications and revisions compared to allo-
grafts or xenografts.>?

Conclusion

Having a comprehensive understanding of the available tech-
niques for managing the LHBT during arthroscopic RCR of MRCTs is
essential. Tenotomy is generally considered for older, less active
patients, whereas tenodesis may be preferred for patients who
desire a better cosmetic outcome and for those with higher activity
levels requiring repetitive and forceful elbow flexion and forearm
supination. In cases with repairable MRCTs and an intact LHBT,
augmentation may be considered, while BiSCR presents as an op-
tion in irreparable tears. When present as a graft source, the LHBT
represents a cost-effective choice with lower graft site morbidity
compared to allografts. Nevertheless, both procedures require
careful consideration of contraindications and surgical skill. In
appropriately chosen patients, all available treatment options have
demonstrated enhanced functional and healing outcomes.
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