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Subpectoral Biceps Tenodesis
David M. Levy, MD, Zachary I. Meyer, MD, Kirk A. Campbell, MD, and Bernard R. Bach Jr, MD

T endinopathy of the long head of the biceps brachii 
(LHB) is a common source of anterior shoulder pain. 
The LHB tendon is an intra-articular yet extrasynovial 

structure, ensheathed by the synovial lining of the articular 
capsule.1 Branches of the anterior circumflex humeral artery 
course along the bicipital groove, but the gliding undersurface 
of the LHB remains avascular.2 Tendon irritation is most com-
mon within the groove and usually produces “tendinosis,” 
characterized by collagen fiber atrophy, fibrinoid necrosis, and 
fibrocyte proliferation.1 Neviaser and colleagues3 correlated 
such changes in the LHB tendon with rotator cuff pathology, 
as the 2 often coexist. Primary LHB tendinitis is less common 
and associated with younger patients who engage in overhead 
activities, such as baseball and volleyball.4

Nonoperative management, which is trialed initially, con-
sists of rest, use of nonsteroidal anti-inflammatory drugs, 
and physical therapy. Corticosteroid injections are adminis-
tered through the subacromial space or glenohumeral joint, 
which is continuous with the LHB sheath. Some physicians 
give ultrasound-guided injections into the LHB sheath. For 
fear of tendon atrophy from corticosteroid injections, some 

physicians prefer iontophoresis with a topical steroid over the 
bicipital groove. If conservative measures fail, the physician 
can choose from 2 primary surgical options: biceps tenotomy 
and tenodesis. Tenodesis can be performed within the groove 
(suprapectoral) or subpectoral. In this review, we highlight 5 
key features of subpectoral biceps tenodesis to guide treatment 
and improve outcomes.

Examination and Indications
Management of LHB tendinopathy begins with a complete 
physical examination. Tenderness over the bicipital groove is 
the most consistent finding, but this region may be difficult 
to localize in large individuals. The arm should be internally 
rotated 10° to orient the groove anterior and palpated 7 cm 
below the acromion.5 Anterior shoulder pain after resisted 
elevation with the elbow extended and supinated represents a 
positive Speed test. A positive Yergason test produces pain with 
resisted forearm supination while the elbow is flexed to 90°.

Evaluation of biceps instability is important in deciding 
which type of management (operative or nonoperative) is 
appropriate for a patient. Medial biceps subluxation may be 
detected by bringing the flexed arm from abduction, external 
rotation into cross-body adduction, internal rotation with de-
creased arm flexion.6 Another maneuver that elicits biceps irri-
tation is combined abduction–extension, which places tension 
on the biceps tendon. Similarly, coracoid impingement may 
disrupt the subscapularis roof of the biceps sheath and cause 
LHB instability. Dines and colleagues7 reproduced the painful 
clicking of coracoid impingement by placing the shoulder in 
forward elevation, internal rotation, and varying degrees of 
adduction. Belly-press, lift-off, and internal rotation strength 
are other tests that assess subscapularis integrity. Rotator cuff 
impingement signs should be evaluated, and the contralateral 
shoulder should be examined for comparison.

Plain radiographs may show a pathology, such as anterior 
acromial spurring or posterior overgrowth of the coracoid, for 
which surgery is more suited. T2-weighted magnetic resonance 
imaging (MRI) may show an increased LHB signal, but this has 
shown poor concordance with arthroscopic findings of biceps 
pathology.8 Magnetic resonance arthrography can better detect 
medial dislocation of the LHB tendon from subscapularis tears. 
Ultrasound is cost-effective but highly operator-dependent.

Indications for biceps tenotomy or tenodesis include failed 
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conservative management, partial-thickness LHB tears more 
than 25% to 50% in diameter, and medial subluxation of the LHB 
tendon with or without a subscapularis tear. Superior labrum 
anterior to posterior (SLAP) tears in older patients are a relative 
indication. Intraoperative findings may also indicate the need for 
LHB surgery. During the diagnostic arthroscopy, the LHB tendon 
should be evaluated for synovial inflammation or fraying (Fig-
ures 1A, 1B). This may need to be done under dry conditions, as 
pump pressure can compress and blunt the inflamed appearance. 
The O’Brien maneuver can be performed to demonstrate incar-
ceration of the LHB tendon within the anterior glenohumeral 
joint. A probe should be placed through an anterior portal to 
pull the intertubercular LHB tendon into view, as this region is 
most commonly inflamed (Figure 2). Probing of the tendon also 
allows assessment of the stability of the biceps sling.

Surgical Technique
When biceps surgery is indicated, the surgeon must choose 
between tenotomy and tenodesis. Tenotomy is a low-demand 
procedure indicated for low-demand patients. A “Popeye” 
deformity may occur in up to 62% of patients, but Boileau and 
colleagues9 reported that none of their patients were bothered 
by it. Another concern after tenotomy is fatigue-cramping of 
the biceps muscle belly. Kelly and colleagues10 reported that 
up to 40% of patients had soreness and decreased strength 
with elbow flexion. Such cramping is more common in pa-
tients under age 60 years. For these reasons, biceps tenotomy 
should be reserved for older, low-demand patients who are 
not concerned about cosmesis and less likely to comply with 
postoperative motion restrictions.2 We tend to perform te-
notomy in obese patients, who may have a Popeye deformity 
that is not detectable, and in patients with diabetes; the goal is 
to avoid a wound infection resulting from the close proximity 
of tenodesis incision and axilla.

Biceps tenodesis should preserve the length–tension rela-
tionship of the biceps muscle and maintain its normal con-
tour. Tenodesis location may be proximal or distal. Proximal 
fixation can be performed arthroscopically, and its advocates 
argue that keeping the LHB tendon within the bicipital groove 
preserves muscle strength. Boileau and Neyton11 found bi-
ceps strength to be 90% that of the contralateral arm after 
arthroscopic tenodesis. The bicipital groove, however, is lined 
with synovium and is a primary site of LHB pathology. Up to 
78% of intra-articular biceps tears extend through the groove 
outside the joint.12 Proximal tenodesis thus retains a major 
pain generator. In a retrospective study of 188 patients, Sand-
ers and colleagues13,14 found a 36% revision rate after proximal 
arthroscopic tenodesis and a 13% rate after proximal open 

Figure 1. (A) Arthroscopic image of fraying long head of biceps 
brachii (LHB) tendon. Patient also had medial biceps subluxation, 
caused in large part by partial avulsion injury of subscapularis 
tendon, best visualized (B) after LHB tenotomy.
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Figure 2. Arthroscopic image of probe of long head of biceps bra-
chii tendon to reveal synovial inflammation at tendon origin and its 
intertubercular portion.
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tenodesis with an intact biceps sheath—significantly lower than 
the 3% after distal tenodesis outside the bicipital groove.1

For this reason, we advocate distal biceps tenodesis be-
neath the pectoralis major tendon. After tenotomy with an 
arthroscopic basket (Figure 3), the LHB tendon is retracted 
out of the glenohumeral joint by extending the elbow. For the 
mini-open incision, the head of the bed is lowered from the 
beach-chair position to 30°. The arm is abducted on a Mayo 
stand, and the inferior border of the pectoralis major tendon 
is palpated. A 3-cm vertical incision is made along the medial 

arm starting 1 cm superior to the inferior pectoralis edge. The 
subcutaneous tissues are mobilized, and dissection is carried 
down to the pectoralis major and coracobrachialis tendons. 
Visualization of the cephalic vein indicates that the exposure 
is too far lateral. The horizontal fibers of the pectoralis major 
are identified, and a small incision through the inferior over-
lying fascia is directed laterally and then distally in line with 
the long axis of the humerus. Digital palpation helps identify 
the anterior humerus and fusiform LHB tendon running verti-
cally within the intertubercular groove (Figure 4). Cephalad 
retraction of the pectoralis major allows direct visualization 
of the LHB tendon. A right-angle clamp is positioned deep to 
the LHB tendon and directed medial to lateral to retrieve the 
LHB tendon out of the incision.

No. 2 looped Fiberwire (Arthrex) is then whip-stitched 
from the top of the myotendinous junction up 20 mm  
(Figure 5). The remaining 2 to 3 cm of LHB tendon proximal 
to the whip-stitching may be excised to remove inflamma-
tory tissue. The pectoralis major is retracted superiorly with 
an Army-Navy retractor while a pointed Hohmann retractor 
is placed laterally. Medial retraction of the conjoined tendon 
should be done carefully with a Chandler elevator and mini-
mal levering. In a cadaveric study, Dickens and colleagues15 
found that the musculocutaneous nerve, radial nerve, and deep 
brachial artery were all within 1 cm of the standard medial 
retractor. Compared with internal rotation of the arm, external 
rotation moves the musculocutaneous nerve 11 mm farther 
from the tenodesis site.15

Once exposure is adequate, the appropriate length–tension 
of the LHB tendon must be established. The inferior edge of 
the pectoralis major is used as a landmark. Anatomical studies 
have shown that the top of the LHB myotendinous junction 
lies 20 to 31 mm proximal to the inferior pectoralis edge.16,17 
Therefore, the tenodesis site should be 2 to 3 cm superior to 

Figure 4. Small incision in fascia just inferior to pectoralis major 
tendon, followed by digital palpation, should reveal long head 
of biceps brachii tendon running vertically within intertubercular 
groove.

Figure 5. Looped FiberWire (Arthrex) whip-stitched from top of 
myotendinous junction up 15 mm.

Figure 3. Arthroscopic image of tenotomy of long head of biceps 
brachii tendon.
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the inferior pectoralis edge and centered on the humerus. 
Overall, the subpectoral location offers unique landmarks for 
LHB length-tensioning and provides soft-tissue coverage of 
the tenodesis site.

After identification of the appropriate tenodesis site, the 
surgeon chooses from a variety of fixation techniques. The 
“bone-tunnel technique” involves drilling an 8-mm unicorti-
cal hole through the anterior humerus followed by 2 smaller 
suture tunnels inferior to it; the LHB tendon with Krackow 
stitches is passed retrograde through the large hole by pull-
ing the sutures through the smaller tunnels and tying them 
down.18 Despite the ease of performing this type of fixation, 
Mazzocca and colleagues19 found more cyclic displacement 
with bone tunnels than with interference screws and suture 
anchors. Other, less common techniques include the keyhole 
method (passing a rolled knot of LHB tendon through a keyhole 
in the bone)20 and soft-tissue tenodesis to the rotator interval or 
conjoined tendon.21,22 Recently, however, attention has turned 
mostly to interference screw and suture anchor fixation.

Multiple laboratory studies have demonstrated the superi-
ority of interference screw fixation. Kilicoglu and colleagues23 
and Ozalay and colleagues24 evaluated various fixation types 
in a sheep model, and both groups found the highest loads 
to failure with interference screws. Patzer and colleagues25 
compared interference screws and knotless suture anchors in 
a human cadaveric study and noted significantly higher failure 
loads with interference screws. Some authors26,27 have pre-
sented conflicting laboratory data, and Millett and colleagues28 
reported no difference in clinical outcomes between interfer-
ence screws and suture anchors. However, these studies have 
not demonstrated inferiority of interference screws, and, in 
light of other evidence suggesting its biomechanical superior-
ity, we prefer interference screw fixation.19,23-25,29

Exposing the bony surface for fixation involves electro-
cautery and subsequent use of a periosteal elevator to reflect a 
1-cm periosteal window. A guide wire is drilled unicortically 
through the anterior cortex at the tenodesis site and is over-
reamed with an 8-mm cannulated reamer (Figure 6). This tun-
nel is then tapped, and bone debris is irrigated and suctioned 
from the wound. Cadaveric studies have shown no difference 
in failure loads with varying screw lengths or diameters.29,30 
We use an 8×12-mm BioTenodesis screw (Arthrex) to match 
the typical width of the LHB tendon (Figures 7A-7C). One 
suture limb from the tendon whip-stitch is passed through the 
BioTenodesis screw and screwdriver. An assistant then uses a 
right-angle clamp as a pulley on the tendon so that the tendon 
may be visualized and “dunked” into the tunnel under direct 
visualization. As the screw is inserted, axial pressure is applied 
and the insertion paddle firmly held. Care should be taken to 
avoid overtightening the screw lest it become intramedullary. 
After the screw is flush to bone, the 2 whip-stitch suture limbs 
are tied for additional fixation.

Postoperative Rehabilitation
The optimal postoperative protocol for subpectoral biceps 
tenodesis has not been rigorously studied and is guided by 

the procedures performed with the biceps tenodesis. For the 
immediate postoperative period, Provencher and colleagues5 
and Mazzocca and colleagues31 recommended immobilization 
in a sling during sleep and during the day if the patient is out 
in public or having difficulty maintaining the elbow flexed 
passively.

For isolated biceps tenodesis cases, passive- and active-
assisted range of motion (ROM) of the glenohumeral, elbow, 
and wrist joints are permitted during the initial 4 weeks. At 3 
weeks, the sling is discontinued and active ROM permitted. At 
6 weeks, strengthening of the biceps, rotator cuff, deltoid, and 
periscapular muscles may begin with isometric contractions 
and progress to elastic bands and handheld weights. The same 
protocol is used if acromioplasty is performed at time of teno-
desis. These patients may progress to active-assisted and active 
ROM earlier than 4 weeks if advised of the risks. However, 
sustained isometric biceps contraction, biceps strengthening, 
and resisted supination should not be performed until 6 weeks 
after surgery. If rotator cuff repair is performed, the patient is 
immobilized in a sling and passive ROM of the glenohumeral, 
elbow, and wrist joints is permitted during the first 6 weeks. 
The patient may progress to active-assisted and active ROM 
over the next 6 weeks, after motion is restored but before for-
mal strengthening is initiated.32 For overhead athletes, Werner 
and colleagues33 advocated a throwing program starting 3 to 
4 months after surgery.

Outcomes and Complications
Mini-open subpectoral biceps tenodesis is a safe, reliable, and 
effective treatment for LHB tendon pathology. This procedure 
provides excellent pain relief and functional outcomes32,34,35 
and has a low complication rate.5,35-40 At a mean of 29 months 
after biceps tenodesis with an interference screw, Mazzocca 

Figure 6. Unicortical drill hole 2 to 3 cm superior to inferior pecto-
ralis edge and centered on humerus.
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and colleagues32 found statistically significant improvements on 
all clinical outcome measures: Rowe, American Shoulder and 
Elbow Surgeons (ASES), Simple Shoulder Test (SST), Constant-
Murley, and Single Assessment Numeric Evaluation (SANE). 
Biceps symmetry was restored in 35 of 41 patients. Millett and 
colleagues28 reported that subpectoral biceps tenodesis relieved 
pain and improved function as measured by visual analog scale 
pain, ASES scores, and abbreviated Constant scores. Werner 
and colleagues34 compared open subpectoral and arthroscopic 
suprapectoral techniques and found excellent clinical and func-
tional outcomes with both techniques at a mean of 3.1 years. 
There were no significant differences in ROM, strength, or 
clinical outcome scores between the 2 techniques.

Potential complications include hematoma, seroma, hard-
ware failure, reaction to biodegradable screw, persistent ante-
rior shoulder pain, stiffness, humeral fracture, reflex sympa-
thetic dystrophy, infection, nerve injury, and brachial artery 
injury. The musculocutaneous nerve can be lacerated during 
screw placement or even avulsed if the surgeon attempts to 
retrieve the LHB tendon blindly.41 In the most comprehen-
sive study of tenodesis complications, Nho and colleagues35 
recorded a 2% complication rate in 353 patients over 3 years. 
Persistent bicipital pain and fixation failure causing a Popeye 
deformity were the 2 most common complications (0.57% 
each). In a study of 103 patients, Abtahi and colleagues39 found 
a 7% complication rate, with 4 superficial wound infections 
and 2 temporary nerve palsies. Millett and colleagues28 re-
ported low complication rates with both interference screw 
and suture anchor fixation. Neither technique had a fixation 
failure, and persistent bicipital groove tenderness occurred 
in just 3% of patients after interference screw fixation and in 
7% after suture anchor fixation. Mazzocca and colleagues32 
documented 1 fixation failure (2%) 1 year after interference 
screw fixation.

Werner and colleagues34 encountered stiffness more than 
any other complication and found it to be more common in 
their arthroscopic group (9.4%) than in their open group 
(6.0%). They used intra-articular corticosteroid injections and 
physical therapy to successfully treat all cases of postoperative 
stiffness. Humeral fracture is uncommon after tenodesis.37,42 In 
a recent biomechanical study, however, Euler and colleagues40 
found a significant reduction (25%) in humeral strength af-
ter a laterally eccentric, malpositioned biceps tenodesis. This 
decreased osseous strength may increase susceptibility to hu-
meral shaft fracture, especially when interference screw fixa-
tion is used. Sears and colleagues37 and Dein and colleagues42 
presented case reports of humeral fracture after biceps teno-
desis with an interference screw.

For patients with fixation failure or continued anterior 
shoulder pain, revision biceps tenodesis is safe and effec-
tive. Heckman and colleagues43 and Gregory and colleagues44 
showed revision tenodesis can lead to excellent pain relief and 
functional outcomes, for it allows complete removal of the 
biceps from the groove and preserves biceps function. Gregory 
and colleagues44 revised subpectoral biceps tenodesis for ei-
ther continued pain or fixation failure and found significant 

Figure 7. (A) Limb from whip-stitch fed through 8×12-mm BioTe-
nodesis screw and screwdriver (Arthrex). (B) Screw placed firmly 
against tendon surface while tension is held on suture limb within 
screwdriver. (C) Screw then placed in predrilled hole to seat ten-
don in its tenodesis site.
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improvements in pain and function a mean of 33.4 months 
after surgery. Anthony and colleagues45 performed biceps te-
nodesis for failed surgical tenotomies and autorupture of the 
LHB tendon. In their study of 11 patients, this surgery resulted 
in symptom improvement, patient satisfaction, resolution of 
Popeye deformity, and predictable return to activity.

Conclusion
LHB tendon pathology is a significant source of anterior shoul-
der pain and functional limitation. Diagnosis and treatment of 
this pathology can be challenging, and it is important to iden-
tify any concomitant pathologies or other pain sources. After 
failed nonoperative management, surgeons have the option of 
mini-open subpectoral biceps tenodesis—a safe, reliable, and 
effective treatment with excellent outcomes. Although multiple 
fixation options are available, we think that, based on the cur-
rent literature, fixation with a bioabsorbable interference screw 
remains the best option. This procedure has demonstrated 
efficacy for revision biceps tenodesis, failed biceps tenotomy, 
and autorupture of the biceps.
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