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P athology of the biceps-labrum complex (BLC) 
can be an important source of shoulder pain. 
Discussion of pathoanatomy, imaging, and sur-

gical intervention is facilitated by distinguishing the 
anatomical zones of the BLC: inside, junction, and 
bicipital tunnel (extra-articular), parts of which cannot 
be visualized with standard diagnostic arthroscopy.

The recent literature indicates that bicipital 
tunnel lesions are common and perhaps over-
looked. Systematic reviews suggest improvement 
in outcomes of BLC operations when the bicipital 
tunnel is decompressed. Higher-level clinical and 
basic science studies are needed to fully elucidate 
the role of the bicipital tunnel, but it is evident that 
a comprehensive physical examination and an un-
derstanding of the limits of advanced imaging are 
necessary to correctly diagnose and treat BLC-re-
lated shoulder pain.

Anatomy of Biceps-Labrum Complex
The long head of the biceps tendon (LHBT) and the 
glenoid labrum work as an interdependent func-
tional unit, the biceps-labrum complex (BLC). The 
BLC is divided into 3 distinct anatomical zones: 
inside, junction, and bicipital tunnel.1,2

Inside

The inside includes the superior labrum and biceps 
attachment. The LHBT most commonly originates 
in the superior labrum.3-5 Vangsness and col-
leagues3 described 4 types of LHBT origins: Type I 
biceps attaches solely to the posterior labrum, type 
II predominantly posterior, type III equally to the 
anterior and posterior labrum, and type IV mostly 
to the anterior labrum. The LHBT can also originate 
in the supraglenoid tubercle or the inferior border 
of the supraspinatus.3,6

Junction

Junction is the intra-articular segment of the LHBT 
and the biceps pulley. The LHBT traverses the 
glenohumeral joint en route to the extra-articular bi-
cipital tunnel.2 The LHBT is enveloped in synovium 
that extends into part of the bicipital tunnel.2 The 
intra-articular segment of the LHBT is about 25 mm 
in length7 and has a diameter of 5 mm to 6 mm.8

A cadaveric study found that the average length 
of the LHBT that can be arthroscopically visualized 
at rest is 35.6 mm, or only 40% of the total length 
of the LHBT with respect to the proximal margin of 
the pectoralis major tendon.1 When the LHBT was 
pulled into the joint, more tendon (another 14 mm) 
was visualized.1 Therefore, diagnostic arthroscopy 
of the glenohumeral joint visualizes about 50% of 
the LHBT.9

The morphology of the LHBT varies by location. 
The intra-articular portion of the LHBT is wide and 
flat, whereas the extra-articular portion is round.8 
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The tendon becomes smoother and more avascu-
lar as it exits the joint to promote gliding within its 
sheath in the bicipital groove.10 The proximal LHBT 
receives its vascular supply from superior labrum 
tributaries, and distally the LHBT is supplied by as-
cending branches of the anterior humeral circum-
flex artery.4 There is a hypovascular zone, created 
by this dual blood supply, about 12 mm to 30 mm 
from the LHBT origin, predisposing the tendon to 
rupture or fray in this region.11

The LHBT makes a 30° turn into the biceps pul-
ley system as it exits the glenohumeral joint. The fi-
brous pulley system that stabilizes the LHBT in this 
region has contributions from the coracohumeral 
ligament, the superior glenohumeral ligament, and 
the supraspinatus tendon.12-14 The floor of the pul-

ley consists of the superior glenohumeral ligament 
with reinforcing fibers from the superior border of 
the subscapularis tendon.15 The roof consists of 
the coracohumeral ligament fibers with supraspi-
natus fibers contributing posteriorly (Figure 1).12

Bicipital Tunnel

The bicipital tunnel, the third portion of the BLC, 
remains largely hidden from standard diagnostic 
glenohumeral arthroscopy. The bicipital tunnel is 
an extra-articular, closed space that constrains 
the LHBT from the articular margin through the 
subpectoral region.2 The bicipital tunnel itself can 
be divided into 3 zones (Figure 2).2 

Zone 1 is the traditional bicipital groove or “bony 
groove” that extends from the articular margin to 
the distal margin of the subscapularis tendon. The 
floor consists of a deep osseous groove covered 
by a continuation of subscapularis tendon fibers 
and periosteum.2

Zone 2, “no man’s land,” extends from the distal 
margin of the subscapularis tendon to the proximal 
margin of the pectoralis major (PMPM). The LHBT 
in this zone cannot be visualized during a pull test 
at arthroscopy, yet lesions commonly occur here.1 
Zones 1 and 2 have a similar histology and contain 
synovium.2

Zone 3 is the subpectoral region distal to the 
PMPM. Fibers of the latissimus dorsi form the flat 
floor of zone 3, and the pectoralis major inserts 
lateral to the LHBT on the humerus in this zone. 
The synovium encapsulating the LHBT in zones 1 
and 2 rarely extends past the PMPM. Taylor and 
colleagues2 found a higher percentage of unoccu-
pied tunnel space in zone 3 than in zones 1 and 2, 
which results in a “functional bottleneck” between 
zones 2 and 3 represented by the PMPM. 

Pathoanatomy
BLC lesions may occur in isolation or concomitant-
ly across multiple anatomical zones. In a series 
of 277 chronically symptomatic shoulders that 
underwent transfer of the LHBT to the conjoint 
tendon with subdeltoid arthroscopy, Taylor and 
colleagues1 found 47% incidence of bicipital tunnel 
lesions, 44% incidence of junctional lesions, and 
35% incidence of inside lesions. In their series, 
37% of patients had concomitant lesions involving 
more than 1 anatomical zone.

Inside Lesions

Inside lesions involve the superior labrum, the 
LHBT origin, or both. Superior labrum anterior-pos-

Figure 1. Anatomy of rotator interval. Coraco-
humeral ligament (CHL) and superoglenohu-
meral ligament (SGHL) together form biceps 
pulley.
Reprinted from Journal of Shoulder and Elbow 
Surgery. Volume 13, Issue 1. Peter Habermeyer, Petra 
Magosch, Maria Pritsch, Markus Thomas Scheibel, 
Sven Lichtenberg. Anterosuperior impingement of the 
shoulder as a result of pulley lesions: a prospective 
arthroscopic study. Pages 5-12. Copyright 2004, with 
permission from Elsevier.

Figure 2. Three distinct anatomical 
zones of bicipital tunnel. Zone 1 is 
traditional bony bicipital groove, 
which begins at the articular margin 
(AM) and extends to the distal 
margin of the subscapularis tendon 
(DMSS). Zone 2, between DMSS 
and proximal margin of pectoralis 
major (PMPM), cannot be visualized 
by either glenohumeral arthroscopy 
or subpectoral exposure. Zone 3 is 
subpectoral region. Abbreviations: 
CT, computed tomography; SS, 
subscapularis tendon.
Reprinted from Journal of Shoulder 
and Elbow Surgery. Volume 24, Issue 4. 
Samuel A. Taylor, Peter D. Fabricant, Man-
jula Bansal, M. Michael Khair, Alexander 
McLawhorn, Edward F. DiCarlo, Mary 
Shorey, Stephen J. O’Brien. The anatomy 
and histology of the bicipital tunnel of the 
shoulder. Pages 511-519. Copyright 2015, 
with permission from Elsevier.
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terior (SLAP) tears are included as inside BLC 
lesions. Snyder and colleagues16 originally identi-
fied 4 broad categories of SLAP tears, but Powell 
and colleagues17 described up to 10 variations. Type 
II lesions, which are the most common, destabilize 
the biceps anchor.

Dynamic incarceration of the biceps between 
the humeral head and the glenoid labrum is 
another inside lesion that can be identified during 
routine diagnostic glenohumeral arthroscopy. The 
arthroscopic active compression test, as described 
by Verma and colleagues,18 can be used during 
surgery to demonstrate incarceration of the biceps 
tendon. 

Medial biceps chondromalacia, attritional chon-
dral wear along the anteromedial aspect of the 
humeral head, occurs secondary to a windshield 
wiper effect of the LHBT in the setting of an incar-
cerating LHBT or may be associated with destabili-
zation of the biceps pulley. 

Junctional Lesions

Junctional lesions, which include lesions that affect 
the intra-articular LHBT, can be visualized during 
routine glenohumeral arthroscopy. They include 
partial and complete biceps tears, biceps pulley 
lesions, and junctional biceps chondromalacia. 

Biceps pulley injuries and/or tears of the upper 
subscapularis tendon can destabilize the biceps as it 
exits the joint, and this destabilization may result in 
medial subluxation of the tendon and the aforemen-
tioned medial biceps chondromalacia.10,19 Junctional 
biceps chondromalacia is attritional chondral wear 
of the humeral head from abnormal tracking of the 
LHBT deep to the LHBT near the articular margin. 

Recently elucidated is the limited ability of 
diagnostic glenohumeral arthroscopy to fully iden-
tify the extent of BLC pathology.1,20-22 Gilmer and 
colleagues20 found that diagnostic arthroscopy iden-
tified only 67% of biceps pathology and underesti-
mated its extent in 56% of patients in their series. 
Similarly, Moon and colleagues21 found that 79% 
of proximal LHBT tears propagated distally into the 
bicipital tunnel and were incompletely visualized 
with standard arthroscopy.

Bicipital Tunnel Lesions

Recent evidence indicates that the bicipital tunnel 
is a closed space that often conceals space-occu-
pying lesions, including scar, synovitis, loose bod-
ies, and osteophytes, which can become trapped 
in the tunnel. The functional bottleneck between 
zones 2 and 3 of the bicipital tunnel explains the 

aggregation of loose bodies in this region.2 Sim-
ilarly, as the percentage of free space within the 
bicipital tunnel increases, space-occupying lesions 
(eg scar, loose bodies, osteophytes) may exude a 
compressive and/or abrasive force within zones 1 
and 2, but not as commonly within zone 3.2

Physical Examination of Biceps-Labrum Complex 
Accurate diagnosis of BLC disease is crucial in 
selecting an optimal intervention, but challeng-
ing. Beyond identifying biceps pathology, specific 
examination maneuvers may help distinguish be-
tween lesions of the intra-articular BLC and lesions 
of the extra-articular bicipital tunnel.23

Traditional examination maneuvers for biceps- 
related shoulder pain include the Speed test, the 
full can test, and the Yergason test.24,25 For the 
Speed test, the patient forward-flexes the shoul-
der to 60° to 90°, extends the arm at the elbow, 
and supinates the forearm. The clinician applies a 
downward force as the patient resists. The report-
ed sensitivity of the Speed test ranges from  37% 
to 63%, and specificity is 60% to 88%.25,26 In the 
full can test, with the patient’s arm in the plane 
of the scapula, the shoulder abducted to 90°, and 
the forearm in neutral rotation, a downward force 
is applied against resistance. Sensitivity of the full 
can test is 60% to 67%, and specificity is 76% to 
84%.24 The Yergason test is performed with the 
patient’s arm at his or her side, the elbow flexed 
to 90°, and the forearm pronated. The patient supi-
nates the forearm against the clinician’s resistance. 
Sensitivity of the Yergason test is 19% to 32%, 
and specificity is 70% to 100%.25,26 The Yergason 
test has a positive predictive value of 92% for 
bicipital tunnel disease.

O’Brien and colleagues23,26 introduced a “3-
pack” physical examination designed to elicit BLC 
symptoms. In this examination, the LHBT is pal-
pated along its course within the bicipital tunnel. 
Reproduction of the patient’s pain by palpation had 
a sensitivity of 98% for bicipital tunnel disease 
but was less specific (70%). Gill and colleagues27 
reported low sensitivity (53%) and low specificity 
(54%) for biceps palpation, and they used arthros-
copy as a gold standard. Since then, multiple 
studies have demonstrated that glenohumeral ar-
throscopy fails to identify lesions concealed within 
the bicipital tunnel.20-22

The second part of the 3-pack examination is 
the active compression test. A downward force is 
applied as the patient resists with his or her arm 
forward-flexed to 90° and adducted 10° to 15° 
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with the thumb pointing downward.28 This action is 
repeated with the humerus externally rotated and 
the forearm supinated. A positive test is indicated 
by reproduction of symptoms with the thumb 
down, and elimination or reduction of symptoms 
with the palm up. Test sensitivity is 88% to 96%, 
and specificity is 46% to 64% for BLC lesions, 
but for bicipital tunnel disease sensitivity is higher 
(96%), and the negative predictive value is 93%.26

The third component of the 3-pack examina-
tion is the throwing test. A late-cocking throwing 
position is re-created with the shoulder externally 
rotated and abducted to 90° and the elbow flexed 
to 90°. The patient steps forward with the contra-
lateral leg and moves into the acceleration phase 
of throwing while the clinician provides isometric 
resistance. If this maneuver reproduces pain, 
the test is positive. As Taylor and colleagues26 
reported, the throwing test has sensitivity of 73% 
to 77% and specificity of 65% to 79% for BLC 
pathology. This test has moderate sensitivity and 
negative predictive value for bicipital tunnel dis-
ease but may be the only positive test on physical 
examination in the setting of LHBT instability. 

Imaging of Biceps-Labrum Complex
Plain anteroposterior, lateral, and axillary radio-
graphs of the shoulder should be obtained for 
all patients having an orthopedic examination for 
shoulder pain. Magnetic resonance imaging (MRI) 
and ultrasound are the advanced modalities most 
commonly used for diagnostic imaging. These mo-
dalities should be considered in conjunction with, 
not in place of, a comprehensive history and physi-
cal examination. The literature suggests MRI fails to 
accurately detect many LHBT lesions (Table).29-37 

MRI has sensitivity of 9% to 89% for LHBT 
pathology29-37 and 38% to 98% for SLAP pathol-
ogy.35,38-41 The wide range of reported sensitivity 
and specificity might be attributed to the varying 
criteria for what constitutes a BLC lesion. Some 
authors include biceps chondromalacia, dynamic 
incarceration of LHBT, and extra-articular bicipital 
tunnel lesions, while others historically have includ-
ed only intra-articular LHBT lesions that can be 
directly visualized arthroscopically.

In their retrospective review of 277 shoulders 
with chronic refractory BLC symptoms treated 
with subdeltoid transfer of the LHBT to the con-
joint tendon, Taylor and colleagues30 reported MRI 
was more sensitive for inside BLC lesions than for 
junctional or bicipital tunnel lesions (77% vs 43% 
and 50%, respectively).

Treatment Options for Biceps-Labrum  
Complex Lesions
A diagnosis of BLC disease warrants a trial of 
conservative (nonoperative) management for 
at least 3 months. Many patients improve with 
activity modification, use of oral anti-inflammatory 
medication, and structured physical therapy fo-
cused on dynamic stabilizers and range of motion. 
If pain persists, local anesthetic and corticosteroid 
can be injected under ultrasound guidance into the 
bicipital tunnel; this injection has the advantage of 
being both diagnostic and therapeutic. Hashiuchi 
and colleagues42 found ultrasound-guided injec-
tions are 87% successful in achieving intra-sheath 
placement (injections without ultrasound guidance 
are only 27% successful).

If the 3-month trial of conservative management 
fails, surgical intervention should be considered. 
The goal in treating BLC pain is to maximize clinical 
function and alleviate pain in a predictable manner 
while minimizing technical demands and morbidity. 
A singular solution has not been identified. Fur-
thermore, 3 systematic reviews failed to identify 
a difference between the most commonly used 
techniques, biceps tenodesis and tenotomy.43-45 
These reviews grouped all tenotomy procedures 
together and compared them with all tenodesis 
procedures. A limitation of these systematic 
reviews is that they did not differentiate tenodesis 
techniques. We prefer to classify techniques ac-
cording to whether or not they decompress zones 
1 and 2 of the bicipital tunnel.

Bicipital Tunnel Nondecompressing Techniques

Release of the biceps tendon, a biceps tenotomy, is 
a simple procedure that potentially avoids open sur-
gery and provides patients with a quick return to ac-
tivity. Disadvantages of tenotomy include cosmetic 
(Popeye) deformity after surgery, potential cramping 
and fatigue, and biomechanical changes in the hu-
meral head,46-48 particularly among patients younger 
than 65 years. High rates of revision after tenotomy 
have been reported.43,49 Incomplete retraction of the 
LHBT and/or residual synovium may be responsible 
for refractory pain following biceps tenotomy.49 We 
hypothesize that failure of tenotomy may be related 
to unaddressed bicipital tunnel disease.

Proximal nondecompressing tenodesis tech-
niques may be performed either on soft tissue 
in the interval or rotator cuff or on bone at the 
articular margin or within zone 1 of the bicipital 
tunnel.50-52 These techniques can be performed with 
standard glenohumeral arthroscopy and generally 
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are fast and well tolerated and have limited oper-
ative morbidity. Advantages of these techniques 
over simple tenotomy are lower rates of cosmetic 
deformity and lower rates of cramping and fatigue 
pain, likely resulting from maintenance of the mus-
cle tension relationship of the LHBT. Disadvantages 
of proximal tenodesis techniques include introduc-
tion of hardware for bony fixation, longer postop-
erative rehabilitation to protect repairs, and failure 
to address hidden bicipital tunnel disease. Further-
more, the rate of stiffness in patients who undergo 
proximal tenodesis without decompression of the 
bicipital tunnel may be as high as 18%.53 

Bicipital Tunnel Decompressing Techniques

Surgical techniques that decompress the bicipital 
tunnel include proximal techniques that release the 
bicipital sheath within zones 1 and 2 of the bicipital 
tunnel (to the level of the proximal margin of the 
pectoralis major tendon) and certain arthroscopic 
suprapectoral techniques,54 open subpectoral teno-
deses,55-57 and arthroscopic transfer of the LHBT to 
the conjoint tendon.58,59

Open subpectoral tenodesis techniques have 
the advantage of maintaining the length-tension 
relationship of the LHBT and preventing Popeye 
deformity. However, these techniques require mak-

Table. Sensitivity and Specificity of Magnetic Resonance Imaging for Long Head of Biceps Tendon Pathologya

Study Cohort Size Sensitivity Specificity Gold Standard
Intra-Articular 
Only? Comments

Taylor et al30

(2016)
277 shoulders 43%-77% 56%-68% Glenohumeral  

and subdeltoid 
arthroscopy

No Authors differentiated among 
inside, junctional, and bicipital 
tunnel lesions; MRI was most 
sensitive in diagnosing inside 
lesions and least sensitive in 
diagnosing junctional lesions

Malavolta et al31

(2015)
90 shoulders 67% 98% Glenohumeral 

arthroscopy 
Yes MRI was 53% sensitive and 

72% specific for diagnosing 
biceps instability

Dubrow et al32

(2014)
66 patients 23%-56% 84%-98% Glenohumeral 

arthroscopy
Yes Range describes partial tears 

vs complete tears of biceps

Nourissat et al33

(2014)
87 patients 43% 75% Glenohumeral 

arthroscopy
Yes CTA was more sensitive and 

specific than MRI

De Maeseneer et al34 
(2012)

36 patients 27% 94% Glenohumeral 
arthroscopy

Yes No difference in sensitivity or 
specificity between CTA and 
MRI

Houtz et al35

(2011)
104 shoulders 27% 85% Glenohumeral 

arthroscopy
Yes No significant difference in 

accuracy of diagnoses between 
musculoskeletal radiologists 
and non-fellowship-trained 
radiologists

Buck et al36

(2009)
15 cadavers 54%-89% 85%-91% Open dissection 

and histologic  
analysis

No Separated results based 
on signal abnormality on 
T1-weighted, T2-weighted fat-
saturated, and proton density-
weighted fat-saturated MRI

Mohtadi et al37

(2004)
53 patients 9%-72% 54%-97% Glenohumeral 

arthroscopy
Yes In study population, rate of 

biceps pathology was 66%; 
biceps classified as “normal 
tendon,” inflammation, partial-
thickness tear or rupture

Zanetti et al29

(1998)
42 consecutive 
patients

59%-88% 43%-88% Surgical  
confirmation  
of diagnosis

No Most reliable MRI findings 
were caliber changes and 
signal abnormalities in 
biceps tendon, particularly in 
parasagittal plane

Abbreviations: CTA, computed tomography arthrography; MRI, magnetic resonance imaging.
aMajority of studies are limited to evaluating ability of magnetic resonance imaging to diagnose intra-articular lesions.
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ing an incision near the axilla, which may introduce 
an unnecessary source of infection. Furthermore, 
open subpectoral tenodesis requires drilling the 
humerus and placing a screw for bony fixation of 
the LHBT, which can create a risk of neurovascular 
injury, given the proximity of neurovascular struc-
tures,60-62 and humeral shaft fracture, particularly in 
athletes.63,64

Our preferred method is transfer of the LHBT 
to the conjoint tendon (Figure 3).59 The subdeltoid 
space is a large, relatively avascular fascial plane 
bounded superiorly by the acromion and cora-
coacromial ligament, medially by the coracoid and 
conjoint tendon, inferiorly by the musculotendinous 
insertion of the pectoralis major, and laterally by 
the border of the humerus.65 After the LHBT is 
released from the superior labrum, it is transferred 
to the subdeltoid space and sutured to the conjoint 
tendon in side-to-side fashion with nonabsorbable 
sutures.58,59 This technique allows for isometric ten-
sioning of the LHBT, which preserves the strength 
of the biceps muscle, and fixation of soft tissue 

Figure 3. Anatomical depiction of biceps transfer procedure. 
Reprinted from Arthroscopy: The Journal of Arthroscopic & Related Surgery. Volume 24, Issue 2. Mark 
C. Drakos, Nikhil N. Verma, Lawrence V. Gulotta, Frank Potucek, Samuel Taylor, Stephen Fealy, Ronald 
M. Selby, Stephen J. O’Brien. Arthroscopic transfer of the long head of the biceps tendon: functional 
outcome and clinical results. Pages 217-223. Copyright 2008, with permission from Elsevier.

Figure 4. Evidence-based algorithm for biceps-labrum complex disease.26

Abbreviations: BLC, biceps-labrum complex; LHBT, long head of biceps tendon; NPV, negative predictive value; PPV, positive predictive value; SLAP, superior labrum anterior-posterior.

“3-Pack” Examination (screening tests) Evaluate for another source of symptoms

Palpation of Bicipital Tunnel:
•  �High sensitivity and NPV for BLC 

pathology in all locations (92%-98%)
•  �96% NPV for bicipital tunnel disease

Yergason’s & Speeds
•  �Both have high specificity  

(87%-98%) and high PPV 
(92%) for bicipital tunnel 
disease

•  �If positive, highly recommend 
biceps tunnel decompression

Active Cmmpression Test  
(O’Brien Sign)
•  �High sensitivity and NPV for BLC 

pathology in all 3 zones (88%-96%)
•  �93% NPV for bicipital tunnel disease
•  �Excellent for identifying SLAP tears 

and incarceration of LHBT

Bicipital Tunnel Decompressing 
Technique Recommended
•  �Subdeltoid biceps transfer
•  �Open subpectoral tenodessi
•  �Arthroscopic suprapectoral tenod-

esis and proximal tenodesis with 
decompression of biceps sheath to 
bottom of Zone 2

Throwing Test
•  �Moderately sensitivy for BLC pathol-

ogy (73%-76%) and high PPV for 
junctional disease (87%)

•  �Excellent for identifying proximal 
biceps instability

Non-Decompressing Tenodesis 
Technique or Labral Repair as 
Clinically Indicated:
•  �Labral repair
•  �Proximal tenodesis without  

addressing sheath
•  �Simple biceps tenotomy

(+)

(–)
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(+)

(+)
(–)

(+)
(–)

(+) (+)
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to soft tissue obviates the need for bone tunnels, 
mitigating fracture risk. A histologic study that com-
pared healing between LHBT tenodesis with bone 
and soft-tissue transfer to the conjoint tendon found 
a more robust response of tenomodulin in the 
soft-tissue transfer, suggesting tendon regeneration 
in this technique.66 Perhaps the most significant 
advantage is the ability of this approach to effec-
tively decompress the bicipital tunnel. Early-term 
results were promising, and recent midterm results 
demonstrated durability of clinical outcomes.58,59

Sanders and colleagues49 compared revision 
rates of biceps procedures and found a 6.8% rate 
for techniques that released the biceps sheath and 
a 20.6% rate for operations in which the sheath 
was not released. Subsequent meta-analysis of 30 
studies (1881 patients) found improved Constant 
scores in the cohort that underwent bicipital tunnel 
decompression in comparison with the cohort that 
did not have the bicipital tunnel decompressed, 
but there was no significant difference in UCLA 
(University of California Los Angeles) scores be-
tween cohorts.67

In light of recent literature that confirms the 
prevalence of bicipital tunnel lesions that have 
been overlooked, and the power of physical ex-
amination, we have proposed an evidence-based 
approach to diagnosing and managing BLC disease 
(Figure 4).
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