
123

A Clinical Guide from the  
Shoulder to the Elbow

Anthony A. Romeo
Brandon J. Erickson
Justin W. Griffin
Editors 

The Management of 
Biceps Pathology



The Management of Biceps Pathology



Anthony A. Romeo 
Brandon J. Erickson  •  Justin W. Griffin
Editors

The Management of 
Biceps Pathology

A Clinical Guide from the Shoulder 
to the Elbow



ISBN 978-3-030-63018-8        ISBN 978-3-030-63019-5  (eBook)
https://doi.org/10.1007/978-3-030-63019-5

© Springer Nature Switzerland AG 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or 
part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, 
and transmission or information storage and retrieval, electronic adaptation, computer software, 
or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, expressed or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. The publisher remains 
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Anthony A. Romeo
Division of Sports Medicine
DuPage Medical Group
DuPage, IL 
USA

Justin W. Griffin
Eastern Virginia Medical School  
Surgery & Sports Medicine  
Jordan-Young Institute for Orthopaedic 
Surgery & Sports Medicine
Virginia Beach, VA 
USA

Brandon J. Erickson
Division of Sports Medicine
Rothman Orthopaedic Institute
New York, NY 
USA

https://doi.org/10.1007/978-3-030-63019-5


v

The biceps is one of the most discussed and poorly understood anatomic 
structures in the body. From its long and short head origins on the superior 
glenoid and coracoid to its insertion on the radial tuberosity, the biceps ten-
don has been a difficult structure to fully comprehend. Our book, The 
Management of Biceps Pathology, is aimed at breaking down the biceps into 
succinct, digestible portions with expert tips and tricks to help manage bicipi-
tal problems in a wide array of patients.

We believe this book will provide a concise and complete evidence-based 
approach to managing all issues surrounding the biceps tendon. Everything 
from anatomy and function to imaging and treatment are discussed in this 
comprehensive text. The reader will gain knowledge from leading experts in 
the field and understand how these surgeons treat difficult bicipital problems 
in their patients.

The textbook chapters have been constructed in typical fashion where the 
reader will progress through anatomy, function and imaging, and continue on 
to specific biceps problems. Pathologic conditions concerning the proximal 
biceps are discussed first, followed by the distal biceps. Like all comprehen-
sive textbooks, this product is the result of the combined efforts of a dedicated 
team of authors and publisher support. We look forward to having you put 
this text to use to better treat your patients with biceps conditions.

New York, NY, USA� Brandon J. Erickson
Virginia Beach, VA, USA� Justin W. Griffin
DuPage, IL, USA� Anthony A. Romeo 
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Anatomy of the Biceps Tendon: 
From Origin to Insertion

Claire D. Eliasberg, Justin T. Maas, 
Stephen J. O’Brien, and Samuel A. Taylor

�Introduction

The biceps brachii lies within the anterior com-
partment of the upper arm and spans both the 
shoulder and elbow joints. The long head of the 
biceps originates from the supraglenoid tubercle 
of the scapula and the superior labrum, while the 
short head of the biceps originates from the cora-
coid process. Distally, the tendinous insertion of 
the biceps rotates 90 degrees externally from its 
origin and attaches to the ulnar aspect of the 
radial tuberosity.

The biceps brachii functions as the primary 
supinator of the forearm and a secondary elbow 
flexor (brachialis is primary elbow flexor). The 
biceps is innervated by the musculocutaneous 
nerve, which arises from the lateral cord of the 
brachial plexus. The musculocutaneous nerve 
also innervates the other two muscles of the ante-
rior compartment of the upper arm – the medial 
two-thirds of the brachialis muscle and the cora-
cobrachialis muscle.

A detailed appreciation of biceps anatomy is 
important to diagnosis and treatment of patho-
logic processes [1]. This chapter will outline the 
normal anatomy and anatomical variants of both 
the proximal biceps and distal biceps tendon.

�Proximal Biceps Tendon

Because the long head of the biceps tendon 
(LHBT) originates from the superior aspect of 
the glenoid (the superior glenoid tubercle and the 
superior labrum), it is intimately associated with 
the glenoid labrum. Together, this long head of 
the biceps and glenoid labrum are referred to as 
the biceps-labral complex (BLC) [2]. The BLC 
can be considered in three distinct zones: “inside” 
which includes the superior glenoid labrum and 
the biceps anchor, “junction” which involves the 
intra-articular LHBT and its stabilizing pulley, 
and the “bicipital tunnel” which consists of the 
extra-articular portion of the LHBT from the 
articular margin through its distal-most aspect 
confined in the bicipital tunnel (Fig. 1.1) [1, 3].

�Inside

�Superior Glenoid Labrum
The glenoid labrum is a fibrocartilaginous struc-
ture that circumferentially covers and is attached 
to the glenoid perimeter. In cross section, the 
labrum is triangular in shape, with the thicker 
aspect located peripherally and the thinner por-
tion located centrally [4]. This overall structure 
allows for a relative deepening of the glenoid 
fossa, which has a relatively shallow bony sur-
face when compared with other joints such as 
the hip.

C. D. Eliasberg (*) · J. T. Maas · S. J. O’Brien  
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While the entire labrum has circumferential 
attachments to the glenoid surface, Cooper et al. 
identified that the superior labral attachments are 
distinct from those of the inferior labrum, with 
thinner, elastic connective tissue attachments 
than the thicker, inelastic fibers found attached to 
the inferior labrum [4].

Normal anatomic variation of the superior 
labral anatomy can be a source of confusion and 
not infrequently mistaken for SLAP tear among 
orthopedic surgeons. In fact, Rispoli et al. iden-
tified that the normal overlap of the labrum onto 
the glenoid can vary from 2.6 to 7.3 mm result-
ing in a meniscoid-type attachment, easily mis-
taken for labral detachment without careful 
probing and arthroscopic examination [5]. 
Furthermore, the wide variability in normal 

anatomy may lead the surgeon to be mistaken 
by a relatively mobile or loosely attached labrum 
[6]. There are several normal anatomic variants 
of the superior labrum that the surgeon should 
be aware of when performing arthroscopic 
examination. These include the superior or sub-
labral recess, the sublabral foramen, and the 
Buford complex. The superior recess is a very 
common anatomic variant that has been shown 
to be deeper than 2 mm in up to 39% of shoul-
ders and should not be mistaken for a superior 
labral tear [7]. The sublabral foramen is another 
variant with a prevalence of 11% and occurs 
when the anterosuperior labrum is intact but 
unattached from the glenoid rim between the 
middle glenohumeral ligament (MGHL) and 
anterior band of the inferior glenohumeral liga-

Fig. 1.1  (a) The bicipital tunnel is a closed space (dashed 
line) that extends from the articular margin through the 
subpectoral region where space-occupying lesions such as 

loose bodies (b) can aggregate and become symptomatic. 
(Adapted with permission from Taylor et al. [2])

C. D. Eliasberg et al.
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ment attachments [8]. The sublabral foramen 
can also be seen in conjunction with either a 
“cord-like” or “sheet-like” MGHL [9]. Finally, 
the Buford complex is a rarer variant with a 
prevalence of 1–2% and is characterized by a 
thick, cord-like MGHL with an absent anterosu-
perior labral segment [10].

The blood supply to the glenoid labrum con-
sists of a combination of branches from the 
suprascapular, circumflex scapular, and poste-
rior circumflex humeral arteries [4]. These ves-
sels originate from the surrounding capsule and 
periosteum and supply the periphery of the 
labral tissue. In general, the superior and antero-
superior aspects of the labrum represent a rela-
tive vascular watershed, conferring the lowest 
healing potential [4].

�Biceps Anchor
The biceps anchor originates at the supraglenoid 
tubercle, which lies approximately 5 mm medial 
to the superior edge of the glenoid in the 12 
o’clock position. It is closely associated with the 
superior labrum in a variety of normal anatomic 
variants. Vangsness et al. developed a commonly 
used classification system to define the different 
types of LHBT attachments to the labrum. In the 
cadaveric study, they found that the LHBT labral 
attachment was entirely posterior in 22% of spec-
imens (Type I), that the majority of the LHBT 
labral attachment was posterior in 33% of shoul-
ders (Type II), that the LHBT attached equally to 
the anterior and posterior labrum in 37% of spec-
imens (Type III), and that the majority of the 
LHBT labral attachment was anterior in 8% of 
shoulders (Type IV) [11].

However, in a more recent a cadaveric study 
of 101 specimens, Tuoheti et  al. described an 
entirely posterior attachment of the LHBT to the 
labrum in 27.7% of specimens, a posterior-
dominant attachment in 55.4% of specimens, an 
equal anterior and posterior labral attachment in 
15.8% of specimens, and an entirely anterior 
attachment in 0% [12]. Furthermore, on histo-
logic analysis, they found that the labral attach-
ment of the LHBT appeared to be posterior 
regardless of the macroscopic appearance of the 
attachment site [12].

While evidence from these cadaveric studies 
suggests that the majority of LHBTs originate 
from the posterior aspect of the superior labrum 
and can therefore be considered Vangsness Type 
I or Type II labrums [11–13], there are other vari-
ants that exist outside of the Vangsness classifica-
tion system. These include, but are not limited to, 
congenital absence of the LHBT [14, 15], an 
LHBT with an extra-articular origin [16], a split 
or double-origin biceps tendon [14], an adherent 
LHBT which consists of strong connections to 
the capsule [14], and several “mesotenon” vari-
ants which describe a number of different soft tis-
sue connections between the LHBT and the 
rotator cuff but still allow for good movement of 
the tendons [14]. These congenital variants, 
which are most likely representative of various 
steps in embryological development, are impor-
tant to keep in mind when performing diagnostic 
arthroscopic procedures and may predispose 
patients to certain biceps pathologies [ 14].

�Junction

�Intra-articular Long Head of the Biceps 
Tendon
The intra-articular portion of the biceps tendon 
has classically been described as the portion 
which spans from the biceps anchor to the bicipi-
tal groove. However, precise delineation of the 
intra-articular terminus is less clear in practice, as 
the amount of LHBT which is intra-articular var-
ies depending on arm position. For example, Hart 
et al. demonstrated that positioning the arm in 30 
degrees of forward flexion, 40 degrees of abduc-
tion, and 90 degrees of elbow flexion allowed for 
maximal LHBT visualization during arthroscopic 
evaluation [17]. Another cadaveric study by 
Lamplot et al. reported an average of 2.4 cm ten-
dinous excursion for the LHBT throughout nor-
mal glenohumeral range of motion. Of note, 
elbow position (flexion or extension) did not sig-
nificantly impact LHBT excursion [18]. 
Additionally, McGahan et al. found that 19 mm 
of excursion of the LHBT is required in order to 
take a shoulder joint through its normal range of 
motion unencumbered [19].

1  Anatomy of the Biceps Tendon: From Origin to Insertion
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Several studies have attempted to quantify the 
length and thickness of the LHBT. The average 
length of the LHBT from its origin to the muscu-
lotendinous junction is 99–138 mm [1, 20, 21]. 
The average diameter of the intra-articular por-
tion of the LHBT is 6.6 mm, while the average 
diameter of the extra-articular segment is 
5.1–6 mm [20, 22].

The blood supply to the biceps brachii muscle 
is the brachial artery. The proximal aspect of the 
LHBT receives its blood supply from ascending 
branches of the anterior humeral circumflex 
artery distally and from tributaries from the supe-
rior labrum proximally. Therefore, there is a 
watershed zone approximately 12–30 mm from 
the LHBT origin, which can be susceptible to 
rupture [23]. Several sympathetic and sensory 
neural elements have also been identified in the 
proximal biceps tendon including sensory neu-
rons, cell adhesion molecules, and alpha1-
adrenergic receptors [24–26].

�Biceps Pulley
The coracohumeral ligament (CHL) originates 
from the lateral aspect of the coracoid process 
and passes laterally, dividing into two bands. One 
band inserts on the anterior edge of the supraspi-
natus tendon and the greater tuberosity, while the 
other inserts on the lesser tuberosity, the superior 
border of the subscapularis, and the transverse 
humeral ligament. The superior glenohumeral 
ligament (SGHL) originates from the supragle-
noid tubercle and the superior labrum just ante-
rior to the LHBT origin [27–29]. It inserts 
laterally onto the superior portion of the lesser 
tuberosity.

The biceps pulley can be defined as the conflu-
ence of the CHL, the SGHL, and contributions 
from the subscapularis and supraspinatus tendons 
as they enclose the long head of the biceps at the 
intertubercular groove. Thus, the biceps pulley 
helps to stabilize the LHBT in the proximal 
aspect of the groove, as the LHBT transitions 
from the intra-articular to the extra-articular seg-
ment. Additionally, the LHBT takes a 35-degree 
to 40-degree turn, sometimes called the genu, as 
it enters the intertubercular groove, so the biceps 

pulley is a critical structure for maintaining prox-
imal stability [30].

The importance of the biceps pulley to LHBT 
stability was emphasized in a study by Braun 
et al., in which they demonstrated that 32% of the 
207 subjects had a pulley tear on arthroscopic 
examination and that pulley tears were highly 
associated with LHBT instability [31]. 
Additionally, they identified that the anatomy of 
the biceps pulley consists of both an anterome-
dial reflection and a posterolateral reflection, 
either of which may become torn and cause 
issues with LHBT instability [31]. Additionally, a 
cadaveric study by Braun et al. demonstrated that 
certain arm positions, namely, placing the arm at 
the side with the humerus in internal rotation and 
placing the arm in forward flexion with the 
humerus in internal or neutral rotation, may cause 
increased shear stresses and dispose the biceps 
pulley to injury [32].

�Bicipital Tunnel

The bicipital tunnel is defined as the fibro-
osseous structure that encloses the LHBT, 
beginning at the humeral head articular margin 
and extending through the subpectoral region 
[3]. The bicipital tunnel can be divided into 
three clinically relevant zones: Zone 1 which 
encompasses the region from the articular mar-
gin to the distal aspect of the subscapularis ten-
don, Zone 2 which extends from the distal 
aspect of the subscapularis tendon to the proxi-
mal margin of the pectoralis major tendon inser-
tion, and Zone 3 which includes the tendon 
distal to the proximal margin of the pectoralis 
major tendon insertion site, also known as the 
subpectoral region (Fig. 1.2) [3].

�Zone 1
The floor of Zone 1 is composed of the osseous 
floor of the bicipital groove, periosteum, and the 
terminal fibers of the subscapularis tendon. The 
roof of Zone 1 consists of fibers from both the 
subscapularis and supraspinatus tendons, as well 
as fibers from the falciform ligament in approxi-
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mately 33% of specimens [3]. The transverse 
humeral ligament has traditionally been consid-
ered a distinct anatomical structure which lies in 
Zone 1 and contributes to LHBT stability. 
However, more recent cadaveric studies suggest 
that the transverse humeral ligament is more 
likely a continuation of rotator cuff tendon and 
CHL fibers than a distinct structural entity 
[33–34].

Zone 1 plays an important role in biceps 
pathophysiology. In particular, the morphology 
of the osseous component itself has significant 
anatomical variation in terms of its depth, width, 
and contour [35–36]. Additionally, patients with 
biceps tendinopathy often have concurrent 
degenerative changes of the bicipital groove, 
including osteophytes along the walls and floor [ 
35–36].

Fig. 1.2  Zone 1 represents the traditional bony bicipital 
groove (yellow box) beginning at the articular margin 
(AM) and ending at the distal margin of the subscapularis 
tendon (DMSS). Zone 2 (red box) extends from the 
DMSS to the PMPM and represents a “no man’s land” 
because it is not viewable from arthroscopy above or from 
subpectoral exposure below. Zone 3 is distal to the PMPM 
and represents the subpectoral region (black box). D, del-
toid; SS, subscapularis; CT, conjoint tendon; BS, bicipital 
sheath. Hematoxylin and eosin staining of sections taken 
from each of the three anatomic zones of the bicipital tun-
nel is shown on the right. Zone 1 (a) shows continuation 
of the subscapularis (SS) fibers superficial and deep to the 
long head of the biceps tendon (LHBT), which blend with 

fibers of the supraspinatus laterally. Synovium (arrow) 
completely envelops the LHBT. Zone 2 (b) demonstrates 
the axially oriented circumferential fiber of the bicipital 
sheath (BS), which extended laterally to the bone. The fal-
ciform ligament (FL) can be seen as a discrete superficial 
bundle of longitudinally oriented fibers along the medial 
aspect of the bicipital tunnel. Partial synovial extension is 
seen (arrow). Proximal extension of latissimus dorsi (LD) 
fibers is also seen in a subset of specimens. Zone 3 (c) 
shows thick fibers of the LD along the floor with a roof of 
pectoralis major tendon (PM). Medially, loose areolar 
connective tissue predominated. (Adapted with permis-
sion from Taylor et al. [3])

1  Anatomy of the Biceps Tendon: From Origin to Insertion
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�Zone 2
Zone 2 of the bicipital tunnel is also referred to as 
“no man’s land,” as this central section is largely 
inaccessible from arthroscopic examination 
superiorly as well as from open subpectoral dis-
section inferiorly. However, visualization may be 
improved with the use of a 70° arthroscope as 
compared to a 30° arthroscope [37]. Nonetheless, 
this area may be at risk for containing occult 
biceps tendon pathology, since it cannot be ade-
quately inspected intraoperatively.

The floor of Zone 2 is shallower than that of 
Zone 1. It is covered by periosteum and fibers of 
the subscapularis and latissimus dorsi tendon 
insertions. The roof of Zone 2 consists of both the 
biceps sheath and the falciform ligament [3]. The 
falciform ligament is the tendinous expansion 
from the insertion of the sternocostal portion of 
the pectoralis major muscle. While previous stud-
ies have suggested that the falciform ligament 
and biceps sheath are confluent [38–40], more 
recent histological evaluation has demonstrated 
that they are separate entities [ 3].

�Zone 3
Zone 3 consists of the subpectoral portion of the 
LHBT. The osseous floor of Zone 3 is the flattest 
in morphology of the three zones and is covered 
by periosteum as well as fibers of the latissimus 
dorsi tendon insertion. Whereas Zones 1 and 2 
are covered by a denser connective tissue sheath, 
the medial aspect of Zone 3 contains looser con-
nective tissue fibers than the other zones [2]. 
Additionally, Zones 1 and 2 frequently contained 
synovium, whereas it was seen infrequently 
(18%) in Zone 3. Zone 3 also had the highest per-
centage of empty tunnel – defined as the propor-
tion of cross-sectional area of the bicipital tunnel 
minus the area of the LHBT in that zone – com-
pared to Zones 1 and 2 (p < 0.01) [3].

�Vincula and Other Accessory Structures
Additional anatomic variants to consider when 
evaluating the bicipital tunnel on preoperative 
imaging include vincula, accessory heads of the 
biceps brachii, and accessory aponeuroses of the 
supraspinatus tendon. Vincula were originally 
identified on arthroscopic examination of the gle-

nohumeral joint and later described as connective 
soft tissue bands lined with synovium which arise 
from the rotator cuff tendons, span the intra-
articular glenohumeral joint, exit into the bicipi-
tal groove, and insert into the peritenon of the 
LHBT [41]. More recent studies have identified 
vinculum attachments to the rotator interval 
proximally, as well as to the proximal humerus 
distally, which may play a role in preventing 
biceps excursion [42]. Gheno et al. described an 
anomalous structure which arose from the proxi-
mal humerus greater tuberosity, ran distinctly 
from the LHBT in the bicipital groove separated 
by a synovial sheath, and spanned approximately 
5 cm [43]. The authors named this structure an 
“accessory head of the biceps brachii,” which has 
also been referred to as an “accessory aponeuro-
sis” [44]. This may be present in as many as 20% 
of patients. Finally, Moser et  al. conducted a 
review of 150 shoulder MRIs and described a 
tendinous structure within the bicipital groove 
and beneath the transverse humeral ligament but 
outside of the LHBT sheath [45]. This aponeu-
rotic expansion of the supraspinatus tendon arose 
from the anterior aspect of the supraspinatus ten-
don and inserted distally onto the pectoralis 
major tendon and was found on up to 49% of 
shoulders [45]. While these were relatively small 
studies, and the true incidence of these anatomic 
variants remains unknown, it is essential to be 
aware that these variants exist, as they may be 
confused for biceps pathology such as split tears.

A clear understanding of bicipital tunnel anat-
omy is important, as exposure of the LHBT is 
limited in this area during arthroscopic surgery 
[1, 46, 47]. Even when utilizing the arthroscopic 
pull test, one cadaveric study demonstrated that 
only 78% of the LHBT was exposed relative to 
Zone 1 and 55% of the LHBT was exposed rela-
tive to Zone 2 [1].

�Neurovascular Anatomy

When examining the proximal biceps tendon 
anatomy in the context of surgical intervention, 
the surrounding neurovascular structures should 
also be considered. Structures in close proximity 
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include the brachial artery, brachial vein, median 
nerve, radial nerve, and musculocutaneous nerve. 
Dickens et  al. evaluated the anatomic relation-
ships of these structures in 17 cadaveric speci-
mens [48]. They found that with the arm in a 
neutral position, the musculocutaneous nerve 
was on average 10.1 mm medial to the tenodesis 
site and 2.9  mm medial to the medially placed 
retractor. The radial nerve and deep brachial 
artery were 7.4 mm and 5.7 mm deep to the medi-
ally placed retractor. The median nerve, brachial 
artery, and brachial vein were >2.5 cm from the 
closest retractor during the procedure [48].

�Function

Despite the increasing evidence published regard-
ing the LHBT anatomy and pathology, the func-
tion of the LHBT continues to be a subject of 
debate [2]. The role of the LHBT has been theo-
rized to be as a vestigial structure that contributes 
to proprioception [49], as a humeral head depres-
sor [50], and as a glenohumeral joint stabilizer 
[51–58]. While cadaveric studies support the role 
of the LHBT as contributing to glenohumeral sta-
bility, electrodiagnostic studies have suggested 
that the LHBT has minimal activation during 
shoulder motion [59–62]. The role of the LHBT 
has been further called into question by Giphart 
et  al., who compared glenohumeral translation 
after open subpectoral biceps tenodesis with the 
patients’ contralateral shoulders as controls [63]. 
They found that the average difference in transla-
tion was less than 1.0  mm, suggesting that the 
native LHBT likely has little significant effect on 
glenohumeral kinematics [63].

�Distal Biceps Tendon

�Structure and Function

The distal biceps tendon travels from the distal 
aspect of the biceps brachii muscle to its insertion 
on the bicipital or radial tuberosity. The bicipital 
tuberosity is approximately 21–22 mm in length 
and 7–15 mm in width [64–66]. The biceps foot-

print itself is located on the posterior and ulnar 
aspect of the bicipital tuberosity, which is thought 
to allow for maximal supination with biceps bra-
chii contraction [67].

Historically, the distal biceps tendon was 
thought to have a single insertion site, with the 
two tendons from the short and long heads of the 
biceps coalescing and inserting as a single unit 
into the radial tuberosity. However, more recent 
studies have elucidated that a bifid distal biceps 
tendon may be present in as many as 60% of 
specimens studied [64–69]. In these cases, the 
tendon arising from the short head of the biceps 
inserts more distally, whereas the long head 
inserts deeper and more proximally (Fig.  1.3) 
[68]. A cadaveric study of 17 specimens by 
Eames et  al. demonstrated that the biceps con-
sists of two independent muscle bellies with dis-
tinct tendons in most elbows [70]. This is 
considered to be a normal anatomic variant.

The distal biceps tendon can be considered in 
three distinct zones, starting from proximal to 
distal: the pre-aponeurosis zone, the aponeurosis 
or lacertus fibrosus zone, and the post-aponeurosis 
zone [70].

�Zone 1: Pre-aponeurosis
In the pre-aponeurosis zone, Eames et al. found 
that all specimens had two distinct muscle bellies 
which spanned the entirety of the muscle length 
[70]. The muscle corresponding to the short head 
of the biceps brachii remained on the ulnar aspect 
of the arm, whereas the long head muscle ran a 
parallel course and remained on the radial aspect 

Attachment of the
short head of the

biceps tendon

Attachment of the
long head of the
biceps tendon

Fig. 1.3  Attachment of the long and short head of the 
biceps tendon. (Adapted with permission from Bekerom 
et al. [68])
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of the arm. While 10 of the 17 specimens had 
completely separate muscle bellies, 7 had various 
degrees of muscle-raphe interdigitation distally; 
however, all 7 specimens could still be readily 
separated with blunt dissection [70].

�Zone 2: Aponeurosis or Lacertus 
Fibrosus
The lacertus fibrosus, also known as the bicipital 
aponeurosis, is an important structure related to 
the distal biceps tendon, as it can be concurrently 
ruptured in patients who sustain distal biceps ten-
don injuries [49]. It arises from the biceps muscle 
at the level of the musculocutaneous junction. It 
courses distally and medially and inserts on the 
forearm fascia as well as the subcutaneous border 
of the ulna.

Eames et al. described the lacertus fibrosus in 
three distinct layers  – superficial, middle, and 
deep – which, together, contribute to the stability 
of the distal biceps tendon [70]. The superficial 
layer was found to arise from the long head 
biceps muscle belly, just proximal to the myoten-
dinous junction. The superficial layer was the 
thickest of the three layers encountered and 
passed anterior to the tendon of the short head in 
a distal and ulnar direction. The middle layer was 
found to originate from the short head of the 
biceps, pass in a similar distal and ulnar direc-
tion, and then merge with the superficial layer 
anteriorly and distally. Finally, the deep layer of 
the aponeurosis was found to arise from the long 
head of the biceps from the deep radial aspect at 
the level of the myotendinous junction. This layer 
passed ulnarly deep to the distal biceps tendon 
and then merged with both the superficial and 
middle layers [70].

Once the three layers of the lacertus fibrosus 
have merged distally, the merged single layer 
continues superficially to the ulnar forearm flexor 
muscle bellies. The aponeurosis is tethered to 
these muscles by several adhesions. Finally, the 
aponeurosis also attaches to the ulna at both its 
radial and ulnar aspects proximally and also 
inserts into the antebrachial fascia of the forearm 
[70]. Therefore, the aponeurosis nearly circum-
ferentially encompasses the forearm flexors in 
the proximal forearm (Fig. 1.4) [70].

In addition to providing distal biceps tendon 
stability, the lacertus fibrosus is thought to pro-
tect the antebrachial neurovascular structures and 
to help redirect the biceps vector of pull toward 
the radius [71].

�Zone 3: Post-aponeurosis
When two separate tendons are present, their 
insertion sites are distinct, as previously described 
[70]. Specifically, the tendinous insertion of the 
long head of the biceps is broader, more oval in 
its shape, and attaches to the majority of the 
radial tuberosity. In contrast, the short head inser-
tion curves anterior to the long head tendon, 
inserts more distally on the radial tuberosity, and 
has a more fan-like insertion with a smaller area 
of attachment (Fig.  1.5) [70]. The distal biceps 
tendon insertion sites are also surrounded by a 
bicipitoradial bursa and can be most readily 
encountered radial to the tendon, between the 
tendon and the radial tuberosity [71]. Given the 
location of the insertion sites for each muscle 
belly, it has been theorized that the long head pro-
vides the greatest potential for forearm supina-
tion whereas the short head provides the greatest 
potential for elbow flexion [70]. Preservation of 
the radial tuberosity osseous structure, particu-
larly the anterior protuberance, has been shown 
to be significant in maintaining its function as a 
supination cam [72].

Fig. 1.4  Cross section of the forearm 2 cm distal to the 
elbow. The aponeurosis (blue) completely encircles the 
forearm flexor muscles and has tethering points into the 
muscle mass. BT, biceps tendon; LF, the two attachment 
sites of the lacertus fibrosus. (Adapted with permission 
from Eames et al. [70])
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�Vascular Supply

The vascular supply to the distal biceps tendon 
can also be described in three zones. The most 
proximal zone of the distal biceps tendon receives 
its blood supply from branches of the brachial 
artery. These branches arise near the musculoten-
dinous junction and continue distally in the 
paratenon layer to supply the middle zone of the 
tendon. The distal zone of the tendon receives its 
blood supply from branches of the posterior 
interosseous recurrent artery [68]. Given this 
blood supply distribution, the distal biceps ten-
don has an area of relative hypovascularity water-
shed approximately 2 cm proximal to the radial 
tuberosity in the middle zone, which could con-
tribute to the pathogenesis leading to distal biceps 
tendon ruptures (Fig. 1.6) [68, 73].

�Neurovascular Anatomy

The biceps brachii muscle is innervated by the 
musculocutaneous nerve. Most commonly, it is 
innervated by a single branch that penetrates the 
muscle at approximately 13  cm distal to the 
acromion [74]. Occasionally, a second branch of 
the musculocutaneous nerve may supply the 
biceps 2.4  cm distally to the primary site of 
innervation.

Other nerves of interest in close proximity to 
the distal biceps tendon include the lateral ante-

brachial cutaneous nerve (LABCN), the radial 
nerve, and the posterior interosseous nerve 
(PIN). The LABCN is particularly important 
during distal biceps tendon repair procedures, as 
it is susceptible to iatrogenic injury. It can be 
found between the biceps brachii and the bra-
chialis muscles and typically descends distally 
and lateral to the distal biceps tendon. The radial 
nerve emerges in the lateral aspect of the upper 
arm as it pierces the lateral intermuscular septum 
and then courses distally between the brachialis 
and brachioradialis. Finally, the PIN travels 
around the lateral aspect of the radial neck and 
pierces the supinator muscle. Because the PIN 
course is in such close proximity to the radial 
tuberosity, it is at risk during distal biceps repair. 
According to one study by Duquin et al., the dis-
tance from the PIN to the tuberosity ranges from 
0 to 24 mm [75].

�Conclusion

In conclusion, the proximal biceps tendon, and 
the biceps labral complex in particular, is associ-
ated with some complex anatomic structures. The 
biceps labral complex contains three distinct 

Fig. 1.5  Insertion footprint of the long head (LH) and the 
short head (SH) into the proximal part of the radius. 
(Adapted with permission from Eames et al. [70])

Zone 1

Zone 2

Zone 3

     Radial
recurrent artery

Ant interosseous
recurrent artery

Post interosseous
recurrent artery

Fig. 1.6  Three zones of arterial blood supply within the 
distal biceps tendon. (Adapted with permission from 
Bekerom et al. [68])
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regions, which are important to clinical pathol-
ogy. The distal biceps tendon is a common site of 
injury and open surgical repair, particularly in 
middle-aged men. Recent research efforts have 
helped to better elucidate the structure and func-
tion of the distal biceps tendon. An in-depth 
understanding of the various areas of the biceps 
tendon, its known anatomic variants, and the spe-
cific areas of concern for pathology is crucial for 
the orthopedic surgeon. Clinicians can proceed 
with increased confidence when making both 
diagnostic and surgical decisions when armed 
with a solid foundation of biceps anatomy, struc-
ture, and function.
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�Introduction

Biceps tendon pathology, whether involving the 
proximal or distal biceps, is a common problem 
affecting patients of all ages and activity levels. 
While biceps issues can occur in isolation or 
combined with other injuries, accurate and effi-
cient diagnosis of these injuries is of paramount 
importance as early surgical intervention is 
sometimes warranted and preferred to mitigate 
the risk of complications (distal biceps tendon 
ruptures) [1].

�History

Proximal biceps tendon pathology can involve a 
variety of conditions, each of which has specific 
historical features that can aid the clinician in 
accurate diagnosis. The history begins by under-
standing the patient’s hand dominance and occu-
pation, as this can clue the clinician in to overuse 
injuries as well as the functional demand the 
patient places on their biceps tendon. A sedentary 
patient will have a very different history and 

likely a very different diagnosis than an overhead 
athlete. The patient’s chief complaint is the most 
important aspect of obtaining a history and accu-
rately diagnosing a biceps tendon problem. 
Patients will often present with imaging that 
states they have a “tear” or diagnosis from an out-
side physician. It is important to collect this 
information, but at the same time not let this 
information influence the comprehensive history 
and physical exam that should be performed. Just 
because a patient presents with a diagnosis of 
proximal biceps tendonitis does not mean this is 
their main issue, especially if their main com-
plaint is weakness from their concomitant rotator 
cuff tear. Understanding the patient’s main com-
plaint will help dictate treatment that is tailored 
to the patient and affords them the best chance at 
success. The characteristic of the symptoms is 
important, especially if there are any mechanical 
symptoms such as clicking that was not present 
before an injury.

Next, mechanism of injury is important as an 
acute traumatic injury where the patient heard a 
“pop” or felt something “pull” is often associated 
with different conditions than pain that came on 
slowly over time but has not remitted. The timing 
of injury, whether this happened a few days ago 
versus a few months ago, is also important as this 
can dictate treatment. Patients should also be 
asked about any neurologic symptoms (numb-
ness, tingling, etc.) as there can be overlap 
between proximal biceps symptoms and cervical 
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spine conditions or between distal biceps symp-
toms and compressive neuropathies. Finally, any 
prior treatment that patient has undergone includ-
ing therapy (the type of therapy, frequency, etc.), 
injections, or surgery, particularly SLAP repair, 
is important to understand. It is also essential to 
ask the patient what benefit, if any, they received 
from these treatments as this can aid in the diag-
nosis and help dictate further treatment. There 
are aspects of the history that are specific to the 
proximal and distal biceps tendon, so these will 
be discussed separately.

�Proximal Biceps Specific History

The history specific to the proximal biceps ten-
don begins with the patient’s age and activity 
level, whether the injury occurred from an acute 
incident or whether it has come on gradually over 
time. Having the patient localize their pain is 
important as many patients with biceps tendonitis 
generally will localize their pain to the anterior 
and medial aspect of their shoulder along the 
course of the long head of the biceps tendon. 
Patients with proximal bicep tendon pathology 
can be roughly broken down into overhead ath-
letes and non-overhead, more mature patients. 
Patients may also complain of pain that radiates 
down the anterior arm or into the biceps muscle. 
Particularly in patients who have already rup-
tured the long head of the biceps tendon, com-
plaints may focus on a notable deformity or 
cramping in the biceps muscle belly.

When evaluating an overhead athlete, it is 
important to understand the location of the pain 
and when the pain occurs. One should also ask 
about change in the athlete’s velocity and accu-
racy as these are indicators of problem with the 
shoulder. These patients will often complain of 
pain during either the late cocking/early accelera-
tion phase or the deceleration phase of the throw-
ing cycle. This is because as the athlete brings 
their arm into abduction and maximal external 
rotation, the humeral head can ride up the poste-
rior labrum and peel the biceps-labral complex 
back off the glenoid causing irritation and insta-
bility of the biceps tendon. In contrast, during the 

deceleration phase, the biceps eccentrically con-
tracts in an effort to depress the humeral head and 
help keep it centered within the glenoid and can 
therefore sustain a traction injury. Some athletes 
will complain of a “dead arm” feeling when they 
throw and decreased velocity and describe an 
inability to effectively throw overhead because of 
weakness and pain in the shoulder. These athletes 
can suffer from an unstable or incarcerating 
biceps tendon where the biceps tendon slides out 
of the bicipital groove and becomes entrapped 
within the joint [2]. Patients with symptoms 
related to biceps instability may report an acute 
event with ensuing clicking or popping in the 
anterior shoulder, and some patients may hear an 
audible snap with throwing motions. [3]

The history is very different when evaluating a 
non-overhead athlete or an older individual who 
is commonly suffering from biceps tendonitis. 
While these patients can complain of pain with 
overhead activities, they often describe an insidi-
ous onset of pain that is exacerbated with specific 
maneuvers such as reaching behind their body to 
put on a seatbelt, putting on a jacket, reaching to 
pick up an item at the back seat of a car, or during 
specific exercises at the gym that put the biceps 
on stretch, such as bench press. Their pain is typi-
cally anterior, but if they are also suffering from 
rotator cuff tendonitis or a rotator cuff tear, they 
often grab their entire shoulder when asked to 
localize the pain.

�Distal Biceps Specific History

Pathologic conditions of the distal biceps are less 
common than those of the proximal biceps. Many 
patients with distal biceps tendon injuries will 
give a history of an eccentric load to the elbow 
where they went to pick something up or pull 
something and felt a “pop” or “pull” in the ante-
rior aspect of their elbow. These patients will 
often complain of pain and possibly weakness 
with active forearm supination and possibly with 
elbow flexion. They will often say there was 
accompanying swelling and bruising, which 
should clue the clinician in to a distal biceps ten-
don rupture, which can be complete or partial. 
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The bruising is typically on the medial aspect of 
the elbow, not on the anterior aspect. Conversely, 
some patients will complain of anterior arm/
elbow pain after pitching in a baseball game with 
no specific traumatic event. This should clue the 
clinician in to a potential biceps tendonitis.

�Physical Exam

The physical exam of the shoulder and elbow can 
be extensive, as there are many tests to evaluate 
both the proximal and distal biceps tendons. The 
number of tests performed can often be honed 
down based on the patient’s history. A thorough 
evaluation of the neck and cervical spine should 
accompany every upper extremity exam to ensure 
the problem is not emanating from the cervical 
spine.

�Proximal Biceps Physical Exam

Exam of the long head of the biceps tendon 
begins with proper exposure. All patient’s shoul-
ders should be exposed, maintaining modesty in 
females. The exam begins with inspection of the 
shoulder for any bruising, swelling, or deformity, 
specifically as it relates to the scapula and con-
tour of the biceps muscle belly. Scapular malpo-
sition can predispose patients to proximal biceps 
tendonitis, so examiners should make sure to 
evaluate for this on a consistent basis. A cosmetic 
difference in appearance of the biceps muscle 
belly side to side can indicate a rupture of the 
proximal biceps tendon. This “Popeye defor-
mity” is characterized by a sagging, more flaccid 
appearance of the biceps tendon. In the context of 
proximal biceps tear, this bulge is noted at the 
distal aspect of the anterior arm. The inspection 
and range of motion (ROM) portion of the shoul-
der exam can be performed from behind the 
patient. The patient is asked to actively abduct, 
forward flex, externally rotate, and internally 
rotate the shoulder. Biceps instability may pres-
ent as a painful click or tenderness with palpation 
on full abduction with external rotation. If there 
is a side-to-side difference in active ROM, the 

patient’s shoulder should be passively ranged to 
determine if there is a difference in active vs. pas-
sive ROM which as this is often seen in rotator 
cuff tears (passive ROM>active ROM) or adhe-
sive capsulitis (passive ROM = active ROM).

A strength exam follows, testing the muscles 
of the rotator cuff. Some patients will have weak-
ness limited secondary to pain, and this pain can 
be caused by proximal biceps tendonitis. Once 
this is completed, the biceps tendon is palpated 
anteriorly over the humeral head with the shoul-
der in 10° of internal rotation. The shoulder is 
internally and externally rotated as the biceps is 
palpated within the bicipital groove, which can 
be perceived by the examiner’s finger. Pain dur-
ing this maneuver has a sensitivity of 53% and a 
specificity of 54% for a partial tear of the proxi-
mal biceps [4]. The long head of the biceps ten-
don of both shoulders should be palpated in 
sequence to determine if there is a side-to-side 
difference in tenderness. The shoulder can then 
be passively brought into extension and abduc-
tion with the elbow in extension to determine if 
this reproduces pain anteriorly as the biceps ten-
don is placed on stretch. Finally, biceps specific 
tests are performed.

Active Compression Test  With the physician 
standing behind the patient, the shoulder is 
brought into 90° of forward flexion and 10–15° 
of adduction, with the elbow in full extension, 
while the shoulder is maximally internally rotated 
and forearm pronated (thumb is facing the floor). 
The patient resists as the examiner pushes down 
on the shoulder. This is then repeated with the 
forearm in supination (thumb toward the ceiling) 
(Fig. 2.1). Pain with the forearm in pronation that 
is relieved when the forearm is in supination is 
considered to be a positive test and is indicative 
of biceps/labral pathology [5]. While the initial 
series found sensitivity of 100%, specificity of 
99%, and positive predictive value of 95% [5], 
other authors have noted specificity of 61%, a 
sensitivity of 38%, a positive predictive value of 
31%, and a negative predictive value of 67% for 
detecting proximal biceps pathology [6]. Care 
should be taken to distinguish the location of 
pain, as pain localized to the acromioclavicular 
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joint or superior shoulder is diagnostic of acro-
mioclavicular joint abnormality, but not neces-
sarily biceps tendinitis.

Speed’s Test  The patient’s shoulder is placed 
into forward flexion, external rotation with the 
elbow in extension and forearm in supination. 
The examiner applies downward force that the 
patient resists. Pain along the course of the biceps 
is considered a positive test (Fig.  2.2). Studies 
have found a specificity of 13.8%, a sensitivity of 
90%, a positive predictive value of 23%, and a 
negative predictive value of 83% for detecting 
biceps tendonitis [7].

Yergason’s Test  With the elbow in 90° of flex-
ion, the patient is asked to actively supinate the 
forearm against resistance. If the patient experi-
ences pain in the bicipital region, the test is con-
sidered positive (Fig. 2.3). Studies have found a 
specificity of 79%, a sensitivity of 41%, a posi-
tive predictive value of 48%, and a negative pre-
dictive value of 74% for detecting biceps 
tendonitis. [6]

Upper Cut Test  The forearm is supinated, and 
the elbow is flexed to 90° while the patient makes 
a fist. The examiner provides a downward force 

on the patient’s fist as the patient attempts to 
bring their hand up toward the chin (this is simi-
lar to an upper cut motion in boxing). The test is 
positive if pain is produced or there is a painful 
pop over the anterior shoulder (Fig. 2.4). Studies 

a b

Fig. 2.1  The active compression test used to evaluate 
proximal biceps pathology. The shoulder is brought into 
90° of forward flexion and 10° of adduction, while the 
forearm is maximally pronated (thumb is facing the floor). 

The patient resists as the examiner pushes down on the 
shoulder (a). This is then repeated with the forearm in 
supination (thumb toward the ceiling) (b)

Fig. 2.2  To perform Speed’s test, the patient’s shoulder is 
placed into forward flexion, external rotation with the 
elbow in extension and forearm in supination. The exam-
iner applies downward force that the patient resists. Pain 
along the course of the biceps is considered a positive test
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have found a specificity of 78%, a sensitivity of 
73%, a positive predictive value of 63%, and a 
negative predictive value of 85% for detecting 
biceps tendonitis [6].

Throwing Test  The examiner stands behind the 
patient. The shoulder is abducted to 90°, the 
elbow is flexed to 90°, and the arm is maximally 
externally rotated, which mimics the late-cocking 
position. As the patient steps forward with the 
contralateral leg and mimics a throwing motion, 
the examiner provides isometric resistance. 
Evaluation has noted between 72% and 75% sen-
sitivity, 64% and 78% specificity, 66% and 86% 
positive predictive value, and 60% and 92% neg-
ative predictive value [8].

The tests above can be performed in combina-
tion with one another to increase the accuracy of 
diagnosis of proximal biceps lesions. One such 
combination has been termed the “3-Pack” and 
involves the active compression test, throwing 
test (where the patient attempts to go through a 
throwing motion against resistance), and direct 
palpation over the bicipital tunnel, or combina-
tion of Speed’s test, Yergason’s test, full can test, 
and empty can test. The combination of the 
“3-Pack” can significantly improve sensitivity 
(83–98% sensitive, with 46–79% specificity), 
while the combination of the four more tradi-
tional maneuvers is more specific (20–67% sen-
sitivity with 83–100% specificity) [8]. Finally, 
one additional tool for diagnosis of proximal 
biceps pathology is a selective diagnostic injec-
tion. An ultrasound-guided injection into the 
biceps tendon sheath with lidocaine, or lidocaine 
plus a corticosteroid, can be both diagnostic and 
therapeutic and should be considered when the 
exact etiology of the patient’s pain is unclear.

�Distal Biceps Physical Exam

Evaluation of the distal biceps tendon begins 
with inspection of the elbow for any swelling, 
bruising, or deformity. Significant bruising 
around the medial aspect of the elbow should 
clue the clinician in to a potential rupture. The 

Fig. 2.3  To perform Yergason’s test, the elbow is placed 
in 90° of flexion, and the patient is asked to actively supi-
nate the forearm against resistance. If the patient experi-
ences pain in the bicipital region, the test is considered 
positive

Fig. 2.4  To perform the uppercut test, the patient’s fore-
arm is supinated, and the elbow is flexed to 90° while the 
patient makes a fist. The examiner provides a downward 
force on the patient’s fist as the patient attempts to bring 
their hand up toward the chin (this is similar to an upper 
cut motion in boxing). The test is positive if pain is pro-
duced or there is a painful pop over the anterior shoulder
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patient should then bring both their shoulders 
into 90° of abduction and elbows in 90° of flexion 
while flexing their biceps tendon. The clinician 
should look for a side-to-side difference in the 
appearance of the biceps muscle belly contour. If 
there is a side-to-side difference such that the 
muscle belly of one biceps tendon is retracted 
proximally, this should alert the clinician to a 
possible distal biceps tendon tear (Fig. 2.5). The 
distance between the distal aspect of the biceps 
muscle belly and the elbow flexion crease can be 
measured and compared side to side as subtle dif-
ferences can sometimes be difficult to pick up on 
inspection. This is known as the biceps crease 
interval and has been shown to have sensitivity of 
96% and a diagnostic accuracy of 93% for identi-
fying complete distal biceps tendon ruptures [9]. 
This is followed by palpation of the biceps ten-
don along its course and into its insertion into the 
bicipital tuberosity of the radius. Patients with 
distal biceps tendonitis will often complain of 
tenderness when the biceps is palpated. Some 
patients with a complete rupture may not have 
retraction of the biceps because if the lacertus 
fibrosis is still intact, it will tether the muscle. In 
these patients, the biceps crease interval is not 
increased.

Next, the patient’s active ROM is checked in 
elbow flexion/extension and forearm supination/
pronation. Motion should be checked on both 
arms at the same time to look for any side-to-side 
differences. If there is a difference in active 
motion, the patient’s motion should be passively 
evaluated to determine if the motion is limited 

secondary to pain or because of a mechanical 
block to motion. Once motion is assessed, the 
patient’s strength against resistance in forearm 
pronation/supination and elbow flexion/exten-
sion is checked. Patients who are suffering from 
distal biceps tendonitis will often complain of 
pain with resisted forearm supination with 
accompanying weakness. Patients with a torn 
biceps will have weakness with resisted supina-
tion compared to the contralateral side. Even in a 
setting of acute rupture, this examination can 
usually be performed and is typically not limited 
by pain. They may also complain of pain with 
resisted elbow flexion, although this is less con-
sistent as the primary function of the biceps at the 
elbow is a forearm supinator. The examiner can 
then perform a hook test to determine if the 
biceps and lacertus fibrosus are torn.

Hook Test  The patient actively flexes the elbow 
to 90° and maximally supinates the forearm. The 
examiner uses the index finger of the contralat-
eral hand (opposite the side of the patient’s arm 
that is tested) and attempts to hook their finger 
under the biceps tendon coming from lateral to 
medial at the level of the antecubital fossa. The 
examiner can then bring their index finger from 
the medial side and test the lacertus by attempt-
ing to hook the lacertus fibrosus (Fig.  2.6). An 
inability to hook the biceps tendon here is indica-
tive of a rupture [10]. Studies have found the sen-
sitivity, specificity, positive predictive value, and 
negative predictive value of the hook test to be 
100% for diagnosing distal biceps tendon tears 

Fig. 2.5  “Reverse Popeye deformity”
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[10]. In patients with partial tears or tendonitis, 
once the biceps tendon is hooked, the examiner 
should pull on this in an attempt to reproduce 
pain (the “painful hook test”). A painful response 
in the setting of an intact tendon suggests a par-
tial distal biceps tear or other injury to the biceps 
tendon or sheath.

Finally, the examiner can squeeze the biceps 
tendon muscle belly in the arm, while the patient 
lets the arm hang relaxed at the side. This should 
result in slight forearm supination. If the forearm 
does not supinate and there is a side-to-side dif-
ference, the patient likely sustained an injury to 
their distal biceps tendon.

�Conclusion

Accurate diagnosis of proximal and distal biceps 
tendon pathology involves taking a meticulous 
history and performing a focused physical exam. 
A thorough understanding of anatomy (previous 
chapter) as well as experience in reading diag-
nostic imaging (following chapter) combined 
with an accurate history and physical exam will 
help ensure proper diagnosis of these conditions.
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Imaging the Biceps Tendon at Both 
the Shoulder and Elbow: What 
to Look Out for

Pamela Lund, Midhat Patel, and Evan S. Lederman

�Background

The emergence of more sophisticated imaging 
technology in the past quarter century has 
resulted in corresponding advances in the under-
standing of biceps tendon anatomy, pathology, 
and treatment. Widely available 3T MRI systems, 
dedicated coils, and optimized scan sequences 
have contributed to improved tendon spatial and 
tissue contrast resolution. Modern ultrasonogra-
phy (US) with high-frequency, broad bandwidth 
transducer technology is less expensive than MRI 
and provides excellent visualization of the intrin-
sic structure of small tendons. US can also pro-
vide dynamic and functional tendon assessment, 
and portability allows for intraoperative and in-
office evaluation. Radiographs should be obtained 
as a baseline for most patients with biceps pain to 
assess for alignment and osseous abnormalities. 
Computed tomography provides optimal osseous 
resolution and detail for evaluation of fractures, 
bone lesions, and calcifications with generally 
less metal artifact in the setting of arthroplasty 
and metallic fixation.

Biceps tendon anatomic considerations, imag-
ing techniques, and treatment plans for biceps 
tendon abnormalities can be divided into four 
distinct regions: proximal tendon and biceps-
labral complex, biceps tendon in the bicipital 
groove, subgroove and musculotendinous biceps, 
and distal tendon to the radial tuberosity 
attachment.

�Proximal Biceps Tendon  
and Biceps-Labral Complex (BLC)

�Anatomy

The long head of the biceps tendon (LHBT) orig-
inates from the supraglenoid tubercle and supe-
rior labrum, coursing inferiorly and laterally 
through the rotator interval as it enters the bicipi-
tal groove of the proximal humerus.

The term SLAP (superior labrum anterior pos-
terior) was originally used to describe common 
injury patterns of the BLC by Snyder et  al. in 
1990. They described four types of lesions of the 
superior biceps and labrum that caused signifi-
cant morbidity and were diagnosed and treated 
arthroscopically [1]. The classification of SLAP 
tears has since been expanded to include ten 
types of tears, and SLAP 2 lesions have been fur-
ther subdivided into subtypes A, B, and C based 
on anterior location, posterior location, or 
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anterior and posterior location along the BLC as 
follows [2]:

	 1.	 Fraying and degenerative changes of the 
superior labrum

	 2.	 Detachment of the superior labrum from the 
supraglenoid tubercle/biceps anchor
	(a)	 Anterior superior tear
	(b)	 Posterior superior tear
	(c)	 Posterior superior to anterior superior 

tear
	 3.	 Bucket-handle tear of the labrum with intra-

articular displacement and an intact biceps 
anchor

	 4.	 Bucket-handle tear of the labrum with intra-
articular displacement which includes the 
biceps anchor

	 5.	 Anterior-inferior Bankart lesion with antero-
superior propagation into the biceps/superior 
labrum

	 6.	 Unstable flap tear of the labrum involving 
the biceps anchor

	 7.	 Superior biceps anchor/labral detachment 
that extends anteriorly into the MGHL

	 8.	 Superior biceps anchor/labral detachment 
with posterior extension

	 9.	 Circumferential detachment of the entire 
labrum

	10.	 Extension into the rotator interval

�Imaging

Radiographs have a limited role in evaluating 
proximal biceps and labral abnormalities. 
Routine shoulder radiographs (AP, Grashey, 
Outlet, and Axillary) should be performed to 
assess for osseous abnormalities, fractures, and 
loose bodies as a matter of routine evaluation of 
the shoulder.

MRI and MR arthrography (MRA) are com-
monly used as the gold standard of advanced 
imaging for the biceps tendon and BLC [3]. Most 
musculoskeletal radiologists designate the supe-
rior, anterior, inferior, and posterior locations as 
12:00, 3:00, 6:00, and 9:00 irrespective of ana-
tomic side. Another common convention is to 
assign six segments as follows: superior, antero-

superior, anteroinferior, inferior, posteroinferior, 
and posterosuperior [4]. Because the glenoid 
labral histology is not uniformly fibrocartilagi-
nous but has both radially and circumferentially 
oriented collagen, it may not be entirely homoge-
neous low signal on MRI. It’s important to note 
that the three most common identified normal 
variants of glenoid labral attachment are (1) sub-
labral recess (sulcus) most commonly at 11:00 to 
1:00 position in up to 73% of cases which may 
extend posterior to biceps attachment; (2) iso-
lated sublabral foramen, typically located from 
1:00 to 3:00 location and found in 11–15% of 
shoulder MRI; and (3) sublabral foramen with a 
cord-like middle glenohumeral ligament 
(MGHL) and a cord-like MGHL with no tissue 
present at the anterosuperior labrum (the Buford 
complex) present in 1.5% of individuals (Fig. 3.1) 
[5, 6].

It is important to note that while unusual, 
many variations in LHBT anatomy have been 
reported. A cadaver study of over 100 shoulders 
identified 4 types of origins of the LHBT with 
regard to labral attachment (in addition to supra-
glenoid tubercle insertion): posterior labrum 
only, posterior labrum with some attachment to 
anterior labrum, equally from the anterior and 
posterior labrum, and mostly attached to the ante-
rior labrum [7].

�MRI Technique

Standard shoulder MRI sequences performed at 
most high-field (1.5 or 3 Tesla) imaging centers 
for biceps-labral complex (BLC) and proximal 
long head biceps tendon evaluation use high-
resolution, dedicated shoulder receive and/or 
transmit, multichannel coils. Most protocols (val-
ues in msec) include axial proton density fat-
saturated sequences (PDFS) (TR  =  2500–3000/
TE = 20–60), oblique coronal T1 (TR =400–700/
TE 10–20), and PDFS and optional T2FS (TR 
4000–6000/TE 70–90) along supraspinatus myo-
tendinous and sagittal PDFS, where TR repre-
sents the time between repetitions (magnetic 
pulses) and TE represents the time between echo 
collections (imaging data acquisitions). The 
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Fig. 3.1  Normal BLC and variants. (a) Coronal PDFS 
MRI. Homogeneous low signal attachment BLC (arrow). 
(b and c) Axial and sagittal PDFS MRI. Normal proximal 
intra-articular segment long head biceps extending to 
BLC in same patient (arrows). d) Coronal PDFS MRI 
shows normal intermediate signal articular cartilage inter-

face BLC attachment (arrow). (e and f) Coronal and axial 
T1FS MRA. Thin contrast extends along superior labral 
attachment 11:30–1:00 contoured from lateral-distal to 
medial-proximal (arrow). (g) Buford complex variant. 
Axial MRA.  Absent anterosuperior labrum (arrow) and 
cord-like MGHL (arrowhead)

a b
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hammering sound heard by patients represents 
the vibrations of the gradient coils as electrical 
pulses are applied to produce the directional 
radiofrequency energy pulses necessary for tis-
sue (electrical and chemical environment) and 
location information. The noise amplitude has 
become louder as field strengths have increased 

approaching 125 dB on some sequences necessi-
tating hearing protection for all patients. In a 
modern protocol, high-field shoulder MRI proce-
dure should require no more than 20–25 minutes 
at 3–4 minutes per sequence with five standard 
sequences and an optional ABER view. Axial T2 
non-fat-saturated thin (2 mm) cuts are an option 

Fig. 3.1  (continued)
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for more detailed labral evaluation. Fluid-
sensitive sequences PDFS and T2FS are the 
mainstays for diagnosis of biceps abnormalities 
and have intermediate and high TE values, 
respectively, and may be difficult to distinguish 
based on appearance alone. We rely on coronal 
and axial high TE PDFS (TE  =  40–60  msec) 
sequences for labral abnormalities as they pro-
vide adequate fluid sensitivity while maintaining 
optimal anatomic spatial resolution. For direct 
articular injection of contrast MRA (MR arthrog-
raphy), we omit the axial PDFS and add axial 
T1FS as well as abducted, externally rotated 
(ABER) T1FS view to assess for undercutting or 
peelback of biceps-labral complex (Fig. 3.2). The 
best visualization of the proximal biceps tendon 

is on oblique sagittal PD or T2FS views, which 
provide an optimal perpendicular, cross-sectional 
orientation to evaluate proximal biceps pathol-
ogy. Axial and oblique coronal views are useful 
as the tendon moves distally through the rotator 
interval and the biceps pulley and into the bicipi-
tal groove to evaluate for subluxation or tendon-
itis. Other optional sequences include flexed 
adducted internally rotated (FADIR) and oblique 
axial with 45-degree posterior-superior to 
anterior-inferior angle which may be added for 
improved evaluation of the infraspinatus inser-
tion and anterior-inferior capsuloligamentous 
structures [8]. Standard field of view (axial cov-
erage) includes superior to inferior AC joint 
through bicipital groove with sagittal coverage 

Fig. 3.2  SLAP lesions. (a and b) SLAP 2. Coronal T1FS 
MRA (a) shows thin contrast undercutting BLC 12:30 
(arrows). (b) Same patient ABER view with posterior 
peelback BLC (arrow). (c and d) SLAP 3. T1FS and 
ABER MRA (d) with oblique tear and flap (arrow) and no 
peelback in ABER (arrowhead) (e) SLAP 3 with flap. 
Oblique coronal T1FS MRA with vertical linear contrast 
seen at central labrum and labral attachment (arrows), iso-
lating a bucket handle flap. (f and g) SLAP 4. Coronal and 
sagittal PDFS images show prominent linear fluid under-

cutting anterior BLC to supraglenoid tubercle (arrow in f) 
and longitudinal linear high signal tear extending into 
proximal biceps tendon (arrowheads in f and g). (h) SLAP 
7. Pro-baseball athlete with acute shoulder pain. Axial 
sequential T1FS MRA image shows tear BLC 11–1:00 
extending into MGHL (arrow). (i) SLAP 6. Coronal T1FS 
MRA at anterior BLC. Complex vertical and oblique tear-
ing 1230 with small unstable labral flap fragment attached 
to biceps-labral junction (arrow)

a b
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Fig. 3.2  (continued)

c d

e f

P. Lund et al.



29

medial to lateral from lateral skin to scapular 
body and coronal coverage anterior to posterior 
deltoid. Additional larger-field mid-proximal 
humerus images are obtained in the setting of 
complete and/or distally retracted biceps tendon 
tears. While indirect (intravenous injection of 
gadolinium) MRA has been used in the past for 
labral evaluation for patient and imaging conve-

nience, it is performed less commonly due to 
excellent sensitivity and specificity of high-field 
(3T) MRI and MRA labral imaging.

Although 3T imaging has improved reader 
confidence for detection of superior labral tears, 
reports continue to show equal or marginally bet-
ter performance of MRA compared to standard 
MRI for detection and classification of SLAP 

g h

i

Fig. 3.2  (continued)
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tears. Numerous studies have compared plain 
MRI with direct and indirect MRA to identify 
labral pathology, with recent meta-analyses 
showing that 3T MRI performs as well or better 
than MRA with regard to sensitivity and specific-
ity [9–12].

Direct MRA uses a dilute gadolinium solution 
injection into the glenohumeral joint to achieve 
joint distension and improved contrast resolution. 
Spatial resolution also may be improved slightly 
with T1-weighted fat-saturated images. Patients 
with acute injuries will often have joint effusions 
providing preexisting contrast resolution and 
joint distention obviating advantages of intra-
articular contrast. We perform MRA by injecting 
a dilute gadolinium solution mixed with iodin-
ated contrast using 21G–23G needle (1-syringe 
technique) or 1–2 cc iodinated contrast followed 
by dilute gadolinium (2-syringe technique) via an 
anterior approach for a final gadolinium concen-
tration of 1:200 and total shoulder volume 
8–12  cc. Anterior approaches include rotator 
interval and anterior-inferior quadrant (upper 2/3 
and lower 1/3 junction) of the glenohumeral 
joint. MRA complications are unusual. Incidence 
of septic arthritis is extremely low, reported at 
0.003% [13]. Note that in the presence of large 
indwelling hardware or even smaller, highly 
ferromagnetic hardware, patients can receive 
iodinated CT arthrogram contrast mixed 50:50 
with MRA contrast for salvage CT arthrography, 
if necessary for diagnosis due to metal artifact. 
Magnetic artifact suppression sequences (MARS) 
which employ additional sequences and/or spe-
cialized software may also reduce magnetic arti-
fact. Common techniques utilized include fast 
spin-echo sequences with long echo trains, short 
inversion time inversion-recovery, increased 
bandwidth and echo train length, switching the 
frequency and phase-encoding directions, reduc-
ing the voxel size, and using lower magnetic field 
strength. Recently, manufacturer-specific 
sequences designed to reduce metal artifacts as 
well as software modifications are becoming 
widely available [14].

CT arthrography is useful to assess SLAP 
tears with similar sensitivity and specificity 

compared to MRI and is indicated if MRI can-
not be performed due to indwelling devices or 
severe claustrophobia [3]. While CT arthrogra-
phy is most often utilized in patients with a con-
traindication to MRI, it can detect labral tears 
with a reported 86.3% sensitivity for SLAP 
tears [15, 16].

�Is It a SLAP or Normal Variant?

When faced with this common imaging dilemma, 
it’s important to keep in mind a number of help-
ful imaging features which have been previously 
reported in the literature [17]. Initial reports that 
contrast extension along the superior labral 
attachment should not extend posterior to the 
12:00 position have been refuted in recent stud-
ies, although extension to and beyond the 11:00 
position can be supporting evidence for true 
SLAP but was not found to be helpful in distin-
guishing equivocal cases of SLAP versus sub-
labral recess [18]. Coronal oblique T1FS MRA, 
PDFS, or T2FS (fluid sensitive sequences) pro-
vide the best sensitivity for SLAP detection, 
although the axial and sagittal fluid-sensitive 
sequences may add specificity with a slight 
reduction in sensitivity, and therefore should be 
used for confirmatory or supportive interpreta-
tion evidence only. Width of the fluid or contrast 
extending along the BLC > 2.5 mm on standard 
MRI or greater than sign 2  mm on MRA has 
been suggested as a helpful finding for SLAP 
diagnosis [4]. The presence of a paralabral cyst 
along the glenoid margin also supports the pres-
ence of a SLAP tear or healed/concealed tear. 
False-positive interpretations of SLAP tears 
most often result from the presence of a sub-
labral recess, atypical labral configuration, or 
meniscoid labrum. A normal hyaline-fibrocarti-
lage interface at the biceps-labral attachment 
may simulate a tear or sublabral recess (Fig. 3.1) 
[18]. Helpful characteristics indicating true 
labral pathology and possible pain generation 
include orientation of contrast from inferior-
medial to superior-lateral, irregular or wide tear 
margin, globular intrasubstance signal exten-
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sion, and two vertical contrast collections at the 
superior labral attachment “double Oreo cookie 
sign.” Medial displacement of the labrum in 
ABER position often corresponds to posterior 
peelback (Fig. 3.2) [19, 20].

Tears of the proximal intra-articular segment 
of long head biceps extending from the BLC 
(SLAP 4 pattern) are best identified in the sagittal 
fluid-sensitive images which display a perpen-
dicular cross section of the tendon. Longitudinal 
tear extension can often be estimated on the coro-
nal and axial sequences as well. Unusual tear 
extension patterns into SGHL which has been 
infrequently designated SLAP 11 and/or MGHL 
(SLAP 7) are best seen on the axial and sagittal 
sequences. Sagittal plane images are also often 
best for assessing complete, acute, and chronic 
proximal tendon tears seen as absent biceps ten-
don tissue extending laterally from biceps-labral 
complex. More subtle intra-articular and often 

isolated proximal biceps tendon tendinopathy 
such as thinning, thickening, and ill-defined 
intrasubstance signal may be overlooked if the 
sagittal images of the proximal biceps tendon are 
not well evaluated. Of note is a common MRI 
artifact that results in spurious increased ill-
defined signal in structures with organized repeti-
tive architecture such as tendons at angles 55 
degrees to the main magnetic field. In these cases, 
signal should become less intense with higher TE 
(>60) T2FS images (Fig. 3.3) [21].

In throwing athletes, anterior articular surface 
fraying or partial tear of the adjacent supraspina-
tus tendon and anterosuperior BLC may indicate 
anterior-superior impingement, microinstability, 
or SLAC (superior labral anterior cuff) syn-
drome, wherein impingement develops as a result 
of horizontal adduction overuse stress with arm 
elevation during follow-through motion in pitch-
ers [22].

a b

Fig. 3.3  Biceps tendon MRI magic angle artifact. (a) 
Sagittal and oblique coronal PDFS perpendicular to lat-
eral (curved) margin intra-articular biceps tendon show 
indistinct intermediate to high signal with TE = 20 msec 

(arrow). (b) Corresponding sagittal and oblique coronal 
sequences demonstrate significant decreased tendon sig-
nal with T2FS sequence, TE =90 (arrow)
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It is important to keep in mind that findings of 
labral pathology on advanced imaging of the 
shoulder should be correlated to patient history 
and physical exam. Up to 40% of identified tears 
of the labrum have been shown to be asymptom-
atic and therefore require no intervention [23]. 
SLAP 2 pattern tears are considered by most 
authors to be the most common subtype if labral 
fraying is excluded [16, 24].

�Summary: Proximal Biceps Tendon 
“What to Look Out For”

	1.	 To confirm an anatomic variant over SLAP, 
observe absent fluid at the normal articular 
cartilage-labral interface, typical location and 
configuration for sublabral recess/sulcus, sub-
labral foramen/hole, and Buford variant which 
may simulate pathology.

	2.	 Use specific criteria such as location, width, 
depth, orientation, and shape of fluid or con-
trast undercutting at the biceps-labral attach-
ment to support tear.

	3.	 Correlate clinical labral signs and symptoms. 
Labral fraying, blunting, and attenuation 
aren’t tears.

	4.	 Be aware of small ferromagnetic metallic 
hardware or anchors seen on radiographs or 
scout view that may require combined intra-
articular MR (gadolinium) and CT (iodine) 
contrast injection for salvage CT.

	5.	 Omit iodinated contrast, and use fluoroscopy 
needle position for confirming intra-articular 
needle location in patients with contrast 
allergy history.

	6.	 Include ABER view for MRA with suspected 
labral abnormalities to look for posterior 
peelback.

	7.	 Use PDFS combined with T2FS images of 
intra-articular tendon as it extends from 
anchor to identify abnormalities and avoid 
misinterpreting false intrasubstance signal in 
the proximal tendon at 55-degree tendon 
angles to the main magnetic field (magic 
angle).

�Biceps in Groove and Biceps Pulley

�Anatomy

The biceps pulley (also known as the biceps 
sling) stabilizes the long head of the biceps ten-
don (LHBT) as it enters the bicipital groove 
between the greater and lesser tuberosities. 
Biceps pulley deficiency, which is typically pro-
gressive, can lead to instability and subluxation 
of the biceps tendon as it moves distally through 
the rotator interval and be a significant cause of 
morbidity, particularly with internal rotation and 
adduction leading to impingement of the medi-
ally subluxed biceps tendon against the anterosu-
perior glenoid [25].

In addition to variable origins, a number of 
different courses of the LBHT have been 
described. The LHBT tendon can originate from 
the lesser tuberosity, greater tuberosity, or 
shoulder capsule or rotator cuff. In some 
instances, it originates from the supraglenoid 
tubercle but remains extracapsular or traverses 
as a fibrous attachment to the capsule. Others 
have described multiple origins, of the tendon, 
such as an origin from the supraglenoid tubercle 
and an origin from the rotator cuff that merge 
into a single tendon prior to entering the bicipi-
tal groove (Fig. 3.4) [7, 26]. In rare cases, the 
long head may be congenitally absent with a 
larger short head component which has been 
found in association with upper extremity 
anomalies and multidirectional instability 
(Fig.  3.4) [27]. When examining the bicipital 
groove on MRI, a tendinous structure running 
parallel to the LHBT is often considered pathog-
nomonic for a tear. However, it is important to 
consider accessory muscles or tendons. A well-
described example is the coracobrachialis bre-
vis, an atypical embryological remnant that 
originates on the lateral coracoid and attaches 
on the lesser tuberosity, the anterior capsule, or 
the medial groove [28]. There is also a 9.1–
22.9% incidence of an accessory head of the 
biceps tendon, which typically originates on the 
greater tuberosity and travels along the LHBT in 
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Fig. 3.4  Biceps tendon anatomic variants. (a) Accessory 
biceps tendon. Axial PDFS biceps in groove shows acces-
sory biceps tendon originating from anterior tendon 
sheath (arrow) with adjacent normally located tendon in 
groove (arrowhead). (b and c) Bifid biceps tendon. Axial 
and coronal T2FS images of biceps in groove demonstrate 
two tendons, one originating from the supraglenoid tuber-
cle located along lesser tuberosity (arrows) and second 
slip originating from anterior capsule (arrowheads). (d 
and e) Anomalous origin biceps tendon. Sagittal and coro-
nal PDFS images show single biceps tendon origin at 

anterior capsule (arrows). (f–j) Absent biceps tendon and 
Buford complex. (f) Axial PDFS depicts complete absence 
biceps tendon in groove (arrow) with large short head 
(arrowhead). (g) Axial PDFS superior to groove shows 
absent anterior-superior labrum (arrow) and large MGHL 
(arrowhead). (h and i) Sequential coronal PDFS shows 
superior labrum (h) (arrow) and (i) confirms absent intra-
articular biceps tendon (arrow) and large short head biceps 
tendon (arrowhead). (j) Spina bifida occulta in same 
patient (arrow)
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the groove before an insertion in the anterior 
shoulder (Fig. 3.4) [29].

The short head of the biceps originates from 
the tip of the coracoid process as a conjoint ten-
don with the coracobrachialis muscle. It is 
described as a thick aponeurosis with direct 
attachment of muscle fibers to the coracoid tip as 
well (Fig. 3.4). As the tendon moves inferiorly, 
the tendinous portion remains more lateral while 
the muscle belly is more medial.

The biceps tendon sheath is often involved in 
biceps-related pain from tenosynovitis. The 
sheath is continuous with the glenohumeral joint 
capsule and extends distally. Webb et al. exam-
ined 96 MR and CT arthrograms of the glenohu-
meral joint with fluid traveling to the distal 
extent of the biceps sheath and determined that 
on average it terminated 47.5 mm from the ori-
gin of the tendon, 24.5 mm below the subscapu-
laris tendon, and 11.9  mm below the bicipital 
groove [30]. The importance of the confluence of 
the biceps tendon sheath with the glenohumeral 
joint capsule is clinically relevant as it greatly 
reduces the value of diagnostic biceps tendon 
sheath injections.

The biceps pulley consists of four major com-
ponents: the anterior supraspinatus tendon (SSp), 
the coracohumeral ligament (CHL), the superior 
glenohumeral ligament (SGHL), and the superior 
portion of the subscapularis tendon (SSc). The 
CHL is a broad, thin ligament that originates on 
the lateral portion of the coracoid and has two 
insertions: the tendinous portion of the anterior 
SSp and rotator cable at the greater tuberosity 
(lateral band) and the superior portion of the SSc 
tendon into the lesser tuberosity (medial band). 
The SGHL has two components. The direct com-
ponent originates from the anterosuperior labrum 
adjacent to the supraglenoid tubercle, and the 
oblique component extends from the supragle-
noid tubercle to the rotator cable and serves as the 
floor of the rotator interval [31]. The SGHL 
passes under the biceps tendon and blends with 
the CHL, inserting together on the lesser tuberos-
ity and the entrance to the bicipital groove. 
Because the CHL fibers blend with the direct 
SGHL which continues to the rotator cuff cable, 
some authors believe that it is not a primary com-

ponent of the biceps pulley and that the direct 
component of SGHL is the primary stabilizer 
preventing anterior and inferior subluxation of 
biceps tendon [32]. In a review of over 1000 
patients, Baumann, et al. found the prevalence of 
biceps pulley lesions at arthroscopy to be approx-
imately 7% [33].

�Classification of Biceps Pulley Lesions

Habermeyer et al. described four types of pulley 
lesions. Type 1 lesions involve a disruption of the 
SGHL only, leading to instability of the LHBT 
during internal rotation. Type 2 lesions involve 
disruption of the articular-sided SSc tendon in 
addition to the SGHL. Type 3 lesions are defined 
by articular-sided SSp tendon disruption in addi-
tion to the SGHL, while Type 4 lesions involve 
tears of both the SSc and SSp tendons along with 
the SGHL [34].

A modification of the Habermeyer system, the 
Bennett classification includes five subtypes. 
Type 1 are isolated tears of cranial portion of sub-
scapularis tendon insertion with medial sublux-
ation of the tendon within the bicipital groove. 
Type 2 are tears of the SGHL with slightly more 
prominent medial tendon subluxation. Type 3 
represents a tear of the medial biceps pulley and 
subscapularis with medial subluxation of tendon 
outside bicipital groove. Type 4 is a tear of the 
lateral CHL and anterior supraspinatus with ante-
rior tendon dislocation. Type 5 involves subscap-
ularis, medial pulley, lateral CHL, and 
supraspinatus tendon allowing anterior or medial 
biceps dislocation [35, 36].

�Imaging

Radiographs and CT
While dedicated radiographic views of the 

bicipital groove are infrequently performed in the 
workup of biceps tendon pain, they may be of 
value in specific situations. Specific bicipital 
groove views described by Fisk and later Cone 
allow for measurements and identification of 
spurs, fractures, and osseous bodies within the 
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groove [37]. The view described by Fisk is per-
formed with the patient in a seated or lateral 
decubitus position with the elbow flexed 90° and 
the cassette placed in the supinated forearm. The 
tube is angled from superior to inferior over the 

shoulder to provide a direct axial view of the 
bicipital groove [38]. Bicipital groove measure-
ments, tuberosity fractures of osteochondral bod-
ies, and calcifications within the groove can be 
readily identified (Fig. 3.5).
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d
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Fig. 3.5  Bicipital groove radiograph and CT. (a) Fisk 
tangential radiographic view of bicipital groove (arrow). 
(b and c) Biceps tendon sheath calcification. Sagittal and 
axial CT.  Tubular calcification bicipital tendon sheath 
likely hydroxyapatite deposition, HADD (arrow). (d and 
e) Type 3 biceps pulley abnormality. (d and e) Axial and 

sagittal CT arthrogram. Contrast extends into biceps ten-
don sheath with tendon thinning and medial subluxation 
(arrow in d), high-grade tear and thinning subscapularis 
(arrowhead in d), disruption SGHL portion of biceps pul-
ley and caudal displacement biceps tendon (arrow in e) 
relative to subscapularis (arrowhead in e)

P. Lund et al.
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While CT is not the primary imaging modality 
of choice for visualizing biceps pulley abnormal-
ities, it may be diagnostic for patients with osse-
ous or calcific abnormalities. The addition of CT 
arthrography with contrast in the biceps tendon 
sheath provides indirect visualization of the long 
head biceps and adjacent pulley (Fig. 3.5).

�MRI
MRA is currently the gold standard for advanced 
imaging when biceps pulley pathology is sus-
pected, with reported sensitivity of 82–89% and 
specificity of 87–98% [25]. However, most 
biceps pulley abnormalities are demonstrated on 
standard MRI images, often coexisting with other 
rotator cuff pathology. Additional MRI images 
and internal and external rotation may be useful 
for evaluating small amounts of dynamic biceps 
tendon subluxation, although results are variable. 
We perform standard shoulder MRI in the neutral 
position to avoid distortion of the tendon in inter-
nal rotation and tendon flattening in external 
rotation.

Schaeffleler et al. proposed a number of signs 
to look for that suggest a pulley lesion on MR 
arthrogram: non-visibility or disruption of the 
SGHL on oblique axial T1-weighted MR; dis-
placement of the LHBT caudad or anteriorly rel-
ative to the SSc tendon on a midsection cut 
through the lesser tuberosity on oblique sagittal 
T1-weighted MR; tendinopathy of the LHBT 
demonstrated by changes in diameter, increased 
signal intensity, or irregular margins on oblique 
sagittal or transverse T1-weighted MR; sublux-
ation or dislocation of the LHBT from the bicipi-
tal groove on transverse T1-weighted MR; and 
SSc or SSp tendon tears at the edges of the rotator 
interval.

Of these signs on MRA, the displacement sign 
(caudal displacement of the long head biceps ten-
don in the sagittal plane to the superior margin of 
subscapularis) showed sensitivities of 75–86% 
and specificities of 90–96% and the findings of 
non-visualization or discontinuous SGHL sensi-
tivities and specificities ranging from 79–89% 
and 75–83% correlated with arthroscopic find-
ings. Tendinopathy, subluxation, and dislocation 
of long head biceps showed mixed or poor sensi-

tivities and good specificities ranging from 89% 
to 100% [39]. The displacement sign can be iden-
tified on standard sagittal MRI sequences as 
many of these patients have fluid in the biceps 
tendon sheath allowing visualization of SGHL, 
long head biceps, and subscapularis tendon inser-
tion (Fig. 3.6).

Biceps pulley abnormalities are initially 
assessed in the axial plane for biceps tendon posi-
tion within the groove, subluxation, intra-articular 
and extra articular dislocations, and assessment 
of adjacent subscapularis abnormalities. A com-
monly used MRI modification of the Habermeyer 
biceps pulley abnormalities system describes six 
biceps pulley abnormalities from low grade to 
high grade [40]. Normal biceps tendon may be 
located slightly medially within the bicipital 
groove although adjacent signal abnormality 
within the upper subscapularis lesser tuberosity 
insertion suggests low-grade, type 1 biceps pul-
ley abnormality. Increasing medial subluxation to 
the lesser tuberosity with partial tear of the 
medial SGHL fibers of the pulley is seen in type 
2 lesions with type 3 abnormalities showing ten-
don subluxation into the insertional subscapularis 
fibers via a complete medial defect without ten-
don dislocation. Type 4 biceps pulley failure 
includes biceps tendon dislocation anterior to 
subscapularis through CHL (lateral pulley) tear, 
and type 5 has a tear of the subscapularis and 
SGHL with intra-articular dislocation (Fig. 3.6). 
Type 6 lesions have intact anterior fibers of sub-
scapularis with medial pulley tear and intra-
articular tendon dislocation. Smaller and more 
subtle but clinically important biceps pulley 
abnormalities may affect small portions of the 
coracohumeral ligament and/or SGHL portions 
of the pulley or margins of subscapularis and 
supraspinatus along the rotator interval. It should 
be noted that isolated tears of the subscapularis 
may occur with an intact biceps pulley, “the hid-
den lesion” which can be missed arthroscopically 
and at MRI (Fig. 3.6) [41].

Tendinopathy of the proximal long head 
biceps may occur in intracapsular or extracapsu-
lar locations as noted above. Initial assessment 
should include evaluation for abnormal areas of 
intermediate or high signal intensity within the 
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Fig. 3.6  Biceps pulley MRI. (a) Axial PDFS demon-
strates elliptical normal long head biceps tendon within 
the bicipital groove (arrow) and thin surrounding low sig-
nal CHL (arrowhead) and SGHL (curved arrow) portions 
of the intact biceps pulley with intact subscapularis ten-
don (large arrow). (b) Sagittal T1FS MRA in another 
patient shows normal locations of long head biceps 
(arrow) and subscapularis insertion (large arrow) cranial 
and caudal to intact SGHL portion of biceps pulley 
(curved arrow). (c) Type 1 biceps pulley abnormality. 
Axial PDFS shows slight flattening and medial position 
tendon in groove (arrow) and ill-defined intermediate sig-
nal partial tear or degeneration anterior subscapularis 
insertion (arrowhead). (d–f) Type 2 biceps pulley abnor-
mality. (d) Axial PDFS.  Further medial subluxation 
biceps through torn medial pulley (arrow) with intact sub-
scapularis tendon preventing medial dislocation (arrow-
head). (e and f) Axial and sagittal PDFS type 2 biceps 
pulley abnormality and subscapularis tear in a different 
patient. Fluid obliterates SGHL portion of biceps pulley 
(arrows in e and f) with medial biceps tendon subluxation 

(arrowhead in e and f). Complete tear upper subscapularis 
with retracted tendon (large arrow in e). (g and h) Type 3 
biceps pulley abnormality and caudal displacement sign. 
(g and h) Axial and sagittal PDFS show thick biceps ten-
don with linear delamination (arrow), medial (arrowhead 
in g) and caudal (arrowhead in h) extra-articular sublux-
ation within partial tear subscapularis insertion (large 
arrow in g and h). (i) Subscapularis tear with intact biceps 
pulley, “hidden lesion.” Fluid obliterates humeral attach-
ment subscapularis (arrows) with intact biceps tendon and 
medial and lateral biceps pulleys (arrowheads). (j and k) 
Type 4 biceps pulley abnormality. Axial and coronal 
PDFS MRA shows complete tear lateral CHL portion of 
biceps pulley (arrow in j) and anterior-medial extra-artic-
ular dislocation biceps tendon located anterior to intact 
subscapularis (arrowhead in j and k). (l) Type 5 biceps 
pulley abnormality. Axial PDFS MRA shows near com-
plete tear subscapularis insertion (arrow), high-grade tear 
with severe thinning long head biceps and medial tendon 
dislocation (arrowhead)
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tendon, intra-, and/or extra-articular location as 
well as central or peripheral involvement, cross-
sectional percentage involvement, and longitudi-
nal extent in centimeters. Indistinct or amorphous 
areas of intermediate or high signal abnormality 
often denote tendinopathy, while more discreet 
areas of signal abnormality becoming more 
intense on T2-weighted sequences indicate par-
tial tears. Longitudinal split abnormalities are 
quite common in the proximal biceps and should 
be distinguished from the common accessory 
biceps and bifid normal anatomic variants 
(Fig. 3.4). Complete fluid defect indicates tendon 
disruption usually located at or distal to the BLC 
in the intra-articular tendon segment. The amount 
of distal retraction in cm from the BLC or 
humeral head as well as the presence of a signifi-
cant intra-articular stump is important for surgi-
cal planning and prognosis. In cases of large 
distal retraction below field of view of the shoul-
der coil, the distal edge of the coil can be marked 
on the patient with additional images of the mid-
distal humerus to determine the extent of location 
(Fig. 3.7).

Short head biceps tendon abnormalities 
including coracoid fractures are uncommon but 

should not be overlooked and can be seen in the 
setting of falls and hyperextension injuries.

�Ultrasound
US imaging of the BT offers advantages of lower 
cost and dynamic evaluation. The exam includes 
short- and long-axis views. Short- and long-axis 
views can be obtained by placing the transducer 
perpendicular and parallel to the tendon in the 
bicipital groove. The normal tendon can be iden-
tified as a hyperechoic structure anterior to the 
humeral cortex in the bicipital groove. Dynamic 
ultrasound can be performed by internally and 
externally rotating the shoulder during the exam 
assessing fluid, loose bodies, complete tear, sub-
luxation or dislocation, and postoperative assess-
ment of tenodesis. Dynamic motion of the LHBT, 
with the ability to visualize subluxation and dis-
location of the tendon from the bicipital groove 
with or without associated rotator cuff tears, can 
also be performed. The exam is performed with 
the patient supine with the arm extended and 
internally rotated [42]. Skendzal et al. evaluated 
66 patients with ultrasound compared to 
arthroscopic findings and reported 90% accuracy 
identifying normal long head biceps in the 

Fig. 3.6  (continued)
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Fig. 3.7  MRI of the biceps tendon in the bicipital groove 
and subgroove. (a) Biceps tenosynovitis. Axial MRI 
PDFS shows moderate tendon sheath fluid distention with 
synovial thickening or debris adjacent to tendon (arrow). 
(b and c) Longitudinal biceps tear on screening MRI for 
pitcher denied long-term contract. Axial and sagittal 
PDFS show extensive longitudinal linear high-signal split 
tear long head biceps from BLC to subgroove (arrow in b 
and c). (d and e) Displaced partial tear proximal long head 
biceps tendon. Coronal sequential PDFS MRA sequences 

(d) and (e) show moderate thinning intra-articular long 
head biceps (arrow in d) and displaced, torn biceps tendon 
within anterior glenohumeral joint (arrow in e). (f–h) 
Subacute (3 weeks), complete tear proximal biceps ten-
don. (f and g) Axial and coronal PDFS MRA at bicipital 
groove shows fluid replacing majority of bicipital groove 
with small, intermediate central signal consistent with 
residual tendon sheath (arrow f and g). (h) Additional 
large field sagittal PDFS proximal humerus shows distal 
retraction torn tendon with surrounding fluid (arrow)

a b

groove. Full-thickness tears showed US sensitiv-
ity of 88%, specificity of 98%, and accuracy of 
97% versus partial thickness and other non-tear 
findings with sensitivity of 27%, specificity of 
100%, and accuracy of 88%. Visualization of the 
proximal, intra-articular segment is limited by a 
bony anatomy [43]. Armstrong et al. evaluated 71 
patients and demonstrated 100% specificity and 
96% sensitivity for subluxation or dislocation 
[44]. Recently, power Doppler evaluation which 
may show increased power Doppler signal, most 
often located in the medial peritendinous soft tis-
sues, has been used as an adjunct to determine 
biceps inflammation activity and biceps tenosy-
novitis (Fig. 3.8) [45].

�Summary: Biceps in Groove “What 
to Look Out For”

	1.	 Be aware of common anatomic variants which 
may simulate tears or other long head biceps 
tendon pathology such as bifid and accessory 
tendons, thick biceps tendon sheath, as well as 
complete tendon absence.

	2.	 Assess tendon beneath rotator interval on sag-
ittal plane images to observe subtle abnormal-
ities in SGHL as well as caudal displacement 
of biceps to superior margin of subscapularis 
tendon which may indicate subtle or early 
biceps pulley lesions.
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Fig. 3.7  (continued)

ba

Fig. 3.8  Biceps tendon US. (a–c) Complete tear long 
head biceps tendon. Axial transverse US right bicipital 
groove shows complete tendon tear with anechoic fluid in 
groove (arrow in a). Axial transverse image of left bicipi-
tal groove demonstrates normal echogenic tendon cen-
trally located in bicipital groove (arrow in b). (c) 
Longitudinal compound US image of right bicipital 
groove shows anechoic fluid replacing tendon (arrow). (d 
and e) Type 3 biceps pulley abnormality and tenosynovi-

tis. (d) Axial transverse US view shows medial sublux-
ation of the biceps tendon (arrow) anterior to echogenic 
lesser tuberosity (arrowhead). (e) Axial transverse US 
image at subgroove demonstrates medial displacement 
long head biceps (arrow) with tendon and tendon sheath 
thickening (arrowhead) and small hypoechoic tendon 
sheath fluid (curved arrow). (f) Axial color Doppler image 
shows increased flow within thick biceps tendon sheath 
indicating tenosynovitis
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	3.	 Note that the arthroscopically “hidden lesion” 
of subscapularis partial tear with intact biceps 
pulley can be demonstrated on MRI.

�Subgroove and Mid-Biceps Tendon

Mid-bicep tendon abnormalities are unusual and 
predominantly comprised of muscle injuries, 
contusions, and, rarely, neoplasms. Myotendinous 
strain or rupture is uncommon in the biceps mus-
cle. Grade 1 injuries are best visualized on T2 or 
STIR sequences as high-signal intensity edema 
and small hemorrhage around the myotendinous 
junction with spread along muscle fascicles. 
Grade 2 injuries show irregular thinning and lax-
ity of the tendon fibers with partial retraction. 
Edema and hemorrhage are more prominent than 
in grade 1 strain, and a large hematoma may 
form. Grade 3 injuries represent complete rupture 
and are usually clinically obvious. MR can be 
helpful in locating retracted tendon prior to deter-
mining a treatment modality; however in the 
acute phase, normal anatomy may be distorted by 
extensive hemorrhage and edema [46].

�Distal Biceps Tendon

�Anatomy

The distal biceps myotendinous junction is usu-
ally found approximately 7 cm proximal to the 
volar elbow crease. Muscle fibers of the short 
and long head are intertwined, although two dis-
tinct tendon fiber groups attach to the radial 
tuberosity. The long head tendon insertion is 
smaller and attaches more proximally and poste-
rior on the radial tuberosity footprint with a 
larger, more distal, and anterior short head foot-
print (“the long goes short and the short goes 
long” (David Stoller, MD)). Because of the 
unique insertional arrangement, the short head 
provides the most strength with the elbow pro-
nated and the long head with the elbow supinated 
[47]. A band of the distal biceps tendon (DBT) 
aponeurosis, known as the lacertus fibrosus, 
extends medially from the distal biceps myoten-
dinous junction and attaches to the proximal 
ulna. The bicipitoradial bursa located between 
the distal biceps and radial tuberosity is typically 
non-distended.
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Fig. 3.8  (continued)
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The DBT has an elliptical cross section which 
is typically flatter anteriorly and with an oblique, 
twisting orientation with the anterior surface 
becoming lateral from the myotendinous junction 
to its insertion on the radial tuberosity, leading to 
unique challenges to diagnosis with static 
imaging.

�Distal Biceps Tendon Rupture 
and Classification

DBT rupture largely affects young and middle-
aged males and is less common than proximal 
injuries accounting for 3–10% of total biceps 
injuries [48]. DBT rupture is divided into major 
and minor injuries, with further subdivision. 
Major tendon injuries include complete tears of 
the biceps tendon with and without an intact lac-
ertus fibrosis as well as partial tears >50% the 
width of the tendon. Minor injuries are generally 
treated conservatively and include partial tears of 
less than 50% the tendon width, tendon elonga-
tion, or tendonitis. Advanced imaging is important 
when evaluating DBT pathology to evaluate for 
causes of pain or symptoms other than tendon 
rupture. The formation of enthesophytes at the 
tendon insertion of radial tuberosity bone spurs 
can cause tendon inflammation and irritation, 
leading to pain and weakness. Bursitis of the 
bicipitoradial bursa deep to the DBT and superfi-
cial to the radial tuberosity can also cause signifi-
cant morbidity [49].

�Imaging

�MRI
MRI is currently the gold standard for evaluating 
DBT pathology. Given the oblique and rotational 
nature of the DBT, it is difficult to obtain a longi-
tudinal view to evaluate the integrity of the ten-
don. The tendon insertion should be evaluated in 
all three planes to assess the anterior as well as 
posteromedial components of the short and long 
head fibers, respectively (Fig. 3.9). The field of 
view for elbow MRI, especially with newer 
higher-resolution dedicated coils, may be limited 

for evaluating the DBT, and care should be taken 
to include distal (especially axial) coverage to 
assess the entire radial tuberosity insertion/
footprint.

Giuffre et  al. first described an innovative 
method of positioning to best visualize the ten-
don, in which a patient lies prone with the elbow 
flexed, shoulder abducted, and forearm supinated 
(thumb up). This is now known as the FABS 
position and allows longitudinal view of the ten-
don and better visualization of the tendon inser-
tion by “unwinding” the tendon fibers and 
positioning the tuberosity and tendon footprint 
medially in line with myotendinous fibers result-
ing in straight parallel sections through the ten-
don. The arm overhead position also produces 
more optimal signal with the biceps tendon in the 
isocenter “sweet spot” of the imaging field 
(Fig. 3.9) [50]. The normal biceps tendon may be 
solitary from the myotendinous junction to inser-
tion but often shows a variable bifid appearance 
representing the short and long head fiber 
components.

Distal biceps tendinopathy is often seen in 
middle-aged male patients involved in strength 
training or heavy manual labor, and seen on MRI 
is tendon thickening with central intermediate or 
high signal distortion. Tendinopathy may be a 
precursor to tendon tears, and acute inflammation 
is often associated with adjacent bicipitoradial 
bursitis (Fig. 3.9).

Complete biceps tendon disruption is identi-
fied by a full-thickness fluid defect with variable 
retraction of the leading edge of the torn tendon. 
Additional MRI findings have been described to 
help identify DBT pathology: discontinuity of 
tendon fibers, increased intratendinous signal 
intensity, peritendinous fluid, increased signal 
intensity in the tendon, muscle or surrounding 
soft tissues, and edema of the radial tuberosity. 
MRI has excellent sensitivity when used to exam-
ine complete DBT ruptures, reported as 95–100%, 
with a specificity of 82%. However, the sensitiv-
ity drops significantly (58–60%) for high-grade 
and low-grade partial ruptures, with reported 
specificities as high as 100% [51, 52].

Identification and evaluation of the bicipital 
aponeurosis/lacertus fibrosis on MRI should be 

3  Imaging the Biceps Tendon at Both the Shoulder and Elbow: What to Look Out for



46

Fig. 3.9  Normal and abnormal DBT on MRI and pitfalls. 
(a and b) Normal bifid distal biceps tendon. Sagittal PDFS 
(a) and coronal T1 MRI (b). Bifid appearance normal dis-
tal tendon representing the short head (arrow) and long 
head fiber bundles (arrowhead). (c–e) Biceps tendinopa-
thy. Axial (c), sagittal (d), and coronal (e) thin (0.5 mm) 
section axial PDFS. Thickening and interstitial high signal 
within biceps tendon (long head) radial tuberosity foot-
print located posteromedially (arrows in c–e) and small 
peritendinous fluid (arrowhead in c). FABS position. (f) 
Photo of subject in flexed elbow, abducted shoulder, and 
supinated forearm view for DBT. (g) PDFS image of nor-
mal DBT in FABS position (arrows). (h) Bicipitoradial 
bursitis. Coronal PDFS.  Fluid in bicipitoradial bursa 
(arrow). (i and j) Subacute high-grade partial tear long 
head DBT and bicipitoradial bursitis. Coronal and FABS 
PDFS show fluid replacing long head DBT from radial 
tuberosity with smoothly marginated, thin intact distal 
short head fibers (arrows in i and j), and moderate bursal 
fluid (arrowheads in i and j). (k–n) High -grade DBT tear 
and lacertus fibrosus tear. (k) Sagittal PDFS. Large peri-
tendinous edema (arrows) and thin, minimally intact, non-

retracted LHBT fibers (arrowhead). (l) Sagittal adjacent 
PDFS shows retracted SHBT fibers (arrow). (m) Axial 
PDFS proximal to tear. Fluid signal and distortion obliter-
ate lacertus fibrosus (arrows) with thickening and fluid sig-
nal in torn distal biceps (arrowhead). (n) Axial T1  in 
another patient shows intact lacertus fibrosus (arrow). (o 
and p) Complete tear DBT. (o) Coronal PDFS.  Fluid 
replaces entire DBT with tendon retraction proximal to 
antecubital fossa elbow (arrows). (p) FABS PDFS. Fluid 
defect DBT insertion/footprint (arrow) and markedly 
retracted distal tendon contour (arrowhead). (q–t) 
Interpretation pitfalls. (q) Sagittal PDFS.  Markedly 
retracted, torn DBT proximal to elbow (arrow) with intact 
anterior myotendinous brachialis (arrowheads). (r and s) 
Chronic, partially healed retracted DBT tear. (r) Sagittal 
T1 shows thin continuity DBT tendon or scar (arrows). (s) 
Axial T1. Thick, retracted torn DBT above elbow (arrow) 
and chronic tear lacertus fibrosus (arrowhead). (t) Acute 
grade 2 partial tear pronator teres. Coronal T2FS.  Focal 
intramuscular fluid with small muscle fiber obliteration in 
pronator teres (arrow) with intact DBT (arrowhead)
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accomplished as an intact lacertus fibrosis may 
limit tendon retraction. Marked tendon retraction 
is common, and the torn end of the tendon may 
be proximal to the field of view on elbow 
MRI.  Larger-field or more proximal images 
should be performed to identify the retracted ten-
don. Care should be taken to avoid confusing the 
intact brachialis, which is seen as the most ante-
rior myotendinous structure in the setting of a 
markedly retracted acute or chronic biceps ten-
don tear, as an intact distal myotendinous biceps. 
Without careful observation, adjacent muscle 
injuries may also simulate DBT abnormality 
(Fig. 3.9).

�Ultrasound
US of the DBT can be performed with the patient 
supine and the arm extended and forearm supi-
nated. A short-axis view is obtained through the 
volar forearm, and the DBT is examined in three 
regions: the muscle belly of the biceps, the myo-
tendinous junction and separation of the lacertus 
fibrosus, and the free DBT as it inserts. It is 
important to angle the probe deeper as it moves 
distally, as the free tendon is deeper in this area. 
Care should be taken to avoid oblique or off angle 
transducer orientations which produce anisotro-
pic echo drop-off simulating tears or other pathol-
ogy. Dynamic testing can be done with flexion/
extension and pronation/supination. It is possible 
to reliably identify both the short and long head 
tendons with ultrasound; the long head tendon is 
larger and more lateral prior to its more proximal 
insertion [53].

In the volar short-axis view, the DBT is 
examined in three regions: the muscle belly of 
the biceps, the myotendinous junction and sepa-
ration of the lacertus fibrosus, and the free DBT 
as it inserts. It is important to angle the probe 
deeper as it moves distally, as the free tendon is 
deeper in this area. Dynamic testing can be done 
with flexion/extension and pronation/supina-
tion. When looking at surgically confirmed 
complete and high-grade partial-thickness DBT 
ruptures, de la Fuente found that ultrasound was 
98% sensitive for complete tears and 94% sensi-

tive for high-grade partial-thickness tears 
(Fig. 3.10) [54].

de la Fuente et al. describe the following US 
findings in DBT pathology:

•	 Morphological changes such as thinning or 
thickening of the tendon

•	 Structural alterations such as hyperecho-
genicity, hypoechogenicity, and intratendi-
nous defects

•	 Effusion around the DBT in multiple views
•	 Refraction artifact deep to the retracted tendon 

stump that indicated a complete tear
•	 Absence or hypertrophy of the lacertus 

fibrosus
•	 Fiber stretch and movement or its absence 

during dynamic examination

Both ultrasound and MRI can be used to deter-
mine whether or not tears of the biceps involve 
the long head or the short head of the biceps. This 
is an important clinical distinction, as patients 
with isolated long head rupture are more likely to 
have tendon retraction and lose supination 
strength, while those with isolated short head 
rupture lose more flexion strength and have less 
tendon retraction. Two separate slips of the distal 
tendon can also be identified on ultrasound 
extending to the radial tuberosity with the long 
head fibers inserting proximally on a broader 
footprint and short head fibers more distally. In 
recent years, color, pulsed, and/or power Doppler 
ultrasound evaluation has been used to evaluate 
inflammatory activity in soft tissue abnormalities 
including tendinopathy and tenosynovitis. 
Increase tendon sheath flow can be seen with 
active inflammation and may be helpful to follow 
treatment response.

�Summary: Distal Biceps Tendon 
“What to Look Out For”

	1.	 Include FABS view for all distal biceps ten-
don MRI to optimize anatomic planes and 
evaluation of pathology, and ensure axial 
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images extend distally to include entire short 
and long head radial tuberosity footprint.

	2.	 The long and short head distal DBT compo-
nents may remain separate resulting in a bifid 
tendon appearance, and one or both compo-
nents of the DBT may tear.

	3.	 When evaluating distal tendon tears include 
the amount of retraction in cm and integrity of 
the lacertus fibrosis/bicipital aponeurosis.

	4.	 The leading edge of the torn tendon may be 
located proximal to the elbow MRI field of 
view, and additional distal humerus sequences 
may be necessary for accurate evaluation of 
tendon retraction and to avoid confusing the 
anterior myotendinous brachialis as an intact 
biceps.

�Postoperative BT

�Proximal Biceps

Recurrent or residual SLAP abnormalities are 
best assessed with MRA, although CTA may be 
superior to MRA in the presence of even small 
ferromagnetic anchors used in the past. Repair of 
a normal sublabral recess may result in subse-
quent anterior SLAP abnormality (Fig.  3.11). 
When imaging the postoperative LHBT, it is 
important to obtain records of the method and 
location of the tenodesis site. The first step in 
imaging the postoperative LHBT is plain radio-
graphs. If a bioabsorbable screw has been used in 
the past, a lucency simulating a small lytic lesion 

a b

c

Fig. 3.10  US evaluation of the DBT. (a) Photograph 
demonstrates perpendicular longitudinal US scanning 
technique for DBT to avoid hypoechoic anisotropy arti-
fact. (b) Longitudinal US image. Normal multilaminar 
echogenic tendon fiber orientation DBT (arrows). (c) 

Longitudinal compound US image. Complete tear DBT 
with leading-edge retracted tendon and radial tuberosity 
designated with + cursors. Fluid with mixed echogenic 
debris or hemorrhage replace torn distal tendon (arrows)
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Fig. 3.11  Postoperative biceps tendon. (a and b) Coronal 
PDFS MRA preoperative (a) and postoperative (b) show 
sublabral recess preoperatively (arrow in a) and detach-
ment anterior BLC postoperatively (arrow in b). (c) 
Recurrent SLAP 6 months postop on coronal CT arthro-
gram. Contrast extends from labral attachment at dis-
rupted repaired superior labral attachment 12:30 (arrow) 
with adjacent punctate magnetic artifact (arrowheads). (d) 
Intact biceps tenodesis. Coronal PDFS shows focal high 
signal at suture anchor (arrow) contiguous with reattached 
proximal tendon (arrowheads). (e) Complete tear biceps 

tenodesis. Coronal PDFS shows absent proximal biceps 
tendon reattachment at proud high-signal suture anchor 
(arrow). (f and g) Acute and subacute complete tears 
biceps tenodesis. (f) Coronal T1 proximal humerus in at 
recent tenodesis shows suture anchor (arrow) with fluid or 
hemorrhage in defect (arrowheads) and retraction of torn 
tendon to mid-humerus (curved arrow). (g) Coronal T2FS 
proximal humerus 8  weeks post tenodesis in a profes-
sional baseball athlete shows high-signal suture anchor 
(arrow) with adjacent marrow edema and retracted torn 
tenodesis to proximal humerus (arrowhead)

a b

c d
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may be present in the intertubercular groove or 
proximal humeral shaft, which can occasionally 
be mistaken for a pathologic lesion.

Postoperative biceps tenotomy images with 
MRI, CT, or ultrasound demonstrate tendon 
retraction to the mid-humeral or distal humeral 

level with occasional residual normal or abnor-
mal tendon within the bicipital groove and intra-
articular segment. There are several characteristic 
findings of LHBT tenodesis on MRI. The biceps 
tendon will be absent intra-articularly. The MRI 
sequence should be expanded to be more distal 

e f

g

Fig. 3.11  (continued)
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than a typical shoulder MRI. Images should show 
continuity of the LHBT into the humeral cortex 
and method of fixation. In the case of a bioab-
sorbable screw, continuity of the tendon and 
placement of the screw can be seen (Fig. 3.11). In 
cases of hardware failure or failed tenodesis, a 
loose screw or retracted tendon would be visible 
[14]. MARS techniques, US, or CT can be uti-
lized in the setting of metallic hardware. The 
reattached biceps tendon can be identified in all 
three planes on MRI with intact tendon at and 
distal to the reattachment site interference screw. 
Slightly proud or protruding fixation screws are 
sometimes seen in the postoperative setting and 
are most often asymptomatic, although recessed 
or countersunk fixation screws may be associated 
with biceps tendon or bursal inflammation at the 
repair site (Fig. 3.11) [55]. Soft tissue tenodesis 
to the rotator interval or subscapularis may show 
similar appearance to tenotomy, but frequently 
suture artifact may be identified. Metallic hard-
ware including screw, anchors, or buttons may 
obscure the tendon at the tenodesis site. 
Subpectoral tenodesis may not be visualized with 
standard MRI windows.

�Distal Biceps

Plain radiographs are helpful to identify the 
position of the tenodesis site and hardware. The 
postoperative DBT undergoes hypertrophy and 
signal alterations as it heals, leading to a larger 
diameter and larger footprint in surgically 
repaired tendons when compared to controls. 
Additionally, while normal DBT has a homoge-
neous appearance, surgically repaired tendon 
consistently demonstrates a heterogeneous 
structure. Intratendinous bone formation may 
occur postoperatively [56].

MRI, ultrasound, and CT scan can be used to 
assist in the diagnosis of DBT rerupture. As 
described previously, dynamic ultrasound exam 
can help identify full and partial ruptures. MRI 
can permit direct visualization of the tendon in 
the absence of metallic hardware. Dual-energy 
CT can be used for reduction of metal artifact if a 
metal screw was used previously, although visu-

alization of soft tissues is limited compared to 
MRI.  As in any other situation, it is critical to 
correlate findings on imaging with clinical symp-
toms. Multiple studies have shown increased sig-
nal intensity within the DBT, intratendinous bone 
formation, and loose hardware without symp-
toms being present.

�Summary

A practical knowledge of biceps-labral complex 
and biceps tendon imaging is essential for ortho-
pedic and sports medicine practitioners. In this 
chapter, we have summarized the important 
imaging concepts for evaluating the biceps myo-
tendinous complex from the shoulder to the 
elbow emphasizing current imaging techniques 
and potential pitfalls encountered when perform-
ing and interpreting these studies.
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Ultrasound and the Biceps Tendon: 
Diagnostic and Therapeutic 
Benefits

Ashley J. Bassett, Levon N. Nazarian, 
and Michael G. Ciccotti

�Introduction

The biceps brachii is a biarticular muscle that 
plays a pivotal role in shoulder and elbow func-
tion. It originates proximally at the scapula and 
inserts distally in the forearm at the tuberosity 
of the proximal radius, spanning both the shoul-
der and elbow joints. The biceps brachii is a 
powerful elbow flexor and forearm supinator 
composed of two distinct heads and three ten-
dons. Injury to the long head of biceps tendon 
can arise from acute or chronic tensile over-
load, mechanical impingement, and tendon 
instability and/or secondary to various inflam-
matory or degenerative shoulder conditions. 
Long head of biceps tendon pathology is often 
associated with concomitant rotator cuff and/or 
labral injury [1]. Distally, biceps tendon injury 
may result from a combination of chronic pro-
cesses, including mechanical impingement and 

diminished tendon vascularity, or from an acute 
traumatic tensile overload. Imaging options for 
proximal and distal biceps brachii pathology 
include sonography and magnetic resonance 
imaging.

The use of sonography (US) for the evalua-
tion and treatment of various musculoskeletal 
disorders has risen dramatically over the past 
decade, likely related to a multitude of factors. 
Sonography is a unique imaging modality that 
permits dynamic soft tissue evaluation, lacks 
radiation exposure, enables patient interaction 
during the examination, and offers immediate 
comparison with the contralateral limb. 
Technologic advancements have led to higher-
resolution images, decreased equipment costs, 
and improved portability. New patient safety 
initiatives coupled with an increasing emphasis 
on cost reduction in healthcare have also con-
tributed to the growing popularity of US 
[2–4].

Musculoskeletal US employs high-frequency 
sound waves to image soft tissue structures. 
Sonography can readily identify and differentiate 
tendons, muscles, ligaments, nerves, and vessels 
at a spatial resolution of approximately 0.1 mm; 
this has established US as a prime diagnostic tool 
for the evaluation of shoulder and upper extrem-
ity pathology [2, 3]. In addition to diagnostic 
capabilities, US is often used to guide therapeutic 
interventions including aspiration, injection, 
tenotomy, release, and hydrodissection [5]. This 
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chapter will focus on diagnostic and interventional 
US for the evaluation and treatment of biceps 
brachii pathology.

�Anatomy of the Biceps Brachii

Knowledge of the biceps brachii anatomy and 
normal morphologic variants is critical to inter-
pret US images and recognize pathology. The 
short head of the biceps brachii (SHB) originates 
from the coracoid process of the scapula and 
together with the coracobrachialis is known as 
the conjoint tendon. The long head of the biceps 
brachii (LHB) originates from the supraglenoid 
tubercle of the scapula and the superior labrum, 
most often from the posterior aspect of the supe-
rior labrum [6]. The intraarticular portion of the 
LHB tendon courses over the anterosuperior por-
tion of the humeral head and then passes beneath 
the coracohumeral ligament (CHL) and through 
the rotator interval between the supraspinatus 
and subscapularis tendons.

Within the rotator interval, the superior gleno-
humeral ligament (SGHL), located deep to the 
LHB tendon, blends with the CHL superficial to 
the LHB tendon to form a medial U-shaped sling. 
As the tendon angles sharply toward the entrance 
of the bicipital groove, superficial and deep fibers 
of the subscapularis and supraspinatus tendons 
join with the SGHL/CHL complex to form the 
biceps reflective pulley, stabilizing the LHB ten-
don in the rotator interval and proximal groove 
[7]. Within the bicipital groove of the humerus, 
the tendon is surrounded by a sheath formed by 
extension of the glenohumeral joint synovium. 
Along the course of the bicipital groove, the LHB 
tendon is stabilized by an intricate network of 
fibers from the supraspinatus, subscapularis, and 
CHL that span between the greater and lesser 
tuberosities of the humerus. Continuation of 
these fibers blends to form the transverse humeral 
ligament (THL). Anatomic studies have shown 
the THL is located at the distal extent of the 
bicipital groove and plays a less significant role 
in LHB tendon stability than previously thought 
[8]. Rather, integrity of biceps reflective pulley 
and the supraspinatus and subscapularis tendons 

appear to be most important for stability of the 
biceps within the groove. Injury to one or more 
soft tissue components of the biceps pulley can 
result in biceps tendon instability and ensuing 
attritional tendinopathy. Beyond the bicipital 
groove, the LHB tendon blends into its muscle 
belly at the upper myotendinous junction located 
deep to the pectoralis major tendon. After emerg-
ing distal to the inferior border of the pectoralis 
major, the long head of the biceps brachii gradu-
ally coalesces with the short head of the biceps 
brachii at the level of the deltoid tuberosity.

Though interdigitation occurs between the 
long head and short head of the biceps brachii, 
both muscle bellies contribute individually to 
form distinct portions of the distal biceps tendon, 
roughly 7 cm above the level of the elbow joint. 
The distal biceps tendon is a flat paratenon-lined 
extrasynovial structure with no tendon sheath. 
Coursing distally, it spirals approximately 90°, 
moving from medial to lateral and superficial to 
deep. The distal biceps tendon enters the antecu-
bital fossa and inserts onto the tuberosity of the 
proximal radius over an area of 3 cm2 in a semi-
lunar footprint. Fibers from the short head of the 
biceps brachii attach distally and slightly anteri-
orly at the radial tuberosity and contribute mostly 
to elbow flexion. Fibers from the long head of the 
biceps brachii attach proximally and slightly pos-
teriorly and act as a powerful supinator [9].

There are two bursae that surround the distal 
biceps tendon as it approaches the radial tuberos-
ity that can become inflamed and filled with fluid. 
The bicipitoradial bursa lies between the distal 
biceps tendon and the anterior aspect of the radial 
tuberosity and functions to decrease friction 
between the two structures with forearm prona-
tion and supination. The interosseous bursa con-
tacts the interosseous membrane and lies medial 
to the bicipitoradial bursa and the insertion of the 
distal biceps tendon [10]. At the distal musculo-
tendinous junction, a thin fibrous structure known 
as the lacertus fibrosus or bicipital aponeurosis 
arises from the tendon and extends medially 
across the antecubital fossa, protecting the 
median nerve and brachial artery, and blends 
with the antebrachial fascia covering the superfi-
cial forearm flexors. An intact lacertus fibrosus is 
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thought to contribute to elbow flexion and 
forearm supination and may also limit tendon 
retraction in cases of complete distal biceps ten-
don rupture [11].

Morphologic variations of the biceps brachii 
are common. The origin of the LHB tendon 
exhibits normal variability with the most com-
mon pattern of origin consisting of fibers arising 
from the supraglenoid tubercle and the posterior 
labrum [12]. Attachments to the anterior and 
superior labrum have also been described. The 
LHB can appear as a bifurcate tendon with two 
tendon limbs arising from a single biceps tendon 
origin [13]. Congenital absence of the long head 
is rare but has been associated with glenohumeral 
instability and impingement [12]. Lastly, super-
numerary heads may be present in 9–22% of the 
population with the highest incidence in Japanese, 
South African, and Colombian ethnicities [14]. 
Accessory fascicles most commonly arise from 
the humeral shaft, termed the humeral head of the 
biceps brachii. Additional fascicles can also arise 
from the glenohumeral joint capsule and tuber-
osities of the humerus [15]. Distally, the biceps 
tendon is often two distinct tendons, each a con-
tinuation of the long and short heads of the biceps 
brachii muscle. While the distal biceps tendon 
often appears as one tendon on imaging, appear-
ance of a bifurcate tendon is a normal anatomic 
variant and should be recognized as such. The 
tendon is also wider and thicker at the level of the 
radial tuberosity in males compared to females 
[9]. Additionally, the distal biceps tendon may 
have slips extending to the medial epicondyle, 
medial intermuscular septum, pronator teres, or 
extensor carpi radialis brevis muscles [16].

�Basics of Musculoskeletal 
Sonography

Before focusing on the utility of US for biceps 
brachii pathology, it is first essential to under-
stand fundamental principles of musculoskeletal 
US, including the necessary equipment, basic 
definitions, and the normal appearance of various 
tissues and anatomic structures. Sonography 
requires an ultrasound machine, a transducer or 

probe attached to the body of the device, and cou-
pling gel. The transducer contains a linear or cur-
vilinear array of thin crystals that produce a 
high-frequency sound wave through the transfor-
mation of electrical energy into mechanical 
energy, a process termed piezoelectricity. The 
electrical system of the machine transmits a rap-
idly alternating current to the transducer crystals, 
causing them to vibrate and generate a sinusoidal 
ultrasound wave. The sound wave is then trans-
mitted to the tissue through US coupling gel. 
Gray-scale US images are generated based on the 
amount of reflection and absorption of the ultra-
sound waves by the various tissues being imaged 
and the interfaces between them. Reflected sound 
waves are detected by the transducer, transformed 
back into an electrical signal, and translated into 
an image.

The amplitude and frequency of the ultra-
sound wave are determined by the amplitude and 
frequency of the electrical current; however, the 
material properties and thickness of the piezo-
electric crystals impact the range of frequencies 
that the transducer can produce. This is important 
to consider when selecting an ultrasound trans-
ducer, as higher-frequency sound waves 
(>10  MHz) generate higher-resolution images 
with superior spatial resolution (<1  mm). 
However, high-frequency ultrasound waves also 
have limited penetration depth. While most mus-
culoskeletal structures being imaged on ultra-
sound are relatively superficial and therefore 
well-visualized with a high-frequency transducer, 
deeper structures, such as the hip joint, may 
require use of a medium-frequency transducer 
(5–8 MHz) for optimal evaluation.

Musculoskeletal US utilizes frequencies in the 
range of 10–17  MHz or greater to generate 
images of osseous and soft tissue structures based 
on their unique composition, density, and stiff-
ness. Bodily tissues have different acoustic 
impedance values based on the tissue density and 
sound wave velocity. The acoustic impedance 
describes the amount of resistance an ultrasound 
wave encounters as it passes through the tissue 
and relates to the fraction of ultrasound wave 
energy reflected and, thereby, the tissue echo-
genicity. Dense tissue (i.e., bone) has a larger 
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acoustic impedance value with greater resistance 
to ultrasound wave propagation, resulting in a 
large amount of energy reflection that manifests 
as a bright white structure on the US image. 
Conversely, low-density tissue (i.e., blood) has a 
smaller acoustic impedance value with less resis-
tance to sound wave penetration, leading to more 
energy absorbed and less reflected, producing a 
darker structure on the US image. Sound wave 
reflections occur at the interface between tissues 
of differing density or stiffness, termed an acous-
tic interface. The greater the difference in acous-
tic impedance between the two tissue types, the 
more ultrasound wave energy is reflected at the 
interface, generating a brighter border on US 
image.

Understanding the expected US features of 
different musculoskeletal tissues is helpful for 
identifying and differentiating normal anatomic 
structures. Tissue appearance is generally 
described by echogenicity, echotexture, com-
pressibility, and blood flow on Doppler examina-
tion. Tissue echogenicity is a measure of acoustic 
reflectance and is categorized as hyperechoic, 
isoechoic, hypoechoic, and anechoic. 
Hyperechoic tissues have a high percentage of 
reflection and manifest as bright white structures. 
Hypoechoic tissues have a lower percentage of 
reflection and appear darker. Isoechoic structures 
are similar in brightness to adjacent muscle, 
while anechoic materials exhibit little to no 
reflection and appear black. These terms can be 
used to characterize the US appearance of a 
structure alone (i.e., a normal tendon is often 
bright or hyperechoic) or in relation to surround-
ing structures (i.e., a tendon affected by tendi-
nopathy is generally darker, or hypoechoic, 
compared to surrounding normal tendons). 
Echotexture refers to the internal pattern of sound 
wave reflection and depends on the orientation of 
the transducer relative to the structure. A trans-
verse view, also called short axis view or axial 
view, is oriented perpendicular to the structure of 
interest and generates a cross-sectional image. A 
longitudinal view, also called a long axis view, is 
oriented parallel to the structure of interest. A 
nerve imaged longitudinally will exhibit a fas-

cicular pattern of alternating hypoechoic nerve 
fascicles with hyperechoic epineurium. In the 
transverse plane, the cross-sectional view of 
hypoechoic fascicles surrounded by hyperechoic 
epineurium generates a honeycomb appearance. 
Figure 4.1 shows the echogenicity and echotex-
ture of different anatomic structures in the trans-
verse view.

Proper visualization of various anatomic 
structures on US requires the ultrasound beam to 
encounter the structure perpendicular to the sur-
face of the tissue. If the ultrasound wave encoun-
ters the structure at a non-perpendicular angle, 
the beam is subsequently reflected off the struc-
ture obliquely and fails to be registered by the 
transducer, generating an artifactually dark, or 
hypoechoic, image (Fig.  4.2). This is termed 
anisotropy and is a common pitfall for inexperi-
enced sonographers that can occur with as little 
as 2°–3° deviation from a perpendicular angle 
[17]. It is important for clinicians to continuously 
manipulate the transducer during the examina-
tion, using tilting or heel-toeing maneuvers, to 

Fig. 4.1  Transverse view at the antecubital fossa shows 
the different echogenicity and echotexture of various ana-
tomic structures. The median nerve (N) exhibits a mixed 
echogenicity honeycomb fascicular pattern. The brachial 
artery (A) just lateral to the nerve has a uniform anechoic 
appearance and is compressible. The distal biceps tendon 
(T) is characterized by a fibrillar pattern that is more 
tightly packed compared to the fascicular pattern of a 
nerve. The brachialis muscle (M) exhibits a “starry-night” 
pattern of loosely packed muscle fibers. The distal 
humerus bone has a smooth hyperechoic border with the 
overlying hyaline cartilage (arrows) appearing anechoic
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direct the ultrasound beam perpendicular to sur-
face of the target structure and generate an accu-
rate image.

�Sonographic Evaluation 
of the Biceps Brachii

Sonography of the biceps brachii involves sys-
tematic evaluation of the muscle and tendons in 
distinct anatomic zones as described by Brasseur 
[18], including the glenoid insertion of the LHB 
tendon, extension to the upper pole of the humeral 
head, the rotator interval, the bicipital groove, the 
upper and lower myotendinous junctions, the dis-
tal biceps tendon, and distal enthesis. It is imper-
ative to understand the normal US appearance of 
the biceps brachii tendons and surrounding struc-
tures in order to properly recognize pathology.

�Proximal Attachment at the Superior 
Glenoid

Assessment of the LHB tendon anchor at the 
superior glenoid is often restricted by the overly-
ing acromion and clavicle, frequently limiting 
visualization of the labral-bicipital complex in 
this zone to anterior insertions. With the patient 

seated upright and the shoulder placed in 
Middleton/Crass position of extension, slight 
internal rotation, and adduction, the transducer is 
applied to a small depression just inferior to the 
distal clavicle and medial to the anterior edge of 
the acromion [19]. This shoulder position can be 
accomplished by having the patient seated 
upright with the volar side of the hand placed on 
the ipsilateral buttock. In the transverse view, the 
labral-bicipital complex is visualized as an echo-
genic triangular structure adjacent to the upper 
glenoid composed of the LHB tendon overlying 
the superior labrum. In thin patients, posterior 
insertions of the LHB tendon may be visualized 
by placing the transducer just superior, or poste-
rior, to the distal clavicle and medial to the acro-
mion with the arm in a neutral position [19]. 
Dynamic examination of the biceps anchor and 
superior labrum has been described by bringing 
the arm through an arc of rotation in abduction 
and adduction while checking for labral displace-
ment [20]. Injury to the superior labrum and/or 
LHB tendon anchor, including complete disrup-
tion, may be identified in this anatomic zone; 
however, it should be noted that visualization of 
the labral-bicipital complex on US is very chal-
lenging, especially in the setting of an intact rota-
tor cuff and muscular body habitus, and is often 
impossible due to overlying osseous structures. 

Fig. 4.2  Transverse view of the long head of biceps ten-
don in the bicipital groove demonstrating tendon anisot-
ropy. (a) With the transducer oriented perpendicular to the 
tendon surface, the tendon (T) correctly appears as a 
hyperechoic fibrillar structure. (b) Tilting of the trans-

ducer generates an artifactually hypoechoic tendon image 
due to failure of the transducer to register the obliquely 
reflecting ultrasound waves. Deltoid muscle (D), greater 
tuberosity (GT), lesser tuberosity (LT)
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Therefore, magnetic resonance imaging (MRI) 
remains the gold standard for diagnosis of pathol-
ogy in this region.

�Upper Pole of Humeral Head

Evaluation of the LHB tendon continues along its 
intraarticular course as the tendon curves along 
the anterosuperior portion of the humeral head. 
With the shoulder in extension, slight internal 
rotation, and adduction, the transducer is placed 
perpendicular to the LHB tendon at the level of 
the humeral head cartilage [18]. The transverse 
view of the normal tendon should appear as an 
ovoid homogenous echogenic structure with a 
fibrillar pattern and comparable thickness to the 
contralateral shoulder. Intraarticular proximal 
biceps tendinopathy may be present on US exam-
ination of this anatomic region and is suggested 
by tendon thickening, decreased echogenicity, 
loss of the normal fibrillar pattern, and increased 
heterogeneity [18].

�Rotator Interval

The shoulder is maintained in Middleton/Crass 
position of extension, internal rotation, and 
adduction to open the rotator interval and tighten 
the CHL. The transducer is shifted slightly lateral 
to visualize the LHB tendon within the rotator 
interval, remaining perpendicular to the biceps 
tendon [21]. Between the supraspinatus postero-
laterally and subscapularis anteromedially, the 
echogenic components of the biceps pulley can 
be identified; the superficial CHL blends with the 
SGHL medially to form a U-shaped sling that 
resists medial displacement of the proximal 
biceps tendon (Fig. 4.3). Injury to the biceps pul-
ley in this zone can lead to instability of the LHB 
tendon ranging from intermittent subluxation to 
frank dislocation of the tendon. Proximal biceps 
tendinopathy can also be identified in this ana-
tomic zone, particularly in the setting of anterior 
supraspinatus tears and/or subacromial impinge-
ment syndrome [22].

�Bicipital Groove

Examination of the LHB tendon in the bicipital 
groove is performed with the shoulder in a neu-
tral position, the elbow flexed to 90°, and the dor-
sum of the hand resting on the thigh. At the upper 
bicipital groove, a transverse scan of a normal 
LHB tendon reveals a round, uniformly echo-
genic structure centrally located in the osseous 
groove with fibers of the subscapularis and its 
aponeurosis coursing superficially. The proper 
position of the biceps tendon within the bicipital 
groove can be confirmed by identifying a 
hypoechoic area between the biceps tendon and 
the medial wall of the groove, termed the triangle 
sign (Fig. 4.4) [18]. The stability of the proximal 
biceps tendon can be dynamically evaluated by 
having the patient externally rotate the shoulder 
while maintaining visualization of the tendon in 
the bicipital groove in the transverse plane. A 
normal LHB tendon should remain centrally 
located within the groove as the patient rotates at 
the shoulder. The biceps tendon is normally sur-
rounded by a small amount of fluid within the 
synovial pouch. Less than 1  mm of fluid is 

Fig. 4.3  Transverse view of the long head of biceps ten-
don in the rotator interval. The biceps tendon (T) is located 
between the supraspinatus (SSP) posterolaterally and sub-
scapularis (SSC) anteromedially. The superficial coraco-
humeral ligament (arrowheads) can be seen blending 
medially with the superior glenohumeral ligament 
(arrows) to form the biceps pulley sling (asterisk) that sta-
bilizes the tendon in the rotator interval. Deltoid muscle 
(D), humeral head (HH)
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thought to be physiologic, while greater than 
3 mm of fluid is deemed a pathologic peritendi-
nous effusion [23]. The entire length of the bicip-
ital groove should be scanned, as fluid and debris 
surrounding the biceps tendon can pool distally 
in the dependent area of the sheath with the 
patient seated upright. Pertinent pathology in this 
anatomic region includes proximal biceps insta-
bility arising from biceps pulley injury and/or 
subscapularis tear, biceps tendinopathy or teno-
synovitis, and complete rupture of the LHB ten-
don with an empty groove seen on ultrasound.

�Distal Attachment at the Radial 
Tuberosity

Visualization of the distal biceps tendon is best 
performed in the transverse view using an ante-
rior approach with the elbow in full extension and 
the forearm in forced supination. The transducer 
is placed at the mid-arm and moved distally until 
the transition to the distal biceps tendon and the 
lacertus fibrosis is seen. The distal biceps tendon 
is located superficial to the brachialis muscle and 
lateral to the brachial artery, which can be used as 
an additional landmark to locate the tendon 
(Fig. 4.5). The transducer is then moved distally 

to follow the distal biceps tendon down to its 
attachment on the radial tuberosity in both trans-
verse and longitudinal planes. If full elbow exten-
sion is restricted due to pain or stiffness, or if 
tendon anisotropy limits tendon visualization 
from the anterior approach, other approaches 
may be used to image the distal biceps tendon. 
The posterior approach is performed with the 
elbow in 90° of flexion and maximum pronation 
(cobra position); while this approach provided 
excellent transverse and longitudinal views of the 
distal biceps enthesis, dynamic examination of 
the tendon through an arc of pronation-supination 
is not possible in this position [24].

Dynamic evaluation of the distal biceps ten-
don in the longitudinal view can be accomplished 
using either a lateral or medial approach. The lat-
eral approach is performed with the elbow flexed 
to 90° and fully supinated. The transducer is 
placed parallel to the distal biceps tendon and 
over the lateral aspect of the forearm extensor 
musculature [25]. While this approach minimizes 
tendon anisotropy due to optimal parallel arrange-
ment between the tendon and the transducer, 
evaluation of the distal insertion may be limited 
by the overlying supinator muscle and the trajec-
tory of the tendon insertion at tuberosity. The 
insertion of the distal biceps tendon tends to 
remain oriented in an ulnar direction, even in 
maximum supination, which restricts visualiza-

Fig. 4.4  Transverse view of the long head of biceps ten-
don centrally located in the groove. Presence of the 
hypoechoic triangle (yellow dotted line) between the 
biceps tendon (T) and medial wall of the groove confirms 
normal tendon position and static stability. Deltoid muscle 
(D), greater tuberosity (GT), lesser tuberosity (LT), trans-
verse humeral ligament (THL)

Fig. 4.5  Transverse view of the distal biceps tendon (T) 
in the antecubital fossa located superficial to the brachialis 
muscle (M) and lateral to the brachial artery (A) and 
median nerve (N)
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tion from the lateral elbow. The medial approach 
through the flexor-pronator acoustic window was 
described by Smith et al. [26] and provides better 
visualization of the ulnarly direct tendon inser-
tion than the lateral view while maintaining 
minimal tendon anisotropy through a similar par-
allel approach. With the elbow in 90° of flexion 
and full supination, the transducer is placed just 
proximal to the medial epicondyle and parallel to 
the humeral shaft. The transducer is then trans-
lated anteriorly until the distal biceps tendon is 
identified and then followed distally to its inser-
tion at the tuberosity.

�Diagnostic Sonography for Biceps 
Pathology

�Proximal Biceps Anchor Lesions

Lesions involving the superior labrum and proxi-
mal biceps anchor are a well-recognized cause of 
shoulder pain. Various mechanisms of injury 
have been described including microtraumatic 
damage in the setting of repetitive overhead 
throwing activities and single traumatic events 
such as a forceful traction load or direct compres-
sion load to the arm [27]. The pathology tends to 
originate at the posterior aspect of the superior 
labrum and extend anteriorly, hence the name 
Superior Labrum Anterior to Posterior (SLAP) 
tear [27]. Originally, four types of SLAP tears 
were described by Snyder et al. [28]; this classifi-
cation has expanded over the years to include six 
additional variants of SLAP lesions. Of the ten 
types of SLAP tears currently described, seven 
include either discrete tears of the biceps tendon 
(types IV and X) or stripping of the proximal 
biceps insertion off the superior labrum or gle-
noid attachment (types II, V, VI, VII, and IX) 
[29]. However, precise classification of SLAP 
tear morphology on imaging, even magnetic res-
onance arthrography, remains challenging. 
Literature regarding the use of US for the diagno-
sis of superior labrum tears and insertional 
lesions of the LHB tendon is quite sparse. 
Currently, there is no published data on the sensi-
tivity, specificity, or accuracy of this imaging 

modality for the detection of SLAP tears and 
biceps anchor lesions.

�Proximal Biceps Instability

Stability of the LHB tendon depends predomi-
nantly on the soft tissue restraints that make up 
the biceps pulley system – the SGHL, CHL, sub-
scapularis tendon, and supraspinatus tendon. 
Osseous morphology of the bicipital groove has 
also been shown to contribute to tendon stability, 
though to a lesser extent [30]. Proximal biceps 
tendon instability almost always presents in com-
bination with other inflammatory, degenerative, 
or traumatic shoulder pathology. The pathology 
may be primary, leading to secondary failure of 
the pulley system and LHB tendon instability. 
Subacromial impingement, rotator cuff tendini-
tis, and glenohumeral arthritis can all lead to 
biceps tenosynovitis and/or long-standing biceps 
tendinosis with gradual attenuation of the biceps 
pulley system. Traumatic injury to the biceps 
anchor at the superior labrum and rotator cuff 
tendons can also lead to proximal biceps tendon 
instability. Rotator cuff tears, particularly involv-
ing the subscapularis tendon, are the most com-
mon associated pathology. This is thought to be 
related to lost protection of biceps tendon from 
the coracoacromial arch with subsequent tendon 
impingement and attritional damage [31]. 
Conversely, associated shoulder pathology may 
arise secondary to biceps pulley injury. Primary 
instability of the LHB tendon can cause repetitive 
frictional injury to an intact supraspinatus or sub-
scapularis with resultant partial tearing [32].

While the exact sequence of events varies 
greatly depending on the underlying pathology, 
ultimately proximal biceps tendon instability 
involves damage to one or more of the four com-
ponents of the biceps pulley system. Several clas-
sification systems have been developed, which 
categorize the pulley lesions based on a variety of 
variables, including the injured structure(s), loca-
tion of instability, and direction of the tendon dis-
location or subluxation [32–34]. The Bennett 
classification is most commonly used and subdi-
vides biceps pulley lesions into five types [33]. 
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Type I is an isolated articular-sided subscapularis 
injury. Type II is an isolated injury to the SGHL-
CHL complex involving the medial band of the 
CHL (mCHL). Type I and II injuries are 
characterized by medial tendon subluxation but 
not frank dislocation. Type III is an injury to the 
subscapularis and SGHL-mCHL complex with 
resultant medial intraarticular dislocation of the 
tendon deep to the subscapularis. Type IV is an 
injury to the lateral band of the CHL that allows 
the tendon to dislocate medially superficial, or 
anterior, to the subscapularis due to loss of ten-
sion on the entire medial sling. Type IV injuries 
have a high association with supraspinatus tears. 
Type V is an injury to all four structures of the 
biceps pulley system and presents with medial 
dislocation typically deep to the subscapularis.

Sonography is a highly accurate imaging 
modality for the detection and characterization of 
LHB tendon instability [35, 36]. In addition to 
visualizing the static position of the tendon and 
identifying injured structure(s), ultrasound also 
permits dynamic evaluation of the instability pat-
tern. With the arm resting at the patient’s side, the 
elbow flexed to 90°, and the dorsum of the hand 
placed on the thigh, the transducer is applied to 
the proximal bicipital groove and translated supe-
riorly to visualize the rotator interval. Injury to 
structures of the biceps reflective pulley can be 
identified as discontinuity of the U-shaped sling 
normally visualized at this level. Degree of insta-
bility, including subluxation versus dislocation 

and dynamic versus static, depends on the extent 
of injury to the soft tissue stabilizers. Dynamic 
stability of the LHB tendon is assessed by exter-
nally rotating the patient’s arm while maintaining 
the elbow tight to the patient’s side [37]. 
Subluxation is characterized by absence of the 
normal triangle sign, defined as loss of the dis-
tinct border between the biceps tendon and the 
groove as the tendon perches on the medial edge 
[18]. Dislocation of LHB tendon can occur super-
ficial or deep to the subscapularis; superficial ten-
don dislocation anterior to the subscapularis 
suggests a lateral CHL lesion with an intact sub-
scapularis (Fig. 4.6a), while intraarticular tendon 
dislocation deep to the subscapularis signifies a 
concomitant subscapularis tear (Fig. 4.6b) [33]. 
Sonography has demonstrated a sensitivity of 
96%, specificity of 100%, and an accuracy of 
100% for the diagnosis of LHB tendon sublux-
ation or dislocation [35, 36].

�Proximal Biceps Tendinopathy

Tendinopathy of the proximal biceps tendon 
encompasses a spectrum of pathology including 
tendon inflammation (tendinitis or tenosynovitis) 
and tendon degeneration (tendinosis) advancing 
from intrasubstance deterioration to partial ten-
don tearing and ultimately to complete rupture of 
the LHB tendon. Similar to other proximal biceps 
pathology, tendinopathy of the LHB tendon fre-

Fig. 4.6  Instability of the long head of biceps tendon on 
sonography. (a) Transverse view of the long head of 
biceps tendon (T) dislocated out of the groove and lying 
superficial to an intact subscapularis (SSC). (b) Transverse 

view of a dislocated long head of biceps tendon (T) lying 
deep to the subscapularis (SSC) with an empty groove 
(arrow). There is a concomitant subscapularis tear (aster-
isk). Deltoid muscle (D), lesser tuberosity (LT)
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quently occurs in association with other shoulder 
conditions, ranging from impingement, bursitis, 
rotator cuff disorders, glenohumeral osteoarthri-
tis, superior labral tears, and acromioclavicular 
joint pathology [38]. Mechanical impingement of 
the LHB tendon beneath the coracoacromial 
(CA) arch is a common cause of progressive 
LHB tendinopathy, particularly in patients with 
rotator cuff pathology and/or impingement syn-
drome (acromial bone spur or thickening of the 
CA ligament) [39]. Isolated primary LHB tendi-
nopathy is rare, occurring in only 5% of patients 
with proximal biceps pathology [40]. Acute prox-
imal biceps tendinitis, characterized by tendon 
hyperemia and swelling, typically arises from 
mechanical irritation of the tendon precipitated 
by repetitive overhead activities. If the mechani-
cal microtrauma persists, acute tenosynovitis can 
evolve to chronic tendinosis, with less inflamma-
tory reaction and more advanced tendon degen-
eration and scarring. Microscopic tendon 
degradation with collagen breakdown and fibri-
noid necrosis can progress to macroscopic 
delamination and ultimately to complete tendon 
rupture. Spontaneous LHB rupture most often 
occurs at the proximal biceps anchor and proxi-
mal myotendinous junction.

Ultrasound evaluation of the LHB tendon 
should begin with visualization of the intraarticu-
lar portion at the superior pole of the humeral 
head. The shoulder is placed in extension, and the 
transducer is applied in a transverse view of the 
LHB tendon at the level of the humeral head car-
tilage. At this level, tendon thickening suggests 
LHB tendinopathy. Focal hypertrophy of the 
intraarticular LHB tendon can also lead to tendon 
entrapment, mechanical locking of the shoulder, 
and restricted range of motion. Termed the 
hourglass biceps, the thickened intraarticular ten-
don engages the superior aspect of the bicipital 
groove with shoulder elevation, preventing nor-
mal tendon excursion into the groove and leading 
to a 10°–20° loss of passive glenohumeral eleva-
tion and abduction with preserved rotation [41]. 
In addition to static measurements of tendon 
thickness, dynamic US of the intraarticular LHB 
tendon can help identify hourglass biceps pathol-

ogy and dynamic entrapment. The transducer is 
rotated to a longitudinal view of the LHB tendon 
at the upper pole of the humeral head, and tendon 
diameter is measured. The arm is then maximally 
abducted in the scapular plane, and LHB tendon 
diameter is measured at the same level. A 10% 
increase in tendon thickness or visible tendon 
buckling is considered diagnostic of an hourglass 
biceps deformity. This dynamic ultrasound test 
demonstrated a sensitivity of only 50% but a 
specificity of 100% [42].

Sonographic examination continues with eval-
uation of the LHB tendon in the bicipital groove. 
The shoulder is in a neutral position with the 
elbow flexed to 90° and the dorsum of the hand 
resting on the thigh. A transverse scan of the 
LHB tendon and sheath begins at the entrance to 
the bicipital groove and moves distally. The 
amount of fluid in the tendon sheath can be mea-
sured on both transverse and longitudinal views 
(Fig. 4.7). LHB tendinosis is most strongly asso-
ciated with a moderate peritendinous effusion 
measuring 2–3  mm, while acute tenosynovitis 
can be associated with a much larger effusion 
[23]. Color Doppler mode may reveal focal 
hypervascularity of the tendon sheath consistent 
with acute tenosynovitis (Fig. 4.7c, d). Features 
of LHB tendinopathy on ultrasound include a 
rounded and thickened tendon appearance, irreg-
ular tendon borders, increased tendon heteroge-
neity, and focal hypoechoic fissures (Fig.  4.7). 
Complete rupture of the LHB tendon is charac-
terized by absence of the LHB tendon within the 
groove and visualization of the thickened 
retracted tendon distally in the arm. Ultrasound 
has a reported sensitivity of 75%, specificity of 
100%, and accuracy of 98% for diagnosis of 
complete LHB ruptures [36]. Similarly, ultra-
sound diagnosis of full-thickness LHB tendon 
tears has shown a sensitivity of 88–100%, speci-
ficity of 97–98%, and accuracy of 97–98% [36, 
43]. However, for diagnosis of partial-thickness 
LHB tendon tears, ultrasound has a poor sensitiv-
ity ranging from 27% to 46% and accuracy of 
81–88% when compared to surgical findings [36, 
43]. Therefore, while US is highly accurate for 
the diagnosis of complete LHB rupture and full-
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thickness tears of the LHB tendon, it is far less 
reliable for detection of LHB tendinopathy and 
partial tears.

�Distal Biceps Tendinopathy

Distal biceps tendon pathology includes a wide 
range of disease spanning from tendinosis and 
partial tearing to complete tendon rupture. Tears 
of the distal biceps tendon are far less common 
than those involving the LHB tendon and com-
prise less than 10% of all biceps brachii injuries 
[44]. Partial tears typically occur in a hypovascu-
lar zone located 1–2  cm proximal to the radial 
tuberosity. At this level, the distal biceps tendon 
is supplied by a thin longitudinal plexus of ves-
sels with variable arterial contributions. Lack of 
vascularity in this area hinders the normal tendon 

repair mechanisms and leads to intrasubstance 
degeneration [45]. Mechanical impingement of 
the distal biceps tendon during forearm rotation 
also contributes to progressive tendon damage, as 
the tendon is repeatedly drawn between the 
radius and ulna with pronation. Recurrent trac-
tion forces on the radial tuberosity can lead to 
osseous hypertrophy and formation of an enthe-
sophyte, which can further impinge on the distal 
biceps tendon with forearm rotation [46].

Ultrasound imaging of distal biceps tendon 
pathology is first performed from an anterior 
approach with the elbow in full extension and 
forearm in maximum supination. Visualization of 
the distal-most tendon and insertion at the radial 
tuberosity is performed via a posterior approach 
with the elbow in the cobra position of 90° elbow 
flexion and maximum pronation. Distal biceps 
tendinopathy is characterized by diffuse heterog-

Fig. 4.7  Long head of biceps tendinopathy on sonogra-
phy. Longitudinal (a) and transverse (b) views of the long 
head of biceps tendon (T) in the groove show increased 
peritendinous fluid (asterisks), irregular tendon borders 
(arrowheads), and increased tendon heterogeneity with 

focal hypoechoic fissures (arrows). Color Doppler mode 
in the longitudinal (c) and transverse (d) views show 
hyperemia of the tendon sheath (red) consistent with 
tenosynovitis
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enous thickening of the tendon, focal areas of 
hypoechogenicity and fissures, and loss of the 
normal fibrillar pattern indicating focal disrup-
tion of tendon fibers (Fig. 4.8). On the longitudi-
nal view, fissuring is better visualized with the 
elbow in slight flexion to relax the tendon and 
avoid collapse of the fissures [18]. In cases of 
chronic tendinosis, tiny foci of calcification may 
be seen as small hyperechoic spiculated frag-
ments (Fig. 4.8b). The bicipitoradial bursa, usu-
ally invisible on US and MRI, may become 
dilated with fluid and be visible as an anechoic 

mass deep to the distal biceps tendon (Fig. 4.8c). 
An enthesophyte may be identified at the radial 
tuberosity and may be seen contacting the tendon 
in maximum pronation.

�Distal Biceps Tendon Rupture

Complete ruptures of the distal biceps tendon 
typically arise from a single traumatic event in 
which an excessive eccentric load forces a flexed 
elbow into extension [47]. This mechanism often 

Fig. 4.8  Distal biceps tendinopathy on sonography. (a) 
Longitudinal view of the distal biceps tendon (T) shows 
tendon thickening (red line) and increased tendon hetero-
geneity with hypoechoic areas and loss of the normal 
fibrillar pattern (white asterisk) suggesting disruption of 
tendon fibers. (b) Longitudinal view of the distal biceps 
tendon reveals small hyperechoic calcium deposits within 

the tendon (thick white arrows). (c) Longitudinal view of 
the distal bicep tendon shows fluid within the bicipitora-
dial bursa (yellow asterisk) and an enthesophyte (arrow-
heads) at the radial tuberosity (RT). (d) Longitudinal view 
of the distal biceps enthesis shows a partial tear (yellow 
arrow) with some fibers remaining in continuity (thin 
white arrow)
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leads to an avulsion of the distal biceps tendon 
from the radial tuberosity [48]. A complete tear is 
often clinically evident, with antecubital ecchy-
mosis, irregular biceps brachii contour secondary 
to proximal retraction of the muscle belly, and an 
abnormal hook test. First described by O’Driscoll 
et  al. [49], the hook test is performed with the 
elbow in 90° of flexion as the examiner attempts 
to hook the lateral aspect of the distal biceps ten-
don with his or her index finger while the patient 
supinates against resistance. A positive test is 
defined as absence of the cord-like distal biceps 
tendon and has demonstrated 100% sensitivity 
and specificity for the detection of distal biceps 
tendon tears [49]. The extent of retraction 
depends on the continuity of the lacertus fibrosus. 
If a well-developed lacertus fibrosus remains 
intact, a complete distal biceps tendon rupture 
may exhibit minimal tendon retraction. 
Additionally, an intact lacertus fibrosus may be 
difficult to distinguish from an intact distal biceps 
tendon on hook test examination. Advanced 
imaging with US and MRI can be helpful in 
equivocal cases to confirm diagnosis of a com-
plete tendon rupture and provide additional infor-
mation about the integrity of the lacertus fibrosus, 
level of tendon rupture, extent of proximal retrac-
tion, and quality of the torn tendon.

Sonographic evaluation for a suspected distal 
biceps rupture begins with longitudinal and 
transverse views of the distal biceps tendon from 
an anterior approach with the elbow in extension 
(or slight flexion if limited by pain) and forearm 
in supination. Ultrasound findings of an acute 
complete distal biceps tendon rupture include 
tendon discontinuity, snake-like pattern of the 
detensioned tendon on longitudinal view, peri-
tendinous effusion, and a fluid-filled gap gener-
ated by proximal tendon retraction. The tendon 
stump can be identified as a hypertrophic, hyper-
echoic mass with posterior acoustic shadowing 
secondary to refraction artifact (Fig.  4.9). In 
addition to the diagnosis of a complete distal 
biceps tendon rupture, US can also be utilized to 
measure the degree of proximal tendon retrac-
tion. The extended field-of-view (FOV) scanning 
technique generates panoramic longitudinal 
images that permit the measurement of structure 
length and the distance between two anatomic 
structures. Greater than 8 cm of distal biceps ten-
don retraction correlates with a torn lacertus 
fibrosus [50].

Ultrasound has been shown to be an excep-
tionally accurate imaging modality for the diag-
nosis of complete distal biceps tendon ruptures 
with reported sensitivity ranging 95–98% com-

Fig. 4.9  Distal biceps rupture on sonography. (a) 
Longitudinal view of a normal distal biceps tendon (T) 
insertion at the radial tuberosity (RT). (b) Longitudinal 
view shows complete distal biceps tendon discontinuity 

with a fluid-filled space (white asterisk), proximal retrac-
tion of the hyperechoic tendon stump (arrow) with deten-
sioned fibers, and posterior acoustic shadowing (yellow 
asterisk) secondary to refraction artifact
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parable to 96% sensitivity with MR imaging 
[51]. Iobo et al. [52] investigated the accuracy of 
ultrasound for distinguishing a complete distal 
biceps tendon rupture from a partial tendon tear 
or a normal biceps tendon. Sonography demon-
strated 95% sensitivity, 71% specificity, and 91% 
accuracy for the diagnosis of complete versus 
partial distal biceps tendon tears. In particular, 
detection of posterior acoustic shadowing on US 
demonstrated a sensitivity of 97%, specificity of 
100%, and accuracy of 98% for distinguishing a 
complete distal biceps tendon rupture from a nor-
mal tendon. While the presence of posterior 
shadowing highly correlates with complete ten-
don rupture, it is significantly less sensitive 
(43%) for differentiating a partial distal biceps 
tear from a normal tendon [52].

�Ultrasound-Guided Treatments 
for Biceps Pathology

Ultrasound guidance for interventional musculo-
skeletal procedures provides visualization of 
adjacent anatomic structures to guide accurate 
instrument placement and minimize risk of iatro-
genic injury. Numerous therapies have been 
described for the treatment of tendinous pathol-
ogy, including peritendinous corticosteroid and 
local anesthetic injections, intratendinous injec-
tions of regenerative agents (i.e., platelet-rich 
plasma (PRP), autologous whole blood, bone 
marrow-derived stem cells, autologous tenocytes, 
and amniotic stem cells), prolotherapy, hydrodis-
section, tendon scraping, percutaneous needle 
fenestration and tenotomy, and minimally inva-
sive tendon debridement using ultrasonic energy 
[53]. These procedures can be performed using 
an in-plane or out-of-plane technique. With the 
in-plane approach, the long axis of the needle is 
aligned parallel to the long axis of the transducer 
and traverses the plane of the ultrasound. This 
technique allows visualization of the entire length 
of the needle including the tip and is the most 
accurate approach. The out-of-plane technique is 
performed with the needle aligned perpendicular 
to the long axis of the transducer. The needle tip 
enters the skin out of the plane of the ultrasound 

and aims to enter the plane, generating a trans-
verse axis image of the needle. This approach is 
more challenging, as it is difficult to distinguish 
the needle tip from the needle shaft using a trans-
verse axis view.

�Long Head of Biceps Peritendinous 
Injection

Injections of corticosteroid and/or local anes-
thetic agents around the LHB tendon can be per-
formed in the rotator interval or the biceps tendon 
sheath within the groove. While the majority of 
LHB tendon injections are done at the level of the 
bicipital groove, injections to the rotator interval 
allow more injectate to flow back into the gleno-
humeral joint, rendering this technique ideal for 
intraarticular biceps tendinopathy and concomi-
tant glenohumeral pathology such as adhesive 
capsulitis and osteoarthritis [54]. The LHB ten-
don in the rotator interval is visualized in the 
transverse plane with the shoulder in the 
Middleton/Crass position of extension, internal 
rotation, and adduction by having the patient rest 
the volar aspect of the hand on the ipsilateral but-
tock. The LHB tendon may first be identified in 
the bicipital groove and then followed cranially 
until interposed between the supraspinatus poste-
riorly and subscapularis anteriorly. Once visual-
ized, the needle is then introduced from lateral to 
medial using an in-plane approach, aiming for 
the space between the CHL superficially and the 
tendon lying beneath [55].

An ultrasound-guided injection to the LHB 
tendon sheath in the bicipital groove is performed 
with the shoulder in a neutral position, the elbow 
flexed to 90°, and the dorsum of the hand resting 
on the thigh. Slight external rotation of the arm 
allows the bicipital groove to face more anterolat-
erally and can improve visualization. Needle 
guidance may be achieved using a transverse or 
longitudinal view of the tendon. In the transverse 
view, the transducer is positioned lateral to the 
coracoid and perpendicular to the LHB tendon. 
The THL can be readily identified as a hyper-
echoic structure superficial to the tendon. Color 
Doppler mode can be used to identify the ascend-
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ing branch of the anterior circumflex humeral 
artery at the lateral aspect of the bicipital groove 
and avoid puncturing it during the injection [56]. 
The target area should be positioned in the lateral 
one-third of the screen to decrease the needle tra-
jectory through the deltoid muscle. The needle is 
then introduced from lateral to medial using an 
in-plane approach at an oblique angle of 30°–45° 
aiming for the space between the LHB tendon 
and the THL, taking care to avoid tendon pene-
tration. As the drug is delivered to the bicipital 
sheath, fluid can be seen surrounding the tendon 
(Fig. 4.10) [54]. Conversely, an injection to the 
longitudinal axis of the tendon can be performed 
by rotating the transducer parallel to the tendon. 
The needle is then inserted in plane from caudal 
to cranial aiming just superficial to the LHB ten-
don to avoid injecting the subdeltoid bursa 
instead [57].

Shoulder girdle injections, including those to 
the LHB tendon sheath, have traditionally been 
performed using palpation of anatomical land-
marks to guide needle placement. Yet, even expe-
rienced clinicians are unable to palpate the 
bicipital groove with a great degree of accuracy 
and consistently localize the groove medial to its 
actual location [58]. The use of ultrasound guid-

ance has been shown to improve the accuracy and 
efficacy of injections targeting the LHB tendon. 
Hashiuchi et al. [59] evaluated 30 patients with 
LHB tenosynovitis and/or tendinitis who were 
randomly assigned to ultrasound-guided or 
landmark-guided corticosteroid injections to the 
biceps tendon sheath with a contrast agent fol-
lowed by computed tomography (CT) imaging to 
confirm injection location. Accurate placement 
into the tendon sheath was noted in 13 of 15 
US-guided injections (86.7%) compared to only 
4 of 15 landmark-guided injections (26.7%; 
p < 0.05). Zhang et al. [60] performed a prospec-
tive comparative study of 98 patients with symp-
tomatic LHB tendinopathy who were randomized 
to ultrasound-guided or landmark-guided corti-
costeroid injections. Patients who received an 
ultrasound-guided injection demonstrated signif-
icantly greater reduction in pain (p < 0.05) and 
greater improvement in function (p < 0.01) com-
pared to patients with landmark-guided injec-
tions at a mean follow-up of 34  weeks. There 
were no reported adverse events in either group. 
Another randomized prospective study compar-
ing ultrasound-guided to landmark-guided corti-
costeroid injections for LHB tendinopathy found 
that ultrasound-guided injections resulted in 

Fig. 4.10  Ultrasound-guided injection to the long head 
of biceps tendon sheath. Transverse views of the long 
head of biceps tendon (T) in the groove before (a) and 
after (b) injection. The needle (arrows) is directed using 

an in-plane approach from lateral to medial. Increased 
fluid is seen surrounding the tendon after the injection 
(asterisks)
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superior clinical improvement, as measured by 
VAS, SANE, and QuickDASH scores, at 4 weeks 
and 6  months (p  <  0.05). Ultrasound-guided 
injections were also faster and produced less 
patient discomfort during the procedure [61]. 
Compared to fluoroscopy-guided biceps tendon 
sheath injections, ultrasound-guided injections 
demonstrate a first attempt success rate of 90.6% 
compared to 74% for fluoroscopy (p  <  0.05). 
There was no significant difference in the final 
attempt success rate and visual analog scale score 
between the two groups [62].

�Long Head of Biceps Percutaneous 
Tenotomy

Operative treatment options for LHB tendon dis-
orders primarily include debridement, tenotomy, 
and tenodesis. Compared to tenodesis, 
arthroscopic LHB tenotomy is a quick and tech-
nically simple procedure with low surgical mor-
bidity, less intensive postoperative rehabilitation 
required, and equivalent patient satisfaction and 
clinical outcomes [63]. Ultrasound-guided percu-
taneous LHB tenotomy has the added benefit of 
being a less invasive procedure that can be per-
formed without the risks and costs associated 
with general anesthesia.

At the present time, there is one case report 
detailing the first ultrasound-guided LHB tenot-
omy performed under local anesthesia on a 
59-year-old male with a very good functional 
result [64]. The patient is positioned supine with 
the arm in a neutral position, prepped and draped 
in typical sterile fashion. A transverse scan of the 
LHB tendon in the groove is obtained with a ster-
ile transducer 1 cm proximal to the superior bor-
der of the pectoralis major tendon and inferior to 
the THL. Local anesthetic is injected to the over-
lying skin and subcutaneous tissue and then 
advanced in plane to anesthetize the LHB tendon 
and sheath at this level. A 0.5 cm incision is made 
superficially along the needle track, and an 
arthroscopic hook blade is percutaneously intro-
duced from lateral to medial using an in-plane 
approach to enter the biceps sheath. The hook 
knife is placed between the LHB tendon and the 

bone, and appropriate position is confirmed on 
ultrasound. The sharp end of the hook blade is 
then pulled through the tendon from deep to 
superficial until resistance is no longer felt. 
Complete tenotomy is confirmed by noting a 
fluid gap between the severed tendon ends. The 
primary downside to this approach described by 
Greditzer et al. [64] is the distal location of the 
tenotomy, leaving a very long proximal stump 
that could lead to residual pain or intraarticular 
mechanical obstruction as well as a short distal 
stump that may cause a problem if the procedure 
needs to be revised to an open tenodesis for 
cramping or cosmetic deformity.

Intraarticular LHB tenotomy using ultrasound 
guidance has been only described in feasibility 
cadaveric studies to date [65, 66]. Aly et al. [65] 
found that use of an arthroscopic hook blade 
introduced intraarticularly through an anterior 
portal and cutting the tendon from deep to super-
ficial results in complete tendon transection with-
out iatrogenic injury to the humeral head cartilage 
or rotator cuff tendons. Atlan et al. [66] reported 
intraarticular LHB tenotomy using a backward 
cutter through a single portal, either anterior or 
posterior. The authors also described the groove 
alone test to ensure no soft tissue was entrapped 
between the cutting instrument and the LHB ten-
don prior to tenotomy, to minimize risk of iatro-
genic injury. After placement of the backward 
cutter between the superior aspect of the LHB 
tendon and the articular surface of the supraspi-
natus, the LHB tendon is mobilized with the 
instrument while scanning the length of the ten-
don from the rotator interval to the distal end of 
the bicipital groove. If no other tissue is caught 
by the cutter, mobilization of the intraarticular 
LHB tendon creates a movement of the entire 
tendon, while no other anatomic structures move 
(“groove alone”). Failure of the LHB tendon to 
move when the instrument mobilized the intraar-
ticular LHB tendon suggests entrapment of soft 
tissue between the cutter and the tendon and indi-
cates that it is not safe to perform the tenotomy 
[66]. Larger studies and prospective clinical 
investigations are needed to confirm the reliabil-
ity of these techniques and determine functional 
outcomes compared to arthroscopic tenotomy.
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�Distal Biceps Tendon Injection

Both peritendinous and intratendinous injections 
have been described for the treatment of distal 
biceps tendinopathy. Peritendinous corticosteroid 
injections have been used in the treatment of par-
tial tears or tendinosis of the distal biceps tendon 
to reduce pain and facilitate rehabilitation. 
Though satisfactory outcomes have been 
reported, the use of peritendinous corticosteroid 
injections carries the potential risk of tendon rup-
ture [67]. Additionally, histologic studies of 
chronic tendinopathy suggests no significant 
inflammatory role by 4 months, questioning the 
utility of anti-inflammatory agents in the treat-
ment of this condition [68]. As our understanding 
of distal biceps tendinopathy has advanced, there 
has been growing interest in the role of intraten-
dinous injections of various regenerative agents, 
typically platelet-rich plasma (PRP), and tendon 
fenestration to stimulate a healing response.

Numerous ultrasound-guided peritendinous 
and intratendinous injection approaches have 
been described in cadaveric studies. Sellon et al. 
[69] performed a cadaveric study with injectable 
latex to evaluate the accuracy of four peritendi-
nous approaches and three intratendinous 
approaches using both anterior and posterior 

windows. All 18 peritendinous injections were 
successful, but 1 anterior approach injection had 
penetration of the brachial artery. While the pos-
terior approach decreased the risk of vascular 
injury, it also demonstrated limited proximal 
peritendinous spread and injectate placement 
within the supinator muscle in proximity to the 
posterior interosseous nerve. Intratendinous 
injections were successful in 14 of 15 (93%) 
cases with one anterior intratendinous approach 
placing injectate into the peritendinous space 
alone.

Selection of approach and viewing axis 
depends on the area being targeted and clinician 
preference. The posterior approach is usually 
favored to avoid neurovascular injury. The patient 
is supine with the extremity in the cobra position 
of 90° elbow flexion and maximum pronation. 
The transducer is applied to the dorsal forearm, 
and a longitudinal view of the distal biceps ten-
don is obtained. The needle is then introduced 
from radial to ulnar using an in-plane approach 
and advancing through the supinator to reach the 
distal biceps tendon and peritendinous space 
(Fig. 4.11). Using this approach, the injection can 
be delivered to three different locations: (1) 
superficial peritendinous space between the ulnar 
surface of the tendon and the deep fascia of the 

Fig. 4.11  Ultrasound-guided injection to the distal 
biceps tendon using a posterior approach. Longitudinal 
views of the distal biceps tendon (T) before (a) and after 
(b) platelet-rich plasma injection (PRP). The tendon 
appears hypoechoic, consistent with long-standing tendi-
nosis. The needle (arrows) is directed using an in-plane 

approach from radial to ulnar. Dry needling of the tendon 
and radial tuberosity (RT) is first performed to generate 
intrasubstance cleavage planes for maximum PRP pene-
tration, followed by intratendinous delivery of the injec-
tate (asterisk)
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supinator in the region of the interosseous bursa, 
(2) intratendinous, or (3) deep peritendinous 
space between the radial surface of the tendon 
and radius by passing transtendinous to enter the 
bicipitoradial bursa.

�Conclusion

Sonography is a relatively low-cost, portable 
imaging modality that enables dynamic real-time 
assessment of assorted musculoskeletal pathol-
ogy. The use of ultrasound for the diagnosis of 
various proximal and distal biceps brachii injury, 
including tendinopathy, tendon instability, and 
complete rupture, has been well described. 
Sonography also permits immediate therapeutic 
interventions for a spectrum of biceps pathology, 
including guided peritendinous corticosteroid 
and local anesthetic injections, intratendinous 
injections of regenerative agents such as PRP, 
percutaneous needle fenestration, and tenotomy. 
A thorough understanding of the normal US 
appearance of the biceps brachii tendons and sur-
rounding structures is necessary to properly iden-
tify and manage biceps pathology with US.
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�Introduction

The biceps brachii crosses both the elbow and 
shoulder joint, and its primary function is elbow 
flexion and forearm supination. The long head of 
the biceps tendon (LHBT) originates from the 
supraglenoid tubercle and superior labrum and 
proceeds through the bicipital groove on the ante-
rior aspect of the shoulder occupying a unique 
proximal intra-articular position within the gle-
nohumeral joint. The anatomy and the location of 
the LHBT clearly suggest potential mechanisms 
for the LHBT functioning as a humeral head 
depressor and a position-dependent glenohu-
meral joint stabilizer. However, controversy 
exists with the role of the LHBT as a humeral 
head depressor and a glenohumeral joint stabi-
lizer with significant clinical implications. This 
mainly stems from clinical outcome literature 
supporting commonly performed tenotomy or 
tenodesis to treat shoulder pain secondary to vari-
ous pathologies such as tearing, tendinopathy, or 
tenosynovitis of the LHBT. A question therefore 
is that, by removing the biceps tendon from the 
intra-articular space, are we sacrificing one of its 
functions? In this chapter, we will examine the 

role of the biceps from a biomechanical perspec-
tive along with the scientific studies for healthy 
shoulders and shoulders with rotator cuff tears.

�Anatomy

The biceps brachii muscle originates from two 
proximal tendons – the short head (SHBT) and 
the long head. The LHBT originates from the 
supraglenoid tubercle and superior labrum and 
proceeds through the bicipital groove on the 
anterior aspect of the shoulder (Fig.  5.1). The 
SHBT is extra-articular, while the LHBT has 
both an extra-articular and intra-articular por-
tion. In a cadaveric study, the length of the 
LHBT from its origin at the supraglenoid tuber-
cle to the musculotendinous junction averaged 
98.5 ± 10.5 mm (range 80–126 mm). The aver-
age diameter of the LHBT was 6.6  ±  1.6  mm 
(range 4.5–12  mm) for its intra-articular seg-
ment, 5.1  ±  0.8  mm (range 3–7  mm) for the 
mid-bicipital groove, and 5.3 ± 10.9 mm (range 
3.5–7 mm) for the upper pectoralis major inser-
tion [1]. The tendon’s cross section is a flat-
tened elliptical shape from its origin to the 
articular margin and then becomes more circu-
lar as it passes under the transverse humeral 
ligament and through the bicipital groove. The 
tendon’s cross-sectional area of the flattened 
elliptical proximal region (22.7  ±  9.3  mm2) is 
approximately double that of the distal circular 
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region (10.8  ±  2.8  mm2) [2]. Functionally, the 
LHBT requires 19.4 ± 5.4 mm of excursion to 
take the shoulder from 0 to 90 degrees of scap-
tion [3]. Biceps excursion at the level of the 
biceps pulley is 10–13  mm with the highest 
shear forces occurring with the arm in internal 
rotation with the arm at the side and forward 
flexion with the humerus in either internal or 
neutral rotation [4]. These cadaveric findings 
suggest a vulnerability of the biceps pulley to 
injury due to increased shear stresses incurred in 
the aforementioned positions.

The intra-articular portion sees different 
forces during shoulder motion including com-
pression, shear, and frictional forces [5]. A soft 

tissue sling stabilizes the extra-articular portion 
of the LHBT as it enters the bicipital groove [5]. 
The soft tissue sling, which is commonly referred 
to as the pulley system, is made up of the anterior 
superior glenohumeral ligament, coracohumeral 
ligament, subscapularis, and the anterior aspect 
of supraspinatus (Fig. 5.2). Together these struc-
tures stabilize the LHBT as it turns along the 
articular margin to its extra-articular position [6]. 
As the tendon exits the bicipital groove, from 
proximal to distal, it passes under the transverse 
humeral ligament and beneath the pectoralis 
major tendon until it joins the SHBT, forming the 
biceps brachii muscle belly. The anatomy and 
structure of the LHBT alone place it in a strategic 

25mm

Top of
bicipital groove

(articular
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Fig. 5.1  Photographs showing the lateral and superior view of the LHBT and schematic drawing showing the anatomic 
location of the LHBT

Fig. 5.2  Photograph and an arthroscopic view showing the biceps pully sling [5]
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location to allow it to contribute as a humeral 
head depressor and stabilizer of the glenohumeral 
joint.

�Biomechanical Characteristics 
of the LHBT

The LHBT is a strong tendon with similar intrin-
sic mechanical characteristics as tendons from 
other joints. The elastic modulus, ultimate ten-
sile strength, ultimate strain, and strain energy 
density of the human LHBT have been reported 
to be 421  ±  212  MPa, 32.5  ±  5.3  MPa, 
10.1  ±  2.7%, and 1.9  ±  0.4  MPa, respectively 
[2]. The elastic modulus of the LHBT was 
reported to be approximately 80% that of the 
human patellar tendon and 70% of its tensile 
strength [7]. However, the elastic modulus of 
the LHBT is fourfold greater than that of the 
supraspinatus tendon and has twice its tensile 
strength [8]. This greater stiffness of the LHBT 
compared to the supraspinatus tendon suggests 
that the LHBT accommodates a greater mechan-
ical demand compared to the supraspinatus ten-
don and acts as a humeral head depressor to 
stabilize the joint as other studies have sug-
gested [9, 10].

�LHBT as a Humeral Head Depressor

The biceps has been characterized by Neer as a 
“depressor” of the humeral head that creates a 
fulcrum to allow elevation of the arm [11, 12]. 
The anatomy and the location of the LHBT 
demonstrate potential mechanisms as a 
position-dependent glenohumeral joint stabi-
lizer including contributing as a humeral head 
depressor. The contribution of the LHBT to gle-
nohumeral stability is dependent on the gleno-
humeral joint position and the level of tension 
provided through biceps muscle activation 
(Fig.  5.3). The LHBT, when the muscles are 
activated, is thought to increase concavity com-
pression and the barrier effects to stabilize the 
glenohumeral joint. However, it is important to 
recognize that even if the biceps muscle is not 

activated, the LHBT can contribute to glenohu-
meral joint stability through barrier effects of 
the soft tissue.

�Biomechanical Studies

The anatomy and the location of the LHBT 
clearly suggest potential mechanisms for the 
LHBT functioning as a humeral head depressor 
and a position-dependent glenohumeral joint sta-
bilizer. To study this in a quantitative manner, 
biomechanical studies effectively utilized cadav-
ers to simulate physiologic conditions. These 
studies have shown the LHBT to be a glenohu-
meral joint stabilizer and a depressor of the 
humeral head. Furthermore, loading the LHBT 
has also been shown to decrease rotational range 
of motion and increase torsional rigidity of the 
shoulder. From a mechanism perspective, the 
LHBT helps glenohumeral joint stability by 
effectively helping to improve the concavity 
compression effect upon loading of the LHBT as 
well as the barrier effects provided by the loca-
tion of the LHBT on the humeral head.

In 1989, Kumar et al. began investigating the 
role of the biceps as a humeral head depressor 
[10]. Contractions were simulated in both the 
short head and long head of the biceps tendon, 
and acromiohumeral (AH) distances were mea-
sured using cadaveric specimens. Contraction of 
the short head resulted in a 21.2% decrease in AH 
distance, while added contraction of the long 
head reduced the amount of superior migration 
by 16.1%. Thus, the authors concluded the LHBT 
was an anterior stabilizer contributing to the 

ER
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Fig. 5.3  Diagrammatic representation of the position-
dependent stabilizing forces created by the LHBT
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overall stability of the glenohumeral joint [10]. 
Similarly, in a position-dependent manner, Itoi 
et al. in 1992 showed that a simulated contraction 
of LHBT decreased anterior translation of the 
humeral head with the shoulder in 90 degrees of 
abduction and 60–90 degrees of external rotation 
[13]. Pagnani et al. in 1996 also investigated the 
effect of simulated contraction of the LHBT in 
cadaveric specimens [14]. The authors were able 
to show significantly decreased humeral head 
translations anteriorly, superiorly, and inferiorly 
when a 55 Newton load was applied to the biceps, 
further demonstrating the role of the LHBT as a 
stabilizer of the shoulder joint. Payne et  al. in 
1997 indirectly investigated the LHBT functions 
as a humeral head depressor by measuring gleno-
humeral joint contact pressures upon loading the 
LHBT.  These authors reported a significant 
decrease in anterolateral contact pressures dem-
onstrating that the LHBT functions as a humeral 
head depressor [15]. More recently, Youm et al. 
in 2009 investigated the effect of the LHBT on 
glenohumeral joint kinematics in cadaveric 
shoulders [16]. They reported that loading the 
biceps with 22 Newtons significantly decreased 
glenohumeral rotational range of motion and 
translation, as well as shifting the humeral head 
center posteriorly at maximum internal rotation 
and 30 and 60 degrees of external rotation. These 
authors concluded the LHBT significantly affects 
glenohumeral rotational range of motion, transla-
tion, and kinematics and therefore functions as a 
glenohumeral joint stabilizer. Su et  al. in 2010 
investigated the effects of LHBT in cadaveric 
shoulders with rotator cuff tears [17]. They 
reported significantly decreased anterosuperior 
and superior glenohumeral translation when 
loading the LHBT for all sizes of rotator cuff 
tears, demonstrating the glenohumeral joint sta-
bilizing function. More recently, in 2013, 
Alexander et  al. performed a similar cadaveric 
study investigating the effect of intra-articular 
pressure and the LHBT on passive translations of 
the glenohumeral joint [18]. They reported that 
loading the LHBT tendon decreased glenohu-
meral joint translations in all directions with 
greater effects in anterior and inferior directions. 

These authors concluded the LHBT contributes 
significantly to overall passive stability of the 
glenohumeral joint and tenodesing the tendon 
may impact joint stability and function.

Multiple other studies simulating superior 
labral tears, that compromised the entire biceps 
labral complex, have shown to increase transla-
tion of the humeral head anteriorly and inferiorly 
with strain placed on the inferior glenohumeral 
ligament. Subsequent repair of the biceps labral 
complex restored stability in certain degrees of 
abduction, but not all. Rodosky et al. in 1994 also 
conducted a cadaveric study to investigate the 
effects of the LHBT and superior labrum on 
shoulder stability in an overhead position [19]. 
The authors simulated the forces of the rotator 
cuff and the LHBT as the glenohumeral joint was 
abducted and externally rotated. The authors con-
cluded that the LHBT contributed to anterior sta-
bility of the joint by increasing the shoulder’s 
resistance to torsional forces in the overhead posi-
tion. The authors also concluded that superior 
labral tears compromising the biceps labral com-
plex are detrimental to anterior stability by 
decreasing the shoulder’s resistance to torsion in 
the abducted and externally rotated position. 
These findings were corroborated by many 
authors in cadaveric models investigating superior 
labrum anterior-posterior (SLAP) lesions [20–
27]. These studies created type II SLAP lesions in 
cadaveric shoulders and showed increased trans-
lations in both anterior and inferior directions 
demonstrating that the biceps labral complex does 
play a role in stabilizing the shoulder.

In a comprehensive biomechanical study, 
McGarry et  al. in 2016 evaluated the effect of 
loading the long and short heads of the biceps on 
glenohumeral range of motion and humeral head 
position in cadaveric shoulders [28]. Muscle 
loading was applied based on each muscle’s 
physiological cross-sectional area ratios 
(Fig. 5.4). These authors reported that loading of 
the LHBT shifted the humeral head apex inferi-
orly (Fig.  5.5) and posteriorly and decreased 
internal and external rotation. In addition, load-
ing the LHBT had a much greater effect on gle-
nohumeral range of motion and humeral head 
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shift compared to the SHBT (Fig. 5.6). However, 
in the absence of the LHBT, with the SHBT 
intact, the maximum internal rotation increased, 
and the humeral head shifted superiorly. In maxi-
mum internal rotation, loading either head of the 
biceps resulted in a posterior shift of the humeral 
head. With external rotation, the SHBT resulted 
in an opposite shift of the humeral head. This is 
thought to be due to the anatomic differences in 

the origin of the two heads of the biceps tendon. 
The LHBT originates on the supraglenoid tuber-
cle and traverses through the bicipital groove; its 
location changes with humeral rotation. The 
SHBT is extra-articular, and the location is 
always anterior to the glenohumeral joint. Some 
have postulated that impingement may be wors-
ened without the passive effect of the LHBT as a 
humeral head depressor or that the short head 

Fig. 5.4  Photograph 
showing the testing 
setup from McGarry 
et al. Right shoulder 
mounted on the custom 
shoulder testing system 
in 60° of glenohumeral 
abduction in the scapular 
plane [28]
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may further exacerbate this impingement by ele-
vating the humeral head with contraction [29, 
30].

Biceps pathology commonly occurs in the set-
ting of a rotator cuff tear, and there is much debate 
over whether biceps pathology leads to impinge-
ment and eventual rotator cuff tear or whether the 
biceps pathology is secondary to impingement. 
Conceptually, it is clear that subacromial impinge-
ment can only be avoided with adequate depressor 
function. Payne et  al. in 1997 reported that sub-
acromial pressure decreased by 10% after contrac-
tion of the biceps and that patients with tears of the 
rotator cuff may have better function when the 
biceps contracts [15]. Contraction of the biceps 
depressed the head of the humerus both in normal 
shoulders and those with lesions of the rotator 
cuff, and this effect was greater in the group with 
rotator cuff tears. The movement of the head in 
simulated cuff-deficient shoulders approached that 
of normal shoulders after contraction of the biceps. 
This suggests that active biceps contraction may 
compensate for the depressor function of the cuff.

Despite all of the biomechanical evidence of 
LHBT function as a glenohumeral joint stabi-
lizer and humeral head depressor, good clinical 
results have been reported with biceps tenodesis 
in conjunction with rotator cuff repair with no 
evidence of superior migration of the humeral 
head on follow-up [31–34]. In overhead athletes 
however, the findings of small changes in rota-
tional range of motion and humeral head posi-
tion may lead to different outcomes. Superior 
migration of the humeral head may cause 
increased peak pressure in late cocking and 
deceleration (the extremes of the throwing 
motion) [35–37]. Increased contact pressure 
leads to increased glenohumeral friction and 
likely a reduction in maximum velocity and 
accelerated articular cartilage wear in the throw-
ing athlete. Therefore, in throwers, every effort 
should be made to preserve the biceps-labral 
complex as biceps tenodesis may lead to changes 
in rotational range of motion and humeral head 
position which will likely translate to decreased 
performance. Biceps tenodesis may only be safe 
and effective in non-throwing athletes where 

small changes in shoulder biomechanics may 
not lead to pathological conditions.

From biomechanical studies, the LHBT is 
clearly a humeral head depressor and a 
glenohumeral joint stabilizer as elucidated both 
anatomically and structurally.

�In Vivo Studies

The contribution of the LHBT to glenohumeral 
stability is dependent on the glenohumeral joint 
position and the level of tension provided through 
biceps muscle activation. In vivo studies have also 
evaluated the role of the LHBT as a glenohumeral 
joint stabilizer and as a humeral head depressor 
[38–44]. All conclusions were based on the EMG 
activities of the long head of the biceps muscle. 
When the biceps muscles are activated, the LHBT 
is thought to increase concavity compression and 
barrier effects to stabilize the joint.

As early as the 1980s, EMG studies on the 
effects of the long head of the biceps muscle in 
throwing athletes have shown that the long head 
of the biceps muscle was activated during the 
throwing motion [9, 45]. These authors hypoth-
esized that the LHBT depressed the humeral 
head and helped to contain the glenohumeral 
joint in its anatomical position, even as the 
motion of the elbow and hand acted to elevate 
and subluxate the humeral head from the gle-
noid. This stabilizing function was found to be 
even greater in subjects with rotator cuff disor-
ders. This humeral head depressor function by 
the LHBT was further supported by Warner et al. 
in 1995 [39]. These authors performed a side by 
side comparison radiographic study on unilateral 
LHBT rupture. The authors discovered signifi-
cant superior translation of the humeral head at 
0, 45, 90, and 120 degrees of abduction in the 
ruptured side. This indicated a role for the LHBT 
as a humeral head depressor. However, these 
authors relied on radiographic measurements 
which can be largely inaccurate and inconsistent. 
In 1998, Sakurai et  al. used surface electrodes 
for EMG analysis on the long head and short 
head of the biceps to demonstrate LHBT being a 
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glenohumeral joint stabilizer [45]. These authors 
showed that the biceps is a flexor and an abduc-
tor of the shoulder as the EMG activity was 
detected in all motions under 30% maximum 
isometric shoulder flexion and abduction while 
the elbow was locked in neutral forearm rota-
tion. There was also a higher EMG activity dur-
ing external rotation and elevation. The authors 
concluded the long head acts as stabilizer in the 
superior and anterior directions [45].

These findings were further corroborated in 
patients with rotator cuff tears. Kido et  al. in 
1998 assessed the EMG activity of the LHBT 
during shoulder abduction in patients with rota-
tor cuff tears [41]. Specifically, these authors 
used surface electrodes to measure the biceps 
activities during shoulder abduction with and 
without a 1 kg load. Maximum voluntary con-
traction (MVC) percentages were obtained at 
30, 60, 90, and 120 degrees of shoulder abduc-
tion. In normal shoulders, the % MVC was 
always less than 10% throughout the whole arc 
with and without a 1 kg load. However, 35% of 
the rotator cuff tear shoulders showed more than 
10% MVC, which increased with load applica-
tion and shoulder abduction. These authors con-
cluded there was a supplemental function of the 
biceps in shoulders with rotator cuff tears [41]. 
Kido et al. again in 2000 investigated the role of 
the LHBT tendon specifically as a humeral head 
depressor in patients with and without rotator 
cuff tears [38]. The authors used a radiographic 
method to determine the distance of the center 
of the humeral head relative to the glenoid at 0, 
45, and 90 degrees of elevation with and without 
biceps contraction. These authors showed that 
without biceps contraction, the group with rota-
tor cuff tears had greater proximal migration of 
the humeral head at 0 and 45 degrees. With 
biceps contraction, humeral head depression 
was observed at 0, 45, and 90 degrees of eleva-
tion. They concluded that there is a role of the 
LHBT as humeral head depressor especially in 
cases with rotator cuff tears. However, these 
authors also relied on radiographic measure-
ments which can be largely inaccurate and 
inconsistent.

Levy et  al. in 2001 also performed an EMG 
analysis with wire electrodes placed on the long 
head of the biceps muscle showing a lack of 
EMG activity during shoulder motion [42]. The 
elbow was locked in extension and the arm was 
in neutral rotation. Each shoulder motion was 
tested over a full arc at fast and slow speeds and 
with and without 5 lbs. of weight. These authors 
reported no electrical activity in the long head 
biceps in isolated shoulder motion with the elbow 
controlled. They concluded that the function of 
LHBT at the shoulder must be passive or in asso-
ciation with elbow activity. This observation was 
corroborated by Giphart et  al. in 2012. These 
authors used biplane fluoroscopy to assess the 
function of the LHBT as a humeral head depres-
sor during various arm movements [40]. These 
authors did not observe increased superior migra-
tion of the humeral head compared to healthy 
contralateral controls after subpectoral tenodesis 
of the LHBT.  The authors concluded that the 
LHBT does not play a significant role in control-
ling translation of the humeral head or acting as a 
humeral head depressor. These two studies impli-
cate the role of the superior capsular structure 
surrounding the LHBT as a humeral head depres-
sor functioning as a passive stabilizer.

Recently, in a comprehensive EMG study, 
Chalmers et  al. in 2014 reported that the LHBT 
plays a dynamic role in shoulder motion with higher 
demand activities [43]. These authors measured 
EMG activities on the LHBT, SHBT, deltoid, infra-
spinatus, and brachioradialis during shoulder 
motion from neutral to 45 and 90 degrees of for-
ward flexion and 45 and 90 degrees of abduction. 
This was repeated with and without splint immobi-
lization of the forearm and elbow at 100 degrees of 
flexion with neutral rotation and with and without a 
1 kg weight on the distal humerus. They reported 
that the long head of the biceps activity increased 
with flexion and abduction while the short head did 
not [43]. Addition of weight increased the LHBT 
activity at 45 degrees of abduction and 90 degrees 
of forward flexion, while the forearm and the elbow 
were immobilized. The authors concluded that the 
LHBT functions as a dynamic stabilizer during 
shoulder motion with higher demand activities.
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�Conclusion

The anatomy and the location of the LHBT 
clearly demonstrate the potential mechanisms for 
functioning as a humeral head depressor and a 
position-dependent glenohumeral joint stabilizer. 
The current controversy of LHBT not function-
ing as a humeral head depressor or glenohumeral 
joint stabilizer mainly stems from the clinical 
outcome literature supporting commonly per-
formed tenotomy or tenodesis of the LHBT to 
treat shoulder pain secondary to various patholo-
gies such as tearing, tendinopathy, or tenosynovi-
tis of the LHBT. The debate/controversy from an 
anatomic or functional perspective is whether the 
stabilizing function of the LHBT is active/
dynamic or passive/static. From an anatomic and 
functional perspective, the evidence for the 
LHBT being a humeral head depressor and gle-
nohumeral stabilizer is demonstrated by both 
in vitro biomechanical studies and in vivo EMG 
studies. When the LHBT is activated there is 
increased glenohumeral joint concavity compres-
sion and barrier effects to stabilize the glenohu-
meral joint. However, it is also important to 
recognize that even if the biceps muscle is not 
activated, the LHBT still contributes to glenohu-
meral joint stability through barrier effects of the 
soft tissue alone in a passive state.
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The Role of the Biceps Tendon 
in the Overhead Athlete

Peter N. Chalmers and Jun Kawakami

�Introduction

�Anatomy

The biceps brachii has two heads: the short head, 
which has a proximal attachment on the coracoid 
process, and the long head. The former is an 
infrequent source of pathology, while the latter is 
a common source of pain within the shoulder, 
especially in overhead athletes. The long head of 
the biceps tendon takes a uniquely circuitous 
route in the anterior shoulder. The musculotendi-
nous junction is roughly 2  cm above the lower 
border of the pectoralis major. The tendon thus 
continues proximally within the bicipital groove, 
bordered medially by the insertions of the latis-
simus dorsi and teres major and laterally by the 
insertion of the pectoral major. As the groove 
continues proximally, the tendon is bordered by 
the subscapularis insertion on the lesser tuberos-
ity and covered by the transverse humeral liga-
ment, which serves as a continuation of the 
subscapularis tendon. In this region, it is densely 
vascularized and innervated [1]. Anatomically, 
the region of the anterior humeral circumflex 
artery is still 5.2–5.6 cm from the attachment of 
the tendon on the supraglenoid tubercle. At the 
top of the lesser tuberosity, the tendon makes a 

sharp turn posteriorly and medially to insert onto 
the supraglenoid tubercle, coalescing with the 
labrum. At the location of this turn, the tendon is 
stabilized by a system of tendons and ligaments 
including the superior glenohumeral ligament, 
coracohumeral ligament, subscapularis tendon, 
and supraspinatus tendon known as the biceps 
“pulley” [2, 3]. While this anatomy has been well 
described, the anatomy of intra-articular biceps 
and anterosuperior labrum is also known to be 
highly variable [4–6].

�Biomechanics

The role of the long head of the biceps tendon in 
glenohumeral function has been a subject of sig-
nificant debate. Early studies suggested that the 
biceps functioned as an important depressor of 
the humeral head [7]. However, subsequent 
biplanar fluoroscopic studies have suggested that 
after biceps tenodesis, there is no shift in gleno-
humeral kinematics [8]. In addition, while early 
results suggested that once the elbow was immo-
bilized, there was essentially no activity within 
the biceps [9], a result confirmed by a subse-
quent study with load placed on the humerus 
[10]. By attaching to the labrum, the biceps has 
also been theorized to play a role in glenohu-
meral stability by tensioning the anterior or pos-
terior glenohumeral ligament complexes by 
pulling through the labrum; however, this 
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remains controversial [11, 12]. Certainly, given 
the highly variable anatomy, the biceps may play 
a more prominent role in some shoulders than 
others [4–6]. Some authors have suggested that 
the role of the long head of the biceps may only 
become important for higher level function, such 
as in overhead athletes [13, 14]. However, colle-
giate pitchers post biceps tenodesis, who suc-
cessfully return to play, have equivalent 
kinematic and electromyographic characteristics 
compared to normal collegiate pitchers [15]. 
Overall, the currently available evidence would 
suggest that the long head of the biceps plays no 
significant biomechanical role in glenohumeral 
function and thus that tenodesis is acceptable in 
high-level overhead athletes.

�Pathology

A variety of pathologic issues can occur along 
the proximal long head of the biceps tendon. 
Starting proximally, superior labral anteroposte-
rior (SLAP) tears are among the most frequently 
diagnosed shoulder pathologies [16] and are 
especially common within overhead athletes. 
Over half of these tears are classified using 
Snyder’s system [17] as type II tears and thus 
involve instability of biceps anchor. These inju-
ries commonly occur in baseball pitchers, soft-
ball players, tennis players, volleyball players, 
gymnasts, and other overhead athletes [18]. 
Baseball pitching in particular places the gleno-
humeral joint under substantial torsional stress at 
the late cocking/early acceleration phase, which 
is thought to lead to internal impingement 
between the articular rotator cuff and posterosu-
perior labrum and thus damages both structures 
(Fig.  6.1) [19–21]. However, the importance of 
these changes in symptoms remains unclear as 
they are frequently seen in asymptomatic pitch-
ers as well [22]. Progressing distally, tears within 
the biceps pulley can also occur (Fig. 6.2) [2, 23]. 
Within the groove, biceps tendonitis is a frequent 
cause of anterior shoulder pain and is frequently 
concomitant to other shoulder pathologies [1, 
24–28]. Surgeons should be aware of these 
pathologies, as they can occur alone or in 
combination.

�History

Overhead athletes require an in-depth history to 
fully evaluate symptoms. In particular, this 
should include specific questions regarding the 
mechanism of any injury, if there is a history of 
injury, including the position of the arm at the 
time of the injury. Symptoms should be ques-
tioned, including pain, stiffness, weakness, and 

Fig. 6.1  This arthroscopic image of the shoulder in 
abduction and external rotation while viewing from the 
anterosuperior portal in a collegiate pitcher shows signs of 
internal impingement with fraying of the posterosuperior 
labrum and articular rotator cuff

Fig. 6.2  This arthroscopic image of the lateral rotator 
interval and anterior supraspinatus demonstrates a biceps 
pulley lesion in a collegiate gymnast
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any subjective instability. Frequently biceps ten-
donitis causes anterior shoulder pain, while 
SLAP tears frequently are associated with pos-
terosuperior pain. Biceps instability or an unsta-
ble SLAP may manifest with mechanical 
symptoms such as locking or catching. Patients 
should also be questioned about activities that 
elicit, worsen, or alleviate symptoms. Prior treat-
ment attempts, including any periods of rest from 
activity, should also be questioned and recorded. 
The details of any prior surgeries should be fully 
recorded, and, if possible, operative reports and 
arthroscopic images should be obtained.

�Examination

As with all shoulder conditions, a thorough 
physical examination is crucial for diagnosis. 
Whenever possible, the patient should disrobe, 
maintaining modesty in females, so that the 
scapula can be observed during active shoulder 
motion. This also allows a full inspection of the 
skin for ecchymosis, deformity, and prior surgi-
cal scars. Full bilateral active range of motion, 
including forward elevation, external rotation in 
adduction and abduction, internal rotation in 
adduction and abduction, abduction, and cross-
body adduction, should then be performed while 
measurements are made with a large goniometer. 
Rotational range of motion in abduction should 
be tested with the scapula stabilized, which fre-
quently requires two examiners. Strength testing 
within the rotator cuff and deltoid is then per-
formed. The author usually reserves testing for 
tenderness to palpation until after these tests are 
performed as eliciting pain prior to testing 
motion and strength may cause the patient to 
guard. The biceps tendon can best be palpated 
under the pectoralis major at the anterior axilla 
and in the authors experience unilateral tender-
ness in this location is the most useful sign of 
biceps tendonitis. The two most frequently 
described tests for biceps tendonitis are Speed’s 
test (pain with resisted elbow flexion) and 
Yergason’s test (pain with resisted forearm supi-
nation). In the author’s experience, these tests 
are less sensitive for biceps tendonitis than ten-

derness to palpation. A wide variety of tests have 
been described for SLAP tears and a full descrip-
tion of these maneuvers is beyond the scope of 
this chapter.

�Diagnostic Studies

Patients should first undergo high-quality plain 
radiographs including anteroposterior, true 
anteroposterior (Grashey), axillary lateral, and 
scapular-Y radiographs to confirm the absence of 
any abnormalities of osseous morphology or 
alignment. The two most frequently utilized 
diagnostic imaging modalities to evaluate the 
proximal biceps tendon are magnetic resonance 
imaging (MRI, Fig. 6.3) and ultrasound (Fig. 6.4). 
The former is more costly and can be uncomfort-
able for claustrophobic patients, but it provides 
the most comprehensive evaluation of the soft tis-
sues of the shoulder. The latter can provide a 
detailed view of the biceps tendon and rotator 
cuff, but it is dependent upon the availability of 
an experienced ultrasonographer and provides 
little imaging detail of the labrum. In patients 
with a suspicion for a labral tear, consideration 
should be given to performing an arthrogram 
gadolinium. Without contrast, the accuracy of 
MRI for SLAP tears is 76%, but the positive pre-
dictive value is very low at 24%. With the addi-
tion of intra-articular gadolinium, sensitivity 
improved to 80%, but the false-positive rate also 
increases, thus decreasing the overall accuracy 
slightly to 69% [29]. MRI images allow for the 
assessment of the superior labral biceps anchor, 
intra-articular biceps, biceps pulley, and biceps 
groove. MRI also allows for the assessment of 
concomitant pathology, such as partial thickness 
rotator cuff tears, anteroinferior labral tears, cap-
sular tears, and paralabral cysts (Fig. 6.5), which 
can cause infraspinatus weakness due to impinge-
ment upon the suprascapular nerve at the spino-
glenoid notch. As with all advanced imaging 
studies, the findings must be interpreted in light 
of the patients’ history and examination and not 
in isolation, especially given the substantial ana-
tomic variability in the superior labrum-biceps 
complex.
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a b

Fig. 6.3  These T2-weighted axial (a) and coronal (b) 
magnetic resonance images demonstrate a partial split 
biceps rupture in a world-ranked weight lifter, which led 
to cramping and inability to return to weight lifting. After 

surgical treatment with open subpectoral biceps tenodesis, 
he was able to return to weight lifting and recover full 
strength without pain or limitation

Fig. 6.4  This ultrasound image demonstrates the biceps 
tendon within the groove

Fig. 6.5  This T2-weighted axial magnetic resonance 
image demonstrates a paralabral cyst associated with a 
superior labral tear in a collegiate gymnast
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�Nonoperative Treatment

Because of the inflammatory nature of biceps 
tendonitis, anti-inflammatory medications can be 
very effective in symptom reduction. These can 
be particularly useful to allow in-season athletes 
to return to play. As with all pharmacologic inter-
ventions, side effects and adverse reactions can 
be minimized by utilizing the smallest dose pos-
sible for the shortest period of time. Thus, most 
patients will start with over-the-counter oral non-
steroidal anti-inflammatories such as ibuprofen 
and naproxen. When these fail to provide relief, 
consideration can be given to providing an 
ultrasound-guided injection of corticosteroids 
into the biceps sheath. The accuracy of this par-
ticular injection type is drastically improved by 
ultrasound guidance from 27% to 87% and thus 
this injection should be performed under ultra-
sound guidance whenever possible [30]. These 
measures should be combined with physical ther-
apy and home exercises. While general physical 
therapy principles such as restoring range of 
motion and strength will be helpful to patients, 
there should be a concomitant focus on reduction 
in scapular dyskinesis, which can substantially 
increase symptoms related to SLAP tears. 
Physical therapy is most effective after an injec-
tion has been provided to calm the acute inflam-
matory episodes in which these patients 
frequently present.

�Surgical Treatment

In the setting of refractory symptoms related to 
the biceps tendon in the overhead athlete, the 
optimal surgical technique for tenodesis remains 
controversial, with disagreement as to the opti-
mal level of tenodesis (top of the groove, mid-
groove, and subpectoral) and fixation method. A 
wide variety of fixation techniques have been 
described including soft tissue fixation, interfer-
ence screw fixation, suture anchor fixation, 
screw-post fixation, bicortical button fixation, 
and endocortical button fixation. Several studies 
have suggested that subpectoral biceps tenodesis 
may have superior outcomes to suprapectoral 

biceps tenodesis [31–33]. One of the potential 
reasons for this difference and described disad-
vantages of the suprapectoral technique is that 
the musculotendinous junction cannot be visual-
ized intraoperatively and thus the surgeon has no 
landmarks to assess the restoration of the physi-
ologic length-tension relationship intra-
operatively [31–33]. Indeed, many studies 
comparing tenodesis and tenotomy do not 
describe any measures taken to restore the physi-
ologic length-tension relationship, which may 
contribute to the lack of clinical difference dis-
closed in these studies [34–38]. Alternatively, 
several authors have suggested that inferior out-
comes after suprapectoral biceps tenodesis may 
be due to retention of the portion of the biceps 
tendon between the location of the suprapectoral 
tenodesis and the location of the subpectoral 
tenodesis [32, 39, 40].

�Author’s Preferred Surgical 
Technique

Thus the author’s preferred surgical treatment for 
biceps problems in overhead athletes is an open 
subpectoral biceps tenodesis with endocortical 
button fixation. This approach avoids retained 
biceps tendon (Fig.  6.6) and concerns about 
proper restoration of the length-tension relation-
ship. In athletes, the author’s preferred surgical 
technique is to achieve surgical fixation into the 
humerus but to concomitantly drill the smallest 
possible hole to avoid the risk of spiral fracture 
[41–44]. This is particularly true in baseball 
pitchers, who place the humerus under substan-
tial torsional loads [45, 46]. To perform this tech-
nique, a 2  cm incision is made at the medial 
aspect of the anterior arm with one-third above 
and two-thirds below the palpable inferior edge 
of the pectoralis major. After dissection through 
the subcutaneous tissues, the pectoralis fascia is 
identified and entered at the inferior edge of the 
tendon. Dissection then proceeds laterally and 
superiorly to the anterior humeral cortex. The 
long head of the biceps tendon can then be identi-
fied within the bicipital groove under the attach-
ment of the pectoralis. Ensuring that the medial 
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neurovascular structures are protected, the ten-
don can then be retried from the wound. The ten-
don can then be prepared. The author frequently 
uses a looped suture, which facilitates rapid ten-
don preparation, but any reinforced tendon-repair 
suture can work. This suture should exit the ten-
don at the musculotendinous junction. These 
sutures are then loaded onto a button, with one 
suture passed back through the tendon to allow a 
tension-slide technique. The humerus is then 
exposed by placing a Hohman retractor laterally 
and a Sofield retractor proximally to pull the pec-
toralis out of the line of sight to the humerus. The 
periosteum is then roughed to spur a healing 
response to the biceps tendon. A small hole can 
then be drilled in the humerus 2 cm proximal to 
the distal aspect of the pectoralis insertion. Of 
note, if this technique does err, it errs into under-
tensioning, as generally this hole is less than 
2  cm proximally and the sutures exit slightly 
above the musculotendinous junction. Under-
tensioning is less likely to lead to symptoms than 
over-tensioning, which can lead to significant 

cramping. During the process of drilling, the sur-
geon must take care to protect the medial neuro-
vascular structure. The button can then be slid 
lengthwise into the drilled hole and flipped endo-
cortically. Using the button as a pulley, the biceps 
tendon can then be reduced to the humerus and 
tied in place. The author generally closes with an 
absorbable subcuticular suture and places a water 
impervious dressing to seal the wound from the 
nearby axilla.

�Outcomes

Generally, outcomes are excellent after biceps 
tenodesis [24, 31, 47]. Biceps tenodesis has been 
described as good option in the setting of biceps 
tendonitis [24, 31, 47], biceps tendonitis with a 
SLAP tear [48], and a failed SLAP repair 
(Fig.  6.7) [49]. However, limited outcomes are 
available that are specific to overhead athletes 
[14]. In one of the few published series to date on 
professional baseball pitchers, while 80% of 
position players were able to return to at least the 
same level of play as pre-injury after biceps teno-
desis, only 17% of pitchers were able to, suggest-
ing that this population and this joint remains 
challenging to treat surgically [13].

Fig. 6.6  This clinical photograph demonstrates evidence 
of biceps tenosynovitis within the retained portion of the 
biceps tendon after a prior supra-pectoral, arthroscopic 
biceps tenodesis in a high-level rock climber. This patient 
was treated with revision to a subpectoral biceps tenodesis 
and was able to return to rock climbing without pain or 
restriction

Fig. 6.7  This arthroscopic image demonstrates severe 
labral fraying associated with a failed superior labral 
repair in a collegiate softball player. After revision to sub-
pectoral biceps tenodesis, she was able to return to full, 
painless, unrestricted play at her pre-injury level of play
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�Complications

While complications are uncommon after biceps 
tenodesis [31–33], they can include bicipital pain 
and biceps cramping [41, 50, 51]. Cramping, in 
particular, may be due to failure to restore the 
physiologic length-tension relationship [52–55], 
as can occur with biceps tenotomy [50, 56]. 
Surgeons should thus be particularly aware to 
avoid under- [57] and over-tensioning [58], par-
ticularly with interference screw fixation [59].
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�Introduction

Biceps tendinopathy is a common problem 
affecting a large patient population. It is gener-
ally characterized by anterior shoulder pain that 
is exacerbated by shoulder and elbow flexion. 
Acute biceps tendinitis is an inflammatory teno-
synovitis of the long head of the biceps tendon 
[1–3]. The term biceps tendinitis is frequently 
used incorrectly to also describe biceps tendino-
sis, a more degenerative tendinopathy of the long 
head of the biceps. While acute tendinitis is 
characterized by inflammation, chronic tendi-
nopathy has been found to contain little to no 
biochemical or histological evidence of inflam-
mation [4, 5]. However, inflammation can be 
seen in the peritendinous tissue in tendinosis [5, 
6]. Chronic tendinopathy is characterized by dis-
organization and separation of collagen fibrils 
and an increase in mucoid ground substance [6]. 
For completeness, we will focus on biceps tendi-
nopathy to encompass both the acute inflamma-
tory condition of biceps tendinitis and the more 
chronic biceps tendinosis. Tendinopathy of the 
biceps can be primary or secondary. Primary ten-

dinopathy is most commonly found in athletes 
such as swimmers, gymnasts, and baseball play-
ers. Secondary tendinopathy, which is more 
common, is found in the older population and is 
associated with rotator cuff disease and subacro-
mial impingement [7, 8].

�Anatomy

The biceps brachii consists of two tendons proxi-
mally: the long head and the short head of the 
biceps tendon. The long head of the biceps ten-
don attaches proximally at the biceps anchor to 
the supraglenoid tubercle and to the superior gle-
noid labrum [9]. Approximately 40–60% of the 
biceps tendon attaches to the supraglenoid tuber-
cle, while the remaining portion attaches directly 
to the superior labrum [9, 10]. The tendon then 
traverses through the rotator interval across the 
glenohumeral joint into the bicipital groove 
between the lesser and great tuberosities [11, 12]. 
The long head of the biceps tendon is supported 
within the shoulder by a pulley system, frequently 
referred as the biceps “sling,” consisting of the 
superior glenohumeral ligament, the coracohu-
meral ligament, the distal and superior edge of 
the subscapularis tendon, and the anterior edge of 
the supraspinatus tendon. Outside of the glenohu-
meral joint, the long head of the biceps tendon is 
stabilized by the pectoralis major insertion, falci-
form ligament, and transverse humeral ligament 
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[1, 12–14]. The short head of the biceps tendon 
attaches to the coracoid process with the coraco-
brachialis tendon to form the conjoint tendon.

The extra-articular portion of the long head of 
the biceps tendon is located within the biceps 
tunnel, which is the extra-articular fibro-osseous 
structure enclosing the tendon [15]. The biceps 
tunnel, as characterized by Taylor et al. [15], con-
sists of three zones. Zone 1 extends from the 
articular margin of the humeral head to the distal 
aspect of the subscapularis tendon, which encom-
passes the deep osseous bicipital groove. The 
majority (78%) of the long head of the biceps 
tendon located in zone 1 can be seen during stan-
dard arthroscopy [16]. Zone 2 extends from the 
distal aspect of the subscapularis to the proximal 
aspect of the pectoralis major tendon and includes 
a shallow osseous trough. This zone represents an 
area that cannot be visualized during standard 
arthroscopy nor is it visualized during open sub-
pectoral exposure. Zone 3 consists of the region 
distal to the proximal margin of the pectoralis 
major tendon, which is considered the subpecto-
ral region. Zones 1 and 2 are more similar histo-
logically as they are both enclosed by a dense 
connective tissue sheath and contain synovium. 
Zone 3 is a larger space with the long head of the 
biceps tendon taking up a smaller portion of the 
entire volume of this zone compared to zones 1 
and 2, which creates a functional bottleneck 
between zones 2 and 3 [15].

Nuelle et  al. [17] described three separate 
zones of the long head of the biceps tendon, as 
depicted in Fig.  7.1. The separate zones were 
divided as follows: zone 1 (proximal), 0–3.5 cm 
from the labral insertion; zone 2 (mid), 3.5–
6.5 cm from the labral insertion; and zone 3 (dis-
tal), 6.5–9 cm from the labral insertion. Figure 7.1 
also demonstrates the general anatomy and 
course of the biceps tendon, demonstrating dif-
ferent locations of the tendon where tendinopa-
thy can occur. Although this classification of the 
tendon itself is different from the classification of 
the zones of the biceps tunnel, as described by 
Taylor et al. [15], the divisions of both classifica-
tions are in similar locations including near the 
articular margin and near the borders of the sub-
scapularis and pectoralis major tendons.

The long head of the biceps tendon receives 
the majority of its vascular supply from branches 
of the anterior humeral circumflex artery [1, 2], 
while the proximal aspect of the biceps tendon 
may also obtain some of its blood supply from 
labral branches of the suprascapular artery [1, 
18]. In addition, it also receives a portion of its 
blood supply from branches of the thoracoacro-
mial and brachial arteries [19]. A vascular water-
shed area near the proximal origin of the long 
head of the biceps tendon may predispose to 
biceps tendinopathy. Abrassart et al. [20] demon-
strated a relatively avascular region at the supe-
rior glenoid, which may contribute to an overall 

Fig. 7.1  Illustration demonstrating the anatomic classifi-
cation by Nuelle et al. [17] dividing the proximal portion 
of the long head of the biceps tendon into three separate 
zones: zone 1 (proximal/purple), 0–3.5 cm from the labral 
insertion; zone 2 (mid/green), 3.5–6.5 cm from the labral 
insertion; and zone 3 (distal/blue), 6.5–9  cm from the 
labral insertion. (Reprinted with permission from Nuelle 
et  al. [17] (© Copyright 2019 by The Curators of the 
University of Missouri, a public corporation))
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poor vascularity of the tendon more proximally 
[1]. Cheng et al. [19] also demonstrated a water-
shed area 1.2–3 cm from the tendon origin at the 
glenoid, which corresponds to approximately 
midway in the glenohumeral joint to the proximal 
aspect of the bicipital groove. The biceps tendon 
sheath, which becomes inflamed in tendinitis, is 
an extension of the synovial lining of the gleno-
humeral joint [1].

The biomechanical function of the long head 
of the biceps tendon remains poorly understood 
[1, 12]. It has previously been described to func-
tion as a depressor of the humeral head [3, 21] 
and anterior [22–24] or posterior [25] stabilizer 
of the glenohumeral joint and has even been 
described as simply a vestigial structure that only 
contributes to proprioception [1, 12]. With regard 
to throwing, the long head of the biceps tendon 
has been shown to improve stability in an over-
head position [26]. The tendon improves the tor-
sional rigidity of an abducted, externally rotated 
shoulder by resisting excessive external rotatory 
forces as tension is placed on the tendon [25]. 
The superior labrum biceps complex also helps to 
augment glenohumeral stability by functioning to 
resist anterior and inferior humeral head transla-
tion [10, 27, 28].

�Causes

The etiology of biceps tendinopathy is multifacto-
rial. Biceps tendinitis can result from true inflam-
mation of the long head of the biceps. It is also 
frequently the result of an overuse tendinopathy 
or from chronic degenerative wear of the tendon 
which then manifests as pain in the bicipital 
groove. In addition, biceps tendinopathy can be a 
sequala of trauma [1], often after falling onto an 
outstretched arm or after lifting a heavy object. It 
is thought that biceps tendinopathy arises due to 
mechanical stress from repetitive traction, fric-
tion, and rotation of the humeral head causing 
increased pressure and shear forces at various 
locations along the tendon, particularly near the 
origin of the tendon on the glenoid and at the dis-
tal bicipital groove [1, 29]. Both repetitive over-
use, such as in overhead throwing athletes, and 
acute trauma can result in superior labrum from 

anterior to posterior (SLAP) tears, which are often 
associated with biceps tendinitis [7]. Tendon cal-
cification can also result in biceps tendinopathy. 
In addition, extra-articular lesions within the 
biceps tunnel, such as adhesions and fibrosis, long 
head of the biceps tendon instability, stenosis, 
osteophytes, long head of the biceps tendon par-
tial tearing, and loose bodies can contribute to the 
development of biceps tendinopathy [15, 16].

In a cadaveric study, it has been shown that the 
long head of the biceps tendon is innervated by 
both sensory and sympathetic nerve fibers con-
taining substance P and calcitonin gene-related 
peptide, which may contribute to the pathophysi-
ological basis of pain generation from the tendon 
as these substances are responsible for vasodila-
tion, plasma extravasation, and pain transmission 
[30, 31]. In this same study, Alpantaki et al. [30] 
found that these neural elements were asymmet-
rically distributed along the course of the tendon, 
with a higher concentration of fibers near the ori-
gin of the tendon. These fibers become more 
sparse distally along the tendon. Not only can 
biceps tendinopathy increase pain during various 
activities, including with activities of daily liv-
ing, but can also lead to nighttime pain resulting 
in difficulty sleeping.

�Pathophysiology

Nho et al. [1] produced an algorithm describing 
the pathophysiology of long head of the biceps 
tendinopathy. As described in their algorithm [1], 
biceps tendinitis originates as early tenosynovitis, 
characterized by a swollen and hemorrhagic ten-
don that is still mobile within the groove. Next, 
continued mechanical irritation perpetuates the 
inflammation and leads to mid-stage tenosynovi-
tis, which can be considered early tendinosis. This 
stage is characterized by thickening of the biceps 
tendon sheath which becomes more fibrotic and 
less vascular. On a cellular level, fibroblasts lose 
their typical spindle-shaped appearance and 
become more rounded [5], and there is infiltration 
of edema and subsequent mucopolysaccharide 
deposition and collagen disorganization resulting 
in early tendinosis. Prolonged duration of this 
process then results in end-stage tenosynovitis, or 
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tendinosis, characterized by degenerative changes 
of the tendon and decreased mobility of the ten-
don in the bicipital groove [1]. Chronic tendino-
sis/tendinopathy results from an inability of 
damaged extracellular matrix proteins within the 
tendon to properly heal and regenerate [5], with 
subsequent relative increase in type III collagen as 
compared to type I collagen, which leads to 
decreased tendon strength [5, 32].

�Associated Pathology

Inflammation and degeneration of the long head 
of the biceps tendon are frequently associated 
with various shoulder pathology including rotator 
cuff disease [33], shoulder impingement [34], gle-
nohumeral osteoarthritis, and labral lesions 
including SLAP tears [7, 35–37]. Instability of the 
long head of the biceps tendon, characterized by 
medial subluxation of the tendon, is associated 
with tears of the subscapularis, coracohumeral 
ligament, and/or superior glenohumeral ligament. 
Figure  7.2 demonstrates an example of medial 
subluxation of a biceps tendon with surrounding 
inflammation in the setting of a subscapularis tear.

�Diagnosis

The diagnosis of biceps tendinopathy is typically 
made with a combination of clinical suspicion 
based on history and physical exam findings and 
with the assistance of imaging. Symptoms con-
sistent with biceps tendinopathy include anterior 
shoulder pain, often within the bicipital groove, 
and with pain frequently radiating distally into 
the anterior biceps [38]; a cramping sensation in 
the biceps after heavy use; pain, tenderness, and 
weakness at the shoulder or elbow; pain with 
shoulder and elbow range of motion; symptoms 
worsened with shoulder and/or elbow flexion [3]; 
and worsening pain at night. Ecchymosis along 
the proximal to mid-portion of the biceps, a 
Popeye deformity, and muscle cramping can be 
seen following proximal rupture of the long head 
of the biceps tendon [39], which can occur sec-
ondary to weakening and attrition of the tendon 
as a result of tendinitis and tendinosis.

Diagnosis of biceps tendinopathy begins with 
obtaining a good history, including eliciting the 
specific location of the pain, exacerbating and 
alleviating factors, and the nature and frequency 
of the pain. Thereafter, it is important to perform 
a thorough physical exam. Signs on examination 
suggestive of biceps tendinopathy include ten-
derness to palpation in the bicipital groove, which 
can typically be located 7 cm distal to the acro-
mion with the arm in 10 degrees of internal rota-
tion [12]. Pain with Speed’s test [40], consisting 
of resisting a downward pressure on the arm with 
the shoulder forward flexed and elbow extended 
while the forearm is supinated, and Yergason’s 
test [1], performed with resisted forearm supina-
tion, is rather sensitive but has limited specificity 
for the diagnosis of biceps tendinopathy [1, 12]. 
O’Brien’s active compression test can be used for 
the assessment of superior labrum-biceps com-
plex pathology [41, 42]. While O’Brien’s test is 
generally used to assist in the diagnosis of SLAP 
tears, this test is often positive with tendinopathy 
of the long head of the biceps [1]. While a selec-
tive cortisone injection is frequently used as a 
therapeutic measure, it can also serve in the diag-
nosis of tendinopathy of the long head of the 
biceps [1].

Fig. 7.2  Axial T2-weighted MRI image of a right shoul-
der demonstrating medial subluxation of the biceps ten-
don in the setting of a subscapularis tear. There is increased 
signal surrounding the biceps tendon indicating inflam-
mation of the tendon with surrounding synovitis
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Intra-articular examination of the long head of 
the biceps tendon at the time of arthroscopy by 
delivering the tendon into the glenohumeral joint 
with a probe is generally considered the “gold 
standard” for diagnosing tendinopathy of the 
long head of the biceps tendon [15, 43]. However, 
it has been shown that intra-articular visualiza-
tion of the long head of the biceps tendon during 
arthroscopy is rather limited because much of the 
distal extent of the tendon cannot be evaluated in 
this fashion [15, 16, 44]. Taylor et al. [16] found 
that 78% of the portion of long head of the biceps 
tendon located within zone 1 of the biceps tunnel 
(tendon proximal to the distal margin of the sub-
scapular tendon) could be visualized arthroscopi-
cally when the tendon was maximally pulled into 
the joint. They also demonstrated that only 55% 
of the entire long head of the biceps tendon prox-
imal to the proximal margin of the pectoralis 
major tendon could be visualized arthroscopi-
cally in the same manner [16]. In addition, this 
study found that 47% of chronically symptomatic 
patients had extra-articular lesions of the long 
head of the biceps tendon located within the 
biceps tunnel that were not recognized at time of 
diagnostic arthroscopy [16]. This underscores 
that much of the pathology of the long head of the 
biceps tendon cannot be seen during intra-
articular evaluation.

In addition to appearance of the biceps tendon 
during arthroscopy, an arthroscopic active com-
pression test can also be used to aid in the diagno-
sis of biceps pathology, which is seen as 
entrapment and compression of the tendon within 
the joint with the shoulder in 90 degrees of for-
ward flexion, 10–15 degrees of adduction, and 
the arm internally rotated while the elbow is 
extended. This resultant impingement, when cor-
related with preoperative physical exam findings, 
can help in intraoperative decision-making with 
regard to the tendon [45]. The presence of a “lip-
stick sign” at the time of arthroscopy, which is 
the presence of inflammation and hyperemia 
along the long head of the biceps tendon, may be 
another intra-articular finding suggestive of 
biceps tendinopathy. However, a study by 
Grassbaugh et al. [46] found only moderate sen-
sitivity and specificity for diagnosing biceps ten-

dinitis with the “lipstick sign.” Another 
intra-articular finding that can be seen in the pres-
ence of an abnormal long head of the biceps ten-
don is biceps chondromalacia, which is attritional 
wear of the humeral head articular cartilage due 
to abnormal tracking of the long head of the 
biceps tendon [47].

�Imaging

Shoulder radiographs are often used for initial 
imaging for patients with anterior shoulder pain 
to assess bony alignment and to evaluate for vari-
ous pathology, including fractures, degenerative 
changes, and osseous lesions. If additional imag-
ing is needed, an ultrasound or magnetic reso-
nance imaging (MRI) may be obtained. Benefits 
of ultrasound imaging are that it is cost-effective 
and allows for dynamic evaluation of the long 
head of the biceps and the muscle belly [48, 49]. 
Ultrasound is beneficial in that it can evaluate the 
long head of the biceps tendon within the bicipi-
tal groove and distal to the groove. A drawback of 
ultrasound is that it cannot image the biceps ten-
don more proximally at its insertion at the gle-
noid. If tendinopathy is present, ultrasound may 
be able to identify fluid around the biceps within 
the biceps sheath. However, the use of ultrasound 
for diagnosing biceps tendon pathology is very 
operator-dependent [1].

MRI or magnetic resonance (MR) arthrogra-
phy may be used to identify SLAP lesions or 
intra-articular biceps tendon pathology, in addi-
tion to allowing for visualization of the biceps 
tendon within the bicipital groove [50]. MRI can 
also help to identify other pathology within the 
shoulder that may be associated with biceps ten-
dinopathy. On MRI, biceps tendinopathy will 
appear as an increased T2-weighted signal dis-
tally, which is an indication of fluid around and 
within the tendon. Figure 7.2 is an example of an 
axial T2-weighted MRI image demonstrating 
inflammation surrounding a medially displaced 
biceps tendon. While MRI is helpful to visualize 
the proximal aspect of the tendon, it is not very 
useful for identifying inflammation proximally 
within the glenohumeral joint. MRI can be help-
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ful to differentiate intratendinous tears and tendi-
nopathy from generalized inflammation of the 
tendon [51]. Although MRI is a powerful imag-
ing modality to evaluate soft tissue abnormali-
ties, it has been shown that MRI has poor 
concordance with arthroscopic findings of biceps 
pathology and poor to moderate sensitivity for 
inflammation, partial thickness tear, and rupture 
of the long head of the biceps tendon [1, 52]. MR 
arthrography, on the other hand, is sensitive and 
has moderate specificity for the diagnosis of 
biceps tendinopathy. If labral or superior labrum-
biceps complex pathology is suspected, MR 
arthrography is the preferred imaging modality 
[1, 53].

�Nonsurgical Management

The management for biceps tendinopathy 
includes nonoperative and operative interven-
tions. Nonsurgical management consists of rest, 
ice, activity modification, physical therapy, non-
steroidal anti-inflammatory drugs (NSAIDs), and 
corticosteroid or platelet-rich plasma injections 
into the bicipital sheath [54]. NSAIDs can be 
beneficial in the short term by reducing associ-
ated inflammation, thereby decreasing swelling 
and pain around the tendon. An ultrasound-
guided injection is beneficial to directly inject the 
corticosteroid into the tendon sheath to attempt to 
reduce inflammation directly around the tendon. 
The goal of a selective injection is to inject the 
biceps tendon sheath without injecting the tendon 
itself [1, 55]. The risks associated with cortico-
steroid injections, however, include reported ten-
don rupture following return to activities [56, 
57], especially with intratendinous injections as 
corticosteroids may weaken specific regions of 
the injected tendon [58], although this complica-
tion has not been well-documented.

Physical therapy for the treatment of biceps 
tendinopathy and to prevent further biceps injury 
consists of four main phases [31, 54, 59]:

•	 Phase one: rest, pain management, restoration 
of pain-free passive range of motion, avoid-
ance of abduction, and overhead exercises

•	 Phase two: stretching exercises of the scapula, 
rotator cuff, and posterior capsule; pain-free 
active range of motion and early basic 
strengthening; avoidance of overhead resis-
tance exercises

•	 Phase three: increasing rotator cuff and 
periscapular strengthening, with emphasis on 
dynamic scapular stabilization; avoidance of 
overhead weightlifting, upright rows, and 
wide-grip bench press

•	 Phase four: return to activity, work, or sport 
and activity specific progression

Other nonoperative treatment modalities 
include iontophoresis, therapeutic ultrasound, 
extracorporeal shock wave therapy, and low-level 
laser therapy [54], although these generally have 
been inconsistent with regard to pain improve-
ment and long-term return to functions [60, 61].

�Surgical Management

If nonoperative intervention fails, surgical inter-
vention is an alternative. The presence of con-
comitant shoulder pathology that requires surgery 
may also influence the surgical management of 
biceps tendinopathy [12]. Other indications for 
surgical management include partial thickness 
tear of the long head of the biceps tendon of 
greater than 25–50 percent or medial subluxation 
of the tendon as a result of either disruption of the 
biceps sling or tear of the subscapularis [1]. 
Intraoperative findings at the time of arthroscopy 
(Fig. 7.3) can also assist in determining whether 
to proceed with surgical intervention of the long 
head of the biceps tendon, including identifying a 
“lipstick lesion,” significant hypertrophy, or 
degenerative changes [1].

Surgical options for biceps tendinopathy can 
be broadly categorized into either tenotomy or 
tenodesis [1, 12]. A SLAP tear can often be man-
aged with an isolated biceps tenotomy, tenodesis, 
or SLAP repair, or a SLAP repair with concomi-
tant biceps tenotomy or tenodesis, depending on 
the needs and activity level of the patient. In 
patients with type II SLAP tears, primary tenode-
sis is a good surgical option, especially older 
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patients and those who have failed primary SLAP 
repair [35, 62]. Biceps tenodesis should also be 
considered in the presence of a complex SLAP 
tear, such as a pan-labral tear to protect the repair 
in these circumstances. Details of SLAP repair 
techniques will not be covered in this chapter.

Whether to proceed with surgical manage-
ment and the type of surgery performed is often 
influenced by patient age and activity level [12]. 
If at the time of arthroscopy there is inflamed 
synovium surrounding the long head of the biceps 
tendon, the most minimal type of procedure that 
can be performed for the biceps is a synovectomy 
of surrounding inflamed tenosynovium. However, 
if there is actual tendinitis or tendinosis of the 
biceps, a synovectomy will not address the under-
lying intratendinous pathology.

Biceps tenotomy is one of the main techniques 
for surgically addressing biceps tendinopathy. It 
is performed intra-articularly during an arthros-
copy and consists of transecting the long head of 
the biceps tendon near its insertion at the supra-
glenoid tubercle with either radiofrequency abla-
tion or an arthroscopic biter. The released tendon 
is then allowed to retract distally. Often, the ten-
don will slide distally past the bicipital groove 
and may result in a Popeye deformity of the 
biceps in the arm, with a reported occurrence of 
3–70% [1, 63–65]. Besides this cosmetic defor-
mity, it can also result in cramping pain and 
fatigue within the biceps due to this distal retrac-
tion of the tendon. It has been reported that 
fatigue discomfort of the biceps occurred in 38% 
in one cohort [64]. In addition, the biceps stump 
may get entrapped within the bicipital groove 
after a tenotomy, which can result in persistent 
pain if the pain generator of the biceps tendon is 
still confined within the groove. A biceps tenot-
omy is a quick procedure with a fast recovery, 
requiring minimal, if any, rehabilitation. 
Therefore, it has become appealing due to its 
simplicity. However, due to the potential down-
sides listed above, biceps tenotomy is generally 
reserved for more elderly patients with lower 
functional demand, less concern about cosmesis, 
and larger body habitus and patients at higher 
risk of wound complications, such as diabetics 
[12]. Biceps tenotomy is generally contraindicated 
in higher-demand patients such as athletes and 
manual laborers and those with cosmetic con-
cerns [12, 64, 66]. Therefore, for these more 
active and higher-demand patients with biceps 
tendinopathy who have failed nonoperative man-

a

b

c

Fig. 7.3  (a) Arthroscopic image of the medially sublux-
ated biceps seen on the MR image in Fig. 7.2 demonstrat-
ing intraoperative findings of extensive tenosynovitis and 
a split tear. (b) Intraoperative image of the long head of 
the biceps after arthroscopic tenotomy and extraction out 
of the open subpectoral tenodesis incision. Note the exten-
sive tenosynovitis surrounding the tendon and a longitudi-
nal split tear. The tendon was transected near the 
musculotendinous junction to excise the pathologic por-
tion of the tendon and to maintain the appropriate muscle 
length and tension at the time of tenodesis. (c) 
Intraoperative image of finalized subpectoral biceps teno-
desis with the use of unicortical button suspensory fixa-
tion. Sutures from the cortical button were tied over and 
through the tendon
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agement, biceps tenodesis would be the preferred 
alternative technique.

Biceps tenodesis consists of performing a 
tenotomy of the tendon, but then reattaching the 
tendon more distally at a variety of locations. It 
can be tenodesed intra-articularly to an intact 
rotator cuff or in the rotator interval, to the con-
joint tendon, into the humerus proximally in the 
bicipital groove, in a suprapectoral location but 
extra-articular via a limited deltopectoral 
approach, or into the humerus in a subpectoral 
location [12]. There is thought that the subpecto-
ral location for biceps tenodesis is a more optimal 
location compared to a proximal tenodesis site 
due to the removal of any residual inflamed prox-
imal biceps tendon from the bicipital groove, 
where it could still be a pain generator [67]. 
Nuelle et  al. [17] found that in patients with 
chronic tendinopathy of the long head of the 
biceps tendon who underwent subpectoral biceps 
tenodesis, histopathologic changes of the tendi-
nopathy were more severe along the tendon prox-
imal to the proximal margin of the pectoralis 
major tendon despite MRI and arthroscopic eval-
uation not identifying significant structural 
abnormalities within the tendon. This study dem-
onstrates that the portion of the long head of the 
biceps tendon proximal to the pectoralis major 
tendon is more prone to tendinopathy, especially 
on histologic evaluation, even though imaging 
and intra-operative assessment do not demon-
strate this. Therefore, removal of the more dis-
eased portions of the tendon during a subpectoral 
tenodesis may be more beneficial than preserva-
tion of the more diseased proximal portion of the 
tendon during a more proximal tenodesis.

Fixation of the biceps can be performed in 
multiple ways including with a suture anchor, 
interference or biotenodesis screw, or cortical 
button with either unicortical or bicortical fixa-
tion [12]. Figure 7.3 demonstrates an example of 
a subpectoral biceps tenodesis performed with 
unicortical button fixation. Biceps tenodesis has a 
longer recovery time with more postoperative 
restrictions compared to a tenotomy in order to 
protect the tenodesis as tendon-to-bone healing 
occurs [12]. In addition, a tenodesis has the risk 
of additional complications due to the extra fixa-

tion and sometimes requiring an additional surgi-
cal exposure, depending on the technique. These 
complications include neurovascular injury, 
infection, stiffness, tendon injury, failure of fixa-
tion, cosmetic deformity, and fracture [68]. 
However complications following subpectoral 
biceps tenodesis have been reported to occur at a 
very low incidence [68].

�Outcomes

There is currently no consensus regarding the 
optimal surgical technique for the management 
of biceps tendinopathy as both tenotomy and 
tenodesis have shown comparable biomechanical 
and clinical outcomes [1, 12, 33, 69, 70]. Some 
may be in favor of biceps tenodesis due to the 
improved cosmesis without the muscle shorten-
ing and the potential for reduced muscle cramp-
ing by maintaining the appropriate length-tension 
relationship of the biceps muscle belly [71]. 
Biceps tenotomy, however, results in excellent 
outcomes, including improvements in pain relief 
and improved patient-reported outcomes [12, 38, 
63, 64].

In a systematic review and meta-analysis by 
Leroux et  al. [72] that compared clinical out-
comes between long head biceps tenotomy and 
tenodesis following concomitant rotator cuff 
repair, postoperative Constant scores were statis-
tically significantly better following biceps teno-
desis than after tenotomy, albeit the difference 
being less than the reported minimal clinically 
important difference. In addition, they found that 
the tenodesis cohorts had statistically signifi-
cantly decreased biceps deformity, although most 
patients were not bothered by the deformity. 
Therefore, although this study identified statisti-
cally significant differences between tenotomy 
and tenodesis, these differences were likely not 
clinically relevant [12, 72]. Thus, while tenotomy 
and tenodesis are generally indicated for certain 
patient demographics based on age, activity level, 
and functional status, overall clinical outcomes 
between both procedures appear to be similar.

Due to the multiple different iterations for 
how to perform a biceps tenodesis, with numer-
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ous different anatomic sites for fixation and dif-
ferent fixation strategies, several biomechanical 
studies have been performed to evaluate the vari-
ations in techniques. In a cadaveric study, 
Richards and Burkhart [73] found that biceps 
tenodesis with an interference screw provided 
greater initial fixation strength than with the use 
of a double suture anchor technique, with the 
suture anchor group consistently failing at the 
anchor or anchor eyelet.

Fracture due to weakening of the humerus as a 
result of drilling through the humeral cortex is a 
concern following tenodesis. In a cadaveric study 
following subpectoral tenodesis with either 6.25 
or 8.0  mm interference screws compared to no 
tenodesis, Beason et al. [74] found an increased 
risk for humerus spiral fracture with torsional 
external rotation following subpectoral biceps 
tenodesis with an interference screw compared to 
an intact humerus without tenodesis. However, 
there was no significant difference with regard to 
the risk of fracture between the two different 
screw sizes. In another cadaveric biomechanical 
study, Slabaugh et al. [75] found there was no dif-
ference in ultimate load to failure, displacement 
at peak load, and stiffness of tenodesis regardless 
of interference screw length or diameter at both 
proximal and distal tenodesis locations and there-
fore concluded that shorter length and smaller 
diameter interference screws can be used for 
biceps tenodesis.

In a cadaveric study by Mazzacco et al. [71], 
investigators found no statistically significant dif-
ference in ultimate failure strength between four 
different proximal biceps tenodesis fixation 
methods: open subpectoral bone tunnel, 
arthroscopic suture anchor, open subpectoral 
interference screw, and arthroscopic interference 
screw. This group did find greater cyclic displace-
ment of the open subpectoral bone tunnel tenode-
sis compared to the other methods.

The use of cortical button fixation has become 
more popular for biceps tenodesis. In a cadaveric 
study, Sethi et al. [76] evaluated the role of corti-
cal button fixation in isolation or as an augment 
to interference screw fixation and assessed the 
impact of interference screw diameter of either 7 
or 8  mm on fixation strength. They found that 

ultimate load to failure with interference screw 
fixation was not improved with cortical button 
augmentation, cortical button fixation alone 
resulted in a significantly lower ultimate load to 
failure compared with interference screws, and 
interference screw diameter with matching bone 
tunnels did not affect biomechanical perfor-
mance. Arora et  al. [77] evaluated the biome-
chanical properties of various subpectoral 
tenodesis fixation methods including unicortical 
button, interference screw, bicortical suspensory 
button, and bicortical suspensory with interfer-
ence screw. They demonstrated no statistically 
significant difference among groups with regard 
to ultimate load to failure, pullout stiffness, or 
displacement at peak load.

In a recent animal study, Tan et al. [78] com-
pared bone tunnel tendon healing with cortical 
surface tendon-to-bone healing following proxi-
mal biceps tenodesis. Biomechanical testing 
demonstrated no difference in mean ultimate 
load to failure or stiffness, and microcomputed 
tomography and histomorphometric analysis 
similar healing profiles between for tendon fixa-
tion in a bone tunnel and for tendon healing on 
the cortical surface. For bone tunnel fixation, 
healing within the tunnel was minimal, and rather 
more of the healing occurred on the outside of the 
tunnel on the cortical surface. They concluded 
that the creation of large bone tunnels, such as 
used with bicortical suspensory fixation or with 
interference screws, which may lead stress risers 
and increase the fracture risk, may not be neces-
sary for biceps tenodesis.

There are several studies available evaluating 
clinical outcomes following biceps tenotomy and 
tenodesis procedures. Shank et al. [79] found no 
difference with regard to forearm supination or 
elbow flexion strength between patients who 
underwent biceps tenotomy and suprapectoral 
tenodesis with double-loaded suture anchor and 
control patients who did not undergo a biceps 
procedure. In a cohort study of patients who 
underwent arthroscopic suprapectoral versus 
open subpectoral tenodesis, Gombera et al. [80] 
found no significant differences with regard to 
the development of a Popeye deformity or arm 
cramping, mean American Shoulder and Elbow 
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Surgeons scores, patient satisfaction scores, 
return to athletic activity, night pain, or pain with 
heavy activities at a mean follow-up of 
30.1 months.

A systematic review of arthroscopic compared 
to open biceps tenodesis by Abraham et al. [81] 
demonstrated that both open and arthroscopic 
techniques provided satisfactory outcomes in 
most patients without any significant differences 
between the two. A recent systematic review by 
Lohakitsathian et al. [82] evaluated clinical out-
comes of various biceps tenodesis fixation meth-
ods, including interference screw fixation without 
tie over screw, interference screw fixation with tie 
over screw, single suture anchor, knotless suture 
anchor, and soft tissue tenodesis techniques. 
They demonstrated no significant difference in 
clinical outcomes of the interference screw with-
out tie over screw compared with the single 
anchor suture and interference screw with tie 
over screw techniques. Soft tissue tenodesis, sin-
gle anchor suture, and knotless anchor suture 
showed higher complication rates compared to 
the other fixation methods. All fixation tech-
niques demonstrated significant improvement in 
subjective and patient-reported outcomes postop-
eratively as compared to their preoperative val-
ues. Given our experience and the available 
literature, including the concern for histologic 
tendinopathy of the proximal aspects of the ten-
don, and because there can be several locations 
within the biceps tunnel contributing to tendinop-
athy not able to be identified arthroscopically, our 
preference for surgical management of biceps 
tendinopathy remains open subpectoral tenodesis 
with suspensory unicortical fixation. We prefer 
the suspensory fixation with a cortical button due 
to the smaller defect introduced into the cortical 
bone.

�Conclusions

Tendinopathy of the long head of the biceps ten-
don ranges from a more acute inflammatory pro-
cess to more chronic tendinosis. A diagnosis of 
biceps tendinopathy is obtained from a history 

and physical as well as with assistance from 
imaging. While many times this can be managed 
nonsurgically, surgical interventions are available 
when indicated in the forms of a tenotomy or 
tenodesis of the long head of the biceps tendon. 
Both tenotomy and tenodesis procedures have 
demonstrated comparable surgical outcomes 
with pros and cons of each procedure. The deci-
sion to perform a tenotomy or tenodesis is often 
dictated by patient age, functional status, and 
activity level and demands. Overall, surgical 
management of biceps tendinopathy, whether 
with tenotomy or tenodesis, results in good to 
excellent outcomes with reduced pain and resto-
ration of quality of life and function.
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Nonsurgical Management 
of Proximal Biceps Pathology

Mark Schickendantz and Dominic King

�Introduction

The nonsurgical management of long head of 
biceps tendon (LHBT) pathology involves a mul-
tifaceted approach, addressing the entire shoul-
der complex in addition to pathology that involves 
the LHBT. LHBT pathology is often associated 
with other underlying pathology, most notably 
rotator cuff disease, which can be present in up to 
90% of cases [1, 2]. As such, appropriate treat-
ment of biceps tendon–related symptoms often 
involves treatment of concomitant pathology. 
LHBT disorders can be divided into three general 
categories: inflammation, instability, and 
mechanical failure [1, 3]. Inflammation can be 
either acute (tendinitis) or chronic (tendinosis); 
instability includes subluxation or dislocation of 
the tendon; mechanical failure can range from 
partial tear to complete rupture of tendon. Patients 
with LHBT pathology commonly present with 
pain, weakness, or a sense of instability [2]. An 
understanding of the normal anatomy and varied 
pathologies of this complex area of the shoulder 
is crucial to present an efficacious nonsurgical 
management strategy.

�Anatomy

As seen in Fig. 8.1, the anatomy of the LHBT and 
associated structures is elegantly complex. 
Table 8.1 provides an overview of the salient ana-
tomic features of the LHBT [1–8]. Further dis-
cussion on the anatomy of the LHBT can be 
found in Chap. 1.

�Pathology

As seen in Fig. 8.2, there are three main catego-
ries of LHBT pathology: (1) inflammation and 
degeneration (tendinitis and tendinosis), (2) 

M. Schickendantz (*) ∙ D. King
Cleveland Clinic Sports Health, Garfield Heights, 
Cleveland, OH, USA
e-mail: schickm@ccf.org 
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Fig. 8.1  Anatomic diagram of the LHBT sheath and 
associated structures. LCHL lateral coracohumeral liga-
ment, MCHL medial coracohumeral ligament, SGH supe-
rior glenohumeral ligament
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instability, and (3) mechanical failure (partial 
or complete tear). Inflammation can cause 
weakening and eventual damage to the stabiliz-
ing structures of the LHBT, and repetitive 
rounds of inflammation can lead to degenera-
tion or tendinosis. Inflammation and degenera-
tion can also lead to instability. Instability, in 
turn, can cause improper LHBT mechanics and 
abnormal stresses on the LHBT and associated 
structures, predisposing to inflammation and 
degeneration of the LHBT. Chronic inflamma-
tion, degeneration, and instability can all pre-
dispose the LHBT to partial or complete rupture 

[1, 3, 4, 6, 7]. Tendons have been shown to have 
a significantly lower oxygen uptake than mus-
cle, perhaps contributing to a decreased healing 
capacity as well [9].

�Clinical Presentation

Patients with LHBT pathology commonly pres-
ent with pain, weakness, or a sense of instability 
[2]. Pain is typically anterior and more distal than 
that seen with rotator cuff pathology, often along 
the bicipital groove. Pain may radiate into the 
biceps muscle belly. In those patients with LHBT 
instability and/or mechanical failure, a sense of 
catching or popping can be present. Symptoms 
are worsened by repetitive resisted elbow flexion 
(pulling), forearm supination, and overhead 
activities [3, 4, 7]. Many patients complain of 
nocturnal symptoms with difficulty lying on the 
affected side. Patients with complete rupture 
often give a history of prodromal pain followed 
by a sudden often audible and felt “pop” in the 
upper arm. This may result in cramping, defor-
mity, and ecchymosis. Interestingly, once the 
biceps tendon ruptures, the patients will often 
state their pain improved.

Palpation of the LHBT is best performed with 
the shoulder positioned in 10° internal rotation; 
the examiner then palpates the anterior shoulder 
approximately 7 cm from the anterior lateral cor-
ner of the acromion. If the tenderness elicited 
migrates with rotation of the shoulder, one can 
have a high index of suspicion of the presence of 
biceps pathology. However, even skilled examin-
ers have difficulty localizing the LHBT and 
bicipital groove by palpation alone [10]. A recent 
study demonstrated an overall accuracy rate of 
only 5.3% (4/75), ranging from 0% (0/25) for the 
resident to 12% (3/25) for the fellow (P ≤ 0.007 
for inter-examiner differences) [10]. All missed 
palpations were localized medial to the intertu-
bercular groove by an average of 1.4  ±  0.5  cm 
(range: 0.3 for the fellow to 3.5 cm for the resi-
dent). Consequently, clinicians should exercise 
caution when relying on clinical palpation to 
either diagnose a biceps tendon disorder or per-
form a bicipital tendon sheath injection. It is 

Table 8.1  Long head biceps tendon anatomical features

Origin Superior glenoid labrum and 
supraglenoid tubercle

Length 9–10 cm
Blood 
supply

Anterior circumflex humeral artery 
(major); minor from suprascapular artery

Innervation Branches of musculocutaneous nerve 
(C5)

Salient 
points

 � Intra-articular and extra-synovial
 � Exits the joint at 30–40° angle via the 

reflection pulley and bicipital groove
 � Passes beneath the coracohumeral 

ligament and through the rotator 
interval

 � There is a watershed region located 
between the reflection pulley and 
bicipital groove

 � The proximal one-third of the tendon 
has the highest degree of sensory 
innervation

Inflammation
and

degeneration

Ruputure Instability

LHBT

Fig. 8.2  Spectrum of LHBT pathologies
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important to understand that tenderness alone 
cannot differentiate between the three types of 
LHBT pathology listed above. There are several 
different provocative tests that can be performed 
to elicit pain, weakness, or instability of the 
LHBT. These tests have varying degrees of sensi-
tivity and specificity, and it is important to 
remember that other shoulder pathologies may 
present similarly, which makes a diagnosis of 
LHBT pathology difficult by physical examina-
tion alone [11]. Considering the high incidence 
of associated pathology, all patients with sus-
pected LHBT should undergo a thorough physi-
cal examination of the entire shoulder which is 
discussed in detail in Chap. 2.

�Musculoskeletal Ultrasound 
(MSK-US) Evaluation

Musculoskeletal ultrasound (MSK-US) can pro-
vide immediate visualization of the underlying 
anatomy of the LHBT and surrounding tissues. 
Utilized in trained hands, MSK-US can accu-
rately detect fluid swelling within the LHBT 
sheath, tendinosis of the LHBT, complete rupture 
of the LHBT, medial subluxation or dislocation 
of the LHBT, and associated subscapularis and 
supraspinatus tendon pathologies [12–16, 17, 
18]. However, MSK-US does have its limitations. 
It has not been found to be reliable when detect-
ing partial thickness tearing of the LHBT [12]. 
Difficulty also arises with the evaluation of an 
obese or muscular patient, as image resolution 
decreases with increased depth. MSK-US is also 
operator dependent and generally requires a great 
deal of experience with evaluation and guided 
injection to provide consistent results. The 
authors’ protocol for US evaluation of the LHBT 
can be seen in Fig. 8.3. The figure reviews patient 
positioning, ultrasound probe positioning, repre-
sentative image, and overview of three views of 
the LHBT.  Figure  8.4 identifies the anatomic 
landmarks of the MSK-US images shown in 
Figs. 8.3 and 8.5 provides a pictographic label of 
the anatomic landmarks from Fig.  8.4c. 
Ultrasound-guided injections are performed any 
time there is therapuetic and/or diagnostic value 

related to the injection. This can be used for pre-
surgical planning or to ensure that delivery of the 
medication arrives to the biceps sheath without 
being injected intratendinously, which could be a 
simple anesthetic injection or a combination of 
anesthetic and steroid.

�Illustrative Case

Figure 8.6 demonstrates MSK-US evaluation of 
the LHBT in a 42-year-old patient who was eval-
uated for a multiple year history of anterior 
shoulder pain with point tenderness in the bicipi-
tal groove and a “popping” sensation noted when 
lifting objects. The MSK-US images demonstrate 
swelling in the LHBT sheath and medial sublux-
ation of the LHBT.

�Musculoskeletal Ultrasound  
(MSK-US)-Guided Injection

MSK-US-guided injection of the LHBT sheath 
has been shown to be more accurate than a blind 
palpation-based approach [15]. In a randomized 
controlled trial by Hashiuchi et  al., ultrasound-
guided injection was found to be 86.7% accurate 
versus 27.7% for non-guided injection [15]. 
Geannette et al. performed a study to determine 
the frequency of MSK-US appearances of the 
extra-articular long head of the proximal biceps 
tendon in patients referred for US-guided biceps 
tendon sheath injections [19]. A total of 300 
MSK-US-guided biceps tendon sheath injections 
were performed for anterior shoulder pain. 
Preliminary MSK-US evaluations revealed that 
129 of 300 (43%) patients had a normal MSK-US 
appearance of the biceps tendon; 110 (36.6%) 
had tendinosis; 13 (4.3%) had tenosynovitis; 31 
(10.3%) had both tendinosis and tenosynovitis; 8 
(2.7%) had a biceps tendon tear; and 9 (3%) had 
a history of a tenodesis. Of the 81 patients who 
had pain relief after the injection, 41 had a nor-
mal tendon appearance on US and 40 had an 
abnormal MSK-US appearance. They concluded 
that a large minority of patients with anterior 
shoulder pain clinically suspected to be due to the 
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This approach views
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This approach views
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demonstrate associated

shoulder pathology,
such as damage to the
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Fig. 8.3  Musculoskeletal ultrasound protocol for LHBT disorders
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biceps tendon have a normal-appearing tendon 
and sheath. However, this should not dissuade the 
operator from performing the procedure.

�Illustrative Case

Figure 8.7 demonstrates a corticosteroid injection 
of the LHBT sheath and hydro-dissection proce-
dure of the rotator cuff interval and surrounding 
tissues. The patient, 54 years old, was found to 
have anterior fascial restriction secondary to 
scarring over the anterior aspect of the rotator 
cuff interval which was causing a tethering effect 
through the arc of motion. The resulting anterior 
shoulder pain was accentuated with resisted 
elbow flexion and active extension of the humerus 
with the elbow fully extended.

�Magnetic Resonance Imaging

There are no clear guidelines for the timing of 
advanced imaging [magnetic resonance imaging 
(MRI), magnetic resonance arthrogram (MRA)] 
for further delineation of LHBT pathology. Given 
the potential benefits and success of nonoperative 
management for a great majority of LHBT 
pathology, a management strategy involving 
pharmacologic agents, MSK-US-guided injec-
tions and multiphase physical rehabilitation 
should first be employed before advanced imag-
ing is considered. However, early use of MRI/
MRA should be considered for patients in whom 
there is a high index of suspicion for LHBT 
mechanical failure or underlying rotator cuff tear. 
Non-contrast MRI has been shown to have high 
specificity (but low sensitivity) for the detection 
of complete tears of the LHBT. It is also highly 
sensitive for diagnosing LHBT instability 
(Fig.  8.8). However, regarding partial tears, its 
usefulness is limited [20]. Combination of MRI/
MRA and US depends on the location of present-
ing pain. If there are any thoughts regarding 
intra-articular portion of LHBT or labrum, we 
often recommend a 3T MRI or MRA, while if it 
is extra-articular, we recommend MRI or US.

a

b

c

Fig. 8.4  Anatomic landmarks of images from Fig.  8.4. 
(a) LHBT in short axis. (b) LHBT in long axis. (c) LHBT 
at the level of the rotator cuff interval. BG bicipital groove
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�Nonoperative Algorithm

Figure 8.9 provides an algorithmic overview of 
the authors approach to comprehensive non-
operative management of LHBT disorders, based 
upon current evidence and clinical experience. 
The algorithm begins with identification of the 

specific pathology (inflammation, instability, and 
mechanical failure), moves to pharmacologic 
modalities and MSK-US-guided injections, 
reviews a multimodal physical rehabilitation pro-
gram, and ends with providing guidance after 
determining the response to the previous 
interventions.

Supraspinatus tendon

Coracohumeral ligament

Glenohumeral ligament

Subscapularis tendon

LHBT

Fig. 8.5  Musculoskel-
etal ultrasound and 
pictographic diagram of 
the rotator cuff interval. 
Although it is difficult to 
view all structures in 
one view with the same 
sonographic density, 
because of the concept 
of anisotropy, careful 
manipulation of the 
ultrasound probe can 
allow visualization of 
the supraspinatus 
tendon, the coracohu-
meral ligament, the 
LHBT, the glenohumeral 
ligament, and the 
subscapularis tendon

a b

Fig. 8.6  (a, b) Swelling within the LHBT sheath with medial subluxation of the LHBT
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�Non-steroidal Anti-inflammatory 
Drugs (NSAIDs)

After identification of the underlying pathology 
of the LHBT, treatment generally begins with 
activity modification and consideration of 
NSAID treatment and/or corticosteroid injection 
[3, 7, 21]. NSAIDs can benefit in the short term 
for swelling and pain control; however, despite 
the common practice of prescription of NSAIDs, 
there is a paucity of evidence that they are effica-
cious in treating chronic tendon injuries [21]. A 
reasonable prescription of an NSAID for initial 
management of LHBT pathology should include 

a discussion of the gastrointestinal, renal, and 
cardiovascular risks of NSAIDS, as well as a pre-
scription for a multiphase physical rehabilitation 
program.

�Physical Therapy

The concept of a multiphase physical rehabilita-
tion program allows for progressive increase in 
muscle strength while providing protection 
against further LHBT and associated structure 
injury during rehabilitation [1, 3, 4, 6, 7, 22]. It is 
the authors’ opinion that the vast majority of 
patients with primary or secondary tendonitis, 
and most patients with LHBT instability and/or 
partial LHBT tearing, undergo a multiphase 
physical rehabilitation program as the first line of 
treatment. Figure 8.10 provides an overview of a 
multiphase physical rehabilitation program for 
various LHBT pathologies. Treatment of LHBT 
pathology should always include recognition and 
treatment of associated shoulder dysfunction, 
such as rotator cuff tendinopathy, glenoid labrum 
lesions, and glenohumeral instability. In the acute 
phase of injury (phase 1), the goals of treatment 
are to decrease pain, restore motion, and regain 
strength. In addition to active assisted range of 
motion (AAROM), light stretching, and joint 
mobilization, the rehabilitation specialist can use 
local modalities such as ice, cold laser, and ionto-

a

b

c

Fig. 8.7  Musculoskeletal ultrasound imaging shows (a) 
thickening of the coracohumeral ligament and capsule, 
denoted by an arrow. (b) The needle, denoted by arrow-
heads, can be visualized first injecting into the LHBT 
sheath and then (c) being retracted and redirected to 
address the fascial thickening and restriction. The fascial 
plane anterior to the coracohumeral ligament and rotator 
cuff interval capsule can be seen being hydrodissected, 
denoted by an arrow. The patient left the office pain-free 
with no restriction of motion

Fig. 8.8  MRI demonstrating LHBT with medial sublux-
ation and longitudinal split tearing

8  Nonsurgical Management of Proximal Biceps Pathology



120

phoresis to diminish pain and inflammation [23]. 
In the presence of tendinosis, it is important to 
increase local circulation in order to promote 
healing. As such, local modalities such as moist 
heat, laser, and therapeutic ultrasound may be 
employed. Additionally, dry needling can be 
included to augment healing in cases of tendi-

nopathy; it has been shown to increase blood flow 
via local vasodilation and collagen proliferation 
by increasing fibroblastic activity [24]. A recent 
study demonstrated the benefit of combining dry 
needling with an eccentric-concentric exercise 
program for the management of patients with 
LHBT pathology [25]. Acupuncture has been 

Primary tendonitis:
Overuse, inflammation in the

bicipital groove without
associated shoulder pathology

Secondary tendonitis:
acute and / or chronic

inflammation with associated
shoulder pathology

Instability:
(Various pathologies,
as demonstrated by
advanced imaging)

If highly motivated exerciser
or elite athlete, consider

advanced imaging with direct
surgical consultation pending

results, otherwise,

Patient OK with minor loss of
supination strength

(up to 20%) and possible
“Popeye” cosmetic deformity?

Partial/Complete Tear:
Overuse, trauma, attrition,

impingement, chronic
inflammation/instability

Consider
Short-Term NSAID

and/or Ultrasound Guided Injection: steroid versus regenerative injection therapy (RIT)

Multiphase Physical Rehabilitation
(See Figure 10)

Re-evaluation with treating physician

Pain and/or Weakness?

Referral for surgical evaluation

Consider advanced imaging if not
previously performed.

Consider US guided steroid injection
if not previously performed.

Consider initial RIT or repeat RIT.

Continue home rehabilitation program with proper protective guidelines for future injury prevention

Resolved Resolved symptoms

Unchanged / Worsened

Unchanged symptoms

Yes No

Fig. 8.9  LHBT disorder nonoperative algorithm. First 
assess the underlying disorder. Next, determine the need 
for surgical evaluation versus the appropriate use of 
NSAIDs or musculoskeletal ultrasound-guided injection. 
Next, progress the patient through a multiphase physical 
rehabilitation program. The patient will then follow up in 
the office to determine response to treatment. At that time, 

continuation of home exercise program versus consider-
ation of additional interventions will be discussed, based 
on change in symptoms. If a patient progresses through all 
steps of the algorithm and notes no improvement of pain 
or weakness with multiple conservative interventions, he 
or she should progress to surgical evaluation
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shown to have a central effect via activation of 
the descending pain inhibitory pathways, making 
it a useful tool for pain reduction [26]. Kinesio 
taping and counter force bracing have also been 
used in an attempt to reduce LHBT symptoms 
during daily activities. During the intermediate 
phases of rehabilitation (phases 2 and 3), 
strengthening exercises are progressed to include 
isotonics with the goal of restoring overall mus-

cle balance and optimizing scapular function. As 
muscle balance and function improve, more 
aggressive strengthening exercises are introduced 
to restore power and endurance in preparation for 
the initiation of functional drills and sport/activ-
ity specific exercises (phase 4).

�Corticosteroid Injection

Use of corticosteroid injections should follow a 
similar path as with NSAIDs. Multiple case 
reports have discussed the risk of tendon rupture 
with steroid injections, and caution should be 
exercised when injecting steroid around the 
LHBT [21, 22, 27]. Corticosteroid injections 
alone will likely provide short-term anti-
inflammatory effects for most LHBT pathology; 
however, they should always be used for short-
term pain relief and as an adjunct for the patient 
to initiate and tolerate a multiphase physical 
rehabilitation program. Of note, as these injec-
tions have the potential to reach the glenohumeral 
joint, the anesthetic of choice, used in combina-
tion with corticosteroid, should be ropivacaine 
(Naropin), as it has been shown to be less chron-
dotoxic than bupivacaine [28]. In general, corti-
costeroids can be found in the following 
formulations: acetates or phosphates and fluori-
nated versus non-flourinated (Table  8.2) [29]. 
The less-soluble acetates are typically indicated 
for use in more chronic conditions, whereas 
phosphates, which are more soluble, are better 
suited in more acute settings. Flourinated cortico-
steroids have been associated with a higher rate 
of tendon rupture and subcutaneous fat atrophy 
and should be cautiously applied, particularly in 
extra-articular soft tissues. The authors use a 
combination of 1 cc of Kenalog and 1 cc of ropi-
vacaine that is injected into the LHBT sheath 
with US guidance.

�Other Modalities

Other nonoperative modalities that can be used to 
address LHBT pathology include [21] topical 
nitroglycerin, iontophoresis, phonophoresis, 

Rehabilitation Phase 1
Goal: Pain management, pain free passive range of motion

avoid: abduction and overhead exercises

Wall Walk, Towel Stretches, Pulley Stretches, Sleeper Stretch
Additional Modalities: topical nitroglycerin, iontophoresis,

therapeutic ultrasound ,extracorporeal shock wave therapy,
low-level laser therapy

Rehabilitation Phase 2:
Continue with Phase 1 modalities

Goal: Pain free active range of motion, basic strengthening
avoid: Overhead resistance

Prone I, T, W, Y arm positioning/ Ceiling punch (supine)
Scapular stabilization (not above 90°)

Rotator cuff strengthening (IR/ER at 60 °)

Rehabilitation Phase 3:
Continue with Phase 1 modalities & Phase 2 strengthening

Goal: Advance rotator cuff and periscapular strength
avoid: Overhead weightlifting, upright rows, wide grip bench press

Bear Hug, Reverse Fly, Rotator cuff strengthening (IR/ER at 90 °)
Push-Up Progression, Reverse Push-Up Progression

2 arm plyometric exercises

Weight Training: Hands kept within eyesight, elbows bent

Rehabilitation Phase 4:
Continue with Phase 1 modalities & Phase 3 strengthening

Goal: Return to Activity I Return to Sport
Work I Sport specific progression

Fig. 8.10  Multiphase physical rehabilitation program. 
Rehabilitation phase 1 focuses on pain management and 
pain-free range of motion with the inclusion of additional 
modalities as needed. Rehabilitation phase 2 focuses on 
pain-free active range of motion with basic strengthening 
against gravity. Rehabilitation phase 3 focuses on 
advanced rotator cuff and periscapular strengthening. 
Rehabilitation phase 4 focuses on return to activity and 
return to sport. There are also recommendations for activi-
ties to avoid during these phases. These are general guide-
lines and no specific time requirement is placed on these 
phases
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therapeutic ultrasound, extracorporeal shock 
wave therapy, dry needling, and low-level laser 
therapy [23]. Both biphasic oscillatory waves and 
hyperthermia have also been shown to relieve 
pain in patients with isolated LHB tendinopathy 
[30]. These modalities have been evaluated in 
mostly small or poorly controlled studies, and 
results have been mixed [21, 22]. However, they 
may be a favorable option for many patients and 
the potential downside and associated risk is 
nominal. As such, the authors recommend con-
sidering employing these modalities (either in 
isolation or in combination) during phase 1 of the 
multiphase physical rehabilitation protocol, as 
discussed below.

�Orthobiologic Injections

Ultrasound-guided injections serve an important 
role in the nonsurgical management of LHBT 
pathology, and in many cases, they should be 
considered as an early intervention strategy. 
Orthobiologic injections utilize different injec-
tates to induce an inflammatory response in an 
attempt to decrease inflammation and provide a 
better healing environment for damaged tissue 
[21, 22, 31–33]. The choice to perform an ortho-
biologic injection varies from patient to patient 
and condition to condition, and current literature 
is beginning to thoroughly evaluate these inter-
ventions and standardize treatment protocols for 
orthobiologic injections [17, 31, 32–34]. 
Orthobiologic injections include prolotherapy 
(dextrose solution, sodium morrhuate), platelet 
rich plasma (PRP), adipose tissue–derived cells, 
bone marrow–derived cells, and amniotic mem-
brane–derived injections [22, 33, 35]. 

Orthobiologic injections may have some poten-
tial for addressing pain impairing athletic perfor-
mance, addressing connective tissue laxity 
impairing athletic performance, and addressing 
pain impairing rest and quality of life [22]. It is 
the authors’ opinion that, while orthobiologics 
may decrease inflammation and help provide a 
better healing environment, orthobiologic injec-
tions alone do not fully address the altered bio-
mechanics or enhance performance, and thus 
recommend that a multiphase physical rehabilita-
tion program be performed by every patient who 
would be a candidate for orthobiologic injec-
tions. Future research is needed to determine 
which LHBT pathologies respond best to indi-
vidual or combined orthobiologic injections and 
what patient populations are the most suitable 
candidates for such procedures.

The authors recommend that orthobiologic 
injections utilized for LHBT pathology should be 
performed under musculoskeletal ultrasound 
guidance to document accurate delivery of the 
injectate. A recently published histological and 
biomolecular analysis of the inflamed biceps ten-
don found features of tendinopathy, such as col-
lagen disorganization, infiltration by 
inflammatory cells, neovascularization, and 
extensive neuronal innervation [36]. Compared 
to non-inflamed samples, inflamed LHBTs 
showed a significantly increased inflammatory 
marker gene expression. Structural and biomo-
lecular differences of both groups suggest that 
the LHBT acts as an important pain generator in 
the shoulder joint. These findings can provide 
possibilities for new therapeutic treatment 
approaches. Perhaps future studies will identify a 
mechanism whereby such cells can be stimulated 
in order to accentuate the healing process.

Table 8.2  Corticosteroid formulations

Acetates Phosphates Flourinated Non-fluorinated
Methylprednisolone 
acetate

Prednisolone sodium phosphate Betamethasone sodium 
phosphate

Prednisolone

Betamethasone acetate Betamethasone sodium 
phosphate

Dexamethasone sodium 
phosphate

Methylprednisolone

Hydrocortisone acetate Triamcinolone hexacetonide Hydrocortisone
Dexamethasone acetate Triamcinolone acetonide
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�Treatment Follow-Up

After progressing a patient through the algorithm 
(Fig. 8.9), it is important to reevaluate the patient 
for progression of pain, weakness, and mechani-
cal symptoms. At that time if symptoms are 
improved, the patient should continue with their 
home exercise program, and there should be a 
discussion regarding proper protective guidelines 
for future injury prevention. If the patient’s symp-
toms are not improved, consideration should be 
given to advanced imaging if not yet performed. 
Additionally, if all other reasonable treatment 
options have been exhausted and the patient con-
tinues to have significant pain and/or functional 
disability as a result of LHBT pathology, surgical 
referral is indicated.

�Summary

Long head of biceps tendon (LHBT) pathologies 
can be categorized as inflammation, instability, 
and mechanical failure. A comprehensive nonop-
erative treatment program can lead to a signifi-
cant reduction of pain and improved function in 
many cases and should almost always be consid-
ered as the first line of treatment. A multiphase 
physical rehabilitation program allows for pro-
gressive increase in muscle strength while pro-
viding protection against further LHBT and 
associated structure injury. Musculoskeletal 
ultrasound (MSK-US) can provide real-time 
imaging of LHBT and associated structure 
pathology and can provide guidance for increased 
accuracy of injection. Orthobiologic injections 
may provide significant benefit in the healing and 
rehabilitation process of LHBT and associated 
structure pathology; however, further research is 
needed to define protocols and patient popula-
tions likely to benefit from this therapy.
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SLAP Tear Diagnosis 
and Management

Sean Fitzpatrick, Julie Y. Bishop, 
and Gregory L. Cvetanovich

�Introduction

Superior Labrum Anterior to Posterior (SLAP) 
tears were first described by Andrews in 1985 [1]. 
These injuries involve the detachment of the 
superior labrum from anterior to posterior and 
may extend into the biceps anchor. Snyder was 
the first to classify these injuries in 1990 [2]. 
SLAP tears can cause shoulder pain and dysfunc-
tion, and tears may be acute or degenerative in 
nature. They can occur in isolation or in combi-
nation with other shoulder pathology including 
rotator cuff tears, biceps pathology, and labral 
tears [3]. SLAP tears have a prevalence of 6% in 
the general population undergoing shoulder pro-
cedures [2, 3]. Patient-specific factors are critical 
in diagnosis and management of SLAP tears, 
including patient age and activity level, while 
other key factors are tear pattern and concomitant 
pathology. Treatment of SLAP tears has been a 
source of controversy in the literature, and there 
has been a shift away from repair, particularly in 
patients over age 35–40, and a move toward 
biceps tenodesis. Thus, a thorough understanding 
of anatomy, pathophysiology, clinical presenta-
tion, and treatment options is essential for effec-
tive management of patients with SLAP tears.

�Anatomy

The glenoid labrum is composed of fibrocarti-
laginous tissue. Vascular supply to the labrum is 
received from the suprascapular artery, the cir-
cumflex scapular branch of the subscapular 
artery, and the posterior humeral circumflex 
artery [4]. These vessels arborize within the 
peripheral aspect of the labrum. The inner por-
tion of the labrum is avascular compared to the 
periphery. Similarly, the superior and anterosupe-
rior labrum is less vascular than that of the poste-
rior and inferior labrum.

The superior labrum is typically triangular 
shaped but can have a meniscoid shape. 
Superiorly the labrum attaches medial to the 
articular margin at the supraglenoid tubercle but 
may be attached more laterally on the glenoid 
rim. The superior labrum and biceps tendon 
anchor to the supraglenoid tubercle creates a sub-
synovial recess. Forty percent to 60% of the long 
head of the biceps (LHB) tendon originates from 
the supraglenoid tubercle with the remaining 
fibers arising from the labrum [5]. The LHB ten-
don most commonly has an entirely posterior or 
posterior dominant attachment to the labrum but 
in 17–37% of shoulders may have an equally 
anterior-posterior attachment [5, 6]. There is nor-
mal physiologic motion of the biceps anchor, and 
thus over-constraint during repair can result in 
decreased motion postoperatively.
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When evaluating the superior labrum, it is 
important to understand and recognize normal 
anterosuperior labral anatomic variants such as a 
sublabral foramen. A Buford complex involves 
absence of anterosuperior labrum in conjunction 
with a cord-like middle glenohumeral ligament 
(MGHL). It has been reported that 13.4% of 
patients undergoing shoulder arthroscopy present 
with variations of labral anatomy [7]. 3.3% had a 
sublabral foramen, 8.6% has a sublabral foramen 
with a cord-like MGHL, and 1.5% had an absent 
anterosuperior labrum with a cord-like MGHL, 
otherwise known as a Buford complex (Fig. 9.1). 
Recognizing these variations is critical, and mis-
taken repair of these normal variants can lead to 
poor results with loss of external rotation.

The LHB tendon courses intra-articularly over 
the humeral head and enters the bicipital groove. 
Stabilization of the LHB tendon as it enters the 
groove and becomes extra-articular is maintained 
by the soft tissue sling [8]. This is made up of the 
subscapularis, supraspinatus, coracohumeral, 
and superior glenohumeral ligaments. Medial 
subluxation of the biceps tendon should raise 
concern for a subscapularis tendon tear. LHB ten-
don pathology can be a significant source of pain 
generation, and histological studies have demon-

strated that the tendon is innervated by myelin-
ated sensory fibers [9]. The thoracoacromial and 
brachial arteries provide vasculature to the LHB 
tendon [10]. There is a hypovascular region at the 
LHB attachment to the superior glenoid which 
corresponds to the common location that tears of 
the biceps/labral complex are found [4, 10].

�Pathogenesis

Several mechanisms have been described in the 
pathogenesis of SLAP tears. These mechanisms 
include compressive loads, traction to the arm, 
and repetitive overhead throwing [11]. One 
cadaveric study demonstrated that SLAP tears 
were more reliably reproduced with impaction 
loading when the arm is in a forward flexed posi-
tion [12]. Another study demonstrated that direct 
traction to the arm resulted in inferior sublux-
ation of the humeral head and subsequent repro-
duction of SLAP lesions [13].

Overhead athletes including throwers are an 
at-risk population for SLAP tears due to several 
adaptive and biomechanical changes. Overhead 
throwing places the shoulder in a position of 
abduction and external rotation. This repetitive 
motion then causes microtrauma to the anterior 
capsule resulting in increased external and 
decreasing internal rotation. These changes even-
tually lead to a posteroinferior capsular contrac-
ture coined the “essential lesion” [14]. This 
posteroinferior contracture, or “essential lesion,” 
can then result in posterosuperior migration of 
the humeral head leading to a “peel-back” SLAP 
tear displacing the labrum medially over the gle-
noid [15]. This occurs as the humeral head liter-
ally peels the labrum off of its attachment to the 
glenoid. Furthermore, during the deceleration 
phase of throwing, the biceps contracts in an 
attempt to slow the arm down and can create a 
traction type injury at the superior labrum. 
Finally, as the humeral head begins to migrate to 
a posterosuperior location, the labrum and under-
surface of the rotator cuff come in contact during 
the late cocking phase of throwing causing an 
internal impingement [16].

Fig. 9.1  Arthroscopic images taken from a posterior 
viewing portal demonstrating an absent anterosuperior 
labrum with cord-like MGHL consistent with a Buford 
complex
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�Classification

The most widely used and recognized classifica-
tion system for SLAP tears was originally 
described by Synder [2]. The original Synder 
classification described four types of tears 
(Fig. 9.2) [17]. Type I tears include fraying of the 
superior labrum with associated degenerative 
change. In this tear pattern, the peripheral labrum 
remains firmly attached to the glenoid. The LHB 
tendon also remains anchored to the labrum. 

Despite these lesions being commonly found in 
middle-aged patients, they are rarely 
symptomatic.

Type II tears have a detached superior labrum 
and biceps tendon. This results in an unstable 
labral-biceps anchor that is pulled away from the 
glenoid. These tears are the most commonly 
encountered clinically symptomatic tears.

Type III tears involve a bucket handle tear of 
the superior labrum. The central portion of the 
tear is displaced into the joint, while the periph-
eral labrum remains attached to the glenoid. The 
biceps tendon also remains anchored to the 
labrum peripherally. Mechanical symptoms are 
commonly present in these tears as the unstable 
bucket handle fragment will flip into the joint.

Type IV tears include a buckle handle tear of 
the superior labrum similar to type III tears. 
However, in type IV tears, there is extension of 
the tear into the biceps tendon. This tear causes 
the biceps to displace into the joint along with the 
torn labrum. Again, because of displacement of 
the tear into the joint, mechanical symptoms are 
often present.

More recently the original classification has 
been expanded. The expanded classification 
includes type V–X tears [18]. Type V SLAP tears 
present with an associated Bankart lesion. Type 
VI SLAP tears include an unstable labral flap. 
Type VII SLAP tears have extension of the tear 
into the MGHL origin. Type VIII tears are similar 
to type II tears but involve posterior labral exten-
sion to the 6 o’clock position. Type IX tears are 
circumferential, and type X lesions involve the 
superior labrum combined with the posteroinfe-
rior labrum (reverse Bankart) [62].

�Clinical Evaluation

Diagnosis of clinically symptomatic SLAP tears 
can be challenging for the clinician for several 
reasons and most importantly requires a careful 
history and physical examination to determine if 
the SLAP tear is the sole cause of the patient’s 
symptoms. SLAP tears commonly present in 
shoulders with coexisting pathology and may be 
incidental or a minor contributor to symptoms. 

Type I

Type II

Type III

Type IV

Fig. 9.2  Image demonstrating the original Snyder clas-
sification of type I–IV superior labral tears. Type I tears 
include fraying of the superior labrum. Type II tears have 
a detached superior labrum and biceps tendon. Type III 
tears have a bucket handle tear of the superior labrum. 
Type IV tears include a buckle handle tear of the superior 
labrum with extension of the tear into the biceps tendon. 
(Reproduced from Mileski and Snyder [17])
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One study demonstrated that 88% of SLAP tears 
occurred in shoulders with other pathology [19]. 
Additionally, many common shoulder problems 
can present with clinical symptoms and examina-
tion findings that resemble those of SLAP tears 
[20]. Because of this, it is critical to perform a 
complete history and thorough shoulder exam. 
History involves assessing patient age, activity, 
involvement in overhead activities, and determi-
nation of what produces symptoms. Symptoms 
may include deep shoulder pain and possibly 
mechanical symptoms. Anterior pain associated 
with the biceps tendon may also occur in con-
junction with SLAP tear. There may be pain with 
overhead activities or throwing. Most commonly 
no injury is present, but some patients may have 
a traumatic onset to the tear. Symptoms of other 
shoulder pathology including rotator cuff tears 
and shoulder instability should be discussed.

Exam of the shoulder should begin with 
inspection. Atrophy can occur in the setting of 
spinoglenoid notch cysts resulting from SLAP 
tears, which can then lead to compression of the 
suprascapular nerve at the spinoglenoid notch. 
Compression at this level typically results in iso-
lated atrophy of the infraspinatus muscle belly. 
Next, range of motion of the shoulder should be 
evaluated both actively and passively. This 
includes flexion, extension, and internal and 
external rotation of the shoulder in both the 
adducted and abducted position. Range of motion 
is then compared to the contralateral shoulder. 
Glenohumeral internal rotation deficits in throw-
ers of greater than 25–30° can increase the likeli-
hood patients may develop internal impingement 
and SLAP tears [14, 16]. Rotator cuff testing 
should be done in a systematic fashion isolating 
each muscle to identify weakness. Typically 
patients with isolated SLAP tears will have nor-
mal range of motion and strength, with the excep-
tion of a possible internal rotation deficit. 
Impingement testing should be evaluated and 
may be painful as these tests are often not spe-
cific. Rotation of the shoulder in the abducted 
position can cause reproduction of mechanical 
symptoms. Scapular mechanics and motion 
should be assessed and compared to the contra-

lateral shoulder, as the detection of any scapular 
dyskinesis is important when developing a reha-
bilitation plan. This is important especially in the 
overhead athlete, as this is often a correctable 
finding, which, if improved, could help one avoid 
the need for surgery. Instability testing including 
apprehension, load and shift, jerk, Kim, and sul-
cus testing should be assessed as appropriate.

There are a number of different provocative 
tests described for SLAP tears, although none has 
excellent sensitivity and specificity. The O’Brien 
test is the most commonly used clinical exam 
maneuver [21]. The O’Brien active compression 
test is performed by forward flexing the arm to 
90°, internally rotating the arm, and adducting the 
arm approximately 15°. The patient must then 
maintain forward flexion against resistance pro-
vided by the examiner. The test is interpreted as 
positive if upon external rotation of the arm the 
pain is lessened or resolves. Other tests for SLAP 
tears include the anterior slide [22], Jobe reloca-
tion [23], crank [24], Kim’s bicep load I and II [25, 
26], Speed’s [27], Yergason’s [28], and Labral 
shear, among others. These clinical exam maneu-
vers have relatively poor sensitivity and specificity 
to diagnose a SLAP tear when compared to the 
gold standard of arthroscopy [29, 30]. Table  9.1 
depicts the diagnostic accuracy of several tests 
compared to the gold standard of arthroscopy [17].

�Imaging

Plain radiographs are the initial imaging study of 
choice for patients with shoulder pain and dys-
function. A complete shoulder series should 
include anteroposterior (AP), Grashey, scapular 
Y, and axillary lateral views. If radiographs are 
unrevealing and clinical history and exam sug-
gest a possible SLAP tear, magnetic resonance 
imaging (MRI) is the preferred diagnostic test. 
However, MRI does not correlate well with 
arthroscopic findings at the time of surgery [31]. 
Therefore, magnetic resonance arthrogram 
(MRA), which is more sensitive and specific than 
plain MRI for the detection of suspected SLAP 
tears, is our preferred imaging modality [31]. 
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Furthermore, the shoulder can be placed in a 
position of abduction and external rotation or 
have longitudinal traction applied to increase the 
diagnostic accuracy of MRI [32, 33]. Importantly, 
MRI allows identification of concomitant shoul-
der pathology involving the rotator cuff, biceps, 
and labrum. Spinoglenoid cysts and any associ-
ated rotator cuff atrophy are also well visualized 
on MRI (Fig. 9.3). It is important to remember 
the variable anatomy of the anterosuperior 
labrum when assessing for SLAP tear as these 
normal variants are sometimes confused with or 
hard to distinguish from a SLAP tear.

�Treatment

�Nonsurgical Treatment

Nonsurgical treatment is the first-line treatment 
for SLAP lesions. Nonsurgical modalities 
include anti-inflammatory medications, intra-
articular injections, and physical therapy. Intra-
articular injections can be both diagnostic and 
therapeutic for patients with SLAP lesions, and 
we prefer to perform these with ultrasound 
guidance to increase the accuracy of injection 
administration into the glenohumeral joint. 
Physical therapy consists of scapular stabiliza-
tion, posterior capsular stretching, and rotator 
cuff and core strengthening. Therapy targeting 
the posterior capsular includes the “sleeper 
stretch” and cross-body adduction stretch [14, 
15, 34–36]. One study found that about 2/3 of 
professional baseball players with SLAP tears 
were able to successfully return to sport follow-
ing nonoperative treatment [37]. Another study 
demonstrated pain, function, and quality of life 
scores were all improved with nonoperative 
treatment [38]. This same study also demon-
strated that the return to sport at the same level 
was 71% for all athletes and was 66% for over-
head athletes. Patients should be managed non-
operatively for a minimum of 6–12 weeks, and 
often longer, before proceeding to surgical 
intervention.

Table 9.1  Table depicting diagnostic accuracy of common exam maneuvers compared to the gold standard of arthros-
copy in patients with isolated SLAP tears

Test
Sensitivity 
(95% CL)

Specificity 
(95% CL)

PPV (95% 
CL)

NPV (95% 
CL) LR+ (95% CL) LR- (95% CL)

Post-test 
probability, %
Test+ Test-

Active 
compression

85 (61,97) 10 (5,12) 15 (11, 17) 78 (44,96) 0.94 (0.65, 1.1) 1.5 (0.22, 6.8) 15.3 22.4

Kim II 67 (37,88) 51 (46,55) 19 (11,25) 90 (81,96) 1.4 (0.68,1.9) 0.66 (0.21, 1.4) 21.2 11.2
Dynamic 
labral shear 
(O’Driscoll’s)

92 (64,99) 20 (15,20) 16 (11,18) 93 (71,99) 1.1 (0.8,1.3) 0.42 (0.22, 2.4) 17.4 7.5

Speed’s 50 (21,79) 54 (49,58) 14 (5,21) 88 (81,95) 1.1 (0.41,1.8) 0.93 (0.4,1.6) 17.4 15.1
Labral 
tension

40 (14,71) 75 (71,79) 19 (7,34) 90 (85,95) 1.6 (0.49,3.4) 0.8 (0.36,1.2) 23.5 13.3

Table reproduced from Cook et al. [57]
CL confidence limits, PPV positive predictive value, NPV negative predictive value, LR likelihood ratio

Fig. 9.3  MRI coronal images demonstrating large paral-
abral cyst coursing from glenoid medially along the scap-
ular spine
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�Surgical Management

Surgical management is generally indicated 
when at least 3 months of nonoperative treatment 
fails to relieve shoulder pain and dysfunction. 
Overhead athletes in particular should be encour-
aged to exhaust nonoperative treatment, and this 
also should include a careful biomechanical eval-
uation of throwing mechanics as well as a period 
of rest from sport and graduated return to throw-
ing program. One setting in which early interven-
tion is performed is a patient with suprascapular 
nerve compression due to a paralabral cyst at the 
spinoglenoid notch, in which early decompres-
sion and labral repair may prevent further nerve 
damage and permanent muscle atrophy.

Surgery is performed arthroscopically in the 
beach chair or lateral decubitus position accord-
ing to surgeon preference and concomitant 
pathology. During diagnostic arthroscopy, the 
SLAP tear should be assessed with a probe for 
tear pattern, signs of instability, and involvement 
of the biceps anchor. The arm can be placed in 
the abduction and external rotation (ABER) 
position to evaluate for any evidence of “peel-
back” of the superior labrum. Treatment for type 
I tears is debridement alone. Type II tears can be 
debrided with biceps tenodesis or can be repaired 
(Fig. 9.4). The authors reserve SLAP repair for 

younger active patients generally under age 35, 
with no associated biceps symptoms and an iso-
lated SLAP tear on arthroscopy, and who have 
failed conservative treatment options. However, 
the authors note that the age range has been 
steadily declining over the years. We prefer 
biceps tenodesis in patients over age 35, those 
with biceps symptoms and SLAP tears involving 
the biceps, patients with concomitant rotator cuff 
pathology, or those who failed a prior SLAP 
repair [39]. We have performed fewer and fewer 
SLAP repairs over time, which is also reflected 
nationwide in SLAP tear management trends 
[63, 64].

Type III tears present with an unstable bucket 
handle tear and are either debrided or repaired, 
but most often the bucket handle has poor tissue 
quality and vascularity such that a debridement is 
the best option. Type IV tears involve the LHB 
tendon. In this subset of patients, age and biceps 
symptoms and involvement in the tear must be 
taken into account. If <30% of the LHB is 
involved, debridement alone is an option. When 
>30% of the LHB tendon is involved, treatment 
typically involves debridement with biceps teno-
desis with or without combined SLAP repair. A 
concomitant SLAP repair is reserved for rare 
tears in young patient with good tissue quality 
and an unstable superior labrum.

Historically bioabsorbable tacks were used for 
SLAP repair; however, these are now avoided as 
there are concerns of synovitis as well as loose 
body formation and cartilage damage within the 
joint [40, 41]. Suture anchors are now commonly 
used, and the authors have moved toward knot-
less techniques due to concerns of symptomatic 
knots above the equator of the glenoid (Fig. 9.5). 
When performing an isolated SLAP repair, the 
authors position the patient in the lateral decubi-
tus position with a lateral arm traction device. We 
typically view from the posterior portal and use 
an anterior working portal. An accessory high 
anterolateral portal can be created and used for 
anterior anchor placement, although in most 
cases we will not perform fixation anterior to the 
biceps tendon insertion to avoid overconstraining 
the biceps or repairing normal anterosuperior 
labral variants resulting in stiffness 

Fig. 9.4  Viewing the glenohumeral joint from a posterior 
portal, a type II SLAP tear is evaluated using a probe
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postoperatively. The tear is mobilized with an 
elevator. The superior aspect of glenoid is 
debrided which will create a bleeding of the bone 
bed to facilitate healing (Fig. 9.6). The trajectory 
utilized is key for accurate anchor placement, and 
a spinal needle is utilized in a percutaneous fash-
ion first to assure an appropriate and safe angle of 
approach to the superior glenoid. Sutures are 
passed from anterior, or the camera can be moved 
to view from anterior and passage with a poste-
rior working portal can be performed (Fig. 9.7a). 

Posterior anchor placement can typically be 
achieved using percutaneous techniques includ-
ing needle localization and percutaneous place-
ment of glenoid anchors with the portal of 
Wilmington near the posterolateral corner of the 
acromion (Fig.  9.8). We use SutureTape with 
knotless PushLock anchors for repair, typically 
2–3 anchors for a standard repair (Fig. 9.7a–c). 
The Neviaser portal can also be utilized when 
repairing SLAP tears, although anchor placement 
from this portal risks perforation of the glenoid 
cartilage [40]. Care must be taken to avoid injur-
ing the suprascapular nerve which on average is 
1.1 cm medial from the midline of posterior gle-
noid and 2.1  cm medial from the supraglenoid 
tubercle [42–44].

Paralabral ganglion cysts should be evaluated 
at the time of surgery [45, 46]. These cysts can 
usually be decompressed arthroscopically using a 
labral elevator and a motorized shaver often 
through the tear and thus under the labrum. At 
times, the cyst can be seen bulging into the joint 
through the medial capsular fold, and the treating 
surgeon should resist the urge to perform a cap-
sulotomy to decompress the cyst prior to com-
pleting the labral repair. If this is done, it can be 
quite difficult to maintain sufficient water pres-
sure in the joint for adequate visualization. Labral 
repair following cyst decompression is then per-
formed, and labral repair typically results in cyst 
resolution [47, 48].

�Rehabilitation

Rehabilitation protocols vary and are dependent 
upon surgeon preference. One systematic review 
reported on several different protocols and found 
slight variations [49]. Initially patients were in a 
sling ranging from 1 to 6 weeks with either full or 
limited immobilization with early passive range 
of motion. Passive range of motion was started 
between the first postoperative appointment and 
6 weeks postoperatively. Active range of motion 
was initiated between the first postoperative 
appointment to 6  weeks postoperatively, and 
strengthening was anywhere from first postoper-
ative appointment to 16  weeks postoperatively. 

Fig. 9.5  Arthroscopic image demonstrating a previous 
SLAP repair performed with prominent suture knots

Fig. 9.6  A motorized shaver is used to prepare a bleeding 
bone bed on the superior glenoid rim prior to anchor 
placement
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Sports-specific rehabilitation was begun 
7–24 weeks postoperatively, and return to sport 
was initiated between 3 and 6 months postopera-
tively. For athletes returning to overhead throw-
ing, return to sport was between 4.5 and 7 months 
postoperatively.

�Outcomes

Outcomes of SLAP repairs are dependent on sev-
eral factors including patient characteristics, tear 
type, associated pathology, and repair technique. 

Debridement alone can often provide good short-
term relief, but the outcomes worsen after 2 years 
[50]. While fixation with bioabsorbable tacks is 
no longer recommended due to concerns of carti-
lage damage, several outcome studies have 
reported on success rates of SLAP repairs with 
their use. Type II tears repaired with bioabsorb-
able tacks have success rates ranging from 71% 
to 88% [51–54].

Repair with suture anchors has demonstrated 
more promising results. One study reported 97% 
good to excellent clinical results [55]. The authors 
also reported that return to sport is less predictable 

a

c

b

Fig. 9.7  A penetrating lasso (a) is introduced into the 
glenohumeral joint through an anterior cannula and 
passed around the superior labrum. Sutures (b) are then 

shuttled around the labrum and retrieved through the ante-
rior cannula. Knotless technique (c) is utilized in order to 
prevent any impingement of suture on the rotator cuff
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and only 84% of patients returned to sport. 
Another study reported 94% good to excellent 
outcomes in patients undergoing SLAP repairs 
[56]. Rates of return to same of level sport were 
lower than rates of return to function, which were 
22% and 91%, respectively. Long-term follow-up 
after SLAP repair has been shown to have 88% 
good to excellent results [57]. However, Douglas 
et al. found that pitchers had lower return to play 
rates of only 80% compared to non-pitchers at 
91.3% [58]. Another study analyzed outcomes of 
SLAP repairs for type II tears in younger active 
patients [58]. The authors found that there was 
overall an increase in shoulder function out-
comes; however, return to pre-injury activity 
level was less predictable. They reported a 37% 
failure rate defined as revision surgery, mean 
ASES score below 70, or an inability to return to 
sports and work duties. Twenty-eight percent of 
those of patients underwent revision surgery. Age 
>36  years was the only statistically significant 
risk factor for increased incidence of failure. 
Biceps tenodesis has also been reported in 
younger patients including those under age 25, 
many of whom had a failed prior SLAP repair.

Boileau et  al. compared patient outcome 
scores, satisfaction, and return to sport for 
patients undergoing SLAP repair vs biceps teno-
desis [59]. They found that biceps tenodesis 

patients had an overall satisfaction rate of 93% 
while those patients undergoing SLAP repair had 
only a 40% satisfaction rate due to ongoing pain. 
They also report an 87% return to sport for biceps 
tenodesis patients compared with only a 20% rate 
for SLAP repair patients. Furthermore, they 
found that four patients with failed SLAP repairs 
went on to undergo biceps tenodesis and that all 
four patients had a successful outcome and were 
able to return to prior level of sport. Other out-
come studies include a recent systematic review 
from Abdul-Rassoul et al. that compared return 
to pre-injury level of sport for patients undergo-
ing SLAP repair to biceps tenodesis [60]. They 
found that return to pre-injury sport was higher 
for patients that had biceps tenodesis (78.6%) 
compared to those with SLAP repair (63.6%). 
Another study demonstrates that between 2007 
and 2016, SLAP repairs have been performed 
less frequently and biceps tenodesis are being 
performed more frequently, especially in patients 
over 40 years of age [61].

�Lessons Learned

SLAP tears are a common problem affecting 
patients of all activity levels. A thorough history 
and physical exam will help determine if the 
SLAP tear is the cause of the patient’s symptoms. 
Once a SLAP tear is diagnosed, a period of non-
operative treatment is begun. Patients who fail 
nonoperative treatment are offered surgical inter-
vention in the form of a SLAP repair, biceps 
tenodesis, or a combined procedure. The type of 
procedure chosen is based on several factors 
including patient age, activity level, symptoms, 
and others. Successful outcomes can be expected 
with proper diagnosis and treatment.
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The Incarcerating Biceps Tendon

Helen S. Zitkovsky, Claire D. Eliasberg, 
Justin T. Maas, Samuel A. Taylor, 
and Stephen J. O’Brien

�Introduction

Multiple pathologies can affect the biceps-labral 
complex (BLC) throughout its three anatomical 
zones, independently or concomitantly, leading 
to a clinical entity grossly described as biceps 
tendinitis. Seventy percent of patients with BLC 
symptoms incur multiple sites and types of 
pathology (Fig.  10.1) [2]. The senior author 
(SJO) defines biceps incarceration as dynamic 
entity resulting in incarceration of the long head 
of the biceps tendon (LHBT) between the 
humeral head and the glenoid due to hypermobil-
ity of the tendon or proximal instability of the 
LHBT.  Incarceration primarily occurs with the 
patient’s arm in forward flexion, adduction, and 
internal rotation and generates pain with over-
head motion mimicking the active compression 
test (O’Brien sign). While incarceration may ulti-
mately produce observable changes seen during 
arthroscopy such as fraying and degenerative 
changes of the LHBT or biceps chondromalacia, 
it may also be the source of chronic pain in a 
patient with an otherwise arthroscopically nor-
mal appearing shoulder. Preoperative suspicion 
based on examination and intraoperative 
arthroscopic active compression test are key. This 

chapter discusses LHBT incarceration including 
relevant anatomy, clinical presentation, intraop-
erative findings, and treatment.

�LHBT Stabilizing Anatomy

The BLC has three distinct anatomical zones: 
“inside” including the superior labrum and biceps 
anchor, “junction” from the intra-articular por-
tion of the LHBT and its stabilizing pulley, and 
“bicipital tunnel” including the extra-articular 
LHBT [3, 4]. The LHBT anchor is closely associ-
ated with the superior labrum and has a variety of 
normal anatomic variants [3]. A more detailed 
description of the BLC anatomy can be found in 
Chap. 1.

As the LHBT courses from the biceps anchor 
to the bicipital tunnel, it is stabilized by the biceps 
pulley, a capsuloligamentous complex within the 
proximal portion of the bicipital groove. The 
biceps pulley is formed by a coalescence of fibers 
from the superior glenohumeral ligament, cora-
cohumeral ligament, as well as contributions 
from the subscapularis and the supraspinatus [4]. 
These structures act as a static stabilizer of the 
LHBT throughout a dynamic range of motion 
including a 35–40° turn along the articular mar-
gin and as it traverses to its extra-articular posi-
tion in the bicipital groove [5]. Tears of the biceps 
pulley secondary to trauma or degenerative 
changes may lead to medial instability of the 
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LHBT. In a study of 207 patients by Braun et al., 
32% of patients undergoing shoulder arthroscopy 
had proximal LHBT instability associated with a 
pulley tear [6]. The superior insertion of the sub-
scapularis tendon has been found to be especially 
important in preventing medial LHBT instability 
[7, 8].

Bony anatomy may also contribute to proxi-
mal LHBT stability. The LHBT enters zone 1 of 
the bicipital tunnel distal to the biceps pulley. 
This zone represents the traditional bony groove, 
extending from the articular margin to the distal 
aspect of the subscapularis tendon, and has been 

implicated in the pathogenesis of LHBT disease 
(Fig.  10.2). Cone et  al. [10] evaluated bicipital 
osseous groove architecture and described an 
average depth of 4.3 mm, top width of 8.8 mm, 
and middle width of 5.4 mm with a medial wall 
angle of 56°. Patients with a flatter and shallower 
groove proximally may be more predisposed to 
proximal biceps instability and resulting LHBT 
incarceration. A prospective study comparing 
subjects with chronic BLC symptoms with nega-
tive controls using ultrasound and radiographs 
found a high degree of variation of the depth, 
width, and contour of the osseous groove [11]. 

a b

c d

e f

Fig. 10.1  BLC lesions categorized by anatomic location. 
(a–d) Intra-articular views of left shoulders visualized 
through the standard posterior portal and (e, f) the subdel-
toid space through an anterolateral viewing portal. Inside 
lesions include (a) SLAP tears (arrow) and anterior 
labrum tears, posterior labrum tears, and (b) dynamic 
incarceration of the LHBT between the humeral head and 
glenoid. Junctional lesions include (c) partial tears of the 
LHBT identified during glenohumeral arthroscopy 

(arrow) and (d) biceps chondromalacia (asterisk) and 
proximal LHBT instability from subscapularis insuffi-
ciency. Tunnel lesions include a diverse set of abnormal 
findings during subdeltoid arthroscopy, including scar-
ring, (e) partial tears of the LHBT (arrow), instability, ste-
nosis, and (f) loose bodies (arrow). G glenoid, HH 
humeral head, BLC biceps-labrum complex, LHBT long 
head of the biceps tendon, PM pectoralis major. (Adapted 
with permission from Taylor et al. [1])
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The average opening angle of the medial wall of 
the groove was 44°, with a range from 9° to 74°. 
The authors hypothesized that a small medial 
groove angle enables medial subluxation of the 
LHBT.

The transverse humeral ligament provides 
additional support to the LHBT in zone 1 of the 
bicipital tunnel. Structure of the transverse 
humeral ligament is controversial, and studies 
have suggested that it is not a single distinct liga-
ment [12, 13]. Instead, the transverse humeral 
ligament is thought to be a continuation of super-
ficial fibers of the subscapularis tendon with con-
tribution from the supraspinatus and 
coracohumeral ligament [3].

�Clinical Presentation

LHBT incarceration presents similarly to, and 
often concomitantly with, traditional BLC 
pathology such as chronic biceps tendonitis and 
SLAP pathology. History may include patients 
reporting pain or mechanical “popping” or “lock-
ing” in overhead throwing, particularly at the end 
of the throwing arc with the arm forward flexed, 
adducted, and internally rotated.

The “3-Pack Exam” is a comprehensive evalu-
ation of the BLC, specifically targeted to assess 
the three anatomical zones and identify hidden 
shoulder lesions [9, 14]. The 3-Pack includes 
bicipital tunnel palpation, the throwing test, and 
the active compression test (O’Brien sign) 
(Fig. 10.3). To perform bicipital tunnel palpation, 
the examiner palpates the LHBT along its extra-
articular course when the arm is in a neutral posi-
tion. The arm can be rotated internally and 
externally to help the examiner determine 
whether the pain can be localized to the bicipital 
tunnel. The throwing test is performed with the 
shoulder abducted to 90°, the elbow flexed to 
90°, and the shoulder maximally externally 
rotated. This position mimics the late-cocking 
throwing phase. The patient is then asked to step 
forward with the contralateral leg and proceed to 
the early acceleration throwing phase as the 
examiner provides isometric resistance. The 
active compression test is performed as follows:

•	 With the patient’s arm forward flexed to 90°, 
adducted 10–15°, and internally rotated such 
that the thumb points inferiorly, the examiner 
applies a downward-directed force to the 
patient’s resistance.

•	 The examiner then externally rotates the 
humerus and supinates the forearm such that 
the palm faces upward and again applies a 
downward-direct force as the patient resists.

•	 A positive test consists of the patient being 
unable to resist downward-directed force and 
reporting pain “inside the shoulder,” with or 
without mechanical symptoms, in this posi-

Fig. 10.2  Diagram of a right shoulder demonstrating the 
three zones of the BLC. Inside (yellow [I]) encompasses 
the superior labrum and the biceps anchor. Junction (green 
[J]) represents the intra-articular segment of the long head 
of the biceps tendon. The bicipital tunnel (red [BT]) 
includes the extra-articular biceps tendon and its fibro-
osseous enclosure. The bicipital tunnel is divided into 
three zones: Zone 1 extends from the articular margin 
(AM) to the distal margin of the subscapularis (DMSS) 
and represents the traditional bony groove. Zone 2 extends 
from the DMSS to the proximal margin of the pectoralis 
major tendon (PMPM). Zone 3 is the subpectoral region. 
(Adapted with permission from Taylor et al. [9])
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tion when the thumb is pointed down. External 
rotation and supination of the arm provide 
relief of pain.

•	 The maneuver must reproduce the patient’s 
pain to be considered positive.

•	 In a patient with proximal LHBT instability, 
this maneuver locks the LHBT between the 
humerus and the glenoid, provoking incarcer-
ation and resulting pain.

The active compression test has been shown to 
be 87.8% sensitive and 45.7% specific at identi-
fying “inside” BLC lesions, including LHBT 
incarceration. A positive test raises clinical suspi-
cion for biceps incarceration which requires fur-
ther evaluation. In evaluation of the active 
compression test in symptomatic versus control 
patients, 18% of asymptomatic controls had a 
positive active compression test bilaterally [9]. 
This finding suggests that biceps incarceration 
may be an initially normal finding in some 
patients that later becomes pathologic.

�MRI Findings

LHBT incarceration is a dynamic finding. 
Therefore, MRI evaluation provides limited 
utility with regard to active evidence of LHBT 
incarceration. Traditional MRI studies are only 
35% sensitive and 49.3% specific in indicating 
BLC pathology in patients who were later 
found to have an incarcerating LHBT on 
arthroscopy [1].

However, while MRI is an extremely useful 
imaging modality, it may be limited with regard 
to identifying bicipital tunnel lesions and 
dynamic incarceration. That said, MRI can iden-
tify evidence of secondary lesions. Biceps chon-
dromalacia (BCM), a humeral lesion caused by 
repetitive incarceration of the LHBT between the 
humeral head and glenoid, may present on MRI 
as abnormal signal in the subchondral bone, car-
tilage loss, and abnormal LHBT signal 
(Fig. 10.4). This can also occur as a “blush” of 
hyperintense signal on fluid-sensitive sequences 

3-Pack

Traditional

a

e f g h

b c d

Fig. 10.3  The 3-Pack examination includes the active 
compression test (a, b), the throwing test (c), and palpa-
tion of the bicipital tunnel (d). Traditional physical exami-

nation maneuvers include Speed (e), Yergason (f), full can 
(g), and empty can (h). (Adapted with permission from 
Taylor et al. [9])
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in the same area. MRI findings of cartilage loss 
and subchondral changes are 82% and 61% sen-
sitive for BCM evident at arthroscopy [15]. 
Additionally, MRI evidence of subchondral 
changes and cartilage loss may precede gross 
lesions on arthroscopy and provide the opportu-
nity to treat incarceration prior to further chon-
dral wear [15].

MRI evaluation may provide utility as another 
tool for preoperative identification of LHBT 
incarceration, but it should be used in conjunc-
tion with clinical history and physical examina-
tion and should not be considered as an 
independent diagnostic screening tool [1].

�Arthroscopic Evaluation

Patients with a positive active compression test 
and chronic shoulder pain refractory to conser-
vative management are evaluated with diagnos-
tic glenohumeral arthroscopy. Initial 
glenohumeral arthroscopic evaluation may dem-
onstrate a normal-appearing LHBT.  Therefore, 
biceps incarceration can be easily overlooked if 
the surgeon does not have a high clinical suspi-

cion preoperatively. The arthroscopic active 
compression test, described by Verma and 
O’Brien [16], is an intraoperative maneuver that 
mimics the active compression test performed in 
the office.

The test is performed as follows:

•	 Position the patient in the beach chair position 
and establish a standard posterior viewing 
portal.

•	 Place the arm in 90° of forward flexion with 
the elbow extended and adduct the arm 10°–
15° medial to the sagittal plane of the body.

•	 Next, internally rotate the arm while visualiz-
ing the biceps tendon.

•	 If the LHBT displaces medially and inferiorly 
as the arm is maneuvered and becomes 
entrapped within the joint, it is considered a 
positive test. External rotation of the arm 
relieves LHBT impingement.

A positive arthroscopic active compression 
test provides visual evidence of the LHBT incar-
cerating in the glenohumeral joint (Fig. 10.5). A 
positive test combined with a positive clinical 

Fig. 10.4  Magnetic resonance imaging of right shoulder 
in coronal proton density sequence demonstrating abnor-
mal signal in the subchondral bone representing medial 
biceps chondromalacia

Fig. 10.5  Arthroscopic image of a right shoulder 
viewed from standard posterior viewing portal while 
the arthroscopic active compression test is being per-
formed. Incarceration of the biceps tendon (BT) is 
appreciated between the humeral head (HH) and the 
superior glenoid (G, arrow). (Adapted with permission 
from Taylor et al. [9])
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history suggests pathologic significance. 
Additional arthroscopic findings may include 
inflammation or fraying of the LHBT or BCM on 
the humeral head.

�Medial Biceps Chondromalacia

BCM is an attritional lesion on the humeral head 
and can be subclassified as junctional or medial. 
Junctional BCM is located along the articular 
margin of the humeral head where the biceps ten-
don exits the glenohumeral joint. Medial BCM is 
located at the anteromedial portion of the articu-
lar surface. This area corresponds to the contact 
between the LHBT and the humeral head during 
a positive active compression test. It is thought to 
be the result of chronic abrasion and incarcera-
tion of the LHBT.

Similar lesions have previously been described 
as the “biceps footprint,” “chondral prints,” and 
“humeral head abrasions” [17–19]. They have 
been described as an area of chondromalacia on 
the humeral head outside of the bicipital groove, 
potentially caused by abnormal LHBT tracking. 
Such chondral wear may be a marker of LHBT 
instability and inflammation (Fig. 10.6) [17].

BCM demonstrates the lasting consequences 
of LHBT incarceration. The chondral lesion may 
be the source of chronic shoulder pain, with 
recurrent irritation secondary to LHBT impinge-
ment. Furthermore, BCM provides evidence of 
an otherwise dynamic pathology. Visualization of 
medial BCM on arthroscopy alerts the surgeon to 
symptomatic incarceration, even if it is not repro-
ducible in the operating room with the 
arthroscopic active compression test.

�Surgical Management

Treatment for a clinically symptomatic incarcer-
ating LHBT as visualized by arthroscopic active 
compression test includes removing the LHBT 
from the glenohumeral joint, by tenotomy, bony 
tenodesis, or soft tissue subdeltoid transfer to the 
conjoint tendon (authors’ preferred technique).

The senior author performs soft tissue tenode-
sis of the LHBT to the conjoint tendon to treat the 
described lesions. Over 1400 arthroscopic sub-
deltoid biceps transfers have been performed and 
will be described in detail in Chap. 17. Taylor 
et al. [20] reported 88% good to excellent mid-
term outcomes for patients who underwent 

a b

Fig. 10.6  (a) Arthroscopic image demonstrating the long 
head of the biceps tendon (LHBT) with underlying medial 
biceps chondromalacia (BCM) on humeral head (HH). (b) 

Another arthroscopic image demonstrating medial biceps 
chondromalacia, a humeral head abrasion secondary to 
LHBT impingement
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LHBT transfer to the conjoint tendon for chronic 
refractory BLC symptoms.

Surgical debridement of the LHBT without 
removal from the glenohumeral joint will not 
address the source of pain as the LHBT will con-
tinue to incarcerate and erode humeral head car-
tilage. Previous studies have found higher 
incidence of chondral wear in patients with 
pathologic BLC disease, especially those with 
failed SLAP repair [18]. Refractory pain may be 
the result of failure to address these symptomatic 
lesions.

�Conclusion

A subset of patients with chronic BLC pain have 
an LHBT that impinges between the humeral 
head and the glenoid. Biceps incarceration is 
largely a clinical diagnosis which presents with 
chronic BLC pain and a positive active compres-
sion test. The arthroscopic active compression 
test performed during diagnostic glenohumeral 
arthroscopy provides visualization of LHBT 
incarceration. Intraoperative findings may also 
include medial BCM on the humeral head from 
chronic LHBT impingement. We recommend 
evaluation of this potential LHBT pathology, as 
arthroscopic findings may otherwise be normal. 
Treatment includes excision of the intra-articular 
portion of the LHBT via tenotomy or soft tissue 
or bony tenodesis. We caution that an incarcerat-
ing biceps tendon may be a normal finding in a 
subset of asymptomatic individuals and therefore 
must be correlated with patient history and clini-
cal exam findings.
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Anterior Shoulder Pain 
in the Throwing Athlete: SLAP 
Repair vs. Biceps Tenodesis?  
Or Both

Justin W. Griffin, Matthew Adsit, 
and Terence Tsang

�Proximal Biceps–Labral Anatomy

Proximal biceps disorder is a common cause of 
pain and dysfunction in overhead athletes, par-
ticularly pitchers. The long head biceps tendon 
(LHBT) and its role in glenohumeral kinematics 
remain largely in question [73]. The LHBT varies 
in size but most commonly is 5–6 mm in diame-
ter and about 9  cm in length, inserting on the 
superior labrum and supraglenoid tubercle after 
traveling through the bicipital groove along its 
unique course [55]. As it passes lateral to the 
lesser tuberosity in the intertubercular groove, a 
spectrum of pathologies may arise. The many 
conditions that can develop along the course of 
the biceps tendon include overall biceps tendon-
itis, biceps tendon subluxation or instability, and 

injuries to the superior anterior to posterior area 
of the labrum [37].

In 1985, Andrews et al. first described SLAP 
tears in 73 baseball pitchers and throwing ath-
letes [4]. In 1990, SLAP lesions were classified 
by Snyder et al. into four categories based on the 
stability and locations of the tear with more than 
50% of these tears being type II tears. Snyder 
et al. coined the SLAP acronym [70, 71]. A type 
I SLAP lesion is described as degeneration and 
fraying of the superior labrum. A type II SLAP 
lesion is characterized by detachment of the BLC 
from the glenoid. Morgan et al. subclassified type 
II lesions based on location [52]. A type IIA 
lesion describes a detachment of the BLC with 
extension into the anterior labrum. Type IIB 
describes the detachment of the BLC with exten-
sion into the posterior labrum. Type IIC describes 
a tear of the BLC with extension into both the 
anterior and posterior labrum. Type III lesions 
describe an intact BLC with a bucket-handle tear 
of the superior labrum [39, 79]. Type IV lesions 
describe a bucket-handle tear that extends into 
the biceps tendon. Additional SLAP lesions that 
didn’t fall into the five categories described by 
Snyder have been classified by Maffet et al. and 
Powell et al. [42, 65]. These lesions, classified as 
types V–X, describe an additional shoulder 
pathology that is related to, and concomitant 
with, a SLAP tear. It is important to note that 
SLAP tears can be found in up to 26% of patients 
at the time of shoulder arthroscopy [33].
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�Mechanism of Injury in Throwing 
Athletes

Among athletes, the activities most commonly 
affecting the superior labrum include baseball 
pitching, softball, tennis, swimming, volleyball, 
and other overhead sports [1]. Baseball is partic-
ularly associated with SLAP tears, with many 
being adaptive for the athlete [3, 69]. It is cur-
rently very difficult to determine what SLAP 
lesions in pitchers are pathologic vs. adaptive as 
many pitchers, especially at high levels, have evi-
dence of SLAP tears on imaging but are asymp-
tomatic. The etiology of type II SLAP lesions is 
numerous and controversial. Two accepted theo-
ries for the development of type II SLAP tears 
occur in the late-cocking and early deceleration 
phases. Burkhart et al. proposed that the inciting 
pathology in the late-cocking phase was the 
development of a posteroinferior capsular con-
tracture [52]. During the follow-through phase of 
throwing, they suggested there is a large distrac-
tion force directed on the posteroinferior capsule 
resulting in hypertrophy of the capsule [9, 50]. 
The development of the contracture creates a cas-
cade of altered mechanics ultimately leading to 
increased external rotation and GIRD.  These 
compensatory changes and remodeling are seen 
as a result of the production of high-velocity 
pitching [10].

Forces on the pitchers’ shoulder can exceed 
1000  N in professional pitches just after ball 
release [19]. The baseball pitch is divided into six 
phases: windup, stride, cocking, acceleration, 
deceleration, and follow-through [63]. Energy is 
created in this kinetic chain and transferred 
through the shoulder to the ball. During the cock-
ing phase of throwing (external rotation and 
abduction), the contracture forces the humeral 
head into a new posterosuperior point of rotation 
on the glenoid [1]. In this position, there is maxi-
mum shear stress on the posterosuperior labrum 
and maximum peel-back force applied to the 
BLC. This was confirmed with cadaveric throw-
ing studies showing a higher rate of SLAP lesions 
in the late-cocking phase compared to the decel-
eration phase [6, 38]. During the deceleration 

phase, large distraction forces occur with external 
rotation torque and can lead to a traction injury to 
the superior labrum as the biceps eccentrically 
contracts and attempts to decelerate the arm.

The actual time during throwing when the 
SLAP tear occurs remains controversial. Some 
attribute the deceleration distractive forces caus-
ative. Repetitive overhead activity is largely con-
sidered the mechanism of injury in this 
population, though more specific mechanisms 
have been described, including the peel-back 
mechanism and the posterior superior glenoid 
impingement model [9, 53]. The late-cocking 
phase extreme abduction and external rotation 
has been theorized to cause a “peel-back” of the 
biceps from the glenoid rim, which can be seen 
arthroscopically [1]. These theories were com-
bined into the “weed-pull” theory leading to a 
back and forth sawing motion of the high-velocity 
overhand pitch between external rotation in cock-
ing and internal rotation in follow-through that 
may pull the LHBT anchor from the glenoid rim 
[34]. The etiology of SLAP tears is not well 
agreed upon as is the treatment among surgeons 
within the world’s literature. There is little evi-
dence that preventive programs have any effect 
on decreasing the incidence of SLAP tears in 
overhead athletes [38].

�Clinical Presentation 
and Examination

SLAP tears may not be pathologic in baseball 
players. Lesniak et al. evaluated the MRI of 21 
asymptomatic professional pitchers finding that 
10 had SLAP tears [40]. Preoperative evaluation 
is arguably the most important step in evaluating 
athletes with anterior shoulder pain that is persis-
tent. A full history is helpful in diagnosing those 
SLAP lesions that are truly pathologic. Evaluation 
includes thorough history, physical examination, 
and review of any prior injuries or surgical proce-
dures. In general, athletes may remember a 
“SLAP event” where they had to leave a game or 
practice due to pain. This often leads to decrease 
in velocity and ability to achieve pitch location. 
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Though not always, SLAP tears may result in 
pain in a superior and posterior location. Pitchers 
often complain of pain during cocking phase of 
throwing. In extreme cases, the biceps can 
become unstable leading to a mechanical pop-
ping and snapping [37].

The physical examination should focus on 
maneuvers that are as specific as possible to the 
BLC.  A full shoulder exam should include 
inspection, palpation, range of motion, strength 
testing, and neurovascular testing. Evaluation in 
the supine position for GIRD is especially impor-
tant. Although SLAP tears are common in this 
population, disorders of the biceps tendon within 
the groove, including inflammation and instabil-
ity, should be ruled out with physical examina-
tion and advanced imaging. Palpation for groove 
tenderness, impingement-type complaints, inter-
nal rotation loss, and SLAP provocative testing 
are crucial in the diagnosis. The cause of symp-
toms may be multifactorial and include the often 
encountered concomitant pathology of rotator 
cuff tears, internal impingement, and instability. 
Special tests including the Speed maneuver (pain 
with resisted elbow flexion) and Yergason maneu-
ver (pain with resisted forearm supination) have 
been described, though in many athletes these 
may be less useful [15]. Other tests include the 
active and passive compression tests, the anterior 
slide test, the crank test, and Obrien’s test [56, 
74] (Fig. 11.1).

�Diagnostic Imaging

Standard radiographs (Grashey anteroposterior, 
scapular/lateral, axillary lateral) and magnetic 
resonance imaging (MRI) with or without 
arthrography can be helpful in identifying and 
characterizing most SLAP tears as well as failed 
SLAP tear repairs (Fig.  11.2). MR arthrogram 
slightly improved sensitivity from 66% to 80% 
in some studies but may increase false positive 
rate [68]. However, MRI is often positive for 
SLAP tears in asymptomatic patients, and diag-
nosing SLAP tears with MRI is often a chal-
lenge [2]. This begs the question of which SLAP 
tears are pathologic and which are adaptive in 
high-level throwers. MRI can help in determin-
ing other pathology, including rotator cuff injury 
and paralabral cysts causing nerve compression. 
Careful evaluation on MRI of the biceps is criti-
cally important and may be confirmed with 
diagnostic lidocaine injection under ultrasound 
if the biceps tendon is the suspected to be 
involved. Correlation with clinical examination 
and patient history is helpful as this may dictate 
what is done surgically. Conservative treatment 
(rest, activity modification, use of oral anti-
inflammatory medications and injections) typi-
cally is attempted and coordinated with respect 

Fig. 11.1  O’Brien’s test for biceps labral complex 
injuries

Fig. 11.2  Superior labral tear demonstrated on MRI 
arthrogram
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to the athlete’s time in season [41]. Specific 
nonoperative treatment protocols are discussed 
in earlier chapters.

�Arthroscopic Assessment

Despite imaging advancement, the gold standard 
for the diagnosis of SLAP tears is arthroscopy [9, 
76]. Patients who undergo surgery are consented 
for all potential procedures including debride-
ment alone, SLAP repair, biceps tenodesis, or a 
combination to allow for intraoperative decision-
making pending arthroscopic evaluation. The 
anterior superior labrum may be detached from 
the glenoid rim with a sublabral foramen [33]. 
The examiner can perform an intraoperative peel-
back test to determine how the superior labral 
tear reacts (Video 11.1). Additionally, the biceps 
can be pulled down into the joint to evaluate for 
excessive tendinopathy and inflammation or tear-
ing (Fig. 11.3).

Type I lesions involving fraying at the inner 
margin of the labrum are common in throwers 
even when asymptomatic. Type II lesions are 
the most commonly occurring type and also the 
most treated in throwing athletes. Intraoperative 
evaluation for a peel-back lesion (placing the 
arm in abduction with external rotation) may 

confirm a type II SLAP tear [21, 52, 55]. 
Direction of tear propagation and the appear-
ance of the tissue at the time of arthroscopy are 
also important. The lateral position can espe-
cially help when managing lesions with poste-
rior extension. Type III lesions present with an 
intact BLC, while type IV lesions involve addi-
tional extension of the tear into the biceps ten-
don (Fig. 11.4).

�Surgical Treatment Options

Conservative treatment with anti-inflammato-
ries and physical therapy is the mainstay treat-
ment of the throwing athlete with anterior 
shoulder pain [43]. Rehab programs may focus 
on achieving and maintaining a full range of 
motion and strengthening of the rotator cuff 
and scapular stabilizers [38, 67]. Timing as it 
relates to the season is also an important con-
sideration. Lack of consensus exists as to how 
to best address BLC lesions in throwing ath-
letes who have failed nonsurgical care. The 
major choices include debridement alone, 
SLAP repair, and biceps tenodesis, with tenot-
omy not typically considered in this high-level 
population. Some have recently discussed a 
combination of SLAP repair and biceps tenode-
sis in specific cases.Fig. 11.3  Lipstick sign on arthroscopic examination of 

biceps tendinopathy

Fig. 11.4  Type IV SLAP tear in an overhead athlete
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�SLAP Tear Repair Technique

Our preferred positioning for the management of 
labral pathology is in the lateral decubitus posi-
tion. This allows for addressing posterior or ante-
rior labral extension of the injured labrum [22]. 
This position when done appropriately with 
3-point suspension allows for improved visual-
ization and, so long as no more than 10–12 
pounds is placed, is very safe. A comprehensive 
exam is always performed to identify the pres-
ence and direction of any instability.

The primary goal of the repair is to stabilize 
the biceps anchor. The biceps is always evaluated 
for tendinopathy preoperatively and intraopera-
tively. It is also critical to evaluate the biceps for 
any lesions that extend away from the joint. 
Standard anterosuperior and posterosuperior 
high portals are made. When fixation is required, 
accessory portals are often made to facilitate fixa-
tion and suture passage. These include Neviaser 
and Wilmington portals [35]. We routinely take 
time to identify the optimal anchor placement 
portal using spinal needle localization and typi-
cally have two anterior working portals or a por-
tal of Wilmington. Often, the posterior superior 
portal is best for anchor insertion for more poste-
rior lesion extension.

One critical step is to optimize healing through 
footprint debridement down to bleeding bone. An 
accessory trans-cuff portal can be used with per-
cutaneous techniques. The anchor is placed in the 
same trajectory as the drill, followed by suture 
passing with a 45-degree curved passer. Careful 
attention is paid to avoid capturing the capsule 
and avoid overtensioning, especially in overhead 
athletes. Knotless technology and tapes are pre-
ferred by the authors for addressing these lesions 
and avoiding damage that can occur by knot 
stacks in high-level athletes. A mattress tech-
nique can allow for a very nice final repair con-
struct as seen in Fig. 11.5 and Video 11.2.

�SLAP Repair Outcomes

Management of type II SLAP lesions remains 
controversial. SLAP tear repairs have increased 
dramatically in recent years [57, 82]. While vari-

ous SLAP tear repair methods exist, the most 
common consists of repairing the labrum and 
biceps anchor. Several studies have found overall 
improvement after SLAP tear repair [7, 8, 17, 
47]. However, other studies have found decreased 
satisfaction rates, especially in overhead athletes 
[7, 61]. The percentage of athletes who return to 
their preinjury level of play has been reported at 
64% in some studies, with rate of return for over-
head throwing athletes even less [18, 26]. Another 
recent systematic review demonstrated a 69% 
overall return to play after SLAP repair but lower 
rates in pitchers [75]. Regaining preinjury perfor-
mance is especially challenging for pitchers [23]. 
This may also be influenced by the presence of a 
partial thickness rotator cuff tear [54]. This had 
led many surgeons to ask whether we should be 
repairing the superior labrum in the overhead 
athlete.

Failed SLAP repairs occur and can be chal-
lenging to manage [7, 31, 58, 79]. The reasons for 
these failed repairs are unclear, but possible 
explanations include permanent alterations in 
pitching biomechanics, which may lead to an 
inability to regain velocity and command [23]. 
Mihata et al. demonstrated that after SLAP repair, 
the athlete’s shoulder may remain unstable [51]. 
The results of SLAP repair may be influenced by 
how the repair is achieved as there is variability 
among studies [25, 72].

Fig. 11.5  Superior labral tear repair with mattress suture
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Lack of healing after SLAP repair may lead to 
poor outcomes due to poor vascular supply in this 
region [78]. Stiffness after SLAP repair is a sig-
nificant problem, with most patients taking up to 
6 months to regain full motion. Loss of motion is 
less well tolerated in overhead athletes, offering a 
potential explanation for decreased satisfaction 
in this population after repair. Devastating carti-
lage damage and pain can occur in this high-level 
population. Iatrogenic cartilage damage may 
occur during drilling or as a result of suture 
anchor pullout and prominent hardware [36, 66]. 
In addition, there are reports of glenoid osteo-
chondrolysis from hardware [59]. Because SLAP 
repair does not address groove pathology, the 
sensory fibers in this region may become a source 
of persistent pain and inflammation after SLAP 
repair [46]. Several studies have reported this 
phenomenon, leading some authors to perform 
primary biceps tenodesis in an attempt to avoid 
revision surgery [28].

�Primary Biceps Tenodesis Technique

When indicated, biceps tenodesis in high-level 
athletes is performed through a mini open sub-
pectoral approach [45]. Certainly, suprapectoral 
arthroscopic tenodesis can also be considered, 
though, in our experience, subpectoral tenodesis 
allows for definitive length tension relationship 
management and may decrease stiffness. This 
avoids leaving potentially pathologic biceps ten-
don within the groove [80]. There is virtually no 
role in the overhead athlete population for biceps 
tenotomy. Biceps tenodesis is typically per-
formed in the beach chair position, though if 
labral work is done, we prefer lateral with the 
bean bag deflated and the patient rolled to com-
plete the biceps portion of the procedure.

A 3-cm incision is made starting at the inferior 
edge of the pectoralis major tendon within the 
axilla (Fig.  11.6). Careful dissection under the 
pectoralis muscle is made to identify and retrieve 
the LHBT. A retractor can be placed laterally to 
retract the pectoralis major tendon. Medially, a 
blunt Chandler retractor is placed to protect neu-
rovascular structures paying careful attention to 

avoid undue or lengthy retraction effort. The 
groove is identified and the optimal position 
marked with Bovie cautery. A rasp is used to 
roughen up the bone to allow for tendon to bone 
healing. A running locking suture is placed in the 
biceps tendon and subsequently loaded through 
the PEEK biceps tenodesis screw. The remaining 
unhealthy biceps is removed. Next, a unicortical 
hole is drilled paying careful attention to remain 
centered within the bicipital groove. The tendon 
and screw are inserted in an inlay fashion, and the 
suture is tied securely. Fixation can also be 
achieved in an only fashion with a button or 
anchor which has been shown to be biomechani-
cally stable [20]. The incision is closed with 
absorbable suture. Skin glue, in our experience, 
is helpful to seal the area off from potential 
infection.

�Primary Biceps Tenodesis 
in Overhead Throwing Athletes

�Implications of Biceps Tenodesis

The exact role of the BLC in throwers is unknown. 
Some have suggested that removing the intra-
articular portion of the LHB may cause microin-
stability and alter joint kinematics [14, 24, 30]. 
Some feel the superior labrum disruption may 
result in instability on the opposite side of the 
glenoid [19, 30]. Biomechanical studies have 

Fig. 11.6  Subpectoral tenodesis performed through 
axillary-based incision
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shown that there may be a difference in kinemat-
ics of the shoulder before and after biceps teno-
desis and SLAP repair [14, 24]. Type II SLAP 
tears have been shown to result in increased gle-
nohumeral translation compared with baseline, 
showing that biceps tenodesis did not restore nor-
mal translation, but this didn’t seem to negatively 
affect the stability when a SLAP tear was present 
[73]. Motion analysis has shown that the normal 
pattern of muscular activation within the LHB 
muscle was more closely restored by biceps teno-
desis than by SLAP tear repair [11]. Therefore, 
the role of the biceps tendon is uncertain, thereby 
leading to angst regarding how to best manage 
the BLC in overhead athletes.

�Clinical Outcomes of Biceps 
Tenodesis

The incidence in biceps tenodesis continues to 
increase. For many older non-overhead throwers 
with type II SLAP tears, repair has become less 
popular as a treatment option [31]. There is a 
dearth of knowledge about the outcomes of sub-
pectoral biceps tenodesis as a primary treatment 
for biceps tendonitis and an associated SLAP 
tear, especially in overhead athletes. In recent 
years, biceps tenodesis has been proposed as an 
alternative to repair for SLAP tears, particularly 
in older patients with encouraging outcomes 
compared to SLAP repair [7]. There has been 
some hesitation in high-level throwing athletes.

Few studies in the literature have examined 
the results of biceps tenodesis in young athletes. 
Ek and colleagues reported good outcomes of 
SLAP tear repair and biceps tenodesis in older 
patients and repair in younger, more active 
patients, with no high-level athletes in either 
group. In a study of patients who underwent pri-
mary biceps tenodesis, Gupta and colleagues [32] 
found 80% excellent outcomes (improved shoul-
der outcome scores) in select SLAP tear patients, 
including 8 athletes, 88% of whom were over-
head athletes. Gottschalk and colleagues reported 
26 of the 29 patients returned to their previous 
level of activity after biceps tenodesis [27]. While 

these studies demonstrate the success of biceps 
tenodesis, they are not specific to young patients.

Recently, Griffin et al. reported on their series 
of young athletic patients undergoing biceps 
tenodesis. Of patients under the age of 25, 77% 
returned to overhead sports after biceps tenode-
sis. In this series, there was a low rate of revision 
surgery with a high level of return to play after 
biceps tenodesis, specifically in young athletes 
[28]. Waterman et al. evaluated a series of com-
petitive overhead and throwing athletes undergo-
ing biceps tenodesis for type II SLAP tear, with 
81% of patients returning to prior level of play at 
an average of 4.1  months postoperatively [77]. 
Chalmers et  al. examined professional baseball 
players undergoing biceps tenodesis reporting a 
35% rate of return to their prior level of play 
overall. Pitchers however have only a 16% rate of 
return to play, though position players have an 
80% rate of return to play [12]. This suggests 
there may be more going on in the shoulders of 
professional athletes compared to high school 
and college athletes. These studies suggest that 
primary biceps tenodesis may be an alternative 
with lower failure rates in the treatment of SLAP 
tears in overhead athletes, though additional spe-
cific studies are needed to focus on overhead ath-
letes on a larger scale.

�Complications

Several complications can occur after biceps 
tenodesis and SLAP repair. Reported complica-
tions include biceps rupture leading to Popeye 
deformity, hematoma, fracture, and persistent 
pain from overtensioning or capsulitis. Humeral 
fracture risk may be increased when a larger 
tenodesis screw is used, although this appears to 
be more of a theoretical risk than actual risk [5, 
49]. This has also been reported in elite baseball 
players [5, 16]. In spite of this, tenodesis screws 
in some studies have the highest load to failure, 
though clinically it is uncertain if this high of a 
load is reached [45]. Other important complica-
tions to be aware of include infection and nerve 
injury [62].
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�Management of Failed SLAP Repair

Failed SLAP repair in overhead athletes is not 
uncommon and presents unique challenges with 
available salvage options in the literature [48]. 
Gupta and colleagues demonstrated excellent 
clinical outcomes of subpectoral biceps tenodesis 
for failed type II SLAP tears in a prospective 
cohort [31]. Following revision to biceps tenode-
sis, they reported a postoperative SANE (Single 
Assessment Numeric Evaluation) score of 70.4%, 
an SST (Simple Shoulder Test) score of 9.33, and 
an ASES (American Shoulder and Elbow 
Surgeons) score of 77.96. In another recent study, 
biceps tenodesis performed after failed SLAP 
repair in 24 patients led to a return to almost nor-
mal range of motion as well as good clinical out-
come scores [81]. Not surprisingly, worse 
outcomes were found for patients with open 
worker’s compensation claims. From these find-
ings, biceps tenodesis appears to be a more pre-
dictable option for failed SLAP repair. 
Unfortunately, this is clouded by the fact that 
these studies contain non-overhead athletes and a 
heterogenous patient population. To our knowl-
edge, no one has evaluated the specific popula-
tion of overhead throwers with failed SLAP 
repairs.

�Author’s Preferred Surgical 
Technique

It is unclear which surgical option is best for 
treating symptomatic SLAP lesions in overhead 
athletes. SLAP repair may have a lower rate of 
return to play. Recent studies suggest improved 
return to play after biceps tenodesis, though more 
evidence is needed. The options for fixation, 
technique, and fixation location are equally 
diverse. Combined SLAP repair and biceps teno-
desis may be considered in certain athletes espe-
cially those who perform upper extremity 
weight-bearing activity. In this section, we out-
line our general line of thinking for cases of prox-
imal biceps pathology. Chalmers et  al. 
demonstrated that high-demand patients with 
biceps tendonitis in the setting of a SLAP lesion 

with labral instability who undergo combined 
tenodesis and SLAP repair have significantly 
worse outcomes than patients who undergo either 
isolated labral repair for type II SLAP tears or 
isolated biceps tenodesis for a SLAP tear and 
biceps tendonitis [13]. We therefore only con-
sider a combined SLAP repair and biceps tenode-
sis when a paralabral cyst is present or when 
there is significant superior labral mobility fol-
lowing tenotomy of the biceps.

Unless a SLAP repair is indicated, we place 
the patient in the beach chair position. We per-
form a glenohumeral arthroscopy to evaluate the 
BLC and identify any other pathology. In the 
absence of biceps groove pain, for overhead ath-
letes younger than 30, we favor arthroscopic 
SLAP tear repair. Repair is usually performed 
through an anterior working portal for suture pas-
sage and a portal for anchor placement. Knotless 
technology is always employed for SLAP repair, 
and we always stay posterior to the biceps anchor 
insertion.

For the prevention of any potential pain from 
the bicipital groove in carefully selected 
patients—recreational overhead athletes and 
patients who want a less involved surgical recov-
ery—we favor open subpectoral biceps tenodesis 
rather than arthroscopic tenodesis. The outcomes 
of biceps tenodesis are consistent, according to 
the literature [29, 60, 64]. Moreover, the open 
approach is favored for the incidence of postop-
erative stiffness in the arthroscopic population 
[80]. Tendons can be fixed with multiple proce-
dures, including soft tissue tenodesis, interfer-
ence screw fixation, and surface anchors. We use 
a tenodesis screw in the subpectoral location, as 
outlined by Mazzocca and colleagues [44].

Our algorithm for SLAP lesions is evolving 
with our understanding of this complex disease 
process. For young overhead throwers with type 
II SLAP lesions, we favor arthroscopic SLAP 
repair with knotless technology as we believe 
there is some role of the intra-articular portion of 
the biceps tendon in the overhead throwing 
motion. For older, recreational overhead athletes, 
we favor biceps tenodesis in the subpectoral 
region after diagnostic arthroscopy plus biceps 
tenotomy with or without additional SLAP tear 
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fixation, depending on the stability of the biceps 
anchor. In this procedure, a unicortical hole is 
drilled in the center of the bicipital groove, with 
careful attention given to restoring the anatomi-
cal length–tension relationship. For patients with 
a failed SLAP repair, we recommend revision to 
a biceps tenodesis. Postoperative rehabilitation is 
crucial, as failure to return to play may stem from 
poor throwing mechanics rather than from the 
surgical fixation technique used.
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Injuries to the Biceps Pulley

Lucca Lacheta, Philip-C. Nolte, 
Joseph J. Ruzbarsky, and Peter J. Millett

�Introduction

The long head of the biceps (LHB) tendon origi-
nates at the supraglenoid tubercle, travelling from 
medial to lateral intra-articularly, towards the 
bony entrance of the bicipital groove. It exits the 
joint at the level of the biceps reflection pulley 
(hereafter, pulley), a soft tissue sling that consists 
of fibers of the superior glenohumeral ligament 
(SGHL) and subscapularis (SSC) tendon antero-
medially and coracohumeral ligament (CHL) and 
supraspinatus posterolaterally [1–3]. It aims to 
stabilize the course of the LHB tendon as it exits 
the glenohumeral joint and enters the bony bicipi-
tal groove [1, 2]. The typical arthroscopic appear-
ance of the pulley is shown in Fig. 12.1.

Injuries to the biceps pulley resulting in insta-
bility of the LHB tendon are a common source of 
anterior shoulder pain [1]. There is controversy 
on the pathomechanism of injuries to the pulley. 
The angular orientation of the LHB in relation to 
its origin and distal course changes during joint 
motion and may place the pulley at risk for injury. 
Braun et al. [4] measured in their biomechanical 
study the course of the LHB in common arm 
positions, to determine the shear and normal (sta-
bilizing) force vectors and excursion of the 
LHB.  Braun and colleagues have shown that 
increased shear load appears during forward flex-
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Fig. 12.1  Arthroscopic view of a right shoulder showing 
an intact long head of biceps tendon and pulley system. 
SSC subscapularis, SSP supraspinatus
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ion with internal or neutral arm rotation and 
internal rotation at neutral arm position, and this 
may cause injury to the pulley. Additionally, a 
sawing mechanism caused by a 12-mm linear 
excursion of the LHB combined with a load of 
the LHB through the pulley during elevation may 
also lead to increased risk for pulley lesions [4].

Mechanical overuse results in a progression 
from tendinitis and/or tendinosis, to partial tear-
ing, to dislocation, and finally to complete tendon 
rupture. Every stage of this progression has been 
found to be a source of anterior shoulder pain due 
to the high degree of sensory innervation of the 
proximal third of the LHB tendon [1, 5–7]. LHB 
tenosynovitis in active patients is frequently 
found in conjunction with subacromial or sub-
coracoid impingement syndrome; however, the 
exact cause remains unknown [8]. There is con-
sensus throughout literature that dislocation of 
the LHB tendon is a harbinger of lesions to the 
surrounding rotator cuff tendons [9–12]. 
Repetitive wear and trauma to the pulley struc-
tures of the LHB tendon may result in instability 
either in the anteromedial or posterolateral direc-
tion, which is related to tears of the subscapularis 
or supraspinatus tendons, respectively (Fig. 12.2) 
[9–12]. Anteromedial (AM) instability of the 
LHB tendon has been reported by various authors 
[4, 12–14], while posterolateral (PL) instability 
occurs less commonly [15].

�Classification

Several studies have published on different classifi-
cation systems for LHB dislocation or subluxation 
correlated with pulley lesions [9, 16]. According to 

current classification systems, the essential lesions 
are found either with SGHL disruptions associated 
with or without rotator cuff tears (SSP) anterome-
dially or with CHL ruptures with or without antero-
superior rotator cuff tears [9, 16].

Today, the classification of pulley lesions by 
Habermeyer et al. [16] is widely used to describe 
SGHL lesions either in isolation or with addi-
tional rotator cuff lesions (Table 12.1, Fig. 12.2).

Recently, Martetschlaeger et  al. [17] investi-
gated which anatomic structures are affected in a 
series of patients with pulley lesions and whether 
all lesions can be classified according to the 
Habermeyer classification. The authors found 
that the lateral sling is more often affected than 
the medial sling. The SGHL is not always 
affected, while isolated lesions of the medial 
sling are rare [17]. Lesions of both slings were 
found to be correlated with complete subscapu-
laris tears and fraying of the LHB. Martetschlaeger 

a b c

Fig. 12.2  Arthroscopic images of pulley lesions. (a) Left 
shoulder showing an isolated pulley lesion (type I accord-
ing to Habermeyer). (b) Right shoulder showing a pulley 
lesion with partial subscapularis tear (type III according to 

Habermeyer). (c) Right shoulder showing a pulley lesion 
with partial supraspinatus and subscapularis tear (type IV 
according to Habermeyer). SSC subscapularis, SSP 
supraspinatus

Table 12.1  Classifications of pulley lesions according to 
Habermeyer et al.

Group 1 Isolated lesions of the SGHL
Group 2 SGHL lesion and partial articular side tear of 

SSP
Group 3 SGHL lesion and partial articular surface 

tear of the SSC
Group 4 SGHL lesion and partial articular surface 

tear of the SSC and SSP

Table 12.2  Classifications of pulley lesions according to 
Martetschlaeger et al.

Pulley lesion Anatomic structure
Type I Medial Medial CHL +/− SGHL
Type II Lateral Lateral CHL
Type 
III

Medial + 
lateral

Combined medial and 
lateral

L. Lacheta et al.
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et al. [17] found that the lateral pulley sling (lat-
eral CHL) is more often affected than the medial 
sling (medial CHL and/or SGHL) and that the 
SGHL is not affected in all cases of pulley 
lesions. Based on these findings, the authors pro-
posed an updated classification of direct pulley 
lesions (Table 12.2).

�Clinical Findings

Clinical diagnosis of pulley lesions is difficult 
because these lesions are often associated with 
pathologies of the rotator cuff tendons [2]. 
Furthermore, no specific test for pulley lesions 
has yet been described. Habermeyer and col-
leagues [16] found positive impingement signs in 
53% of patients with pulley lesions and a positive 
palm-up or O’Brien test in 66% of patients. Due 
to the fact that LHB instability can result in 
inflammation (LHB tendinitis), all biceps tests 
can be positive in clinical examination. Kibler 
et  al. [18] suggest a combination of Speed test 
and uppercut test to detect biceps pathologies.

�Imaging

Baumann [19] and Chung [20] have emphasized 
that magnetic resonance (MR) arthrography is the 
gold standard for the detection of pulley lesions. 
Walch et al. [21] described the pulley lesion as the 
“hidden lesion” of the rotator interval. In 85% of 
cases, the authors were able to retrospectively 
identify pulley lesions after performing arthros-
copy. Schaeffeler et  al. [22] further investigated 
the accuracy of diagnostic MR arthrography to 
detect pulley lesions. They proved that MR 
arthrography was accurate and found the oblique 
sagittal view to be best to visualize the pulley 
lesion, especially for SGHL disruption.

�Surgical Management

When pulley lesions are successfully diagnosed, 
surgical treatment is indicated after failed conser-
vative treatment. In some cases, conservative 

treatment will reduce pain and symptoms to a tol-
erable level once the inflammatory “tendinitis” 
phase is overcome. However, in the majority of 
patients, a ruptured pulley with an unstable LHB 
tendon in the inflammatory phase will continue 
in most patients, maintaining persistent symp-
tomatology and impaired shoulder function. 
Higher-grade lesions of the pulley with concomi-
tant lesions of the rotator cuff should also be con-
sidered for early surgical treatment.

Both tenotomy and tenodesis are shown to be 
effective in ameliorating pain associated with the 
long head of the biceps tendon. However, 
decreased supination strength and cosmetic 
deformity are seen at a higher rate following 
tenotomy compared to tenodesis [23–26]. If teno-
desis is performed, lower reoperation rates are 
seen following subpectoral when compared to 
suprapectoral fixation, likely due to transposition 
of the tendon from its sheath and the bicipital 
groove acting to relieve a proportion of the 
patient’s pain [25, 27]. In the authors’ experi-
ence, there is no role for attempting to repair the 
biceps pulley once it has been disrupted. Once 
biceps instability has been confirmed secondary 
to a biceps pulley rupture, the authors recom-
mend a tenodesis or tenotomy. Given the 
increased rate of deformity and cramping with 
tenotomy, the authors commonly treat biceps 
instability with a biceps tenodesis.

�Authors’ Preferred Technique 
for Biceps Tenodesis [28]

After the conclusion of diagnostic arthroscopy 
and intra-articular LHB tenotomy, the arm is 
positioned in 90° of abduction and 90° of elbow 
flexion with the volar aspect of the forearm 
pointed downward and parallel to the floor. This 
position orients the bicipital groove directly ante-
riorly. The inferior margin of the pectoralis major 
tendon and the axillary crease can be palpated 
(Fig. 12.3).

An incision is made extending from approxi-
mately 2 cm superior to 1 cm inferior to the infe-
rior border of the pectoralis major tendon. This 
incision can be placed into the patient’s axillary 
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crease to improve cosmesis. With the pectoralis 
major tendon retracted superiorly, the fascia 
overlying the coracobrachialis and short head of 
the biceps brachii can be visualized and incised. 
Blunt dissection then leads directly to the tenoto-
mized LHB tendon which lies against the medial 
border of the pectoralis major insertion. Forceful 
medial retraction of the short head of the biceps 
should be avoided to prevent injury to the muscu-
locutaneous nerve. A right-angle clamp is then 
used to loop around the LHB tendon and remove 
it through the incision (Fig. 12.4).

The tendon is whipstitched with No. 2 nonab-
sorbable high-strength suture (FiberWire; 
Arthrex) beginning approximately 2 cm proximal 
to the musculotendinous junction (Fig. 12.5).

The excess tendon proximal to the last suture 
is cut and discarded. After this, the soft tissue 
overlying the bicipital groove is incised longitu-
dinally with electrocautery. The periosteum is 
stripped off with an elevator to prepare the corti-
cal bed. A 7-mm (female patient) or 8-mm (male 
patient) reamer is used to create a unicortical 
bone tunnel. This is created as proximally as 
possible to place the tunnel in metaphyseal bone 
and centrally in the bicipital groove to avoid the 
risk of fracture. With placement of a finger on 
the medial side of the humerus, excellent preci-
sion control of the reamer can be achieved 
(Fig. 12.6).

Fig. 12.4  View on a right shoulder. The long head of 
biceps tendon is luxated out of the bicipital groove using a 
right-angled clamp

Fig. 12.5  View on a right shoulder. This image shows 
whipstitching of the long head of the biceps tendon with 
No. 2 nonabsorbable suture

Fig. 12.6  View on a right shoulder. The tendon was 
whipstitched and excess tendon cut. A cortical reamer is 
used to create a unicortical, anterior tunnel. Note the sur-
geon’s index finger on the medial side of the humerus

Fig. 12.3  View on a right shoulder before skin incision

L. Lacheta et al.
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Then, one suture limb from the whipstitched 
tendon is passed through a specially designed 
driver (Tenodesis Driver; Arthrex), and an appro-
priately sized PEEK (polyether ether ketone) 
tenodesis screw (7  ×  10  mm or 8  ×  12  mm; 
Arthrex) is placed into the bone and advanced 
until it is flush with the anterior cortex of the 
humerus (Figs. 12.7 and 12.8).

During the insertion of the screw, it is impor-
tant to avoid tendon twisting. The remaining, free 
suture limb is then tied to the suture limb that had 
been passed through the screw for secondary fix-
ation. The wound is irrigated and closed in a lay-
ered fashion.

�Outcomes Subpectoral Biceps 
Tenodesis

There is no clear consensus whether bone tunnel 
or cortical surface (onlay) healing confers better 
outcomes. Clinical outcomes studies comparing 
interference screw fixation (intramedullary) and 
suture anchor fixation techniques (onlay) for sub-
pectoral biceps tenodesis found no significant 
difference in patient outcomes between the two 
techniques, indicating that both techniques are 
viable options [27, 29]. However, interference 
screws can be associated with various complica-
tions including humeral fractures at the drill hole, 
persistent pain, and bioabsorbable screw reac-
tions [30–32]. Subpectoral biceps tenodesis using 
an onlay fixation technique is a reasonable alter-
native to mitigate these risks [33, 34].

From a biomechanical perspective, both bone 
tunnel and cortical surface fixation techniques 
have demonstrated high fixation strength [33, 
35]. Clinical outcome studies evaluating subpec-
toral biceps tenodesis for the treatment of iso-
lated pulley lesions suggest that patients aged 
younger than 50 years old experienced excellent 
results, high return to recreational activity, little 
postoperative pain, and high degrees of satisfac-
tion at 2-year follow-up [13].

�Summary

Injuries to the biceps pulley can lead to instability 
of the LHB and represent a pain generator and 
source of anterior shoulder pain that can be prelu-
sive on arthroscopic examination. The lesions are 
classified by the involved structures on both the 
medial and lateral sides of the pulley. In cases of 
failed conservative treatment, surgical manage-
ment is a reasonable consideration. Biceps teno-
desis trends toward superior clinical outcomes 
compared to biceps tenotomy. Subpectoral teno-
desis of the LHB has proved to be superior in 
clinical outcomes when compared to intra-
articular LHB tenodesis. Both techniques for 
subpectoral biceps tenodesis, bone tunnel fixa-
tion, and cortical surface (onlay) fixation provide 
excellent biomechanical and clinical results.

Fig. 12.7  View on a right shoulder. One suture limb from 
the whipstitched tendon is passed through the tenodesis 
screw using a shuttling device

Fig. 12.8  View on a right shoulder. The tenodesis screw 
is placed onto the bone and advanced until it is flush with 
the anterior cortex of the humerus
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�Introduction

The long head of the biceps (LHB) is a well-
recognized source of pain and cause of shoulder 
dysfunction [1–3]. LHB pathology is diverse and 
consists of chronic partial or acute full thickness 
tearing, inflammatory or degenerative tendinitis, 
subluxation, and dislocation [4, 5]. To complicate 
treatment, LHB pathology may also occur with 
concomitant rotator cuff tears, subacromial 
impingement, and/or labral pathology [6–8]. It 
has been shown that in shoulders with proximal 
biceps tendon pathology, rotator cuff tears are 
present up to 91% of the time [2]. Treatment is 
specific to patient age, activity level, expecta-
tions, and symptoms more than a strict protocol 
based on extent or type of pathology. This chap-
ter will focus on the management of the patho-
logic proximal biceps tendon in the setting of a 
concomitant rotator cuff tear.

�Anatomy and Function

The LHB originates from the supraglenoid tuber-
cle and the superior aspect of the glenoid labrum. 
Many variations of the LHB origin have been 
described, but the most common involves equal 
anterior and posterior labral contribution [9]. The 
LHB tendon then travels, on average, 35  mm 
toward the intertubercular groove (between the 
greater and lesser tuberosities) [10]. The average 
length of the tendon is 9.2 cm and is widest at the 
origin [11]. The biceps pulley lies over the ten-
don at the intra-articular exit point. These fibers 
are composed of the superior glenohumeral liga-
ment, coracohumeral ligament, and the anterior 
subscapularis tendon and superficially the trans-
verse humeral ligament [12] (Fig. 13.1). Hence, 
the LHB is intimately involved with the subscap-
ularis as it begins to exit the glenohumeral joint. 
The bicipital groove has long been considered an 
instigating factor for LHB tendinopathy [13]. At 
its midportion, the groove narrows from 9–12 mm 
to 6.2 mm and may contribute to entrapment of 
an “hourglass biceps,” a hypertrophied intra-
articular LHB [13–15].

The role of the LHB is debated in the litera-
ture. In overhead athletes, it has been described 
to play a role in shoulder stability, while other 
authors have argued the contrary based on elec-
tromyographic studies [16–19]. In cadaveric 
models, it has been shown that the biceps may 
contribute to resistance of anterior translation 
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of the humerus in an abducted and externally 
rotated position [10]. By nature of the anatomic 
location of LHB, it can resist superior transla-
tion of the humerus and may be offloading 
stress on the rotator cuff. In the setting of rota-
tor cuff tears, the LHB may be taking on more 
stress due to the absence of stabilizing cuff tis-
sue, although this has been debated as well 
[16–19]. The functional role of an injured or 
ruptured LHB is also clouded, but it has been 
estimated that a tenotomized LHB can lead to 
up to 10% loss of forearm supination and elbow 
flexion strength [20]. Prediction of future func-
tional limitations with biceps tendinopathy 
therefore becomes difficult. However, patients 
may report that an acute rupture alleviates 
chronic pain prior to the event [20].

�Diagnosis

Patients presenting with biceps tendinopathy will 
typically report anterior shoulder pain. There 
may be a reported history of difficulty or 
increased pain with overhead lifting and pain that 
is often worse at night. Less commonly, patients 
will have a definite event that occurred such as 
lifting a heavy object with a flexed arm and an 

audible or perceived pop [4]. A similar mecha-
nism of injury and location of pain may be 
described for an acute rotator cuff tear. The phys-
ical exam is paramount in determining the site of 
pathology. The most obvious physical exam find-
ing for a LHB rupture is the “Popeye” deformity 
which results in increased bulk of the biceps 
muscle belly under less tension as it rests in the 
mid to distal portion of the arm. If a rupture has 
not occurred, diagnosis of proximal biceps 
pathology becomes more elusive and physical 
exam becomes even less reliable in patients with 
concomitant rotator cuff tears [6]. Most exam 
maneuvers are more useful to rule out biceps 
pathology rather than diagnose it [7]. Maneuvers 
that should be included are the Speed’s test, 
Yergason’s test, O’Brien’s active compression 
test, biceps instability test, throwing maneuver, 
and point tenderness test (Table 13.1). Given the 

Fig. 13.1  Schematic illustrating biceps pulley anatomy. 
Light blue  =  long head of biceps tendon (LHB), 
brown  =  coracohumeral ligament, dark blue  =  superior 
glenohumeral ligament, green  =  transverse humeral 
ligament

Table 13.1  Examination maneuvers for long head of 
biceps pathology

Test Maneuver Positive test
Biceps 
instability 
[21]

Full abduction and 
external rotation. 
Palpate biceps in 
bicipital groove

Palpable click

Point 
tenderness 
[22]

Internally rotate 
arm 10 degrees. 
Palpate bicipital 
groove 3–6 cm 
distal to acromion

Reproducible pain

Speed [23] Elbow extended, 
forearm supinated, 
arm elevated to 90 
degrees

Pain reproduced 
within the bicipital 
groove

Yergason 
[24]

Elbow is flexed, 
forearm is 
pronated. 
Examiner resists 
forearm active 
supination

Pain reproduced 
within the bicipital 
groove

O’Brien’s 
active 
compression 
[25]

Arm adducted 15 
degrees and 
forward flexed 90 
degrees, elbow 
fully extended. The 
arm is maximally 
internally rotated 
and elevated with 
the palm up and 
then the thumb 
pointed down 
against examiner 
resistance

Pain in the 
acromioclavicular 
joint or a deep click 
in the glenohumeral 
joint
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prevalence of concomitant rotator cuff pathology, 
an examiner should also include rotator cuff test-
ing (Table  13.2). The status of the rotator cuff 
must be determined during the physical exam. 
Shoulder range of motion and rotator cuff 
strength should be tested. Special tests to evalu-
ate the rotator cuff include the empty can test, 
champagne toast, belly press, lift off, 
Hornblower’s sign, and others. These tests can be 
used to determine which specific rotator cuff ten-
dons are torn.

Imaging studies are helpful in diagnosing 
proximal biceps tendon pathology and rotator cuff 
tears. Initial evaluation should begin with plain 
radiographs (true anteroposterior of glenohumeral 
joint, scapular-Y view, and axillary) of the shoul-
der in question. These radiographs are useful for 

diagnosis of other shoulder pathology that may be 
mimicking LHB symptoms. Ultrasonography, 
while highly operator-dependent, can be incredi-
bly useful for diagnosing LHB and rotator cuff 
pathology. Ultrasound has a high sensitivity and 
specificity for diagnosing subluxation or disloca-
tion of the LHB, complete rupture of the LHB, 
and complete supraspinatus tears [28]. Ultrasound 
is less accurate in diagnosing partial thickness 
rotator cuff tears [29]. For this reason, MRI is 
paramount for diagnosis and is useful for evaluat-
ing intratendinous abnormality, tendon sheath 
hypertrophy, concomitant pathology in rotator 
cuff or labrum, and the relationship of the biceps 
to its pulley [12]. In the case of a subluxating or 
dislocated biceps tendon, the MRI will likely 
show a partial or complete subscapularis tendon 
tear (Fig. 13.2). Caution should remain in taking 
MRIs as absolute; however, there is still a poor to 
moderate sensitivity to identify some biceps 
pathology such as inflammation or partial thick-
ness tearing [30].

�Management

�Nonoperative

Nonoperative management of rotator cuff tears 
with LHB pathology depends largely on the extent 
of pathology. If both sources are truly a problem, 
then initial treatment is usually dictated by the 
rotator cuff pathology. Activity modification and a 
course of nonsteroidal anti-inflammatory medica-
tion are reasonable starting place for LHB tendi-
nitis and rotator cuff strain and even for low-grade 
partial thickness tears. Physical therapy to help 
with strengthening of the scapular muscles to 
reposition the scapula continues to be effective in 
a large majority of athletes with rotator cuff and 
LHB pathology [31–37]. Steroid injections cou-
pled with local anesthetic are a more invasive 
option of nonoperative treatment, but they can be 
both therapeutic and diagnostic if placed into the 
intertubercular groove or bicipital sheath [38, 39]. 
Many clinicians advocate for ultrasound-guided 
injections for improved accuracy [40]. Steroid 
injection should not be considered a completely 

Table 13.2  Examination maneuvers for rotator cuff 
pathology

Test Maneuver Positive test
Empty Can [26]
(supraspinatus)

Arm is forward 
flexed to 90 
degrees and fully 
internally 
rotated. Patient 
resists 
examiner’s 
downward force

Reproduced 
pain deep in 
the shoulder 
or weakness

Belly Press [21]
(subscapularis)

Hand is on 
abdomen and 
examiner 
attempts to pull 
the hand 
anteriorly

Difficulty 
with elbow 
remaining 
forward

Gerber’s lift off Test 
[27]
(subscapularis)

Patient’s hand 
dorsum is resting 
over lumbar 
spine and is 
asked to lift hand 
off posteriorly

Inability to 
lift hand off 
of back

External Rotation 
[27]
(infraspinatus)

Resisted external 
rotation with arm 
adducted and 
internally rotated 
45 degrees

Reproduced 
pain deep in 
the shoulder 
or weakness

Neer Impingement 
[8]
(acromioclavicular 
joint, subacromial 
impingement)

Patient’s 
shoulder is fully 
elevated 
passively with 
maximum 
internal rotation 
and stabilization 
of scapula

Reproduced 
pain in area 
of lateral 
acromion
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benign intervention. Caution should be used in 
patients who are likely to undergo rotator cuff 
repair surgery as it has been shown that preopera-
tive steroid injections are associated with failure 
and subsequent revision of rotator cuff repairs 
[41]. Furthermore, there is potentially an increased 
risk of infection with a steroid injection within 
2–6 months prior to surgery [42–45]. Nonoperative 
management is an option for complete LHB rup-
tures; however, patients must be counseled regard-
ing the “Popeye” deformity and possible 
fatigue-related cramping [12].

�Operative

Surgical decision-making depends largely on 
patient factors including activity level, handed-
ness, age, expectations, and general health sta-
tus. The most important factor in clinical 

decision-making is the patient’s physical exam 
as this will reveal bicipital pathology in the set-
ting of other concomitant injuries. The MRI 
results should also help confirm findings from 
physical exam and steer treatment recommenda-
tions. However, once patients have failed conser-
vative treatment and are indicated for surgery, 
patients should be counseled that the exact surgi-
cal intervention might partly be based on intra-
operative findings. For example, a patient with a 
known supraspinatus tear with abduction weak-
ness as well as tenderness at the bicipital groove 
but a normal MRI with regard to the LHB will 
have their biceps tendon evaluated at the time of 
surgery to potentially guide treatment. While the 
surgical plan is almost always created ahead of 
surgery, in cases where the clinical picture is 
clouded, a plan should be agreed upon with the 
patient should the LHB have pathology 
intraoperatively.

a

b c

BT

Sub

LT

GT

Fig. 13.2  (a) Normal 
anatomic configuration 
of the LHB within the 
bicipital groove. (b) 
Partial tearing of the 
subscapularis tendon 
allowing for subluxation 
of the LHB. (c) Full 
thickness tear of the 
subscapularis tendon 
allowing for full medial 
dislocation of the 
LHB. BT = Long head 
of biceps tendon (LHB), 
Sub = subscapularis 
tendon, LT = letter 
tuberosity, GT = greater 
tuberosity
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Once nonoperative treatment has been 
exhausted and the patient has consented for sur-
gery, the patient will be brought to the operating 
room. Surgeon preference dictates the position-
ing for the case  – either beach chair or lateral 
decubitus. It is the authors’ preference to perform 
rotator cuff repairs and bicipital surgery (tenode-
sis, tenotomy) in the beach chair position. The 
operative arm can be left free on a padded mayo 
stand or placed into an arm holder. Diagnostic 
arthroscopy of the glenohumeral joint is per-
formed typically after establishing the posterolat-
eral portal as the viewing portal and the anterior 
rotator interval portal as the working portal. 
Structures to be critically evaluated within the 
glenohumeral joint include the biceps tendon, 
biceps anchor, anterior labrum, posterior labrum, 
subscapularis tendon, supraspinatus tendon, 
infraspinatus tendon, axillary recess, glenoid 
articular cartilage, and humeral head articular 
cartilage.

Symptomatic full thickness rotator cuff tears 
should be repaired due to their propensity to 
progress in size over time and because the rotator 
cuff musculature can undergo fatty atrophy, espe-
cially in the young and active population [46, 47]. 
Partial tears are somewhat controversial regarding 
isolated debridement versus repair (Fig.  13.3). 
While various classification systems exist for 
evaluating partial thickness rotator cuff tears, the 
authors and many others recommend a rotator 

cuff repair if the partial tear involves more than 
50% of the tendon [48–54]. In an effort to help 
locate the partial thickness tear when viewing 
from the subacromial space, a PDS suture can be 
passed through the partial tear with the use of a 
spinal needle while the arthroscope is in the gle-
nohumeral joint to tag the partial articular-sided 
tear for easier identification from the subacromial 
space.

Prior to moving to the subacromial space, the 
treatment for the LHB should be determined. 
Only the proximal portion of the biceps tendon is 
visualized intra-articularly, so the surgeon should 
take time to translate or “pull in” the tendon into 
the joint as far as possible with a probe, switching 
stick, or cannula. This will allow visualization of 
changes that may have gone unnoticed. The LHB 
may be intact to the anchor but be partially torn 
with frayed tissue or may simply be hyperemic or 
have the so-called “lipstick sign” indicating 
inflammation of the tendon which may be due to 
an inflammatory condition, adhesive capsulitis, 
or tendinopathy [55] (Fig.  13.4). The surgeon 
may also note thickening of the tendon indicating 
a more chronic scenario. There may be overt sub-
luxation where the tendon rides inferiorly due to 
injury of inferior restraints, including the upper 
subscapularis tendon or bicipital sling [12]. There 
may be less obvious subluxation which may only 

Fig. 13.3  Intra-articular view of partial articular-sided 
tear of the supraspinatus tendon

Fig. 13.4  Intra-articular view of the “lipstick sign” on 
the long head of biceps (LHB) after the tendon is pulled 
into the glenohumeral joint
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be encountered during dynamic translation of the 
tendon either into the joint or inferiorly which 
does not have strict criteria but is more based on 
surgeon experience. Biceps incarceration may be 
determined by using the arthroscopic active com-
pression test [12]. This is done with forward ele-
vation of the arm, slight adduction, and internal 
rotation [12].

If a biceps lesion is identified, there are numer-
ous options on how to proceed. The first decision 
is whether to perform a biceps tenotomy alone or 
if a tenodesis is necessary. This should have been 
discussed with the patient prior to surgery as a 
tenotomy can lead to a postoperative deformity 
or cramping, while a tenodesis can fail or require 
a separate incision depending on where the teno-
desis is performed. If a tenodesis is desired, this 
can be done arthroscopically or with an open or 
mini-open procedure [5, 56–65] (Fig. 13.5). The 
next decision will be whether the tendon will be 
fixated via a soft tissue approach or with a bone-
tendon interface [5, 66–69]. Perhaps the most 

debated upon aspect of the tenodesis is the loca-
tion. The surgeon can choose to tenodese the 
biceps above the bicipital groove, within or below 
the groove suprapectorally, or subpectorally [5, 
70–81]. Also, there remain numerous implanta-
tion options for each technique above. The 
authors prefer to perform a subpectoral biceps 
tenodesis via a mini-open approach with either 
an interference screw or a unicortical button, 
regardless of the presence or absence of rotator 
cuff pathology.

In regard to the management of the LHB, the 
first divergence in the decision-making tree is to 
perform a tenotomy alone or a tenodesis. The 
advantages of a tenotomy are that there is typi-
cally minimal discomfort as there is no need for a 
separate incision or implants placed into the 
bone. There is also no requirement of tendon to 
bone healing. There is minimal risk for persistent 
pain related to persistent tenosynovitis and no 
requirement for postoperative immobilization or 
protection [12]. The drawbacks of an isolated 
tenotomy include potential fatigue-related 
cramping of the biceps, “Popeye” deformity, and 
potential for slight weakness in elbow flexion and 
forearm supination [12]. A tenodesis, regardless 
of location or technique, has the advantage of 
improving cosmesis, maintaining a length-
tension relationship of the biceps and therefore 
forearm supination and elbow flexion strength, 
and decreasing fatigue-related cramping in the 
biceps [12]. The disadvantages of tenodesis 
include a potential additional incision, pain at 
tenodesis site, failure of tenodesis healing, per-
sistent tenosynovitis, and the requirement of 
postoperative immobilization [12].

Once committing to performing a biceps teno-
desis, there is an option to tag the biceps prior to 
tenotomy to help later in the case with locating 
the biceps tendon. One or two traction sutures 
may be placed using the preferred passing device 
through an anterior or anterolateral portal, and 
these sutures can be brought through the portal 
prior to performing the tenotomy with 
arthroscopic scissors, meniscal biter, retractable 
arthroscopic knife, or electrocautery device 
(Fig. 13.6). The superior labrum should then be 
debrided until a smooth contour is obtained 

A

C

D

B

Pectoralis major

Fig. 13.5  Illustration showing relationship of potential 
tenodesis sites. A = above the bicipital groove, B = proxi-
mal in the bicipital groove, C  =  distal in the bicipital 
groove, D = subpectoral
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(Fig. 13.7). If there is an upper border subscapu-
laris tear, this should be addressed at this point. 
Depending on tear size, the authors will use 
either a single-row approach with a minimum of 
two luggage tag sutures or a double-row tech-
nique (Figs. 13.8, 13.9, and 13.10).

When the surgeon is satisfied with the intra-
articular portion of the case, tagging the LHB 
tendon and marking the area of the cuff tear, the 
arthroscope is switched to the subacromial space. 
A subacromial bursectomy clearing out the sub-
acromial space and lateral gutter should be per-

formed to allow for visualization, taking care to 
avoid cutting the tag suture [82]. For appropriate 
visualization anteriorly, the camera should be 
inserted laterally and shaver used in the anterior 
portal to carry the bursectomy down to the supe-
rior portion of the pectoralis tendon insertion.

Following the subacromial decompression 
and acromioplasty, the concomitant rotator cuff 
tear is now inspected and repaired. Each surgeon 
may repair the rotator cuff as he or she sees fit 
and should tailor the exact configuration and type 
of rotator cuff repair to the specific tear pattern. 

Fig. 13.6  Intra-articular view of the long head of biceps 
(LHB) anchor/origin with fraying

Fig. 13.7  Intra-articular view of the long head of biceps 
(LHB) origin after biceps tenotomy is performed with 
electrocautery device

Fig. 13.8  Intra-articular view of torn subscapularis 
tendon

Fig. 13.9  Intra-articular view of prepared subscapularis 
tendon and corresponding footprint with sutures in place 
through the distal tendon
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The authors commonly perform a knotless 
double-row repair with two to three medial row 
anchors and two to three lateral row anchors 
depending on tear size and configuration. Cinch 
sutures are used as needed to avoid dog ears. The 
goal of the rotator cuff repair is to restore rotator 
cuff anatomy while minimizing tension. To mini-
mize tension on the repair, a thorough release of 
the rotator cuff should be performed from the 
undersurface of the acromion and shoulder cap-
sule if either is causing undue tension on the 
repair. Furthermore, all repairs should undergo a 
similar preparatory process including debride-
ment of degenerative tendon edges, preparation 
of the footprint utilizing a shaver or burr, and trial 
reduction with releases of adhesions as necessary 
(Figs. 13.8, 13.9, 13.10, 13.11, and 13.12).

Once the rotator cuff and footprint have been 
prepared, anchors can be placed medially in the 
footprint. The number of anchors should be dic-
tated by tear size. If multiple anchors are pre-
ferred, the spacing should allow enough room 
between anchors to avoid convergence. Anchors 
will be placed through a stab incision just lateral 
to the acromion. Surgeon’s preference should 
determine placing two anchors at one time or 
sequentially after suture passage. The advantage 
of placing both anchors sequentially is easier 
suture management. The sutures should then be 
passed through the cuff tissue close to the muscu-
lotendinous junction using the surgeon’s preferred 

suture passing device typically in a horizontal 
mattress formation. Occasionally, the tear pattern 
will dictate the use of a margin convergence stitch. 
The viewing portal for this portion depends on the 
suture passing device that is being used. The LHB 
will typically retract into the intertubercular 
groove after tenotomy; however, it may not retract 
fully. When performing a repair of the supraspina-
tus, particularly the anterior edge, it is imperative 
to not incorporate the LHB into the repair if a 
separate tenodesis location is preferred. However, 
some recommend incorporating the LHB tenode-
sis into the anterior medial anchor, and if this is 

Fig. 13.11  Preparation of the greater tuberosity footprint 
of the torn supraspinatus tendon

Fig. 13.12  Completed repair of supraspinatus tendon 
anatomically reduced to greater tuberosity footprint

Fig. 13.10  Repaired subscapularis tendon on its foot-
print on the lesser tuberosity
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the surgeon’s preferred technique, it can be per-
formed at this time [4].

Optionally, the surgeon may decide to tie 
knots after medial row suture placement. 
Otherwise, preparation of the insertion site for 
the lateral row anchors can now be performed. 
Location of anchors should be lateral to the lat-
eral aspect of the footprint so that the tendon will 
lay down in an anatomic fashion over the foot-
print once the lateral row is tensioned. If using 
two lateral row anchors, they should be placed at 
the anterior and posterior borders of the tear, 
respectively, as to assure anatomic reduction. 
Suture configuration for the lateral row is again at 
the surgeon’s disposal.

The most proximal portion where a biceps 
tenodesis can be performed is above the bicipital 
groove or at the top of the groove [5]. The best 
indication for this tenodesis location would be 
intra-articular-only biceps tendon pathology with 
no extension into the bicipital groove. If the 
bicipital groove portion of the biceps has pathol-
ogy as well, patients may continue to have 
“groove pain” after tenodesis [83, 84]. Therefore, 
many advocate for removal of the LHB tenosy-
novium to avoid this anterior pain [83, 84]. 
Alternatively, the removal of compression on the 
LHB by decreasing the excursion through the 
groove may eliminate pain postoperatively [4].

A more distal tenodesis site is preferred for 
patients with severe pain upon palpation of the 
LHB in the bicipital groove [5]. In patients with 
concomitant subscapularis tear with biceps ten-
don subluxation are also candidates for a more 
distal arthroscopic tenodesis in order to improve 
visualization and access while repairing the sub-
scapularis [5]. The lower the tenodesis is 
performed within the bicipital groove, the more 
LHB tendon is removed, and potentially less 
residual pain experienced postoperatively [38, 
80, 84–88]. Often the best positioning for the arm 
for this distal of fixation is flexion and external 
rotation. The mean tendon length from the level 
of the cartilage rim to the superior border of the 
pectoralis tendon is 50–55 mm [89]. If the teno-
desis site is 10 mm proximal to the pectoralis ten-
don insertion, then the removed portion of the 
tendon should measure 40–45  mm to restore 
biceps tensioning [89].

In the case of a soft tissue tenodesis, the LHB 
tenotomy should not be performed initially dur-
ing routine inspection of the joint. The tendon 
will be secured to the soft tissues in the rotator 
interval, and in order to optimize tensioning, the 
tendon should remain attached proximally until 
sutures are passed [66, 69]. A spinal needle 
should be placed percutaneously through the lat-
eral aspect of the rotator interval and through the 
biceps tendon 10–20 mm distal to its origin [66, 
69]. A 0 PDS suture should be shuttled through 
the spinal needle and exchanged for a non-
absorbable suture. This process is carried out 
again 5–6 mm distal on the LHB tendon [66, 69]. 
The sutures should then be retrieved in the sub-
acromial space and a tenotomy at this point is 
appropriate [66, 69]. The remaining stump proxi-
mal to the suture and at the supraglenoid origin 
should be debrided. The two sets of suture should 
then by arthroscopically tied solidifying the soft 
tissue biceps tenodesis at the rotator interval.

To avoid postoperative residual “groove pain,” 
many, including the authors, advocate for a mini-
open subpectoral biceps tenodesis. The incision 
can be based in the axillary crease or just lateral 
to it and centered over the inferior border of the 
pectoralis major tendon. The incision should not 
need to be larger than 3 cm, even in more muscu-
lar patients. Dissection is carried through subcu-
taneous tissue until the lower border of the 
pectoralis tendon is encountered and the fascia 
is incised. A Hohmann retractor is placed paral-
lel to the fibers of the pectoralis major at its 
insertion over the lateral humerus. At this point, 
the bicipital groove and underlying LHB should 
be identified and pulled out of the incision using 
the surgeon’s finger or a right angle clamp. Care 
should be taken to properly identify the tendon 
before attempting to remove it from the incision 
to avoid inadvertent damage to surrounding neu-
rovascular structures. The tendon should be 
inspected for pathology and the residual tenosy-
novitis removed. Tenodesis is performed per sur-
geon preference in the bicipital groove with the 
musculotendinous junction of the LHB set at the 
level of the inferior border of the pectoralis for 
proper tensioning.

Three main fixation techniques exist for the 
LHB into bone: interference screw, unicortical 
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or bicortical button, and suture anchor. 
Biomechanical analysis between the techniques 
has largely focused on construct strength [12]. 
Interference screw construct has been demon-
strated to have a significantly greater resistance 
to pullout than a double suture anchor technique 
[10]. If using the interference screw technique, it 
is important that the screw head remain flush or 
slightly proud to the cortex as a recessed screw 
has a higher rate of failure under cyclical loading  
[90]. Smaller diameter interference screws have 
similar failure loads and button fixation may 
have a lower threshold for failure under cyclical 
loading [91]. The biomechanical testing has 
been clear; however, the actual in  vitro failure 
specifics of the different techniques continue to 
be debated.

�Rehabilitation

The postoperative protocol will vary based on 
which techniques were utilized, although the 
rotator cuff repair commonly takes precedent 
over the biceps as the rehabilitation from this is 
slower than that from the biceps. Typically, these 
patients are kept in a sling for 6 weeks and then 
begin a course of physical therapy. For an LHB 
tenotomy, the surgeon may choose to immobilize 
the arm in a sling for 2–4  weeks and prohibit 
forceful elbow flexion for 6–8 weeks until scar-
ring has matured around the proximal stump 
[11]. For a tenodesis, the shoulder will also be 
immobilized to encourage bone-tendon healing 
[84]. Range of motion will progress from passive 
to active assisted elbow flexion and extension and 
forearm pronation and supination [73]. In the set-
ting of a concomitant subscapularis repair, exter-
nal rotation should be limited to 20 degrees for 
the first 6 weeks [92]. For the first 4 weeks, pen-
dulum exercises and passive progressing to active 
assisted shoulder range of motion is preferred. 
Patients should also be encouraged to remain 
active with hand and wrist range of motion.

From 1 to 3 months postoperatively, the patient 
should initiate active range of motion and begin 
improving muscle endurance. The sling should be 
discontinued between week 4 and 6, and active 
range of motion should be performed in all planes 

in the shoulder and elbow [84]. Rotator cuff and 
periscapular muscle strengthening will progress 
from isometric exercises to resistance with elastic 
bands [84]. Strengthening of the biceps may begin 
at 8 weeks postoperatively. The last stage of reha-
bilitation extends beyond 3  months postopera-
tively and should focus on sports-specific 
strengthening and endurance.

�Outcomes

The overall satisfaction rate after arthroscopic 
tenotomy ranges from 68% to 87% [3, 55, 93]. 
Popeye deformity has been reported as high as 
70% with fatigue-related discomfort reported at 
38% [55]. These rates commonly decrease with 
patients older than 60  years reporting neither 
elbow strength loss nor fatigue-related discom-
fort [55]. Biceps tenodesis with concomitant 
rotator cuff repair appears to have favorable 
results with most studies reporting a good to 
excellent outcome in 84%–100% of patients [57, 
70–73, 79, 80, 84]. One study has shown worse 
outcomes in patients with greater than 6 months 
of symptoms or with previously failed rotator 
cuff repairs [76]. These were mostly level III and 
IV studies and with different treatments of the 
LHB including suture anchor and interference 
screw with no definitive difference between 
fixation.

�Complications

Complications are reported in the literature, but 
they are infrequent. The most common complica-
tion is persistent residual pain in the anterior 
shoulder thought to be caused by ongoing teno-
synovitis of the bicipital sheath or re-tear of the 
rotator cuff repair [38, 39, 80, 94]. Other com-
mon complications are the “Popeye” deformity 
associated with a failed biceps tenodesis and 
fatigue-related cramping with a tenotomy [94]. 
Less-reported complications include wound 
infection, deep vein thrombosis, hematoma, 
seroma, fracture through the humeral bone tun-
nel, and reaction to implant material [38, 39, 94]. 
Specifically for the mini open biceps tenodesis 
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technique, studies have focused on the proximity 
of the neurovascular structures, namely the mus-
culocutaneous and radial nerves and the deep 
brachial artery, and the potential for intraopera-
tive injury [95, 96].
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Abbreviations

AP	 Anteroposterior
EMG	 Electromyographic
GH	 Glenohumeral
GHL	 Glenohumeral ligament
GIRD	 Glenohumeral internal rotation deficit
IGHL	 Inferior glenohumeral ligament
LHBT	 Long head of biceps tendon
MGHL	 Middle glenohumeral ligament
MRI	 Magnetic resonance imaging
SGHL	 Superior glenohumeral ligament
SLAP	 Superior labrum anterior to posterior

�Introduction

The shoulder has more degrees of freedom than 
any other articulation in the skeletal system, and 
this distinctive function is afforded by its unique 
anatomy and lack of constraint. However, this 
same anatomy is responsible for its propensity 
for instability. Stability of the glenohumeral 
(GH) articulation relies on the eloquent orches-
tration of both dynamic and static structures. The 
labrum is a critical static shoulder stabilizer and 
because of this it is a common site of injury. 
Injuries to the labrum come in many different 
forms and can occur anywhere along the 360° 
labrum. Dr. James Andrews first recognized and 
described superior labrum tears in 1985 [1]. 
Snyder later coined the term superior labrum 
anterior to posterior or SLAP tear and developed 
the first classification system [2]. SLAP tears can 
occur in isolation but often occur with concomi-
tant pathology. Anteroinferior labral injuries, 
commonly referred to as Bankart injuries, are fre-
quently experienced in patients with anterior 
shoulder instability [3–5]. Combined superior 
and anterior labral tears have been increasingly 
recognized. The combined SLAP and Bankart 
injury has been classified as a type V SLAP lesion 
[6]. Approximately 22% of patients with anterior 
instability will have a superior labral injury; how-
ever, in certain patient populations, this number 
can be over 50% [7]. As our understanding of the 
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pathomechanics of SLAP tear variants evolves, 
so too do treatment options.

�Anterior Glenohumeral Stability

The GH joint is inherently unstable based on 
osseous anatomy. At any time, as little as one-
third of the humeral head is in contact with the 
glenoid. The analogy is often made to a golf ball 
on a golf tee. This relationship between the gle-
noid and humerus is quantified as the glenohu-
meral index. Stability is therefore reliant on a 
number of critical soft tissue stabilizers. These 
soft tissue stabilizers are classified as either 
dynamic or static. The labrum is an important 
static soft tissue component that provides stabil-
ity via a number of mechanisms. It deepens the 
glenoid by 50%, which increases the contact sur-
face area and increases the effective glenoid arc 
[8]. Lippitt et  al. showed that excision of the 
labrum leads to a 20% increased GH translation 
[9]. The labrum also serves as an attachment site 
for the long head of biceps tendon (LHBT), cap-
sule, and the glenohumeral ligaments (GHLs) 
which all serve to stabilize the GH joint. 
Understanding the function and anatomical rela-
tionship of the labrum to other important shoul-
der stabilizers helps explain its propensity for 
injury. Dynamic stabilizers of the GH joint 
include the rotator cuff and biceps tendon.

�Superior Labral and Biceps Complex

The superior labrum serves as the attachment site 
for the LHBT, superior glenohumeral ligament 
(SGHL), and middle glenohumeral ligament 
(MGHL), and injuries to this area have been 
implicated in anterior shoulder instability. 
Clinically, Terry et al. demonstrated that 24% of 
patients with SLAP tears had increased anterior 
GH translation [10]. Dugas and Andrews showed 
improved outcomes in baseball throwers who 
underwent SLAP repairs combined with anterior 
thermal-assisted capsular shrinkage [11]. The 
exact role the superior labrum-biceps complex 

plays in shoulder stability is unclear. 
Biomechanical and electromyographic (EMG) 
studies have attempted to better define this rela-
tionship, however results are conflicting.

The biceps brachii has been implicated as an 
important stabilizer of the glenohumeral joint. 
EMG and sectioning studies have demonstrated 
the importance of the LHBT as a shoulder stabi-
lizer [12–14]. However, only after Andrews 
described injury to the anchor and superior 
labrum did research focus on understanding the 
function of the superior labrum and biceps com-
plex. Since then, a number of studies have 
attempted to better understand the function of the 
superior labrum and biceps tendon labrum com-
plex [15–21].

Rodosky et al. investigated the role of superior 
labrum and LHBT on shoulder instability. They 
showed that incremental loading of the biceps 
tendon leads to increased torsional rigidity. 
Loading of 100% leads to an increased torsional 
rigidity of 32%. They hypothesized that the 
biceps helps limit external rotation in the 
abducted and externally rotated humerus. They 
subsequently showed that lesions of the superior 
labrum involving the biceps anchor resulted in 
decreased torsional rigidity and increased strain 
on the inferior glenohumeral ligament (IGHL) 
[15]. These results suggested that the superior 
labrum might provide torsional stability by 
anchoring LHBT and IGHL.

Pagnani et  al. demonstrated that superior 
labral tears that involved the insertion of the 
biceps tendon increased anterior and inferior 
translation of the humerus. Tears not involving 
the biceps anchor did not significantly increase 
translation. They also demonstrated that loading 
of the biceps tendon in the presence of type 2 
SLAP tears did not significantly decrease gleno-
humeral translation [16]. Studies by Panossian 
[17], Burkart [18], McMahon [19], Patzer [20], 
and Morgan [21] have reported similar increases 
in GH translation with simulated type 2 SLAP 
tears.

The exact etiology of SLAP tears vary as some 
authors describe SLAP tears following a traction 
injury, while others believe in the “peel-back” 
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concept. Morgan et  al. described a “peel-back” 
mechanism for the development of the superior 
labral tear. This mechanism involves excessive 
superior translation of the humeral head during 
external rotation of the GH joint, such as seen in 
overhead throwers, that leads to peeling off of the 
superior labrum by the humeral head and even-
tual failure of the superior labrum [21]. Shepard 
et al. demonstrated similar findings [22]. Excess 
external rotation has also been shown to result in 
increased capsular laxity. Mihata et al. hypothe-
sized that anterior instability in patients with type 
2 SLAP tears was not just from the tear itself, but 
from a combination of labral tear and capsular 
laxity [23]. While cadaveric studies are inher-
ently limited, they do suggest a relationship 
between the superior labrum, LHBT, and gleno-
humeral stability. Unfortunately, the exact mech-
anism is still not well understood.

Clinically, superior labral tears are identified 
in certain patients with shoulder instability. 
Warner et al. identified 7 out of 585 patients with 
combined injuries [24]. Hantes et  al. found a 
much higher percentage of combined injuries in 
patients with chronic instability [7]. Gartsman 
et  al. found a similarly high incidence of com-
bined injuries in patients with instability [25]. It 
is still unclear whether SLAP tears lead to insta-
bility or whether instability results in SLAP tears.

�History

Patients with symptomatic SLAP tears often 
present with pain as their main complaint as 
opposed to a sense of instability. Instability is 
often a secondary complaint. As such, a thorough 
history is critical for accurate diagnosis. Patients 
must be questioned on injury mechanism land 
ocation, duration, and timing of symptoms. 
Understanding the frequency and chronicity of 
instability events as well as the position and 
activities that produce these symptoms is key. For 
athletes, specifically overhead throwers, charac-
terization of pain is important. The treating phy-
sician should understand where in the arc of 

motion symptoms are worse and what specific 
movements relieve pain. Congenital hypermobil-
ity and hyperlaxity must be investigated in all 
patients presenting with symptoms of instability. 
In patients with frank instability/dislocation, it is 
critical to ask about nature of dislocation, age of 
first dislocation, number of total instability events 
and sports the patient participates in. Patients 
with acquired capsular laxity present a different 
set of issues and cannot be managed in the same 
manner as those with congenital hyperlaxity.

�Physical Examination

A systematic, detailed examination is necessary 
for accurate diagnosis. While order of examina-
tion maneuvers varies, it is important to develop 
a reproducible progression to ensure a compre-
hensive exam. A proper shoulder exam should be 
performed with both shoulders exposed to afford 
direct comparison and should include inspection, 
range of motion, palpation, strength, and neuro-
vascular testing. Active and passive range of 
motion should be performed bilaterally to evalu-
ate for potential deficits. Glenohumeral internal 
rotational deficit (GIRD) is common in patients 
with superior labral pathology. Cervical spine 
examination should also be performed to rule out 
other sources of pain. Anterior instability is typi-
cally assessed with provocative examinations 
including the apprehension test, Jobe relocation 
test, and anterior load and shift. All patients 
should be evaluated for multidirectional instabil-
ity and ligamentous laxity with sulcus sign test 
and Beighton score calculation.

Testing for superior labral pathology is sensi-
tive but not specific and includes the active com-
pression Test also known as the O’Brien’s test, 
[26] the crank test, [27] the biceps load test, [28] 
the resisted supination external rotation test, [29] 
the dynamic labral shear test, [30] and the pain 
provocation test [31]. Palpation of LHBT is 
important, as many patients with SLAP tears will 
also have biceps tenderness, and tenderness in the 
bicipital groove can help dictate treatment.

14  Managing Biceps/SLAP Pathology with Associated Shoulder Instability



182

�Imaging

Initial evaluation of patients with instability/dis-
location complaints should include complete 
shoulder radiographic assessment including true 
anteroposterior (AP), axillary, and Scapular-Y 
views of the affected shoulder. Radiographs 
should be examined for bony abnormalities com-
mon in instability patients including Hill-Sachs 
lesions, humeral and tuberosity fractures, and 
glenoid bony fractures such as bony Bankart 
lesions. The axillary view is necessary to con-
firm reduction of the glenohumeral joint. The 
Stryker notch view can be included to assess and 
quantify the presence and size of Hill-Sachs 
lesions.

While radiographs provide essential informa-
tion, magnetic resonance imaging (MRI) is nec-
essary to understand labral and other soft tissue 
pathology. MRI arthrogram is typically recom-
mended for labral complaints due to increased 
sensitivity in diagnosing these injuries [32]. 
MRIs are also beneficial in demonstrating associ-
ated injuries such as rotator cuff pathology, bony 
edema associated with compression fractures, 
and capsular/glenohumeral ligament injuries. If 
bony pathology, specifically glenoid bone loss is 
suspected based on radiographs and MRI, a com-
puted tomography (CT) scan can be obtained to 
assess bone loss and glenoid version.

�Treatment

While the treatment algorithms for both isolated 
SLAP tears and anterior shoulder instability 
exist, management of concurrent injuries is less 
well characterized. Because of the unique nature 
of the injury, individualized treatment plans are 
recommended. Goals of treatment should focus 
on prevention of recurrent instability, alleviation 
of pain, and restoration of function. While SLAP 
tears can cause pain, recurrent shoulder instabil-
ity has been linked with accelerated cartilage loss 
and the development of arthritis, and thus preven-
tion of recurrent instability is critical. 
Management decision should be based on a num-

ber of different factors and should include assess-
ment of factors associated with recurrent shoulder 
instability including age, sport, presence, size 
and location of humeral and glenoid bone defects, 
and others. For athletes, assessment and under-
standing of athletic goals and requirements is 
important. Understanding the level of competi-
tion and degree of contact associated with the 
sport is also important. Age is an essential con-
sideration in determining treatment, as younger 
age is a significant risk factor for recurrent ante-
rior instability [33]. In addition, treatment of 
superior labral pathology varies depending on 
age with labral repair more common in the 
younger, active patients and biceps tenotomy/
tenodesis with labral debridement more common 
in the older population.

Nonoperative treatment should initially be 
attempted in particular patients. Indications 
include first-time instability with no significant 
soft tissue or bony pathology in season athletes 
and older, low-demand patients. Nonoperative 
treatment includes a brief period of sling immo-
bilization followed by early physiotherapy. 
Therapy should focus on restoration of shoulder 
range of motion and strengthening of dynamic 
shoulder and scapular stabilizers. We recommend 
return to activity when the patient has a painless 
shoulder, full range of motion, and full rotator 
cuff strength.

Operative management is indicated for 
patients who have failed nonoperative treatment, 
have recurrent shoulder instability, or have sig-
nificant soft tissue injury with instability. Patients 
considered for surgery should be evaluated for 
severity of instability and degree of humeral and 
glenoid bone loss as both can influence the rec-
ommended surgery. Arthroscopic capsular labral 
repair is the preferred treatment for the majority 
of patients without significant bone loss. 
However, labral debridement with tenotomy or 
tenodesis may be considered in appropriate 
patients. Arthroscopic repair affords smaller sur-
gical incisions, lower morbidity, less blood loss, 
and improved access for evaluation and treat-
ment of concurrent pathology. Contraindications 
to arthroscopic repair include patients with sig-
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nificant glenoid bone loss and with advanced 
degenerative changes or patients with recurrent 
instability who have failed previous arthroscopic 
labral repair. The exact amount of bone loss that 
necessitates more than an arthroscopic labral 
repair is debated but is often quoted as greater 
than 20% [34–36]. Recent studies have used the 
concept of the glenoid track to help guide surgi-
cal decisions [37–40]. Patients with on track 
lesions are often successfully treated with an 
arthroscopic labral repair while those with off 
track lesions typically require additional proce-
dures addressing the glenoid and or humeral 
bone defects.

The authors prefer a lateral position for 
arthroscopic labral repairs. Standard anterior and 
posterior arthroscopic portals are utilized. An 
accessory “5 o’clock” portal is used for labral 
tears extending to the inferior aspect of the gle-
noid (6 o’clock). Capsular labral repair is accom-
plished with suture anchor repair. Newer implant 
designs include knotless, all-suture, suture 
anchors. A minimum of three anchors is preferred 
for anterior labral repair (Fig. 14.1a–d). For the 
majority of patients, management of the SLAP 
tear consists of either labral repair or biceps 
tenotomy/tenodesis. SLAP repair is currently 
recommended for most younger, athletic patients; 

a

c d

b

Fig. 14.1  (a–d) Arthroscopic images of the left shoulder 
in lateral decubitus position. (a) Arthroscopic probe dem-
onstrating SLAP tear, (b) anterior labral tear, (c) anterior 

labral tear following glenoid preparation, and (d) 
arthroscopic view of anterior labral repair from the ante-
rior portal
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however, the indication for tenotomy/tenodesis is 
expanding. Indications for tenodesis include 
older patients, patients with tearing of the biceps 
tendon, dislocation of tendon from intertubercu-
lar groove, and non-throwers. Furthermore, pre-
operative biceps symptoms and groove tenderness 
on examination may push the surgeon more 
toward biceps tenodesis than SLAP repair. Age of 
the patient, hand dominance, and level of sports 
participation should be considered as well. The 
authors prefer a subpectoral approach with inter-
ference screw fixation for biceps tenodesis. While 
superior labral repair can be achieved through 
accessory portals that often violate small portions 
of the rotator cuff, newer, flexible drill bits allow 
access to the superior glenoid from the standard 
anterior portal. With superior labral repair, it is 
critical to avoid overconstraint of the biceps ten-
don as this can lead to loss of motion and poor 
outcomes (Fig. 14.2).

�Outcomes

The majority of available literature relates to iso-
lated SLAP or anteroinferior labral injuries. 
While outcomes following isolated SLAP repair 
are favorable [41–47] and several studies have 
demonstrated lower instability rates following 
labral repair in anterior instability patients [48], 
few studies have reported outcomes after repair 
of combined injuries. Available evidence is lim-
ited to small and mostly retrospective, cohort 
studies with short-term follow-up (Table  14.1). 
Warner et al. [24] first reported on seven elite ath-
letes with combined injuries. They demonstrated 
significant improvement in shoulder function 
with one redislocation reported. No difference in 
side-to-side external rotation was reported. Lo 
et al. [49] reported on seven patients with ante-
rior, posterior, and superior labral injuries, termed 
“triple lesion” by authors. They noted significant 
improvement in outcome scores with a 75% per-
cent returning to pre-injury function and no 
recurrent instability reported at mean 1-year fol-
low-up. Cho et al. compared outcomes of type 5 
labral tears to isolated Bankart repairs demon-
strating improved VAS and outcome scores in 
both groups. There was no difference in VAS, 
outcomes, or range of motion between the two 
groups at final follow-up. Range of motion deficit 
was observed at early follow-up dates for the 
combined group suggesting a delayed recovery 
compared to isolated repairs. Waterman et  al. 
[50] presented combined injuries associated with 
SLAP tears in a military population. Out of 192 
patients, 42 patients were treated for type 5 inju-
ries. Patients undergoing combined repair 
returned to duty at a higher rate, 88.1% vs 79.6%, 
compared to patients undergoing isolated repair.

Fig. 14.2  Arthroscopic image of the right shoulder fol-
lowing knotless suture anchor repair of SLAP tear
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�Conclusion

While the exact relationship between the superior 
labrum/biceps complex and anterior glenohu-
meral stability remains undefined, there is both 
clinical and biomechanical evidence to support a 
relationship. A high index of suspicion, thorough 
history, and comprehensive physical are needed 
to properly diagnose patients with combined 
injuries. With an appropriate diagnosis, treatment 
recommendations should be formulated on an 
individualized basis. Surgical repair in the well-
indicated patient can afford good outcomes with 
high return to activity.
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Which?
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Abbreviations

BLC	 biceps-labral complex
LHB	 long head of biceps
LHBT	 long head of the biceps tendon
SLAP	 superior labrum from anterior to 

posterior

�Introduction

The proximal biceps, composed of both the long 
head of the biceps tendon (LHBT) and the biceps-
labral complex (BLC), is a widely recognized 
pain generator of the shoulder [1–3]. Pathology 
can range from the proximal most extent at the 
BLC, termed superior labrum anterior to poste-
rior (SLAP) lesions, to isolated lesions of the 
LHBT itself. Treatment options rely on the diag-
nosis and location of the pathology, identification 
of concurrent shoulder pathology, and the age 
and activity level of the patient. SLAP tears and 
LHBT disease are the most common conditions 
affecting the proximal biceps, and treatment 
options can range from nonoperative to operative 
management [4]. Surgical options include either 
a biceps tenotomy or a biceps tenodesis [5]. 

Biceps tenotomies can result in cosmetic defor-
mities (Popeye deformities), muscle cramping, 
fatigue pain of the biceps, and decreases in elbow 
flexion and supination power [6–8]. Thus, a 
biceps tenodesis is often favored in younger 
active patients, athletes, laborers, and those wish-
ing to avoid the associated cosmetic deformities 
associated with a biceps tenotomy, while tenoto-
mies are favored in the older, low-demand 
patients [4, 9–12]. However, the decision to treat 
patients with a tenotomy or tenodesis remains a 
controversial topic [4, 13].

Once the decision has been made to proceed 
with a biceps tenodesis, it can be performed at 
various anatomical locations along the length of 
the LHBT, necessitating either an arthroscopic or 
open approach [14]. The goal of this chapter is to 
evaluate the various arthroscopic and open treat-
ment options for biceps tenodesis and determine 
which patients would benefit from each approach.

�Anatomy of the Long Head 
of the Biceps Tendon

Understanding the clinically relevant anatomy of 
the LHBT and its associated pathological condi-
tions is critical to the evaluation and successful 
treatment of suspected proximal biceps pathol-
ogy. The LHBT originates from the supraglenoid 
tubercle and has an intra-articular portion that 
courses toward the humeral head before leaving 
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the glenohumeral joint within the bicipital groove 
to become the extra-articular portion of the ten-
don [2]. The blood supply to the LHBT comes 
from the superior labrum proximally and the 
anterior humeral circumflex artery distally, which 
creates a hypovascular watershed region in the 
central aspect of the tendon that is at higher risk 
for rupture [15].

The extra-articular segment of the LHBT 
courses from the articular margin of the humeral 
head through the subpectoral region. This seg-
ment of the tendon has been recently described as 
the bicipital tunnel, with three distinct zones 
(Fig.  15.1) [3, 16]. Zone 1 represents the bony 
groove at the articular margin of the humeral head 
where the biceps pulley exists and extends to the 
distal margin of the subscapularis. Free nerve 
endings have been identified within this zone in 
the bicipital groove and bicipital sheath [17]. This 
is an important consideration when determining 
treatment plans and evaluating postoperative out-

comes as these receptors can cause persistent 
postoperative pain even after excision of the 
LHBT. Zone 2 extends from the distal margin of 
the subscapularis to the proximal border of the 
pectoralis major tendon. Finally, zone 3 repre-
sents the remainder of the tendon that extends dis-
tal to the proximal margin of the pectoralis major. 
The location of tendon pathology is therefore an 
important surgical consideration, given the ana-
tomical limitations of arthroscopic approaches to 
pathology within zone 1 and zone 2.

�Indications for Biceps Tenodesis

Treatment options are often predicated on the 
particular pathology identified in the 
LHBT. Pathologies can range from tendon rup-
tures to tendon subluxation or instability, lesions 
of the biceps pulley, tendinitis, and SLAP lesions 
(Table 15.1).

Articular margin

Distal margin of
the subscapularis

Proximal margin
of the pectoralis

major

Zone 1

Zone 2

Zone 3

Fig. 15.1  The long head of the biceps tendon broken 
down into three separate zones as described by Taylor 
et al. [16] with zone 1 representing the segment of tendon 
extending from the articular margin to the distal margin of 
the subscapularis; zone 2 representing the segment 

extending from the distal margin of the subscapularis ten-
don to the proximal margin of the pectoralis major; and 
zone 3 representing the subpectoral segment of the tendon 
distal to the proximal margin of the pectoralis major
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�Tendon Ruptures

Tendon ruptures are most commonly seen in 
patients over 50 years of age and occur either at the 
tendon’s origin or at the exit of the bicipital groove, 
often resulting in the characteristic Popeye defor-
mity [2]. Surgical treatment is often pursued when 
patients endorse pain, muscle cramping, or subjec-
tive weakness with elbow flexion or forearm supi-
nation. Advanced imaging studies, including MRI, 
can help identify in which zone the tendon stump 
is located, which will influence the decision to 
attempt arthroscopic or open biceps tenodesis, 
given each procedure’s anatomic limitations. An 
open tenodesis may be required if the tendon is 
below the pectoralis major insertion and cannot be 
retrieved arthroscopically.

�Tendon Instability

LHBT instability and biceps pulley tears can 
result in either medial subluxation of the tendon 
or complete dislocation, which is more often 
associated with rotator cuff tears, particularly 
that of the subscapularis [2]. These pathological 
conditions can result in shoulder pain and weak-
ness that warrant consideration of either a biceps 
tenotomy or tenodesis, which could be treated 
either arthroscopically or through an open 
approach.

�SLAP Lesions

Injuries to the BLC that occur at the superior 
labrum from anterior to posterior (SLAP tears) 
additionally warrant consideration of surgical 
treatment. These injuries traditionally have four 
different types as described by Snyder et  al., 
although this classification has been expanded in 
recent years [18]. While this remains highly con-
troversial, symptomatic type II SLAP tears 
(labral fraying with a detached LHBT anchor) 
and type IV tears (bucket handle labral tears with 
detached LHBT anchors) remain common indi-
cations for biceps tenodesis, which can be per-
formed either arthroscopically or through an 
open approach [4]. SLAP lesions are also com-
monly identified as a concomitant diagnosis in 
patient with rotator cuff tears [19]. Thus, a biceps 
tenodesis, either arthroscopic or open, must also 
be considered in patients with shoulder pain 
undergoing a rotator cuff repair [4].

�Biceps Tendinitis

Inflammation of the biceps tendon can result in 
chronic shoulder pain warranting consideration of 
arthroscopic or open biceps tenodesis after failing 
conservative measures [4]. Tendinitis most com-
monly occurs secondary to surrounding shoulder 
pathology, such as rotator cuff tears or impinge-
ment; therefore, clinicians should maintain a high 
suspicion for additional diagnoses and when con-

Table 15.1  Preferred biceps tenodesis methods based on 
diagnosis

Diagnosis
Arthroscopic 
tenodesis

Open 
tenodesis

LHB tendon rupture X
Cosmetic concerns for an 
open incision

X

Chronic pain from LHB 
tendinitis

Xa X

Symptomatic partial-
thickness tear (>25%) of 
LHBT

Xa X

Medial subluxation of 
LHB

Xa X

Subluxation of LHB with 
subscapularis tear

Xa X

Symptomatic type II or 
type IV SLAP tear

Xa X

Failed SLAP repair Xa X
Symptomatic LHB 
tendinitis with inflamed 
LHB seen on diagnostic 
arthroscopy

Xa X

LHB pathology in the 
setting of humeral 
implants or poor bone 
qualityb

X

Persistent shoulder pain 
following biceps tenotomy 
or tenodesis

X

LHB long head of biceps, SLAP superior labrum from 
anterior to posterior
aAuthor’s preferred treatment method
bDue to tumor or cysts near the bicipital groove
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sidering biceps tenodesis for biceps tendinitis [20]. 
Tendon degeneration may not be fully assessed 
with advanced imaging; therefore, patients with 
symptomatic biceps tendinitis with an inflamed 
tendon as seen during diagnostic arthroscopy may 
also benefit from biceps tenodesis [4, 21]. Biceps 
tendinitis may ultimately lead to partial-thickness 
tears and tears >25% of the LHBT also warrant 
consideration of a biceps tenodesis [4].

Proper management of proximal biceps pathol-
ogy remains a highly controversial topic [4]. 
Except for the diagnosis of a biceps tendon rup-
ture, the decision to treat biceps pathology with 
either a tenotomy or tenodesis has been studied 
extensively, most commonly in the context of a 
concurrent rotator cuff repair [6, 10, 13, 22–32]. 
Traditional theory to perform a biceps tenodesis 
over a tenotomy is that it results in better return to 
physical activity, avoids cosmetic deformities 
(Popeye deformity), and restores shoulder anat-
omy and function. A systematic review and meta-
analysis by Leroux et al. demonstrated improved 
Constant scores and less cosmetic deformities fol-
lowing biceps tenodesis in the setting of a concur-
rent rotator cuff repair; however, the clinical 
significance appeared to be negligible [13].

�Biceps Tenodesis Techniques

The biceps tendon can be tenodesed at multiple 
points throughout the length of the tendon [14]. 
Proximally it can be fixed with an all-arthroscopic 
technique and distally it can be fixed with an 
open approach. Controversy exists regarding the 
ideal location to fix the tendon, but advocates for 
distal fixation report that removing it from the 
bicipital groove and excising the diseased portion 
of tendon proximal to the point of fixation limit 
the potential for residual shoulder pain secondary 
to persistent tenosynovitis [27, 33].

�Proximal (Arthroscopic) Fixation

Proximal fixation techniques vary considerably 
and are generally performed within zone 1 and 
zone 2 of the LHBT.  Fixation within zone 1 

involves a tenodesis within the bicipital groove 
with either suture anchors or interference 
screws [21, 24, 30, 34–39]. A novel variation of 
zone 1 fixation during a rotator cuff repair 
involves incorporating the biceps tenodesis into 
the anchors used during a rotator cuff repair 
and leaving the intra-articular position of the 
LHBT attached to the labrum [40]. The authors 
report high healing rates and excellent func-
tional and cosmetic results with high patient 
satisfaction at 33 months of follow-up. The ten-
don can also be fixed further distal in zone 2 of 
the LHBT. This option fixes the tendon within 
the suprapectoral region, distal to the bicipital 
groove, which has the added benefit of allowing 
for excision of diseased tendon. Many options 
have been described for fixation at this level, 
including the use of bone tunnels [27], keyholes 
[41], suture anchors [27, 35, 41–43], and inter-
ference screws [23, 27, 36–39, 41–44]. 
Interference screws have been found to have the 
highest ultimate load to failure and have dem-
onstrated the least amount of displacement on 
cyclic loading compared to suture anchors or 
other fixation methods and are therefore the 
preferred technique [27, 41, 43, 45, 46]. Finally, 
the tendon can be fixed to nearby soft tissue 
structures, such as the rotator cuff [47] or con-
joint tendon and short head of the biceps just 
below the coracoid process [23].

�Distal (Open) Fixation

Distal fixation involves an open approach that 
achieves tenodesis at the subpectoral level of the 
tendon, the distal most extent of the LHBT within 
zone 3 [24, 30, 34–39]. Multiple techniques have 
been described for this technique, all of which 
typically start with diagnostic arthroscopy to 
evaluate the integrity of the biceps anchor, pulley, 
and tendon itself [48]. Fixation of the tendon can 
be performed with bone tunnels, cortical buttons, 
keyholes, sutures anchors, and interference 
screws [48]. Biomechanical testing has demon-
strated that interferences screws have a higher 
resistance to displacement from cyclic loading 
compared to suture anchors [49].
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�Which Patients Need Arthroscopic 
Versus Open Tenodesis?

Once the decision has been made to proceed with 
a biceps tenodesis, the clinician must determine 
whether to proceed with an arthroscopic or open 
technique. As previously stated, an important 
determinant here is identifying the location of the 
biceps pathology. For example, if the tendon is 
ruptured and located distal to zone 2, this would 
necessitate an open approach. For cases of biceps 
instability, pulley lesions, SLAP tears, and biceps 
tendinitis without groove pathology, either an 
arthroscopic or open approach can be considered. 
The need for concomitant procedures to be per-
formed at the time of surgery and patient age, 
physical activity level, and functional status must 
also be considered.

�Arthroscopic Biceps Tenodesis

�Advantages
The vast majority of surgical interventions for 
LHBT pathology involve a diagnostic shoulder 
arthroscopy at a minimum to assess for concur-
rent sources of pathology in addition to evaluating 
the integrity of the BLC itself. Thus one advan-
tage of an arthroscopic approach is that the teno-
desis can be performed at the time of arthroscopy, 
making it a less-invasive procedure with better 
cosmesis and decreased blood loss compared to 
an open approach [21]. There does not appear to 
be a significant loss in biceps power (90% to 
100% that of patients’ contralateral unaffected 
shoulder) when performed with an interference 
screw in the setting of an intact rotator cuff [47, 
50]. One of the proposed disadvantages of per-
forming an arthroscopic tenodesis is that it leaves 
behind residual pathologic LHBT and tenosyno-
vitis that can cause persistent shoulder pain post-
operatively. This can largely be avoided however 
by performing a suprapectoral tenodesis. This 
technique achieves fixation within zone 2 of the 
LHBT, distal to the bicipital groove, where the 
previously described free nerve endings are 
located. Biomechanical studies investigating sup-
rapectoral tenodesis have demonstrated excellent 

strength with no significant differences between 
peak load and failure, displacement at peak load, 
or displacement after cyclic testing when com-
pared to a mini-open subpectoral tenodesis [51]. 
Suprapectoral tenodesis has further demonstrated 
excellent clinical outcomes at minimum 2-year 
follow-up with ASES and UCLA scores compa-
rable with or better than previously reported out-
come scores for biceps tenodesis [10, 28, 51].

�Disadvantages
Traditional disadvantages of an arthroscopic 
biceps tenodesis are reaction to the screw and 
persistent tenosynovitis and anterior shoulder 
pain in the postoperative period [27]. Revision 
rates following tenodesis proximal to the bicipi-
tal groove have been reported as high as 12% at 
2-year follow-up, compared to 2.7% when fixed 
distal to the groove [33, 52]. A novel approach to 
fixation of the tendon proximal to the bicipital 
groove in the setting of a concurrent rotator cuff 
repair identified a much lower revision rate [40]. 
The authors tenodesed the biceps tendon into one 
of the suture anchors used in the rotator cuff 
repair but preserved the intra-articular segment of 
the tendon by leaving it attached to the labrum, 
and they reported excellent clinical outcomes 
with no revisions at mean follow-up of 33 months. 
Finally, arthroscopic tenodesis procedures tend 
to be more technically challenging than open 
procedures and have much higher associated 
costs. Estimates from 2014 identified an 
arthroscopic tenodesis costing $5542 more than 
an open tenodesis when performed in the setting 
of a concomitant rotator cuff repair [53].

�Which Patients to Consider 
for Arthroscopic Biceps Tenodesis
An arthroscopic tenodesis should be considered 
in nearly all cases of biceps tenodesis, except for 
occasions where tendon pathology is clearly dis-
tal to where an arthroscopic tenodesis can be 
achieved. Specific circumstances exist, however, 
where an arthroscopic technique would be 
favored over an open technique. For example, in 
low-demand patients undergoing rotator cuff 
repairs, a biceps tenodesis can be accomplished 
more efficiently with an arthroscopic approach 
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than performing a separate incision to fix it dis-
tally. Further, for patients with severe osteopo-
rotic bone, the tendon can be tenodesed to 
intra-articular soft tissue structures, such as the 
rotator cuff or conjoint tendon, when the bone 
quality is not suitable for suture anchors or inter-
ference screws. Soft tissue tenodesis may also be 
preferred for patients with implants in the area of 
tenodesis and tumors or cysts in the area of the 
bicipital groove, or patients who have concerns 
about the cosmetic appearance following an open 
tenodesis. An arthroscopic approach should also 
be considered in young athletes with shoulder 
pain due to SLAP lesions, tendon instability, or 
tendinitis with degenerative changes. Some 
authors have suggested that when the biceps ten-
don is the only pathological condition in the 
shoulder, inserting the tendon into a bony socket 
helps achieve faster healing and an expedited 
return to sport [4]. Further, utilizing an 
arthroscopic technique to create bony sockets in 
metaphyseal bone, compared to the bony sockets 
made in cortical bone with an open technique, 
may reduce the risk of fracture in contact of col-
lision athletes.

�Open Biceps Tenodesis

�Advantages
Many studies have consistently reported excel-
lent improvements in clinical outcomes and pain 
relief following open subpectoral biceps tenode-
sis [28, 44, 54]. One of the major advantages of 
this technique is the ability to move the tenodesis 
as far distal as possible, thus allowing for com-
plete excision of all the diseased tendons and 
keeping the fixation far away from the bicipital 
groove [55]. This is an advantage over an 
arthroscopic technique when the diseased tendon 
is further distal than can be completed arthroscop-
ically. An additional advantage of the open tech-
nique is the simplicity of the procedure compared 
to an arthroscopic tenodesis [55]. Thus, for clini-
cians who have limited experience with shoulder 
arthroscopy, this may provide a more reliable 
method for accurate and successful tenodesis. 
Some argue that it is also easier to maintain mus-

cle tendon and soft tissue units, thus preserving 
the length-tension relationship, though this has 
not been clearly demonstrated to be a clinical 
benefit based on the available literature [55].

�Disadvantages
Despite being an open approach requiring an 
incision and dissection, this procedure has a rela-
tively low complication profile. One recent study 
of 353 patients identified an overall complication 
rate of 2.0%, which included two patients (0.6%) 
with persistent bicipital pain, two (0.6%) with 
failed fixation resulting in a Popeye deformity, 
and one patient that each developed a wound 
infection, temporary musculocutaneous neuropa-
thy, and reflex sympathetic dystrophy [55]. Case 
reports of proximal humerus fractures have also 
been identified in the literature [56]. This tech-
nique also has the downside of requiring a sepa-
rate incision, surgical trays that include retractors 
and occasionally dissecting equipment, and addi-
tional operating room time for closure of the inci-
sion compared to an arthroscopic technique [21].

�Which Patients to Consider for Open 
Biceps Tenodesis
An open biceps tenodesis can be considered for 
many of the same indications as an arthroscopic 
biceps tenodesis, including chronic biceps ten-
donitis, symptomatic partial intra-articular tears 
involving >25% of the LHBT, as an adjunct pro-
cedure during the time of other shoulder surgery 
such as a rotator cuff repair, biceps instability, 
and SLAP lesions [27, 33, 48]. Many studies 
have reported excellent outcomes in young 
patients [57–59]. At 2-year follow-up, active 
patients under the age of 45 with isolated biceps 
tenosynovitis demonstrated good outcomes with 
no complications or adverse events [57]. Another 
retrospective review of patients at an average age 
of 42.6 with either a type II SLAP tear or biceps 
tenosynovitis showed significant improvements 
in shoulder outcomes with reliable return to 
activity levels at 2.7-year follow up; however, 
they reported a higher overall complication rate 
than other studies at 8%, which included a 2% 
revision rate, 2% rate of superficial infections, 
and 3% rate of transient neuropraxias [58]. 
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Finally, a study of young, active patients less than 
25 years of age with BLC injuries and biceps ten-
dinopathy found satisfactory outcomes with 73% 
returning to sport and none needing additional 
surgery for complications related to the original 
procedure, at 3-year follow-up [59].

There are specific circumstances however 
where an open tenodesis should be more strongly 
considered over an arthroscopic tenodesis. For 
example, symptomatic LHBT ruptures, where 
the tendon stump is located distally in zone 3, 
necessitate an open approach in order to locate 
the tendon. The same concept applies to persis-
tent biceps cramping, weakness, or unacceptable 
cosmetic deformities following a biceps tenot-
omy; revision to a biceps tenodesis is often more 
easily achieved with an open tenodesis. An open 
approach should also be considered in cases of 
refractory biceps tendonitis where the diseased 
tendon extends distally into zone 2 and zone 3 of 
the LHBT.  Some patients may have persistent 
shoulder pain following a proximal biceps teno-
desis; therefore, an open approach that moves the 
location of the tenodesis as far distal as possible 
out of the bicipital groove and excises the maxi-
mal amount of tendon is another reason to con-
sider an open tenodesis. An open procedure 
should generally be avoided in patients with 
active infections or bony problems that would 
interfere with the successful preparation and 
insertion of implants, such as severe osteoporotic 
bone, the presence of humeral implants, or tumor/
cysts in the area of the bicipital groove [48].

�Outcomes Following Arthroscopic 
Versus Open Biceps Tenodesis

The majority of conditions for which a biceps 
tenodesis is considered, including SLAP lesions, 
biceps tenosynovitis, partial tears of the LHBT, 
and LHBT instability, can be treated open or 
arthroscopically. The best technique to tenodese 
the LHBT remains highly controversial and has 
been studied extensively in the literature 
[60–63].

A study by Werner et al. evaluated the clinical 
outcomes following either an arthroscopic supra-

pectoral or open subpectoral biceps tenodesis for 
isolated superior labrum or LHBT lesions, and at 
a minimum of 2-year follow-up, both procedures 
resulted in excellent clinical and functional condi-
tions with no significant differences found 
between the two methods [61]. This study was 
followed by a systematic review of arthroscopic 
and open biceps tenodesis for isolated biceps 
tenosynovitis where there was again no difference 
in outcomes identified between the two tech-
niques, and there was a similar overall complica-
tion rate at 2%, including the subsequent 
development of Popeye deformities, persistent 
pain, and stiffness [62]. The most recent study 
investigating this topic was a randomized pro-
spective study by Forsythe et al., again comparing 
the outcomes following either an arthroscopic 
suprapectoral or open subpectoral biceps tenode-
sis [60]. A total of 75 patients with a mean age of 
50.3 were assessed out to 1-year postoperatively 
by patient-reported outcome measures, functional 
outcome measures, and complication rates; again 
no significant differences were identified between 
the two groups. Yeung et al. reviewed the largest 
cohort of patients following these two methods by 
reviewing cases from the American Board of 
Orthopaedic Surgery database (1725 arthroscopic 
cases and 1637 open cases) [64]. They identified a 
statistically higher incidence of wound healing 
complications, nerve injury, hematoma/seroma 
formation, deep venous thrombosis formation, 
and general anesthesia complications following 
open techniques; however, the complication rates 
were less than 2%, so the authors noted that while 
statistically higher, these differences may not be 
clinically significant.

�Conclusions

Pathology of the long head of the biceps tendon 
and biceps-labral complex are common sources 
of shoulder pain and can be treated with a biceps 
tenodesis after failing non-operative treatment 
measures. The biceps tendon can be tenodesed 
either proximally with a variety of arthroscopic 
techniques or distally with an open subpectoral 
technique. An arthrosocpic tenodesis may be 
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favored in the setting when adjunct arthroscopic 
shoulder procedures are being performed, thus 
avoiding the need for an additional incision, 
cases where patients prefer to avoid an additional 
incision for cosmetic reasons, or when there is 
poor bone quality that would not be suitable for 
bony fixation because of severely osteoporotic 
bone, tumor, bone cysts, or the presence of 
humeral implants. An open tenodesis may be 
favored in cases where the biceps pathology is 
further distal than can be addressed arthroscopi-
cally, such as tendon lesions or ruptures at or dis-
tal to the proximal edge of the pectoralis major, 
or persistent pain following a previous biceps 
tenotomy, or proximal tenodesis. Many of the 
indications of a biceps tenodesis however can be 
treated with either an arthroscopic or open 
approach, including SLAP lesions, partial LHBT 
tears, LHBT instability, or chronic tenosynovitis. 
Many studies have compared the outcomes fol-
lowing these two techniques but have not yet 
found any clinically significant differences 
between these two methods. Further research 
with larger randomized control trials comparing 
these two methods will continue to elucidate 
which patients would benefit from each 
procedure.
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Inlay Versus Onlay Fixation 
Methods for Proximal Biceps 
Tenodesis

Enrico M. Forlenza, Ophelie Lavoie-Gagne, 
Avinesh Agarwalla, and Brian Forsythe

�Introduction

Pathology of the long head of the biceps tendon 
(LHBT) is a common cause of debilitating ante-
rior shoulder pain. Common injuries to the 
superior labrum-biceps complex (SLBC) 
include superior labrum anterior to posterior 
(SLAP) tears, partial tears and complete rupture 
of the LHBT, subluxations/dislocations of the 
LHBT, and biceps pulley lesions [1–6]. 
Debridement is often sufficient to repair a par-
tial tear (<25%) of the LHBT or degenerative 
type II SLAP lesion. However, tenotomy or 
tenodesis may be indicated when >30% of the 
LHBT is torn or subluxation/dislocation of the 
LHBT is present (Table 16.1) [4, 5, 7].

When compared to tenodesis, tenotomy is a 
simpler operative method known to effectively 
reduce pain associated with biceps pathology [2, 
8]. While similar subjective patient-reported out-
comes have been reported for tenotomy and teno-

desis, tenotomy has been associated with inferior 
cosmetic and functional outcomes [9]. When 
compared to tenodesis, patients who underwent a 
tenotomy often complain of a slightly higher rate 
of cramping in the biceps region. From a biome-
chanical standpoint, tenotomy decreases supina-
tion peak torque and is associated with a lower 
load to tendon failure and 38% incidence of 
fatigue discomfort symptoms [9–11]. Therefore, 
tenodesis is preferred in young, active patients 
because it is known to preserve the normal 
tension-length relationship of the LHBT, main-
tain elbow flexion and supination strength, and 
result in less cramping pain and Popeye deformi-
ties in comparison to biceps tenotomy 
(Table 16.1) [9–11]. On the other hand, tenotomy 
is reserved for palliative treatment for symptom-
atic, irreparable rotator cuff tears associated with 
biceps injury and for elderly patients who are 
unwilling to participate in rehabilitation required 
after rotator cuff repair [2, 8, 10]. Ultimately, the 
decision to perform tenodesis or tenotomy should 
be made after considering each patient’s unique 
pathology and postoperative goals.

There are several techniques available to 
achieve bicep tenodesis. Among them, inlay 
(using an interference screw) and onlay (via a 
suture anchor or unicortical button) fixation have 
emerged as the two most common categories of 
techniques. Inlay fixation is less technically chal-
lenging to perform, but it can result in tenodesis 
failure in patients with poor tendon quality or 
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osteoporosis at the screw insertion site [12, 13]. 
On the other hand, onlay fixation with a suture 
anchor is more technically challenging to perform 
and requires longer operative times, but it may 

confer superior clinical and functional outcomes 
compared to inlay [14, 15]. The purpose of this 
chapter is to discuss various techniques and out-
comes for inlay vs. onlay bicep tenodesis.

�Arthroscopic vs. Open Techniques

Bicep tenodesis can be performed through an open 
or arthroscopic approach. Traditionally, the open 
technique has been favored, as it is simple and has 
proven to afford excellent results [16]. Largely due 
to recent advancements in arthroscopic technique, 
the prevalence of arthroscopic biceps tenodesis has 
increased from 0.15% in 2007 to 48.5% by 2011.

To date, no significant differences have 
emerged with respect to biomechanical or clini-
cal outcomes between the arthroscopic and open 
techniques (Table 16.2). Comparison of various 
arthroscopic and open tenodesis techniques 
revealed no difference in the failure strength, and 
other biomechanical differences between the fix-
ation methods [17]. In general, functional out-
comes, as measured by American Shoulder and 
Elbow Surgeons (ASES) score, Constant score, 
mean range of motion, and postoperative stiff-
ness or complications, have been shown to be 
excellent for both open and arthroscopic 
approaches (Table  16.2) [18, 19]. Additionally, 
there is no difference in the incidence of failure 
or Popeye’s sign between approaches [20, 21]. 
However, the incision required to perform an 
open tenodesis is larger, and in those patients for 
whom tenodesis has been chosen over tenotomy 

Table 16.1  Relative, absolute indications, contraindica-
tions, and goals of treatment for biceps tenodesis

Indications for biceps tenodesis
 � Full-thickness LHB tendon tear
 � Partial intra-articular >25–50% thickness LHB 

tendon tear
 � Athletic participation
 � Clinical exam findings of LHB tendon pathology
 � Bicipital tenosynovitis
 � SLAP tear
 � Failed SLAP repair
 � Shoulder pain or subpectoral biceps pain
 � Younger age (≤65 yrs), active lifestyle
 � Cosmesis
 � Subscapularis tear (to protect RCR construct)
 � Response to injection
 � Failed conservative management
 � Painful and hypertrophic LHBT with secondary 

impingement and asymmetrical loss of elevation
 � Shoulder arthroplasty
Relative contraindications
 � Severe osteoporotic bone
 � Implants in the area of the tenodesis (i.e., humeral 

nail or humeral stem)
 � Tumors or cysts near the bicipital groove or proximal 

humeral shaft
 � Cosmetic concerns
 � Older age, sedentary lifestyle
Absolute contraindications
 � Medical comorbidities and/or contraindications to 

general anesthesia
 � Inability to comply with postoperative rehabilitation
Complications
 � Failure
 � Popeye deformity
 � Persistent pain or stiffness
 � Infection
 � Brachial plexopathy
 � Humeral fracture
 � Adhesive capsulitis
 � Subjective weakness
 � Fatigue discomfort
 � Musculocutaneous nerve avulsion
Rare complications
 � Complex regional pain syndrome
 � Musculocutaneous nerve avulsion
 � Stroke secondary to cerebral hypoperfusion for 

patients in beach-chair position

[16, 32, 57–63]

Table 16.2  Clinical outcomes and complications of 
arthroscopic versus open LHBT

Arthroscopic Open
VAS 0.9 0.7
ASES 88.15 89.9
Constant 87.8 86.9
Overall good outcomea 97.6% 98.2%
Persistent pain 1.0% 1.1%
Failure 1.5% 0.7%
Infection None reported 1.1%
Stiffness 1.5–9.4% 1.1–6.0%
Brachial plexopathy None reported 0.7%

aGood outcome defined as follows: Constant ≥40, ASES 
≥70, SANE ≥70 [64, 65]
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for cosmetic reasons, the size of the scar may be 
a deciding factor [22]. Furthermore, the 
arthroscopic approach may be favored in cases of 
suspected rotator cuff or labral pathology, as it 
allows for concurrent evaluation of these struc-
tures and simultaneous intervention [18].

�Onlay and Inlay Fixation Devices

There are many methods of biceps tendon fixa-
tion available, including interference screws, 
suture anchor, cortical button, and bone socket. 
However, interference screw and suture anchor 
techniques are the most commonly used [7, 23]. 
Interference screws secure the proximal biceps 
tendon within a reamed bone socket, while suture 
anchors position the tendon such that it heals to 
the cortical surface of the humerus (Fig. 16.1).

Multiple types of interference screws are 
available to the orthopedic surgeon, including 
polyether ether ketone (PEEK), titanium, and 
bioresorbable screws. PEEK interference screws 
have gained widespread popularity as they are 
chemically inert and insoluble, have a modulus 
of elasticity close to that of human cortical bone, 
are compatible with MRI and, for sterilization 
purposes, have high resistance to radiation [24, 
25]. Titanium screws are infrequently used as 
their metal properties predispose them to an 
increased risk of tendon laceration during screw 
insertion and can cause significant artifact on 
MRI, making postoperative assessment chal-
lenging [26, 27]. Suture anchor constructs are 
available as a conventional suture anchor, which 
requires a smaller bone socket compared to 
interference screws, and secures the tendon to 
the humeral cortex (Fig.  16.1). More recently 

a b
Fig. 16.1  Onlay versus 
inlay biceps tenodesis. 
(a) Onlay biceps 
tenodesis. The biceps 
tendon lays parallel to 
the bicipital groove. (b) 
Inlay biceps tenodesis. 
The biceps tendon is 
inserted perpendicularly 
into the bicipital groove 
[23]. (Used with 
permission from 
Elsevier)
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all-suture suture anchors (ASSA) have been 
developed which allow for even less violation of 
the cortex.

�Outcomes

While various constructs and approaches to per-
form bicep tenodesis have been studied and 
proved efficacious, there remains no consensus 
on which construct (suture anchors, interference 
screws, cortical buttons) or technique 
(arthroscopic, open) provides the most superior 
fixation [17, 23, 28, 29]. Several studies have 
sought to elucidate the key biomechanical char-
acteristics of interference screw, suture anchor, 
and, more recently, all-suture suture anchor con-
structs (Table 16.3). Chiang et al. demonstrated 
all-suture suture anchors (ASSA) and interfer-
ence screws (IS) to have similar failure loads and 
stiffness, qualities that correlate clinically to the 
likelihood of tenodesis failure [30]. Similarly, 
Tashjian and Henninger compared IS to a dual-
anchor ASSA and determined failure loads to be 
similar, but the stiffness of the IS to be greater 
[23]. On the other hand, Golish et al. found IS to 
have a higher failure load and stiffness compared 
to ASSA [12]. Frank et al. illustrated the biome-
chanical properties of the ASSA, conventional 
suture anchor, and the conventional interference 
screw to be similar [31]. Despite the results of 
these investigations, there is no consensus on 

which construct provides the greatest biome-
chanical advantage.

In theory, ASSA provides the benefits of con-
ventional IS while offering a low-profile con-
struct that is less traumatic to the bone and, thus, 
potentially less risk of fracture [31, 32]. In their 
study, Frank et al. found that humeri that under-
went bicep tenodesis via ASSA required greater 
torsional energy to fracture compared to IS, sug-
gesting that the low-profile attributes of the 
ASSA construct created less of a stress riser than 
the IS construct [31]. This finding may prove 
clinically relevant as fractures following BT do 
occur, albeit rarely [33, 34]. One recent study 
described humeral fracture patterns in 15,085 
patients undergoing BT; the authors reported the 
incidence of fracture to be <0.1%, with all 
observed fractures propagating through the teno-
desis site [35]. This finding may prove that the 
tenodesis construct creates a stress riser, although 
it is unclear if these pilot holes were drilled 
eccentrically, thereby violating a significant por-
tion of the cortical bone.

The long-term success of biceps tenodesis 
relies on successful integration of the construct 
and tendon to bone healing [36]. Proponents of 
the classic interference screw technique believe 
that this technique allows for more surface area 
contact between the tendon and cancellous bone 
because it secures the tendon within the bone 
socket. This results in a greater exposure to 
marrow-derived endogenous stem cells [36–39]. 
However, securing the tendon within a bone 
socket that is perpendicular to the vector of the 
remaining biceps tendon creates a “killer turn” 
which can result in  local deformations in the 
tendon [7, 40]. Tan et al. evaluated tendon heal-
ing within the bone socket compared with heal-
ing on the cortical surface in a rabbit model of 
bicep tenodesis; on histological analysis, tendon 
fixation in a bone socket and on the cortical sur-
face resulted in similar healing profiles [36]. 
Thus, given the similar histologic healing quali-
ties and biomechanical integrity of the two tech-
niques, the authors concluded that the creation 
of large bone sockets, which can lead to stress 
risers and increase fracture risk, may be unnec-
essary [36].

Table 16.3  Biomechanical outcomes of inlay versus 
onlay LHBT

Suture 
anchor 
(onlay)

Interference 
screw (inlay)

Initial loading stiffness 
(MPa)

160 280

Cyclic change in 
loading stiffness (MPa)

−16 to 
−13.9

−42 to −1

Peak load (N) 67.9 87.6
Peak hysteresis 63.1% 70.8%
Peak stress (initiation of 
plastic deformation, 
MPa)

4.6–13 6–6.6

Failure stress (MPa) 23.2–30 10.3–26
Failure load (N) 310–347.7 142.5–280

[23, 66]
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While the interference screw technique is a 
relatively simple procedure and has a short opera-
tive duration in comparison to the suture anchor 
technique, some studies have reported that the IS 
technique may be predisposed to failure in patients 
with poor tendon quality or osteoporosis at the 
screw insertion site [7, 12, 13]. Many studies have 
sought to elucidate the biomechanical qualities of 
these constructs; however, few studies have 
looked at the differences in clinical outcomes 
(Table  16.4). Park et  al. found that both IS and 
suture anchor (SA) methods improved functional 
outcomes following bicep tenodesis and reported 
no difference in patient-reported outcomes as 
measured by the visual analog scale (VAS) for 
pain, ASES score, Simple Shoulder Test (SST), 
Constant score, Korean shoulder score (KSS), and 
long head of the biceps (LHB) score between the 
two groups (Table  16.4). However, the authors 
found IS fixation and more physically demanding 
work level to be associated with the anatomic fail-
ure of the tenodesis [7]. This finding is likely 
related to the fact that the IS technique carries the 
potential risk of over-tensioning – when docking 
the biceps tendon in the bone socket, it is pushed 
into the socket from two directions, superior and 
inferior, which may cause excessive tendon to be 
secured in the bone socket, resulting in over-ten-
sioning of the IS construct [7, 41]. Of note, 
patients who did experience anatomic failure of 
tenodesis did not report significantly lower shoul-
der functional scores, with the exception of the 
LHB score. However, the authors attribute this 
difference to be based on cosmesis, which is sub-
jective and highly variable [7].

Recent literature reports no difference in VAS, 
ASES, and modified Constant scores between 
ASSA and interference screws at 13 months post-
operatively [42]. Willemot et al. described clini-
cal and imaging outcomes at 1-year follow-up in 
patients undergoing arthroscopic shoulder stabi-
lization with ASSA constructs. The authors 
reported satisfactory clinical outcomes as mea-
sured by validated patient-reported outcome 
measures, as well as radiological outcomes, 
which revealed no bony reactions or the forma-
tion of large cysts at early follow-up [43]. 
Although ASSA constructs appear to be safe and 
efficacious, more work is required to establish 
the nature of their clinical outcomes in the con-
text of bicep tenodesis.

�Management

�Diagnosis and Nonoperative 
Management

Injuries to the superior labral bicep complex are 
typically the result of repetitive micro-trauma 
through overuse; however, acute injuries are also 
possible. A thorough physical exam helps to rule 
out other causes of shoulder pain and support the 
diagnosis of biceps and superior labral pathol-
ogy. The physical exam should begin with evalu-
ation of glenohumeral and scapulothoracic range 
of motion. The 3-Pack examination (O’Brien 
active compression test, resisted throwing test, 
and palpation of the bicipital socket) has proved 
to be significantly more sensitive (73–98% sen-
sitivity), with high inter-rater reliability com-
pared to transitional tests (Speed’s test, 
Yergason’s test, and the full and empty can test) 
[44]. Therefore, the 3-Pack examination is a reli-
able screening tool that can be used to predict-
ably rule out biceps and superior labral complex 
disease [45]. An injection of local anesthetic 
with or without a steroid into the biceps tendon 
sheath can prove both diagnostic and therapeu-
tic, and when added to the 3-Pack can create a 
4-Pack. Interestingly, the backward traction test, 
a new diagnostic modality, has demonstrated 
high sensitivity and accuracy in detecting lesions 

Table 16.4  Clinical outcomes and complications of 
inlay versus onlay LHBT

Arthroscopic Open
Inlay Onlay Inlay Onlay

VAS 0.5 0.8 2.5 2.6
ASES 8.9 8.8 74 77
Constant 94.9 93.8 57 60
Failure 21.2% 5.9%
Bicipital groove 
tenderness

None 
reported

None 
reported

2.9% 7.4%

Persistent pain 
or fatigue

None 
reported

None 
reported

5.9% 3.7%

[7, 16, 42, 60]
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of the long head of the biceps and the biceps pul-
ley [46].

Imaging modalities play an important role in 
the diagnosis of biceps and superior labral 
pathology, as the physical exam can often be 
inconclusive. Initial evaluation may include 
orthogonal plain radiographs of the shoulder, 
including anteroposterior, outlet, axillary, and 
Grashey views. Advanced imaging with mag-
netic resonance imaging (MRI) is the gold stan-
dard in diagnostic imaging for pathology of the 
biceps tendon [45]. Specifically, MR arthrogra-
phy has proven to carry the highest sensitivity 
(80.4%) and specificity (90.7%), while MRI is 
less sensitive (63%) and specific (87%) [47]. 
Thus, MR arthrography is the imaging study of 
choice in the diagnosis of biceps and superior 
labral pathology [45].

�Operative Management

�Arthroscopic Evaluation
Arthroscopic evaluation of the LHBT begins 
with examining the appearance of the tendon, its 
attachments to the supraglenoid region and adja-
cent labrum, as well as surrounding structures. 
Inspection of the LHBT may reveal loss of integ-
rity or inflammatory changes (Figs.  16.2 and 
16.3a). Evaluation of the medial sling, which is 
composed of the coracohumeral and superior gle-

nohumeral ligaments, as well as the superior 
boarder of the subscapularis may be helpful in 
identifying biceps instability during diagnostic 
arthroscopy [48].

�Tenotomy
If arthroscopic evaluation reveals sufficient 
LHBT pathology warranting tenodesis, the first 
step is to perform tenotomy of the biceps. 
Tenotomy is performed using arthroscopic visu-
alization, and release of the tendon with scissors, 
electrothermal devices, or punch baskets, all have 
proven effective (Fig.  16.4c) [48]. The tendon 
should be released right off the labrum to avoid 
leaving a stump of biceps behind. The surgeon 
should see the biceps retract down the groove 
after it is released. If it does not retract, the biceps 
should be carefully inspected to ensure it is not 
tethered as this can cause a problem later in the 
case.

�Open Sub-pectoral Tenodesis

General Approach
Open tenodesis through subpectoral approach 
has gained considerable popularity as it affords 
relatively simple exposure and multiple fixation 
methods. Furthermore, it results in decreased 
chances of leaving residual diseased tendon 
within the bicipital groove, which has been 
shown to result in persistent pain [49]. Open 
tenodesis is initiated through a vertical 3–4 cm 
incision just lateral to the axillary fold, begin-
ning proximally and extending distally from the 
inferior border of the antero-inferior deltoid 
(Fig.  16.3b). The biceps tendon is identified 
through blunt lateral dissection through the fas-
cia. Care must be taken to avoid the musculocu-
taneous nerve and brachial plexus, which course 
medially. Retractors placed medially (Thyroid 
Richardson) and laterally if necessary (Chandler) 
help to expose the biceps tendon within the 
bicipital groove. Once the biceps tendon has 
been exposed, it is bluntly pulled through the 
interval and extra-corporeally. The proximal ten-
don is trimmed such that 20–25 mm of tendon 
proximal to the musculotendinous junction 
remains [48].

Fig. 16.2  Excised LHBT with evidence of hyperemia 
and partial tearing consistent with tendinosis

E. M. Forlenza et al.
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Inlay Technique with Interference Screw
High strength #2 suture is then utilized to create 
a 25-mm length baseball whip stitch within the 
proximal tendon stump. Attention is then turned 
to the subpectoral tenodesis site. A guide wire is 
placed within the bicipital groove, with gentle 
manual tension to avoid over-constraint of the 
muscle-tendon unit. Typically, this occurs at the 
midpoint of the pec major insertion. A 6.5, 7, or 
8  mm by 12-mm reamer is advanced over the 

guide wire to drill a unicortical bone socket. A 
6.25, 7, or 8 mm tenodesis screw is loaded on a 
cannulated tenodesis screw driver and one limb 
of the whipped tenodesis suture is delivered down 
the shaft of the driver with a nitinol wire 
(Fig.  16.3c). The proximal tendon tissue is 
secured to the tip of the screw driver by pulling 
the suture tight and cleated into the base of the 
driver. The screw is driven into the bone socket 
until flush to slightly prominent relative to the 

a b

c d

Fig. 16.3  Open subpectoral interference screw tech-
nique. (a) The LHBT is released from the superior labrum. 
(b) The upper extremity is positioned 30–45° of forward 
flexion, 20–30° abduction, and slightly externally rotated 
to place the pectoralis major tendon under tension. (c) The 
LHBT is retrieved between the pectoralis major and bra-
chialis muscles via blunt dissection  – care is taken to 
avoid and protect the musculocutaneous nerve. The proxi-

mal tendon is then whip-stitched 2  cm proximal to the 
myotendinous junction with #2 fiber wire. One suture end 
is loaded through the biceps tenodesis driver and the other 
end is left free. (d) The screw and tendon construct are 
deployed into a previously drilled hole until the screw is 
flush with the humeral cortex. The two ends of suture are 
tied over the screw to provide additional fixation to the 
construct

16  Inlay Versus Onlay Fixation Methods for Proximal Biceps Tenodesis
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cortex, securing the tendon and screw into the 
socket (Fig. 16.3d). The suture ends can then be 
tied, with alternating half hitches, over the head 
of the screw for additional strength, as a closed 
loop is created that prevents tendon slippage past 
the screw [48].

Onlay Technique with Suture Anchor
To perform biceps tenodesis with the suture 
anchor, a 3.5-mm drill bit is utilized to create a 
bone socket 2  cm proximal to the pectoralis 
major tendon’s superior border insertion [50]. 
Suture anchors allow for a smaller bone socket 
compared to the interference screw technique 
[51]. Next, a 4.5-mm tap is advanced, creating a 
pilot hole, and a double-loaded 4.5-mm suture 
anchor is inserted into the bone socket. The first 
of the anchor’s two sutures is sutured into the 
biceps tendon in a proximal to distal fashion, 
with a Krakow stitch. The second suture is simi-
larly sutured into the opposite length of the ten-
don. The two Krakow sutures are then tied 
together at their exit site on the posterior aspect 
of the tendon. Traction is then applied to the two 
free ends of the sutures and the tendon is deliv-
ered to the tenodesis site via a “double pulley” 
mechanism [50]. Once the two free ends of suture 
are tied together, the fixation is complete.

Note that tensioning and fixation of the ten-
don should occur with the elbow only slightly 
flexed, 10–20 degrees, to prevent over-tension-
ing of the muscle-tendon unit (Fig.  16.3b). 
Abducting the arm 30 degrees, with 60 degrees 
of forward flexion and 20 degrees of internal 
rotation, will provide excellent visualization 
and a perpendicular approach to the bicipital 
groove via the mini-open subpectoral approach. 
With respect to the incision, a vertical incision 
parallel to Langer’s lines, 2-cm lateral to the 
axillary fold, will improve the cosmetic result 
(Fig. 16.3b).

�Arthroscopic Tenodesis
As with the open tenodesis approaches, 
arthroscopic tenodesis can also be completed 
via an interference screw or suture anchor. To 
visualize and perform tenotomy of the proximal 
aspect of the biceps tendon, the arthroscope is 

a

b

c

Fig. 16.4  (a) The diseased biceps tendon is identified. 
(b) Arthroscopic scissors are advanced around the circum-
ference of the biceps tendon. (c) Biceps tenotomy is 
complete
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best positioned through an anterior portal. 
Tenotomy is then performed using arthroscopic 
scissors or an electrothermal device. The arthro-
scope is then transferred to the subacromial 
space and bursectomy is performed, if neces-
sary. An accessory anterosuperolateral portal is 
created, with a cannula, providing a perpendicu-
lar approach 1–2 cm above the superior border 
of the pec major tendon. A spinal needle can be 
used to localize the proximal biceps tendon, 
intra-articularly, providing an immediate land-
mark within the subacromial space. The lateral 
aspect of zone 2 of the bicipital groove is 
released with a radiofrequency device to decom-
press the biceps tendon and to expose the new 
insertion site (Fig.  16.5). The tendon can be 
retrieved through the anterosuperolateral portal 
(Fig. 16.6a. A whip stitch is placed through the 

biceps tendon in a distal to proximal fashion. 
The tendon is then measured to determine the 
appropriate reaming size. A guidepin is 
advanced 1–2 cm above the superior border of 
the pec tendon and typically a 7 mm unicortical 
socket is reamed – 8 mm for larger tendons. The 
tendon is secured to the tenodesis driver 
(Fig.  16.6b and screwed into the socket 
(Fig.  16.6c, d). On the other hand, when per-
forming a suture anchor tenodesis, after the 
biceps tendon has been tenotomized, the suture 
anchor is placed within the bicipital groove, 
1–2 cm above the pec major tendon (Fig. 16.7a–
e). A variety of suture passage techniques can be 
used to secure the tendon to the suture anchor, 
taking care to fix the tendon at the site that 
retains the appropriate resting length for the 
biceps (Fig. 16.7f) [48, 51–53].

�Postoperative Rehabilitation 
Protocol

Postoperatively, patients who have undergone 
biceps tenodesis are placed in a sling with the 
shoulder in neutral or internal rotation. Passive 
range of motion is allowed immediately after 
surgery, and patients are graduated to active 
assisted and then active range of motion 
shortly thereafter [54, 55]. Based on biome-
chanical studies that have evaluated the pull-
out strengths of various tenodesis constructs, 
resisted elbow flexion and supination are 
restricted for 6 weeks postoperatively to avoid 
compromising the repair [56]. Progressive 
resistance training is allowed at 6 weeks post-
operatively; resistance training in the form of 
active elbow flexion can be accomplished with 
a pulley under the supervision of a physical 
therapist [55]. After 3–4  months of rehabili-
tation, the patient may return to all activities, 
provided all concomitant injuries, if applica-
ble, have adequately healed [54].

1

BT

H

G

LT

PMT

2

3

4

5

Fig. 16.5  The length of the biceps tendon is measured 
from the origin to (1) the articular margin of the humeral 
head; (2) the lower border of the subscapularis tendon 
insertion on the lesser tuberosity; (3) the upper border of 
the pectoralis major tendon; (4) the musculotendinous 
junction of the biceps; (5) the lower border of the pectora-
lis major tendon. (BT biceps tendon, G glenoid, LT lesser 
tuberosity, PMT pectoralis major tendon) [67]. (Used with 
permission from Elsevier)
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a b

c d

Fig. 16.6  Arthroscopic suprapectoral interference screw 
biceps tenodesis. The biceps tendon is arthroscopically 
released and the biceps sheath dissected laterally. (a) The 
tendon is retrieved through an anterosuperolateral portal 
and whip-stitched with #2 fiber wire. (b) One suture end is 
loaded through the biceps tenodesis driver and the other 
end is left free. (c) Under arthroscopic visualization, the 

screw and tendon construct are deployed into a previously 
drilled socket in the bicipital groove 1.5 cm above the pec-
toralis major tendon. (d) The screw and tendon construct 
is deployed into a previously drilled hole until the screw is 
flush with the humeral cortex. The two ends of suture are 
tied over the screw to provide additional fixation to the 
construct
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a b

c d

e f

Fig. 16.7  Arthroscopic inlay LHBT with dual suture 
anchors. (a) The LHBT is dissected from the bicipital 
groove and the suture anchor deployed into the groove. 
(b) A loop is created with one suture end on the medial 
aspect of the tendon. (c) The tail of the suture used to cre-
ate the loop is brought through the loop. (d) A bird’s beak 
is used to pierce the LHBT, obtain the second suture 

strand, and bring the suture through the LHBT. (e) The 
construct is secured with arthroscopic suture knots. (f) 
The same process is repeated for the superior aspect of the 
LHBT for a total of two suture anchors, distal and proxi-
mal, securing the LHBT within the bicipital groove. The 
proximal portion of the LHBT is resected
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�Summary

While interference screw fixation is a popular 
and efficacious method of performing biceps 
tenodesis, the large caliber bone socket and screw 
serve as a stress riser which may contribute to 
increased fracture rates following the procedure. 
However, careful attention to humeral socket 
position and minimizing its diameter may miti-
gate said risks. Tenodesis with a suture anchor, 
on the other hand, requires a much smaller bone 
socket. In theory, tenodesis with an interference 
screw should allow for more contact between the 
surface of the tendon and the bone socket, facili-
tating the healing process. However, histological 
analysis of tendon to bone healing following 
bicep tenodesis via the interference screw and 
suture anchor techniques has proven to be no dif-
ferent. No difference in patient reported outcome 
measures has been reported between the two 
techniques.

Interference screw fixation and more physi-
cally demanding work level have been associated 
with an increased failure rate. Inlay and onlay 
techniques can be executed via arthroscopic or 
open approaches, with no significant differences 
in patient-reported or functional outcome mea-
sures. The arthroscopic approach is more techni-
cally challenging, but offers a smaller incision for 
patients concerned with cosmesis. Alternatively, 
the open approach is simpler and requires less 
time, but requires a 3–4 cm incision near the axil-
lary fold. Postoperative rehabilitation consists of 
early active range of motion with initiation of 
resisted elbow flexion at 6 weeks and return to 
full activity at 3 months.
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�Introduction

Few would argue that pathology involving the 
biceps labrum complex (BLC) is a common pain 
generator for which surgical intervention can be 
extremely beneficial after nonoperative manage-
ment has failed. However, surgeons’ opinions 
diverge when asked what the optimal surgery is 
to address BLC disease. An array of surgical 
techniques have been utilized, ranging from 
superior labral anterior to posterior (SLAP) 
repair to biceps tenotomy to a variety of tenode-
ses differing by mode of fixation, location, and 
surgical exposure.

Historically, surgical treatment options for 
proximal long head biceps tendon (LHBT) and 
BLC pathology have included biceps tenotomy 
(transection of the proximal LHBT) or bony 
biceps tenodesis (transecting the LHBT and 
securing it to the humerus proximal to the bicipi-
tal groove, in the bicipital groove, or in the sub-
pectoral region) [1]. Both biceps tenotomy and 
biceps tenodesis have been shown to be success-
ful procedures but with varied complication pro-
files reported. Kelly et  al. demonstrated that 

biceps tenotomy is an effective treatment strat-
egy, particularly in patients over 60 years old, but 
cosmetic deformity was common (70%) and 37% 
of patients reported biceps fatigue [2]. While 
tenodesis, which seeks to maintain an anatomic 
LHBT length-tension relationship, does reduce 
the rates of cosmetic deformity and fatigue/dis-
comfort relative to tenotomy, up to 10–20% of 
patients report persistent daily pain [3, 4]. 
Furthermore, more extensive surgical exposure 
and commonly performed tendon-to-bone fixa-
tion may increase the risk of infection, wound 
healing issues, bony fracture, abnormal scar for-
mation, and neurovascular injury [5–8].

We discuss the arthroscopic subdeltoid biceps 
transfer to the conjoint tendon as an alternative to 
commonly performed tendon-to-bone tenodesis 
techniques (Fig.  17.1). Biceps transfer fully 
decompresses the bicipital tunnel and employs 
soft tissue-to-soft tissue fixation tenodesis. It is 
performed arthroscopically, obviating the need 
for open incision and drill holes that can act as 
stress risers, and eliminates implant-related costs.

�Biceps Anatomy

It is important to understand that the BLC is 
both an intra-articular and an extra-articular 
structure that can be divided into three distinct 
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zones: “inside,” “junction,” and “bicipital tun-
nel.” All three zones may contain symptomatic 
pathology, either independently or concomi-
tantly. Inside includes the superior glenoid 
labrum and the biceps anchor. Junction involves 
the intra-articular LHBT and its stabilizing pul-
ley. The bicipital tunnel is the extra-articular 
portion of the LHBT and its confining fibro-
osseous enclosure that extends from the articu-
lar margin through the subpectoral region (zone 
3) [9, 10].

The bicipital tunnel can further be divided into 
three clinically relevant zones: zone 1 that 
encompasses the region from the articular margin 
to the distal aspect of the subscapularis tendon, 
zone 2 that extends from the distal aspect of the 
subscapularis tendon to the proximal margin of 
the pectoralis major tendon insertion, and zone 3 
that includes the tendon distal to the proximal 

margin of the pectoralis major tendon insertion 
site, also known as the subpectoral region [9].

�Pathophysiology

Biceps pathology can occur along the entirety of 
the BLC, and it is often associated with other 
shoulder pathologies such as glenohumeral 
osteoarthritis, SLAP lesions, subacromial 
impingement, and rotator cuff tears [1, 11]. 
Furthermore, BLC disease may include multiple 
pathologic processes affecting one or more loca-
tions [10]. The presence of concomitant biceps 
pathology with rotator cuff tears is particularly 
high, and the incidence of LHBT pathology has 
been cited to be as high as 45–82% in patients 
with symptomatic rotator cuff tears [12, 13]. 
While SLAP tears are common, to our knowledge, 

Fig. 17.1  Graphic depiction of an anteroposterior and 
lateral view of a completed transfer of the long head of the 
biceps tendon to the anterior aspect of the lateral edge of 

the conjoint tendon. (Adapted with permission from 
Drakos et al. [21])
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there are no labral repair studies that include the 
preoperative examination findings of the biceps 
tendon. Provencher et  al. reviewed 179 type 2 
SLAP repairs and found there was a 28% revi-
sion rate, in which patients subsequently under-
went biceps tenodesis, biceps tenotomy, or 
intra-articular debridement [14]. Therefore, a 
thorough preoperative physical exam including a 
detailed evaluation of the LHBT is essential prior 
to indicating patients for surgical intervention for 
SLAP tears.

Biceps chondromalacia (BCM) is another 
pathologic process closely associated with biceps 
pathology, as it may occur secondary to biceps 
incarceration or LHBT instability. BCM is 
defined as an attritional lesion on the articular 
surface resulting from contact between the LHBT 
and the humeral head. Junctional BCM occurs on 
the articular margin of the humeral head due to 
in-line wear, whereas medial BCM is located on 
the anteromedial portion of the articular surface, 
often due to incarceration (Fig. 17.2).

The bicipital tunnel is a region of particular 
interest for biceps pathology, as it can often con-
ceal biceps pathology from standard diagnostic 

arthroscopy [10]. Zone 2 of the bicipital tunnel, 
also known as “no man’s land,” is difficult to 
access via arthroscopic examination superiorly as 
well as from subpectoral dissection inferiorly. In 
addition to LHBT tears, other pathologies that 
can be encountered in the bicipital tunnel include 
loose bodies, synovitis, adhesions, osteophytes, 
tunnel stenosis, and instability [10].

In a cadaveric study, Taylor et  al. demon-
strated that even when utilizing the arthroscopic 
pull test, only 78% of the LHBT was exposed 
relative to zone 1 and 55% of the LHBT was 
exposed relative to zone 2 [10]. Gilmer et  al. 
reported that the bicipital tunnel may conceal as 
much as 33% of all BLC lesions and that diag-
nostic arthroscopic examination may underesti-
mate the extent of LHBT pathology in up to 56% 
of patients [15]. Additionally, Moon et al. dem-
onstrated that up to 79% of LHBT tears identified 
proximally on arthroscopic examination can 
propagate into the bicipital tunnel distally [16].

We believe that decompression of the bicipital 
tunnel is an important technical consideration for 
several reasons. First, it allows for full visual 
inspection of the biceps tendon and its confining 

Fig. 17.2  Representative diagram and arthroscopic images demonstrating the anatomic locations of both junctional 
(orange [J]) and medial (yellow [M]) chondromalacia
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fibro-osseous structure, permitting identification 
of occult disease. Second, it allows for the release 
of any tethering adhesions. McGahan et al. dem-
onstrated that adhesion formation in the region of 
the bicipital tunnel significantly limits glenohu-
meral internal rotation [17]. Additionally, the 
transition between zone 2 and zone 3 of the bicip-
ital tunnel can be relatively narrow, as the proxi-
mal margin of the pectoralis major inserts in this 
area. Therefore, failure to fully decompress the 
bicipital tunnel in this area may lead to entrap-
ment of loose bodies either proximal to or distal 
to this transition zone (Fig. 17.3) [9, 10]. Finally, 
outcomes data from Sanders et  al. has demon-
strated that there are significantly lower failure 
rates for procedures that included release of the 
biceps tendon sheath compared to those that did 
not release the bicipital tunnel (6.8% vs. 20.6%, 
p  =  0.026) [18]. A systematic review reported 
higher constant scores for patients who under-
went bicipital tunnel decompressing tenodeses 

than those who underwent non-decompressing 
techniques [19].

�Surgical Technique

Arthroscopic LHBT transfer can be considered a 
safe and reliable technique for the treatment of 
chronic, symptomatic biceps pathology in rela-
tively young, active patients who also want to 
avoid a Popeye deformity.

�Arthroscopic Examination 
and Exposure in the Subdeltoid 
Space

For this procedure, the patient is typically placed 
in the beach chair position with the surgical upper 
extremity position maintained with a mechanical 
arm holder (Fig. 17.4). Regional anesthesia with 

a b

Fig. 17.3  Preoperative MR images demonstrating exam-
ples of bicipital tunnel pathology, such as (A) multiple 
loose bodies (dashed line) which can aggregate and 
become symptomatic and (B) large, fluid-filled cysts 

which can exit the bicipital tunnel and extrude medially 
(arrows). (Adapted with permission from Taylor and 
O’Brien [27])
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a long-acting interscalene block is administered 
which limits the amount of general anesthesia 
and aids in immediate postoperative pain control. 
A laryngeal mask airway (LMA) is also placed to 
support the airway in the event the anesthetic 
plane needs to be deepened. The lateral decubitus 
position can also be utilized based on surgeon 
preference.

After an examination under anesthesia (EUA) 
is performed to assess patient range of motion 
and stability, the procedure begins utilizing the 
standard posterior portal. Once the arthroscope is 
introduced through the posterior portal, a second 
portal is placed through the anterosuperior rota-
tor interval. The arthroscope can also be placed 
through this portal for better viewing of the pos-
terior glenohumeral joint to evaluate for posterior 
pathology if indicated. A standard diagnostic 
shoulder examination is performed, with particu-
lar attention paid to the subscapularis tendon 
integrity as well as the biceps pulley. We recom-
mend performing an “arthroscopic active com-
pression test” to assess for proximal biceps 
tendon incarceration, and a “biceps pull test” 
should be utilized to evaluate for more distal 

biceps tendon pathology in the proximal aspect 
of the bicipital tunnel [10, 20]. Any visible vin-
cula attached to the LHBT should be transected. 
A biceps tenotomy is performed at the biceps ori-
gin on the superior labrum with either radiofre-
quency ablation or arthroscopic scissors based 
upon surgeon preference. The superior labrum 
itself should be preserved [21].

Next, the arthroscope is repositioned into the 
subacromial space. Relevant pathology in this 
location is then addressed. A standard anterolat-
eral working portal is established. The patient’s 
upper extremity is placed in a 90/90 position (90 
degrees of glenohumeral forward flexion and 90 
degrees of elbow flexion) with the shoulder in 
approximately 20–30 degrees of abduction 
(Fig. 17.5). This allows the humeral head to fall 
posteriorly to optimize subdeltoid exposure and 
evaluation.

The anterior subdeltoid space is entered by 
first identifying the coracohumeral ligament 
(CHL), which is then traced medially to the cora-

Fig. 17.4  Patient placed in beach chair position with the 
surgical upper extremity held with a mechanical arm 
holder

Fig. 17.5  Patient placed in beach chair position with the 
surgical arm held in the 90–90 position by the mechanical 
arm holder
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coid process. This is an important step to ensur-
ing surgical orientation and allowing for proper 
identification of the conjoint tendon. This is per-
formed while viewing from the posterior portal 
and working through the standard anterolateral 
portal. Without identification of the coracoid pro-
cess and the conjoint tendon, the surgeon may 
become disoriented and stray too far medially 
putting vital neurovascular structures at risk of 
iatrogenic injury.

Once the coracoid process and the conjoint 
tendon have been safely identified, the subdeltoid 
space can be exposed. The loose subdeltoid bur-
sal tissue is cleared superior to the conjoint ten-
don beginning proximally at the tip of the 
coracoid process and then extending distally to 
the superior border of the pectoralis major ten-
don. We prefer radiofrequency ablation for this 
step. A mechanical shaver is then introduced and 
used to perform a subacromial bursectomy from 
medial to lateral. The surgeon coagulates the 
small vascular tributary emanating from the ter-
minal portion of the anterior humeral circumflex 
vessels that connects to the humerus just lateral 
to the bicipital tunnel and approximately 1  cm 
proximal to the superior margin of the pectoralis 
major tendon. This vessel is not present in all 
patients, but it can be a source of bleeding if not 
recognized and coagulated. As the bursectomy 
progresses, saline insufflates the subdeltoid space 

affording a large viewing corridor (Fig. 17.6). An 
outflow cannula is placed into the subdeltoid 
space via the pre-established anterior rotator 
interval portal.

The arthroscope is then repositioned to the 
anterolateral portal, and a “pec portal” is estab-
lished via spinal needle localization to allow 
working access to the bicipital tunnel and con-
joint tendon. Accurate placement of the pec por-
tal is important as this is the primary working 
portal for biceps transfer (Fig. 17.6). We prefer 
an 8  mm diameter soft cannula in this location 
(Arthrex PassPort Button Cannula™) to improve 
functional access and limit fluid extravasation 
into the soft tissues.

�LHBT Preparation

To transfer the LHBT, one must first remove it 
from the bicipital tunnel. To do this, the blunt end 
of the radiofrequency device is used to probe the 
LHBT and confirm its location within the bicipi-
tal tunnel by palpation. A small aperture is cre-
ated with radiofrequency ablation device along 
the lateral edge of the biceps sheath 1–2 cm supe-
rior to the pectoralis major. This step should be 
performed carefully with two guiding principles: 
[1] avoid iatrogenic damage to the LHBT itself 
and [2] coagulate the ascending branches of the 

Fig. 17.6  Subdeltoid arthroscopy setup and portal place-
ment. (a) Anterolateral portal used for viewing while 
working in the subdeltoid space. (b) Pectoralis portal used 
for working. (c) Conjoint portal used for suture tying dur-
ing transfer. (d) Anterior, accessory portal used for inflow. 
Note in the setup on the left, there are two inflows to allow 

greater insufflation of the space. In the middle diagram, 
there is only one inflow through the coracoid portal. On 
the right, an arthroscopic image of the subdeltoid expo-
sure is shown. (Adapted with permission from Drakos 
et al. [21])
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anterior humeral circumflex vessels which run 
from medial to lateral along the floor of zone 2 in 
the tunnel and then turn and run proximally along 
the lateral edge of the sheath. These ascending 
branches should be coagulated to mitigate bleed-
ing and maintain visibility within the subdeltoid 
space. The LHBT is then delivered through this 
rent and out of the pec portal. A Thompson stitch 
or other form of locking loop construct can be 
used to secure the proximal tip of the tenoto-
mized LHBT and used for traction.

�LHBT Transfer to the Conjoint Tendon

Either an accessory anterosuperior portal or a per-
cutaneously placed PDS passing suture can then 
be placed under spinal needle localization in line 
with the conjoint tendon to allow retrieval of the 
LHBT traction suture. Once the LHBT has been 
adequately tensioned in line with the conjoint ten-
don, suture fixation begins. A self-retrieving 
suture passer (Arthrex Scorpion™) is used to pass 
#2 non-absorbable suture in two passes: [1] 

around the LHBT and through the conjoint tendon 
from deep to superficial and [2] through the 
LHBT from deep to superficial. This suture con-
figuration allows best fixation and positioning of 
the LHBT along the superolateral aspect of the 
conjoint tendon as tension is pulled on the post 
and secured with standard arthroscopic knot 
tying. It should be noted that the musculocutane-
ous nerve is potentially at risk and does have a 
variable location relative to the tip of the conjoint 
tendon [22]. As such, prior to passing the first 
suture through the conjoint tendon, the surgeon 
should lift up with the device and visually inspect 
to ensure that the musculocutaneous nerve is safe 
from potential injury. Suture passing and tying are 
then repeated, typically three additional times in a 
sequentially proximal fashion with approximately 
1 cm spacing (Fig. 17.7). Excess proximal LHBT 
is then excised and removed. If the surgeon elects 
to pass the traction stitch percutaneously (as 
opposed to making a formal portal), it is impor-
tant that they retrieve this stitch from an estab-
lished portal prior to transection of the remnant 
LHBT to allow for its removal.

a b

Fig. 17.7  (a) Arthroscopic image demonstrating com-
pleted transfer of the long head of the biceps tendon to the 
conjoint tendon at the time of surgery. (b) Transferred 

long head of the biceps tendon completely incorporated 
into the conjoint tendon at 1 year postoperatively
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�Bicipital Tunnel Decompression

After transfer of the LHBT to the conjoint ten-
don, a formal bicipital tunnel decompression is 
performed while viewing from the anterolateral 
portal and working through the pec portal. The 
sheath overlying the bicipital tunnel is ablated 
with a radiofrequency device from the proximal 
margin of the pectoralis major to the articular 
margin. Care should be taken to avoid damage to 
the subscapularis tendon attachment on the lesser 
tuberosity. Synovectomy of the tunnel can be per-
formed with a combination of radiofrequency 
ablation and mechanical shaving.

�Postoperative Management

The senior author (SJO) instructs patients to use 
a sling for comfort until the interscalene block 
has resolved. Patients are then allowed to begin 
gentle range of motion exercises with the arm at 
the side on postoperative day 1, but they are 
instructed to avoid any pushing or pulling activity 
for 6  weeks. Alternatively, a more conservative 
approach can be taken (SAT) with the patient in a 
sling for the first 4 weeks and allowed to come 
out of the sling for Codman, pendulums, and 
supine passive forward flexion and external rota-
tion exercises. Active elbow flexion against grav-
ity is permitted only for the first 6 weeks, after 
which time gentle strengthening exercises are 
incorporated into rehabilitation.

In either case, we have found that most 
patients do not require formal physical therapy in 
the immediate postoperative period. Formal 
physical therapy is typically initiated at 
4–6  weeks postoperatively. Overhead athletes 
begin a return to throwing program around 
3 months and unrestricted return to play is typi-
cally permitted at 4 months postoperatively.

�Pearls and Pitfalls

Keys to success and to avoiding complications 
when performing this procedure include having a 
thorough knowledge of the anatomy of the sub-

deltoid space and taking extra care during the 
pivotal steps of the surgery. Important anatomical 
structures to be aware of include the acromial 
branch of the thoracoacromial artery, the “three 
sisters” (the anterior humeral circumflex artery 
and its two accompanying veins on the inferior 
border of the subscapularis) that traverse the floor 
of the bicipital tunnel, the ascending branch of 
the anterior humeral circumflex vessel that runs 
along the lateral aspect of the bicipital tunnel 
within zone 2, the musculocutaneous nerve, and 
the cephalic vein. To avoid injury to these neuro-
vascular structures, the portals should be made 
under spinal needle visualization, the knife 
should be used only to cut the skin, and blunt tro-
cars should be utilized for entry into the space.

Additionally, the amount of inflow and out-
flow, as well as the overall operative time, should 
be carefully monitored during the case, as fluid 
from the subdeltoid space can cause significant 
swelling to the shoulder and ipsilateral chest 
wall. Finally, it is essential to maintain meticu-
lous hemostasis throughout the procedure to 
allow for good visualization [23].

Perhaps the most crucial step of this procedure 
is to clearly develop the subdeltoid space and 
properly identify the conjoint tendon. Anatomical 
variation can exist regarding position of the ten-
don relative to the deltoid fascia, which can 
sometimes obscure identification of the fascial 
planes. To avoid inadvertently dissecting below 
the conjoint tendon, it is important to trace it dis-
tally from the tip of the coracoid.

�Outcomes

Short- and mid-term outcomes data following 
arthroscopic subdeltoid LHBT transfer to the 
conjoint tendon has shown favorable results. 
Drakos et  al. assessed 40 shoulders which had 
undergone arthroscopic biceps transfer for 
refractory biceps pathology at a minimum at 
2  years of follow-up [21]. In this cohort, all 
patients reported pain relief at rest postopera-
tively, and 95% of patients reported the absence 
of pain with palpation of the bicipital groove 
postoperatively. Additionally, when comparing 
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the operative and nonoperative arms of these 
patients, there were no statistically significant 
differences in strength when performing biceps 
curls with a 10-pound weight. Nearly 12.5% of 
patients (5/40) did complain of fatigue discom-
fort following resisted elbow flexion and 3 
patients had postoperative biceps rupture likely 
due to non-compliance with postoperative proto-
cols, as all three ruptures were traumatic due to 
lifting heavy objects prematurely [21]. Overall, 
these short-term results compare favorably to 
outcomes following LHBT tenodesis or tenot-
omy at similar time points.

In a mid-term outcome study, Taylor et  al. 
evaluated 56 shoulders in 54 patients who had 
undergone isolated arthroscopic subdeltoid 
biceps transfer at a minimum of 4 years of fol-
low-up [24]. Nearly 88% of patients rated their 
outcomes as good to excellent at an average of 
6.4 years postoperatively. The mean ASES score 
was 86 and the mean L’Insalata score was 85. 
Again, there were no significant differences in 
elbow flexion strength with a 10-pound weight 
when compared to the patients’ contralateral, 
nonoperative arms. One patient in this cohort did 
have a Popeye sign postoperatively, suggestive of 
postoperative biceps tendon rupture, and four 
patients had undergone arthroscopic lysis of 
adhesions since the original surgery [24].

A recent study performed by Lin et al. com-
pared outcomes in young, athletic patients who 
had undergone biceps tenodesis and biceps trans-
fer procedures. They found that the patients who 
underwent biceps transfer had higher patient-
reported outcomes measures (PROMs) compared 
to those who underwent biceps tenodesis, and 
these differences were statistically significant 
(p < 0.05). Additionally, 83% of biceps transfer 
patients and 59% of biceps tenodesis patients 
reported “excellent” or “good” satisfaction with 
their procedure; however, this difference was not 
statistically significant (p = 0.12) [25].

Together, these studies suggest that outcomes 
following arthroscopic subdeltoid LHBT transfer 
to the conjoint tendon are favorable, but they are 
not without limitations. All of these procedures 
were performed by a single surgeon (SJO) at a 
single institution, who has performed over 1400 

arthroscopic subdeltoid LHBT transfers to date. 
Another surgeon embarking on this procedure for 
the first time would likely experience a learning 
curve which is not reported. Additionally, the 
patient cohorts studied were primarily younger, 
active patients, so these results are unlikely appli-
cable to an older patient population with lower 
functional demand. Finally, longer-term out-
comes are needed to more clearly delineate the 
results of this procedure as compared to the more 
established tenotomy and tenodesis procedures, 
particularly in this younger, active patient 
population.

�Advantages and Disadvantages

There are several advantages and disadvantages 
to the LHBT transfer procedure compared to 
other surgical procedures used to treat biceps 
pathology. One of the advantages of this 
arthroscopic approach is that it avoids the need 
for an open incision, like that used for subpecto-
ral biceps tenodesis. As such, it presumably 
reduces the risk of wound complications and 
postoperative infections. Additionally, this pro-
cedure allows for the decompression of the 
bicipital tunnel zones 1 and 2, which can be sites 
of additional occult biceps pathology. With the 
LHBT biceps transfer, a soft-tissue-only tenode-
sis is performed, allowing for soft tissue-to-soft 
tissue healing instead of tendon-to-bone healing. 
Urch et  al. compared tendon-to-bone healing 
with soft tissue-to-soft tissue healing in a rat 
model of biceps tenodesis. They found that there 
was a robust tenomodulin reaction, identified by 
immunohistochemical staining, in the early heal-
ing stages of the tendon-to-tendon group, but no 
tenomodulin reaction in either of the tendon-to-
bone groups. Additionally, on histological analy-
sis, there was only interface scar formation and 
no tendon formation appreciated in the bone tun-
nels of the tendon-to-bone tenodesis groups. 
This suggests that biceps transfer with soft tissue 
tenodesis may occur through a more regenera-
tive healing process than with bony tenodesis 
[26]. Another advantage of biceps transfer is that 
it is performed with only suture fixation and 
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obviates the need for additional hardware such 
as screw or anchors and thereby eliminates the 
possibility of screw or suture anchor hardware 
complications [23]. Additionally, eliminating 
bony drilling for anchor placement decreases 
postoperative fracture risk, which has been pre-
viously reported following biceps tenodesis pro-
cedures (Fig. 17.8) [5].

The main disadvantage of biceps transfer is a 
surgeon’s inexperience working in the subdeltoid 
space. This lack of familiarity can lead to disori-
entation and may put nearby neurovascular struc-
tures at risk. In particular, the musculocutaneous 
nerve is vulnerable to iatrogenic injury during 
suture fixation. Some patients do form significant 
painful scar tissue within the subdeltoid space 
that may require lysis of adhesions; however, we 
have not found this number to be substantially 
different from any other tenodesis techniques. 
Finally, patients with high-grade partial tearing 
of the LHBT within zone 2 of the bicipital tunnel 
may not have adequate tendon for suture fixa-
tion – though this is an uncommon finding.

�Conclusion

LHBT pathology is a common cause of shoulder 
pain that can be improved with various tenodesis 
techniques after nonoperative management has 
failed. Arthroscopic subdeltoid transfer of the 
LHBT to the conjoint tendon is an excellent 
option that allows for bicipital tunnel decompres-
sion, soft tissue fixation, and an all-arthroscopic 
approach without the need for bone tunnels or 
hardware. Studies demonstrate that clinical out-
comes are excellent at 2 years and durable in the 
mid-term.
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Complications Following Proximal 
Biceps Tenodesis

Michelle E. Kew and Stephen F. Brockmeier

�Introduction

Biceps tenodesis is a safe procedure with a 
reported 1.26% overall complication rate, with 
1.58% associated with open biceps procedures and 
0.95% with arthroscopic biceps procedures [1]. 
Numerous tenodesis techniques have been 
described and can be performed open or 
arthroscopically, including tenodesis proximally, 
in a suprapectoral or subpectoral location, or con-
joint tendon tenodesis (“tendon transfer”), with 
fixation to soft tissue or bone with a variety of 
implants [2]. Complications common to all teno-
desis procedures include infection, neurologic and 
vascular injuries, and tendon length-tension mis-
match [3]. Open and arthroscopic techniques have 
specific associated complications that can include 
proximal humerus fracture in open procedures and 
proximal groove pain in arthroscopic procedures, 
as well as implant-related complications [3].

�Infection and Wound Complications

The incidence of postoperative infection or 
wound complications after open subpectoral 
biceps tenodesis has been found to range from 

0.28% to 3.8% [4, 5]. Erickson et  al. evaluated 
33,481 patients who underwent arthroscopic 
rotator cuff repair with arthroscopic biceps teno-
desis, open biceps tenodesis, or no biceps proce-
dure and found that patients with open biceps 
tenodesis had an increased risk of postoperative 
infection [2]. Yeung et al. analyzed complications 
after arthroscopic versus open biceps tenodesis in 
the American Board of Orthopaedic Surgery 
Database from 2012 to 2016 [6]. This study iden-
tified 3362 patients with biceps tenodesis in the 
setting of rotator cuff repair and noted an 
increased rate of wound healing delay in patients 
undergoing open tenodesis (0.7% vs 0.2%) and 
increased rate of hematoma/seroma formation 
(0.5% vs 0.1%), but no increased risk of infection 
between the two groups was noted [6]. Wound 
complications are generally superficial in nature 
and can be treated with oral antibiotic therapy. 
Abtahi et al. reported on two patients (2/103; 2%) 
who required a superficial surgical debridement 
with oral antibiotic therapy [5]. To minimize 
infection risk, the authors recommend using 
meticulous hemostasis during wound closure 
with use of a running Monocryl (Ethicon) suture 
for the skin followed by Dermabond (Ethicon) 
and a silver impregnated dressing (Aquacel, 
ConvaTec).

Surgeons should be cognizant of the infection 
risk posed with open subpectoral biceps tenodesis 
procedures. The nature of the open procedure 
increases the risk of infection compared to 
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arthroscopic tenodesis, and the incision is in close 
proximity to the axilla, which has been shown to 
harbor bacteria [7]. Implant choice can also 
impact the infection risk, as interference screws 
increase the suture and material burden in the 
incision [7]. Additionally, shoulder procedures 
have been found to have an increased rate of indo-
lent infections due to Proteus species and 
Cutibacterium acnes (formerly Propionibacterium 
acnes) [8]; therefore, cultures should be held for 
at least 2 weeks in patients with infection after a 
shoulder procedure. Patients with persistent pain 
after shoulder surgery should have an infectious 
work-up to rule out occult postoperative deep 
infection. Chalmers et  al. evaluated the use of 
benzoyl peroxide skin preparation as an adjunct to 
alcohol and ChloraPrep (Becton, Dickinson, and 
Co., Franklin Lakes, NJ, USA) and showed that 
the addition of hydrogen peroxide to skin prepara-
tion decreased the intra-operative contamination 
with C. acnes, especially in male patients [9]. 
This study was conducted with patients undergo-
ing anatomic and reverse total shoulder arthro-
plasty, however, it can be easily translated to other 
shoulder procedures as a preventative measure to 
decrease the risk of C. acnes infection.

�Neurovascular Complications

Neurovascular complications after open biceps 
tenodesis are exceedingly rare and are described 
in case reports in the literature, and no cases of 
nerve injury after arthroscopic biceps tenodesis 
were found. Erickson et  al. reviewed 33,481 
patients who underwent arthroscopic rotator cuff 
repair either with no tenodesis, with arthroscopic 
tenodesis, or with open subpectoral tenodesis and 
noted that patient with arthroscopic tenodesis had 
a higher rate of nerve injury; however, this study 
was a database review and did not comment on 
the type of nerve injury, the nerves injured, or the 
outcomes [2]. Nho et al. evaluated 373 patients 
who underwent open subpectoral biceps tenode-
sis and noted one patient with musculocutaneous 
neve neuritis at 10 days postoperatively [4]. The 
patient underwent exploration of the musculocu-
taneous nerve at 6 weeks after the index surgery 

with no nerve injury noted and resolution of all 
deficits by 6 months postoperatively [4]. Another 
patient in this series developed complex regional 
pain syndrome at 3 months postoperatively and 
required pain management and administration of 
stellate ganglion blocks [4]. Ma et  al. also 
described injury to the musculocutaneous nerve 
during arthroscopically assisted mini-open sub-
pectoral biceps tenodesis [10]. The patient had 
progressive elbow flexion weakness and sensory 
loss in the lateral antebrachial cutaneous nerve 
distribution with electromyogram findings con-
sistent with injury to the motor and sensory com-
ponents of the musculocutaneous nerve. The 
patient underwent nerve exploration at 5 months 
after the index procedure, and the musculocuta-
neous nerve was found to be in continuity, but 
wrapped at the site of the tenodesis. The patient 
received a revision tenodesis and musculocutane-
ous nerve neurolysis with immediate postopera-
tive return of muscle firing and improvement in 
sensation and complete return of function at 
2 months after the second procedure.

Rhee et al. described four patients who under-
went open subpectoral biceps tenodesis and had 
iatrogenic brachial plexus injuries [11]. The first 
patient had a posterior and medial cord injury 
after fixation with bicortical button, the second 
had a medial and posterior cord injury after sub-
pectoral biceps tenodesis was performed in the 
lateral position with bioabsorbable tenodesis 
screws, the third had a median nerve injury due to 
transection, and the fourth had a musculocutane-
ous nerve injury after inadvertent tenodesis of the 
nerve [11]. Brachial plexus injuries can occur 
from direct injury from the fixation method or 
procedure, retractors, or excessive traction [11]. 
The musculocutaneous nerve has been found to 
lie closest to the tenodesis site at 45° of shoulder 
internal rotation, and Dickens et  al. found the 
medial retractor was in direct contact with the 
musculocutaneous nerve in 3 of 17 cadaver spec-
imens [12]. Radial nerve injury can occur from 
bicortical button fixation, as it courses along the 
posterior humeral shaft in the spiral groove, with 
a recorded distance of 16.6 mm between the spi-
ral groove and the standard subpectoral tenodesis 
location [12].
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The choice of fixation can also influence the 
risk to surrounding neurovascular structures. 
Sethi et al. performed proximal biceps tenodesis 
with bicortical fixation, both supra- and subpec-
toral tenodesis, on 10 cadaveric specimens and 
noted that the guide pin was in contact with the 
axillary nerve in 20% of specimens during sup-
rapectoral fixation [13]. Ding et  al. also evalu-
ated the proximity of adjacent neurovascular 
structures during placement of bicortical button 
fixation at the subpectoral tenodesis site [14]. 
The axillary nerve was an average of 21 mm, and 
the radial nerve was an average of 25 mm from 
the posterior drill hole [14]. The posterior 
humeral circumflex artery was found to follow 
the course of the axillary nerve and lie superior 
to (further from) the drill hole [14]. The median 
nerve courses deep to the short head biceps ten-
don and can be mistaken for the biceps tendon, 
especially if the surgical incision is placed too 
medial [11]. Rhee et al. recommend close atten-
tion to postoperative nerve deficits and recom-
mend urgent exploration if nerve laceration or 
compressive postoperative hematoma is sus-
pected [11]. Immediate postoperative symptoms 
are likely due to retractor placement or nerve 
laceration/transection, while progressive symp-
toms can be due to hematoma/seroma, scarring, 
or nerve entrapment [11]. The surgeon should 
also keep Parsonage-Turner syndrome in the dif-
ferential for a patient with postoperative pain in 
the shoulder girdle with development of neuro-
logic deficits at 2–3 weeks postoperatively [11, 
15]. The mainstay of treatment for Parsonage-
Turner syndrome is pain management with long-
acting non-steroidal anti-inflammatory 
medications, as well as physical therapy focus-
ing on strengthening with adjunctive modalities 
such as acupuncture and transcutaneous electri-
cal nerve stimulation [15]. Surgical intervention 
with nerve decompression or nerve transfers 
should only be considered if there is no clear evi-
dence of regeneration by 6–9 months after symp-
tom initiation [15].

Rhee et al. recommend the following position-
ing and technical points to avoid brachial plexus 
injury during open subpectoral biceps tenodesis 
[11]:

	1.	 Within the beach chair position, the head and 
neck should be positioned cautiously to limit 
the magnitude of cervical rotation and side 
bending away from the operative extremity to 
lessen the degree of traction on the brachial 
plexus.

	2.	 Before arthroscopic tenotomy of the biceps 
tendon, place a tagging suture into the intra-
articular tendinous portion to ensure that the 
correct structure is tenodesed [16].

	3.	 Place the shoulder in 30° of abduction and 45° 
of external rotation throughout the open sub-
pectoral biceps tenodesis to increase the dis-
tance of the musculocutaneous nerve away 
from the surgical approach [12].

	4.	 If the surgical anatomy is aberrant or visual-
ization is difficult, extend the axillary incision 
to identify the normal anatomy as a 
reference.

	5.	 Cautiously place the medial retractor against 
the medial humeral cortex, and limit the dura-
tion and intensity of retraction as necessary.

	6.	 If a longitudinal split tear is suspected within 
the biceps tendon, take caution to verify any 
abnormal-appearing structures within the 
bicipital groove as the biceps tendon.

	7.	 Judiciously employ the use of a nerve stimula-
tor if any doubt exists regarding the identity of 
an abnormal appearing biceps tendon.

	8.	 When performing bicortical drilling or pin-
ning, prevent overpenetration, and utilize the 
oscillating function if possible.

	9.	 Additional vigilance should be maintained for 
a possible brachial plexus injury if prolonged 
postoperative neurological deficits are 
present.

�Hardware Complications

There are many fixation options that are used for 
arthroscopic and open biceps tenodesis proce-
dures. Failure of fixation can occur at the implant-
bone or implant-tendon interface, but 
implant-tendon has been found to be more com-
mon [3]. Mazzocca et  al. evaluated the biome-
chanical strength of different fixation techniques 
for proximal biceps tenodesis: open subpectoral 

18  Complications Following Proximal Biceps Tenodesis



228

bone tunnel with intracortical fixation, 
arthroscopic suture anchor, open subpectoral 
interference screw, and arthroscopic interference 
screw [17]. This study found that the open sub-
pectoral bone tunnel technique resulted in statis-
tically significant increased cyclic displacement, 
with no difference in load to failure between the 
fixation methods. These findings have been sup-
ported in the literature by other biomechanical 
evaluations [18–21]. Mazzocca suggests that 
patients with arthroscopic suture anchor, 
arthroscopic interference screw, and open sub-
pectoral interference screw may benefit from an 
accelerated rehabilitation program [17]. Millet 
et al. evaluated the use of an interference screw 
ranging in size from 5.5 to 8 mm in diameter or 
suture anchor fixation in 34 patients undergoing 
open subpectoral biceps tenodesis and found no 
failure of fixation with significantly improved 
postoperative patient outcome scores [22]. 
Mazzocca et al. performed a similar study in 41 
patients with interference screw fixation for open 
subpectoral biceps tenodesis and showed 
improved postoperative patient outcome scores 
with one hardware failure resulting in tendon 
pullout and Popeye deformity [23]. Cook et  al. 
evaluated 166 patients who underwent open sub-
pectoral biceps tenodesis with unicortical button 
and noted one failure that occurred at 12 weeks 
postoperatively and one button that was not fully 
flipped [24]. If the surgeon chooses to use a uni-
cortical button for tenodesis fixation, it is critical 
to ensure that the button has fully flipped and is 
seated flush against the humeral cortex prior to 
tightening and tying the sutures. Once the sur-
geon believes the button has been flipped against 
the humeral cortex, the button should be tested 
with significant force to ensure it does not pull 
out. Werner et  al. performed a biomechanical 
study to evaluate how the tenodesis location 
affects pullout strength using interference screw 
fixation [25]. The arthroscopic suprapectoral 
tenodesis was secured with a forked anchor with 
tendon in the superior and inferior areas of the 
tenodesis site. The open subpectoral tenodesis 
was held with a 7  mm  ×  15  mm interference 
screw. On biomechanical testing, the subpectoral 
location was found to have a higher load to fail-

ure, with suprapectoral tenodeses failing by 
implant pullout and subpectoral tenodeses failing 
at the tendon-implant interface. Several factors 
contribute to the biomechanical strength of the 
tenodesis, including implant choice, tissue or 
bone quality, and tendon tensioning.

Inflammatory reaction or synovitis to hard-
ware leading to persistent pain has been cited as a 
complication after fixation of proximal biceps 
tenodesis with interference screws due to the 
presence of foreign material (poly-L-lactic acid 
(PLLA), polyetheretherketone (PEEK), titanium) 
[3, 22, 26], and soft tissue tenodesis is advocated 
as an alternative. Soft tissue tenodesis was 
described by Sekiya et  al. [27] but has been 
shown to be biomechanically inferior to bone 
tenodesis. Schiebel et  al. evaluated patients 
undergoing both soft tissue and bony tenodesis 
and noted worse patient outcomes, qualitative 
cosmesis, and tenodesis integrity on magnetic 
resonance imaging in patients with soft tissue 
tenodesis [28]. McCrum et  al. also found that 
patients with soft tissue tenodesis had a signifi-
cantly higher incidence of postoperative anterior 
shoulder pain with an increase in subjective 
weakness, but there was no difference in cramp-
ing or deformity when compared to those with 
bony tenodesis [29].

Maintaining the anatomic length-tension rela-
tionship of the tendon is a critical portion of the 
tenodesis procedure and is achieved by perform-
ing the tenodesis with the tendon in a resting 
position [30]. When performing an open subpec-
toral tenodesis, Provencher et  al. recommends 
placing the musculotendinous portion of the 
biceps at the inferior border of the pectoralis 
major [30]. The surgeon should test the resting 
tension of the muscle after tenodesis by placing a 
finger behind the tendon. In an arthroscopic teno-
desis procedure, several methods have been 
described to maintain the length-tension relation-
ship of the tendon. A percutaneous spinal needle 
can be placed in the tendon prior to release to 
maintain the anatomic tension [31–33]. Other 
authors advocate using sutures to pull the tendon 
through the skin portals to tension prior to inter-
ference screw fixation [34–37]. Soft tissue teno-
desis has been advocated as a method to maintain 
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anatomic muscle tension, as the tenodesis is per-
formed at the tendon’s normal anatomic location 
[38]; however as stated above, bony fixation is 
recommended for superior outcomes.

Author’s Preferred Technique  To adequately 
tension the biceps during an arthroscopic supra-
pectoral technique, the long head of biceps can 
be left attached to its anatomic origin. The sub-
acromial space is entered with the arthroscope, 
and a bursectomy is carried out from the direct 
lateral portal. Once the biceps tendon is visual-
ized, the arthroscope is placed in the lateral por-
tal, and cautery is used to release the biceps from 
its sheath. The tenodesis site is visualized just 
proximal to the pectoralis major tendon, and a 
spinal needle is used to localize the appropriate 
tenodesis site and angle. A portal is established at 
this site, and the tendon is secured with either an 
interference screw or a unicortical button, per 
surgeon preference. Once the tendon is secured, 
the proximal stump is cut and excised (Figs. 18.1 
and 18.2).

Suture anchor fixation and interference screw 
fixation require drilling into the humeral cortex, 
which can rarely result in postoperative humeral 
shaft fracture. Sears et  al. and Dein et  al. pub-
lished case reports on three patients who sus-
tained humeral shaft fractures between 4 and 
10 months postoperatively after open subpectoral 
biceps tenodesis with interference screw [39, 40]. 
These injuries can occur with low energy trauma, 
such as fall from standing or lifting a heavy bag 

[40], or with torsional trauma, such as pitching 
[39]. This complication can also occur after “key-
hole tenodesis” and was described by Reiff et al. 
[41]. Several factors have been implicated in this 
complication. Interference screw fixation requires 
drilling an 8 mm hole in the humeral cortex to 
place a 7 or 8 mm screw [40]. Euler et al. per-
formed a cadaveric study with 8 mm interference 
screws placed concentrically and 30% eccentri-
cally on the lateral humeral shaft [42]. Screws 
placed laterally were noted to significantly 
decrease the humeral strength by a minimum of 
25% compared with an intact humeral shaft; 
additionally, humeral size was found to have a 
linear correlation with strength reduction [42]. 
This study recommends close attention to con-
centric placement of the interference screw, espe-
cially in high-risk patients, such as contact 
athletes, overhead athletes, patients with osteo-
porosis, and smaller patients [42]. Smaller teno-
desis screws can also be a consideration in this 
high-risk population. Slabaugh et  al. evaluated 
interference screws of different sizes, including 
diameters of 7  mm and 8  mm with lengths of 
15 mm or 25 mm [43]. There was no significant 
difference in load to failure or tendon displace-
ment with both suprapectoral and subpectoral 
tenodesis sites [43]. This complication is more 
common in subpectoral tenodesis, due to the 
increased diameter of the humerus at the supra-
pectoral tenodesis site. Biomechanical studies 
show that resistance to torsion and bending is 
directly proportional to the diameter of the bone; 
therefore, the larger diameter of the proximal 

a b c

Fig. 18.1  Arthroscopic images of (a) isolated biceps tendon in subacromial space, (b) tagged biceps tendon, (c) drill 
for interference screw at site of tenodesis
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humerus could confer protection against humeral 
fracture at the suprapectoral tenodesis site [42].

�Rare Complications

Recent literature details new case reports of 
extremely rare complications after biceps tenode-
sis. Aiyash et  al. describes a patient who pre-
sented 6 years after mini-open subpectoral biceps 
tenodesis with pain localized to the axillary inci-

sion and limitation with activities of daily living 
[44]. MR imaging showed an enthesophyte at the 
tenodesis site with intact biceps tendon. The 
authors hypothesize that the enthesophyte is 
likely due to a combination of traction, trauma, 
and focal periosteal reaction. Deep infection fol-
lowing open biceps tenodesis has only one 
reported instance in the literature. Dang et  al. 
reported on a patient who underwent arthroscopic 
SLAP repair converted to open subpectoral 
biceps tenodesis with interference screw fixation 

a b

Fig. 18.2  Arthroscopic images of (a) interference screw introducer guiding tagged biceps tendon, (b) interference 
screw at aperture of tenodesis site, (c, d) final tenodesis construct with interference screw
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[7]. The patient presented 6 months after the pro-
cedure with shoulder pain and posterior axillary 
purulent drainage. Computed tomography imag-
ing showed a sequestrum in the proximal humerus 
suggesting osteomyelitis with magnetic reso-
nance imaging showing a fluid collection at the 
tenodesis site. The patient underwent surgical 
debridement and a course of intravenous antibiot-
ics tailored to operative cultures positive for 
Proteus mirabilis.

�Postoperative Outcomes

Clinical outcomes after biceps tenodesis are gen-
erally excellent, with improvement in American 
Shoulder and Elbow Surgeons (ASES), Visual 
Analogue Scale (VAS), Constant, and Oxford 
scores [45–49]. Patients are able to enjoy a good 
functional outcome after biceps tenodesis, and 
Gottschalk et  al. found that 87.5% of patients 
were able to return to a preoperative level of 
activity after open subpectoral biceps tenodesis 
[47]. Nho evaluated 353 patients with open 
biceps tenodesis and noted 2 patients (0.57%) 
with persistent bicipital pain postoperatively, 
with a series from Mazzoca et al. showing a 7% 
incidence of bicipital pain. Nho et al. uses a more 
distal groove tenodesis site and attributed this to 
the low incidence of pain noted in their study. 
Friedman et al. supports this fact and showed a 
12% revision rate in biceps tenodesis performed 
proximal to the groove [50]. This study also 
found a 2.4% revision rate in proximal tenodesis 
with tendon sheath release compared to 13.4% 
with proximal tenodesis without sheath release 
[50], suggesting that the tendon sheath is involved 
in the pathology and postoperative pain in 
patients with biceps tendinitis [51].

Biceps tenodesis is commonly performed in 
association with other procedures, including 
rotator cuff repair. Erickson et  al. evaluated the 
effect of open and arthroscopic biceps tenodesis 
performed with rotator cuff repair and found an 
increased rate of revision rotator cuff repair at 
6-month and 1-year follow-up [2]. Additionally, 
open and arthroscopic biceps tenodeses were 
associated with increased rates of dislocation [2]. 

Surgeons should critically evaluate surgical indi-
cations prior to proceeding with biceps tenodesis. 
Studies recommend a conservative approach to 
the biceps tendon if patients do not have preop-
erative symptoms or physical exam findings to 
suggest biceps pathology or if intra-operative 
evaluation does not show a degenerative or 
inflamed biceps tendon [2, 52].

Postoperative stiffness can also occur after 
biceps tenodesis. Becker et  al. evaluated 51 
patients and found 7.8% rate of postoperative 
adhesive capsulitis, with patients requiring 
manipulation under anesthesia at 2 months after 
the index procedure [53]. Werner et al. evaluated 
249 patients with arthroscopic or open biceps 
tenodesis and found an increased risk of stiffness, 
17.9%, in patients undergoing arthroscopic 
biceps tenodesis. Patients included in this study 
did not have a history of adhesive capsulitis and 
had preoperative range of motion in the normal 
range. Patients who were female or had a history 
of tobacco use were at increased risk of develop-
ing postoperative stiffness after arthroscopic 
tenodesis [54]. The distance between the top of 
the humeral head and the tenodesis site was mea-
sured, and patients with arthroscopic tenodesis 
who developed postoperative stiffness had a 
smaller distance and thus a higher tenodesis site, 
than those who did not develop stiffness [54]. 
The authors postulated that the higher location of 
the proximal tenodesis can lead to stiffness as it 
can be associated with increased soft tissue 
manipulation and bursal resection or bleeding 
and fluid extravasation or possibly due to 
increased biceps tensioning that can mimic the 
symptoms of adhesive capsulitis [54].

�Conclusions

Proximal biceps tenodesis can be performed both 
arthroscopically or with an open procedure, with 
both techniques providing good patient outcomes 
and low complication rates. Postoperative infec-
tion and hardware failure are the most common 
complications; however, rare complications such 
as brachial plexus injury or humeral shaft frac-
ture can have devastating postoperative out-
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comes. Surgeons should be knowledgeable of the 
anatomy of the shoulder and be cognizant of 
potential problems that may arise during this pro-
cedure to ensure a safe outcome.
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Post-operative Rehabilitation: 
Biceps Tenodesis

Terrance A. Sgroi

�Introduction

Biceps tendon pain has plagued both professional 
athletes and weekend warriors for decades. While 
conservative care is commonly the first line of 
management for this condition, with the advance-
ment of surgical techniques, patients who are 
refractory to non-operative management have 
more advanced treatment options. In order to 
properly treat this condition both non-operatively 
and post-operatively, it is essential for the reha-
bilitation team to have a clear understanding of 
the anatomy, function, and healing potential of 
this structure.

The long head of the biceps tendon (LHBT) 
originates from the glenoid labrum and supragle-
noid tubercle of the scapula with an intra-articular 
portion that passes over the humeral head before 
exiting the glenohumeral joint through the bicipi-
tal groove [1]. The short head of the biceps ten-
don originates from the coracoid process and 
joins the long head in the middle of the upper arm 
forming a common muscle belly. The muscle 
then traverses distally inserting into the radial 
tuberosity. The tendon of the long head is encased 
with the synovial sheath of the glenohumeral 
joint [2]. This tendon is about 9 cm in length, and 
its shape varies as the intra-articular portion is 

typically wide and flat, whereas the extra-
articular portion is both rounded and smaller [3]. 
The distal portion of this tendon is mostly fibro-
cartilaginous and avascular to accommodate its 
sliding motion within its sheath, whereas the 
proximal tendon is highly vascularized [1]. The 
tendon is innervated by a network of sensory 
sympathetic fibers which may play a role in the 
development of shoulder pain [3].

Biceps function at the elbow has been well 
established as both an elbow flexor and forearm 
supinator. However, there has been controversy 
about the function of the biceps tendon at the gle-
nohumeral joint. Some have proposed that it pro-
vides an inferior and anterior stabilizing function 
to the humeral head, while others claim that it has 
limited supporting capacity. Rodosky et  al. [4] 
suggest that the LHBT contributes to anterior sta-
bility of the glenohumeral joint by providing ten-
sion on the humerus in the abducted and 
externally rotated position. Using surface EMG, 
Sakurai [5] concluded that the biceps muscle is a 
flexor and abductor of the shoulder as well as sta-
bilizer of the humeral head in the superior and 
anterior directions. Kumar [6] also came to the 
conclusion that an important function of the 
LHBT is to stabilize the humeral head. Severing 
the tendon of the long head caused a significant 
upward migration of the head of humerus. Others 
have suggested that the biceps serves more as a 
secondary stabilizer of the shoulder once the 
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primary restraints are no longer functioning effi-
ciently [7].

Biceps/labral pathology has been a common 
diagnosis for overhead athletes. During the over-
head throw, the shoulder and elbow are subjected 
to extreme levels of torque, and both joints move 
at great speeds. All the surrounding musculature 
and soft tissue work together to provide adequate 
tension and stability but at the same time are able 
to generate great force. Andrews et al. [8] have 
shown that the biceps is subjected to large forces 
during throwing and that during the follow-
through phase of the throwing motion, the biceps 
eccentrically contracts to decelerate the elbow 
and provides a compressive force to the glenohu-
meral joint. Gowan [9] showed that the biceps 
had peak activity while flexing the elbow during 
late cocking. A few studies have shown high 
EMG activity during the late cocking and follow-
through phases [9, 10]. During the wind-up and 
cocking phase, the biceps functions to position 
the elbow in flexion and restricts elbow extension 
as well as decelerates the forearm pronation dur-
ing follow-through. Also, during the late cocking 
phase, as the arm is abducted and externally 
rotated, there is high tension on the superior 
labrum via the biceps tendon. This late cocking 
phase is the time when the superior labrum may 
be most vulnerable to SLAP-type injuries, 
although the contraction of the biceps during the 
deceleration phase can cause a traction injury to 
the superior labrum [11].

Biceps tendon disorders can be classified as 
degenerative, mechanical/traumatic, or inflam-
matory. Due to its proximity to other soft tissue 
structures within the glenohumeral joint, con-
comitant pathology can often exist and is com-
monly associated with irregularities of both the 
rotator cuff and labrum. When a patient has failed 
all conservative measures, they might elect for 
surgery, in particular a biceps tenodesis. This 
procedure involves cutting the long head of the 
biceps tendon at its origin and relocating it dis-
tally in order to restore the function of the mus-
cle. The distal relocation of this tendon removes 
it from the superior labrum which it was attached 
to and also removes it from the bicipital groove 

which might have been irritating it. While fixa-
tion techniques depend on surgeon preference, 
rehabilitation following biceps tenodesis pro-
ceeds in a similar fashion regardless of surgical 
technique.

Rehabilitation after biceps tenodesis follows a 
criteria- and time-based protocol. Knowledge of 
the healing potential of tendons can help guide 
progression, but more importantly patients 
should not be progressed to the next phase until 
they have met the goals of each phase. There are 
also certain contraindications and guidelines 
which should be realized:

•	 No resisted biceps activation for 8 weeks.
•	 Constant communication between the treating 

physical therapist and surgical team should be 
maintained throughout each patient’s 
progression.

•	 Progress through each phase should be indi-
vidualized as patients’ healing potential and 
concomitant pathology might vary.

•	 Although elbow musculature should not be 
stressed initially, proximal strength of the 
shoulder girdle can be addressed 
immediately.

This progression is usually divided into four 
phases with the ultimate goal of returning the 
patient back to their desired level or activity or 
competition.

After surgery it is important for the treating 
provider to manage the expectations of the 
patient. Typically a sling is worn for the first 
2 weeks in order to minimize biceps activity and 
to reduce soft tissue irritability. Patients will typi-
cally have bruising and swelling around the new 
attachment for 1–2 weeks. This swelling can be 
managed through the use of ice and compression. 
Sleep is expected to be uncomfortable, and the 
proper positioning should be reviewed at the time 
of their first physical therapy session. Usually 
supine with a pillow propped under their elbow 
or side lying with a pillow between their chest 
and arm are the most comfortable positions. 
Patients should be advised that they will have to 
modify use of the shoulder during the first 
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2 weeks. Although active elbow flexion is allowed 
after 2  weeks, no resistance should be applied 
through the biceps until 8 weeks post-op.

�Phase 1: Protective Phase 
(Weeks 0–2)

During this “protective phase,” the goals are to 
decrease pain and inflammation and to reduce 
swelling. Pain can lead to joint instability and has 
recently been shown to inhibit rotator cuff activa-
tion as well as muscle coordination [12]. A sling 
is typically worn for about 2 weeks in order to 
allow for healing and prevent tissue overload. 
The incision should be kept clean and dry until 
fully healed. Patients are typically instructed to 
use ice and compression to decrease swelling and 
pain as quickly as possible. Prevention of atrophy 
of the proximal stabilizers as well as prevention 
of shoulder stiffness is paramount in this first 
phase. During this time, the physical therapist 
can work on passive range of motion (PROM) of 
the wrist, elbow, and shoulder joint. All passive 
range of motion should be stopped at the point of 
first resistance and not forced through any painful 
barriers. After biceps tenodesis, it is important to 
not force the elbow through any barriers into 
extension. During this protective phase, the 
patients are counseled not to advance through 
pain of any kind and to make sure they communi-
cate with their physical therapist to mitigate 
complications.

Although this phase is focused on protecting 
the operative side, the patient is able to perform 
light activity. They should focus on distal range 
of motion and distal muscle activation. They are 
able to do active range of motion (AROM) of the 
hand and wrist. Passive range of motion of the 
shoulder in the plan of the scapula is allowed 
with the elbow slightly flexed to offload the 
biceps. By activating the hand, wrist, and forearm 
muscles, they can create a “pumping effect” 
which should help reduce swelling that might 
have been incurred from surgery. The patients 
can also perform scapular retraction in order to 
maintain activity of the scapular stabilizers while 
minimizing biceps activation. Postural awareness 

and correction is emphasized throughout this 
phase.

Contraindications:

•	 No biceps resistance for 8 weeks

Immobilization:

•	 Sling × 2 weeks

Criteria for progression:

•	 Diminished pain and inflammation
•	 Full elbow passive range of motion (PROM)

Exercises:

•	 Gripping
•	 Wrist AROM, flexion, extension, pronation, 

supination
•	 Shoulder PROM in plan of scapula
•	 Scapular retraction

�Phase 2: Controlled Strength 
(Weeks 3–5)

When pain is controlled, elbow ROM has been 
restored, and the patient exhibits decreased 
apprehension they will progress to phase 2. This 
phase is focused on regaining shoulder active 
range of motion as well as regaining muscle acti-
vation of the upper extremity. The sling will be 
discharged at this time, and the patient should be 
counseled on proper sleeping positions if still 
uncomfortable. Resisted biceps exercises are still 
restricted during this phase. No heavy lifting with 
the shoulder should be performed at this time.

During phase 2, the physical therapist will 
help the patient progress from passive shoulder 
ROM to active assisted and finally active range of 
motion (AROM) of the shoulder joint. This can 
be done using many methods, but the authors pre-
ferred progression is supine active assisted shoul-
der elevation with opposite hand, followed by 
supine active assisted elevation using a wand, fol-
lowed by supine active assisted elevation using a 
wand and gradual elevation of the plinth, followed 
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by active assisted elevation using a wall slide and 
finally standing active elevation in the plane of 
the scapula. This entire shoulder flexion progres-
sion should be done in the plane of the scapula 
with hands in neutral position in order to prevent 
any rotator cuff irritation. Throughout this phase, 
the clinician can assess glenohumeral joint 
mobility and provide gentle mobilizations as nec-
essary. Posterior shoulder stiffness should also be 
monitored, and gentle posterior stretches can be 
initiated if needed. Again, the patient and clini-
cian are cautioned not to progress through ante-
rior shoulder pain during range of motion or 
stretching exercises. Soft tissue work can be per-
formed to any shoulder musculature and should 
avoid any massage around the biceps incision.

Shoulder muscle activation is another focus of 
this phase. Muscle activation is initiated as iso-
metric contractions of the rotator cuff and del-
toid. Gentle scapular row is allowed in this phase, 
and the patient is instructed on a comprehensive 
shoulder isometric home exercise program. 
Isometric contractions using a towel against a 
wall or holding elastic tubing are both accept-
able. Patients can also progress scapular strength-
ening by performing prone rows and prone 
extensions off the edge of a table.

Contraindications:

•	 No biceps resistance for 8 weeks

Immobilization:

•	 Sling discharged after 2 weeks

Criteria for progression:

•	 Diminished pain and inflammation
•	 Full elbow and shoulder AROM
•	 Tolerance of isometric shoulder exercises and 

scapular exercises without discomfort

Exercises:

•	 Shoulder ROM progression
•	 Elastic tubing scapular rows, extension
•	 Isometric rotator cuff, deltoid exercises
•	 Prone scapular progression (Figs.  19.1 and 

19.2)

�Phase 3: Advanced Strengthening 
(Weeks 6–11)

In the advanced strengthening phase, progression 
of muscle activation and muscle endurance are 
emphasized. By this time, the patient should have 
minimal to no discomfort, swelling should be 
minimized, and full AROM of the shoulder and 
elbow should have been achieved. At 8  weeks, 
resisted biceps activation can be initiated, includ-
ing biceps curls with light resistance. In order to 
progress gradually, a 1–2 pound dumbbell should 
be used to start and progressed as tolerated. 
Resisted pronation and supination can also begin 
at this point. The physical therapist should be 
aware of any compensation patterns as new exer-
cises are initiated and, again, make sure that the 
patients don’t work through pain or irritation.

Scapular and rotator cuff exercises can be 
advanced in this phase by using increased resis-

Fig. 19.1  Prone scapular “I”

Fig. 19.2  Prone scapular “T”

T. A. Sgroi
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tance, utilizing sustained holds to build endur-
ance, and lying over an exercise ball to emphasize 
hip and core activation at the same time, linking 
the posterior chain. The Advanced Thrower’s Ten 
Exercises can be initiated for overhead athletes 
which will help progress strength, endurance, and 
muscle activation [13]. All exercises should be 
controlled as emphasis is still on muscle sequenc-
ing and endurance. Shoulder internal and external 
rotation can be initiated isotonically in this phase 
with varying resistance with arm at side. About 
10  weeks post-operatively, athletes can initiate 
overhead strengthening in the 90/90 position with 
the goal of progressing to plyometric activity by 
12  weeks. Shoulder and elbow proprioception 
exercises can begin at the end of this phase. 
Exercises such as straight arm plank on an unsta-
ble surface with perturbations, prone ball walk-
outs, and plank shoulder taps are all acceptable 
within this phase. For athletes, cardio progression 
continues, and although controlled, exercises may 
be performed in sports-specific positions.

Precautions:

•	 Painful activity
•	 No throwing

Criteria for progression:

•	 No pain or inflammation
•	 5/5 rotator cuff strength
•	 Tolerance of isotonic elbow, shoulder, and 

scapular exercises without discomfort

Exercises:

•	 Biceps curls
•	 Shoulder mobility
•	 Closed chain shoulder strength progression 

from 6 to 8 weeks (Fig. 19.3)
•	 Shoulder perturbations, proprioception 

exercises
•	 Elastic tubing shoulder exercises below shoul-

der height, progressing overhead by 10 weeks
•	 Advanced scapular stabilization program
•	 Thrower’s Ten Exercises

�Phase 4: Return to Participation 
(Weeks 12+)

In this fourth phase of rehabilitation, all restric-
tions are lifted on biceps strengthening, and the 
only precaution is avoidance of painful activity. 
By this time, patients should demonstrate full 
AROM of both the shoulder and elbow, no pain, 
moderate strength of involved extremity below 
shoulder height, and progressing strength and 
endurance with overhead activities. Shoulder 
exercises will increase velocity in this phase, pro-
gressing to double and then single arm plyomet-
ric exercises. Attention should be paid to shoulder 
function and neuromuscular control throughout 
the rehabilitation process.

•	 Plyometrics (if applicable to patients’ 
activities)
–– Double hand chest toss plyoback
–– Double hand overhead throw to plyoback
–– Double hand forward and side chops to 

plyoback
–– Single arm ball toss with arm at 0° abduc-

tion to plyoback
–– Single arm ball toss 90/90 against wall 

(Fig. 19.4)
–– Single arm ball toss 90/90 plyoback
–– Med ball forward slams
–– Rotational med ball slams

Fig. 19.3  Closed chain shoulder strength
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If plyometrics can be completed without 
apprehension or discomfort, the patients can 
progress back to sports-specific activities. If all 
previous criteria have been met, patients will ini-
tiate interval sports programs at the end of this 
phase if applicable. Optimal load should be 
tracked in some fashion as the patient returns 
back to their desired sport or activity, making 
sure not to have any acute spikes in workload.

Surgical management of the long head of 
biceps tendon continues to be debated in the lit-
erature. Return to play rates after biceps tenode-
sis have been examined at the professional athlete 
level. Professional baseball players who under-
went biceps tenodesis had a low rate of return to 
their previous level of play. Position players were 
most likely to return to play (80%) vs. pitchers 
(17%). These low rates of return are most likely 
related to the extremely high demand on the 
shoulder of a pitcher as well as other concomitant 
pathology which may exist at the time of surgery 
[14]. In a systematic review, two options for sur-
gical management were evaluated, biceps tenot-
omy and biceps tenodesis. Biceps tenodesis 

produces favorable outcomes with 77% excel-
lent/good results [15]. The major difference when 
compared to biceps tenotomy was decreased 
occurrence of cosmetic deformity, otherwise 
known as “Popeye sign” with tenotomy (42%) 
compared to tenodesis (8%).

Lesions of the long head of the biceps con-
tinue to be a common cause of shoulder and arm 
dysfunction in active individuals and profes-
sional athletes. Management of this condition 
continues to start with conservative care and, if 
unsuccessful, surgical management. Biceps teno-
desis provides an option which maintains cosme-
sis as well as function of the biceps complex. 
Although return to play rates may be low for 
overhead athletes, favorable outcomes are real-
ized, and with proper progression through the 
above retaliation guidelines, patients should have 
reduced pain and improved function after this 
procedure.
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Management of Partial-Thickness 
Distal Biceps Tears
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�Introduction

Distal biceps tendon (DBT) tears are an uncom-
mon injury that mainly affect middle-aged men 
in the fourth and fifth decades [1]. Tears of the 
DBT can be either partial or complete, and the 
overall incidence of DBT tears is 2.55 cases per 
100,000 person-years [2]. Partial tears are the 
rarer of the two, and treatment remains an area of 
debate due to small patient population. The cur-
rent “gold standard” treatment is an initial period 
of non-operative management followed by opera-
tive treatment only if the patient remains symp-
tomatic [3]. This chapter will discuss the anatomy, 
the pathology, and the currently accepted treat-
ment of partial distal biceps ruptures.

�Anatomy

The anterior compartment of the upper arm con-
sists of three muscles the biceps brachii, the bra-
chialis, and the coracobrachialis. The biceps 
brachii is the most superficial muscle and is made 
up of a long head and a short head. The proximal 

tendon of the short head of the biceps brachii 
originates at the coracoid process of the scapula, 
whereas the proximal tendon of the long head of 
the biceps brachii originates at the supraglenoid 
tubercle and superior labrum of the glenoid. The 
long head biceps tendon (LHBT) is extra-
synovial and courses transversely, as it passes 
through the intertubercular groove of the humerus 
where it joins the tendon of the short head to form 
the main belly of the muscle [4]. Anatomical 
studies have recently demonstrated that the short 
and long heads remain two distinct structures and 
do not share common muscle fibers (Figure 20.1) 
[5]. As the muscle courses distally, it crosses the 
anterior aspect of the elbow and inserts into the 
radial tuberosity (Figure  20.2). The short head 
inserts more distally on the tuberosity compared 
to the long head, which inserts closer to the apex 
[6]. The entire biceps brachii is innervated by the 
musculocutaneous nerve and is perfused by arte-
rial branches of the brachial artery [6].

�Anatomical Variations

Even though the biceps brachii is thought to be 
double-headed, it is one of the most variable 
muscles in the entire body. Up to 10% of the pop-
ulation has a third head originating at the 
humerus, and up to seven heads have been 
reported in the literature [4, 5, 7]. In addition, 
there is variation of the distal biceps tendon 
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(DBT). While the majority of people have one 
succinct DBT, studies have demonstrated that the 
DBT may be bifurcated in 20% of patients and 
may consist of two completely separate tendons 
in over 40% of individuals [7].

�Functional Anatomy 
and Biomechanics

The biceps brachii is a bi-articular muscle and 
crosses two joints, the shoulder joint and the 

elbow joint. The main function of the biceps bra-
chii is to supinate the forearm. It works in con-
junction with the supinator muscle to allow a 
person to turn his or her palm upward, i.e., the 
motion used to turn a handle or doorknob.

�Supination of the Forearm
The biceps brachii is both necessary and suffi-
cient to supinate the forearm when the humeroul-
nar joint of the elbow is at least partially flexed 
[5]. The supinator muscle is only needed if the 
humeroulnar joint is fully extended. Since the 

a b

Fig. 20.1  Muscle bellies of the biceps brachii [anterior 
view, forearm fully supinated]. The muscle bellies of the 
biceps brachii muscle have been isolated along with their 
distal tendons (a). The muscle bellies of the long and short 
head have two distinct muscle fiber groups. (1). The mus-

cle belly of the long head of the biceps brachii. (2). The 
muscle belly of the short head of the biceps brachii ten-
don. (b) The distal biceps tendon (DBT) of the short head 
has been isolated using the probe. It inserts more distally 
on the radial tuberosity

a

b

Fig. 20.2  Insertion of 
the distal biceps tendon 
(DBT) at the radial 
tuberosity [anterior 
view, forearm fully 
supinated]. (a) View of 
the forearm showing the 
DBT insertion point at 
the radial tuberosity in 
relation to the surround 
flexor muscles. (b) 
Close-up of the insertion 
of the DBT. The short 
head inserts more 
distally, whereas the 
long head inserts closer 
to the apex
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DBT attaches to the radial tuberosity, when 
flexed, the biceps pulls the radius into its supi-
nated position (Figure 20.3). Without the biceps 
brachii, supination of the forearm would not be 
possible [5, 7].

�Weak Flexion of the Elbow
The biceps brachii is not necessary for flexion of 
the forearm. However, when the forearm is in a 
supinated position, the biceps brachii will weakly 
contribute to the flexion force. Patients with dis-
tal biceps ruptures have been shown to achieve 
the same levels of flexion as those with fully 
intact biceps muscles [5, 8]. The brachialis and 
brachioradialis are the muscles mainly responsi-
ble for elbow flexion [5].

�Dynamic Stability of the Glenohumeral 
Joint
How the biceps brachii helps to stabilize the gle-
nohumeral joint is still an area of debate. Both 
heads of the biceps brachii weakly provide shoul-
der flexion. In addition, the LHBT is thought to 
contribute to shoulder stability during the first 30 

degrees of shoulder abduction. However, after 
the first 30 degrees, despite biceps contraction, 
the LHBT has been shown to provide no signifi-
cant stabilization at higher abduction angles [8]. 
The LHBT has also been shown to play an impor-
tant role in shoulder kinematics during the throw-
ing motion, more specifically the late phases 
including cocking, acceleration, and decelera-
tion. It is hypothesized that the biceps helps to 
resist torsional forces limiting the stress placed 
on the glenohumeral joint and to help center the 
humeral head within the glenoid [8].

�Clinical Evaluation

The goal of the clinical evaluation is to obtain a 
complete history of the patient’s injury and con-
duct a focused physical exam with injury specific 
tests. If the diagnosis is unclear at the end of the 
clinical evaluation, then MR imaging or ultra-
sound can be used to confirm the suspected diag-
nosis. We suggest that clinicians use a step-by-step 
approach to rule out various differential diagno-

a b

Fig. 20.3  Side-by-side view of the distal biceps tendon 
during supination and pronation of the forearm [anterior 
view]. The biceps brachii contracts during supination to 

move the radius to its natural supinated position. (a) View 
of the DBT during supination. (b) View of the DBT dur-
ing pronation
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ses, such as a full tendon rupture, radial tunnel 
syndrome, pronator syndrome, bicipitoradial bur-
sitis, and distal biceps tendinosis [9, 12].

�Patient History and Common Injury 
Mechanism/Reporting

The clinical examination begins with a compre-
hensive analysis of the patient’s history and the 
description of how the injury occurred. Distal 
biceps injuries commonly occur with the arm in a 
flexed and supinated position under eccentric 
force [10]. In partial tears, the onset of pain may 
begin as a result of lifting a heavy object. 
Alternatively, the patient may perceive the pain to 
be associated with supination and flexion, but not 
report a specific instance of injury [11, 12].

�Physical Exam of the Elbow

Partial tears commonly present as pain in the 
anterior elbow that worsens with supination and 
flexion. Hypersupination and hyperpronation 
with the arm flexed can produce significant pain 

in the DBT.  Palpation of the tendon insertion 
through both the dorsal and volar aspects may 
also elicit pain. In partial tear cases, loss of active 
supination and flexion, range of motion, and 
strength may be a result of pain associated with 
the injury. In acute cases, ecchymosis and swell-
ing may be present; however, it is not a common 
symptom in partial tear cases.

�Hook Test
The hook test, described first by O’Driscoll 
et al. [13], can be used to determine if the DBT 
is still attached to the insertion (Figure  20.4). 
The hook test is performed with the affected 
arm actively flexed to 90 degrees with maximal 
supination of the forearm. Taking a lateral to 
medial approach, the examiner then attempts to 
“hook” the biceps tendon, which may elicit 
pain in the case of a partial tear. The importance 
of a lateral to medial path during the hook test 
is to ensure that the lacertus fibrosus is not mis-
taken for an intact tendon [10, 13]. If there is a 
clearly palpable tendon, the patient is sent for 
radiographs and MRIs with the suspicion of a 
partial tear. Failure to find a palpable tendon is 
an indicator of a full tear.

a b

Fig. 20.4  Example of the hook test on a right arm [ante-
rior view, forearm held in isometric flexion and full supi-
nation]. The hook test is preformed lateral to medial to 

prevent false positive readings from the lacertus fibrosus. 
(a) Cadaveric representation of the hook test. (b) Example 
of a hook test on a patient

C. L. Uyeki et al.
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�Bicipital Crease Interval Test
In cases of complete tendon rupture, it is com-
mon for the biceps to retract proximally from 
the elbow (Figure 20.5) [9, 14]. The degree of 
this retraction can be quantitatively measured 
using the bicipital crease interval (BCI) test 
(Figure 20.6) [9, 14]. The BCI test measures the 
distance between the bicipital crease and the 
cusp of the biceps muscle, where a BCI longer 
than 6 cm or more than 1.2 times longer than 
the contralateral BCI is indicative of a complete 
DBT tear [14]. The BCI test may be used to fur-
ther rule out a complete tear, but is not neces-
sary if the clinical exam and hook test suggests 
a partial tear.

�Passive Forearm Pronation Test
The passive forearm pronation (PFP) test exam-
ines the continuity of the muscle joint complex. 
To administer the PFP test, the examiner holds 
the patient’s affected arm in flexion at 90 degrees 
and passively pronates it (Figure 20.7) [9]. The 
examiner is looking for proximal to distal move-
ment of the biceps that is consistent with the 
degree and speed of pronation. That is, with an 
intact tendon, the muscle belly should move with 
proportion to the speed and angle of the pronated 
forearm [9]. Failure to observe movement of the 
muscle belly during PFP indicates/suggests that 
there is discontinuity in the bone-tendon-muscle 
complex, and therefore a complete tear. A partial 
tear will demonstrate movement of the muscle 
belly; however, this will likely be accompanied 
with pain at the distal insertion.

�Advanced Imaging Techniques 
and Radiographs

Despite the fact that the clinical exam and spe-
cific tests for diagnosing a distal biceps tear have 
been refined over the years, it is nearly impossi-
ble to definitively diagnose a partial distal biceps 
tear without corroborating evidence from an 
MRI.  Standard oblique, AP, and lateral radio-
graphs should be taken to rule out any damage to 
the bony structures of the elbow joint as well as 
the possibility of osseous tumor growths. 

Fig. 20.5  Right distal biceps rupture. Physical deformity, 
showing asymmetry between the biceps muscle bellies of 
the affected and unaffected arms, is suggestive of a com-
plete DBT tear

a b c d

Fig. 20.6  Bicipital crease interval test [anterior view, 
forearm fully supinated]. The examiner locates and marks 
with a pen the antecubital flexion crease (a). From there, 
he or she runs their finger up and down the outline (con-
tour) of the distal biceps to locate the cusp (b), where the 
muscle dips most sharply toward the distal tendon and 

marks it with a line parallel to the first trace (c). The dis-
tance between these two lines is referred to as the biceps 
crease interval (d) and is abnormal when the distance is 
greater than 6 cm or if there is a noticeable difference in 
the ratio between the affected and unaffected arms 
(ratio > 1.2)
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Radiographs do not, however, provide informa-
tion that contributes to the diagnosis of a partial 
distal biceps tear.

�MRI Sequences
The most common imaging technique used to 
diagnose a partial-thickness tear of the distal 
biceps is magnetic resonance imaging (MRI). 
Typically, T-2 axial and sagittal sequences are 
obtained to make an informed diagnosis 
(Figure  20.8). These views allow imaging of 
the DBT to evaluate the degree of the tear or 
the amount of retraction if the tear is complete 
[15]. Axial and sagittal images will also show 
any scarring or edema at the injury site as well 
as the condition of the associated neurovascu-
lature [15].

�Flexion Abduction Supination MRI
The anatomy of the tendon, specifically its 
oblique course to the radial tuberosity, makes 

obtaining a longitudinal view of the tendon diffi-
cult. The flexion abduction supination view or 
FABS view places the elbow joint in an optimal 
position within the MRI to obtain a complete 
longitudinal view of the tendon [16]. The patient 
is positioned prone with their affected arm 
abducted above the head, elbow flexed to 90 
degrees, and the forearm supinated. This view 
optimizes the elbow’s position within the magnet 
and positions the arm such that the tendon can be 
observed longitudinally from the tuberosity to 
the muscle belly [16].

�Sonography
Ultrasound is a less expensive alternative to 
MRI that still allows the technician to assess the 
degree of tendon tear or retraction [17, 18]. The 
caveat to ultrasound is that it requires a skilled 
technician to obtain an accurate diagnosis and it 
is not effective in patients with large soft tissue 
envelopes [17, 18].

Fig. 20.7  Passive forearm pronation test of the right arm 
[anterior view, arm in 90° flexion]. The patient holds the 
affected arm in flexion at 90°, and the examiner passively 

pronates the forearm. (a) The forearm while fully pro-
nated. (b) The forearm during full supination

C. L. Uyeki et al.
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a b

Fig. 20.8  MRI of partial distal biceps tendon tear. (a) 
Three consecutive images from an axial T2 fat-suppressed 
MRI, showing a partial tear of the distal biceps tendon. (b) 

Three sagittal T2 fat-suppressed MR images from the 
same patient, confirming the partial-thickness longitudi-
nal tear
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�Non-operative and Operative 
Management

The current treatment for partial distal biceps 
tears includes a period of conservative manage-
ment and rest followed by surgical repair if the 
patient remains symptomatic [19, 20]. The most 
difficult part of management is correct diagnosis. 
Once diagnosed, the goal of treatment is to return 
full strength and full range of motion without any 
pain in the elbow [12]. Tears that include less 
than 50% of the insertion do not result in func-
tional loss and are first managed conservatively; 
however, if a tear involves more than 50% of the 
insertion, then it should be treated operatively 
(Figure 20.9) [19].

�Conservative Treatment

Conservative, non-operative treatment of a par-
tial DBT tear is an attractive option for most 
patients. Those who should seek non-operative 

care include patients who are asymptomatic, 
patients who have less demanding jobs, patients 
who cannot take time off work, patients at risk of 
complications, patients who are worried about 
the cost, and patients who are willing to accept a 
slight reduction in elbow supination strength.

�Conservative Protocol
Once diagnosed, the current accepted non-
operative treatment for partial distal biceps tears 
includes:

•	 Rest
•	 Avoidance of exacerbating activity
•	 Brace/sling
•	 Steroid injections (if necessary) [11, 21]

There is yet to be a consensus on how to treat 
patients non-operatively. While some clinicians 
treat non-operative care liberally and allow 
patients to go about activities of daily life right 
away, others are more conservative and recom-
mend a period of immobilization followed by 

Partial Distal Bicep Tear
Treatment

Non-intact Insertion

Surgery

Surgical
Complications

Nerve Injury

Continuation of
Symptoms

Surgery
Continue

Conservative Care

Patient Satisfaction

Conservative Considerations

Low Demand Job
Older

Time off work
Complications

Expenses

Intact Insertion

Heterotopic
Ossification

Fig. 20.9  Distal biceps tendon rupture treatment algorithm. An outline of steps in the treatment of distal biceps injuries 
based on the type of diagnosis made after completing a clinical exam and reviewing any advanced imaging
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physical therapy for exercises in both active and 
passive range of motion and strengthening exer-
cises [11, 12].

�Complications
Partial distal biceps tears comprise a small sub-
group of distal biceps tears. While the accepted 
method of treatment includes a period of non-
operative treatment, there remains much debate 
and little data about the success and complica-
tions of non-operative treatment. The limited lit-
erature that exists states that the complications 
arising from non-surgical treatment include:

•	 Diminished supination strength (40%) [22]
•	 Residual pain and weakness approximately 

double seen between normal dominant and 
non-dominant arm [12]

•	 Elbow cramping
•	 Retearing or completing the existing tear [19]

These complications, especially pain, indicate 
that patients should consider surgery.

�Results and Outcomes
The results and outcomes of non-surgical treat-
ment are highly debated, and much of the research 
to date has relied on small sample sizes due to the 
rare nature of the diagnosis [11, 21]. Many 
patients have had positive outcomes with conser-
vative treatment, and most will achieve painless 
full range of motion. However, after non-
operative treatment, patients often lose supina-
tion strength. When compared to those who 
underwent surgery, patients treated non-
operatively have only 59% of the supination 
strength compared to their non-dominant arms 
[23]. In addition, younger patients with higher-
demand jobs are more likely to fail non-operative 
treatment [19]. One study found that about 55.7% 
of patients that were treated non-operative for a 
partial distal biceps rupture ultimately underwent 
surgery [19].

�Surgical

Surgical treatment is indicated in patients who 
remain symptomatic after a period of non-

operative management. The “period” of non-
operative treatment before declaring the treatment 
unsuccessful is highly debated. Some authors 
advise patients try 1 year of non-operative treat-
ment [12]. Patients with less than 50% tendon 
insertion seen on MRI have a higher odds of fail-
ing conservative treatment and of ultimately 
needing surgery [19].

�Surgical Approach
In order to surgically repair a partial distal biceps 
tear, the partial tear must first be converted into a 
complete tear and debrided [22]. Surgical repair 
has been demonstrated to help relieve patients of 
lingering pain and weakness in the elbow. There 
are a variety of techniques used to repair a partial 
distal biceps tear including single-incision and 
dual-incision techniques along with differing 
reattachment techniques (Table 20.1).

�Single-Incision Technique
In the single-incision technique, the surgeon 
makes an incision distal to the elbow in the ante-
cubital fossa.

The single-incision technique is associated 
with a higher risk of nerve injury. The most 
common nerve injury is lateral antebrachial 
cutaneous neuropraxia and less commonly 
injury to the radial nerve and the posterior inter-
osseous nerve. Single-incision procedures may 
also lead to heterotopic ossification and synos-
tosis; however, this is less common and is seen 
more in dual-incision. There are many tech-
niques available to repair the distal biceps to the 
radial tuberosity with a single-incision includ-
ing suture anchors, interference screw, cortical 
button, or a combination [24].

�Author’s Preferred Technique
The corresponding author’s preferred technique 
for both partial and complete DBTs is to use the 
single-incision technique and fix the tendon to 
the radial tuberosity using a cortical button and 
an interference screw.

	 1.	 The patient is positioned supine on the oper-
ating table, with the operative extremity on a 
hand table. The arm is positioned on the 
hand table so the arm is nearly off in the 
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direction of the patient’s head to make it 
more accessible to the C-arm. The patient is 
then prepped and draped, with the hand cov-
ered in a sterile glove and the upper drape 
placed as close to the armpit as possible to 
allow for a more extensive approach if nec-
essary (Figure 20.10).

	 2.	 A single, transverse incision is made three 
fingerbreadths (3–4 cm) distal to the antecu-
bital fossa. The incision should be approxi-
mately two thirds the width of the forearm, 
however may need to be extended in order to 
improve exposure of the radial tuberosity 
(Figure 20.11).

	 3.	 After the incision is made, the subcutaneous 
tissue is dissected using Metzenbaum scis-
sors and finger dissection. The lateral ante-
brachial cutaneous nerve (LACN) is 
identified and protected for the remainder of 
the procedure. It is important to remember 
that the LACN is actually a more central 
structure than its name would suggest 
(Figure 20.12).

	 4.	 An army navy retractor is placed proximally 
to help visualize the tendon. In the case of a 
partial tear, the dissection to find the tendon 
is less extensive than for a complete tear as 
the tendon will still be attached to the radial 
tuberosity. Once the tendon can be seen, dis-
section is continued proximally with finger 
dissection and a raytek, until the surgeon can 
palpate the muscle belly and the tendon 
(Figure 20.13). By palpating the muscle and 
the tendon, the surgeon avoids mistaking the 
median nerve for the biceps tendon. The 

median nerve should not be encountered dur-
ing this procedure; however, if the surgeon 
dissects too medially, they run the risk of 
finding the median nerve. Once the tendon is 
positively identified, it is released from any 
adhesions anteriorly, posteriorly, medially, 
and laterally (Figure 20.14).

Table 20.1  Surgical techniques for distal biceps repair [24]

Approach Incision
Repairing the distal biceps 
to the radial tuberosity Complications

Anterior single 
incisions

From antecubital fossa Suture anchors
Interference screw
Cortical button
Combination of above

Nerve injury:
 � Lateral antebrachial cutaneous nerve
 � Radial nerve
 � Posterior interosseous nerve
Heterotopic ossification
Synostosis

Dual incision 1. �Anterior incision over 
the antecubital fossa

2. �Posterolateral elbow 
incision

High-strength sutures 
through multiple bone 
tunnels

Radioulnar synostosis
Heterotopic ossification

Fig. 20.10  Draping the extremity for surgery. The upper 
drape is placed as close to the armpit as possible to allow 
for a more extensive approach if necessary. Though this 
should not be the case for a partial tear, it is the standard 
draping technique for all distal biceps repairs whether par-
tial or complete
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	 5.	 Since the tendon remains intact in a partial 
tear, the identified tendon can be followed 
distally to the radial tuberosity. If the sur-
geon suspects that the tendon may be com-
pletely torn, as is the case with nearly 
full-thickness tears, they may also follow the 
tendon sheath if it remains intact, as this will 
also lead to the radial tuberosity. Throughout 
the procedure, the assisting will hold the 
forearm in hypersupination to allow better 
visualization of the radial tuberosity and 

Fig. 20.11  Three fingerbreadths incision. (a) The inci-
sion is marked three fingerbreadths distal to the antecubi-
tal fossa, allowing for a more direct dissection to the radial 
tuberosity. (b) The transverse incision is made with a skin 
knife. Here a size 15 blade is used

Fig. 20.12  Lateral antebrachial cutaneous nerve. The lat-
eral antebrachial cutaneous nerve is a central structure in 
the anterior compartment of the forearm and should be 
identified and protected throughout the entire procedure

Fig. 20.13  Finger dissection and palpation biceps mus-
cle belly. It is important to palpate the muscle belly and 
tendon to positively confirm that the identified structure is 
actually the distal biceps tendon and not the median nerve 
or the lacertus fibrosis

Fig. 20.14  Distal biceps tendon. In partial tear cases, the 
tendon will be mostly intact and easy to locate, usually 
within the tendon sheath, which can then be followed dis-
tally to locate the radial tuberosity
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move the posterior interosseous nerve under 
the supinator and further out of the surgical 
field.

	 6.	 The dissection down to the radial tuberosity 
is performed by splitting the interval between 
the pronator teres and the brachioradialis. A 
wide blunt Hohmann retractor is placed on 
the ulnar side of the radius and an army navy 
retractor is placed radially. It’s important to 
not over-retract the LACN and posterior 
interosseous nerves so self-retainers should 
not be used at this stage in the procedure.

	 7.	 To release the tendon from its insertion at the 
tuberosity, the tendon is dissected out of the 
sheath using a skin knife and DeBakey scis-
sors (Figure  20.15). Once the tendon is 
released from the tuberosity completely 
using a skin knife, an Alice clamp is attached, 
and the tendon is debrided of any scar tissue 
and torpedoed to remove any degenerate ten-
don and make passage through the tunnel 
easier.

	 8.	 Next, non-absorbable sutures are attached 
from distal to proximal to 2.5 cm of the ten-
don using two locking Krakow stitches 
(Figure 20.16). The suture is separated from 
the needle at its attachment to allow for 
plenty of length to pass through the biceps 
button. Holding the button so the openings 
face the tendon, the first stich is threaded out 
through one of the inner holes and back 
through the outer hole in the opposite side. 

The second stitch follows the same pattern in 
the remaining two holes, such that the limbs 
of the suture should be facing the tendon and 
the button should slide freely along them. 
Once the button is threaded, a snap is placed 
over the button and the suture, and a second 
suture is Krakow stitched such that the knot 
can be tied on the ulnar side of the tendon. 
This is important as it allows the tendon to be 
pulled to the ulnar side of the tuberosity dur-
ing screw fixation which creates a more sta-
ble and anatomic fixation.

	 9.	 Once the tendon is prepared, a 3.2 mm guide 
wire is drilled unicortically into the footprint 
of the radial tuberosity (Figure  20.17). For 
this step it is especially important to hypersu-
pinate the wrist. The thenar eminence, which 
mirrors the face of the radial tuberosity, should 
be angled toward the surgeon, who is sitting 
on the ulnar side of the arm. Once the position 
is confirmed via fluoroscopy, the wound is 
irrigated with saline solution.

	10.	 An 8 mm cannulated reamer is then used to 
drill a unicortical socket over the guide wire 
(Figure 20.18). The guide wire is then used 
to drill through the second cortex on the 
ulnar aspect of the socket and removed, and 
the wound is irrigated to remove any debris. 
The guide wire is then drilled on a more 
ulnar angle through the second cortex of the 
radial tuberosity to avoid the PIN 
(Figure 20.19).

a b

Fig. 20.15  Dissecting the tendon out of the sheath. (a, b) This figure shows the progression of releasing the tendon 
from its outer sheath using the DeBakey scissors to reduce the risk of cutting the tendon
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	11.	 The button is placed through both cortices 
with a clamp and flipped so that it is seated 
flat against the radius (Figure 20.20). Once 
the surgeon believes the button has flipped, it 
is confirmed with fluoroscopy (Figure 20.21). 
The tendon is then tightened down by pull-
ing the sutures in an alternate fashion, and 
the sutures are then tied down using an 
arthroscopic knot pusher.

	12.	 Next, an 8 mm × 12 mm interference screw 
is inserted on the radial side of the bone tun-
nel to push the tendon to the ulnar side of the 
radial tuberosity, creating a more anatomic 
position of the tendon (Figure  20.22). The 
suture limbs are then tied down over the 
screw, and the ends are cut. Pushing the ten-
don to the ulnar side has been shown biome-
chanically to decrease movement at the 
tendon bone interface during cyclic loading.

	13.	 The deep and superficial soft tissues are 
copiously irrigated, and the tourniquet is 
dropped to make sure that all bleeding is 
addressed. The flexor and extensor compart-
ments are closed with buried 0 Vicryl to pre-
vent hematoma. The subcutaneous tissue is 
closed with 3-0 Monocryl, and the skin is 
closed with a running 3-0 Monocryl and 
Steri-Strips (Figure 20.23).

	14.	 The extremity is then placed in a soft 
dressing with multiple layers (4–6 layers) 

a

b

c

Fig. 20.16  Stitching the tendon. The tendon is stitched 
with a Krakow pattern to allow for the button fixation and 
then again with a different colored suture to position the 
tendon ulnarly for screw fixation

Fig. 20.17  Drilling the guide pin. The first guide pin is 
drilled perpendicular to the surface of the radial tuberos-
ity. The thenar eminence can be used to check the angle 
before drilling, and the position can then be confirmed 
with fluoroscopy
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of cast padding and aced bandage, and the 
arm is put in a sling (Figure  20.24). The 
arm should be heavily padded but should 
not prevent movement as patients will 
start active movement of the hand the 
same day.

Pearls
•	 As the interval between the pronator teres and 

extensors is dissected, the surgeon will 
encounter the leash of Henry, a plexus of veins 
branching off the recurrent radial artery. These 
will need to be cauterized if they cannot be 
retracted from the surgical field.

•	 Maintain hypersupination throughout the 
entire procedure as this allows better exposure 
of the radial tuberosity and protects the PIN 
by moving it under the supinator muscles. Do 
not hypersupinate through the hand because 
this allows movement at the distal radioulnar 
joint that leaves the radiocapitellum unstable. 

Fig. 20.18  Reaming over the guide pin. An 8 mm reamer 
is used to ream over the guide pin to create a unicortical 
socket; this wound is then copiously irrigated and debrided 
to reduce the risk of heterotopic ossification

Fig. 20.19  Drilling the second guide pin. The second 
guide pin is drilled on an ulnar angle. This does not 
improve anatomic fixation; it is done to further decrease 
the risk of drilling into the PIN on the other side of the 
radial cortex

Fig. 20.20  Inserting the cortical button. The cortical but-
ton is inserted into the bone tunnel with a needle driver 
and then further pushed through using the blunt end of a 
guide pin
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The forearm should be held at the distal radius 
and ulna to prevent extraneous movement at 
the radiocapitellar joint.

�Dual-Incision Technique
The dual-incision technique has one incision in the 
anterior fossa and another posterolateral incision 
used to expose the radial tuberosity. There are 
many variations of the dual-incision technique. 
The most common complications seen with the 
dual-incision approach are posterior interosseous 
nerve injury, heterotopic ossification, and synosto-
sis. The most common method of repairing the 
distal biceps to the radial tuberosity with the dual-
incision technique is with high-strength sutures 
through multiple bone tunnels [24].

�Results and Outcomes
Regardless of surgical technique, surgical repair 
of distal biceps tendon ruptures has been shown 
to have positive outcomes, as much as 90% of 
patients who underwent partial distal biceps 
repair surgery are satisfied with the results [19]. 
Patients who undergo surgical treatment have 
improved mean elbow supination and mean 

Fig. 20.21  Checking the button under fluoroscopy. The 
position of the button is checked under fluoroscopy to 
make sure that it is seated flat against the radius. The but-
ton is then synched down by pulling in the two strands of 
suture in an alternating fashion. The tendon may be guided 

down with a hemostat or coker during this process by 
grabbing the tendon slightly proximal of its insertion into 
the tunnel to help reduce the tear as the button is tightened 
down

Fig. 20.22  Interference screw fixes tendon ulnarly. The 
interference screw is used to fix the tendon to the ulnar 
side of the socket. This creates a more anatomical fixation 
which has also been shown to decrease motion at the ten-
don bone interface during cyclic loading
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Fig. 20.23  Closing the wound. (a) The flexor and exten-
sor compartments are closed with a buried 0 Vicryl suture 
to consolidate any hematoma that may form postopera-

tively. (b) The skin is closed with a running 3-0 Monocryl 
suture and (c) Steri-strips

a b

Fig. 20.24  Padding the extremity. (a) The patient’s 
extremity is padded with four to six layers of cast padding 
from the armpit to the hand. (b) The arm is wrapped in a 

soft dressing and placed in a sling. It is important to not 
restrict the movement of the hand during casting to allow 
for immediate postoperative movement
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DASH scores compared to the non-operative 
patients [21]. The overall complication rate is 
about 24.5%, and this is similar among single- 
and dual-incision surgical techniques [23]. 
Patients are found to have near-normal supina-
tion and flexion, as well as limited pain. Patients 
are instructed to follow a postoperative protocol 
(Table 20.2) and are generally able to return to 
their previous sports or activities with little to no 
complaints.
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Complete Distal Biceps Ruptures

Stephen G. Thon and Rachel Frank

�Introduction

The treatment of complete distal biceps tendon 
ruptures has evolved significantly over time. 
Initially, surgical treatment consisted of tenodesis 
of the biceps to the brachialis muscle in order to 
avoid the structures in the antecubital fossa [1]. 
This led to improved flexion strength but little 
improvement in supination strength [2, 3]. Better 
understanding of the anatomy and evolution of 
tendon repair techniques has allowed for the 
direct repair of the distal biceps tendon to the 
bicipital tuberosity in acute ruptures. Direct 
repair is now the preferred treatment option for 
acute ruptures in active individuals in order to 
avoid further loss of function.

�Anatomy

The biceps brachii muscle is divided into two 
heads: the long head (LHB) and the short head 
(SHB). Each has different originations but both 
insert distally in the proximal forearm at the 
radial tuberosity. The long head originates on the 
supraglenoid tubercle in the shoulder passing 

through the rotator interval on its way to the ante-
rior compartment of the arm. The short head 
originates on the coracoid process. While both 
contribute to varying degrees to flexion and supi-
nation, in general, the long head contributes more 
to supination and the short head more to flexion 
strength [4, 5]. Both insert on the ulnar side of the 
bicipital tuberosity with the short head portion 
inserting more distal and the long head portion 
inserting more proximal [6] (Fig. 21.1a, b). The 
bicipital tuberosity is approximately 24 mm long 
and 15 mm wide on average, and rarely does the 
biceps tendon insertion take up the entirety of the 
tuberosity [6–9] (Fig. 21.1c).

The distal end of the biceps brachii tendon 
passes through the antecubital fossa. At the prox-
imal end of the antecubital fossa, the important 
structures of note are found ulnar (medial) and 
deep to the tendon. This includes the brachial 
artery, brachial vein, and median nerve. Distally 
in the fossa, important structures are found radial 
(lateral) to the tendon which includes the radial 
recurrent artery and the lateral antebrachial cuta-
neous nerve (LABCN). It is important to under-
stand the anatomical relationships at this level in 
order to avoid iatrogenic injury. The tendon also 
contains an aponeurosis called the lacertus fibro-
sus which surrounds the tendon at the level of its 
insertion and provides attachments to the forearm 
fascia and the ulna. The LHB tendon inserts more 
proximal on the radial tuberosity compared to the 
SHB tendon.
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The biceps brachii muscle is innervated by the 
musculocutaneous nerve proximally in the arm 
[10]. This nerve travels between the biceps and 
brachialis muscles and continues into the forearm 
as the purely sensory LABCN. The musculocuta-
neous nerve innervates the biceps brachii muscle 
well proximal to the elbow and is generally not a 
concern in complete distal biceps ruptures. The 

radial nerve is also found lateral to the distal 
biceps insertion, between the brachialis and bra-
chioradialis muscles.

The two heads of the biceps brachii provide 
both forearm supination and elbow flexion 
strength. While the brachialis is the main elbow 
flexor, the short head provides further flexion 
strength with the forearm in maximum supination. 

a

b

c

the insertion of the
short head of the
biceps tendon

the insertion of the
long head of the
biceps tendon

Fig. 21.1  (a) Path of 
long and short head of 
the biceps tendon as it 
passes the antecubital 
fossa with (b) their 
attachments on the radial 
tuberosity. (c) The 
insertional footprint of 
the radial tuberosity 
with the long head 
inserting proximal (red) 
and the short head 
inserting more distal 
(black). (Adapted from 
Van den Bekerom et al. 
[9] and Cho et al. [55] 
(with permission of 
Springer Nature))
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Rupture of the distal biceps insertion results in 
approximately 40% and 30% losses of supination 
and flexion strength, respectively [11]. Likewise, 
endurance strength for both movements is also 
significantly decreased [12].

�History and Physical Examination

Most commonly, injury to the distal biceps ten-
don insertion is from a single, traumatic injury. It 
occurs due to an eccentric elongation of the 
biceps brachii muscle. Distal biceps tendon rup-
tures occur in approximately 1.2–5.4 per 100,000 
persons per year and usually in males between 
the ages of 40 and 60 [13–15]. Common injury 
mechanisms are from weight lifting in the young 
athletic population or from a forced extension of 
the elbow against resistance. Many times patients 
will complain of an audible “pop” or tear at the 
time of injury. Patient risk factors for injury 
include smoking (7.5× increased risk of rupture), 
anabolic steroid use, and increased BMI [13, 15]. 
It should be noted that increased BMI also 
includes young, fit, muscular individuals with 
increased body masses secondary to strength 
training as well.

After a complete distal biceps rupture, patients 
will complain of weakness and pain in forearm 
supination and flexion especially with sustained 
resisted movements. Biceps brachii muscle 
retraction into the upper arm results in a loss of 
normal contour of the upper arm and a character-
istic deformity known as a “Popeye” deformity. 
Complete rupture will often produce significant 
ecchymosis of the elbow and tenderness to palpa-
tion in the antecubital fossa (Fig. 21.2a, b).

Physical examination maneuvers for com-
plete rupture include the hook test, the biceps 
crease interval test, and the Ruland biceps 
squeeze test. The “hook test” is performed by 
having the patients flex their elbow to 90 
degrees, and into maximum supination, the 
examiner will then use their index finger to 
“hook” around insertion of biceps tendon from 

a

b

Fig. 21.2  (a) “Popeye” deformity with (b) characteristic 
loss of contour of the biceps muscle and ecchymosis seen 
in distal biceps ruptures. (Adapted from Lorbach et  al. 
[56] and Eardley et al. [57] (with permission of Springer 
Nature))
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lateral to medial [16]. Absence of the cordlike 
distal biceps tendon is a positive test (Fig. 21.3). 
The hook test has been shown to have a sensi-
tivity and specificity of 100% in complete dis-
tal biceps ruptures; however, it is important to 
note that an intact lacertus fibrosus can lead to 
a false negative finding [16]. The biceps crease 
interval test is performed by measuring the dis-
tance from the antecubital fossa to the curve of 
the biceps while the arm is flexed to 90 degrees. 
While greater than a 6 cm distance is consid-
ered a positive finding, a difference in side-to-
side distance can be useful in diagnosis [17]. 
Finally, the Ruland biceps squeeze test is per-
formed similarly to the Thompson test for an 
Achilles rupture. With the forearm resting on a 
flat surface, the biceps muscle belly is squeezed 
tightly to observe for passive forearm supina-
tion [18]. A lack of supination is considered a 
positive test.

Distal biceps ruptures can be classified accord-
ing to the Ramsey classification, which divides 
into partial or complete ruptures [19]. Partial rup-
tures can be divided into insertional or intrasu-
bstance. Complete tears can be further classified 
based on their acuity and the status of the lacertus 
fibrosus (aponeurosis). While this chapter is spe-
cifically focused on complete distal biceps rup-
tures, it is valuable to be able to distinguish 
partial tears when necessary as well.

�Imaging

In general, a complete distal biceps rupture can 
be diagnosed with history and physical examina-
tion alone. However, it is prudent to obtain stan-
dard AP and lateral elbow radiographs at the time 
of presentation to rule out other causes of pain, 
including associated fractures. Radiographs are 
most commonly normal, with possible soft tissue 
swelling. Rarely, an avulsion fracture of the 
radial tuberosity can be seen on the lateral 
radiograph.

Magnetic resonance imaging (MRI) is the 
gold standard for diagnosis. It can differentiate 
between complete versus partial tears as well as 
tendinous versus intrasubstance tears. In com-
plete distal ruptures, it is also useful to assess for 
the degree of retraction of the tendon into the 
arm. In addition, for chronic tears, MRI is helpful 
to determine muscle atrophy and tendon retrac-
tion, findings which are relevant for operative 
planning. Ordering the test with the arm placed in 
abduction, elbow flexion to 90 degrees, and full 
forearm in supination (FABS) helps with sensi-
tivity [20] (Fig. 21.4).

�Treatment

Nonoperative treatment of complete distal 
biceps ruptures is generally reserved for the 
elderly, low-demand, or medically unstable 
patient who would otherwise not fit to undergo 
surgery. Typically, if nonoperative management 
is chosen, the patient will undergo a brief period 
of immobilization and rest, followed by a super-
vised physical therapy program for range of 
motion, edema control, and strengthening in the 
later stages. Patients undergoing nonoperative 
management need to be made aware of perma-
nent losses to supination strength (~40%) and 
flexion strength (~30%), as well as loss of mus-
cle endurance [12, 21, 22].

Operative management is the recommended 
treatment for the vast majority of patients with 
complete distal biceps ruptures. It is recom-

Fig. 21.3  Demonstration of “hook test” in an intact 
biceps tendon. In a complete distal rupture, the examiner 
will be unable to “hook” the distal biceps tendon signaling 
a positive test for distal biceps rupture. (Adapted from 
Lorbach et al. [56] (with permission of Springer Nature))
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mended to attempt fixation of the distal biceps 
acutely after injury (within 4–6  weeks), and 
preferably as soon as possible after the injury, 
as surgical delay may result in tendon retrac-
tion beyond repair, the need for grafting, atro-
phy of the tendon/muscle, or an irreparable 
tendon. No specific surgical technique or fixa-
tion method has been proven to be superior. As 
such, the surgical technique should be tailored 
to the patient as well as the comfort level of 
the surgeon in performing the technique 
chosen.

�Surgical Approach

Single- or two-incision techniques for distal biceps 
tendon repair have been described [23]. Both tech-
niques have been shown to improve patient 
reported outcome scores and restore supination 
and flexion strength [24–29]. Individual studies 
have shown no difference in clinical outcomes 
between the two approaches [30–32]. Some 
authors have found the single-incision technique 
to have improved flexion range of motion but also 
a higher complication rate consisting of mostly 
transient lateral antebrachial cutaneous nerve neu-
ropraxia [33]. Notably, the “Morrey modification” 
for the two-incision technique described by Kelly 
et al. may provide decreased risk of complications 
while also maximizing range of motion and 
strength gains [24–36] (Fig. 21.5).

�Surgical Fixation Techniques

There are two main surgical techniques available 
currently for reattachment of the distal biceps 
tendon: single-incision and two-incision tech-

Fig. 21.4  A complete rupture of the left distal biceps bra-
chii tendon. (Adapted from Citak et al. [58] (with permis-
sion of Springer Nature))

Fig. 21.5  Boyd–Anderson double-incision technique, 
modified by Morrey, with a short dorsal incision focused 
on bicipital tuberosity. (Adapted from Giacalone et  al. 
[59] (with permission of Springer Nature))
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niques. Fixation options are variable and include 
transosseous tunnels (two-incision technique), as 
well as suture anchor fixation (single-incision 
technique), interference screw fixation (single-
incision technique), and cortical button fixation 
(single-incision technique). In addition, the 
tension-slide technique (TST) uses both cortical 
button and interference screw fixation. The TST 
technique maintains the strength of cortical but-
ton fixation, while also reducing gap formation at 
the repair site with the interference screw [37, 
38]. Biomechanically, each technique has shown 
equivalent or improved fixation strength when 
compared to the native tendon. Cortical button 
fixation has been shown to have the highest over-
all pullout strength in cadaver studies; however, 
clinically this has not resulted in statistically sig-
nificant improvements over other techniques as 
all techniques have shown successful outcomes 
[25, 39–41].

The native intact biceps tendon has an average 
of 204 N pullout strength in cadaver studies [37, 
38, 41–46]. Pullout strength has been reported to 
be between 125 and 310 N for transosseous tun-
nel fixation, between 220 and 381 N for suture 
anchor fixation, between 178 and 232 N for inter-
ference screw fixation, between 440 and 584 N 
for cortical button fixation, and between 282 and 
432 N for the TST technique [37, 38, 41–46].

�Two-Incision Technique: 
Transosseous Tunnel Fixation 
(Fig. 21.6a, b)

Transosseous tunnel fixation is used with the two-
incision repair technique [14]. An anterior inci-
sion is made over or just proximal to the 
antecubital fossa. The LABCN is protected and 
dissection is carried down to the ruptured tendon. 
The tendon is then whipstitched with heavy, non-
absorbable suture. Dissection is then carried down 
to the bicipital tuberosity on the proximal radius, 
and with the arm fully supinated, a Kelly clamp is 
passed along the medial border of the tuberosity 
to the dorsolateral aspect of the proximal forearm. 
At this point, the posterior incision is made 

centered over the tip of the previously passed 
clamp. Preoperative fluoroscopy can also be used 
to predict the location of this incision, which is in 
line with the tuberosity. After the skin incision is 
made, a muscle-splitting approach through the 
common extensor muscles is utilized to expose 
the bicipital tuberosity. The arm should be maxi-
mally pronated, which helps to protect the poste-
rior interosseous nerve (PIN). Once the tuberosity 
is exposed, a reamer is used to create a socket for 
the tendon and two or three bone tunnels are cre-
ated, leaving a sufficient bony bridge between the 
tunnels. The sutures ends from the distal tendon 
are passed through the tunnels and the tendon 
stump is docked into the socket. The sutures are 
then tied over bone bridge(s) created by the tun-
nels, reattaching the distal biceps tendon.

Bohrlöcher
Drill holes

Hochfrequenzfräse
High-frequency reamer

Bizepssehne
Biceps tendon

a

b

Fig. 21.6  Bone tunnel technique. (a) Three drill holes 
are placed into bicipital tuberosity followed by high-
frequency burr to hollow out trough for tendon stump. (b) 
The tendon stump is then fed into hollow tunnel and 
sutures are tied over the top of the bone tunnel drill holes. 
(Adapted from Wirth et  al. [60] (with permission of 
Springer Nature))
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�Single-Incision Techniques: Suture 
Anchor, Interference Screw, and/or 
Cortical Button Fixation (Figs. 21.7a, b, 
21.8a, b, and 21.9a, b)

Unlike the transosseous fixation utilized during 
the two-incision technique, the single-incision 
distal biceps tendon repair technique utilizes 
suture anchor fixation [14, 28], cortical button 
fixation [47, 48], or interference screw fixation 
[49, 50] (Figs. 21.7a, b, 21.8a, b, and 21.9a, b). 
Dual-fixation strategies have also been described, 
with both cortical button and interference screw 
fixation. Regardless of the fixation device/implant, 
during the single-incision technique, a single-
incision is made either directly over or just distal 
to the antecubital fossa. The incision can be trans-
verse (authors’ preferred approach), oblique, or 
longitudinal. The LABCN is identified and 

protected. The distal biceps tendon is identified, 
debrided of any non-viable tissue, and whip-
stitched using high-strength non-absorbable 
suture. The elbow is then extended and fully supi-
nated, and dissection is carried down to the bicipi-
tal tuberosity, taking care to avoid excessive soft 
tissue retraction. The tuberosity is then debrided. 
At this point, the tuberosity is prepared according 
to the implant of choice, which involves reaming 
a unicortical tunnel (typically 7 or 8 mm) if using 
interference screw fixation, drilling a small bicor-
tical tunnel if using cortical button fixation, or 
drilling small, unicortical hole(s) in the tuberosity 
if using suture anchors. Recently, cortical buttons 
have also been placed unicortically in the intra-
medullary canal, obviating the need to drill bicor-
tically through the radius [51]. Regardless of 
attachment technique, the tendon is then brought 
to the tuberosity and fixated.

a

b

Fig. 21.7  Single-incision suture anchor technique. (a) A 
guide for the suture anchor is placed through incision onto 
desired location on bicipital tuberosity. (b) The anchor is 
then inserted through guide following drilling to appropri-
ate depth. (Adapted from Loitz et al. [61] (with permis-
sion of Springer Nature))

a

b

Fig. 21.8  Single-incision interference screw technique. 
(a) Whipstitches are placed into distal end of tendon. (b) 
Interference screw is then placed into bone tunnel secur-
ing distal tendon to radial tuberosity. (Adapted from Khan 
et al. [62] (with permission of Springer Nature))

21  Complete Distal Biceps Ruptures



270

�Authors’ Preferred Technique 
and Rehabilitation

For the vast majority of patients, the authors’ pre-
ferred technique is a single-incision repair with 
cortical button fixation. In some cases, including 
patients who are heavy laborers and/or body 

builders, the TST technique is utilized, with both 
the cortical button and an interference screw. We 
prefer to make a single, 2–3  cm transverse 
incision two finger-breadths distal to the antecu-
bital fossa. The LABCN is identified, protected, 
and retracted laterally, with careful attention not 
to place too much traction on the nerve. In acute 
ruptures, the ruptured tendon is easily located 
proximally in the wound. The tendon is secured 
using an Allis or similar clamp. The tendon is 
released from any adhesions proximally using 
blunt finger dissection to promote tendon excur-
sion out of the wound. The distal end of the ten-
don is debrided back to bleeding, healthy tissue. 
Once the tendon has been adequately mobilized 
and debrided, a heavy, non-absorbable suture 
(No. 2 FiberWire, Arthrex Inc., Naples, FL) is 
then whipstitched up and back along the distal 
tendon, leaving the two free ends of suture out 
the distal end of the tendon (Fig.  21.10a). The 
tendon diameter is measured and, if utilizing 
an interference screw, slightly tubularized to 
allow for easy delivery into the tuberosity (once 
reamed).

The forearm is then placed in maximal supina-
tion and the radial tuberosity is exposed, taking 
care to minimize retraction to avoid injury to the 
LABCN and PIN.  The bicipital tuberosity is 
identified and debrided of any remaining tendon 
tissue. A 3.2 mm guide pin is drilled bicortically 
through the radial tuberosity, aiming ulnar to avoid 
injury to the PIN (Fig.  21.10b). Intraoperative 
fluoroscopy can be utilized to confirm pin loca-
tion. If an interference screw is to be used, an 
appropriately sized reamer (based on tendon 
stump size, typically 8 mm) is used to ream a uni-
cortical tunnel over the guide pin. Bone and soft 
tissue are irrigated out thoroughly. If an interfer-
ence screw is not used, this step is skipped 
(Fig. 21.10c).

At this point, the suture limbs from the pre-
pared tendon are shuttled through the cortical 
button (Fig. 21.10c), and the button is then passed 
through the bicortical drill hole and flipped on the 
far cortex. Fluoroscopy is used to confirm proper 
placement of the button on the far cortex 
(Fig.  21.10d). The suture limbs are then ten-
sioned to pull the tendon to the tuberosity and are 

a

b

Fig. 21.9  Single-incision cortical button fixation. (a) A 
unicortical bone tunnel is created for tendon insertion. (b) 
The distal end of the tendon is whipstitched and attached 
to cortical button just prior to insertion through bone tun-
nel. (Adapted from Vandenberghe and van Riet [63] (with 
permission of Springer Nature))
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then tied to secure the repair. If the TST tech-
nique is utilized, a PEEK interference screw (typ-
ically 7 × 10mm) is inserted into the previously 
reamed tunnel, taking care to insert the screw on 
the radial side of the tunnel, to force the tendon 
more ulnar (anatomic). The final screw position 
should be flush to the anterior cortex of the radius.

Once the repair is complete, the wound is 
copiously irrigated and closed in layers. The arm 

is then placed into a well-padded, posterior-mold 
splint with the elbow flexed to approximately 
70–90 degrees (pending repair tension) for 
10–14 days until the patient returns for their first 
postoperative visit. At that time, the splint is 
removed and the patient is transitioned to a post-
operative hinged-elbow brace.

Physical therapy is typically initiated after the 
first postoperative visit, and once full active 

Fig. 21.10  Authors’ preferred technique. (a) Distal end 
of tendon whipstitched with non-absorbable suture. (b) 
Guide pin is placed through anterior incision into bicipital 
tuberosity. (c) Acorn reamer is drilled unicortically to 
accept distal tendon stump. (d) Cortical button is attached 
to free suture ends of distal tendon, fed through bone tun-
nel, and “flipped” on far cortex. The sutures are then 

pulled taut and tied over the top to secure the tendon into 
bone tunnel. (e) Correctly positioned and flipped cortical 
button on postoperative radiograph. (Adapted from 
Gasparella et  al. [64], Nicoletti et  al. [65] and 
Vandenberghe and van Riet [63] (with permission of 
Springer Nature))

a c

b
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motion is achieved, usually around 8  weeks, 
patients are allowed to start gradual strengthen-
ing exercises. Patients are released to full activi-
ties between 4 and 6  months when they have 
reached ~90% strength and ROM compared to 
the uninjured elbow. Contact or high-level ath-
letes may need to be returned to full participation 
to avoid re-rupture closer to the 6-month mark.

�Outcomes

To date, the only prospective randomized trial to 
compare single- vs. two-incision distal biceps 
repair technique was performed by Grewal and 
associates [33]. No differences were found 
between the two groups; however, there were dif-
ferent fixation techniques used not only between, 
but within, the two groups which may bring into 
question of whether the conclusions from that 
study were due to the different approaches or the 
different fixation methods [33].

Systematic reviews have shown no differ-
ences in outcomes between single- and two-
incision techniques [36, 52]. Likewise, no 
differences in final outcomes have been deter-
mined between fixation technique when com-
paring two-incision bone tunnels and 
single-incision interference screws, suture 
anchors, and cortical buttons [36, 52]. Final 
range of motion and strength of the operative 
elbows have also not differed between the two 
approach techniques and the multiple fixation 
methods [36]. Only 2.0% of patients report a 
loss of greater than 30 degrees of flexion–exten-
sion, and 2.6% of patients report a loss of greater 
than 30 degrees of pronation–supination [36]. 
Overall, only 5% of patients have significant 
loss of flexion strength and 11.4% of patients 
have loss of supination strength that is signifi-
cant (loss of greater than 20%) compared to the 
nonoperative side [36]. No differences between 
fixation techniques and strength outcomes have 
been reported [36].

d

e

Fig. 21.10  (continued)
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It must be noted that there is significant het-
erogeneity within the literature when it comes to 
reporting outcomes, techniques, and single- 
versus two-incision technique. This has made it 
difficult to directly compare the four different 
fixation techniques and two different approaches 
to make a determination as to what combination 
is most effective and the safest. Kodde et al. noted 
in their systematic review that the use of bone 
tunnels as a fixation technique was associated 
with the two-incision technique in 84% of all 
cases which skews a meta-analysis when com-
paring other techniques [36]. Likewise, the other 
fixation methods have rarely been reported in the 
context of a two-incision approach.

�Complications

The overall complication rate of distal biceps 
repairs has been reported to be between 24.5% 
and 33% [36, 52, 53]. However, the majority of 
complications reported are transient and resolve 
with time. Most recent systematic reviews have 
shown the complication rates to be higher for 
single-incision versus two-incision techniques 
[36, 53]. Single-incision techniques have reported 
complication rates up to 28.3%, whereas two-
incision techniques have had complication rates 
up to 20.9% [36, 53]. The most common type of 
complication was neurologic regardless of surgi-
cal technique. However, the most common com-
plication differs between single-incision and 
two-incision techniques with single-incision hav-
ing higher rates of nerve injury (up to 9.8%) and 
two-incision techniques having higher rates of 
heterotopic ossification (HO) and synostosis 
(7.2–9.8%) [36, 52, 53]. It should be noted that 
the majority of complications in all cases reported 
were transient neuropraxias with minimal to no 
long-term sequela [36, 53].

Older two-incision techniques have also 
shown to have increased rates of loss of range of 
motion and supination strength; however, with 
the more recent Morrey modification, this asso-
ciation has not been shown to be strong [36, 53]. 
Re-rupture rates have also been shown to be sig-
nificantly higher in single-incision techniques 

with rates from about 2.5% versus only 0.6% of 
two-incision techniques. In regard to fixation 
techniques, bone tunnels were shown to have a 
decreased risk of complications as compared to 
other techniques. Obesity and advancing age 
have also been shown to increase the rates of 
complications, with each additional year in age 
increasing the odds of having a complication by 
12% [36, 54].

�Conclusion

Distal biceps ruptures can be a debilitating injury 
resulting in losses of forearm supination and flex-
ion strength. Good results and restoration of 
function can be achieved with primary repair, 
especially when done relatively acutely within 
the first 6  weeks of injury. While the reported 
complication rates can seem relatively high, the 
majority of reported complications are transient 
neuropraxias which usually resolve with time 
and have no lasting impact on overall function or 
outcomes.
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Methods of Fixation for Distal 
Biceps Repair: What Does 
the Evidence Show?
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�Distal Biceps Anatomy

Distal biceps tendon ruptures tend to occur in the 
dominant extremity in most patients with a 
reported incidence of 1.2 ruptures per 100,000 
patients. These injuries are more common in men 
in their fifth and sixth decade of life with greater 
risk in patients who weightlift, smoke tobacco 
products, or use anabolic steroids [1]. Several eti-
ologies have been suggested for distal biceps rup-
tures including decreased vascularity, 
degenerative changes, and impingement of the 
tendon against the radial tuberosity [2]. 
Mechanism of injury is usually a forceful eccen-
tric extension of a flexed elbow [3]. The biceps 
brachii muscle consists of the long and short head 
which originate from the superior glenoid and 
coracoid process, respectively, and externally 
rotate 90° as a musculotendinous unit before 
inserting onto the ulnar aspect of the bicipital (or 

radial) tuberosity of the proximal radius [4]. 
Cadaveric studies have shown that two heads 
have distinct insertions with the short head 
attaching more distally on the bicipital tuberosity 
and the long head more proximally. The average 
total length of the biceps tendon insertion is 
21 mm with an average width of 7 mm [5]. The 
average total area of the insertion footprint has 
been reported to be 108 mm2 with the long head 
insertion footprint being 48 mm2 and that of the 
short head 60 mm2 [6]. The bony bicipital tuber-
osity itself has an average length of 22 mm and 
an average width of 15  mm, and the ribbon-
shaped footprint of the distal biceps tendon occu-
pies 63% of the length and 13% of the width of 
the bicipital tuberosity [7]. Due to its more distal 
insertion, the short head tends to be a more pow-
erful elbow flexor while the long head a more 
efficient supinator as it inserts further away from 
the axis of rotation. The lacertus fibrosus, also 
called the bicipital aponeurosis, originates from 
the distal biceps tendon from the tendon of the 
short head specifically and runs ulnarly coalesc-
ing with the fascia of the forearm flexors. This 
structure stabilizes the distal biceps tendon, par-
ticularly the short head, and may dampen the 
functional deficits of a distal biceps rupture in 
elderly lower-demand patients if the lacertus 
remains intact [8]. Cadaveric morphologic stud-
ies of the bicipital tuberosity and distal biceps 
insertion have shown that the tendon inserts pos-
terior and ulnar to the apex of the tuberosity [5]. 
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This posterior and ulnar position on the tuberos-
ity along with a limitation in forearm supination 
can make an anatomic repair difficult through an 
anterior incision as will be discussed later.

The treating surgeon must be aware of relevant 
neuroanatomy. The posterior interosseous nerve 
(PIN), the superficial radial sensory nerve, and the 
lateral antebrachial cutaneous nerve (LABCN) can 
be iatrogenically injured during a distal biceps repair 
either due to excess or aggressive retraction or from 
direct injury from instrumentation [8]. The LABCN 
is the first nerve that can be potentially encountered 
with the anterior approach to the distal biceps and is 
found lateral to the normal location of the biceps ten-
don on top of the brachioradialis muscle. The super-
ficial radial nerve lies directly in the undersurface of 
the brachioradialis muscle. The PIN lies within the 
supinator muscle and is in close proximity to the dor-
soradial cortex of the proximal radius and is at risk 
with bicortical drilling of the proximal radius [9].

�Clinical Presentation and Workup

Patients who present with a distal biceps rupture 
typically recall a painful event where the biceps 
was forcefully eccentrically loaded at the time of 
injury. Patients may have ecchymosis in the ante-

cubital fossa extending to the medial arm. 
Complete ruptures have varying degrees of proxi-
mal retraction and a palpable absence of the distal 
biceps tendon with the hook test on exam as origi-
nally described by O’Driscoll and colleagues [10] 
which has been reported to be 100% sensitive and 
specific. In a complete rupture, the examiner is 
unable to hook a finger under the lateral edge of 
the distal biceps tendon when the elbow is flexed 
to 90° and forearm is supinated. The examiner can 
also measure the distance from the elbow crease 
with the elbow bent to the distal end of the biceps 
tendon with the patient contracting the biceps. A 
side-to-side difference where the biceps of the 
injured elbow is further from the elbow flexion 
crease is concerning for a distal biceps injury. 
Another exam maneuver is the squeeze test 
described by Ruland and colleagues [11]. The 
patient’s elbow is flexed to 60° with the forearm 
in slight pronation, and if the biceps tendon is 
intact, squeezing the arm will cause the forearm to 
supinate. The proximal retraction of the biceps in 
complete ruptures may also result in a “reverse 
Popeye sign.” Patients may have weakness with 
resisted forearm supination as weakness in elbow 
flexion is more subtle given the brachialis and 
brachioradialis are still competent. Figure  22.1 
shows pertinent physical exam findings and 

a b c

Fig. 22.1  Patient is a 42-year-old right hand dominant 
male with an acute distal biceps rupture. (a) The “reverse 
Popeye sign” is appreciated due to proximal retraction of 
the biceps muscle belly. (b) The examiner is unable to pal-
pate the biceps tendon with the hook test. Note the medial 
ecchymosis along the arm and forearm. (c) The examiner 

is testing supination strength of the affected extremity by 
stabilizing the elbow and asking the patient to supinate 
against resistance provided by the examiner. The affected 
right upper extremity is weaker in supination strength 
testing compared to the intact contralateral extremity
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maneuvers. Plain radiographs are obtained to rule 
out other associated elbow injuries and may show 
a small avulsion of bone from the radial tuberosity 
[4]. Complete distal biceps ruptures can be diag-
nosed with clinical exam without the need for 
magnetic resonance imaging (MRI). However, 
advanced imaging can be useful in equivocal 
cases to evaluate more proximal tears that may be 
at the myotendinous junction, in chronic cases to 
assess the level of retraction, or in suspected cases 
of partial rupture. Figure 22.2 shows an MRI of an 
acute complete distal biceps rupture. The FABS 
(flexed, abducted, and supinated) view MRI spe-
cific for distal biceps tendon pathology has been 
described which allows for a clear view of the lon-

gitudinal course of the biceps brachii from the 
musculotendinous junction to its insertion, often 
in one section [12]. This view is obtained with the 
patient prone with shoulder abducted 180°, elbow 
flexed, and forearm supinated. Partial distal biceps 
tendon ruptures are generally treated nonopera-
tively, but cases recalcitrant to adequate nonoper-
ative treatment can undergo surgical debridement 
and tendon reattachment [13, 14]. Complete rup-
tures in active patients that are indicated for surgi-
cal repair should be treated within 2–3 weeks as 
delay can lead to the need for more extensile 
exposure as well as difficulties with mobilization 
of the tendon due to adhesion formation and loss 
of elasticity [15, 16].

a b

Fig. 22.2  T2-weighted MRI images of a 36-year-old 
male patient with an acute complete distal biceps rupture. 
(a) Axial images show edema around the radial tuberosity 
and an absent distal biceps tendon. (b) Sagittal images 

showing absence of the distal biceps tendon and edema 
about the radial tuberosity that is just coming into view 
(red arrow) along with the retraction of the biceps tendon 
(white arrow)
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�Surgical Approach

Classically, distal biceps tendon repairs have 
been performed through the anterior Henry 
approach which is an expansile approach with a 
single curved incision over the antecubital fossa, 
with the interval between the brachioradialis and 
pronator teres [17]. Boyd and Anderson [18] first 
described the dual-incision approach in an 
attempt to minimize the rate of neurologic com-
plications with the single-incision anterior 
approach. The dual-incision approach was fur-
ther modified by Kelly and colleagues [19] to 
involve splitting the extensor carpi ulnaris (ECU) 
muscle to avoid and minimize subperiosteal dis-
section of the ulna to minimize risk of radioulnar 
synostosis. With the advent of modern fixation 
techniques including suture anchors, suture but-
tons, and tenodesis screws, there has been a trend 
toward a limited anterior single-incision approach 
exploiting the interval between the brachioradia-
lis and pronator teres.

�Single-Incision Approach

The anterior single-incision approach can be per-
formed with a longitudinal, transverse, or oblique 
incision which is centered about 2–4 cm distal to 
the elbow crease, medial to the brachioradialis 
muscle. Transverse incisions may be more cos-
metic but limit the extension of the exposure as 
opposed to longitudinal or oblique incisions. 
Extension of the incision may be needed in cases 
of significant retraction for tendon retrieval; if a 
transverse incision is used, a second more proxi-
mal transverse incision may be required for 
extraction and mobilization of the tendon stump. 
Exposures requiring tendon reconstruction or 
extensive exposures for chronic cases may 
require a longer S-shaped incision. Superficial 
dissection through the skin and subcutaneous tis-
sue is performed, and the LABCN is identified 
and protected. Care is taken to prevent compres-
sion or traction injury secondary to retractor use. 
The interval between the brachioradialis laterally 
and the pronator teres medially is developed. 
Although not directly visualized, the superficial 

radial nerve is in close proximity and just deep to 
the brachioradialis muscle. Using mostly blunt 
dissection, the biceps tendon stump can be identi-
fied proximally. The biceps stump is mobilized 
from any proximal adhesions to allow its excur-
sion and repair back to its footprint onto the 
radial tuberosity. The radial tuberosity is then 
exposed for preparation of the footprint. The 
recurrent branch of the radial artery may be 
encountered with deep exposure of the proximal 
radius. If encountered, the recurrent branch 
should be ligated to expose the footprint and min-
imize postoperative hematoma formation. Once 
the footprint is exposed, the bone is prepared 
according to whichever fixation technique is 
being utilized. The PIN pierces the supinator as it 
lies on the dorsal surface of the radial cortex. The 
forearm is kept maximally supinated to protect 
the PIN during exposure from an anterior 
approach. Once the footprint is exposed, fluoros-
copy can be used to aid in optimal positioning of 
the repair or implant of choice that is being used. 
Any bony debris that is created from footprint 
preparation should be copiously irrigated to min-
imize heterotopic ossification formation.

�Dual-Incision Approach

The dual-incision technique utilizes the same 
anterior incision for biceps tendon stump retrieval 
and preparation. The anterior approach is first 
performed. The second dorsal incision is made 
over the radial tuberosity and is generally local-
ized with a surgical instrument such as a curved 
clamp or forceps that is placed through the 
already exposed anterior approach and through 
the interosseous space to tent the skin on the dor-
sal proximal forearm. The dorsal longitudinal 
incision is made, and dissection is carried down 
to the level of the common extensors. The ECU is 
split as described by Kelly et al. [19] to allow for 
minimal subperiosteal dissection of the ulna to 
decrease the risk of radioulnar synostosis. When 
working through the dorsal incision to expose 
and prepare the radial tuberosity, the forearm is 
kept pronated to keep the PIN away from the sur-
gical field.
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�Single- vs. Dual-Incision Technique

Historically, single-incision techniques have 
been thought to have potentially higher risk of 
nerve-related complications, particularly 
LABCN neuropraxia (due to more extensive 
anterior dissection and longer duration of deep 
anterior retractor placement with the single-
incision anterior approach), while dual-incision 
techniques have been thought to have higher risk 
of heterotopic ossification and synostosis particu-
larly if the ulna is exposed. Watson et  al. [20] 
reported a systematic review comparing 
approaches and fixation techniques for distal 
biceps repairs. In terms of surgical approach, 
their review of 22 studies totaling 498 distal 
bicep repairs did not show a difference in overall 
complication rate between single- and dual-
incision techniques. LABCN neuropraxia was 
the most common complication and was higher 
in the single-incision (11.6%) techniques com-
pared with the dual-incision (5.8%) techniques 
(p  =  0.02). The rate of heterotopic ossification 
was higher in the dual-incision group (7.0%, 12 
of 171) compared with single-incision group 
(3.1%, 6 of 327) but was not statistically signifi-
cant (p = 0.06). The rate of synostosis was 2.3% 
(4 of 171) for dual-incision cases and 0% for the 
single-incision techniques. The rate of stiffness 
was higher in two incisions (5.7%, 10 of 171) 
compared with single-incision techniques (1.8%, 
6 of 327, p = 0.01). The authors conclude that the 
dual-incision technique is superior in terms of 
minimizing LABCN neuropraxia, while the sin-
gle incision is superior in minimizing stiffness. 
Of note, several of the studies included in the 
review were older and used the original Boyd and 
Anderson dual-incision approach [18] which 
exposes the ulna and could have led to higher 
rates of stiffness, heterotopic ossification, and 
synostosis. Their systematic review also evalu-
ated differences across fixation techniques as this 
will be subsequently discussed.

El-Hawary et al. [21] prospectively compared 
a cohort of nine patients undergoing single-
incision approach for distal biceps repair with a 
cohort of ten patients undergoing a dual-incision 
technique. There was no difference between 

groups in terms of patient reported outcomes, or 
in objective supination motion, supination 
strength, or flexion strength, although the single-
incision group regained 11.7° more of flexion 
than the two-incision group at 1 year follow-up. 
There were four complications in the single-
incision cohort of nine patients, three of which 
were self-resolving LABCN paresthesias and one 
case of heterotopic ossification. There was only 
one complication in the dual-incision cohort of 
ten patients which was a case of self-resolving 
superficial radial nerve paresthesia. A similar 
group of authors [22] from the same institution 
conducted a randomized clinical trial comparing 
single-incision repair with two suture anchors 
(47 patients) and dual-incision repair with tran-
sosseous drill holes (44 patients). There were no 
significant differences between groups in terms 
of functional outcome scores, no differences in 
objective measures of motion or strength, or rates 
of heterotopic ossification. There was a small 
10% advantage in isometric flexion strength at 
1-year follow-up with the dual-incision cohort 
(104% vs. 94%, p = 0.01); however, the clinical 
significance of such a small difference is 
unknown. The single-incision technique was 
associated with more transient neuropraxias of 
the LABCN (40% vs. 7%). There were four total 
reruptures in all patients (three in the single-
incision group and one in the dual-incision group) 
for which the authors attribute to patient noncom-
pliance rather than fixation technique.

A more recent meta-analysis by Amin and col-
leagues [23] which included 87 articles (total of 
1283 patients) was done to evaluate complica-
tions in single- and dual-incision distal biceps 
repairs. The frequency of overall complications 
was higher for the single-incision group (28.3%, 
222/785) compared to the dual-incision group 
(20.9%, 104/498), which was statistically signifi-
cant (p  =  0.003). The different rates of overall 
complications between groups is in contrast with 
the systematic review presented earlier by Watson 
et al. [20] The single-incision groups had higher 
rerupture rates at 2.5% (17/785) as compared 
with 0.6% (3/498) for the dual-incision group 
(p < 0.034). The most common complication of 
the single-incision group was neuropraxia 
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(9.8%), while the most common complication of 
the dual-incision group was heterotopic ossifica-
tion (7.2%). Limitations of the meta-analysis 
include that the majority of the studies were level 
3 and 4 evidence, and fixation techniques were 
not always reported in the included studies which 
may also have an effect on outcome. However, 
this is the largest meta-analysis in the literature to 
date regarding single- and dual-incision 
approaches for distal biceps repairs. The authors 
conclude that the single-incision technique has 
higher complication rates overall, and most of 
these complications are nerve palsies, while the 
dual-incision technique has higher rates of het-
erotopic ossification.

�Fixation Techniques

Several fixation options are available to secure 
the distal biceps back to the bicipital tuberosity. 
Available options for fixation include suture 
anchors, cortical suture buttons (unicortical and 
bicortical), interference screws, bone tunnel 
suture fixation, or combined techniques. The 
bone tunnel technique is done through dual inci-
sions, but all the other fixation options can be 
done through a single anterior incision [24]. In 
general, no clinical study has shown clear superi-
ority in functional outcomes for any fixation 
technique. The various fixation options will be 
presented followed by discussion of biomechani-
cal and clinical outcome studies of the 
techniques.

�Transosseous Suture Fixation

Historically, transosseous or bone tunnel suture 
fixation was the standard surgical treatment of 
distal biceps ruptures completed through a dual-
incision approach [3]. Originally described by 
Boyd and Anderson [18], the technique initially 
involves the standard anterior exposure which 
can be made longitudinal, transverse, or oblique. 
As summarized earlier, longitudinal or oblique 
incisions can be extended proximally in cases of 
significant tendon retraction or in chronic cases 

requiring reconstruction. Alternatively another 
transverse incision can be made proximally to 
retrieve the tendon. Once the biceps tendon 
stump is retrieved from the anterior incision and 
prepared, a surgical instrument such as a clamp is 
placed through the anterior interval, while the 
forearm is supinated, advanced along the ulnar 
border of the radius adjacent to the bicipital 
tuberosity, and advanced into the dorsolateral 
proximal forearm to mark the site of the second 
incision. The second incision is made over this 
site to expose the biceps tendon footprint. 
Dissection is carried down through the extensors, 
and the supinator is split with care taken not to 
injure the PIN. Kelly [19] modified this technique 
by describing splitting the ECU to minimize 
supinator and bony exposure of the ulna to reduce 
potential risks of synostosis. When working 
through the second dorsal incision, the forearm is 
kept pronated to protect the PIN and bring the 
tuberosity into view. The tuberosity is then pre-
pared through the dorsal incision by drilling the 
cortex to a size that will accept the biceps tendon 
(8–12  mm), and then classically two or three 
more small 2  mm holes are drilled along the 
radial border of the radius. Sutures that are 
attached to the biceps stump are shuttled from the 
anterior wound into the dorsolateral wound and 
then delivered into the larger drill hole accepting 
the tendon, and finally the sutures are delivered 
individually out of each of the smaller drill holes 
to be tied together over an osseous bridge.

�Interference Screw Fixation

The interference screw fixation technique is done 
through a single anterior incision which can be 
transverse, longitudinal, or oblique per surgeon 
preference. The biceps tendon is retrieved from 
the anterior approach, and the tendon stump is 
prepared by dissecting it free of adhesions and 
then secured with running No. 2 nonabsorbable 
suture sewn in whipstitch fashion. The bicipital 
tuberosity is exposed, a guide pin is drilled 
through the footprint, and a cannulated reamer of 
appropriate size accounting for the tendon and 
tenodesis screw is passed unicortically over the 
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guide pin. Bone reamings should be thoroughly 
irrigated to reduce risk of heterotopic ossifica-
tion. Using the sutures that were sewn through 
the tendon, the distal end of the tendon stump is 
brought to the tip of the tenodesis screw. The 
tenodesis screw along with the tendon is inserted 
into the reamed hole and made flush with the 
tuberosity, and the remaining ends of the sutures 
are tied over the screw.

�Suture Anchor Fixation

Suture anchor fixation is done through a single 
anterior approach. The bicipital tuberosity is 
exposed and lightly debrided, but bone is not 
penetrated or perforated, in order to accept two 
suture anchors. The two suture anchors are then 
placed ulnarly on the footprint 1 cm apart, usu-
ally one distally and one proximally, with the 
forearm in maximal supination. The sutures from 
the anchors are sewn through the biceps tendon 
in whipstitch fashion and then tied over the 
anchors in order to restore the tendon back to the 
footprint. If using two anchors, the distal anchor 
is tied first in order to bring the tendon out to 
length, followed by the second proximal anchor 
in order to maximize the tendon-bone contact 
area [25]. Fluoroscopy can be used to confirm 
appropriate positioning of the anchors. Since 
there is no penetration of the far dorsal cortex of 
the radius, there is reduced risk of iatrogenic PIN 
injury with this technique.

�Suture Button Fixation

The use of suspensory cortical button fixation 
was first described by Bain and colleagues [26] 
utilizing the EndoButton (Smith & Nephew 
Endoscopy, Andover, MA) through a single ante-
rior approach. As originally described for this 
technique, a drill hole is made bicortically 
through the footprint in order to accommodate 
passage of the button. A cortical window is then 
made in the near cortex with a bur in order to 
accommodate the width of the tendon. This win-
dow is made as ulnar and posterior as possible to 

make the repair more anatomic. The biceps ten-
don is retrieved and prepared with strong nonab-
sorbable suture, and the two suture ends from the 
tendon are secured to the two middle holes of the 
EndoButton. Two other sutures are passed 
through the outer two holes of the button; in the 
original article, the authors place an Ethibond 
suture into the leading hole and a Prolene suture 
into the trailing hole for differentiation as these 
will act as control sutures. These control sutures 
are threaded into a long straight-eyed needle 
(Beath pin) that is passed through the larger corti-
cal window and the smaller drill hole from ante-
rior to posterior through the bicipital tuberosity 
and out through the skin of the posterior forearm 
in order to pass the button bicortically. The Beath 
pin is angled in an ulnar direction to avoid the 
PIN. Of note, in the original technique, approxi-
mately 2  mm is left between the end of the 
secured tendon and the EndoButton. This space 
allowed the button to be manipulated through the 
far cortex of the radius and accounts for the thick-
ness of the dorsal radial cortex. This space of free 
suture between the tendon and button may be 
modified depending on the size of the radius. 
Once the Beath pin is passed through the skin of 
the posterior forearm, the control sutures are 
manipulated to toggle the button in order to lay 
parallel with the dorsal radial cortex. Fluoroscopy 
is used to ensure the button is flush on the bone to 
ensure no soft tissue is entrapped between the 
button and bone as the PIN is in close proximity. 
Figure  22.3 shows an example of a radiograph 
obtained intraoperatively to confirm appropriate 
location of the button. A cadaveric anatomic 
study by Thumm and colleagues [27] examined 
guidewire placement for this technique done in 
different trajectories in order to define a safe tra-
jectory to minimize injury to the PIN. The authors 
found that drilling at a 30° ulnar direction resulted 
in significantly greater distance from the guide 
wire to the PIN in comparison with the distal-
ulnar and distal-only trajectories.

Sethi and Tibone [28] modified this technique 
and described the tension-slide technique of cor-
tical button fixation. The suture securing the ten-
don is passed so that one strand is passed through 
the right hole in the button and then back through 
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the left hole and the second strand is passed 
through the left hole and back through the right 
hole. With this configuration, the button is passed 
and tensioned through the anterior incision with-
out the need to pass a pin through the dorsolateral 
forearm, therefore minimizing iatrogenic risk to 
the PIN. In addition, this also obviates the need 
for a predetermined length of suture between the 
tendon end and the button which was necessary 
with the original Bain technique. This eliminates 
the diastasis between tendon and bone and there-
fore can potentially improve strength and healing 
of the tendon. Once the button is passed bicorti-
cally with the inserter and flipped to engage the 
far cortex, the two suture strands are sequentially 
tensioned to drive the tendon into the bone socket 
in the near cortex. After the tendon is tensioned, 
one strand of the sutures is passed through the 
biceps tendon close to its reinsertion, and the two 
sutures are tied together to secure the repair. This 
technique can also be performed with the button 
place unicortically and tensioned in a similar 

manner to avoid the need for violation of the sec-
ond cortex. Some authors also advocate for com-
bined fixation in this technique with the addition 
of an interference screw on the radial side of the 
bone socket in order to drive the tendon more 
posteriorly and ulnarly achieving a more ana-
tomic repair.

�Biomechanical Studies

The distal biceps withstands at least 50N of force 
from physiologic load which varies according to 
elbow flexion angles [29]. Cadaveric studies have 
shown that a force of about 200 N is required to 
rupture the distal biceps tendon, so a repair con-
struct should ideally be able to withstand at least 
that amount of force [4, 30].

Mazzocca et  al. [31] conducted a cadaveric 
biomechanical study comparing the strengths of 
four distal biceps fixation techniques. Sixty-three 
cadaveric elbows were randomized into bone 

Fig. 22.3  Intraoperative radiograph showing appropriate placement of the cortical suture button
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tunnel, suture button (EndoButton), suture 
anchor, or interference screw fixation. The study 
found that the suture button had the highest load 
to failure at around 440N compared with 381N 
for suture anchor fixation, 310N for bone tunnel 
fixation, and 232N for interference screw fixation 
(p  =  0.004). Other biomechanical studies have 
also found that suture button fixation has the 
highest load to failure [32–34]. The Mazzocca 
cadaveric study also showed that bone tunnel 
fixation had the highest displacement under 
cyclic loading at 3.55 mm. Although the suture 
button construct was the strongest in terms of 
load to failure, it had the second highest displace-
ment under cyclic loading at 3.42 mm, followed 
by suture anchor fixation at 2.33 mm, and inter-
ference screw fixation at 2.15 mm, but these dif-
ferences in displacement were not statistically 
significant. Displacement is of clinical signifi-
cance as motion at the repair site has implications 
for healing and potential restrictions for postop-
erative range of motion. Another biomechanical 
study by Spang and colleagues [34] found that 
suture button fixation had 2.58  mm of gapping 
after cyclic loading of 1000 cycles which was not 
statistically different from the suture anchor 
cohort displacement of 2.06 mm. In a systematic 
review by Chavan and colleagues [35], relevant 
biomechanical studies were identified and 
reviewed, also showing that suture button fixa-
tion is the strongest construct.

The ideal technique and fixation construct 
would have a high failure load and minimal gap-
ping of the repair to allow for healing and early 
range of motion. The suture button fixation tech-
nique used in the widely cited Mazzocca biome-
chanical study [31] was the original technique 
described by Bain et al. [26] for the EndoButton. 
The modified tension-slide technique described 
by Sethi, which was introduced after the 
Mazzocca study, measured gapping of the suture 
button repair between 1.25 and 1.63  mm after 
3600 cycles, suggesting improved gap formation 
with the tension-slide technique of suture button 
fixation compared with the original Bain tech-
nique [28].

As briefly mentioned, proponents of com-
bined fixation methods utilizing critical suture 

buttons with interference screw fixation argue 
that the interference screw may add to the ulti-
mate tensile load, reduce gap formation, and 
improve the stiffness of the construct. Another 
biomechanical study [36] compared fixation 
strengths and gap formation in cadaveric speci-
mens that were prepared with the original Bain 
technique cortical button repair, the tension-slide 
cortical button technique, with or without addi-
tional interference screw fixation. The authors 
found that the tension-slide technique had higher 
load to failure compared to the original technique 
(432N vs. 389N) but was not statistically signifi-
cant (p = 0.28); however, gap formation was sig-
nificantly lower with the tension-slide technique 
(1.26 mm vs. 2.79 mm, p = 0.03). The addition of 
the interference screw did not significantly affect 
the load to failure or the mean gap formation in 
this study; however, authors still advocate for 
supplemental interference screw use as it theo-
retically creates a more anatomic repair, restoring 
the supination vector, and adds compression for 
tendon to bone healing [28].

Most current repair techniques approach 
native tendon strength. A few biomechanical 
comparative studies have been published in the 
past two decades, all of which show superior 
strength of cortical suture button fixation in 
cadaveric models. In terms of comparing fixation 
options other than cortical suture buttons, major-
ity of biomechanical studies which are older 
show stronger constructs with suture anchor fixa-
tion compared with conventional bone tunnel 
fixation. Greenberg et  al. [37] showed superior 
strength of cortical button fixation (584N) which 
was twice as strong as suture anchor fixation 
(p = 0.0007) and three times as strong as conven-
tional bone tunnel fixation (p = 0.0001). Lemos 
et  al. [38] found that suture anchor fixation 
(263N) was stronger than bone tunnel fixation 
(203N) when comparing these constructs in 
cadaveric models (p  =  0.02). Idler et  al. [39] 
found that interference screw fixation failed at 
higher forces compared to conventional bone 
tunnel fixation (178N vs. 125N, p  <  0.02) and 
were stiffer constructs. Interference screw fixa-
tion in this biomechanical study showed no dif-
ference between the specimens that underwent 
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interference screw fixation and the intact cadav-
eric specimens in terms of maximum strength, 
mean failure strength, and mean stiffness. Spang 
et  al. [34] compared cortical button and suture 
anchor fixation and found greater ultimate tensile 
load with suture buttons (275N vs. 230N, 
p = 0.12), but no difference in final displacement 
after cyclic loading. Krushinski et al. [40] com-
pared the strengths of interference screw fixation 
with suture anchor fixation and found higher 
mean pullout strengths with the interference 
screw fixation technique in their biomechanical 
study (192 N vs. 147, p < 0.013). Kettler et  al. 
[32] compared several different fixation methods 
in their cadaveric biomechanical study and found 
that cortical suture button fixation was biome-
chanically stronger than all other fixation options 
(p < 0.05). Arianjam and colleagues [41] studied 
the difference in strength and stiffness between 
interference screw fixation alone compared with 
hybrid technique of suture button and interfer-
ence screw fixation. The authors found no signifi-
cant difference between the two constructs in 
terms of strength or stiffness. The authors com-
ment that the hybrid technique does facilitate for 
easier tensioning of the tendon for repair but note 
that the button may not significantly improve 
strength compared with the interference screw 
alone.

Results of relevant biomechanical studies are 
summarized in Table  22.1. In summary, cadav-
eric biomechanical studies of distal biceps repairs 
have shown that cortical suture button fixation 
has higher loads to failure. Results are mixed in 

terms of displacement and gap formation, but one 
of the largest cadaveric studies shows signifi-
cantly less displacement with interference screw 
fixation [31].

�Clinical Outcome Studies

Although biomechanical studies objectively 
show that cortical suture button fixation has a 
higher load to failure compared to other fixation 
options, clinical studies have varied results but 
overall fail to show any clear clinical superiority 
of one fixation technique over the other. Relevant 
recent clinical outcomes studies and larger case 
series will be discussed. Table 22.2 summarizes 
the larger systematic reviews and cohort studies.

In their systematic review of 22 studies involv-
ing 498 elbows, Watson and colleagues [20] noted 
highest complication rate with intraosseous screw 
fixation (44.8%) compared with suture anchors 
(26.4%), bone tunnels (20.4%), and cortical suture 
buttons (0%). The complication rates of both bone 
tunnel (34 of 167) and cortical suture button fixa-
tion (0 of 18) were statistically significantly lower 
than the complication rates of intraosseous screw 
fixation (13 of 29, p = 0.01). Due to the heteroge-
neity of the studies included, objective outcomes 
such as strength, range of motion, or patient-
reported outcomes were unable to be analyzed. 
Most studies reported showed either few or no dif-
ferences between clinical outcomes.

A more recent systematic review by 
Panagopoulos et al. [42] studies with minimum 

Table 22.1  Summary of biomechanical studies comparing distal biceps tendon fixation techniques load to failure

Study authors BT IS SA CSB Hybrid p-value
Greenberg et al. [37], 2003 178 N – 254 N 584 N – p < 0.05
Lemos et al. [38], 2004 203 N – 263 N – – p = 0.02
Idler et al. [39], 2006 125 N 178 N – – – p < 0.02
Spang et al. [34], 2006 – – 230 N 275 N – p = 0.12
Krushinski et al. [40], 2007 – 192 N 147 N – – p < 0.02
Kettler et al. [32], 2007 210 N 131 N 57–225 N 259 N – p < 0.05
Mazzocca et al. [31], 2007 310 N 232 N 381 N 440 N – p = 0.004
Arianjam et al. [41], 2013 – 294 N – – 333 N p > 0.05

The force for load to failure for each construct in each corresponding study is shown. The force of the strongest con-
struct is depicted in bold and the relevant p-values are shown. The hybrid fixation technique is suture button in addition 
to interference screw
BT bone tunnel, IS interference screw, SA suture anchor, CSB cortical suture button
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Table 22.2  Clinical outcome or comparative studies of distal biceps repair techniques

Authors Study type Sample size Summary of results Conclusions
Watson et al. 
[20], 2014

Systematic review 
comparing 
single- and 
dual-incision 
techniques and 
different fixation 
options

22 studies
498 elbows

24.5% (122/498) overall 
complication rate
No difference in complication rate 
between one incision (23.9%) and 
two incisions (25.7%), p = 0.32.
Higher complication rate for 
intraosseous screw fixation (44.8%, 
13/29) compared to bone tunnel 
(20.4%, 34/167) and cortical button 
fixation (0%, 0/18), p < 0.01

Cortical suture button 
and bone tunnel fixation 
had lower complication 
rates than intraosseous 
screw fixation.
Most common 
complication was 
LABCN neuropraxia

Panagopoulos 
et al. [42], 
2016

Systematic review 
of cortical button 
fixation

Seven 
articles
105 elbows

Range of motion and strength is 
satisfactory in most patients (>82%) 
treated with cortical button fixation
Most common complication is 
transient nerve palsy (14.2%)
Overall reoperation rate of 4.8% 
(5/105)

Cortical button fixation 
is a reproducible 
operation with good 
clinical results.

Shields et al. 
[43], 2015

Retrospective 
cohort study 
comparing cortical 
button and bone 
tunnel fixation

41 patients Similar DASH scores, range of 
motion, and strength in both cortical 
button and bone tunnel fixation 
groups
More complications in cortical 
button group (30%, 6 of 20) 
compared to bone tunnel group 
(4.8%, 1 of 21), p = 0.04

Both cortical button and 
bone tunnel fixation 
provide excellent 
outcomes, although 
cortical button fixation 
had higher rate of 
complications, mostly 
superficial radial nerve 
paresthesias

Recordon et al. 
[44], 2015

Retrospective 
cohort study 
comparing cortical 
button and bone 
tunnel fixation

46 patients Similar patient-reported outcomes, 
postoperative range of motion, and 
strength between cortical button 
(n = 19) and bone tunnel (n = 27) 
groups
No difference in complication rates
Fourteen cases of LABCN 
paresthesias, 2 of which were still 
symptomatic at 1-year follow-up
One case of HO in bone tunnel 
group that required debridement
One case of superficial infection 
treated with oral antibiotics

No significant 
difference in functional 
outcomes or 
complication rates 
between cortical button 
and bone tunnel fixation

Olsen et al. 
[45], 2014

Retrospective 
cohort study 
comparing cortical 
button and suture 
anchor fixation

37 patients Similar strength postoperatively in 
cortical button (n = 20) and suture 
anchor (n = 17) groups
Cortical button group had better 
pronation (0° vs. −4°, p < 0.05), and 
the suture anchor group had better 
flexion (2° vs. −3°, p < 0.05) and 
supination (−2° vs. −7°, p < 0.05), 
but these differences are not of 
clinical significance
DASH scores slightly better in the 
cortical button group on multivariate 
analysis (4.5 vs. 10.3, p < 0.0009), 
but again not clinically significant
Complications included nine 
neuropraxias, one hematoma, and 
two superficial wound infections
No reoperations or reruptures

Both cortical button and 
suture anchor fixation 
provide good similar 
clinical outcomes with 
similar complication 
rates.

(continued)
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five cases, with at least 6-month follow-up to 
study clinical outcomes and complications of 
cortical suture button fixation for distal biceps 
ruptures. Their review identified 7 articles includ-
ing 105 patients. Functional outcomes in terms of 
range of motion and strength were satisfactory in 
the majority of patients with the most common 
complication being transient nerve palsy at a rate 
of 14.2%. The overall reoperation rate was 4.8% 
(5 of 105 cases). The authors conclude that corti-
cal suture button fixation through a single ante-
rior incision is a reproducible operation with 
good clinical results with the most common com-
plication being self-resolving neuropraxias.

In their retrospective cohort study, Shields 
et  al. [43] compared clinical outcomes in 41 
patients at their institution who underwent distal 
biceps repair either with cortical suture buttons or 
bone tunnel fixation with at least 1-year 
follow-up. There were no significant differences 
in DASH scores, range of motion, or strength 
between both groups. The cortical button fixation 
group had more complications (30%, 6 of 20) 
compared to the bone tunnel group (4.8%, 1 of 
21, p = 0.04). The complications were superficial 
radial nerve paresthesias in five cases and super-
ficial infections in two cases. The authors con-
clude that both fixation techniques provide 
excellent clinical outcomes, although complica-

tions were more common in the single-incision 
cortical button group compared to the dual-
incision bone tunnel group in their series.

In a similar study, Recordon et al. [44] retro-
spectively reviewed 46 patients who underwent 
either cortical button or bone tunnel repair for 
distal biceps ruptures through dual-incision 
approaches. The authors found no statistically 
significant difference in patient-reported out-
comes or postoperative range of motion or 
strength between both groups. There were no 
reruptures in either group. There was one case of 
symptomatic heterotopic ossification in the bone 
tunnel group which required surgical debride-
ment. There were 14 cases of some degree of 
LABCN paresthesias, two of which were still 
symptomatic at 1-year follow-up. The authors 
conclude that there was no significant difference 
between cortical button and bone tunnel fixation 
in their cohort of patients in terms of functional 
outcomes or complication rates.

Olsen et al. [45] retrospectively reviewed their 
37 patients who underwent distal biceps repair 
with either a hybrid fixation of cortical button 
with an interference screw (n  =  20) or suture 
anchor fixation (n = 17). Postoperative strength 
was similar between both groups. DASH scores 
were not significantly different between groups 
with univariate analysis, but multivariate analysis 

Table 22.2  (continued)

Authors Study type Sample size Summary of results Conclusions
Cain et al. 
[47], 2012

Retrospective 
review

198 patients 
(119 suture 
anchor, 69 
cortical 
button, 10 
bone 
tunnels)

Total complication rates were 20% 
for bone tunnel, 35% for suture 
anchor, and 41% for cortical button 
group
No significant difference in 
complications when comparing 
different fixation techniques

No difference in 
complication rates 
attributed to fixation 
technique. Most 
complications were 
sensory neuropraxias

Grewal et al. 
[22], 2012

Randomized 
clinical trial

91 patients 
(47 suture 
anchor, 44 
bone 
tunnels)

No differences in patient-reported 
outcomes
No difference in isometric extension, 
pronation, or supination strength
Small 10% advantage in isometric 
flexion strength in the dual-incision 
bone tunnel group (104% vs. 94%, 
p = 0.01)
Single-incision suture anchor group 
had more LABCN neuropraxias 
(40% vs. 7%, p < 0.001)

Single-incision suture 
anchor repair had 
higher rates of LABCN 
neuropraxias
Dual-incision bone 
tunnel repair had a 
small advantage in final 
flexion strength but 
likely not clinical 
significant
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showed slightly better DASH scores in the corti-
cal button group (4.5 vs. 10.3, p < 0.0009); how-
ever, the minimally clinical important difference 
in DASH scores has been reported to be 10.2 
[46]. Postoperative range of motion had mixed 
results with the cortical button group showing 
better pronation (0° vs. −4°, p  <  0.05) and the 
suture anchor group showing better flexion (2° 
vs. −3°, p < 0.05) and supination (−2° vs. −7°, 
p < 0.05), but these differences of few degrees are 
not of clinical significance. There were six com-
plications in both the cortical button and suture 
anchor group without significant difference in the 
rate or type of complications. All complications 
recorded were neuropraxias other than one hema-
toma and two superficial infections. There were 
no reoperations or reruptures.

Cain et al. [47] retrospectively reviewed 198 
consecutive patients over an 8-year span who 
underwent distal biceps repair to evaluate com-
plications associated with surgical repair. Their 
group of surgeons used either bone tunnel, suture 
anchor, or cortical button fixation. When stratify-
ing the complications by fixation technique, there 
were no significant differences in complication 
types or rates. Most of the complications were 
minor in nature consisting of sensory neuroprax-
ias that were self-resolving. Complications were 
more common if repair was performed more than 
28 days after rupture.

In summary, when comparing the use of sin-
gle- or dual-incision approaches for distal biceps 
repair, several smaller case series comparing the 
two approaches have different conclusions, but 
large meta-analyses show the use of the single-
incision technique is associated with higher rates 
of LABCN injury, while the dual-incision tech-
nique is associated with higher rates of hetero-
topic ossification. Varied results exist when 
comparing the rerupture rates in single- and dual-
incision techniques. With regard to fixation tech-
niques, biomechanical studies have shown that 
suture button fixation is the strongest construct 
with the highest load to failure compared with 
other fixation methods including transosseous 
sutures, interference screw fixation, and suture 
anchors. Some biomechanical studies suggest 
that there may be more gapping at the fixation 

site with suture button fixation, but that has not 
been shown to be statistically significant when 
compared with other constructs; this gapping 
may be less pronounced with the tension-slide 
technique of fixing the suture button. The least 
amount of displacement and gap formation was 
found with interference screw fixation in biome-
chanical studies. In terms of clinical outcomes, 
studies have some varied results but overall fail to 
show any clear clinical superiority of any of the 
fixation techniques.

�Anatomic Considerations

Due to the bulky anterior forearm musculature 
and the pronated position of the radial tuberosity, 
it is difficult to restore the distal biceps tendon 
back to its exact anatomic footprint from the 
anterior approach [48]. Anatomic studies have 
shown that the radial tuberosity is on average in 
65° degrees of pronation relative to the coronal 
plane of the radius [49]. In a cadaveric study, 
Hasan et al. [50] found that a larger percentage of 
the footprint was covered when using the dual-
incision technique with a posterolateral incision 
(73.4% vs. 9.7%, p < 0.001). Jobin et al. [51] also 
showed in their cadaveric study that the dual-
incision technique yields a more anatomic repair 
compared to a single anterior incision. Hansen 
and colleagues [52] reviewed postoperative CT 
scans of patients who underwent distal biceps 
repair with suture anchor repair via a single ante-
rior incision. They found that ideal suture place-
ment in the ulnar aspect of the tuberosity could 
not be reliably achieved as suture anchor place-
ment in their cohort averaged 50° radial to the 
apex of the tuberosity, and their patients had 
80–86% of the supination strength of the contra-
lateral side. Anatomic repair of the distal biceps 
tendon has been a topic of research and some 
debate throughout the years. Proponents of a 
dual-incision technique believe an anatomic 
repair may lead to improved supination strength 
as it better restores the supination vector and 
allows for a cam effect [53]. In their cadaveric 
study, Henry and colleagues [54] examined the 
effect of anterior or posterior repair of the distal 
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biceps tendon on flexion force and supination 
torque. They found no significant difference in 
flexion force or supination torque between ante-
rior or posterior methods of fixation; however, 
there was a trend toward loss of supination torque 
with the anterior approach (their study used 11 
matched cadaveric pairs). Another cadaveric 
study [55] found similar results showing 15–40% 
less supination torque of nonanatomic repairs 
when the forearm is tested in neutral rotation or 
supination; there was no difference in supination 
torque when the forearm was pronated. Using 
postoperative MRI to compare a cohort of 15 
biceps repairs done through a posterior approach 
with a cohort of 17 biceps repairs done through 
an anterior approach, Schmidt and colleagues 
[56] found that the anterior group had more non-
anatomic insertion angles of the repaired tendon 
and the posterior group had greater increases in 
supination strength (and greater supinator muscle 
fat content likely due to the posterior dissection). 
Since several studies have shown improvement in 
supination strength with more anatomic repairs, 
some authors advocate for more anatomic repairs, 
while other authors believe the increased strength 
especially in terminal supination is not clinically 
meaningful [53].

Given the controversy and studies showing 
improvement in terminal supination strength 
with anatomic repair, several anatomic distal 
biceps repair techniques have been developed 
and described. Tanner and colleagues [57] 
described and reported outcomes on their single-
incision power optimizing cost-effective (SPOC) 
distal biceps repair. Their technique is done 
through a single anterior incision and involves 
drilling two bone tunnels in the radial tuberosity 
itself that are perpendicular to the apex of the 
tuberosity. Shuttling sutures are then passed 
through the bone tunnels in such a way that the 
biceps tendon is tensioned back to the posterior 
aspect of the radial tuberosity. The authors were 
able to capture 17 of their patients at follow-up 
for strength testing and noted supination strength 
of 91% compared to the uninjured side with 93% 
of patients reporting pain with full return to work 
and normal activities. Schmidt and colleagues 
[58] also described their distal biceps tendon ana-

tomic repair technique via dual-incision 
approach. The tendon is retrieved and prepared 
through an anterior incision, and exposure of the 
footprint is done through a posterior approach. 
The footprint is debrided, and two drill holes are 
made for the tendons of the long and short heads. 
The tendon is passed from the anterior to the pos-
terior wound, and care is taken to identify and 
differentiate the short and long heads to be able to 
achieve an anatomic repair. Each head is fixed 
with a separate intramedullary suture button with 
the short head being more distal. The authors also 
describe an alternate cortical trough method of 
fixation where a trough (5 by 10  mm) is made 
using a burr in the cortical bone and is made pos-
terior to the apex of the radial tuberosity. Three 
drill holes are then made posterior to the trough 
to act as bone tunnels. Sutures controlling the 
biceps tendon are passed through the bone tun-
nels so that the tendon lays in the posterior corti-
cal trough completing the anatomic repair.

�Author’s Preferred Technique 
for Repair of Acute Distal Biceps 
Rupture

Our preferred technique for acute distal biceps 
ruptures is repair through a single anterior inci-
sion utilizing a cortical suture button. The tech-
nique is shown in the accompanying video. 
Patient is placed supine, and the operative 
extremity is draped over a non-sterile tourniquet 
on a hand table. The anterior skin crease of the 
antecubital fossa and the proposed oblique inci-
sion are both marked. We prefer an oblique inci-
sion so it can be extended proximally if needed to 
retrieve a retracted tendon. After limb exsangui-
nation, the oblique incision which is centered 
about 2–4 cm distal to the antecubital fossa skin 
crease is made. Subcutaneous tissues are spread 
longitudinally, and care is taken to preserve and 
identify the lateral antebrachial cutaneous nerve. 
The interval is found between brachialis and pro-
nator teres with blunt finger dissection. The distal 
biceps stump is palpated, and any overlying fas-
cial adhesions are dissected until the biceps ten-
don stump is able to be retrieved. A clamp is used 
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to secure the distal stump, and the tendon is 
mobilized proximally from fascial adhesions to 
allow repair back to its footprint. The tendon 
stump is debrided, and a No. 2 nonabsorbable 
high-tensile strength suture is sewn through the 
tendon. Each bite of the stitch passes three-
fourths of the tendon width so that interstitial 
tears of the tendon are incorporated into the 
repair. The two most distal passes of the suture 
are locked. The tendon is then sized to determine 
drill measurements. Inadequate debridement of 
the tendon could lead to an oversized tendon and 
subsequent drilling which could compromise 
bone integrity. The radial tuberosity is then local-
ized by manually pronosupinating the forearm, 
and the footprint is exposed. Excessive retraction 
or the use of sharp pointed retractors is avoided 
radially to prevent injury to the lateral antebrach-
ial cutaneous nerve or deeper posterior interosse-
ous nerve. After the radial tuberosity is exposed 
and debrided, the guide pin is placed unicorti-
cally in the center of the footprint with the fore-
arm in maximal supination, followed by reaming 
of the near cortex with the cannulated reamer of 
appropriate size according to the measured ten-
don size. The guide pin is then drilled through the 
far cortex to allow for cortical button passage. 
The suture button is then prepared in standard 
fashion, and the sutures securing the biceps ten-
don are loaded onto the button according to the 
described tension-slide technique [28]. After the 
button is loaded, both suture tails are passed 
through the tendon at the anticipated level of 
where the tendon will be intraosseous; this step 
minimizes creep in the construct. The inserter is 
used to place the loaded suture button through the 
far cortex and flipped to engage the cortex. 
Intraoperative fluoroscopy is used to confirm 
appropriate placement of the button. The suture 
tails are tensioned in alternating fashion until the 
tendon is well seated into the reamed docking 
site. Suture tails are tied with an arthroscopic 
knot pusher and the tails are then cut. The wound 
is copiously irrigated to remove any bone debris 
and minimize the risk of heterotopic ossification, 
and closure is performed in layers with buried 
interrupted suture for the deep dermal layer and 
an absorbable suture in running subcuticular 

fashion for the skin. A soft dressing is applied, 
and the patient is placed in a sling to allow for 
immediate range of motion.
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Chronic and Revision Distal Biceps 
Reconstruction

Liam T. Kane, Michael A. Stone, 
and Joseph A. Abboud

�Introduction

The management of a chronically torn distal 
biceps tendon, especially in the setting of prior 
repair, can be a challenging problem. The biceps 
brachii is a muscle that spans the shoulder and 
elbow and is responsible for both elbow flexion 
and forearm supination. Deficiency can make 
everyday tasks difficult or impossible, such as 
twisting a jar, opening a door, or using a screw-
driver. As a result, the functional deficits can be 
quite devastating for many of these patients, par-
ticularly those requiring these functions to per-
form occupational duties. Achieving optimal 
results for patients with a torn biceps therefore is 
critical. This goal of improved function is infi-
nitely more challenging with a delay in diagnosis 
or failure of a primary repair. Distal biceps recon-
struction demands the surgeon’s thorough under-
standing of the pathology, anatomy, surgical 
technique, and outcomes. The purpose of this 
chapter is to review these elements and discuss 
the current knowledge of solutions regarding this 
difficult problem.

�Presentation

A distal biceps tendon tear is a relatively rare 
injury with estimated incidence of 1.2 per 
100,000 persons per year [1]. It most commonly 
occurs in the dominant arm of middle-aged men 
and has been associated with nicotine use and 
anabolic steroid use [1, 2]. The typical mecha-
nism of injury is an eccentric load forcing exten-
sion of the elbow from a flexed and supinated 
position. At time of injury, patients will some-
times notice an audible “pop” followed by symp-
toms of pain, swelling, and bruising in the 
antecubital region. On evaluation, examiners are 
likely to notice proximal migration of the biceps 
muscle (“reverse Popeye” deformity), particu-
larly during elbow flexion. In chronic injuries, 
however, patients may lack some of these typical 
findings. Patients with chronic tears will some-
times present late after a traumatic event and 
complain only of pain and weakness with elbow 
flexion and supination [3]. On exam, the “biceps 
squeeze” test [4] and “hook” test [5] can aid in 
diagnosis, along with MRI. The time period that 
differentiates an acute tear from a chronic tear is 
not well defined, but many consider a tear to be 
chronic between 4 and 6 weeks post-injury. The 
differentiation between acute and chronic presen-
tation is important as it may determine what 
treatment options are available and the outcomes 
patients can expect.
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�Anatomy

The biceps brachii is one of three muscles that 
flex the elbow, along with the brachialis and bra-
chioradialis, and one of two muscles that supi-
nate the forearm along with the supinator. While 
historically the biceps muscle was thought to be 
composed of two distinct separate heads converg-
ing into a single tendinous attachment, more 
recent anatomic studies revealed that each head is 
maintained into its own distal attachment, the 
short head insertion being more distal and ante-
rior than the long head (Fig. 23.1) [6, 7]. These 
distinct insertions explain why the short head 
generates a greater moment for elbow flexion and 
supination at neutral, whereas the long head cre-
ates greater end-range supination. In cases of 
direct repair of the biceps back to its insertion, 
biomechanical studies have illustrated that recre-
ating these anatomical insertions is important to 
restoring functionality and strength [8, 9]. In 
cases of reconstruction using a graft, it is impor-

tant to incorporate both distal heads into the 
tendon-graft relationship to ensure that the total-
ity of the biceps is utilized; however, there have 
been no studies showing a significant difference 
in anatomic restoration of the individual tendon 
heads (i.e., long and short head location).

�Nonoperative Treatment

The chronic nature of a torn distal biceps makes 
surgical treatment more problematic due to ten-
don retraction, development of scar tissue, and 
muscle atrophy. Surgical repair remains the pre-
ferred treatment for patients seeking functional 
improvement, especially laborers. Functional 
analysis of patients treated conservatively showed 
an average loss of 40% supination strength and 
80% supination endurance, as well as a loss of 
30% flexion strength and endurance [10]. A more 
recent analysis showed results of conservative 
management may be more forgiving, resulting in 
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Fig. 23.1  Illustration of 
anatomic insertion sites 
of long and short head 
of the biceps. The short 
head inserts more 
distally on the radial 
tuberosity, while the 
long head inserts more 
proximally and 
posteriorly. (Reproduced 
with permission from: 
Jarrett et al. [6])
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a significant deficit in supination strength (63%) 
compared to the contralateral arm but no signifi-
cant change in flexion strength (93%), leaving 
many low-demand patients with acceptable out-
come scores [11]. Nevertheless, the deficits that 
remain from nonoperative treatment, particularly 
supination strength, make simple tasks challeng-
ing for many of these patients [12]. Further stud-
ies have supported the finding that conservative 
treatment results in poorer outcomes in motion, 
strength, and endurance than surgical manage-
ment [13, 14]. Therefore, patients with chronic 
tears or failed repairs looking to avoid long-term 
functional deficits have reason to consider early 
surgical revision in the case of failed repair, or 
reconstruction.

While surgical repair is preferable to nonop-
erative care, it is important to consider that surgi-
cal complications are greater with chronic tears 
compared to acute repairs. Kelly et al. found the 
complication rate with biceps tears was 17% 
greater when repair was performed over 21 days 
from injury compared to 10 days or fewer [15]. 
The most common complications include het-
erotopic ossification, including radioulnar syn-
ostosis, which can result in decreased forearm 
rotation, as well as nerve injury of the lateral 
antebrachial cutaneous nerve (20.7%), superfi-
cial radial nerve (4.2%), or posterior interosse-
ous nerve (1.3%) [16]. The increased risk of 
complications with chronic tears is potentially 
due to the more extensive debridement and the 
loss of a clear bicipital tunnel that are more com-
monly present in these cases. Nevertheless, 
patients expressing any considerable demand for 
forearm utility should strongly consider opera-
tive reconstruction.

�Operative Treatment

�Approach

The ultimate goal of surgical reconstruction is to 
restore continuity between the biceps brachii and 
the radial tuberosity. To accomplish this goal, 
multiple considerations are necessary. First, 
chronic tears generally have more scar tissue and 

require a more extensile incision than acute tears. 
Therefore, some prefer a ~ 15 cm S-shaped inci-
sion, particularly when a simple transverse inci-
sion is not sufficient to maximize the exposure 
(Fig.  23.2) [17]. This incision enables the sur-

a

b

Fig. 23.2  Multiple anterior incision techniques that may 
be required to for tendon retrieval and insertion (a). The 
primary distal incision is first made parallel to the medial 
aspect of the mobile wad (closed arrow). If a retrieval inci-
sion is required, a second incision is made proximally 
over the medial arm where the tendon stump is palpable 
(open arrow), through which it can be mobilized (b). 
These two incisions may be connected to form a long 
S-incision, although we do not recommend this extensive 
incision unless deemed necessary for exposure. 
(Reproduced with permission from: Dillon and King [17])
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geon to work proximally on the chronically 
retracted muscle to fully mobilize it in prepara-
tion for insertion, and allows for proximal and 
distal extension of the incision as needed. In our 
experience, a proximal incision is not commonly 
used but can be used if necessary.

Of particular relevance to this procedure’s sur-
gical approach  to this procedure’s surgical 
approach is whether or not to use a second inci-
sion in the posterolateral forearm (i.e., two-
incision technique) for posterior tuberosity 
exposure. The two-incision approach, which 
involves splitting of the extensor carpi ulnaris in 
the pronated position, was first described by 
Boyd and Anderson [18] but then modified by 
Morrey et al. [10] to reduce the risk of radioulnar 
synostosis and posterior interosseous nerve 
injury. The posterior view offered by the second 
incision is particularly valuable in patients with 
limited passive supination, where exposure of the 
radial tuberosity can be near impossible 
(Fig. 23.3). Nevertheless, much of the literature 
reports excellent return of supination strength 
using both one-incision and two-incision tech-
niques for both acute and chronic injuries. 
However, a recent cadaveric study showed that 
the two-incision technique improves the repair of 
the biceps to its insertion footprint more anatomi-
cally, [19] and these findings were supported by 

an in vivo comparative study [20]. Furthermore, 
the authors found that the more anatomic inser-
tion achieved from the posterior approach led to 
superior end-range supination, whereas previous 
literature only compared supination strength 
from a neutral forearm position [21]. This conse-
quence is likely due to the improved supination 
cam effect restored from the anatomic insertion 
wrapping around the radial tuberosity.

In terms of reducing complications, there is 
conflicting evidence on whether the one-incision 
or two-incision technique has a lower rate of 
nerve injury, and unfortunately this comparison 
has been studied mostly in the acute tear setting 
[16, 21–23]. Some evidence has suggested that 
the two-incision technique more frequently 
results in posterior interosseous nerve palsy, 
while the one-incision approach poses a greater 
risk for lateral antebrachial neuritis or numbness, 
[16, 24] but no data has supported this relation-
ship in the chronic or revision setting. 
Additionally, there is concern over the reported 
trend that the two-incision technique leads to a 
greater incidence of radioulnar synostosis or het-
erotopic ossification as a surgical complication, 
perhaps due to increased surgical dissection, 
marrow element escape, and bone debris. The use 
of indomethacin perioperatively, however, may 
be a strategy to help reduce this complication 
[25]. Unfortunately, more data comparing inci-
sion techniques for a chronic tear or failed repair 
is needed to draw firm conclusions regarding 
complication risks. Nevertheless, in consider-
ation of the outcome profile in the literature, it is 
our opinion that the two-incision technique pro-
vides the greatest opportunity for a best possible 
outcome and should be utilized if possible.

�Direct Repair

Direct repair of the native biceps tendon to the 
radial tuberosity is the goal of repair if possible, 
even if the presentation is delayed [26]. 
However, there are various factors that may 
influence whether or not the tendon is amenable 
to direct repair, such as the time elapsed since 
the injury and the preservation of soft tissues 

Fig. 23.3  Exposure of the radial tuberosity can be 
enhanced through a second incision made posterolater-
ally, shown here, which provides visualization of the 
bicipital tuberosity (b), including the biceps tendon foot-
print (a). (Reproduced with permission from: Hasan SA, 
Cordell et al. [19])
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that lessen the amount of retraction. Extent of 
retraction can be assessed preoperatively by 
physical exam and imaging via MRI or ultra-
sound, but it is ultimately confirmed intraopera-
tively. Particularly for chronic or revision cases, 
it is vital to maximize the tendon length in order 
to mobilize the tendon back to its insertion. The 
surgeon does this by releasing the lacertus fibro-
sis and adhesions, completing incisions to the 
epimysium, and applying constant pressure to 
the tendon stump using stress relaxation to 
improve length [27].

If direct repair of the biceps is possible, this 
technique should be done even if flexion of the 
elbow up to 90° is needed [28, 29]. Tendon grafts 
have historically been used in chronic cases due 
to their ability to increase tendon length, which 
reduces the risk of flexion deformity and has 
been described in chronic tears repaired directly 
[27]. However, recent literature shows that this 
increased length is not always necessary to opti-
mize re-tensioning and, in our opinion, does not 
outweigh the cost and donor site morbidity. In 
fact, with the recent development of the cortical 
button technique (described below), outcomes 
with full extension have been achievable in direct 
reattachment with elbow flexion up to 120° [28, 
29]. Nevertheless, we suggest 90° as a conserva-
tive threshold above which grafts may be consid-
ered in order to avoid flexion contracture.

�Grafts

In surgical situations where direct repair is not 
possible, chronic tears often have to be recon-
structed due to tendon retraction, atrophy, and 
scar formation. Reconstruction involves the use 
of a tissue graft to span the gap from the distal 
biceps to the radial tuberosity. Numerous strate-
gies involving various sources of autografts and 
allografts have been described. The Achilles ten-
don is most commonly used, but good outcomes 
have been reported using the tibialis anterior, 
fascia lata, semitendinosus, and gracilis tendons 
[30–35], and even acellular dermal allograft has 
been utilized to strengthen atrophic tendons 
[36]. The Achilles tendon is our preferred 

allograft because of its normal contour and its 
strength and expanse, allowing its proximal end 
to wrap around the biceps muscle for secure fixa-
tion. Regardless of the source, the allograft ten-
don is typically tethered to the distal end of the 
biceps in a Krackow fashion using nonabsorb-
able heavy suture, while the distal fixation to the 
tuberosity, which may be performed either 
before or after the proximal fixation, is accom-
plished via various techniques described below. 
We typically attach to tuberosity after graft fixa-
tion proximally.

In comparison to autografts, allografts present 
both advantages and disadvantages. We prefer 
the use of allografts as they eliminate donor site 
morbidity, reduce the operative time, and mini-
mize the operative resources otherwise necessary 
for tissue harvest. However, allografts typically 
increase cost, are limited by availability, and 
present a small but inherent risk of disease trans-
mission [37]. Consequently, it is appropriate for 
some surgeons faced with limited resources or 
with patients unsettled about the use of donor 
graft to opt for harvesting an autograft in place of 
allograft. Figure  23.4 demonstrates the senior 
author’s technique for repairing a chronic tear 
using semitendinosus allograft.

Similarly to allografts, autografts have tradi-
tionally been harvested from various sites, 
including the Achilles tendon [32], flexor carpi 
radialis [32], fascia lata [38, 39], semitendinosus 
[40–42], and palmaris longus [43]. Each graft 
site presents advantages and disadvantages in 
terms of reliability, strength, length, and ease of 
harvest (Table  23.1). Achilles and hamstring 
grafts are strong and robust but can be cumber-
some to harvest and lead to donor site morbidity 
[44]. The plantaris longus tendon is an attractive 
option for the ease and speed of harvest but is not 
always present in donors, whereas the palmaris 
longus is more reliable but lacks significant 
length and strength [45].

Another potential technique that has been 
described uses the lacertus fibrosis for recon-
struction, thereby eliminating the need for an 
extra-site harvesting procedure [46]. The lacertus 
fibrosis is dissected distally on the medial side 
and mobilized in continuity with the muscle and 
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tendon stump, which has the theoretical advan-
tage of maintaining longitudinal vascularity in 
the reconstruction. However, this technique is 
limited by lack of reported outcomes and poten-
tially reduced strength and reliability compared 
with other grafting techniques. Despite all these 
options for grafting, there have been no large pro-
spective trials that compare one donor site to 
another. Rather, we rely on a collection of out-
come studies for each technique to determine 
whether or not it is viable, and surgeons are 

a b

c

Fig. 23.4  Intraoperative images of distal biceps repair 
using semitendinosus tendon allograft. Image (a) demon-
strates the distal biceps stump freed and mobilized with 
insufficient length for primary repair. Image (b) shows the 
process of tethering the tendon allograft to the distal end 

of the biceps in a Krackow fashion using nonabsorbable 
heavy suture. Image (c) shows the product of the graft 
properly secured to the biceps tendon achieving the neces-
sary length for radial tuberosity fixation

Table 23.1  Table comparing stiffness and strength pro-
files of tendon grafts that have been used for reconstruc-
tion of chronic distal biceps tears

Graft
Stiffness (N/
mm)

Failure load 
(N)

Hamstring (quadruple 
tendon)

26 1137

Achilles 25 788
Flexor carpi radialis 19 140
Fascia lata 6 36

N Newton, N/mm Newtown per millimeter
Values adapted from various sources: (1) Chen et al. [66]. 
(2) Stabile et al. [67]. (3) Thomas et al. [68]
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encouraged to lean on their training as well as 
personal and patient preferences to develop a 
strategy that works for them.

�Fixation Techniques

�Graft Interposition for Chronic Tears

Similar to acute repairs, there are multiple tech-
niques available for surgeons to fasten the chroni-
cally torn distal biceps tendon or graft to the 
radial tuberosity. These techniques include the 
single or combination use of suture anchors, 
intraosseous screws, bone tunnels, and cortical 
buttons. When suture anchors are the method of 
choice, a high-speed burr is first used to create a 
decorticated window in the tuberosity. The suture 
anchors, which are typically used in pairs, are 
then placed along the margin of the bone window 
at the proximal and distal end in a divergent fash-
ion, approximately 1 cm apart [47] (Fig. 23.5). A 
tension-slide technique is utilized to secure the 
sutures to the graft, allowing the graft to be pulled 
into the tuberosity as the stitch is tightened. 
Multiple suture techniques can be used, most 
commonly the Krackow technique, but others 
include the Kessler, Bunnell, and modified 
Mason-Allen.

In a similar fashion, fixation may be achieved 
using an intraosseous screw through a newer 
design first described by Mazzocca et al. [48] and 
later modified by Eardley et al. [49]. In this tech-
nique, a single hole is reamed in the central part 
of the tuberosity to prepare the insertion, and the 
tendon is stitched with heavy nonabsorbable 
suture. A tenodesis driver is then loaded with the 
appropriately sized screw and one limb of the 
tendon suture. The driver then advances the screw 
into the tuberosity, and the suture ends are tied 
together following removal of the driver to com-
plete the fixation. When using either anchors or 
screws, it is vitally important to avoid penetrating 
the far cortex during insertion. Unlike with suture 
anchors, clinical outcomes of the screw tech-
nique have only been described in the acute tear 
setting, so their role for chronic tears remains 
unclear.

The development of the two-incision approach 
has helped allow surgeons to attach the tendon 
without the need for hardware using transosseous 
bone tunnels. In this technique, the tendon or 
graft is typically tethered with two sutures using 
a Krackow or Bunnell stitch. The tuberosity is 
then evacuated with a burr, and up to three drill 
holes are made through the dorsal cortex of the 
tuberosity. The tendon sutures are then passed 
through the cortical holes, tensioned, and tied as 
the tendon is pulled into the radial tuberosity.

Lastly, surgeons have the option to repair the 
tendon using a cortical button. The use of the 
cortical button for repair was first described by 
Bain et al. [50] and has gained popularity after 
biomechanical studies demonstrated higher 
load to failure compared to other techniques 
[51, 52]. The button also has surgical advan-
tages in that it eases fixation particularly in 

Fig. 23.5  Illustration of suture anchor placement at the 
radial tuberosity. The diagram shows that the anchors are 
placed in a divergent fashion approximately 1 cm apart to 
maximize the stronghold. (Reproduced with permission 
from: Wright [47])
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cases of maximal elbow flexion where the 
insertion of screws or anchors from the volar 
incision may be more difficult. In this tech-
nique, after coupling the tendon to the cortical 
button using high resistance threads, the button 
is passed through the radial tuberosity drill 
holes, “flipped,” and anchored to the dorsal cor-
tex of the radius (Fig.  23.6). The button can 
also be used in unicortical fashion by drilling 
though one cortex, inserting the button, and 
then flipping it intracortically with the radius.

Successful outcomes have been described fol-
lowing repair using suture anchors [45, 53], bone 
tunnels [32, 42], and cortical buttons [35, 40, 54], 
with no clear clinical benefit of one over the oth-
ers in terms of regaining strength and function. 
The choice of which to use, therefore, falls on the 
operating surgeon. Typically, suture anchors and 
screws are more compatible with the one-incision 
technique, whereas the bone tunnel technique is 
more amenable to the two-incision technique, but 
reports of all combinations of approaches and 
fixation exist. Additionally, multiple large review 
studies have found significantly fewer complica-
tion rates with bone tunnel and cortical button 
fixation than with anchors and screws, even when 
controlling for the number of incisions used in 
the approach [23, 55].

�Graft Interposition for Revision 
Reconstruction

In addition to the topics already covered, there 
are special considerations for repair cases that 
follow a previously failed repair attempt. Revision 
surgery for tendon retears occurs between 1% 
and 5% of distal biceps tears treated with surgical 
repair [56, 57]. While many patients with failed 
repairs present with signs of a new acute distal 
biceps tear, some may present simply with atrau-
matic ongoing radial-sided forearm pain [58]. 
Similar to primary tears, retears can be identified 
by MRI showing a gap between the distal end of 
the tendon and the footprint on the radial tuberos-
ity (Fig. 23.7). In cases where a cortical button is 
used for primary repair, simple radiographs may 
be able to identify the button unopposed to the 
dorsal cortex of the radius [59]. When a retear is 
diagnosed and considered for revision, the pri-
mary case operative note should be obtained to 
review which techniques were used and what 
hardware is in place.

Intraoperatively during a revision case, sur-
geons should expect to encounter a band of fria-
ble tissue between the end of the tendon and the 
insertion site. All previously implanted hardware, 
including buttons, screws, anchors, and sutures, 

a b c

Fig. 23.6  Surgical in situ visualization of cortical button 
construct with attached tendon inserted through radial 
trough (a). Postoperative anteroposterior (b) and lateral 

(c) elbow radiographs showing the cortical button is 
anchored outside the far cortex of the radius. (Reproduced 
with permission from: Dillon et al. [54])
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should be removed, and the radial tuberosity 
should be re-prepared depending on the method 
of choice for fixation. The distal biceps should be 
debrided back to its stump, removing all tendino-
sis, scarring, and adhesions. As in primary cases, 
tension should be assessed as the remaining 
biceps tendon is brought to the radial tuberosity, 
and direct re-repair should be considered if 
healthy tendon can be fixated with up to 90° of 
elbow flexion. In revision cases where a graft is 
necessary, options and principles of fixation fol-
low those previously outlined, keeping in mind 
that reduced bone stock at the tuberosity may be 
present depending on the previous fixation tech-
nique. Suspicion of any infection should trigger 
the procurement of multiple tissue cultures from 
the surgical site.

�Clinical Outcomes

�Outcomes for Direct Repair

Due to limited case numbers, many early studies 
evaluating direct repair of chronic tears were only 
in the context of large patient series analyzing all 
direct repairs. Rantanen and Orava, for example, 
reported “good” or “excellent” outcomes in nine 
of ten subjects treated between 3  weeks and 
5  months from injury [60]. This analysis also 
showed, however, that full return of elbow exten-
sion was lost in certain patients, highlighting the 

need to use grafts when the direct repair is over-
tensioned. Similarly, Rhayen et al. reported a case 
series of 16 patients, 8 of which were direct 
repairs with suture anchors over 5  weeks from 
injury with both one- and two-incision techniques. 
These patients demonstrated satisfactory return of 
flexion and supination strength with 10% and 
22% deficits, respectively [43].

The use of a cortical button to directly repair 
biceps tears has grown in popularity, especially 
for chronic tears, due to advantages previously 
described. Terra et  al. reported on 11 patients 
who had distal biceps tears repaired directly with 
an EndoButton (Smith and Nephew) over 
4 weeks after initial injury [29]. Patients reported 
an average Mayo Elbow Performance Score 
(MEPS) of 97.5 with 79% flexion strength and 
90% supination strength compared to the unin-
jured side. Dillon et al. and Bosman et al. reported 
successful outcomes using a similar technique in 
chronic tears less than 12  months from injury 
[28, 54]. Given its previously described biome-
chanical advantages and reassuring outcomes, 
the cortical button has become an increasingly 
attractive option.

Although delayed direct repair poses a greater 
risk for complications than acute repairs (24–
29% versus 41–63%), recent comparative litera-
ture shows that patients can expect similar 
function and strength compared to early treat-
ment [15, 61]. Additionally, a more recent study 
comparing outcomes of delayed hamstring 
allograft reconstruction versus delayed direct 
repair found that, while strength assessments 
were similar, patients with delayed repair had 
improved function scores (Patient-Rated Elbow 
Evaluation and MEPS) [26]. These results sup-
port our recommendation that direct repair should 
always be the first option for chronic distal biceps 
tears if the repair is possible. It remains unclear if 
there is a time point from injury that diminishes 
the chance for successful repair without graft 
augmentation. Therefore, while surgeons should 
first consider direct repair as part of their opera-
tive strategy, we also recommended that options 
for grafting always be available and that patients 
be informed of this possibility if direct repair 
cannot be achieved.

Fig. 23.7  Magnetic resonance imaging axial image of 
elbow flexed and forearm supinated, showing the gap 
between the end of the distal biceps tendon and the foot-
print on the radial tuberosity (red arrow). (Reproduced 
with permission from: Rashid et al. [58])
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�Outcomes for Graft in Chronic Setting

There have been several case reports published 
over the last two decades demonstrating success-
ful outcomes in chronic distal biceps tears recon-
structed using several graft sources. Many of the 
early cases involved the use of autografts har-
vested from the hamstring, forearm, and fascia 
lata. Hang et  al. published one of the first case 
reports of distal biceps reconstruction using ham-
string autograft, demonstrating high patient satis-
faction and function at 1 year, with strength loss 
of 13% and 14% in flexion and supination, 
respectively [41]. Wiley et al. later showed that 
repair with semitendinosus autograft resulted in 
significantly improved function compared to 
nonoperative treatment but still left a statistically 
significant reduction in flexion strength (21%) 
compared to controls [42]. Soon after hamstring 
autografts were first described, Levy et  al. 
reported outcomes of five repairs performed over 
3 months from injury with flexor carpi radialis 
autograft, all of whom returned to full activities 
and labor with no deficits in strength [53]. Kaplan 
et  al. reported three cases repaired with fascia 
lata, similarly showing high patient satisfaction 
but persistent strength deficits [62]. More 
recently, a series of 12 patients repaired with fas-
cia lata allograft demonstrated significant 
improvement in 92% of subjects at 14.5 months 
follow-up [39].

Although up to the early 2000s most investi-
gators had been studying autograft reconstruc-
tion, Sanchez-Sotelo et al. helped popularize the 
use of Achilles allograft for repair. This study 
described satisfactory subjective results, perfect 
functional scores (MEPS 100), and slightly 
decreased strength in four patients at average 
2.8 years follow-up [32]. Darlis and Sotereanos 
reported similar outcomes (MEPS 97, 5/5 
strength) in seven patients using Achilles allograft 
using a one-incision technique, though one 
patient required work duty restrictions [63]. 
Additionally, the cortical button has recently 
been used to reattach tendon grafts in the same 
way it has been applied for direct repairs. Snir 
et al. showed excellent results (mean MEPS 97) 
of 18 grafts (15 Achilles, 1 semitendinosus, 1 
gracilis, 1 tibialis anterior) [33], and Phadnis 

et al. reported full satisfaction and mean MEPS 
of 92.9  in 21 cases fixed with button using 
Achilles allograft [34].

Although some analyses have included grafts 
of multiple sources, there is unfortunately no 
well-powered study comparing efficacy of each 
graft to one another. Additionally, because case 
reporting is limited by subject numbers, it is dif-
ficult to extract an accurate complication rate for 
these grafting procedures. Some small series 
report no complications [32, 40, 42], while some 
report single cases of heterotopic ossification [45, 
63]. In larger series, other complications 
described have included nerve paresthesias, per-
sistent pain, loss of motion, and infection [24, 
64]. Fortunately, these larger series found evi-
dence that suggests complication rates of chronic 
repairs are not impacted by the use of grafts. 
Therefore, grafting continues to be an excellent 
strategy in cases where a direct repair is not pos-
sible, and surgeons should rely on their clinical 
experience, judgment, and patient desires to 
select an appropriate grafting technique.

�Outcomes for Graft in Revision 
Setting

Rerupture of the distal biceps following surgical 
repair is a relatively rare occurrence (1–5%), and 
revision repair may not always be the preferred 
treatment for lower demand patients. For these 
reasons, there are few reports that document clin-
ical outcomes following revision cases specifi-
cally. In fact, many studies have excluded revision 
cases as part of their analyses, likely due to the 
unpredictability of the results. Dillon et  al. 
reported 1 revision in a series of 14 cases and 
found that the revision case had the worst out-
comes in terms of flexion strength (43%) and 
endurance (41%). However, Naidu reported suc-
cessful 3-month outcomes (full ROM, return to 
activities) in a revision cortical button repair fol-
lowing a failed interference screw fixation [59]. 
More research is certainly needed to determine 
the range of outcomes that can be expected fol-
lowing revision repairs with grafting.

It is also reasonable to suspect that complica-
tions may be more common in the revision versus 
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primary setting due to increased infection risk, 
scar buildup, and muscle atrophy. However, lim-
ited data prevents us from certifying this conclu-
sion. Ford et al., for example, included 14 revision 
cases in their analysis of 970 cases for complica-
tions and did not report any unique findings with 
their revisions [24]. It should be noted, however, 
that Badia et  al. documented a proximal radial 
fracture at the attachment site following a revi-
sion repair, which has not been a described com-
plication of primary repairs [65]. Therefore, 
while strong evidence is lacking, surgeons should 
be wary of the potential increased risk of compli-
cation and poor outcomes in revision cases, and 
they should include such concerns in their coun-
seling of patients regarding operative versus non-
operative treatment.

�Postoperative Management

Patients are placed in a splint and sling immedi-
ately following surgery with the elbow in 90° 
flexion and either neutral position or slight supi-
nation. They should be encouraged to begin hand 
and finger mobilization immediately in the post-
operative period to control edema and prevent 
stiffness. The length of time for which the elbow 
is immobilized varies in the literature anywhere 
between 2 and 6 weeks [58]. For surgeons pursu-
ing early range of motion protocols, the patient 
transitions from a splint to a removable hinged 
elbow at around the 2-week mark. At this point 
following suture removal, passive elbow flexion, 
supination, and pronation exercises can begin. 
During this time period up to 6 weeks, surgeons 
may elect to restrict patients to different degrees 
of full extension to minimize risk of rerupture. 
Patients may be advanced through elbow exten-
sion as a gradual process by adding 10–20° each 
week. By 6 weeks, the patient should not be using 
a splint or sling, and full range of motion should 
be encouraged. If surgeons choose to immobilize 
their patients for longer, the same range of motion 
protocol pertains but at a delayed time point. 
Active flexion and supination exercises can begin 
as early as 4 weeks from surgery, and surgery and 
strengthening exercises can be initiated at 8 
weeks.

�Conclusion

The biceps brachii is an important muscle that 
requires an intact distal tendon at the radial 
tuberosity to perform necessary movements of 
elbow flexion and forearm supination. A tear of 
the distal biceps is a relatively uncommon 
injury, and although the initial presentation is 
often typical, patients can otherwise present late 
with equivocal findings. Because nonoperative 
management offers only limited functional 
improvement, physicians should prioritize ana-
tomic reattachment of the native tendon to the 
tuberosity as a first-line treatment, particularly 
for laborers. Using tendon grafts from various 
sources is often necessary to reconstruct a 
chronic tear or failed repair that is severely 
retracted and scarred to reestablish full elbow 
motion. Multiple techniques have been 
described to fix the distal attachment, including 
bone tunnels, screws, anchors, and cortical but-
tons. Surgeons should be mindful of the most 
frequently damaged structures that lead to com-
plications in this procedure, and they should 
counsel patients on the increased complication 
risk profile associated with chronic and likely 
revision cases. Continued research into out-
comes of chronic and revision cases will hope-
fully help differentiate the optimal techniques to 
utilize moving forward.
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Complications of Distal Biceps 
Tendon Repair

Jacob M. Kirsch and Matthew L. Ramsey

�Background

Acute distal biceps tendon ruptures tend to affect 
the dominant extremity of males in their 40s fol-
lowing an eccentric load to a flexed elbow [1–7]. 
Patients will often experience a “pop” followed 
by pain, swelling, and ecchymosis in their ante-
cubital fossa and medial elbow. If the patient 
experiences these symptoms without ecchymo-
sis, it may suggest a partial tear as opposed to a 
full-thickness tear of the tendon. The ruptured 
tendon frequently demonstrates chronic patho-
logic changes on the histological level [8]. 
Smoking and increased body mass index (BMI) 
have been associated with higher rates of tendon 
rupture [1, 3] and rerupture following repair [9]. 
Relative hypovascularity of portions of the distal 
biceps tendon and possible mechanical impinge-

ment of the tendon have also been suggested as 
possible mechanisms predisposing it to patho-
logic degeneration [10].

�Operative Treatment

Surgical repair of the distal biceps tendon can 
result in excellent functional results in younger 
active individuals. Several studies have docu-
mented slight measurable differences in elbow 
flexion and forearm supination strength follow-
ing distal biceps repair compared to the uninjured 
extremity; however, these differences are of 
questionable clinical significance [7, 9, 11]. 
Freeman et  al. [11] reported that distal biceps 
repair restored 93% of supination strength and 
95% of elbow flexion strength compared to the 
contralateral extremity. Similar results were also 
reported by Huynh et al. [7] with 91% supination 
strength and 96% of flexion strength restored fol-
lowing distal biceps repair. Conversely, nonoper-
ative treatment has been reported to result in 
substantial reductions in forearm supination and 
elbow flexion strength, endurance, and peak 
torque [11–13].

The main distinguishing feature of surgical 
repair technique pertains to the choice in surgical 
approach. Currently, the two main approaches for 
distal biceps repair are through a single anterior 
incision or with a two-incision approach. In a 
single anterior incision repair, tendon retrieval, 
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dissection down to the bicipital tuberosity, and 
tendon fixation are all performed through an inci-
sion in the antecubital fossa. A single-incision 
technique may have greater potential for exces-
sive retraction on surrounding neurovascular 
structures. Additionally, due to the more poste-
rior location of the bicipital tuberosity, achieving 
an anatomic repair of the tendon through an ante-
rior approach often cannot be consistently 
achieved [14, 15]. Current evidence suggests that 
a non-anatomic repair decreases the ability to 
restore terminal supination strength [15, 16].

Historically high rates of radial nerve com-
plications with the single anterior incision lead 
Boyd and Anderson to propose their two-inci-
sion technique [17]. A small incision in the 
antecubital fossa is utilized to retrieve the ten-
don, whereas a posterior approach is used for 
tendon fixation back to the tuberosity. The 
original two-incision technique has subse-
quently been modified to avoid subperiosteal 
dissection along the ulna and instead is per-
formed through a muscle-splitting approach 
through the extensors in an attempt to decrease 
the risk of heterotopic ossification (HO) and 
synostosis [13, 18].

�Overall Complication Risk

The rate of overall complications following dis-
tal biceps repair varies considerably in the litera-
ture and is often limited by small retrospective 
series [19]. Recent larger studies including sys-
tematic reviews have reported overall complica-
tions typically ranging from 15% to 35% [2, 4–6, 
9, 20–24]. Two recent systematic reviews with 
greater than 1000 patients reported overall com-
plication ranging from 25% to 33% [21, 22]. 
Another recent large retrospective series with 
970 patients reported a 21.5% rate of minor 
complications and a 7.5% rate of major compli-
cations [5]. The most commonly reported com-
plications include neurologic injury (7–24%), 
HO (0–56%), rerupture (1–6%), wound compli-
cations (1–11%), fracture (<1%), and vascular 
injury (<1%) [2, 4–7, 20–31].

�Timing of Surgical Intervention

The influence of injury chronicity on surgical 
complication rates has been reported with heter-
ogenous results in recent literature [5, 6, 9, 18, 
24]. Cain et al. [24] reported higher overall com-
plications with a chronic tear as opposed to an 
acute injury. Similarly, Kelly et al. [18] reported 
a higher incidence of lateral antebrachial cutane-
ous nerve (LABCN) and superficial radial nerve 
(SRN) injuries with increased delay to surgery. In 
a recent large retrospective series of 970 patients, 
Ford et al. [5] found that patients undergoing sur-
gical repair greater than 15 days from injury had 
a 1.4 times higher rate of complications com-
pared to patients who were fixed more acutely. 
Conversely, a recent large retrospective cohort of 
373 patients by Beks et  al. [6] found that there 
were no significant differences in the overall 
complication rates of patients when comparing 
those fixed within 1 month of injury compared to 
greater than 1 month from the time of injury. 
Similarly, the timing of surgical repair was not 
associated with overall complication rates in a 
recent study by Waterman and colleagues [9].

�Single- vs. Two-Incision 
Complications

Most of the debate surrounding the surgical man-
agement of distal biceps tendon tears often focuses 
on the use of either a single anterior incision or a 
two-incision approach. Potential benefits of the 
two-incision approach generally consist of lower 
overall complication rates [5, 6, 9, 21–23, 32], 
lower rates of nerve injury [2, 4, 5, 9, 20–23], and 
the ability to achieve an anatomic repair to the 
bicipital tuberosity [15, 33, 34]. Conversely, a sin-
gle anterior approach is generally thought of as 
having lower risks of heterotopic ossification (HO) 
[2, 20, 22] and synostosis [5, 20, 22]. While the 
rate of neurologic injury may in part be secondary 
to surgical approach, confounding factors such as 
surgeon experience and volume have also been 
associated with higher rates of nerve injury during 
distal biceps repair [2].
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Dichotomizing the results and complications 
of distal biceps repair simply based on surgical 
approach is misleading and overlooks many 
nuances of surgical technique and perioperative 
management. Regardless of approach, meticu-
lous surgical technique is paramount to avoid 
complications. Among patients undergoing an 
anterior only approach, higher rates of complica-
tions were found in those with a longitudinal 
incision compared to a transverse incision (32% 
vs. 23%) [5]. Additionally, Austin et  al. [25] 
highlighted the importance of incision location 
with a two-incision technique by evaluating a 
consecutive group of 84 patients treated with a 
two-incision technique compared to a group of 
patients who were referred for the management 
of synostosis following a similar approach. The 
location of the dorsal incision was found to be a 
significant predictor for HO development. The 
mean distance between the ulna crest and the dor-
sal incision was 32.5  mm in the control group 
compared to 0.6  mm in the referral group that 
developed synostosis [25]. Dunphy et  al. [2] 
reported significantly higher rates of HO and 
reoperation in patients undergoing a two-incision 
approach; however, no mention of HO prophy-
laxis was reported. Additionally, Ford et  al. [5] 
concluded that use of a two-incision approach 
was significantly associated with radioulnar syn-
ostosis; however, over half of the patients in this 
study who developed HO were immobilized 
postoperatively for greater than 4  weeks. 
Conversely, the only level-I study to date included 
the use of indomethacin for HO prophylaxis and 
failed to demonstrate any difference between a 
single- and two-incision approach [4].

�Fixation-Specific Complications

Various methods of fixation have been investi-
gated for distal biceps repair. The most com-
monly used fixation methods are suture fixation 
through transosseous bone tunnels, cortical but-
tons, suture anchors, and interference screws. 
Biomechanical studies have demonstrated that 
the use of a cortical button generally provides the 
highest load to failure, tensile strength, and low-

est gapping, whereas the use of suture anchors 
has inferior biomechanical properties [35–38]. 
Unique complications, such as posterior interos-
seous nerve (PIN) entrapment after the use of a 
cortical button, have been reported [39]; how-
ever, studies reporting high rates of complica-
tions with a particular fixation method technique 
are often underpowered to draw meaningful con-
clusions [30].

Recent large studies and systematic reviews 
provide new insight regarding technique-specific 
complications. A systematic review of 22 studies 
including 498 elbows reported a 44.8% pooled 
complication rate for interference screws com-
pared to 26.4% in suture anchors and 20.4% with 
the use of bone tunnels [20]. These authors 
reported a 0% rate of complications for cortical 
button fixation; however, this was only used in 18 
patients, rendering it underpowered to draw 
meaningful conclusions [20]. Limited biome-
chanical [40] and clinical [41] evidence has failed 
to demonstrate any significant benefit to unicorti-
cal button fixation of distal biceps repairs. A 
recent prospective series of 212 patients reported 
a 41% overall complication rate with a single-
incision tension-slide technique with cortical but-
ton fixation, with 35% of patients having a 
sensory neuropraxia [23]. However, a large retro-
spective review of 784 distal biceps repairs found 
no significant difference in the rate of nerve 
injury or rerupture among single-incision fixation 
methods consisting of cortical button alone (212 
patients), cortical button and interference screw 
(211 patients), and suture anchor fixation (216 
patients) [2]. Interestingly, this same study con-
cluded that for the single-incision approach, iso-
lated cortical button fixation had over twice the 
rate of HO (4.7%) compared to the other two 
techniques [2]. Isolated use of the cortical button 
for fixation with a single-incision approach was 
also associated with HO formation in an alarm-
ing 56.7% of patients in a recent study by Huynh 
et  al. [7]; however, this was mild in the vast 
majority of patients with no revision surgery 
required for symptomatic HO. A large systematic 
review including 40 articles and 1074 patients 
reported higher rates of HO in a single-incision 
group compared to a two-incision group, with 
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cortical button and suture anchor fixation having 
the highest rates of HO (13% and 14.7%, respec-
tively) compared to the use of bone tunnels 
(6.8%) [21]. Tendon rerupture following distal 
biceps repair appears to be more related to patient 
compliance without any clear evidence favoring a 
specific fixation method [2, 4, 9, 21, 23, 24].

�Minimizing Fixation-Specific 
Complications

Regardless of the specific method of fixation one 
utilizes during distal biceps repair, there are a few 
key steps to avoid fixation-specific complica-
tions. During transosseous repair, the surgeon 
should ensure an adequate bone bridge between 
the transosseous holes to decrease the risk of 
breaking the bone bridge. If the bone bridge 
breaks and another drill site is not feasible, the 
use of suture anchor fixation is a reasonable alter-
native. Both interference screw and cortical but-
ton fixation rely on appropriate placement in the 
bicipital tuberosity. Limited intraoperative fluo-
roscopy should be used to ensure accurate place-
ment (Fig.  24.1). Additionally, fluoroscopy can 
be used during the insertion of a cortical button to 
avoid excessively deep placement of the button. 
Regardless of the approach, copious irrigation 
should be used to decrease the risk of HO.

�Neurologic Complications

�Lateral Antebrachial Cutaneous 
Nerve

The lateral antebrachial cutaneous nerve 
(LABCN) is at risk for injury with any anterior 
exposure of the biceps tendon. Since an anterior 
approach is required in both the single- and two-
incision techniques, it is not surprising that 
LABCN injury is consistently the highest 
reported complication following distal biceps 
repair, with overall rates typically ranging from 
approximately 10% to 40% [2, 4–7, 20–24]. 
Recent large studies which compare single- and 
two-incision fixation methods nearly universally 

report higher rates of LABCN injury with a 
single-incision approach compared to a two-
incision approach [4, 5, 20, 22, 24]. Grewal et al. 
[4] performed a level-I study comparing single- 
and two-incision fixation methods and reported 
40% LABCN injury in the single-incision group 
compared to 7% in the two-incision group. 
Dunphy et  al. [2] reported their results on 784 
distal biceps repairs in a large multi-specialty 
group and also found that LABCN neuropraxia 
was more common with a single-incision 
approach (24.4%) compared to a two-incision 
technique (4.1%). A large systematic review of 
almost 500 elbows found 11.6% of LABCN 
injury with a single-incision approach compared 
to only 5.8% in a two-incision technique, which 
was statistically significant (P = 0.02) [20]. The 

Fig. 24.1  Anteroposterior radiograph of a left elbow 
demonstrating erroneous placement of a cortical button 
during a distal biceps repair. The button was placed in the 
radial head instead of the bicipital tuberosity
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largest study in the literature with nearly 1300 
patients also reported significantly higher rates of 
LABCN neuropraxia with a single-incision 
approach (9.9%) compared to a two-incision 
approach (2.2%), (P < 0.001) [22].

Most LABCN injuries are transient neuro-
praxias resulting in superficial sensory deficits 
along the volar radial forearm. This commonly 
results from overly aggressive lateral retraction 
during mobilization of the tendon or exposure of 
the bicipital tuberosity. However, injury to the 
LABCN should not be taken lightly as closer 
investigation demonstrates that approximately 
10% of patients reporting LABCN injury will 
have persistent sensory deficits [4, 42]. Carroll 
et al. [43] reported that 50% of patients who had 
a LABCN injury had persistent symptoms at the 
time of final follow-up or were lost to follow-up 
in a retrospective series of 50 patients treated 
with a single-incision technique using a cortical 
button.

�Posterior Interosseous Nerve

The close proximity of the posterior interosseous 
nerve (PIN) to the proximal radius puts it at risk 
during the dissection and retraction often required 
for distal biceps repair. The PIN passes between 
the two heads of the supinator muscle and wraps 
around the proximal radius ultimately coursing 
along the dorsal aspect of the proximal radius. 
The PIN is largely a motor nerve supplying the 
finger and thumb extensors, which makes injury 
to the nerve very significant. Injury to the PIN 
has been reported in approximately <1–4.5% in 
most recent larger series [2, 5, 6, 9, 21, 22, 24, 43, 
44]. Banerjee et al. [26] reported a transient PIN 
palsy in approximately 15% of patients treated 
with a single-incision technique with a cortical 
button; however, this complication rate appears 
to be an outlier in the literature.

Given the relatively low rate of injury overall, 
comparative studies are limited and often under-
powered [9, 18, 24, 27, 45]. Two recent large sys-
tematic reviews with over 1000 patients in each 
reported higher rates of PIN injury with a single-
incision approach compared to a two-incision 

approach [21, 22]. Conversely, a large retrospec-
tive series of 784 patients demonstrated signifi-
cantly higher rates of PIN injury with a 
two-incision technique (3.4%) compared to a 
single-incision approach (0.8%). Ford et  al. [5] 
recently published a large series with 970 patients 
which showed no difference in the rate of PIN 
injury between single- and two-incision 
approaches (1.8% and 1.9%, respectively). 
Fortunately, most PIN palsies are transient and 
recover without any further intervention [6, 26, 
44]; however, occasionally secondary surgery 
and tendon transfers are required to compensate 
for the functional deficits [24]. Hence, based on 
the current available literature, it seems there is 
no difference in PIN palsy between the single- 
and double-incision techniques.

�Superficial Radial Nerve

The superficial branch of the radial nerve (SRN) 
is a cutaneous nerve that provides sensation over 
the dorsoradial aspect of the thumb and hand. 
The nerve courses deep along the undersurface of 
the brachioradialis muscle making it susceptible 
to injury due to excessive lateral retraction. Most 
series report an incidence of SRN injuries rang-
ing from 2% to 8.5%, with most being the result 
of neuropraxia [5, 9, 20, 21, 24, 26]. Most studies 
document higher rates of SRN injury with a 
single-incision approach, likely due to the need 
for a greater amount of lateral wound retraction 
[5, 9, 21, 23, 24]. The majority of SRN injuries 
resolve without further intervention; however, 
occasional cases of persistent SRN palsy have 
been reported [26].

�Median Nerve

Median nerve injuries are uncommonly reported 
utilizing modern techniques for distal biceps 
repair. When reported, the overall incidence is 
often less than 1% [6, 9, 21, 22]. The median 
nerve passes between the two heads of the prona-
tor teres, which represents the medial aspect of 
the intermuscular interval for the anterior 
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approach. Excessive medial retraction or aberrant 
dissection can potentially put the median nerve at 
risk of injury. Median nerve injury has been 
reported almost exclusively in cases of a single 
anterior approach for distal biceps repair [6, 9, 
21, 22].

�Ulnar Nerve

Injury to the ulnar nerve is exceedingly rare fol-
lowing distal biceps repair. The nerve is not typi-
cally encountered in the surgical field during 
either a single anterior incision or a two-incision 
approach. A recent large systematic review of 
1283 patients only reported one case of ulnar 
nerve neuropraxia [22]. Matzon et  al. [23] in a 
subsequent prospective series reported 4 patients 
out of 212 with superficial sensory deficit in the 
ulnar nerve distribution following distal biceps 
repair.

�Minimizing Neurologic Complications

Neurologic complications are the most common 
adverse event following distal biceps repair. 
Regardless of the surgical approach, the surgeon 
must have a thorough understanding of the sur-
rounding neurovascular anatomy to avoid iatro-
genic injury. During a single-incision approach, 
one should avoid excessive lateral retraction 

whenever possible to decrease the risk of LABCN 
injury. Additionally, when exposing the bicipital 
tuberosity through a single-incision approach, 
one should avoid retractor placement around the 
radial aspect of the proximal radius to decrease 
the risk of PIN injury. During a two-incision 
approach, when exposing the bicipital tuberosity, 
one must avoid carrying the dissection dorsally 
and distally off the tuberosity to avoid PIN injury.

�Heterotopic Ossification/Synostosis

Heterotopic bone formation following distal 
biceps repair is one of the most commonly 
reported and discussed complications (Fig. 24.2). 
Traditional two-incision techniques, which vio-
lated the ulna periosteum and interosseous mem-
brane, have resulted in rates of synostosis of 
approximately 5% [46]. Conversely, the modified 
two-incision approach which involves splitting of 
the extensor musculature without violating the 
periosteum has reduced the incidence of synosto-
sis to 0% in some series [18]. Current literature is 
often limited by inconsistent reporting of whether 
HO prophylaxis was utilized, variable postopera-
tive protocols, and often unclear distinction 
between symptomatic and asymptomatic HO for-
mation [2, 5]. When indomethacin has been uti-
lized, very low rates of symptomatic HO have 
been reported, even with the use of a two-incision 
approach [4, 25, 47]. The reported incidence of 

a b

Fig. 24.2  Lateral radiographs demonstrating radioulnar synostosis (top) and symptomatic heterotopic ossification 
(HO) after distal biceps repair (bottom)
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asymptomatic HO is typically between 3% and 
35% [2, 20, 21, 24, 28, 38, 48], with one study 
reporting over 50% of patients with HO follow-
ing a single-incision cortical button repair [7]. 
Symptomatic HO or radioulnar synostosis has 
been reported in approximately 1–3% of most 
large well-done studies [2, 5, 6, 22].

The relative association of HO and synostosis 
following distal biceps repair is inconsistently 
described in the literature likely secondary to 
multiple and poorly understood confounding fac-
tors. Two recent large studies found higher rates 
of HO in patients treated with a two-incision 
technique compared to a single-incision tech-
nique [2, 22]. Amin et al. [22] reported 7.2% HO 
and 2.2% synostosis in a two-incision group 
compared to a 3.2% HO and 0% synostosis rate 
in a single-incision group. However, this large 
systematic review was unable to account for the 
use of HO prophylaxis. Similarly, Dunphy et al. 
[2] reported significantly higher HO formation in 
the two-incision group compared to the single-
incision group (7.2% vs. 2.7%, P  =  0.004). 
Reoperation was necessary in approximately half 
of the patients who developed HO in the two-
incision group; however, the authors did not men-
tion the use of HO prophylaxis in their 
postoperative protocol. A large retrospective 
study reported 2.8% of patients with a two-
incision approach developed a synostosis; how-
ever, only 30/970  in their series received HO 
prophylaxis [5]. Beks et  al. [6] reported 
symptomatic HO requiring reoperation in 2.1% 
of their cohort; however, they also concluded that 
use of a two-incision technique was not associ-
ated with HO.  Another large systematic review 
actually found higher rates of HO with a single-
incision approach compared to the two-incision 
approach (15% vs. 3.5%) [21].

Our preferred method of HO prophylaxis 
involves the use of indomethacin 75 mg XR daily 
for 2 weeks. Patients are also given a medication 
for gastrointestinal prophylaxis (proton pump 
inhibitor vs. H2 antagonist) during this 2-week 
period. Our specific protocol and results for HO 
prophylaxis with the two-incision technique have 

been previously published, which demonstrated a 
statically significant lower rate of synostosis with 
indomethacin prophylaxis compared to no treat-
ment (<1% vs. 37%, P < 0.001) [47].

�Minimizing Heterotopic Ossification 
Complications

Regardless of technique or method of fixation 
during distal biceps repair, meticulous soft tissue 
dissection and copious irrigation are necessary to 
help avoid symptomatic HO.  Both approaches 
may benefit from short-term prophylaxis with 
indomethacin if the patient is able to safely toler-
ate the medication. With a two-incision approach, 
avoidance of disrupting the ulnar periosteum and 
the interosseous membrane through a muscle-
splitting approach decreases the rates of symp-
tomatic HO.

�Rerupture

Rerupture after distal biceps tendon repair is 
uncommon with the overall incidence being 
approximately 1–5% [2, 4–7, 9, 23, 24, 29, 30]. 
The vast majority of reruptures have been reported 
within the early postoperative period secondary to 
either patient noncompliance or an accidental 
injury [2, 4, 5, 7, 9, 29]. Appropriate patient educa-
tion and selective use of an orthosis may help to 
decrease the rate of rerupture. Given the relative 
infrequency of this complication, many studies are 
not adequately powered to provide comparative 
analysis to identify risk factors for rerupture. 
However, Waterman et al. [9] reported that smok-
ing was found to be an independent risk factor for 
rerupture on multivariate analysis. No significant 
differences in the overall rerupture rates have been 
reported in several studies comparing single- and 
two-incision techniques [4, 5, 21, 24]. Conversely, 
the largest systematic review in the literature 
reported significantly higher rates of rerupture with 
a single-incision approach compared to a two-
incision approach (2.1% vs. 0.6%, P = 0.035) [22].
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�Vascular Complications

Significant vascular injuries are extremely rare 
but potentially devastating complications. The 
brachial artery is immediately medial to the 
biceps tendon in the antecubital fossa, making it 
potentially susceptible to injury. Fortunately, the 
rate of significant vascular injury is very low fol-
lowing distal biceps repair. In a large retrospec-
tive series of 970 patients, Ford et al. [5] reported 
that two patients treated with a single anterior 
incision sustained brachial artery lacerations. 
Additionally, thrombosis of the artery can also 
occur, possibly secondary to overly aggressive 
and prolonged retraction. One case of brachial 
artery thrombosis has been reported, which was 
recognized intraoperatively and treated with a 
thrombectomy [31].

�Wound Complications

Wound complications are an inherent risk to 
any surgical procedure. Fortunately, the rate of 
wound complications following distal biceps 
repair is relatively low, typically ranging from 
1% to 3% [2, 5, 22, 24, 25]. Furthermore, most 
comparative studies demonstrate no signifi-
cant difference in the overall rate of wound 
complications when comparing the single-
incision approach to the two-incision approach 
(Fig. 24.3) [2, 22, 24].

�Fracture

Fractures of the proximal radius unrelated to 
subsequent trauma are exceedingly rare compli-
cations, which may occur secondary to errant 
implant placement. Dunphy et al. [2] reported a 
large retrospective series of 784 distal biceps 
repairs and noted that 1 patient sustained a 
radial neck fracture secondary to placement of 
an 8 mm tunnel for an interference screw in the 
radial neck instead of the bicipital tuberosity. 
Waterman et  al. [9] described two radial neck 
fractures in their series which were treated with 
a single-incision technique; however, no addi-
tional details were provided in the study. Use of 

intraoperative fluoroscopy may limit errant 
implant placement and the risk of fracture.

�Conclusion

Distal biceps tendon repair is a commonly per-
formed operation which can result in excellent 
functional and subjective outcomes in active 
patients. High rates of complications have been 
reported in the majority of large well-done studies, 
albeit most are transient neuropraxias. The treating 
surgeon must be aware of the various complica-
tions that are more unique to the particular surgical 
approach and fixation methods in order to best 
counsel patients regarding the risks of surgery. A 
thorough understanding of the anatomy about the 
elbow and the various nuances of the surgical 
approach are likely more important for minimizing 
adverse events than simply the choice in technique 
alone. It is equally as important when assessing the 
literature pertaining to distal biceps tendon repair 
to recognize the limitations of studies which sim-
ply dichotomize the results and complications 
based on surgical approach alone.

Fig. 24.3  Wound dehiscence following distal biceps 
repair
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Rehabilitation Following Distal 
Biceps Repair

Kevin E. Wilk and Christopher A. Arrigo

Ruptures of the distal biceps tendon are uncom-
mon in both the athletic and general populations. 
The incidence of distal biceps ruptures has been 
reported to be between 1.2 per 100,00 patients 
per year [1] and 2.55 per 100,000 patients per 
year [2]. 95% of these ruptures occur in men, 
86% on the dominant side, and the average age of 
a person incurring a distal biceps rupture is 46 [1, 
2]. The other risk factors prevalent in distal biceps 
ruptures include smoking, corticosteroid use, 
anabolic steroid use, chronic renal disease, 
increased body mass index, and a history of a 
contralateral distal biceps rupture [1–3]. The eti-
ology of distal biceps ruptures is multifactorial in 
nature and includes the area of hypovascularity in 
the distal tendon, mechanical impingement of the 
tendon between the proximal radius and ulna 
when the arm is pronated, and attritional intersti-
tial tendon weakness [4].

�Literature Review

Current literature focuses on the differences in 
outcomes between non-surgical and surgical 
interventions, among various surgical techniques, 
and the efficacy of safe early postoperative 
motion. The literature fails to build any consen-
sus regarding a preferred approach to the reha-
bilitation following distal biceps repair.

Patients treated nonoperatively for distal 
biceps tears have been shown to exhibit strength 
deficits of 30% for elbow flexion and 40% for 
forearm pronation [5, 6]. Additionally, this non-
operative group of patients has been found to 
have a 79% deficit in supination endurance and a 
30% deficit in elbow flexion endurance [5]. These 
significant deficits were shown to exist as much 
as 6 years after injury in comparison to patients 
undergoing an immediate distal biceps repair 
who had full strength after 1 year following sur-
gery [5, 6].

No universally accepted rehabilitation pro-
gram for distal biceps repairs is evident in the 
literature. Most often, differences in the gradual 
passive range of motion progression and when to 
begin active motion have been the focus of 
debate. D’Alessandro et al. [7] described a proto-
col that began with 3 weeks of elbow immobili-
zation in 90° of flexion and supination, followed 
by active range of motion and then progressive 
strengthening starting 6 weeks following repair. 
The program described by Ramsey [8] started 
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with 7–10 days of immobilization in 90° of elbow 
flexion with the forearm supinated. This was fol-
lowed by the use of a hinged flexion-assist splint 
until 8 weeks after surgery when unrestricted 
motion and progressive strengthening began with 
the return to unrestricted activities starting 6 
months post-surgery. Quach et al. [9] also began 
their program in a splint placing the elbow in 90 
degrees of flexion and the forearm in supination, 
but transitioned to an extension block hinged 
brace 7–10  days after surgery. In this program, 
progressive range of motion began at week 6, fol-
lowed by a strengthening program with unre-
stricted activity by 6 months. None of these 
articles presented any patient outcome data along 
with their guidelines.

There are several studies that presented pro-
grams with no immobilization and more aggres-
sive rehabilitation guidelines. Cheung et al. [10] 
presented on a two-incision technique using early 
controlled active motion in a hinged brace 
restricted to 60° of flexion beginning postopera-
tive day 1. Motion was advanced by 20° every 2 
weeks until full range of motion was obtained 6 
weeks after surgery. With a minimum of a 2-year 
follow-up, there were small mean losses in 
motion when compared to the nonoperative side, 
including 5.8° of extension, 3.5° of pronation, 
and 8.1° of supination [10]. Likewise small 
strength deficits were present including a mean 
loss of 8.6% in elbow flexion and 10.6% in supi-
nation when compared to the uninvolved arm. 
Spencer et al. [11] compared two groups of sub-
jects after distal biceps repair using a single-
incision Endobutton technique. Both groups were 
initially placed in a 90° elbow flexion splint for 
2  weeks. Following the immobilization, one 
group (n = 6) received supervised physical ther-
apy and wore a hinged brace for 4 weeks, while 
the other group (n = 9) had no formal physical 
therapy or brace and was instructed to use the 
arm for simple activities of daily living with a 
2  lb. lifting limit [11]. With an average of a 
23-month follow-up, there were no significant 
differences between groups in elbow and forearm 
range of motion and DASH scores, and neither 
group had any cases of heterotopic ossification or 
reruptures. The Endobutton technique used in 

this study has been found to be superior in fixa-
tion strength compared to other techniques and 
may be safe for early active range of motion 
[12–14].

�Operative Technique for Distal 
Biceps Repair

Operative intervention for distal biceps rupture is 
designed to repair the torn tendon back to the 
radial tuberosity in as close to an anatomic posi-
tion as possible without complication. There are 
two significant variables in the performance of this 
surgical repair: use of a single- or dual-incision 
approach and the method of graft fixation.

The dual-incision technique was developed in 
an effort to decrease the risk of injury to the radial 
nerve and the posterior interosseous nerve (PIN) 
during surgical repair. The technique uses a 
smaller incision over the antecubital fossa and a 
second posterolateral incision in conjunction 
with a bone tunnel through which sutures are 
passed and the tendon stump is repaired back to 
the radius. The major complication associated 
with the dual-incision technique is injury to the 
lateral antebrachial cutaneous nerve (LABCN). 
This technique is also associated with an 
increased risk of heterotopic ossification (HO) 
and synostosis compared to the single-incision 
approach [15].

The single-incision technique was developed 
to decrease the risk of HO and synostosis encoun-
tered as significant complications with the dual-
incision technique. An antecubital fossa incision 
is utilized with extreme care taken to protect the 
LABCN and the PIN during surgical dissection. 
LABCN and PIN palsies are common complica-
tions and seen more frequently following single-
incision technique distal biceps tendon repair 
[15]. HO and synostosis do not occur as com-
monly following a single-incision repair as seen 
after dual-incision surgeries.

Fixation can be accomplished using transosse-
ous tunnels, suture anchors, intraosseous screws, 
or cortical buttons. There does not appear to be 
any clinically significant difference in outcomes 
based solely on method of fixation.
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�ASMI Technique

After the patient has been appropriately prepped 
and positioned in the usual manner, an anterior 
incision is made transversely in the flexion crease 
with the arm supinated. Dissection is performed 
down through the subcutaneous tissue with care 
taken to protect the lateral antebrachial cutaneous 
nerve. Once through the subcutaneous tissue, fin-
ger palpation is applied proximally to identify the 
retracted biceps tendon. The tendon stump is 
clamped, and the distal end is debrided back to 
healthy tendon. Two #2 polyethylene (MaxBraid, 
Zimmer Biomet, Warsaw, IN) sutures are used to 
whipstitch the tendon up and down so that four 
limbs are exiting the tendon stump.

Following the preparation of the distal tendon 
stump, blunt dissection is performed down to the 
radial tuberosity between the brachioradialis and 
the pronator teres following the natural soft tissue 
tunnel previously occupied by the biceps tendon. 
The arm is supinated, and care should be taken to 
avoid retraction on the radial soft tissues to avoid 
injury to the PIN. A Kelly clamp is placed on the 
radial tuberosity and passed ulnar to the radius 
through the interosseous membrane to create a 
dorsal skin prominence with the tip of the clamp. 
A 5 cm longitudinal incision is made overlying 
this area, and sharp dissection is performed down 
to the extensor fascia. This incision should be 
slightly radial to the Kelly clamp path to avoid 
passing close to the ulna. Penetrating the ulnar 
periosteum during dissection may cause forma-
tion of heterotopic bone and a complete radioul-
nar synostosis. The forearm should be pronated 
and electrocautery utilized to incise through the 
fascia and split the overlying extensor muscle 
directly down to the prominence of the radial 
tuberosity. With the arm pronated, two baby 
Hohmann retractors are then placed on the ulnar 
side of the radius. Senn retractors or Army Navy 
retractors are used on the radial side in order to 
prevent excessive retraction which may injure the 
PIN.  Residual biceps tendon stump is debrided 
from the radial tuberosity, and a burr is used to 
make a trough large enough to dock the tendon. 
The arm is then slightly supinated, and the peri-
osteum on the radial aspect of the trough is dis-

sected free to expose a cortical bridge for drill 
hole placement. A 2.5  mm drill is used to drill 
two holes on the radial side of the trough 1 cm 
apart and 1 cm from the trough.

A Kelly clamp is used to pass the sutures from 
the volar incision to the dorsal incision assuring 
that the biceps tendon can pass along the proper 
soft tissue tunnel to the radial tuberosity, without 
crossing over and entrapping the LACBN.  A 
curved Hewson suture passer is used to pass a 
passing suture from each drill hole into the 
trough. The passing suture is then used to shuttle 
one of each pair of the MaxBraid sutures through 
the trough into each drill hole. The sutures are 
then pulled tight ensuring the tendon docks into 
the trough with the forearm in supination. The 
corresponding MaxBraid sutures are then tied 
over the bone bridge one individual pair at a time 
completing the repair. After the wounds are copi-
ously irrigated and closed, the patient is then 
placed into a posterior slab splint at 90 degrees of 
elbow flexion.

�Rehabilitation Program

The postoperative rehabilitation program follow-
ing distal biceps repair follows a multi-phased, 
criteria-based rehabilitation progression designed 
to return the patient back to their previous level 
of activity and function as quickly and safely as 
possible. Table  25.1 outlines the rehabilitation 
program tailored to an athlete and the demands of 
returning an athlete back to unrestricted competi-
tion, while Table 25.2 outlines the program used 
in the general orthopedic population.

�Phase I: Immediate Postoperative 
Phase (Weeks 1–2)

The initial phase of the rehabilitation process is 
designed to promote healing of the surgical 
repair, reduce pain and inflammation, impede 
muscular atrophy, and regain full wrist/shoulder 
motion. Patient education is vital to address the 
primary precaution of avoidance of loading the 
repaired tendon. The patient’s elbow is placed 
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into a posterior splint, with the elbow immobi-
lized at 90 degrees of elbow flexion to protect the 
healing distal biceps tendon for the first 5 to 
7 days after surgery. During this period of time, 
no elbow or forearm motion exercises are per-
formed, but motion of the wrist, hand, and shoul-
der is encouraged to prevent shoulder-hand 
syndrome from developing.

Postoperative pain and inflammation are 
reduced through the use of cryotherapy and com-
pression [16]. High-voltage electrical stimulation 
may be combined with cryotherapy to aid in the 
reduction of pain and inflammation. We also use a 
class IV laser modality over the incision, with the 
intent to accelerate healing and increase nitrous 
oxide levels in the healing tissue [17]. Patients are 
instructed to use cryotherapy 6–8 times per day 
for up to 20  minutes each during this phase to 
control postoperative pain and inflammation.

Voluntary activation of the upper extremity 
musculature is initiated to help reduce muscular 
atrophy. These activities include active wrist 
range of motion exercises, hand gripping, and 

Table 25.1  Rehabilitation program for distal biceps 
repair (in active patients)

I. Phase I: Immediate postoperative phase (weeks 1–2)
 � Posterior splint at 90 degrees of elbow flexion for 

5–7 days (physician decision)
 � Wrist and hand gripping exercises
 � Shoulder ROM exercises (pendulums and PROM)
 � Seated scapular neuromuscular control exercises
 � Begin elbow PROM days 2–4
 � Light PROM only from 30 to 70 degrees
 � Light PROM only from 30 to 90 degrees (end of 

week 2)
 � No active supination
 � No passive pronation
 � Gripping and finger exercises
 � Shoulder isometrics in posterior splint (ER, IR, Abd)
PRECAUTIONS: 	 Posterior splint at 90 degrees is to 
be left on for 5–7 days
Do not begin active supination for 14 days
II. �Phase II: Early controlled mobility phase (weeks 

3–6)
 � Elbow ROM brace
 �   Begin passive and assisted active supination
 � Progress to active supination and pronation to 30–45 

degrees by weeks 3–4
 �   Progress elbow ROM:
 �     Week 3 at 20 – 105 degrees
 �     Week 4 at 10 – 115–125 degrees
 �     Week 6 at 0 – 135/145 degrees
 � Shoulder exercises (rotator cuff)
 �   (i) ER/IR tubing
 �   (ii) Standing rowing with TheraBand
 �   (iii) Full can, lateral raises
 � Scapular strengthening
 � Wrist extensors/flexors
 � Gripping exercises
 � Week 5–6 isometric triceps exercises at 90 degrees of 

flexion
III �Phase III: Late controlled mobility phase (weeks 

7–12)
 � Elbow ROM brace
 �   Week 8 at 0 – 145 degrees
 � Week 8 begin:
 �   Isotonic triceps
 �   Isometric biceps at 90 degrees submaximal
 �   Isotonic wrist extensor/flexor
 �   Shoulder isotonic
 �     Thrower’s Ten program
 �     Core exercises
 �     Cardiovascular exercises
 �     *Discontinue use of elbow brace at weeks 8–10
 � Weeks 10–12:
 �   Biceps isometrics

Table 25.1  (continued)

 �   Active biceps light
 �   Shoulder Thrower’s Ten program
 �   Shoulder, elbow, wrist, and hand ROM
 �   Continue cardio workouts
IV. Phase IV: Intermediate phase (weeks 12–16)
 � Week 12>:
 �   More aggressive controlled exercises
 �   Isotonic biceps (dumbbells, light weight)
 �   Seated rowing
 �   Seated chest press on machine (light)
 �   Light arm and shoulder exercises
 �   Continue all ROM and stretching exercises
V. �Phase V: Advanced strengthening phase (weeks 

16–20)
 � Continue all exercises listed above
 � Plyometric progression: Only for overhead athletes, 

etc.
 � Initiate plyometrics week 16 – 2 hand drills
 � Initiate plyometrics week 20 – 1 hand drills
VI. �Phase VI: Return to activity phase (week 20 and 

beyond)
 � Return to activities (sport-specific training)
 � Initiate sport-specific training
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nonpainful, submaximal isometrics for shoulder 
external rotation, internal rotation, flexion, and 
abduction with the shoulder adducted to the side 
and in neutral rotation. Seated scapular manual 
resistance exercises are initiated to maintain and 
improve activation of the scapular stabilizing and 
postural musculature (Fig. 25.1a, b). These exer-
cises are safe to perform with the elbow in 90 
degrees of flexion while in the posterior splint.

Passive shoulder girdle range of motion and 
postural stretching exercises are used to avoid 
stiffness and muscular tightness in the shoulder 
girdle, cervical spine, and thoracic spine regions.

�Phase II: Early Controlled Mobility 
Phase (Weeks 3–6)

The second phase typically begins at the start of 
postoperative week 2 and ends after week 6. This 
phase of the rehabilitation process focuses on the 
gradual restoration of elbow ROM, improving 
muscular strength and endurance, and introduc-
ing cardiovascular fitness training. The patient is 

placed into an adjustable ROM elbow brace set to 
allow elbow motion from 20° to 105° (Fig. 25.2). 
Every week the ROM settings are adjusted to 
allow for adaptive lengthening of the repaired 
tissue.

Controlled passive elbow and forearm ROM 
exercises are initiated by the rehabilitation 

Table 25.2  Distal biceps repair protocol (general ortho-
pedic patient)

Phase I: Weeks 1–4
 � Elbow is immobilized in the Bledsoe brace at 75 

degrees flexion with wrist free
 � Dressing changed at 7–10 days after surgery to 

hinged elbow brace
 �   In brace can perform passive flexion to 100 

degrees and progress to passive full flexion by 
4 weeks

 �   No active flexion
 �   Ok to actively extend to 45 degrees
 � Neck strap/sling to be used for the first 2–5 days. 

Then, may begin AROM of the shoulder
Phase II: Weeks 4–6
 � Brace adjusted to 30 degrees extension, progressing 

to 0 degrees by 6 weeks
 � May begin active-assisted flexion to full in brace
Phase III: Weeks 6–8
 � Discontinue the use of the Bledsoe brace
 � Shoulder and elbow ROM, PROM-AAROM-AROM, 

advance as tolerated
 � Begin muscle-strengthening exercises for the wrist 

and forearm
Phase IV: Months 2–3
 � May begin elbow strengthening

a

b

Fig. 25.1  (a, b) Seated manual scapular strengthening. 
Note that the patient is wearing the elbow brace locked at 
90° to protect distal biceps repair. (a) Scapular elevation 
and depression. (b) Scapular protraction and retraction

Fig. 25.2  Adjustable ROM hinged elbow brace used for 
first 9–10 weeks after surgery
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specialist to promote articular cartilage nutri-
tion, as well as assist in the synthesis, align-
ment, and organization of collagen tissue at 
the repair site. Active-assisted ROM exercises 
are introduced to restore elbow flexion and 
extension, forearm supination and pronation, 
and wrist motion. Passive pronation should be 
advanced slowly to protect the postoperative 
repair. Early ROM helps prevent the formation 
of scar tissue and adhesions. All active elbow 
flexion movements are avoided during this 
phase of the rehabilitation process.

In order to minimize joint contractures, joint 
mobilization techniques are performed as indi-
cated by accessory mobility assessment to 
address any and all capsular restrictions evident 
in the elbow, shoulder, and/or wrist. Grade I and 
II mobilizations are typically used at the humer-
oulnar, humeroradial, and radioulnar joints to 
neuromodulate pain by stimulating type I and 
type II articular receptors, as well as neutralize 
joint pressures [18]. As the rehabilitation 
advances into later phases, more aggressive 
mobilization techniques can be performed to 
address any lingering elbow joint mobility issues.

All previous active, isometric, and resistive 
exercises are continued, with the addition of light 
scapular PNF and rhythmic stabilization exercises. 
At the beginning of week 5, isometric triceps exer-
cises are incorporated along with light active supi-
nation to tolerance. The patient must continue to 
avoid any kind of lifting and is instructed to allow 
the elbow to rest in the elbow brace at the set 
extension point to avoid a prolonged isometric 
contraction of the biceps musculature.

Aerobic conditioning using a bicycle or walk-
ing on a treadmill should be introduced during 
this phase to improve cardiovascular fitness.

�Phase III: Late Controlled Mobility 
Phase (Weeks 7–12)

This phase typically begins 7  weeks following 
surgery progressing through week 12, emphasiz-
ing the full restoration of elbow ROM. In addi-
tion, exercises focus on maintaining upper 
extremity mobility, improving muscular strength 
and endurance at the wrist and shoulder complex, 

and the addition of isometric biceps-strengthening 
exercises. Functional activities for the trunk, 
core, pelvic girdle, and lower extremity should 
also be incorporated at this point in the rehabilita-
tion program focusing on protecting the repaired 
tissue during all activities.

The elbow brace is advanced at the beginning 
of this phase (week 6) to allow motion from 0° to 
135° and then from 0° to 145° at the beginning of 
week 8. Finally, the elbow brace is discontinued 
at the beginning of weeks 9–10 according to the 
surgeon’s preference. The restoration of full 
elbow ROM is accomplished via a relatively slow 
progression to protect the distal biceps repair.

Manual elbow joint mobilization, passive, and 
active-assisted elbow ROM exercises are focused 
on the full restoration of elbow extension. It is 
imperative to progress elbow extension activities 
from a supinated forearm position to a neutral posi-
tion and finally to a pronated forearm position to 
slowly increase the amount of stretch on the distal 
biceps repair. Manual ROM/stretching and mobili-
zation techniques can become more aggressive 
toward weeks 8–10 after surgery, but the rehabilita-
tion specialist must consider the healing constraints 
of the involved tissue, the surgical technique per-
formed, and the end feel of the motion being 
assessed. Localized elbow edema and subjective 
complaints of persistent pain are indications that the 
load placed on the repaired is inappropriate or that 
the patient is being inappropriately progressed.

Improving the flexibility of all upper quarter 
motion, except the biceps, should now become a 
focus and includes maintaining optimal shoulder 
flexibility, particularly in individuals who would 
like to return to overhead athletic activities. 
Stretching into shoulder external rotation is 
essential for these patients, but maintaining 
proper flexibility at positions of shoulder internal 
rotation at 90° of abduction, flexion, and horizon-
tal adduction should also be emphasized. In over-
head athletes, it is imperative that the total 
shoulder rotational ROM is assessed and normal-
ized to the opposite extremity [19, 20].

Progression to isotonic exercises begins at week 
8 including the triceps, shoulder, and scapular mus-
cles. During the early initial performance of exter-
nal and internal rotation isotonic strengthening in a 
standing or seated position, the elbow brace can be 
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worn and set to 90 degrees of elbow flexion, or the 
opposite extremity can support the wrist to avoid a 
prolonged isometric biceps contraction during 
these resistive movements. We suggest using the 
comprehensive upper quarter-strengthening exer-
cises that are included in the Thrower’s Ten pro-
gram (available at www.jospt.org) and that isotonic 
exercises utilizing dumbbells are progressed in 
weight by 1 pound per week.

Isometric biceps-strengthening exercises are 
initiated between weeks 8 and 10 with the elbow 
in a position of 90° of elbow flexion because it is 
the position most advantageous for the biceps to 
produce a muscular contraction. The isometric 
exercises can be progressed to varying angles of 
elbow flexion and by changing the position of the 
forearm from a supinated position to a neutral or 
pronated position. The patient should be able to 
produce a visible biceps contraction while 
remaining pain-free during these exercises.

Neuromuscular control exercises for both the 
shoulder and elbow should be emphasized at this 
point to enhance the ability of the upper extremity 
musculature to control the elbow joint during 
dynamic athletic and recreational activities. The 
purpose of neuromuscular control exercises is to 
train unconscious responses of a muscle to pro-
mote dynamic joint stability. To train the neuro-
logic system effectively, movement must be 
performed correctly on a repetitive basis [21]. The 
neuromuscular control drills are performed against 
manual resistance to allow the rehabilitation spe-
cialist the ability to continually assess the patient’s 
progression of strength and control. These exer-
cises include advanced scapular PNF/rhythmic 
stabilizations, shoulder IR and ER rhythmic stabi-
lizations, and rhythmic stabilizations and slow-
reversal of wrist flexion exercise activities.

�Phase IV: Intermediate Phase (Weeks 
12–16)

The fourth phase of the rehabilitation program is 
initiated at the beginning of week 12 and contin-
ues through week 16. The focus of this phase of 
the process is maintenance (or full restoration, if 
still limited) of elbow and upper extremity mobil-
ity, continued upper extremity and functional 

trunk/lower extremity strengthening, and the 
introduction of isotonic biceps strengthening.

Continuing an upper extremity flexibility and 
ROM component during this phase of rehabilita-
tion is essential to maintain proper ROM at the 
shoulder, elbow, and wrist joints, allowing proper 
progression into the final phases. If the patient 
continues to have difficulty achieving full elbow 
extension by the beginning of this phase, a low-
load, long-duration stretch may be performed if 
the surgeon allows. The low-load, long-duration 
stretch produces a deformation or creep of the 
collagen tissue, which results in tissue elongation 
[22, 23]. This is performed with the patient lying 
in supine, with a towel placed under the distal 
humerus to act as a fulcrum. A light-resistance 
elastic exercise band is secured to the wrist on 
one end and to the table or a dumbbell on the 
ground on the other end (Fig. 25.3). While in this 
elbow-extended position, the patient is instructed 

Fig. 25.3  Low-load long-duration stretching to improve 
elbow extension. A low-intensity stretch is applied for 
10–12 minutes. Note that the elbow is pronated and the 
shoulder is internally rotated to lock the humerus and pre-
vent compensation
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to relax as much as possible for 12 to 15 minutes. 
The applied force should be set to allow the 
stretch to be performed without the patient expe-
riencing pain or muscle guarding [24]. The 
patient can be instructed to perform this outside 
of the clinic periodically up to an amount totaling 
60 minutes of time under tension per day.

Light biceps isotonic strengthening is initiated 
between weeks 10 and 12 and is progressed 
throughout this phase. Biceps curls should begin 
with the forearm in a supinated position (tradi-
tional biceps curls; Fig.  25.4a) and progress to 
the forearm in a neutral position (hammer biceps 
curls; Fig.  25.4b) and then to the forearm in a 
pronated position (reverse biceps curls; 
Fig. 25.4c) to progressively increase the stress on 
the biceps when eccentrically contracted in a 
lengthened position as the elbow nears full exten-
sion. We, again, suggest increasing the weight by 
1 pound per week for the first several weeks. 
Toward the end of this phase, a focus should be 
placed on eccentric biceps strengthening, with 
varying speeds, to prepare the individual for the 
return to activity phase.

During this phase, upper and lower extremity 
strengthening should be progressed to prepare for 
plyometric exercises in the next phase. The 
Thrower’s Ten program should be progressed to 
the Advanced Thrower’s Ten program (available 
at www.jospt.org) around weeks 12–14, with the 
exception of the exercises that involve the biceps 
musculature. These exercises challenge the mus-
cular endurance of the shoulder complex via sus-
tained contralateral isometric holds. In addition, 
when the patient progresses to a seated or prone 
position on a stability ball (depending on the spe-
cific exercise), there is a further demand on the 
trunk and posterior hip musculature to maintain a 
stable base of support creating a whole body 
exercise.

�Phase V: Advanced Strengthening 
Phase (Weeks 16–20)

The advanced strengthening phase adds more 
aggressive strengthening of the biceps and upper 

extremity musculature, along with a progression 
of functional exercises to prepare the patient to 
handle the increased stress of recreational activ-
ities and sports. The time frame for this phase 
begins at week 16 and continues through week 
20. The primary goals of this phase are to gradu-
ally increase muscular strength and endurance 
in the surgically repaired biceps, while increas-
ing upper extremity power and neuromuscular 
control, in order to prepare the patient for a 
gradual, progressive return to recreational activ-
ities and sports. Before entering this phase, the 
following criteria must be met: full, nonpainful 
ROM (particularly at the elbow), absence of 
pain or tenderness to palpation, no effusion, 
asymptomatic isometric biceps contractions, 
negative special tests for all other elbow/shoul-
der pathology, completion of prior rehabilitation 
phases without difficulty, and the necessary 
muscle strength that allows for safe initiation of 
plyometric exercises.

A two-hand upper extremity plyometric pro-
gram is introduced at week 16, with a progres-
sion to one-handed plyometrics around week 
20. The addition of plyometric exercises is 
important to develop muscular power in the 
upper extremity and train the elbow and shoul-
der to withstand high levels of stress during ath-
letic and recreational activities. Plyometric 
exercises are performed using a weighted medi-
cine ball and include two-handed chest passes 
(Fig.  25.5a), side-to-side throws (Fig.  25.5b), 
and overhead soccer throws. The progression to 
the one-hand plyometric program includes exer-
cises of wall dribbles, 90°/90° throws against 
the wall, ER and IR throws at 0° of abduction, 
and throws against the rebounder. Wrist flexion 
flips of the medicine ball should also be per-
formed to emphasize the elbow, forearm, and 
hand musculature.

The Advanced Thrower’s Ten program 
should continue to be progressed by increasing 
the resistance and adding manual rhythmic sta-
bilizations to many of the exercises. Toward 
the end of the phase, challenging exercises that 
strengthen and improve neuromuscular control 
of the shoulder complex within the full kinetic 
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a

c

b

Fig. 25.4  (a–c) Isolated biceps curls in three forearm positions. (a) Traditional biceps curls (supinated forearm). (b) 
Hammer curls (neutral forearm). (c) Reverse biceps curls (pronated forearm)
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chain should be incorporated for higher-level 
athletes. These exercises may include resisted 
side planks with shoulder ER strengthening, 
reverse lunge to landmine presses, push-ups on 
an unstable surface, CKC UE clocks in a high-

plank position, and body-weight suspension 
training biceps curls (Fig. 25.6).

�Phase VI: Return to Activity Phase 
(Week 20>)

The final phase of rehabilitation following a dis-
tal biceps repair is the return to activity phase. 
This phase allows the patient to return to full pre-
operative activities that include recreational or 
athletic activities by maximizing strength, endur-
ance, power, and neuromuscular control of the 
upper quarter. The exercises or activities included 
in this phase should be individualized based on 
the patient’s goals. Before entering this phase, 
the patient should exhibit a satisfactory clinical 
examination and elbow flexion/extension as well 
as wrist pronation/supination strength that is at 
least 90% of the uninvolved arm measured by 
dynamometer, manual muscle test, or isokinetic 
testing [25].

A maintenance program is continued that 
includes shoulder, elbow, and wrist flexibility to 
ensure proper kinematics and length/tension 
ratios in the upper extremities. More aggressive 
exercises are performed focusing on functional 
movements and sport-specific drills. This should 
consist of multi-segment exercises that include 
the upper extremities, trunk, and lower extremi-
ties aimed to simulate the patient’s desired activi-
ties they would like to return to.

The patient may be cleared to perform unre-
stricted activity after completing a thorough 
rehabilitation program while demonstrating 
efficient movement patterns during functional 
exercises, nearly equal strength to the contralat-
eral arm, no pain/tenderness, and a satisfactory 
clinical examination that includes clearance by 
the surgeon. There is currently no specific 
return to activity or sport criteria for a distal 
biceps repair (Fig. 25.7a,b) that exists, although, 
for the overhead athlete, the criterion used for 
UCL reconstruction or repair may be used 
instead [25, 26].

a

b

Fig. 25.5  (a, b) Plyometric drills: Two-handed 4  lb. 
plyoball throws at plyoback rebounder. (a) Chest pass. (b) 
Side-to-side throws

Fig. 25.6  Advanced biceps curls using suspension train-
ing straps with the shoulders in ~90° of shoulder flexion
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