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�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 

A. J. Bassett et al.



59

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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