
3245
Semina: Ciências Agrárias, Londrina, v. 36, n. 5, p. 3245-3256, set./out. 2015

Recebido para publicação 24/12/14   Aprovado em 18/05/15

DOI: 10.5433/1679-0359.2015v36n5p3245

REVISÕES/REVIEWS

Diagnostic ultrasonography of the shoulder in dogs - scan 
techniques and common findings

Ultrassonografia diagnóstica do ombro de cães - técnicas e 
principais achados

Maria Lígia de Arruda Mistieri1*; João Paulo Exaltação Pascon1; 
Claudia Acosta Duarte1

Abstract

Determining the origin of lameness and pain in dog shoulder structures is considered a diagnostic 
challenge. Ultrasonography is an important diagnostic tool, capable of dynamically providing detailed 
information on muscle-tendon structures at a low cost. Its diagnostic accuracy for shoulder injuries is 
comparable to that of magnetic resonance imaging (MRI); however, the technique is still underestimated 
and underused in orthopedic examinations of small animals in Brazil. This study aimed to compile the 
literature data and explore the findings of ultrasound examinations for the diagnosis of abnormalities in 
the shoulder joint region of dogs. Scanning maneuvers of the tendons of the biceps brachii, supraspinatus, 
infraspinatus, teres minor, humeral head, and brachial plexus muscles were reviewed. The normal 
ultrasonographic patterns and findings that characterize different illnesses in this region were described.
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Resumo

A determinação da origem de claudicação e dor das estruturas do ombro de cães é considerada desafio 
diagnóstico. A ultrassonografia é importante ferramenta diagnóstica capaz de fornecer informações 
detalhadas de estruturas músculo-tedíneas, de forma dinâmica e a baixo custo. Sua acurácia diagnóstica 
para lesões do ombro é comparável à da ressonância magnética, no entanto, nota-se que a técnica ainda 
é subestimada e subutilizada na rotina ortopédica de pequenos animais no Brasil. O presente trabalho 
tem o intuito de compilar dados da literatura e explorar o exame ultrassonográfico para o diagnóstico de 
anormalidades na região da articulação do ombro em cães. Foram revisadas as manobras de varredura 
dos tendões dos músculos bíceps braquial, supraespinhoso, infraespinhoso, redondo menor, cabeça 
umeral e plexo braquial. Foram descritos os padrões ultrassonográficos normais e os achados que 
caracterizam diferentes enfermidades dessa região.
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Introduction

Forelimb lameness in dogs is considered a 
diagnostic challenge for clinicians. When pain is 
present in the shoulder region, particularly due to 
numerous soft tissue structures that may be affected 
and the limitations of radiographic examinations, 
the diagnosis tends to be compromised when other 
imaging techniques are not applied (MISTIERI 
et al., 2009; SILVA et al., 2013). In this context, 
diagnostic ultrasonography has been widely used 
in human orthopedic examinations since the 1970s 
(TEEFEY et al., 2000). Its application in small 
animal orthopedics has been widespread since the 
1990s and includes descriptions of the anatomical 
and pathological ultrasound aspects of joints and 
long bones of dogs (KRAMER; GERWING, 1996, 
2001; LAMB; WONG, 2005; RISSELADA et al., 
2007; WALL et al., 2015). Although the technique 
allows accurate assessment of tendons, muscles, 
ligaments, articular surfaces, and even bone healing 
(KRAMER; GERWING, 1996; RISSELADA et 
al., 2007; COOK; COOK, 2009), its use is still 
restricted to a few centers in Brazil.

This review aims to compile the main techniques 
of ultrasound scanning related to the dog shoulder 
region structures, highlighting the most common 
findings and diagnoses. 

Anatomical review and clinical relevance 

The shoulder joint is classified as a simple 
synovial joint and is formed by the shallow glenoid 
cavity and broad humeral head. Although the joint 
congruence is not excellent, the joint allows the 
forelimb to perform curves in space, permitting 
movements in three different planes: extension - 
flexion, adduction - abduction, and limited rotation, 
which enable locomotion (ROOS et al., 1993; 
COOK et al., 2005). 

To ensure its stability and range of motion, the 
combined action of the joint capsule, lateral and 
medial glenohumeral ligaments (considered active 

stabilizers), and muscle groups (considered passive 
stabilizers) adjacent to the joint is necessary (ROOS 
et al., 1993). 

In dogs, the muscles that contribute to 
shoulder stability include the supraspinatus and 
infraspinatus, which are found in the supraspinous 
(cranial) and infraspinous fossa (caudal) of the 
scapula, respectively, and enter the cranial and 
lateral aspect of the greater tubercle of the humerus; 
the subscapularis muscle, which is located in the 
subscapular fossa, distal to the serratus face and 
inserted in the lesser tubercle; and the biceps brachii 
muscle, which is craniomedial, originates in the 
scapular tuberosity, and crosses the intertubercular 
fossa under the intertubercular ligament. The 
tendons of the muscles described above are in close 
contact with the joint capsule. In addition to these 
structures, the deltoid, coracobrachialis, and teres 
major and minor muscles provide additional support 
to the joint, although they are not in direct contact 
with the capsule (CLAIR, 1986; BUTTERWORTH; 
COOK, 2006; SILVA et al., 2013).

Abnormalities of the bone structures and active 
and passive stabilizers of the shoulder joint result 
in manifestations of pain and lameness (SILVA et 
al., 2013; WASCHBURGER et al., 2014). Bone 
alterations, such as fractures and dislocations, 
are easily identified on radiographic evaluation. 
Alterations of the soft tissues involved in stabilizing 
the joint, such as tendonitis and muscle contractures, 
among others, are rarely identified in radiographic 
studies and require additional imaging techniques to 
obtain a diagnosis (KRAMER; GERWING, 2001; 
MISTIERI, 2008; MISTIERI et al., 2012; SILVA et 
al., 2013).

Among the most common orthopedic 
disorders of the shoulder region are articulation 
instability, which is essentially a clinical and 
arthroscopic diagnosis (MURPHY et al., 2008; 
WASCHBURGER et al., 2014), osteochondrosis 
and osteochondritis dissecans, bicipital 
tenosynovitis, calcific supraspinatus tendinitis, 
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and fibrous contracture of the infraspinous, which 
requires other imaging methods, such as ultrasound 
and magnetic resonance imaging (MRI), for a 
diagnostic conclusion (BUTTERWORTH; COOK, 
2006; SILVA et al., 2013). 

Ultrasonography in small animal orthopedics

Ultrasonography has been previously described 
as an insensitive method in orthopedic evaluations 
(RIVERS et al., 1992). However, with the advent of 
higher resolution transducers, the method provides 
valuable information for the investigation of several 
soft tissue disorders and bone healing assessments. It 
has a wide range of applications in musculoskeletal 
evaluations, such as those of the shoulder, elbow, 
wrist, hip, knee, and tarsus, and several tendons and 
muscles have been examined using this technique. 
Its diagnostic sensitivity is comparable to that of 
MRI and arthroscopy, depending on the analyzed 
region (KRAMER et al., 1997, 1999; LONG, 
NYLAND, 1999; RICHARDS et al., 2001; LAMB; 
WONG, 2005; ROCHA; TORRES, 2007; COOK; 
COOK, 2009). 

The advantages of ultrasonography 
implementation include speed, non-invasiveness, 
dynamic evaluation at different planes and positions 
of the studied articulation, and low cost, as long as 
the necessary equipment is available (DINNES 
et al., 2003; PAPATHEODOROU et al., 2006). 
However, the ultrasonography technique and its 
observations depend on the correct positioning 
of the patient, scanning protocol for each of the 
anatomical structures, dynamic observation of 
the images, observer experience, and existence 
of the appropriate transducer of the structure to 
be evaluated, which could limit the application of 
this technique (PAPATHEODOROU et al., 2006; 
OLIVEIRA et al., 2009). Another limitation is the 
need for sedation or anesthesia, depending on the 
structure and position of the articulation/limb to be 
examined (KRAMER et al., 1997).

For muscles, tendons, and ligaments, the 
ultrasound differentiation of alterations such as 
partial or complete ruptures, the formation of fibrous 
tissue, and the presence of abscess, hematoma, 
metaplasia, cancer, inflammation, and calcification 
is possible, and it is also useful in distinguishing 
active inflammation and asymptomatic calcification 
(GERWING; KRAMER, 1994; KRAMER et 
al., 1997; LAITINEN; FLO, 2000; KRAMER; 
GERWING, 2001; DINNES et al., 2003; BEGGS, 
2004; OLIVEIRA et al., 2009; MISTIERI et al., 
2012).

As in any similar evaluation, shaving the area 
is essential, as is the use of gel and the lateral 
decubitus position with the limb to be evaluated 
facing upward (KRAMER et al., 2004). The details 
for the procedures for the tendons and muscles most 
often evaluated in the shoulder region of dogs are 
compiled below, with the aim of highlighting the 
most commonly used maneuvers and visualized 
alterations.

Biceps brachii muscle and tendon

The standardization of the ultrasound 
examination of dog shoulders was described by 
Gerwing and Kramer (1994), who had previously 
advocated the need for sedation or anesthesia of the 
patient, especially for the evaluation of the tendon of 
the biceps brachii muscle. The exam is dynamic and 
should be performed with a 7.5 to 12 MHz linear 
transducer (KRAMER et al., 1997, KRAMER; 
GERWING, 2001; MISTIERI et al., 2012). 

The ultrasound assessment of this tendon is 
the most frequent procedure in the orthopedic 
evaluation of small animals and is mainly related 
to the diagnosis of inflammatory processes and 
ruptures (KRAMER; GERWING, 2001). Bicipital 
tenosynovitis is an important cause of forelimb 
lameness, especially in large dogs, and alterations in 
this tendon have often been observed in ultrasound 
evaluations (CANAPP JUNIOR, 2007; ISOLA et 
al, 2011; WASCHBURGER et al., 2014). 
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For the correct positioning, maximum abduction 
and external rotation of the joint should be possible 
(Figure 1) because the structure is located medial 
to the joint, which makes the exam uncomfortable 
for the animal and justifies the need for anesthesia 

(KRAMER; GERWING, 2001). These same 
authors report that the experience of the ultrasound 
technician and the standardization of positioning 
and scanning techniques are vital for the success of 
diagnosing alterations. 

Figure 1. Photograph of the proper positioning of the tendon of the biceps brachii muscle in a dog for ultrasound 
examination. Note that abduction and the maximum external rotation are applied, which require sedation of the patient.

The assessment begins with longitudinal and 
transverse views of the muscle throughout its 
length (KRAMER; GERWING, 2001). It is noted 
that the muscle is more hypoechoic and has a 
more central hyperechoic strip that divides it into 
two bundles with a herringbone pattern. Then, the 
proximal musculotendinous transition is observed, 
the muscle bundle becomes thinner, and as the 
transducer moves in the proximal direction, the 
hyperechoic tendon can be observed (Figure 2). 
The examination of the tendon sheath, the tendon 
itself, and the intertubercular groove is preferably 
performed in the transverse plane. The oval-
shaped tendon is more hyperechoic and is ventrally 
bound by the hyperechoic intertubercular groove, 
indicated by acoustic shadowing, and, throughout 
its circumference, by the sheath, which is also 
more hyperechoic. A narrow, hypo- or anechoic 

halo is observed between the tendon and its sheath 
due to the presence of the synovium (FIGURE 2) 
(KRAMER et al., 1997; KRAMER; GERWING, 
2001). 

Alterations such as tenosynovitis of different 
severities (Figure 3), exostoses in the intertubercular 
groove, partial or complete rupture, fracture of the 
supraglenoid tubercle, hematoma, loose cartilage 
fragments in the tendon sheath, or tumors can 
be diagnosed (KRAMER et al., 2004; CANAPP 
JUNIOR, 2007). Other imaging methods, such as 
arthroscopy and MRI with intra-articular contrast 
injection, can also diagnose inflammatory injuries 
and ruptures in this tendon but are much more 
invasive and of limited availability (MURPHY 
et al., 2008). In a recent report, ultrasonography 
proved as sensitive as MRI in the diagnosis of 
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injuries in the bicipital tendon in humans, and 
ultrasonography had the advantage of allowing the 

dynamic evaluation of the tendon (BATTAGLIA 
et al., 2015).

Figure 2. Ultrasound image of the transverse plane of the normal tendon of the biceps brachii muscle in a dog, 
obtained with a 12 MHz linear transducer. Note the intertubercular groove represented by a hyperechoic line with 
acoustic shadowing (solid white arrow) that underlies the tendon; the tendon of the biceps brachii muscle (black solid 
arrow) is hyperechoic and shows normal echotexture; it is bound by a thin synovial sheath (dashed arrow: note the 
presence of the anechoic synovium surrounding the tendon).

Figure 3. Ultrasound image in the transverse plane of the tendon of the biceps brachii muscle of a dog with 
tenosynovitis, which was obtained with a 14 MHz linear transducer. Note the moderate distension of the synovial 
sheath (solid arrow) by synovial accumulation (anechoic halo delimited by a line) due to inflammation. Heterogeneity 
of the tendon parenchyma can also be observed (dashed arrow). 

Ultrasonography has also been applied in 
tenotomy procedures of the biceps brachii in 

dogs, permitting less invasive and faster guided 
transcutaneous sectioning (ESTERLINE et al., 
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2005; PEPPLER et al., 2009).

Supraspinatus tendon and muscle

An ultrasound examination of this muscle is 
commonly indicated after radiographic findings of 
calcified structures in the region of its insertion into 
the greater tubercle of the humerus (MISTIERI, 
2008; MISTIERI et al., 2012).

For its assessment, the shoulder should be kept in 
an anatomical position, with an approximately 135o 
flexion, and slightly rotated externally (LAFUENTE 
et al., 2009; MISTIERI, 2008). Although it does not 
cause discomfort, anesthesia is performed because 
the bicipital tendon is simultaneously evaluated 
in the same procedure, as retrospective studies 
have shown the relationship between the presence 
of large calcifications on the supraspinous tendon 

and bicipital tenosynovitis (MISTIERI, 2008; 
MURPHY et al., 2008). 

The examination begins with the identification 
of the supraspinatus muscle, which is more 
hypoechoic, in the supraspinous fossa (Figure 4). 
The spine of the scapula is used as an anatomical 
reference and is observed as a hyperechoic structure 
with acoustic shadowing (Figure 4). Then, the 7.5 to 
12 MHz linear transducer is transversely positioned, 
and the scanning continues in the distal direction 
until the greater tubercle of the humerus is identified. 
At this stage, the transducer is rotated clockwise 
for observation, in the longitudinal plane, of the 
musculotendinous transition and the tendon itself. 
The transverse plane is obtained by anti-clockwise 
rotation of the transducer to the position orthogonal 
to the previously described position (KRAMER et 
al., 1997; MISTIERI et al., 2012).

Figure 4. Ultrasound image in the transverse plane of the normal supra and infraspinatus muscles of a dog, obtained 
with a 12 MHz linear transducer. Note the scapular spine, which is the anatomical reference of intense echogenicity 
and acoustic shadowing (arrows) between the muscles. Note the pattern and texture of the normal muscles.

characterized by different ultrasound patterns that 
include an increase of the total tendon area and 
echogenicity alterations of the tendon parenchyma 

The most frequent alteration of the tendon of 
the supraspinatus muscle is tendinopathy with 
or without mineralization. This condition is 
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with or without mineral deposits (LAFUENTE et 
al., 2009; MISTIERI, 2008; MISTIERI et al., 2012). 

Calcifications are characterized by the presence 
of hyperechoic structures in the tendon parenchyma 
with irregular boundaries that may form an acoustic 
shadow (Figure 5); in most cases, the calcifications 
do not exhibit a surrounding inflammatory reaction 
(GERWING; KRAMER, 1994; MISTIERI et 
al., 2009, 2012). The additional visualization of 
an anechoic halo surrounding the calcification 

has been referred to as a possible inflammatory 
process and correlated with the manifestation of 
clinical signs (MISTIERI et al., 2012). However, 
tendinopathies of the supraspinatus are commonly 
asymptomatic and considered diagnostic findings; 
therefore, ultrasound or magnetic resonance 
evaluation in the search for evidence of the 
presence of inflammation is essential for the 
correlation between the clinical manifestations of 
the patient and such findings (MISTIERI, 2008; 
MURPHY et al., 2008).

Figure 5. Ultrasound image in the longitudinal plane of the supraspinatus muscle tendon of a dog with tendinosis, 
obtained with a 12 MHz linear transducer. Note the tendon insertion in the greater tubercle of the humerus (Tub). 
The supraspinatus tendon, seen as the most hyperechoic structure (solid arrows), is delineated, and a hyperechoic 
structure is observed in its parenchyma (dashed arrow) with distal acoustic shadowing, which is characteristic of 
calcific tendinosis.

Infraspinatus tendon and muscle

This muscle is more commonly evaluated by 
ultrasonography in cases of clinical suspicion of 
contracture (SAMII; LONG, 2005; CARNEIRO 
et al., 2014). The positioning is similar to that 
described for the evaluation of the supraspinatus 
tendon and muscle. The infraspinatus muscle, 
located in the caudolateral aspect of the scapular 
spine (infraspinous fossa), is observed as a more 
hypoechoic and slightly heterogeneous structure. As 

the transducer is moved caudally, the tendon fibers 
are observed, and the tendon of the infraspinatus 
muscle, which is more hyperechoic and thinner, is 
visible until its insertion into the lateral aspect of 
the greater tubercle of the humerus (SAMII; LONG, 
2005). Although uncommon, the main injury of this 
tendon is caused by contracture, and in this case, the 
tendon and muscle become more hyperechoic than 
normal (KRAMER et al., 1997; HARASEN, 2005; 
CARNEIRO et al., 2014). Reports show that MRI 
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has also been used successfully in the diagnosis 
of contracture of the infraspinatus (ORELLANA-
JAMES et al., 2013). Calcifying tendinopathy of 
the infraspinatus muscle has also been described in 
dogs (PADILHA FILHO et al., 2012). 

Teres minor and tendon

The ultrasound examination of this structure is 
indicated in suspected myopathy (BRUCE et al., 
1997). The teres minor is observed at a deeper depth 
than the deltoid muscle, caudally to the infraspinatus 
muscle and proximally to the shoulder joint. To 
facilitate its visualization, abduction with lateral 
rotation of the distal humerus is conducted. As an 
anatomical reference, the subscapular artery can be 
observed in the deep layers. Its normal ultrasound 
aspect is hypoechoic with well-marked echotexture. 
Although uncommon, minor teres myopathy may 
be evaluated via this examination when there is an 
increase in muscular echogenicity. This assessment 
is very uncommon in orthopedic ultrasound 
procedures, and a few studies have been published 
regarding these structures and ultrasonography 
(BRUCE et al., 1997; SAMII; LONG, 2005).

Glenohumeral joint

For the assessment of the glenohumeral joint, 
a 12 MHz linear transducer must be positioned 
caudolaterally to the joint, using the acromion 
as a reference. After proper positioning of the 
transducer, the shoulder should be abducted and 
rotated medially as much as possible (KRAMER 
et al., 1997; VANDEVELDE et al., 2006). In 
practice, this position has proven to be relatively 
uncomfortable, which indicates the use of general 
anesthesia in dogs. 

The subchondral bone of the normal humeral head 
is observed as a convex hyperechoic line with strong 
distal acoustic shadowing, and the joint cartilage is 
observed as an anechoic layer of uniform thickness 
with a hyperechoic surface interface. Irregularities 

on the bone surface, inaccurate contours and/or 
thickening of the hyaline cartilage, and the presence 
of loose bodies in the joint without acoustic 
shadowing and joint distension can be observed 
in dogs with osteochondrosis/osteochondritis 
dissecans (OC/OCD) of the humeral head using this 
technique (VANDEVELDE et al., 2006).

The ultrasound evaluation of the shoulder joint 
was described by Kramer et al. (1997) as an auxiliary 
method for radiographic evaluation capable of 
providing additional information regarding the 
shape of the articular surface of the humerus and 
the increase and alteration in the synovial liquid 
and joint capsule. Subsequently, the accuracy of 
the ultrasound technique was compared to that 
of radiography, arthrography and arthroscopy, 
computed tomography, and MRI for the diagnosis 
of OC/OCDA. Ultrasonography has proven to be 
sensitive in identifying subchondral defects and 
cartilage flaps but less sensitive in the identification 
of cartilage thickening, articular distension, and the 
detection of loose joint fragments (VANDEVELDE 
et al., 2006; WALL et al., 2015). 

The acoustic window for the assessment of 
the humeral joint surface is small and requires a 
well-trained examiner (VANDEVELDE et al., 
2006). A recent study compared radiographic, 
ultrasonographic, and MRI evaluations in cases of 
OC/OCD and concluded that ultrasonography was 
less specific and accurate than the other techniques 
and extremely linked to the experience of the 
examiner. In this same study, the authors concluded 
that assessment by MRI was more reliable than that 
by ultrasound and radiography (WALL et al., 2015).

Brachial plexus

Although alterations of the brachial plexus 
are not classified as orthopedic, it is routinely 
assessed when performing ultrasonography of the 
shoulder region of dogs because alterations in its 
components can lead to lameness and should be 
included in the differential diagnosis GERMING; 
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KRAMER, 1994; Several ultrasound windows have 
been described for the visualization of the brachial 
plexus (GUILHERME; BENIGNI, 2008). Among 
them, the positioning of the linear transducer, 
with a frequency of 8 to 12 MHz, in the armpit of 
the animal in the lateral decubitus position with 
craniocaudal alignment is routinely performed. 
In this position, the free limb can be extended 
and abducted approximately 30o, and there is no 
need for general anesthesia (ROSE et al., 2005; 
GUILHERME; BENIGNI, 2008).

In normal dogs, the axillary veins and arteries 
are easily recognizable and confirmed with Doppler 
color flow. Between both structures, spinal nerves 
that contribute to the formation of the plexus are 
identified as hypoechoic and are 2-3 mm thick in 
the transverse plane (Figure 6). The greater tubular 
structures, which may be rounded or oval and 
hypoechoic, hyperechoic, or heterogeneous, are 
characterized as masses in the plexus and must be 
investigated by cytology or a biopsy for a diagnostic 
conclusion (KRAMER et al., 2004; ROSE et al., 2005). 

Figure 6. Ultrasound image of the deep axillary region 
of a dog in the transverse plane. Note the presence of 
blood vessels highlighted by the Doppler color (inside 
the square) and rounded and hypoechoic areas (arrows) 
that can be identified next to the vascularization, which 
correspond to the nerve components of the brachial 
plexus.

Conclusion

Ultrasonography can provide detailed 
information regarding several alterations 
of the canine shoulder region, especially in 
musculotendinous structures. The information 
obtained through this examination complements 
radiographic evaluations and allows the diagnostic 
investigation of inflammatory and calcifying 
processes, contractures, and cancer, when 
suspected. 
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