


active compression of the biceps tendon in the bicipital
groove, Speed test, O’Brien test, and Yergason test. As
LHB instability is often associated with tears of the
subscapularis, it is important to perform belly press
and lift-off testing. Finally, injection of anesthetics and/or
corticosteroids into the bicipital groove can be diagnostic
and therapeutic for biceps pain.

IMAGING
Radiologic studies begin with plain radiographs,

which are usually normal. Additional studies may include
ultrasound, magnetic resonance imaging, and magnetic
resonance arthrogram which may be negative in more
than 30% of cases.15 Magnetic resonance imaging may be
helpful in that it can show commonly associated shoulder
pathology, such as SLAP tears. Ultrasound is inexpensive
and noninvasive and has the advantage of dynamic cor-
relation with physical examination. However, ultrasound
can be highly technician-dependant and is unreliable for
partial thickness tears and problems within the joint.16

Tears of the subscapularis tendon insertion on the lesser
tuberosity are commonly encountered in the setting of a
dislocated LHB (ubiquitously medially).

NONOPERATIVE MANAGEMENT
Initial treatment of LHB pathology relies on rest

and activity modification, anti-inflammatories such as
nonsteroidal anti-inflammatory drugs, and ice packs. If
this initial management is not successful intra-articular,
subacromial, or bicipital groove injections may be used.
Therapy modalities such as friction massage, iontophor-
esis, and phonophoresis may also be attempted. Physical
therapy for strengthening and range of motion should
also address any associated shoulder pathology.

SURGICAL TREATMENT
Indications for surgical treatment vary among

authors, but generally agreed upon indications include
partial thickness LHB tear of greater than 25% to 50%
diameter, medial subluxation of the LHB tendon, and
LHB tendon subluxation associated with subscapularis
tear.6,11,17,18 In addition, tenodesis of the LHB should be
entertained in certain SLAP tears (type 4), for SLAP
repair failures and for chronic recalcitrant anterior
shoulder pain attributed to LHB tendonitis.

Recent evidence shows that elderly patients with
massive irreparable rotator cuff tears benefit from biceps
tenodesis or tenotomy.19 Pain relief and improvements in
range of motion have been seen, however, strength is not
improved.19 Boileau et al recommend biceps tenodesis or
tenotomy in elderly patients with irreparable rotator cuff
repairs with a painful loss of shoulder elevation, but
cautions against these procedures in the face of pseudo-
paralysis, radiographic evidence of glenohumeral arthritis
or humeral head collapse and necrosis.19

The optimal surgical procedure for treatment of
pathology of the LHB continues to be debated. In a
broad sense, options include tenotomy versus tenodesis.

Tenotomy is less commonly used given the ‘‘Popeye’’
deformity seen after tendon release.6,8,20 Additionally,
elbow flexion and forearm supination strength may be
decreased after tenotomy. With tenodesis, the length-
tension relationship of the biceps muscle can be main-
tained by establishing a new origin of biceps attachment
at a length that prevents muscle atrophy.3 For the
younger, relatively active patient, tenodesis represents a
successful and predictable alternative.

Recent debate pertaining to tenodesis has centered
on the location of fixation, and the method of fixation.
Tenodesis of the LHB can occur proximally7,17,18,21–24 or
distally.3,19,25 Clear superiority of proximal or distal
fixation has yet to be established. Proponents of distal
fixation note that by removing the LHB from the bicipital
groove, the potential for remaining pain generators due to
LHB tendonitis in the groove is eliminated.10,26 Results
recently presented by Sanders et al26 show that tenodesis
techniques that leave the biceps tendon in the groove have
a revision rate of 12%, compared with 2.7% for tenodesis
techniques distal to the biceps groove. These findings may
support the notion that leaving the biceps tendon and
its synovium in the groove may be a source of continued
pain, and tenodesis failure.

Proximal fixation sites are within the glenohumeral
joint to the intact rotator cuff,27 to the conjoint tendon,28

or just proximal to or within the bicipital groove.17,18,20–24

These techniques can typically be carried out via an
entirely arthroscopic technique. Distal fixation takes
place near the musculotendinous junction, near the
inferior border of the pectoralis major tendon. Several
fixation techniques have been described for both proximal
and distal fixation which include bone tunnels,10 inter-
ference screws,3,9–12,17,18,21–23,29 suture anchors,9–12,20

bony keyholes,11 long head to short head (or conjoint
tendon) biceps side-to-side tenodesis,24 and suturing to
a decorticated bed of bone in or adjacent to the bicipital
groove.24

SUBPECTORAL BICEPS TENODESIS—OVERVIEW
In subpectoral biceps tenodesis, the LHB tendon is

marked arthroscopically and tenotomized at its origin.
The more distal aspect of the tendon is then identified via
a miniopen subpectoral approach. Tenodesis is performed
with a bioabsorbable interference screw, just distal to the
bicipital groove and deep to the pectoralis major tendon
(Fig. 1).

Although debate continues over which location and
type of fixation is optimal, there is growing evidence to
show that subpectoral biceps tenodesis with a bioabsorb-
able interference screw offers advantages over other
techniques.3,10 First, with subpectoral biceps tenodesis,
there is no violation of muscle tendon units and the
relevant anatomy is clearly identified and preserved. This
allows for consistent reproduction of the length-tension
relationship of the proximal LHB tendon. Second, this
technique removes the tendon from the bicipital groove.
This region is lined with synovium and is a possible
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source of continued pain. Removal of the tendon from
the groove reliably eliminates this site as a source of
potential pain. In addition, the subpectoral tenodesis
allows the majority of the tendon and the associated
tenosynovium to be almost completely removed from the
shoulder. Finally, subpectoral biceps tenodesis offers bio-
mechanical advantages of both interference screw fixation
and suture anchor construction.3

SUBPECTORAL BICEPS TENODESIS—
SURGICAL TECHNIQUE

The patient is placed into the beach chair position.
After induction of anesthesia, an examination under
anesthesia is performed on both extremities. Any
abnormal translation or losses of motion should be
noted. Diagnostic arthroscopy is performed first, begin-
ning with a standard posterior portal. The biceps tendon
is initially evaluated with no pump pressure (‘‘dry’’),
because the fluid pressure can cause compression of the
many vessels in the inflamed synovium, resulting in a
‘‘washed out’’ appearance,3 and a lack of appreciation of
potential inflammation of the tendon as it is retracted into
the joint.

The rotator interval (the space between the supra-
spinatus and subscapularis) is then identified and a
standard anterior portal is made via inside-out or
outside-in methods. To evaluate the LHB tendon’s
mobility and any structural lesions, a probe is placed in
the anterior portal and biceps tendon is pulled into the
glenohumeral joint. It is essential that the intertubercular
groove portion of the tendon is drawn into the joint, as
this is where the majority of the pathology is located
(Fig. 2). In addition to the biceps tendon, the supraspinatus
and subscapularis tendons are evaluated. Fraying of the
biceps tendon is associated with pathology about 30% to
50% of the time.2 The biceps tenotomy is then performed
through the anterior portal using the arthroscopic cutting

instrument or the thermal ablator. The tenotomy is
performed at the level of the superior labrum, and the
labrum is trimmed until it is confluent with the remaining
labral tissue. A stable base is fashioned by debridement
of the proximal portion of the tendon with a shaver.
A#1-polydioxanone (PDS, Ethicon, Somerville, NJ)
suture inserted through a spinal needle can be used to
mark the end of the tendon, but is not required.

Attention is then turned to the subpectoral
approach. The arm is abducted and internally rotated,
and the inferior border of the pectoralis major tendon is
palpated. The incision is made on the medial aspect of the

FIGURE 1. Important anatomic landmarks are shown. The
distal portion of the long head of the biceps brachii tendon is
located at the inferior border of the pectoralis major tendon.

FIGURE 2. Diseased biceps tendon in the bicipital groove.

FIGURE 3. The subpectoral biceps tenodesis incision. The
incision begins 1 cm superior to the inferior border of
the pectoralis major tendon, and continues 2 cm below the
inferior border.
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arm, and begins 1 cm superior to the inferior border of the
pectoralis tendon, and continues 2 cm below the inferior
border (Fig. 3). If the surgeon is familiar and comfortable
with the anatomy, the incision may be placed in the axilla
for cosmesis if so desired. In this approach, the dissection
must be taken straight down to the humerus to avoid the
medial neurovascular structures. For additional subcuta-
neous hemostasis and perioperative analgesia, local
anesthetic with epinephrine can be injected. Dissection
is carried out sharply through the subcuticular tissue with
a scalpel, and electrocautery is used for hemostasis. A
Gelpy or Wheatlander self-retaining retractor can aid in
visualization. The biceps is identified after the fascia and
fatty tissue overlying the pectoralis major, coracobra-
chialis, and biceps are cleared. Dissection that is too
lateral may result in lack of visualization of these land-
marks. Visualization of the cephalic vein in the delto-
pectoral groove indicates that the dissection is too
proximal and too lateral. Care should be taken to avoid
excessive medial exposure to prevent injury to the neuro-
vascular structures. A direct approach down to the
humerus directly under the inferior border of the
pectoralis major insertion avoid errant dissection planes.

After identifying the inferior border of the pector-
alis major, the fascia overlying the coracobrachialis and
biceps is incised in a proximal to distal fashion. The fibers
of the pectoralis muscle will be horizontal, and it is
important to keep the dissection below this level. Upon
deep palpation of the anterior humerus with blunt finger
dissection a longitudinal, fusiform structure will be
identified under the inferior border of the pectoralis
muscle—this is the biceps tendon. The pectoralis muscle is
then retracted proximally and laterally with a pointed
Hohmann retractor placed onto the proximal humerus.
The coracobrachialis and short head of the biceps are
gently retracted with a blunt Chandler retractor placed on
the medial aspect of the humerus. Care should be taken to
avoid vigorous retraction medially, to avoid injury to the
musculocutaneous nerve.

After identification of the biceps tendon, a right
angle clamp is placed deep to it and the tendon is
delivered into the wound; approximately 6 to 7 cm of
tendon will be easily brought out of the wound (Fig. 4).
With an elevator device, a rectangle of periosteum
roughly 2� 1 cm is then reflected at a point 1 cm proximal
to the pectoralis major tendon. The musculotendinous
junction (ie, the most proximal muscle fibers) of the LHB
should lie at the inferior border of the pectoralis major
tendon insertion. To maintain the correct length-tension
relationship for the tenodesis, the LHB is cut 20mm
proximally to the musculotendinous junction to accom-
modate a bony tunnel and place the musculotendinous
junction at the inferior border of the pectoralis major.

There are a variety of available fixation techniques
to accomplish the tenodesis. Fixation may be accom-
plished with a bone tunnel technique with suture fixa-
tion. This relies on making 3 bone holes, tunneling of
the tendon through the superior hole and securing the
tenodesis with sutures through 2 remaining inferior

holes.10,11 Suture sling fixation is similar in that non-
absorbable sutures are used to secure the tendon after it is
tunneled intracortically. The keyhole technique is another
fixation method, and makes a ball of the proximal portion
of the biceps tendon that is secured into a keyhole
fashioned in the cortex.11 Suture anchor fixation com-
monly relies on a double suture anchor construct for
securing the biceps tendon.9,10,12,21 Bioabsorbable inter-
ference screws may also be used to secure the biceps
tendon in a predrilled bone tunnel.

Biomechanical evidence9–11 has demonstrated that
the interference screw offers superior pullout strength
with both cyclic and maximum load to failure, and
decreased tendon excursion with cyclic loading when
compared with other fixation methods.

On the basis of biomechanical data, our preferred
LHB fixation technique is with an interference screw
(Biotenodesis Screw, Arthrex, Naples, FL) and is
performed with the technique described by Mazzocca
et al.3 A Krackow or whip-stitch is used to weave a No. 2
Fiberwire (Arthrex, Naples, FL) nonabsorbable suture
into the proximal 15mm of tendon (Fig. 5). The objective
is to place the musculotendinous junction in a resting
position in its exact location underneath the inferior
border of the pectoralis major tendon, thus maintaining

FIGURE 4. The biceps tendon is delivered into the wound.
The subpectoral biceps tenodesis removes the diseased
portion from the bicipital groove, thus eliminating this site
as a source of potential future pain.
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the proper length-tension relationship of the tendon. To
achieve this, adequate length of the tendon is secured
to ensure interference fixation within bone and to position
the musculotendinous portion of the biceps muscle
beneath the inferior border of the pectoralis major.

A 15mm deep bone tunnel is then fashioned with a
guidewire and 8mm reamer. The ideal location of the
guidewire is the center of the bicipital groove 1 cm
proximal to that of the inferior border of the pectoralis
major tendon. The depth of the bone tunnel should be
15mm. Once the bone debris has been removed from the
bone tunnel, one suture is placed through the Bio-
Tenodesis screwdriver and screw (8� 12mm) and one
suture is left out. The driver is then placed into the bone
tunnel and the screw is advanced over the tendon (Fig. 6).
Once the screw is flush with the bone tunnel, the
screwdriver is removed. The limb of suture that is next
to the tendon and screw is tied to the limb of suture that is
running through the screw (Fig. 7). The tendon is thus
secured by 2 fixation methods. The primary method is the
interference screw. The secondary fixation is accom-
plished by tying the suture to the bioabsorbable screw and
results in a suture anchor fixation.

After fixation, the musculotendinous junction
should be resting at its native anatomic position under

the pectoralis major tendon (Fig. 8). The wound is then
irrigated and closed with standard wound closure.

POSTOPERATIVE MANAGEMENT
Patients who underwent only a subpectoral LHB

tenotomy are placed in a sling during sleep for the first
3 weeks postoperatively. If patients are having difficulty
keeping the elbow flexed passively or if they are going into

FIGURE 5. A total of 15 to 20 mm of the long head of the
biceps brachii tendon is whip stitched just proximal to the
musculotendinous junction. The proximal tendon stump is
removed and 20 mm of tendon remain proximal to the
musculotendinous junction. This will preserve the length-
tension relationship in the unicortical humeral bone socket,
which is placed at the inferior border of the pectoralis major
tendon.

FIGURE 6. One suture is passed through the Bio-Tenodesis
driver (Arthrex, Naples, FL) and one suture is left out. The
driver is placed with the tendon into the hole.

FIGURE 7. The tendon is secured by 2 fixation methods.
Primary fixation is with the interference screw; secondary
fixation is accomplished by tying the suture to the screw to
create suture anchor fixation.
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public areas, then daytime use is encouraged. During this
time, the patient performs passive range of motion of the
glenohumeral joint, elbow, and wrist. Early progression
to active and active-assisted range of motion of all joints
should be performed by week 4. The sling is discontinued
completely by postoperative weeks 3 to 4. Patients are
counseled to avoid biceps contraction, strengthening, and
resisted supination for the first 5 to 6 postoperative weeks.

Typically the postoperative management is dictated
by additional procedures performed in conjunction with
subpectoral biceps tenodesis. With rotator cuff repair,
passive range of motion is indicated for the first 6 weeks,
followed by gradual progression from active-assisted
range of motion to active motion. Elbow range of motion
and grip strengthening can then progress without concern
for the biceps tenodesis.

If the subpectoral biceps tenotomy is performed
only with an acromioplasty, patients begin with passive
range of motion but quickly progress to active-assisted
and active range of motion without concern for the
integrity of the tenodesis. Grip strengthening and elbow
range of motion is typically started 6 weeks postopera-
tively.

COMPLICATIONS
Potential complications include failure of tenodesis

(which would result in a functional tenotomy), hematoma
or seroma, infection, reaction to the biodegradable
screw, persistent pain, musculocutaneous or axillary nerve
injury, and injury to the brachial artery. Additionally,
there is the potential for a fracture caused by the stress
riser at the site of the bone tunnel.

ADVANTAGES OF SUBPECTORAL
BICEPS TENODESIS

Biceps brachii pathology is a common cause of
shoulder morbidity and optimal treatment remains con-
troversial. However, subpectoral biceps tenodesis offers
several advantages. Tenodesis itself has 3 distinct advan-
tages over tenotomy: (1) maintenance of the length-
tension relationship of the biceps muscle, accomplished
by establishing a new origin of the biceps attachment at
the appropriate length to prevent muscle atrophy; (2)
maintenance of elbow flexion and supination strength
for maximum elbow function; (3) superior cosmetic
appearance.

Early pilot work from the senior author’s labora-
tory with arthroscopic proximal biceps tenodesis using
interference screw fixation showed excellent pullout
strength. However, there was significant incidence of
screw reaction, tenosynovitis, and pain about the
shoulder with arthroscopic proximal biceps tenodesis.
Because of this, the miniopen subpectoral biceps tenod-
esis technique was developed and described.3 This tech-
nique offers several advantages over more proximal
tenodeses. It is an efficient and reproducible method that
does not violate the muscle-tendon units, it allows for
preservation of the soft tissues with minimal dissection,
and does not require advanced arthroscopic skills in the
anterior aspect of the shoulder. Relevant anatomy is
clearly identified and the length-tension relationship of
the tendon is easily reproduced. The technique removes
the tendon from the intertubercular groove, which is lined
with synovium and can be a source of continued pain due
to tenosynovitis.

Subpectoral biceps tenodesis with interference screw
fixation also offers excellent biomechanical strength. A
previous human cadaveric study10 compared 4 fixation
methods in a human cadaver model including subpectoral
biceps tenodesis with interference screw, subpectoral
biceps tenodesis with bone tunnel suture fixation and
intracortical biceps fixation, arthroscopic proximal tenod-
esis with interference screw fixation, and arthroscopic
tenodesis with suture anchor fixation. After 5000 cycles of
with a 100-N load cycled at 1Hz, only subpectoral biceps
tenodesis with bone tunnel suture fixation and intracor-
tical biceps fixation showed statistically significant dis-
placement when compared with other fixation methods,
suggesting that it is less stable with cyclic loading. In the
same study, pullout strength was compared among the
4 groups. There was no statistically significant difference
in the mean ultimate failure loads among the groups.
These results show that the subpectoral interference screw
fixation method has comparable strength to other fixation
methods.

Ozalay et al11 also compared fixation methods for
biceps tenodesis. A bone tunnel technique, interference
screw fixation, suture anchor fixation, and a keyhole
technique were compared in a sheep model. The inter-
ference screw fixation had the highest mean maximum
load to failure. Kilicoglu et al9 compared fixation in a

FIGURE 8. Completed subpectoral biceps tenodesis with the
musculotendinous junction resting at its native position.
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sheep model using 3 fixation methods—suture sling
through a bone tunnel, interference screw fixation, and
suture anchors—in a time-dependent manner. On the day
of implantation, the interference screw was the weakest
construct in terms of maximum pullout strength. How-
ever, at 3 weeks the interference screw had a higher mean
ultimate load to failure compared with the other 2
methods of fixation, but was not statistically significant.
Additionally, the mean failure load was statistically
significantly higher at 3 weeks than on the day of
insertion for the interference screw. These findings
indicate that the tendon-fixation site-bone unit never
became weaker than the initial fixation. Because these
results are in an in vitro sheep models, the clinical
implications are unknown, but would seem to indicate
that interference screw fixation offers an excellent
biomechanical construct with equivalent or superior
pullout strength when compared with other fixation
methods.

CONCLUSIONS
Benefits of the subpectoral interference screw

tenodesis include pain relief, the maintenance of func-
tional biceps muscle strength, and cosmesis. The sub-
pectoral interference screw technique is technically less
demanding than purely arthroscopic techniques, and
offers the potential for better pain relief by removing
the tendon from the groove. Biomechanical data suggest
that there is no difference between the arthroscopic and
subpectoral interference screw tenodesis techniques in
terms of ultimate failure or displacement. The subpectoral
biceps tenodesis with interference screw fixation seems to
be a promising, reproducible, and reliable technique for
addressing anterior shoulder pain related to LHB
pathology.
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