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ntrapment of the long head of the biceps tendon: The
ourglass biceps—A cause of pain and locking of the
houlder

ascal Boileau, MD, Philip M. Ahrens, FRCS, and Armodios M. Hatzidakis, MD,Nice, France
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e describe an unrecognized mechanical condition
ffecting the long head of the biceps (LHB) tendon
ith entrapment of the tendon within the joint and sub-

equent pain and locking of the shoulder on elevation
f the arm. We identified 21 patients with a hypertro-
hic intraarticular portion of the LHB tendon during
pen surgery (14 patients) or arthroscopic surgery (7
atients). All cases but one were associated with a
otator cuff rupture. Patients were treated by biceps
enotomy (2 patients) or tenodesis (19 patients) after
emoval of the hypertrophic intraarticular portion of
he tendon and appropriate treatment of concomitant
esions. Minimum follow-up was 1 year. All patients
resented with anterior shoulder pain and loss of ac-

ive and passive elevation averaging 10° to 20°. A
ynamic intraoperative test, involving forward eleva-

ion with the elbow extended, demonstrated entrap-
ent of the tendon within the joint in each case. This

est creates a characteristic buckling of the tendon and
queezing of it between the humeral head and the gle-
oid (hourglass test). The mean Constant score im-
roved from 38 to 76 points at the final follow-up (P �
05). Complete and symmetric elevation was restored
n all cases after resection of the intraarticular portion
f the LHB tendon. The hourglass biceps is caused by
hypertrophic intraarticular portion of the tendon that

s unable to slide into the bicipital groove during ele-
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ation of the arm; it can be compared with the condi-
ion of trigger finger in the hand. A loss of 10° to 20°
f passive elevation, bicipital groove tenderness, and
adiographic findings of a hypertrophied tendon can
id in the diagnosis. A definitive diagnosis is made at
urgery with the hourglass test: incarceration and
queezing of the tendon within the joint during for-
ard elevation of the arm with the elbow extended.
he hourglass biceps is responsible for a mechanical
lock, which is similar to a locked knee with a bucket-
andle meniscal tear. Simple tenotomy cannot resolve
his mechanical block. Excision of the intraarticular
ortion of the LHB tendon, during bipolar biceps tenot-
my or tenodesis, must be performed. The hourglass
iceps is an addition to the familiar pathologies of the
HB (tenosynovitis, prerupture, rupture, and instability)
nd should be considered in cases of shoulder pain
ssociated with a loss of elevation. (J Shoulder Elbow
urg 2004;13:249–57.)

any causes of shoulder pain have been de-
cribed, commonly related to rotator cuff pathology
nd to the long head of the biceps (LHB) tendon. The
ole of the LHB tendon in shoulder pain and disability
as been debated for more than 100 years, almost
ince the original description of periarthritis by Du-
lay9 in 1872. The association of shoulder pain with
athology of the LHB is currently accepted to be due

o inflammation (synovitis), impingement, prerupture,
r instability of the tendon at the entry into the bicipital
roove (subluxation or dislocation).*

We have observed a new pathologic entity, the
ourglass biceps, which is essentially hypertrophy of
he intraarticular portion of the tendon that leads to
ntrapment within the joint on elevation of the arm.
he intraarticular portion of the tendon buckles and
ecomes incarcerated within the joint, inhibiting pas-

References 1, 3, 4, 7, 10, 12, 15, 20, 22, 26, 27.
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ive and active elevation and causing pain. The hy-
ertrophy of the intraarticular tendon leads to a dis-
roportion between the tendon and the cross-
ectional size of the bicipital groove, preventing
liding of the tendon into the groove and leading to its
ntrapment.

This condition is analogous to a trigger finger in the
and, although the surgical approach to this condi-
ion (release of the tunnel) is not appropriate in this
ituation, as releasing the biceps pulley can lead to
endon instability.23 We have observed that (1) this
ntraarticular entrapment of the LHB may be respon-
ible for shoulder pain and functional impairment and
2) only removal of the intraarticular portion of the
iceps (during tenodesis or bipolar tenotomy) can
olve this mechanical problem.

The purpose of this study is to describe this patho-
ogic condition, discuss its clinical relevance, and
resent the early results of the surgical treatment.

ATERIALS AND METHODS

A retrospective review was performed at our institution
f all patients with a preoperative diagnostic suspicion or
iagnostic confirmation at operation of an hourglass bi-
eps. Between June 2000 and April 2002, 21 patients

Figure 1 Illustrations demonstrating the mechanical co
become hypertrophic (A), is unable to slide into the b
elevation of the shoulder (B).
ere identified as having a confirmed diagnosis at opera-
ion. There were 7 women and 14 men; the mean age was
2 years (range, 47-69 years). The dominant arm was
ffected in 18 patients. Eleven patients were engaged in
anual professions involving regular overhead activity (eg,
ainter, mason, carpenter).

Inclusion criteria were as follows: shoulder pain associ-
ted with hypertrophy of the intraarticular portion of the
iceps tendon, free mobility of the extraarticular portion of

he tendon demonstrated at operation, and incarceration
nd buckling of the intraarticular tendon on passive eleva-

ion of the arm (a positive hourglass test) at operation
Figure 1).

Exclusion criteria were as follows: proximal disinsertions
f the biceps tendon (superior labrum anterior-posterior

esions); hypertrophy of the LHB associated with complete
islocation or rupture of the tendon; evidence of macro-
copic pathology of the extraarticular portion of the biceps,
uch as fibrous adhesions or calcifications in the groove;
ssociated glenohumeral pathology, such as osteoarthritis
r inflammatory arthritis; previous shoulder fracture; and
xisting glenohumeral instability.

Patient demographics are presented in Table I.

linical findings
All patients presented with a painful shoulder. In 16

ases the pain was localized anteriorly, 10 with radiation

uences of the hourglass biceps. The tendon, which has
al groove, leading to its incarceration in the joint on
nseq
icipit
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oward the elbow and 8 with radiation toward the neck. In
4, it was described as a constant pain. In all patients the
ain was worse during active elevation above the horizon-

al. The mean duration of symptoms before consultation was
3.2 months. All of the patients had received nonoperative

herapy for at least 6 months. This included nonsteroidal
ntiinflammatory drugs, physiotherapy, rest, and local in-

ections. The patients had received, on average, 2.6 injec-
ions (range, 0-15) of a steroid into either the bursa or the
lenohumeral joint.

On clinical examination, 15 patients had tenderness

Figure 2 A loss of 10° to 20° of passive elevation, res
biceps (A). Attempt to force passive elevation results i

able I Epidemiology

ase
Age
(y) Sex

Duration
of symp-

toms
(mo)

Active
eleva-
tion (°)

Passive
eleva-
tion (°)

Constant
score

(preopera-
tively)

Arthr
o

pro

1 63 M 6 170 160 49 Open
2 69 M 12 130 170 38 Open
3 62 M 6 80 150 28 Open
4 54 F 1 80 170 32 Open
5 62 M 8 160 160 46 Open
6 67 M 13 140 160 43 Open
7 58 F 1 120 170 23 Open
8 58 F 1 160 160 52 Open
9 52 M 1 160 160 38 Arthro

10 54 F 12 170 170 50 Open
11 57 M 24 90 150 36 Open
12 64 M 36 170 170 38 Open
13 68 F 12 70 140 22 Open
14 69 M 12 110 160 33 Arthro
15 57 M 60 90 180 38 Open
16 67 M 1 130 160 34 Arthro
17 69 F 12 170 170 42 Arthro
18 59 M 9 170 150 44 Arthro
19 76 M 24 90 160 32 Arthro
20 62 F 36 170 170 46 Arthro
21 47 M 7 180 160 59 Open
ver the bicipital groove. Ten had a positive Speed’s test,
nd seventeen had a positive Jobe’s test. We observed

hat both active elevation and passive elevation were
estricted, with a loss of the final 10° to 20° of elevation.
he loss of passive elevation was best demonstrated with
he patient in the supine position and relaxed. Any
ttempt to force passive elevation resulted in increasing
houlder pain (Figure 2). This mechanical locking of the
lenohumeral joint was later related to the hypertrophic

ntraarticular portion of the biceps tendon, as observed
t the time of surgery.

from mechanical locking, is evocative of an hourglass
easing shoulder pain (B).

ic/

re

Supra-
spinatus

tear

Infra-
spinatus

tear

Sub-
scapularis

tear

Rotator
cuff

repair
Tenodesis/
tenotomy

1 1 0 1 Tenodesis
1 1 0 1 Tenodesis
1 1 0 1 Tenodesis
1 1 0 1 Tenodesis
0 0 1 1 Tenotomy
1 1 1 1 Tenodesis
1 1 0 1 Tenodesis
1 1 0 1 Tenodesis

ic 1 1 1 0 Tenodesis
1 1 0 1 Tenodesis
1 1 0 1 Tenodesis
1 0 0 1 Tenodesis
1 1 1 1 Tenodesis

ic 1 1 0 0 Tenodesis
1 1 0 1 Tenodesis

ic 1 0 0 1 Tenodesis
ic 1 1 0 1 Tenodesis
ic 1 1 0 0 Tenodesis
ic Partial 0 0 0 Tenodesis
ic 1 1 0 0 Tenodesis

1 1 0 1 Tenotomy
ulting
osop
pen
cedu

scop

scop

scop
scop
scop
scop
scop
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adiologic findings
In all patients, standard radiographs were obtained,

onsisting of an anteroposterior projection in neutral, exter-
al, and internal rotation, a lateral view of the scapula, and
n axillary view. Plain radiography revealed a type III
cromion in 9 cases and a mean acromiohumeral distance
f 6.4 mm. Sixteen computed tomography arthrograms and
our magnetic resonance images were also obtained. Ar-
hrography was the most helpful investigation regarding
iceps tendon hypertrophy (Figure 3), although even with

his test, only 6 patients were identified as having a hyper-
rophic tendon. Computed tomography arthrograms con-
rmed the rotator cuff pathology but was helpful in identi-
ying biceps hypertrophy in only 3 cases. In 6 cases a
iagnosis of associated biceps tendon subluxation was
ade. In the 4 patients for whom a magnetic resonance

mage was available, the diagnosis of a hypertrophic ten-
on could not be made. However, those magnetic reso-
ance images had been obtained without intraarticular
njection of gadolinium.

The surgical or arthroscopic exploration and treatment
ere performed by the senior surgeon (P.B.) or under his
ontrol. Patients were operated on under general anesthe-
ia in the beach-chair position for both open and arthro-

igure 3 Arthrogram demonstrating intraarticular tendon hyper-
rophy and showing the difference in diameter between the intra-
rticular portion and the groove portion of the biceps.
copic surgery. Arm traction was not used. The arthroscope
as introduced through a routine posterior portal. After
pen exploration or diagnostic arthroscopy, the hourglass

est was performed (full description below). Only after the
ourglass test had been performed was a probe introduced
hrough an anterior portal to pull the entire extraarticular
ortion of the biceps tendon into the joint for inspection and
ssessment of its mobility.

Postoperatively, the patients were followed up on a
egular basis (at 3, 6, 9, and 12 months after surgery and
hen every year). They were evaluated by use of the func-
ional score of Constant and Murley5 at each review.

ESULTS
perative and arthroscopic findings

A so-called hourglass biceps was identified in 14
ases during open surgery and in 7 during arthro-
copic surgery. All cases occurred in the presence of
full-thickness rotator cuff rupture, except for one with
partial deep tear of the supraspinatus. Three cases
ere associated with a small isolated supraspinatus

ear. The cuff lesions are detailed in Table I.
The intraarticular portion of the biceps was hyper-

rophic in all cases. The mean diameter of the intra-
rticular biceps tendon, measured with calipers after
xteriorization of the tendon, was 12 � 3 mm,
hereas the diameter of the groove portion of the

endon averaged only 6 � 2 mm. In addition to
endon hypertrophy, observation of the intraarticular
ortion of the tendon revealed gross, macroscopic
raying (delamination) in 15 cases. The tendon was
ubluxed at the entrance of the groove in 6.

To determine whether the hypertrophic tendon may
e a cause of mechanical locking of the shoulder, we
eveloped the intraoperative hourglass test.
he test was performed during open and arthroscopic
urgery and involved passively elevating the arm in
he plane of the scapula in neutral rotation with the
lbow extended (Figure 4,A). In a positive hourglass
est, buckling of the hypertrophic intraarticular portion
f the tendon was observed (Figure 4, B and C). The

est was considered to be valid only if the portion of
he tendon within the groove had been demonstrated
o slide freely, by pulling the distal tendon into the
oint with a probe or hook. It was also important that
he elbow was kept extended. Flexion of the elbow
elaxed the biceps muscle–tendon unit and potentially
ould lead to a false-positive finding as a result of
uckling of the tendon in the joint, even in the ab-
ence of hypertrophy of its intraarticular portion. As
e attempted to bring the arm into full elevation, we
ould feel resistance and could observe a concomi-
ant squeezing of the tendon between the humeral
ead and the glenoid. It was clear from observation
hat biceps incarceration in the joint was the reason
or the restricted passive elevation of 10° to 20°.

All patients were treated by biceps tenodesis or
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enotomy after removal of the hypertrophic intraarticu-
ar portion of the tendon and appropriate treatment of
he concomitant lesions. The choice between tenot-
my and tenodesis depended on the circumstances of
ach case, although the surgeon’s preference was to
erform a tenodesis.

Tenotomy was performed in 2 patients, and the
ntraarticular, hypertrophic portion of the biceps ten-
on was excised. This first required division of the

Figure 4 The hourglass test, performed during surgery
the elbow extended (A). Arthroscopic intraoperative ph
incarceration (locking) of the biceps tendon within the jo
endon at the entrance of the bicipital groove and
hen release of the tendon at its glenoid origin, which
e have called “bipolar tenotomy.” The intraarticular
ortion of the tendon was then removed with a
rasper.

In 19 cases a tenodesis was performed by a tech-
ique previously described, by placement of the ten-
on into a bony socket drilled at the top of the groove
nd by use of an absorbable interference screw for

lves passively elevating the arm in neutral rotation with
aphs (B and C), during the hourglass test, demonstrate
nd the characteristic buckling of the tendon (Z tendon).
, invo
otogr
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xation.2 After tenotomy at the supraglenoid tubercle,
he tendon was measured, pulled out of the anterior
ortal, doubled, and sutured to itself over a distance
f 20 to 25 mm with an absorbable suture. The
olume of the hypertrophic biceps tendon was surgi-
ally reduced before suturing so that the calibrated
iameter of the doubled tendon was usually 8 or 9
m. A bony socket of the same diameter as the
alibrated tendon was drilled at the level of the bicip-
tal groove to a depth of 25 mm, 1 cm below the top
f the groove. The doubled tendon was inserted into

he humeral socket. Fixation within the tunnel was
erformed with a soft-tissue resorbable interference
crew measuring 9 � 20 mm (Tenoscrew; Phusis, St.
smier, France) (Figures 5 and 6).

Sixteen patients underwent concomitant rotator
uff repair (Table I). There were 14 open and 2
rthroscopic procedures. One patient with a partial
eep tear underwent debridement. In 14 patients
ho underwent rotator cuff repair, a subacromial
ecompression was also performed. Two patients
ith irreparable cuff tears were treated with subacro-
ial decompression.
Full elevation of the shoulder was immediately

eestablished (during surgery) after complete removal
f the intraarticular portion of the tendon. This con-
rmed that the restriction of shoulder mobility was
elated to the incarcerated biceps tendon.

The early results of treatment were evaluated for
4 patients with a minimum follow-up of 12 months.
ctive elevation improved from 120° preoperatively

o 167° postoperatively. Active external rotation im-
roved from 38° to 52°. The Constant score improved
rom 38 points preoperatively to 76 points at final
ollow-up (P � .05). Pain improved from 4 points
reoperatively to 13 points at the last review. All
atients regained complete and symmetric passive
levation during surgery (negative hourglass test) and
t the last review (Figure 7).

ISCUSSION

Although enlargement of the LHB tendon has been
escribed previously, mainly in association with mas-
ive rotator cuff tears, to our knowledge, no author
as reported that entrapment of the biceps tendon
nside the joint could be a cause of pain and dysfunc-
ion of the shoulder. We present a previously unrec-
gnized mechanical condition affecting the LHB ten-
on, in which entrapment of the tendon within the

oint causes shoulder pain and limited elevation. In
hese patients, hypertrophy of the intraarticular por-
ion of the LHB tendon prevents sliding of the tendon
nto the bicipital groove with elevation of the shoul-
er. This leads to incarceration and squeezing of the

endon within the joint with elevation of the arm,
eading to a loss of 10° to 20° of passive elevation.
imple tenotomy cannot resolve this mechanical
lock. Tenotomy or tenodesis, with excision of the

ntraarticular portion of the tendon, must be per-
ormed. The fact that complete elevation of the shoul-
er is immediately reestablished after removal of the

ntraarticular portion of the biceps confirms that the
estricted shoulder mobility is related to the incarcer-
ted tendon.

The cause of hypertrophy of the biceps tendon is
till debated.8,13,15–18,24 Leffert and Rowe13 ob-

igure 5 Intraoperative photograph, taken during open surgery,
emonstrates a typical hourglass biceps: note the difference in
iameter between the intraarticular portion and the groove portion.
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erved that the size of the LHB tendon could be
ncreased in association with degenerative rotator
uff tears. They believed that this hypertrophy repre-
ented a mechanism of functional compensation in
he absence of a rotator cuff. Neer17 has also dis-
ussed the function of the LHB as a humeral head
epressor, as well as its possible hypertrophy in cases
f rotator cuff rupture. Goldfarb and Yamaguchi10

roposed an alternative explanation for hypertrophy
f the LHB tendon, relating its occurrence to the

endon’s anterior location in the joint and subsequent
mpingement beneath the coracoacromial arch. Ac-
ording to these authors, hypertrophy occurring in
ssociation with chronic rotator cuff tears could rep-

igure 6 Biceps tenodesis with a bioabsorbable interference
crew can be performed with open or arthroscopic surgery; it
llows one to remove the pathologic intraarticular portion of the

endon and to keep muscle tension.

igure 7 Complete restoration of active and passive elevation
fter removal of the hypertrophic and entrapped intraarticular
ortion of the biceps (same patient as in Figure 2).
esent an inflammatory response resulting from an-
erosuperior impingement.10,17 This view is also sup-
orted by histologic studies demonstrating

nflammatory changes within the pathologic LHB ten-
on.16,24 A recent publication has pointed out the

ack of functional muscular hypertrophy in cases of
assive cuff rupture, which would be expected if the

HB is an active participant in depression of the
umeral head.24 Other recent electrophysiologic and
natomic studies also call into doubt the head-de-
ressing role of the LHB.11,12,14,15,28

Hitchcock and Bechtol12 described inflammation
ithin the bicipital groove leading to adhesions that
revent free movement of the tendon within the
roove. They advocated tenodesis with excision of

he intraarticular portion of the tendon “to prevent
uckling.” More recently, decompression and syno-
ectomy have been advocated for tendinitis located
ithin the groove.16 Cases of significant adhesions
ithin the groove leading to reduced movement of the

endon were specifically excluded from our study, as
hese conditions could lead to a clinical picture similar
o that of the hourglass biceps. In our series the
nability of the biceps tendon to slide into the groove
as clearly related to the excessive diameter of the

ntraarticular portion of the tendon. It was always
ossible to pull the tendon into the glenohumeral joint.

It is also possible that a form of chronic internal
mpingement due to repetitive friction at the entry of
he groove may contribute to the inflammatory pro-
ess, in a pathologic process similar to a trigger
nger. It may have been the primary cause of hyper-
rophy in our cases with an intact rotator cuff or a
mall supraspinatus tear. The motion involved has
een shown to be movement of the groove over the
tationary tendon,7,12,15 and it may be that bicipital
roove stenosis19,21 and the shape of the bicipital
roove play a part in preventing the hypertrophied

endon from entering the groove.6,12,15 A deep, nar-
ow groove may also be a predisposing factor lead-
ng to hypertrophy of the tendon, but this study cannot
rove this theory. Our view is that the hypertrophy
ncountered in the hourglass biceps is the result of
ultiple factors: (1) functional hypertrophy because
f a deficient superior cuff, (2) an inflammatory pro-
ess resulting from external (anterosuperior) impinge-
ent with the coracoacromial arch, and (3) an inflam-
atory process due to repetitive friction of the tendon

n a narrow groove.
The symptoms that are caused by an hourglass

iceps are difficult to differentiate from those of ac-
ompanying rotator cuff pathology. All of our patients
ad chronic shoulder pain. Pain was increased by
oth active and passive elevation of the shoulder
bove the horizontal. It is reasonable to assume that
n inflamed tendon is painful, but it has been our
bservation that the incarceration of the hypertrophic
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endon within the joint is equally a cause of pain and
mechanical block of forward elevation. We found

hat this mechanical block of passive elevation of 10°
o 20° is the most consistent finding in the clinical
xamination. This is similar to the locked knee with a
ucket-handle meniscal tear leading to restricted knee
xtension. Furthermore, this condition should not be
istaken for a mild frozen shoulder. Having a patient
ith an hourglass biceps see a physiotherapist for
assive exercises would be inappropriate, as the

ocking of the shoulder is mechanical and irreducible.
n our opinion the primary treatment for the hourglass
iceps is surgical.

Diagnostic imaging of the hourglass biceps can
emonstrate a hypertrophied intraarticular tendon.
his is best seen on the anteroposterior internal rota-
ion arthrography view (Figure 3). However, arthrog-
aphy cannot differentiate a simple hypertrophied
endon from a truly incarcerated hourglass tendon.
ynamic ultrasound or magnetic resonance imaging
tudies may prove to be better techniques for the
iagnosis, although we do not have experience with

hese modalities at present. The presence of subluxa-
ion of the LHB does not exclude the diagnosis of an
ourglass biceps, as this pathologic association was
resent in 6 cases in this series. The hypertrophic
iceps tendon, in some cases, may be partially re-
ponsible for the tear, for dilatation, or for stretching
f the pulley system, leading to instability of the

endon at the entry of the groove (Figure 8).

igure 8 Hypertrophic biceps tendon may be partially responsible
or the tear, dilatation or stretching of the pulley system, leading to
ts instability at the entry of the groove (associated subluxation).
The hourglass test, performed during open or ar-
hroscopic surgery, leads to the definitive diagnosis.

The hourglass biceps can be compared with the
ondition of trigger finger in the hand, where an
nlarged tendon is constrained by a narrowed pul-
ey.23 However, this condition is fundamentally differ-
nt with regard to the treatment, as it is not possible to
estore the movement of the tendon by enlarging the
onstraining ring (the superior glenohumeral and
ransverse humeral ligaments). A release of the biceps
ulley in the shoulder might lead to instability of the

endon and persistent symptoms. In our opinion, sur-
ically reducing the size of the tendon would also not

ikely allow smooth and unrestricted sliding of the
endon within the groove. The most logical treatment
s tenotomy with excision of the intraarticular segment
f the tendon or tenodesis in the bicipital groove.25,26

For tenotomy, it is essential to resect the intraartic-
lar hypertrophied portion of the tendon or there is a
isk of persistent and perhaps worsened symptoms as
result of an incarcerated but newly mobile tendon in

he glenohumeral joint. Only removal of the intraar-
icular portion of the biceps can restore complete and
ormal elevation of the shoulder (Figure 8). In the
ase of tenodesis, many techniques exist,1,4,6,8,26 but
e prefer to use the technique described earlier.
In summary, entrapment of the LHB occurs in a

osition of elevation of the arm above the head, when
he intraarticular portion of the tendon has become
oo hypertrophic to pass through the pulley system.
hree points should be emphasized:

. Clinicians should consider the possibility of an
hourglass biceps in patients with shoulder pain
associated with an asymmetrical loss of 10° to 20°
of passive elevation. This clinical entity must not be
mistaken for a mild frozen shoulder.

. Definitive diagnosis of the hourglass biceps can
only be made at surgery, either arthroscopically or
open, with incarceration and buckling of the ten-
don on passive elevation of the shoulder with the
elbow extended.

. Simple tenotomy or tenodesis cannot resolve this
mechanical block; the intraarticular portion of the
tendon must be removed from the joint.
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