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General introduction

Patients with shoulder disorders experience significant disability and reduced quality  

of life (1, 2). Persistent shoulder pain is a very common condition that often has an 

underlying multifactorial pathology. It is associated with high societal cost and patient 

burden (1, 2). 

The lifetime prevalence of shoulder pain is identical to that of neck pain and is reported 

to be upto 66% (3, 4), ranking only second behind the prevalence of low back pain (84%) 

(5). One of the most common musculoskeletal complaints that general practioners 

encounter in primary care is shoulder pain. For people over 65 years of age shoulder pain 

is the most common musculoskeletal problem (6). About 50% of all patients with shoulder 

disorders seek medical care. 

In the United States, it is the third most common musculoskeletal disorder in the general 

population. It accounts for 5 percent of all consultations with family physicians. The 

incidence in primary care practice is estimated at 6.6 to 25 cases per 1,000 patients per 

year and peaks in the fourth through the sixth decades of life. Shoulder pain is the second 

most common musculoskeletal disorder that general pratitioners refer for orthopedic 

and sports medicine consultation (7). 

 About four million people in the United States will seek medical attention for shoulder 

injuries each year, according to the American Academy of Orthopaedic Surgeons. Despite 

treatment, 80% of patients remain symptomatic after six months, and 50% are still 

symptomatic 18 months post-treatment. More than half of these patients report recurrent 

pain so severe that it interferes with their work, even three years after their first medical 

contact. Nearly two-thirds of patients reduce their involvement in recreational activities; 

almost half report sleep problems; and about one-third suffer from depression because 

of their shoulder ailment. More than one-third of all patients with some type of shoulder 

injury will lose their jobs (8).

An accurate diagnosis is critical in order to minimize the economic and social impact of 

shoulder injuries. In 2000, the direct costs for the treatment of shoulder dysfunction in 

the United States totalled $7 billion. A delayed or incorrect diagnosis exposes patients 

and the healthcare system to the burden of unnecessary imaging studies, expensive 

treatment, and extended recovery (9). 

A disability rating provided by the RAND Institute for Civil Justice confirms that patients 

with shoulder injuries confront larger income losses than those with other types of 

musculoskeletal conditions (10). 

Persistent shoulder pain can result from bursitis, tendinitis, rotator cuff tear, adhesive 

capsulitis, impingement syndrome, avascular necrosis, glenohumeral osteoarthritis, and 

general introduction | study aims | outline of thesis
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abducted, adducted, rotated, flexed, and extended. Although this flexibility is vital for 

positioning the arm in space, it can make the evaluation of pathology difficult. 

The drawings in figure 1-3 show the various soft tissue structures located around the 

glenohumeral joint, with special emphasis on the location of the subacomial-subdeltoid 

bursa and the rotator cuff and their close relationship, which are important for the US 

examination of the shoulder.

Prevalence of shoulder pain and disability
Musculoskeletal pain is common in all subgroups of the population and has far-reaching 

consequences for health, work and the use of health care. Shoulder pain is often 

associated with functional impairment and the symptoms are commonly persistent and 

recurrent. 

The prevalence of persistent shoulder pain in general accounts for at least 16% of all 

musculoskeletal patient complaints (18). A survey of 312 general practice patients found 

that 31 to 48% had shoulder pain, depending on the definition used for the condition 

and 27% of all respondents had shoulder pain regardless of the definition (19). A review 

of findings from other surveys indicates that the prevalence of shoulder pain ranges 

between 7% and 46% (20). About half the population has at least one episode of shoulder 

pain yearly (20). A recent survey in the Netherlands found that the prevalence of shoulder 

pain was 21% in adults; in those aged 60 to 64 years, it increases to more than 40% (21). 

Most studies tend to show a higher prevalence among women than among men.

Etiology of shoulder pain and disability
Evaluating shoulder pain is a complex process that, as with most other medical symptoms, 

requires a detailed patient history and a thorough physical examination in order to 

accurately diagnose the problem before deciding on appropriate further evaluation(s) 

and/or to fine tune appropriate therapeutic intervention.

When it comes to shoulder pain, there are numerous associated risk factors such as 

occupational and leisure activities that involve heavy lifting and awkward positions, 

especially overhead postures. In addition to other risk factors, repetitive motions and 

exposure to excessive vibration carry a high risk for acute and chronic shoulder problems 

and pain. Athletes who participate in sports that involve throwing, high impact contact 

activities and repetitive arm movements are prone to shoulder pain. Shoulder pain is 

associated with an injury in one third (33.2% (230/692)) of office visits in a population of 

US primary care physicians (8). In males, and younger adults (age < = 52) shoulder pain is 

more often associated with previous injury (8).

other causes of degenerative joint disease or from traumatic injury, either in combination 

or as a separate entity.

Rotator cuff disorders, adhesive capsulitis, and glenohumeral osteoarthritis are all 

common causes of persistent shoulder pain, accounting for about 10%, 6%, and 2% to 

5%, respectively, of all shoulder pain complaints (8). 

The poor to moderate reliability and reproducibility of clinical tests for periarticular 

shoulder disorders (11-15) may explain why general practitioners and clinicians have 

turned increasingly to shoulder ultrasonography for diagnostic help. At issue is whether 

the reliability and reproducibility of shoulder ultrasonography makes it a more 

trustworthy diagnostic option than clinical examination.

The use of ultrasound (US) in musculoskeletal imaging and especially the shoulder has 

increased in recent years (16). This is, in part, due to advances in technology including 

higher frequency transducers which yield higher resolution images. In addition, in most 

centers, the relative cost of musculoskeletal ultrasound is much less than that of MRI or 

CT and US is readily available. Specific uses include imaging-guided procedures, 

evaluation of tendon and ligament integrity, muscle and soft tissue pathology, 

compartment syndromes, soft tissue tumors, and synovial imaging, and the possibility of 

real time dynamic evaluations. 

On the other hand, sonography is a challenging modality, in that it is operator dependent 

and requires technical expertise. Yet as the technology improves even more, it is the 

author’s belief that ultrasound will continue to gain popularity in the evaluation of 

shoulder pathology.

This introduction and the following chapters of this manuscript focus on the added value 

of US in the diagnostic work-up of rotator cuff disorders, more specifically of rotator cuff 

tears, and in US-guided interventions of the shoulder.

Anatomy
The shoulder is a complex structure composed of intricate bony architecture and an 

ornate system of muscles, tendons, and ligaments. It involves the thorax, humerus, 

clavicle, acromion and glenoid bones, surrounding soft tissue and approximately 30 

muscles. 

What many refer to as the “shoulder joint” is actually a combination of 4 articulations: the 

glenohumeral joint, acromioclavicular joint, sternoclavicular joint, and the scapulothoracic 

articulation, and three gliding surfaces (the subacromial bursa, the rotator cuff and the 

long head of the biceps tendon). These structures work together to provide the shoulder-

complex with multiple degrees of freedom, which allow the upper extremity to be 

chapter 1 general introduction | study aims | outline of thesis
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Shoulder pain and disability may arise from numerous intra-articular, capsular or 

periarticular structures. Periarticular shoulder disorders are the most common cause of 

shoulder pain encountered by general practitioners and musculoskeletal specialists (22). 

The most commonly affected structure in the shoulder is the rotator cuff (8).

Impingement syndrome 
Impingement syndrome of the shoulder may be caused by compression of the subacromial 

structures against the coracoacromial arch. The anterior tip of the acromion, the 

coracoacromial ligament, and the coracoid process have been implicated as sources of 

impingement. Biceps tendon impingement occurs predominantly against the lateral free 

edge of the coracoacromial ligament. Impingement of the supraspinatus tendon and 

greater tuberosity is demonstrated primarily against the acromial end of the coracoacromial 

ligament and the anterior tip of the acromion during arcs of flexion and internal rotation.

Pathologically the syndrome has been classified into stage I (edema and hemorrhage), 

stage II (fibrosis and tendonitis), and stage III (tendon degeneration, bony changes, and 

tendon ruptures). 

chapter 1 general introduction | study aims | outline of thesis
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Fig. 2  Drawing of the right shoulder from posterior showing the various rotator cuff 
constituents in relation to the subacromial–subdeltoid bursa, humeral head and other 
bony structures (17).

Fig. 3  Drawing of the right shoulder with the arm in hyperextension and internal rotation,  
as seen from anterior and above showing how the rotator cuff constituents merge 
and form a tendinous cuff around the humeral head. Note the anterior position of  
the supraspinatus tendon insertion, which rotates anteriorly in this position of the 
arm (17).

Fig. 1  Drawing of the right shoulder from anterior, showing the relationship of the 
coracoacromial arch, rotator cuff and intervening subacromial–subdeltoid bursa, 
biceps tendon (long head) and bony structures (17).



18 19

Diagnostic work-up
Faced with shoulder pathology, the investigations must be systematic. Before taking any 

‘sophisticated’ steps (US, MR imaging, MR- or CT-arthrography), one has to first use the 

triad “clinical history-clinical examination-conventional X-Rays”. This first step is 

absolutely necessary; it must establish a working diagnosis to which, if necessary, 

additional diagnostic imaging modalities and therapy must be adapted.

Clinical tests
After shoulder inspection, palpation and range of motion assessment, one should 

perform provocative and special testing as the examiner should have a fairly good idea 

of which shoulder structures are involved. Provocative tests can provide important 

diagnostic clues when evaluating the painful shoulder and guide further diagnostic 

studies and management. 

However, one of the most complicated and challenging joints to evaluate is this same 

shoulder. Many of the physical exam maneuvers for detecting abnormalities of the 

shoulder joint are sensitive but are not specific for any one condition (31, 32).

The challenge is thus to differentiate all the possible causes of the shoulder pain such as 

rotator cuff tear, bursitis, acromioclavicular arthritis, synovitis or effusion. To complicate 

matters, some or all can coexist in causing shoulder symptoms. 

Clinical tests can suggest the presence of a rotator cuff tear (12, 28). Murrel et al states 

that three simple tests are predictive for rotator cuff tear: supraspinatus weakness, 

weakness in external rotation, and impingement. When all three are positive, or if two 

tests are positive and the patient is aged 60 or older, the individual had a 98% chance of 

having a rotator cuff tear; combined absence of these features excluded this diagnosis 

(28). However, another recent study showed that physical examination has a low 

sensitivity and specificity for the detection of a tendon tear (33). 

Imaging techniques
The above-mentioned shortcomings of clinical tests can partially be overcome by using 

imaging modalities such as US and MR imaging (12, 34). The clinical diagnosis and 

management plan can be adequately defined by a single radiological investigation (35).

It is important to correlate radiological and clinical findings in the shoulder (24). 

Imaging findings may all have implications for rotator cuff treatment and prognosis 

(35-37). A thorough understanding of the anatomy and function of the rotator cuff and of 

the consequences of rotator cuff disorders is essential for optimal treatment planning 

The “impingement sign” (i.e pain full arc) which reproduces pain and resulting facial 

expression when the arm is forceably forward flexed (jamming the greater tuberosity 

against the anteroinferior surface of the acromion) is the most reliable physical sign in 

establishing the diagnosis.

Other pathology 
Other pathology can refer pain to the shoulder, as for instance the hand (i.e., carpal 

tunnel syndrome), the neck (radicular symptoms), the chest (angina), the abdomen 

(gallbladder disease and other sources of diaphragm irritation) or the elbow (tendonitis). 

Shoulder pain can also be a symptom of systemic rheumatic disease (i.e., gout, rheumatoid 

arthritis, septic arthritis, polymyalgia rheumatica).

Rotator cuff tears 
Rotator cuff pathology is the most frequent (10%) cause of shoulder pain and disability 

(8). Not only full-thickness rotator cuff tears but also partial-thickness rotator cuff tears 

are an important cause of schoulder pain and disability (23). Its frequency depends on 

patient’s age, with or without previous trauma and the practice of activities using the 

arm up (sports, leisure activities, work) (8).

Rotator cuff tears are common pathology, with a variable prevalence reported in the 

literature (24). 

Several authors (25-27) have shown the age-related prevalence of partial- or full-thickness 

rotator cuff tears due to degenerative changes. The prevalence increases linearly with 

age from the third decade onwards (28). Trau ma to the shoul der is, especially in younger 

patients, a sub stan tial cause (about 25%) for acquiring rotator cuff pathology (29). In 

asymptomatic younger patients the prevalence of rotator cuff tears is rather low. From 19 

to 39 years it is 4% (27) and from 30 to 50 years 4 to 11% (26, 27). The prevalence of rotator 

cuff tears increases markedly after 50 years of age (26). Rotator cuff tears are present in 

over 50% of dominant shoulders in the seventh decade and in 80% of subjects over 80 

years of age (26, 27).

Yet, rotator cuff tears are frequently asymptomatic. Tears demonstrated during 

radiological investigation of the shoulder may be asymptomatic. No statistical relationship 

could be found between the level of pain, impairment, and disability and the location 

and size of full-thickness tears of the rotator cuff as observed on MRI (30). Pain and 

disability are significantly linked to the presence of supraspinatus tendon lesions and the 

presence of bursitis, but these factors contribute little to the symptoms (30).

chapter 1 general introduction | study aims | outline of thesis
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and have superior signal-to-noise ratio, also can be used instead of T2-weighted images. 

The disadvantages are that it is mildly invasive and may require imaging guidance to 

place a needle into the glenohumeral joint capsule. In addition, bursal surface partial 

tears are not directly opacified. 

Several authors have reported that direct MR arthrography is close to 100% sensitive and 

specific for full-thickness and articular surface partial-thickness rotator cuff.

Ultrasound (12, 36, 57-60)

Ultrasonography (US), with over 95% sensitivity and specificity in detecting partial- or 

full-thickness rotator cuff tears (58-60), can help confirm the diagnosis in clinically or 

 radiographically equivocal cases. US can also reveal the presence of other abnormalities 

that may mimic rotator cuff tear at clinical examination, including tendinosis, calcific 

tendinitis, subacromial subdeltoid bursitis and greater tuberosity fracture (61). 

and prognostic accuracy. Identifying the disorder, understanding the potential clinical 

consequences, and reporting all relevant findings at rotator cuff imaging are also 

essential (38).

Plain Radiography 
Radiographic findings are usually normal in the acute setting, although the “active 

abduction” view may show decreased acromiohumeral distance. In more chronic cases, an 

outlet view may show decreased opacity and decreased size of the supraspinatus muscle 

due to atrophy. In chronic cases, the humeral head may become subluxated superiorly,  

and secondary degenerative arthritis of the glenohumeral joint may ensue. Greater 

tuberosity cortical bone irregularities are an indirect sign of rotator cuff tears (39). 

Arthrography (40-43) and CT-arthrography (44-47)

Rotator cuff tears can be detected with arthrography (40-43) and CT-arthrography 

(44-47). However, the rotator cuff and other soft tissues in and around the shoulder are 

indirectly displayed, while US and MRI display these soft tissues directly and also lack the 

disadvantage of radiation exposure. Arthrography is invasive and not without morbidity 

and not sensitive in depicting small full-thickness rotator cuff tears and partial-thickness 

rotator cuff tears (48).

MRI is superior to CT-arthrography in the imaging of all joint structures (45) and both US 

and MRI are more reliable than arthrography and CT-arthrography in the detection of 

rotator cuff tears (40, 41, 49). If a patient is claustrophobic or has an implanted device 

prohibiting MRI imaging, conventional arthrography or CT-arthrography are an 

alternative.

MR imaging and (in)direct MR-arthrography (36, 37, 50-56)

MR imaging can demonstrate the extent and configuration of rotator cuff abnormalities, 

suggest mechanical imbalance within the cuff, and document abnormalities of the cuff 

muscles and adjacent structures.

Conventional MR with T2-weighted images in both the oblique coronal and oblique 

sagittal planes is the preferred technique for imaging the rotator cuff. Most authors have 

found that fat-suppressed FSE T2-weighted images are the most accurate for detecting 

cuff tears. A sensitivity of 84-100% and a specificity of at least 77-97% for full-thickness 

tears can be expected with this pulse sequence. 

Some colleagues prefer to perform either direct or indirect MR arthrography when 

imaging the cuff. The advantage of direct MR arthrography is that it distends the joint, 

thus forces contrast into a small defect. T1-weighted images, which are faster to acquire 

chapter 1 general introduction | study aims | outline of thesis
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Table 1  Summary of test characteristics of diagnostic studies for rotator  
cuff injuries (12)

 FTT PTT

 SN SP LR+ LR– SN SP LR+ LR–

Clinical exam 0.9 0.54 1.96 0.19 Inconclusive due to small sample size

 

Ultrasound 0.87 0.96 21.75 0.14 0.67 0.94 11.17 0.35

  

MRI 0.89 0.93 12.71 0.12 0.44 0.90 4.40 0.73

  
 

Arthrography 0.50 0.96 12.50 0.52 Not evaluated

  

MR arthrography 0.95 0.96 23.75  0.05 Inconsistent test 
performance

FTT, full-thickness tear; PTT, partial-thickness tear; Sn, sensitivity; Sp, specificity;
LR+, positive likelihood ratio; LR–, negative likelihood ratio;
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have asymptomatic rotator cuff tears, the indications for surgery are, however, somewhat 

unclear. Multiple factors such as duration of symptoms, acuity and size of the tear,  

patient age, require consideration and can influence the decision to perform surgery  

(62, 64, 72, 74-76).

Study aims

The increased use of US over the past decades has been extraordinary. In the evaluation 

of musculoskeltal imaging in general, and of shoulder pathology in particular, US has 

rapidly become a cornerstone of the radiologist’s armamentarium. Since its debut in the 

late 1980s most papers addressed the technical performance and especially the diagnostic 

performance of US of the shoulder, incorporating analysis of the accuracy, sensitivity, 

specificity and predictive values for the detection of rotator cuff tears. 

Although proven technical and diagnostic performance are necessary prerequisites to 

widespread acceptability of any radiological test, these statistics address only one aspect 

of the usefulness of the test, namely its efficacy. 

The definition of efficacy is “the probability of benefit to individuals in a defined 

population from a medical technology applied for a given medical problem under ideal 

conditions of use”. This overlaps with effectiveness, which reflects the use of a medical 

technology in ordinary clinical practice. 

However, several levels of efficacy can be distinguished. A key feature is that these levels 

are interconnected and efficacy at a lower level is necessary to ensure efficacy at a higher 

level. Donabedian (77), Fryback (78, 79) and Thornbury (80) advocate a hierarchical model 

to study the efficacy of an imaging method including a sequential analysis of the 

following levels of efficacy: (1) Technology efficacy, (2) Diagnostic accuracy, (3) Diagnostic 

impact, (4) Therapeutic planning, (5) Patient outcome (6) Society

To study the efficacy of shoulder ultrasound we used this six-level hierarchical model of 

study designs based on efficacy outcomes (Table 2). The first two levels describe efficacy 

in terms of physical image quality and diagnostic accuracy. Level 3 and 4 assess the 

impact of diagnostic information on the clinician’s thinking and acting; the clinical 

efficacy. Level 5 considers patient outcome and level 6 the impact on society, briefly its 

cost-effectiveness. 

US and MR imaging have more or less comparable accuracy for identifying and measuring 

the size of full-thickness and partial-thickness rotator cuff tears (58). When an investigator 

has comparable experience with both imaging tests, the decision regarding which test 

to perform for rotator cuff assessment does not need to be based on accuracy concerns. 

The choice can be based on other factors, such as the importance of ancillary clinical 

information (regarding lesions of the glenoid labrum, joint capsule, or surrounding 

muscle or bone), the presence of an implanted device, patient tolerance, and cost. 

Treatment Options
The most commonly encountered situation in primary care settings with regard to 

shoulder pain is an older patient with a several-month history of such pain. In these 

cases, the first step is to initiate conservative therapy for a period of four to six weeks. 

Many patients will improve during this time period and will not require referral or more 

intensive interventions. For patients with periarticular shoulder pain, who comprise the 

vast majority of patients, analgesics and anti-inflammatory agents and range-of-motion 

and strengthening exercises are the mainstay of treatment (62, 63). 

Flexibility exercises, strengthening programs, and special training techniques are a 

preventive and treatment requirement. Rest and local modalities such as ice, ultrasound, 

and anti-inflammatory agents are usually effective to lessen the inflammatory reaction. 

Surgical decompression by resecting the coracoacromial ligament or a more definitive 

anterior acromioplasty may rarely be indicated.

Many patients will improve with four to six weeks of ice application, range-of-motion 

exercises, and mild strengthening. However, those who do not improve may be good 

candidates for steroid injection (64).

If the above mentioned conservative treatments fail and shoulder pain and impingement 

persists, surgical treatment (i.e., decompression, subacromial debridement, rotator cuff 

repair or reconstruction) may be performed (65, 66). The choice for a certain surgical 

procedure depends on several factors such as for instance patient age and preference, 

lesion types (67) and is even liable to geographic variation (68). There is a significant 

variation in the rates of various shoulder interventional procedures. Population density 

shows a strong significant negative relationship between the rates of these procedures 

and physician workforce has a limited role in driving the rates of any of these procedures 

(68).

Most of the surgical procedures are arthroscopic techniques (69, 70). Open surgery is 

reserved for massive or arthritis lesions (71).

Rotator cuff repair surgery for full-thickness (72) and partial-thickness tears (73) is 

common and accepted in orthopaedics today. Given that a significant number of people 

chapter 1 general introduction | study aims | outline of thesis
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The primary objectives of this thesis are:

 1. To summarize available knowledge on and to illustrate how to perform high-resolution 

US of the shoulder using a standardized imaging protocol and to correlate this with 

MR imaging and anatomic specimens.

 2. To provide an overview of potential pitfalls, limitations, and artifacts related to US of 

the shoulder.

 3. To review the published data between October 2001 and March 2010 and to  

summarize all existing evidence in the literature on the diagnostic accuracy of US  

for the detection of rotator cuff tears.

 4. To assess (a) the learning curve for the sonographic detection of partial- and 

full-thickness rotator cuff tears, and (b) the degree of interobserver agreement.

 5. To describe a new sonograhic sign of bone fracture.

 6. To evaluate the need for additional MRI following US of the shoulder.

 7. To assess the accuracy and patient discomfort related to four image-guided 

glenohumeral joint injection techniques.

 8. To assess the accuracy of blind injection versus US-guided injection into the subacro-

mial-subdeltoid bursa.

 9. To determine the added value of US in the diagnostic work-up of patients with 

persisting shoulder pain and/or disability following trau ma. 

 10. To evaluate the different levels of efficacy of US in primary care patients and in 

patients who are candidate for surgical repair, according to the principles of 

Evidence-Based Radiology.

Outline of thesis

This thesis, consisting of 5 parts, focuses on the efficacy and effectiveness of the 

sonographic detection of rotator cuff tears and the applicability of US in image-guided 

shoulder interventions. 

Chapter 1 of this thesis includes the general introduction, study aims and outline of  

the thesis.

The first part of this thesis focuses on the technical performance or efficacy of shoulder 

US. The results of two reviews are presented. In the first review (Chapter 2) shoulder 

anatomy is summarized and the current knowledge on how to perform shoulder US is 

explained and illustrated.

The aim of this thesis is to evaluate US of the shoulder at these different levels of efficacy. 

Level 6

Level 5

Level 4

Level 3

Level 2

Level 1

Societal E�cacy
Cost-e�ectiveness from societal perspective

Impact on Health or Patient Outcome
Does imaging contribute to improved patient health?

Therapeutic Impact or E�cacy
Do the results of imaging contribute to planning and delivery of therapy?

Diagnostic Impact or Diagnostic Thinking E�cacy
Does US of the shoulder change or displace other diagnostic procedures such as MRI or surgery?

Diagnostic Performance or E�cacy
Do the images produced allow accurate diagnoses to be made?

Technical Performance or E�cacy
Does US of the shoulder produce good anatomically correct images of the shoulder?

chapter 1 general introduction | study aims | outline of thesis
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Table 2  A six-level evaluative framework for US of the shoulder. The pyramid form 

stresses the importance of the fact that the integrity of each efficacy level 

depends on the integrity and validity of the levels below.



26 27

Two frequently involved clinical applications of shoulder US in daily practice are 

US-guided interventions and the use of US following shoulder trauma. In Chapter 10 we 

evaluate the additional value of US in the for many clinicians and radiologists challenging 

bursal injections by evaluating the accuracy of blind injection versus US-guided injection 

into the subacromial-subdeltoid bursa and in Chapter 11 we focus on the value of US in 

the diagnostic work-up of patients with persisting shoulder pain and/or disability 

following trau ma. 

In Chapter 12 (Interlude) the US and MRI features of a very rare case of an intratendinous 

ganglion of the long head of the biceps tendon are presented.

The fifth and final part of this thesis focuses on the impact on health (i.e., efficiency) and 

societal efficacy (i.e., cost-effectiveness from a societal perspective) of the sonographic 

detection of partial- and full-tickness rotator cuff tears. 

In Chapter 13 the literature is reviewed for the available evidence concerning the clinical 

and patient outcome efficacy of US in the detection of rotator cuff tears.

In Chapter 14 the findings and conclusions described in this thesis are summarized and 

a future perspective and Dutch translation is provided.

In the second review (Chapter 3) a categorized overview of the currently available 

knowledge on the potential pitfalls, limitations, and artifacts of high-resolution US of the 

shoulder is presented. Causes of false-positive and false-negative misinterpretation of 

rotator cuff tears are classified into four different categories: technique-related, anatomy-

related, disease-related, and patient-related factors

The second part of this thesis focuses on the diagnostic performance (i.e., effectiveness) 

of the sonographic detection of partial- and full-tickness rotator cuff tears and fractures 

of the proximal humerus. 

In chapter 4 we systematically review the results of studies for the sonographic detection 

of rotator cuff tears published between October 2001 and March 2010. 

In chapter 5 we examine the learning curve of a general radiologist with no experience 

in musculoskeletal US, for the sonographic detection of PTT and FTT and determine the 

observer agreement between an experienced musculoskeletal radiologist and a 

non-experienced general radiologist.

In Chapter 6 a new sonograhic sign of bone fracture is described and the role of US in 

occult and missed fractures of the proximal humerus is assessed.

In Chapter 7 (Interlude) a relatively rare case of extended arthritis and bursitis of the 

shoulder caused by the nontuberculous atypical Mycobacterium Xenopi is presented.

The third part of this thesis focuses on the diagnostic impact or diagnostic thinking 

efficacy of US of the shoulder. 

In chapter 8 the need for additional MRI following the sonographic evaluation of the 

rotator cuff is evaluated and the diagnostic accuracy of US and MRI is compared for the 

detection of partial-thickness and full-thickness rotator cuff tears. 

In Chapter 9 we prospectively assess the variation in accuracy of contrast media 

introduction into the glenohumeral joint, the effect of leakage of contrast medium on 

diagnostic quality, the time required and the discomfort experienced by the patient for 

the introduction of contrast material into the glenohumeral joint with four different

frequently applied image-guided (fluoroscopy and US) injection techniques prior to MR 

arthrography of the shoulder.

The fourth part of this thesis focuses on the therapeutic impact or efficacy of US of the 

shoulder. 
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TECHNICAL PERFORMANCE 
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Level 6
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Level 1

Societal E�cacy
Cost-e�ectiveness from societal perspective

Impact on Health or Patient Outcome
Does imaging contribute to improved patient health?

Therapeutic Impact or E�cacy
Do the results of imaging contribute to planning and delivery of therapy?

Diagnostic Impact or Diagnostic Thinking E�cacy
Does US of the shoulder change or displace other diagnostic procedures such as MRI or surgery?

Diagnostic Performance or E�cacy
Do the images produced allow accurate diagnoses to be made?

Technical Performance or E�cacy
Does US of the shoulder produce good anatomically correct images of the shoulder?
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Abstract 

Magnetic resonance imaging and high-resolution ultrasound (US) are frequently used for 

the detection of rotator cuff tears. The diagnostic yield of US is influenced by several 

factors as technique, knowledge of the imaging characteristics of anatomic and 

pathologic findings and of pitfalls. 

The purpose of this article is to illustrates that the standardized high-resolution US 

examination of the shoulder covers the entire rotator cuff and correlates with MR imaging 

and anatomic sections. 
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 1. Introduction 

 2. Anatomy 

  2.1. Coracoacromial arch 
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  2.3. Rotator cuff 
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  3.5. Supraspinatus tendon: short axis 

  3.6. Infraspinatus (ISP) and teres minor (TM) tendon

 4. Discussion 

 5. Conclusion 
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1. Introduction 

Rotator cuff pathology is frequently encountered in patients having a painfull shoulder. 

The rotator cuff can be visualized with non-invasive imaging techniques such as 

ultrasound (US) (1, 2) and magnetic resonance imaging (MRI) (2). The diagnostic accuracy 

of these techniques are comparable (3). Initial sonographic results in the detection of 

rotator cuff tears varied (4) probably due to the use of low frequency (i.e., resolution) 

(5 MHz) transducers and limited experience with the examination procedure. 

Subsequently technical improvements such as 7.5–14 MHz linear array broad-bandwidth 

transducers and better penetration of the ultrasound beam, as well as increased 

experience and detailed knowledge of shoulder anatomy and pathology, significantly 

improved sonographic results and reliability (5, 6). 

Although accurate in the hands of experienced sonographers, US examination of the 

rotator cuff is challenging for many beginners. They have difficulty to conceptualize the 

dynamic 3D anatomy of the shoulder. To shorten the learning curve, it is essential to 

perform sonography in a standard manner as described by other authors (7-12). 
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This article illustrates that high-resolution US of the shoulder using a standardized 

imaging protocol provides excellent images of the long head of the biceps tendon and 

the entire rotator cuff demonstrated by the similar images of the corresponding MR 

images and sections. The correlation of US, MR images and the anatomic specimens with 

the position of the transducer will be of help to become familiar with the anatomy. 

2. Anatomy 

From the skin surface to the inside of the shoulder, the following structures can be 

recognized; the cutis and subcutaneous fat tissue, deltoid muscle, coracoacromial arch, 

subacromial–subdeltoid bursa, rotator cuff with the long head of the biceps tendon and 

the proximal humerus (Figs. 1-3, 4c, 5c, 6c, 7c, 8c, 9c). 

chapter 2 ultrasound of the rotator cuff with mri and anatomic correlation

2

Fig. 1  Drawing of the right shoulder from anterior, showing the relationship of the 
coracoacromial arch, rotator cuff and intervening subacromial–subdeltoid bursa, 
biceps tendon (long head) and bony structures (17).

Fig. 2  Drawing of the right shoulder from posterior showing the various rotator cuff 
constituents in relation to the subacromial–subdeltoid bursa, humeral head and other 
bony structures (17).
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Fig. 3  Drawing of the right shoulder with the arm in hyperextension and internal rotation,  
as seen from anterior and above showing how the rotator cuff constituents merge 
and form a tendinous cuff around the humeral head. Note the anterior position of  
the supraspinatus tendon insertion, which rotates anteriorly in this position of the 
arm (17).

Fig. 4  Standardized imaging protocol of the shoulder. First scanning position of the right 
shoulder: short axis section of the biceps tendon (long head) in the bicipital groove. 

   A) Sonographic scanning technique. The patient sits with his arm in anatomical position, 
close to the body with the elbow 90° flexed and the dorsum of the hand resting on the 
patient’s upper leg. The transducer is placed in an axial plane with respect to the anterior 
aspect of the proximal humerus (H). In this position the greater (GT) and lesser (LT) 
tuberosity and the bicipital groove (BG) with the long head of the biceps tendon (BT) are 
on the anterior aspect of the shoulder. B) and C) The corresponding sonographic image, 
D) cadaver section and E) MR image are shown. TL, transverse ligament; SSC, subscapularis 
tendon; D, deltoid muscle; ST, subcutaneous tissue; C, cutis.
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Fig. 6  Third scanning position of the right shoulder: long axis section of the subscapularis 
tendon. A) Sonographic scanning technique. To examine the subscapularis tendon 
(SSC) properly the patient has to exorotate his arm from the starting position outwards, 
while keeping his upper arm close to the trunk the elbow being still flexed at 90°. 
From the second position the transducer is moved slightly medially and turned 90° 
counter clockwise so that it is parallel with the SSC tendon fibers. The transducer is 
moved slowly up and down to image the SSC insertion. B) and C) The corresponding 
sonographic image, D) cadaver section and E) MR image are shown. H, humeral head; 
HC, hyaline cartilage; MJ, musculotendinous junction; B, subacromial–subdeltoid 
bursa; D, deltoid muscle; ST, subcutaneous tissue. 

Fig. 5  Second scanning position of the right shoulder: long axis section of the biceps tendon 
(long head). A) Sonographic scanning technique. Same patient position compared to 
Fig. 4. The transducer is turned 90° clockwise from the starting position. It is important 
to keep the transducer perpendicular to the tendon fibers in order to avoid anisotropy. 
B) and C) The corresponding sonographic image, D) cadaver section and E) MR image 
are shown. H, humerus; BT, biceps tendon (long head); B, subacromial–subdeltoid 
bursa; D, deltoid muscle; ST, subcutaneous tissue. 
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Fig. 8  Fifth scanning position of the right shoulder: short axis section of the supraspinatus 
tendon. A) Sonographic scanning technique. The transducer is turned 90° clockwise 
in order to visualize the supraspinatus (SSP) tendon in the short axis direction. It is 
important to remain perpendicular to the cortex of the humerus (H) and to the SSP 
tendon fibers to avoid anisotropy. The rotator interval (RI) with the long head of the 
biceps tendon (BT) are used as landmarks. They are located anteromedially to the SSP 
tendon. B) and C) The corresponding sonographic image, D) cadaver section and  
E) MR image are shown. HC, hyaline cartilage; B, subacromial–subdeltoid bursa; D, 
deltoid muscle; ST, subcutaneous tissue. 

Fig. 7  Fourth scanning position of the right shoulder: long axis section of the supraspinatus 
tendon. A) Sonographic scanning technique. The hyperextended internal rotation 
view (9). To visualize the supraspinatus (SSP) insertion in the long axis direction the 
transducer should be placed in a sagittal plane at the anterior aspect of the shoulder, 
and is moved from lateral to medial and vice versa to visualize the entire SSP insertion. 
The greater tuberosity (GT) is used as a landmark. It has the configuration of a plateau 
on which the SSP inserts. In the long axis direction the SSP insertion has a typical 
bird’s beak configuration. B) and C) The corresponding sonographic image, D) cadaver 
section and E) MR image are shown. H, humeral head; HC, hyaline cartilage; FI, fibro-
cartilaginous insertion; B, subacromial–subdeltoid bursa; D, deltoid muscle; ST, 
subcutaneous tissue.
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2.1. Coracoacromial arch 
The coracoacromial arch consists of bone and soft tissue (see Fig. 3). The acromion makes 

up the bony segment of the arch. The coracoacromial ligament extends as a soft tissue 

arch that forms the roof of a tunnel, through which the rotator cuff and the subacromial-

subdeltoid bursa move during abduction of the arm. The arch plays an important role in 

the impingement of these structures. This tunnel is bordered on it’s two sides by the 

acromion and the coracoid. The floor of the tunnel is formed by the humeral head. 

2.2. Subacromial-subdeltoid bursa 
The subacromial-subdeltoid bursa is a synovial lined space. Normally it does not contain 

any fluid. The bursa consists of two bursal leaves. The outer and inner leaf are fused with 

the deltoid muscle fascia and rotator cuff, respectively. The bursal leaves can easily glide 

over each other, which facilitates the shoulder to have its range of movement. The bursa 

may contain an increased amount of fluid (as in acute bursitis or full thickness tear of the 

cuff) and/or the bursal leaves might be thickened (as in chronic bursal impingement and 

inflammation) (13). 

2.3. Rotator cuff 
The rotator cuff is a tight layer of tendons around the glenohumeral joint (Figs. 1-3).  

The cuff is composed of four tendons. The subscapularis tendon inserting on the lesser 

tuberosity of the humerus. The supraspinatus, infraspinatus and teres minor tendon form 

about 15 mm proximal to their insertion on the greater tuberosity a conjoined tendon, 

and therefore cannot be separate sonographically. The subscapularis tendon is separated 

from the supraspinatus tendon by the rotator interval and the long head of the biceps 

tendon. 

The rotator cuff stabilizes the glenohumeral joint. In combination with the deltoid, the 

cuff rotates the humeral head over the chondral surface of the glenoid. 

2.4. Rotator interval 
The rotator cuff forms a continuous tendinous cap over the humeral head. The rotator 

cuff interval is the only interruption in this cap-like structure. The interval has a triangular 

shape and is bordered by the supraspinatus and subscapularis tendons, the base is 

formed by the coracoid and the roof, at the level of the transverse humeral ligament, is 

formed by the capsule and fibers of the coracohumeral ligament. The rotator interval 

contains the long head of the biceps tendon, which continues from the shoulder joint 

through the interval into the bicipital groove. 
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Fig. 9  Sixth and final scanning position of the right shoulder: long axis section of the 
infraspinatus and teres minor tendon. A) Sonographic scanning technique. To 
optimize visualization of the infraspinatus (ISP) and teres minor tendon the fibers of 
these tendons can be stretched. This is accomplished by bringing the patient’s arm in 
front of the body. The arm is flexed and adducted with the hand resting on the 
contralateral shoulder. The transducer is placed in an axial plane dorsolaterally to the 
shoulder, just below the scapular spine and angled slightly inferiorly to best visualize 
these tendons. The dorsal aspect of the greater tuberosity, the humeral head (H) and 
the glenoid (G) as well as the posterior labrum (L) are used as orientation landmarks. 
The ISP inserts at the dorsal side of the greater tuberosity. B) and C) The corresponding 
sonographic image, D) cadaver section and E) MR image are shown. HC, hyaline 
cartilage; MJ, musculotendinous junction; B, subacromial–subdeltoid bursa; D, deltoid 
muscle; ST, subcutaneous tissue. 
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detectable or only a small amount of fluid around the biceps tendon (8, 15). The 

extra-articular part of the biceps tendon can be visualized up to its proximal musculo-

tendinous junction. 

3.3. Subscapularis tendon (SSC): long axis 
The SSC is examined in the third position (Fig. 6a) in which the arm is externally rotated. 

The biceps tendon with medial to it the lesser tuberosity and the coracoid process are 

used as a landmark. The SSC courses anteriorly to the humeral head and inserts onto the 

medial aspect of the lesser tuberosity. The SSC muscle has a multi-pennate structure and 

its function is to rotate the humerus internally. The insertion is a mixture of tendon fibers 

(superior two-thirds) and muscle fibers (inferior third) (Fig. 6d). The SSC varies from other 

rotator cuff tendons in that several aponeurotic bands are evenly interspersed in the 

midportion of the muscle. These bands then condense laterally into a single large flat 

tendon in the superior two-thirds of the subscapularis, whereas the inferior one-third of 

this anatomic structure remains muscular (17). In order to be along the long axis of the 

SSC, one should apply a slight cranial tilt to the transducer laterally, as the SSC courses 

superiorly and laterally. 

3.4. Supraspinatus tendon (SSP): long axis 
In the fourth (Fig. 7a) and fifth (Fig. 8a) position the SSP tendon and the rotator interval 

are visualized in long and short axis directions, respectively. The SSP courses superiorly 

to the humeral head and inserts at the greater tuberosity. Its function is abduction and 

rotation of the arm. 

The long biceps tendon (Figs. 4 and 5) and the rotator cuff (Figs. 6-9) normally have a 

rather homogeneous appearance and are hyperechoic as compared to the deltoid 

muscle (Figs. 4b–9b) (15). 

Interpretation of the sonographic image can be complex, due to interdigitation of the 

muscular and tendon fibers at their junction. In the neutral anatomical position the SSP 

muscle courses anterolaterally to it’s insertion at an maximum angle of approximately 

45° with respect to the coronal plane. In this position the SSP is partly hidden under the 

lateral part of the acromion. In order to get the SSP tendon from under the acromion the 

arm has to be hyperextended and internally rotated (i.e., forearm behind the back; Fig. 

7a), the Crass position (9). In the fourth position (Fig. 7a) the greater tuberosity with the 

SSP insertion is positioned more anteriorly (see also Fig. 3). The SSP tendon has a typical 

beak-shaped appearance and the outer contour is cranially convex. 

2.5. Humerus 
In the proximal humerus one recognizes the humeral head and the tuberosities.  

The anterior surface of the greater tuberosity and the lateral surface of the lesser 

tuberosity define the bicipital groove. It is bordered by the transverse ligament. This is  

an extension of the subscapularis tendon, which courses from the lesser to the greater 

tuberosity across the groove. 

3. Standardized imaging protocol 

The patient is systematically examined with th eshoulder in four anatomical positions 

applying six transducer positions. 

We examine the patient seated face to face with the examiner. Other prefer the patient 

seated with the examiner standing behind him or the patient lying supine with the arm 

hanging free at the side of the examination table (14). In order to speed up patient 

positioning, the patient and examiner should be seated on a revolving stool. The 

examiner should sit at a higher level than the patient, and lateral to the patient’s shoulder 

to obtain an optimal scanning position (i.e., to spare the examiner’s shoulder). For similar 

ergonomic reasons the examiner should increase transducer stability by resting with his 

fifth finger and palm of hand on patient’s skin during scanning. 

3.1. Biceps tendon (long head): short axis 
In the first (Fig. 4a) and second (Fig. 5a) advocated positions, short axis and long axis 

images of the long head of the biceps tendon provide information about aspect and 

location of the tendon, possible intra-articular fluid collections and bursal pathology. 

The terms short axis (i.e., axial) and long axis (i.e., longitudinal) refer to the position of the 

transducer with respect to the orientation of tendons rather referring to the imaging 

planes of the patient’s body. 

The biceps tendon is visualized as a round or oval hyperechoic structure in the bicipital 

groove (15). The greater and lesser tuberosity are used as orientation landmarks. 

3.2. Biceps tendon (long head): long axis 
Long axis images are obtained in the second position (Fig. 5a). The long biceps tendon 

shows parallel linear hyperechoic reflections caused by bundles of collagen fibers (16). 

The synovial covered part of the biceps tendon is visualized from the rotator interval to 

just below the tuberosity complex. This is the most distal extending synovium and 

therefore a sensitive spot for the detection of intra-articular fluid. Normally there is no 
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The diagnostic performances of high-resolution US and MR imaging in the detection of 

partial and full thickness tears of the rotator cuff is comparable, demonstrating an 

accuracy of 87% (5) and sensitivities and specificities of over 90% (19, 20), respectively. 

The internal architecture of tendon fibers is better displayed with US than with MRI (21). 

This may relate to the fact that, because of low water content a normal tendon lacks 

signal on MR imaging and because spatial resolution of US exceeds that of MR unless 

small surface coils are used (21). 

There are several advantages of US over MRI. Ultrasound is available on a larger scale, 

portable, quick and a much more cost-effective imaging method, which is also easier 

tolerated by the patient. Ultrasound is not subject to motion artefacts, it allows instant 

comparison with the contralateral side, and tendons and other structures can be 

evaluated dynamically. The real time capability of US facilitates interventional procedures 

in or around the shoulder and allows better interaction with a patient who can point at 

the symptomatic area, which will optimize diagnostic yield (22). 

US of the shoulder was first reported by Seltzer et al. (23). Since then several authors have 

been discussing and refining this method (1, 7, 8, 10, 15, 20). Standardization of the 

examination (11, 12) will shorten the learning curve, diminishes operator dependency 

and inter-observer variability and favours accuracy and reproducibility. 

The examination is preferably started with the assessment of radiographs of the shoulder 

to be informed about the skeleton and soft tissue calcifications. The overall sonographic 

examination time is on average 5–10 min. It is important to adjust scanning parameters 

in order to optimize visualization of the various structures. 

The soft tissue structures around the shoulder are examined with high-resolution 

(≥7.5 MHz) linear array transducers, which are most appropriate, because of their optimal 

near-field spatial resolution. This is in the range of 200–450 μm with a slice thickness of 

0.5–1.0 mm (21). 

The rotator cuff is frequently described as a homogeneous echogenic fibrillar structure, 

however non-pathologic inhomogeneities due to complex anatomical structures are 

frequently found (14). Knowledge of morphological variations and pathologic changes of 

the rotator cuff is important. The thickness of the SSP is not related to age and gender 

(24, 25). There is a slight but not significant difference, however, between the dominant 

(3.6–7.0 mm and mean 5.3) and non-dominant limb (3.2–7.0 mm and mean 5.1) (26). The 

normal short axis diameter of the long head of the biceps tendon varies from 2.7 mm 

(S.D. ±0.3) in sedentary females to 3.7 mm (S.D. ±0.5) in male athletes (25). These 

measurements are not relevant for reliable sonographic detection of significant 

morphological changes of biceps tendon and rotator cuff. However, there is a correlation 

between the diameter of the long head of the biceps tendon and the extent of rotator 

3.5. Supraspinatus tendon: short axis 
Next the transducer is turned 90° clockwise to visualize the SSP tendon in the short axis 

direction (Fig. 8a). The transducer is placed in a sagittal plane with regard to the patient’s 

shoulder and is moved from anterior to posterior following the course of the tendon, as 

well as craniocaudad (from the acromion and coracoacromial ligament or SSP muscle to 

the greater tuberosity) in order to visualize the SSP tendon entirely. The biceps tendon 

located in the rotator interval forms an important landmark. It courses along the 

supraspinatus tendon anteriorly. 

3.6. Infraspinatus (ISP) and teres minor (TM) tendon 
The sixth (Fig. 9a) scanning position provides long axis images of the ISP and TM tendons, 

the dorsal aspect of the humeral head, the glenoid and suprascapular notch and the 

posterior labrum. 

The ISP and TM course posteriorly to the humeral head and insert at the superior and 

inferior aspect of the posterior surface of the greater tuberosity. The ISP aponeurosis has 

a typical central position in relation to the muscle fibers. The ISP and TM muscles execute 

external rotation and external rotation and adduction, respectively. 

The subacromial–subdeltoid bursa will be visualized in all six scan directions. A normal 

bursa resembles a hypoechoic line, parallel to the contours of the rotator cuff and the 

overlying deltoid muscle fibers, fascia and peribursal fat line (Figs. 6b–9b) (13). The bursa 

normally contains no visible fluid. Frequently the bursal layers have a tram-track 

appearance with an iso- to hyperechoic aspect with respect to the adjacent structures. 

These “tracks” are frequently separated by a thin hypoechoic line reflecting the thin 

space between the bursal layers, which in patients suffering from the impingement 

syndrome sometimes contains some fluid. 

The hyaline cartilage at the humeral head (Fig. 7b) is a relatively thin layer (on average 

1.23 mm) and has a hypoechoic to anechoic aspect (18). The fibrillar structure of the fibrous 

triangular shaped posterior labrum is hyperechoic. The cortex of the humerus is depicted 

as a distinct sharp hyperechoic reflection with acoustic shadowing deep to its surface.

4. Discussion 

In this article we demonstrate that US of the shoulder performed in a systematic way 

provides excellent depiction of the long head of the biceps tendon and the entire rotator 

cuff. The US images show striking concordance with the corresponding MR images and 

with the cadaver sections. 
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 5. Conclusion 

High-resolution US of the shoulder using a standardized imaging protocol provides 

excellent images of the long head of the biceps tendon and the entire rotator cuff 

demonstrated by the similar images of the corresponding MR images and cadaver 

sections. 

Using a standardized imaging protocol operator dependency is limitted and it shortens 

the learning curve in order to optimize diagnostic accuracy and reproducibility. 

US and MR imaging can be used as a primary modality for evaluating the rotator cuff, 

because they have comparable degrees of accuracy. Modality choice should be based on 

several factors like availability, patient preference, clinical information being sought, and 

last be not least the imaging experience at the individual institution.
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cuff tears. This biceps/rotator index (right hand side, 0.43 ± 0.065 and left hand side, 

0.44 ± 0.07) may increase sensitivity in the diagnosis of chronic lesions of the rotator cuff 

(25). 

For the more experienced examiner, additional views may be useful for the evaluation of 

the rotator cuff. Most important is the modified Crass position (27), in which the shoulder 

is extended, the elbow flexed and the palm of the hand is against the back pocket. In this 

position the anteromedial aspect of the SSP and the rotator interval are better 

displayed. 

Other examples of additional views are the short axis view of the subscapularis tendon or 

the sonographic assessment of the acromioclavicular joint. Visualization of the rotator 

interval can be optimized by letting the arm hang beside the body. Other views and 

techniques are also used to rule out a spectrum of non-rotator cuff disorders that are 

amenable to US and which may be overlooked clinically or may mimic rotator cuff tears 

(28). For instance power Doppler sonography might be useful in the more accurate 

differentation between rotator cuff tendinosis and tears, by showing consistently the 

hyperperfusion associated with musculoskeletal ‘inflammatory’ disease (29). 

Dynamic examinations are not obligatory as impingement of the shoulder is a clinical 

diagnosis. In addition, the dynamic examinations have been found less accurate in the 

assessment of subacromial impingement if a negative result is obtained (30). However, 

dynamic testing may be helpful in discriminating between partial and full thickness 

rotator cuff tear, in detecting subtle partial rotator cuff tears by looking for separation of 

the margins of a tear, or to overcome anisotropy artifacts (31). In addition it can be useful 

in diagnosing subluxation or dislocation of the long head of the biceps tendon (32), to 

show instability of the shoulder (33, 34) and to optimize detection of bursal fluid. By 

raising the arm fluid in the subacromial–subdeltoid bursa will gather above the SSP, 

where it can be visualized easily. 

One should be familiar with sonographic artifacts and aware of possible pitfalls such as 

anisotropy and the complex structure of the rotator cuff (31, 35, 36). Fibrocartilaginous 

attachments and interdigitation of tendon and muscle fibers at the musculotendinous 

junction results in non-pathologic inhomogenities of the rotator cuff tendons (14).  

To avoid misdiagnosis because of anisotropy the transducer should be moved slowly to 

and fro over and perpendicular to the rotator cuff and biceps tendon. Compression with 

the transducer should be varied. Increasing the pressure may facilitate the detection of 

partial-thickness tears of the rotator cuff. However, pressure should be eased so as not to 

miss fluid collections in the bicipital tendon sheath and the subacromial–subdeltoid 

bursa. 
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Abstract

High-resolution ultrasonography (US) has gained increasing popularity as a diagnostic 

tool for assessment of the soft tissues in shoulder impingement syndrome. US is a 

powerful and accurate method for diagnosis of rotator cuff tears and other rotator cuff 

abnormalities, provided the examiner has a detailed knowledge of shoulder anatomy, 

uses a standardized examination technique, and has a thorough understanding of the 

potential pitfalls, limitations, and artifacts.

False-positive sonographic findings of rotator cuff tears can be caused by the technique 

(anisotropy, transducer positioning, acoustic shadowing by the deltoid septum), by the 

anatomy (rotator cuff interval, supraspinatus-infraspinatus interface, musculotendinous 

junction, fibrocartilaginous insertion), or by disease (criteria for diagnosis of rotator cuff 

tears, tendon inhomogeneity, acoustic shadowing by scar tissue or calcification, rotator 

cuff thinning).

False-negative sonographic findings of rotator cuff tears can be caused by the technique 

(transducer frequency, suboptimal focusing, imaging protocol, transducer handling), by 

the anatomy (nondiastasis of the ruptured tendon fibers, posttraumatic obscuration of 

landmarks), by disease (tendinosis, calcifications, synovial proliferation, granulation or 

scar tissue, bursal thickening, massive rotator cuff tears), or by patient factors (obesity, 

muscularity, limited shoulder motion).

Introduction

Since the 1980s, ultrasonography (US) of the shoulder has been performed for the 

diagnosis of rotator cuff tears. Technical developments and improvements, increased 

experience, and detailed knowledge of shoulder anatomy and pathologic conditions 

have significantly improved sonographic results (1-4).

Owing to the complex shoulder anatomy and various pitfalls, US of the shoulder is 

susceptible to interobserver variability and has a learning curve. This can be improved by 

performing US of the shoulder on a regular basis and in a standardized way and by being 

aware of sonographic pitfalls (5-7).

The purpose of this article is to provide an overview of potential pitfalls, limitations, and 

artifacts related to US of the shoulder. Causes of false-positive and false-negative 

 misinterpretation of rotator cuff tears can be classified into four different categories: 

technique-related, anatomy-related, disease-related, and patient-related factors  

(Tables 1, 2).
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Table 1  Causes of False-Positive Diagnoses of Rotator Cuff Tears

Technique related
Anisotropy
Transducer positioning
Acoustic shadowing by the deltoid septum

Anatomy related
Rotator cuff interval
Supraspinatus-infraspinatus interface
Musculotendinous junction
Fibrocartilaginous insertion

Disease related
Definition of and criteria for rotator cuff tears
Tendon inhomogeneity
Acoustic shadowing by scar tissue or calcification
Rotator cuff thinning
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Transducer Positioning.— The position of the transducer is related to the long or short 

axis of the anatomic structure under examination. When imaging the supraspinatus 

tendon in the transverse direction (i.e., the short axis), the transducer is placed in a 

sagittal plane with regard to the patient’s shoulder and is moved anterior to posterior 

following the course of the tendon (Fig 4).

Causes of False-Positive Diagnoses of Rotator Cuff Tears 

Technique-related Causes of Misinterpretation
Anisotropy.— A common cause of false-positive diagnoses of rotator cuff tears is 

anisotropy or angle-dependent appearance of tissue structures (5, 8). To our knowledge, 

anisotropy of fibers was first described by Dussik et al. (9) in 1958.

The rotator cuff appears echogenic when the ultrasound beam insonates at 90° to the 

long axis of the tendon fibers because the beam is then reflected maximally (Fig 1A).  

The more the angle deviates from this angle, the fewer reflected sound waves will be 

detected by the transducer (Fig 1B). The tendon becomes isoechoic to muscle at angles 

of 2°–7° (8) and hypoechoic at greater angles (Figs 2, 3). Tendon insertions, where most 

rotator cuff tears occur, are most vulnerable to the anisotropic artifact due to their curved 

course (10). If unaware of this artifact, less experienced scanners could erroneously take 

this for tendinosis or a partial-thickness rotator cuff tear.
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Table 2  Causes of False-Negative Diagnoses of Rotator Cuff Tears

Technique related
Transducer frequency
Focusing
Imaging protocol
Transducer handling

Anatomy related
Nondiastasis of the ruptured tendon fibers
Posttraumatic obscuration of landmarks

Disease related
Tendinosis
Calcifications
Synovial proliferation, granulation or scar tissue
Thickened bursa mimicking the rotator cuff
Massive rotator cuff tear

Patient related
Obesity or muscularity
Limited shoulder motion

Fig. 1  Anisotropy.

   A) Tendon fibers have a parallel arrangement. Emitted sound waves are optimally 
reflected when they are perpendicular (at 90°) to the long axis of the fibers. 

   B) Deviation of the insonating beam from this angle causes a decrease in the 
echogenicity of the fibers because not all of the reflected sound waves will return to 
the transducer.

Fig. 2  Anisotropy at the insertion of the supraspinatus tendon. 

  GT = greater tuberosity. A) Long-axis US scan of the supraspinatus tendon (SSP) shows 
that the fibers parallel to the transducer have a normal hyperechoic linear appearance 
(arrowheads). However, the fibers at the insertion (arrows) are poorly demonstrated 
due to anisotropy. B) Corresponding image obtained with the transducer moved a bit 
laterally. The fibers at the supraspinatus tendon (SSP) insertion (arrows) are now parallel 
to the transducer and therefore have a normal hyperechoic appearance.
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Acoustic Shadowing by the Deltoid Septum.— The deltoid muscle is a large triangular 

muscle that consists of anterior, intermediate, and posterior parts. The intermediate or 

central portion of the deltoid muscle, which arises from the acromial process, consists of 

oblique fibers. These fibers arise from the sides of four tendinous intersections and insert 

at the sides of three other tendinous intersections. These tendinous intersections pass 

alternately downward and upward toward one another in the substance of the muscle.

The anterior and posterior parts of the deltoid muscle, which arise from the clavicle and 

the spine of the scapula, are not arranged in this manner.

When the transducer has reached the most lateral part of the supraspinatus tendon 

insertion at the greater tuberosity, no rotator cuff can be visualized between the deltoid 

muscle and the humeral head (Fig 4B). This could be misinterpreted as a full-thickness 

rotator cuff tear. To prevent making such an error, every possible lesion should be verified 

in two planes.

If performed correctly, US allows reliable detection and quantification of rotator cuff 

tears (2). Both the Crass position (11) and the modified Crass position (12) reflect the true 

size of supraspinatus tears in the transverse plane. However, in the sagittal plane, the 

Crass position is more useful to quantify supraspinatus tears, as the modified Crass 

position leads to overestimation of the size of such tears (13).
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Fig. 3  Anisotropy. 

  (A, B) Short-axis US scans of the long head of the biceps tendon (BT). A) When the 
insonating beam is perpendicular to the tendon fibers, the tendon appears hyperechoic. 
It is round or oval and lies in the bicipital groove (BG). GT = greater tuberosity,  
LT = lesser tuberosity. B) The tendon appears hypoechoic because the transducer is 
angled relative to the long axis of the tendon. (C, D) Long-axis US scans of the long 
head of the biceps tendon. C) When the transducer is parallel to the tendon fibers, the 
tendon has a normal hyperechoic, linear, fibrillar appearance (arrows). D) The tendon is 
not seen (arrows) due to anisotropy. Arrowheads = fibers parallel to the transducer.

Fig. 4   Transducer position. 

  A) Normal long-axis US scan of the supraspinatus tendon (SSP). GT = greater tuberosity. 
B) Short-axis US scan of the supraspinatus tendon obtained too far laterally (at line 4b 
in A). At this position, the rotator cuff cannot be visualized between the humeral head 
and deltoid muscle, an appearance suggestive of a full-thickness tear of the 
supraspinatus tendon. C) Normal short-axis US scan of the supraspinatus tendon (SSP), 
obtained at line 4c in A, shows the normal soft-tissue layers around the humeral head. 
c = hyaline cartilage. D = deltoid muscle, H = humeral head.
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interval has a triangular shape, which is composed of the coracohumeral ligament and 

the superior glenohumeral ligament and envelops the anterior margin of the  

supraspinatus tendon and the superior margin of the subscapularis tendon (14).  

The rotator interval varies in size and may not be apparent in some individuals (15).

At sonography, the rotator interval is a hypoechoic area surrounding the cross-sectioned 

long head of the biceps tendon; this area could be mistaken for a rotator cuff tear by less 

experienced radiologists (Fig 6). This problem can be overcome by looking for the 

rounded edge of the anterior part of the supraspinatus tendon and by verifying the 

biceps tendon by following it into the bicipital groove. The rotator interval is best 

evaluated with the arm in external rotation or by externally rotating the glenohumeral 

joint slowly (16).

Supraspinatus-Infraspinatus Interface.— Focal thinning of the rotator cuff is a feature of 

a rotator cuff tear (17) or can be seen in an atrophic but intact cuff, particularly in patients 

with rheumatoid arthritis. Bretzke et al. (18) showed that thinning of the rotator cuff at 

the supraspinatus-infraspinatus interface (Fig 7) is a normal finding and should not be 

mistaken for a partial-thickness tear. One should be aware of this normal anatomic 

difference in rotator cuff thickness. Comparison with the contralateral shoulder is an 

additional support for avoiding this pitfall.

The tendinous intersections cause an acoustic shadow (i.e., a refractile shadow) when 

they are relatively thick or scanned tangentially. Acoustic shadowing occurs at an 

interface between tissues that transmit sound at different velocities. It is characterized 

by reflection of sound away from the transducer. This causes a hypoechoic area within 

the tendon, which can simulate a rotator cuff tear (Fig 5). This shadowing decreases or 

disappears when the transducer is moved to other positions, whereas a true tear remains 

unchanged in appearance.

Anatomy-related Causes of Misinterpretation

Errors caused by failure to recognize normal anatomy are diverse. They can be overcome 

by studying anatomy, thorough supervision by an experienced colleague, and by 

comparison with the contralateral side.

Rotator Cuff Interval.— The rotator cuff is a continuous tendinous structure around the 

shoulder joint formed by the tendons of the subscapularis, supraspinatus, infraspinatus, 

and teres minor muscles. There is one single discontinuity, which is named the rotator 

interval. The rotator interval contains the long head of the biceps tendon, which descends 

from the glenohumeral joint through the interval into the bicipital groove. The rotator 
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Fig. 5  Deltoid septum. 

  Short-axis US scan of the supraspinatus tendon (SSP) in a normal volunteer shows 
hyperechoic lines (arrowheads) in the deltoid muscle (D), which represent septa of 
connective tissue. A posterior acoustic shadow (arrow) may appear when the insonating 
beam is perpendicular to the septa; such a shadow could be mistaken for a tear in the 
underlying tendon.

Fig. 6  Rotator cuff interval. 

  A) On a short-axis US scan of the supraspinatus tendon (SSP), the rotator cuff interval 
(RI) anterior to this tendon can easily be mistaken for a rotator cuff tear. BT = biceps 
tendon (long head), D = deltoid muscle, H = humeral head. B) Oblique sagittal 
T1-weighted magnetic resonance (MR) arthrogram shows the position of the long 
head of the biceps tendon (BCP) in the rotator cuff interval. A = acromion, C = coracoid 
process, ISP = infraspinatus tendon, SSC = subscapularis tendon, SSP = supraspinatus 
tendon.

A B
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The infraspinatus tendon is centrally positioned in the infraspinatus muscle. The 

surrounding hypoechoic muscle fibers may be confused with a tendon tear, especially 

when the tendon is scanned obliquely.

Normal rotator cuff tendons occasionally contain slight inhomogeneities. Histologically, 

they consist of a complex of five layers (19), which have a fibrocartilaginous attachment 

at the humeral tuberosities (20). Vahlensieck et al. (21) and Turrin and Cappello (22) 

reported that the supraspinatus muscle consists of two distinct portions: an anterior 

fusiform (cylindrical) portion that contains the dominant tendon and a straplike (flat) 

posterior portion. This causes a fanning out and running in slightly different directions of 

the fascicles of the supraspinatus tendon. The differently oriented tendon fascicles and 

complex interdigitation of muscle fibers between the anterior and posterior parts of the 

tendon result in varying echogenicity of the supraspinatus tendon; this varying 

echogenicity may be mistaken for tendinosis or a tear.

Fibrocartilaginous Insertion.— The attachment site of tendons may contain an amount 

of fibrocartilage (20). This is related to the orientation of the tendon fibers with regard to 

the bony attachment site. The more the fibers follow a perpendicular course, the higher 

the content of fibrocartilage in the attachment zone. As with hyaline cartilage, the 

cartilage in the attachment zone appears hypoechoic. This may result in a thin hypoechoic 

zone in the tendon insertion near the hyperechoic reflection of the cortical bone. 

Familiarity with the anatomy will prevent a false-positive diagnosis like tendinosis or 

rotator cuff tear (Fig 9). The low echogenicity of the fibrocartilage attachment zone is 

reinforced by the anisotropy of the tendon fibers in this zone, which are curved and 

parallel with regard to the insonating ultrasound beam.

Disease-related Causes of Misinterpretation

Definition of and Criteria for Rotator Cuff Tears.— The US appearances of rotator cuff 

tears overlap partly with the spectrum of appearances of normal variation and/or other 

tendon abnormalities. One of the reasons why the results of studies of US detection of 

rotator cuff tears vary is the fact that different criteria or combinations of criteria for 

rotator cuff tears (Table 3) were used.

Musculotendinous Junction.— The junction zone between muscle and tendon is a 

complex of interdigitating muscle and tendon fibers. The junction of the multipennate 

subscapularis tendon is subject to a varying appearance. The hyperechoic tendon fibers 

are interposed with hypoechoic muscle fibers, which may be confused with tendinosis 

by less experienced radiologists (Fig 8).
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Fig. 7  Supraspinatus-infraspinatus interface. 

  Short-axis US scan of the supraspinatus tendon (SSP) shows normal thinning of the 
rotator cuff at the supraspinatus-infraspinatus (ISP) interface (arrows). There is a 
significant difference between the diameter at the interface and the normal rotator 
cuff diameter (arrowheads).

Fig. 8  Musculotendinous junction of the subscapularis tendon. 

  Long-axis US scan of the subscapularis tendon (SSC) shows varying echogenicity of the 
interdigitating hyperechoic tendinous fibers and hypoechoic muscle fibers (*), an 
appearance that mimics tendinosis or a rotator cuff tear.
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Secondary or indirect signs are reliable criteria for the detection of rotator cuff tears (24). 

Partial-thickness tears are frequently accompanied by cortical outpouchings (pitting) at 

the insertion of the rotator cuff tendons (3). Fluid in the glenohumeral joint is associated 

with the presence of rotator cuff tear in 60% of cases (25). When fluid is present in the 

subacromial-subdeltoid bursa and in the glenohumeral joint, the probability of a rotator 

cuff tear is 95% (25). In patients with a fluid-filled widened subacromial-subdeltoid bursa, 

a tear is apparent in 70% to more than 90% of cases (25, 26).

Other indirect signs of partial- or full-thickness rotator cuff tears are the ability to 

compress the deltoid muscle into a cuff defect or against the humeral head (naked 

tuberosity sign) and a bright aspect of the humeral cartilage (cartilage interface sign or 

uncovered cartilage sign), which is caused by enhancement of the ultrasound signal due 

to fluid and loss of cuff tissue above the cartilage.

Tendon Inhomogeneity.— Inhomogeneities of the tendon are frequently encountered 

with degenerative changes of the tendon (i.e., tendinosis) (Fig 10a) (27, 28). In our 

experience, the combination of tendinosis and anisotropy is the most common cause of 

a false-positive diagnosis of a partial-thickness rotator cuff tear (Fig 10b). Power Doppler 

US may be of help by demonstrating low-flow hyperemia associated with tendinosis (29), 

in contrast to no flow in a full-thickness rotator cuff tear.

The criteria have been modified (23). A full-thickness rotator cuff tear is a defect in the 

tendon that reaches from the bursal to the articular margin. A partial-thickness tear is a 

focal discontinuity at the bursal or articular margin or is located intratendinously.

Brandt et al. (23) showed that echogenic foci or bands are not reliable criteria for rotator 

cuff tears. These hyperechoic foci represent calcification, fibrotic scar tissue, synovitis, or 

hemorrhage. Partial- and full-thickness rotator cuff tears are visualized as hypoechoic 

lesions or mixed hyper-and hypoechoic lesions most frequently located in the critical 

zone of the supraspinatus tendon and should be verified in two orthogonal directions.
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Fig. 9  Fibrocartilaginous insertion. 

  A) Long-axis US scan of the supraspinatus tendon (SSP) shows the hypoechoic 
appearance of the fibrocartilaginous attachment zone (arrowheads) near the greater 
tuberosity (GT). C = articular hyaline cartilage, H = humeral head. B) Macroscopic 
section from the cadaver of a 78-year-old man shows the fibrocartilaginous insertion 
(arrowheads) of the supraspinatus tendon.

Fig. 10  Tendon inhomogeneity. 

  A) Short-axis US scan of the supraspinatus tendon (SSP) shows a hypoechoic appearance 
of the anterior part of the tendon (arrows) due to tendinosis. B) Short-axis US scan of 
the supraspinatus tendon (SSP), obtained with a minor change in the angle of the 
insonating beam, shows near invisibility of the tendon due to a combination of 
tendinosis and anisotropy. D = deltoid muscle, H = humeral head.
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Table 3  Criteria for Diagnosis of Rotator Cuff Tears

Nonvisualization or absence of the rotator cuff
Focal partial- or full-thickness discontinuity of the rotator cuff
Focal thinning of the rotator cuff
Loss of convexity of the outer border of the rotator cuff
A hypoechoic defect of the articular or bursal side of the rotator cuff or within a tendon
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arthritis, disuse, nerve impingement, or surgery (33). Comparison with the contralateral 

side may be of help in differentiation from a rotator cuff tear. However, one should keep 

in mind that in a symptomatic shoulder without a rotator cuff tear or with a partial-thick-

ness rotator cuff tear, there is a 0.5%–4.3% prevalence of a contralateral tear; with a 

full-thickness tear, there is a 35.5% prevalence of a full-thickness tear on the asymptomatic 

side (34). 

The average thickness of an intact rotator cuff is approximately 4.7 mm (34). There is a 

slight but not significant difference in rotator cuff thickness between the dominant limb 

(range, 3.6–7.0 mm; mean, 5.3 mm) and nondominant limb (range, 3.2–7.0 mm; mean, 5.1 

mm) (35). The rotator cuff thickness is not related to age, gender, or symptoms (34, 36-38). 

Tendon inhomogeneities may be due to postoperative changes. Crass et al. (30) and 

Mack et al. (31) showed that in the postoperative shoulder, the rotator cuff is more 

echogenic than in the normal shoulder due to fibrosis or granulation tissue and that the 

soft-tissue planes are distorted or absent. Prickett et al. (32) showed that despite these 

changes, the diagnostic accuracy of US in surgically treated shoulders appears to be 

comparable with that previously reported in shoulders that had not been operated on. 

Acoustic Shadowing by Scar Tissue or Calcification.— Trauma or surgery may also cause 

fibrosis or scarring of the soft tissues around the shoulder. Behind these lesions, acoustic 

shadows may occur (Fig 11). Intratendinous or intrabursal calcium deposits manifest as 

focal echogenicity and acoustic shadowing. Because of its structure (e.g., milk of calcium) 

or size, calcification may not always cause well-defined acoustic shadowing. Correlation 

with plain radiographs is necessary to recognize these deposits and prevent misinter-

pretation of the hypoechoic shadowing zone as a rotator cuff tear (Fig 12B). Acoustic 

shadowing is also proportionate to transducer frequency.

Rotator Cuff Thinning.— Focal thinning of the rotator cuff is a feature of a partial-thick-

ness rotator cuff tear, but it is also anatomy related (see the section on the supraspinatus-

infraspinatus junction and Fig 7) and related to atrophy due to factors such as rheumatoid 
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Fig. 11  Acoustic shadowing. 

  Long-axis US scan of the subscapularis tendon (SSC) shows scar tissue (arrows) in the 
deltoid muscle (D). The scar tissue produces an acoustic shadow (arrowheads) at the 
insertion of the tendon, an appearance that mimics tendinosis or a tear. LT = lesser 
tuberosity.

Fig. 12  Acoustic shadowing. 

  A) Long-axis US scan of the supraspinatus tendon (SSP) shows calcification (arrows) in 
the subacromial-subdeltoid bursa. The calcification produces an acoustic shadow, 
which obscures visualization of the tendon insertion. D = deltoid muscle, H = humeral 
head. B) Radiograph shows the calcification (arrows).
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Causes of False-Negative Diagnoses of Rotator Cuff Tears

Technique-related Causes of Misinterpretation

Transducer Frequency.— US of the shoulder should be performed with a high-frequency 

transducer of at least 7.5 MHz. Examinations performed with a 5 MHz transducer show 

disappointing results (Table 4). Nowadays, high-resolution transducers (multifrequency 

broadband, 7.5–15 MHz) with adequate tissue penetration are available. Linear-array 

transducers are preferred because of their high resolution and because curved-array and 

mechanical sector transducers are more vulnerable to anisotropic artifacts (Table 4). 

Focusing.— Small or partial-thickness rotator cuff tears may be missed due to suboptimal 

focusing, which diminishes spatial resolution. Therefore, the near field should constantly 

be adjusted to the depth of the structure under examination. 

Imaging Protocol.— The rotator cuff tendons and especially the supraspinatus tendon 

are, in the neutral position of the arm, generally hidden underneath the acromion. 

However, for reliable sonographic evaluation, the tendons need to be totally exposed. 

This can be achieved with a standardized imaging protocol (Table 5) (7, 53-55). 
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Table 4  Reliability of US in Detection of Rotator Cuff Tears
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Full-thickness tears

Burk et al 1989 (39) 10 5 Surgery 63 50 60 83 25

Brandt et al 1989 (23) 38 5 Surgery 57 76 66 75 54

Miller et al 1989 (40) 56 5 Arthrog‡ 58 93 77 88 72

Vick and Bell 1990 (41) 81 5 Arthrog 67 93 85 80 87

Nelson et al 1991 (42) 21 5 Surgery 60 92 84 … …

Mack et al 1985 (43) 47 7.5 Surgery 91 100 94 100 81

Soble et al 1989 (44) 30 7.5 Surgery 93 73 83 78 92

Farin et al 1990 (45) 102 7.5 Surgery 81 95 90 91 90

Teefey et al 2004 (2) 71 7.5-9 Surgery 98 80 94 90 95

Teefey et al 2000 (1) 98 7.5-10 Surgery 100 85 96 96 100

Middleton et al 1985 (46) 39 10 Arthrog 93 83 87 78 95

Partial-thickness tears

Nelson et al 1991 (42) 21 5 Surgery 36 75 59 … …

van Holsbeeck et al 1995 (3) 52 7.5 Surgery 93 94 94 82 98

Teefey et al 2000 (1) 98 7.5-10 Surgery 67 85 77 77 77

Partial- and full-thickness tears

Hodler et al 1988 (47) 51 7.5 Surgery 100 75 92 90 100

Wiener and Seitz 1993 (48) 206 7.5 Surgery 95 94 92 97 89

van Moppes et al 1995 (49) 41 7.5 Surgery,  
arthrog

80 95 88 94 83

Hedtmann and Fett 1995 (50) 1227 7.5 Surgery 95 95 95 87 92

Bachmann et al 1997 (51) 38 7.5 Specimen 
analysis

100 67 90 87 100

Zehetgruber et al 2002 (4) 332 7.5 Surgery 98 93 97 97 95

Teefey et al 2004 (2) 71 7.5-9 Surgery 97 67 94 97 95

Crass et al 1985 (52) 33 10 Surgery 100 94 97 94 100

The studies were performed with varying transducer frequencies. The results suggest a 
relationship between spatial resolution and the diagnostic performance of US.
*PPV = positive predictive value. †NPV = negative predictive. ‡Arthrog = arthrography.
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Transducer Handling.— Increasing the pressure of the transducer facilitates the 

identification of nonretracted full-thickness rotator cuff tears. On the other hand, pressure 

should be eased to detect tiny fluid collections in the bicipital tendon sheath and sub-

acromial-subdeltoid bursa (17, 25). The detection of fluid in the subacromial-subdeltoid 

bursa or in both the joint and the subacromial-subdeltoid bursa is highly specific (96% and 

99%, respectively) and has a high positive predictive value (70% and 95%, respectively) for 

the diagnosis of associated rotator cuff tears in symptomatic patients (25). 

Anatomy-related Causes of Misinterpretation

Nondiastasis of the Ruptured Tendon Fibers.— A recent partial- or full-thickness tear is 

accompanied by fluid (i.e., hematoma). The surrounding fluid enhances the ultrasound 

signal, which is favorable for the depiction of rotator cuff tears. 

In a long-standing tear, fluid may be absorbed. Partial- and full-thickness rotator cuff 

tears in which the ruptured tendon fibers do not recede may then be more difficult to 

depict (Fig 13). 

Recent technical developments such as transmit compounding, extended-field 

acquisition processes, and three-dimensional US acquisition and four-dimensional 

imaging may improve performance. However, to date no such studies are available. 

Despite these advances, rotator cuff tears may be missed due to limited movements of 

the shoulder. This is especially the case for the supraspinatus tendon, where about 90% 

of rotator cuff disease is located (the anterior part) (10). 

Dynamic evaluation of the rotator cuff may be helpful for identifying nonretracted 

full-thickness rotator cuff tears by looking for separation of the margins of a tear. It can 

also be helpful in overcoming anisotropic artifacts (e.g., the subscapularis tendon).  

In addition, subluxation or dislocation of the long head of the biceps tendon (56) can be 

diagnosed by means of external rotation of the forearm. Instability of the shoulder (57-59) 

may be diagnosed with dynamic examinations; however, in these cases MR imaging is 

frequently the imaging modality of first choice. 
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Table 5  Standardized Protocol for US Evaluation of the Rotator Cuff

Tendon*
Scanning 
Direction† Position of Patient’s Arm

Transducer
Position‡

BCP Short axis Elbow at 90°, hand supinated, resting on the thigh  Transverse

Long axis Elbow at 90°, hand supinated, resting on the thigh  Sagittal

SSC Long axis Adduction and external rotation  Transverse

SSP Long axis  Hyperextension and internal rotation§  Sagittal

Short axis  Hyperextension and internal rotation§ Transverse

ISP-TM Long axis Elevation and adduction Transverse

*  BCP = long head of the biceps, ISP = infraspinatus, SSC = subscapularis, SSP = supraspinatus, 
TM = teres minor.

† In relation to the tendon.
‡ In relation to the patient’s shoulder.
§  Some patients are able to internally rotate the arm to such an extent that the biceps tendon and 

the anterior part of the supraspinatus tendon cannot be assessed. In these cases, the study must 
be continued with the patient dropping the hand alongside the body or placing the hand on the 
hip and gently pushing the elbow toward the midline of the back to evaluate the most anterior 
part of the supraspinatus tendon.

Fig. 13  Nondiastasis of ruptured tendon fibers. 

  Long-axis US scan of the supraspinatus tendon (SSP) shows a full-thickness tear (arrows) 
in the anterior part of the tendon insertion. Note that the torn ends of the long-standing 
tear lie close together. There is hardly any fluid in the tendon defect to facilitate 
depiction.
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Thickened Bursa Mimicking the Rotator Cuff.— The synovial tissue of the subacromial-

subdeltoid bursa can thicken substantially with (chronic) bursitis or due to synovitis in 

patients with rheumatoid arthritis. These thickened bursal layers may mimic the rotator 

cuff (Fig 15) or fill in a partial- or full-thickness rotator cuff tear (Fig 14b). As in conventional 

arthrography, this is one of the causes of a false-negative finding. Compression with a 

transducer would be useful in making a diagnosis of a full-thickness rotator cuff tear in 

these cases. 

Massive Rotator Cuff Tear.— Most rotator cuff tears are located in the supraspinatus 

tendon and may extend to the infraspinatus or subscapularis tendon. With massive rotator 

cuff tears, the cuff cannot be visualized at US because it has completely avulsed off the 

greater tuberosity and retracted under the acromion. When the rotator cuff is missing, the 

deltoid muscle lies directly on the humeral head (Fig 16) or is separated from the humeral 

head by a fluid layer (Fig 17). Missing the diagnosis can be overcome by counting the layers 

around the humeral head (Fig 18). Normally, three layers can be recognized: the 

subcutaneous tissue, deltoid muscle, and rotator cuff (Fig 18). The thickness of these layers 

may vary due to several factors, for instance, obesity or muscle and tendon atrophy. 

Posttraumatic Obscuration of Landmarks.— Fractures can alter the bony landmarks 

used for orientation. Soft tissues may become hypoechoic due to contusion, edema, and 

tendon strain or rupture. 

Disease-related Causes of Misinterpretation

Tendinosis.— Neer (60) described three stages in the pathogenesis of the impingement 

syndrome. A spectrum of sonographic abnormalities of the rotator cuff tendon are likely 

to correlate with edema, hemorrhage, tendinosis, fibrosis, and rotator cuff tear caused by 

the impingement syndrome. 

In tendinosis, a tendon can appear hypoechoic due to an increased amount of fluid and/

or amyloid deposits in and between the tendon fibers (see the section on tendon 

inhomogeneity) (61). The hypoechoic appearance decreases when one scans with too 

much gain and increases when one uses too little gain or in combination with anisotropy 

(Fig 10). Tendinosis is often coexistent with partial-thickness rotator cuff tears. These may 

be difficult to detect when they are located in an area of tendinosis. 

Calcifications.— With long-standing impingement (i.e., chronic tendinosis), calcium may 

be deposited in the rotator cuff tendons and/or the subacromial-subdeltoid bursa. Most 

patients with calcifying tendonitis are 30–50 years old, a much younger age group than 

those who develop rotator cuff tears. 

These deposits may be uni- or multilocular and have a varying hyperechoic aspect and/

or acoustic shadow (Fig 12). These calcifications appear in the critical zone of the tendon, 

where most tears tend to occur. Tears may be obscured by shadowing from these 

calcifications. Therefore, plain radiographs should be available prior to sonographic 

examination. 

Synovial Proliferation, Granulation or Scar Tissue.— Synovial, granulation, and scar 

tissue can have varying echogenicities. Bretzke et al. (18) stated that focal areas of 

increased echogenicity are a feature of rotator cuff tear. However, most focal hyperechoic 

areas in the rotator cuff are due to degenerative changes of tendon fibers (fibrosis in 

chronic tendinosis), scar tissue, or calcium deposits (see the section on tendon 

inhomogeneity). 

Granulation or scar tissue and intraarticular or bursal synovial tissue may fill in partial- or 

full-thickness rotator cuff tears, thereby impeding sonographic visualization (Fig 14). 

chapter 3 us of the rotator cuff. pitfalls, limitations, and artifacts

3

Fig. 14  Proliferation of synovial tissue. 

  A) Arthroscopic image of the subacromial-subdeltoid bursa shows extensive 
proliferation of synovial tissue (arrows). B) Short-axis US scan of the supraspinatus 
tendon (SSP) shows proliferating synovial tissue in the subacromial-subdeltoid bursa 
(*). The synovial tissue fills in several tendon defects (arrowheads), including a 
full-thickness rotator cuff tear (arrows).
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The deltoid muscle and rotator cuff can be easily differentiated because the deltoid muscle 

extends over the humeral head and greater tuberosity to insert on the proximal lateral 

humeral shaft, whereas the normal rotator cuff tapers and inserts on the greater tuberosity. 

The outside of the subcutaneous tissue is bordered by a small hyperechoic line 

representing the cutis. The deltoid muscle and the rotator cuff are separated by a small 

hyperechoic layer representing the peribursal fat line and the subacromial-subdeltoid 

bursa. The small hypoechoic line on the inside of the rotator cuff following the contour 

of the humeral head represents the hyaline cartilage of the humeral head (Fig 18).  

chapter 3 us of the rotator cuff. pitfalls, limitations, and artifacts
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Fig. 15  Extensive chronic bursitis. 

  Short-axis US scan of the supraspinatus tendon (SSP) shows thickened synovial bursal 
layers (B), which mimic a thickened rotator cuff tendon (i.e., tendinosis).

Fig. 17  Massive rotator cuff tear. 

  Short-axis US scan shows a massive full-thickness tear of the supraspinatus tendon. 
The hypoechoic layer between the deltoid muscle (D) and humeral head (H) is 
intraarticular fluid (F). The deltoid muscle should not be mistaken for the rotator cuff. 
ST = subcutaneous tissue, * = long head of the biceps tendon in cross section.

Fig. 16  Massive rotator cuff tear. 

  Short-axis US scan shows a full-thickness tear of the supraspinatus tendon. The deltoid 
muscle (D) lies directly on the humeral head (H), thus mimicking the rotator cuff.  
* = long head of the biceps tendon in cross section.

Fig. 18  Soft-tissue layers around the humeral head. 

  A) Short-axis US scan of the normal supraspinatus tendon (SSP) shows three soft-tissue 
layers: the subcutaneous tissue (ST), deltoid muscle (D), and rotator cuff tendon. In 
each sonographic section of the shoulder, these layers can be visualized around the 
humeral head. B) Diagram of a short-axis view of the normal supraspinatus tendon 
(SSP) shows the subcutaneous tissue (ST), deltoid muscle (D), and rotator cuff tendon 
around the humeral head (H). B = subacromial-subdeltoid bursa, BT = biceps tendon 
(long head), C = cutis, HC = hyaline cartilage.
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(i.e., subscapularis tendon) and hyper-extension–internal rotation (i.e., supraspinatus 

tendon) positions. Alternatively, the rotator cuff can be evaluated with the arm hanging 

beside the body, preferably with maximal hyperextension. 

 

Sonographic-Pathologic Correlation

The accuracy of US also depends on the accuracy of the reference standard. Terms such 

as fraying, fibrillation, scuffing, fringe, degeneration, or synovitis are ill-defined (by 

arthroscopists), frequently used terms to describe a cuff that has an irregular margin but 

that has no tear. There is a floating scale between these terms and the description of a 

small tear. Furthermore, some rotator cuff injuries may be created by the arthroscopic 

procedure itself, and intrasubstance tears or tears covered by thickened synovium may 

escape arthroscopic visualization, as synovium thickened by synovitis in the glenohumeral 

joint or by bursitis in the sub-acromial space inhibits inspection of the surface of the 

rotator cuff. 

To reduce these limitations, we emphasize how important it is that one develop specific 

definitions and terminology with his or her own (orthopedic) surgeon(s). 

 

Conclusions

The diagnostic accuracy of US is good and comparable with that of MR imaging in regard 

to identifying and measuring the size of partial- and full-thickness rotator cuff tears (2). 

US and MR imaging can be used as a primary modality for evaluating the rotator cuff. US 

is a reliable, fast, inexpensive, and for the patient easily tolerable diagnostic modality 

provided the examiner has a detailed knowledge of shoulder anatomy, uses a standardized 

examination technique, and has a thorough understanding of the potential pitfalls, 

limitations, and artifacts. 
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In some cases, the space left by the missing rotator cuff may be filled in by fluid (echogenic 

due to debris) and/or proliferating synovial tissue mimicking the rotator cuff (Fig 19). 

Patient-related Causes of Misinterpretation

Obesity or Muscularity.— The depiction of rotator cuff tears in obese or muscular patients 

may be limited or insufficient. Despite the development of high-frequency transducers 

and especially the improvement of resolution and penetration depth, it may still be 

difficult to evaluate the rotator cuff of an obese or muscular patient sonographically.  

The fatty tissue layer or large deltoid muscle absorbs too much of the emitted 

high-frequency (i.e., low-energy) sound waves. However, large tears can readily be 

diagnosed. To overcome this problem, it rarely may be necessary to use a lower-frequency 

transducer. Inherent to lower frequencies is a decrease in spatial resolution, which limits 

the reliable depiction of rotator cuff tears and therefore the accuracy of the examination 

(Table 4). 

Limited Shoulder Motion.— Full assessment of the rotator cuff is difficult in patients with 

shoulder pain and/or disability. In our experience, this problem can be overcome by 

physical support of the arm movements by the examiner and by moving the arm slowly 

and performing the examination quickly. This especially applies to the external rotation 
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Fig. 19  Massive full-thickness rotator cuff tears in two patients with rheumatoid arthritis. 

  H = humeral head. A) Short-axis US scan shows a tear of the supraspinatus tendon. 
Three layers are seen; the hypoechoic inner layer consists of fluid and pannus (large *). 
The deltoid muscle (D) could be mistaken for the rotator cuff. The hypoechoic zone in 
the deltoid muscle represents pannus (small *). B) Long-axis US scan of the infraspinatus 
tendon (ISP). The intraarticular (*) and bursal (B) pannus could be mistaken for a rotator 
cuff. D = deltoid muscle, G = glenoid.
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Abstract

Purpose. To review all papers that examined the accuracy of ultrasound (US) for the 

detection of rotator cuff tears and to determine the influence of patient, study design, 

and imaging protocol characteristics on the reported diagnostic parameters.  

Material and Methods. We systematically searched the MEDLINE, PubMED, Cochrane, 

EMBASE, Science Citation Index databases and checked reference lists for studies 

published in English and German from October 2001 to March 2010 that assessed the 

diagnostic performance of US for the detection of rotator cuff tears. Literature was 

identified by combining search terms related to the shoulder, ultrasound and sonography. 

Epidemiological, clinical, technical and diagnostic data were extracted and evaluated. 

The diagnostic performance of US was assessed by using two meta-analytic methods, a 

weighted independent estimation of sensitivity and specificity values and a summary 

receiver-operating characteristic (ROC) curve of a fixed SROC analysis.  

Results. Forty-one articles met the search criteria of which four were excluded. The data 

of 25 of the remaining 37 studies were available to assess the diagnostic performance. 

The overall accuracy of US for the detection of all rotator cuff tears is good for partial-

thickness rotator cuff tears and good to excellent for full-thickness rotator cuff tears. 

Study details show a wide variation and most studies suffer from one or more biases.

Conclusion. US is a highly accurate diagnostic method for detecting full-thickness rotator 

cuff tears, but is less sensitive in detecting partial-thickness rotator cuff tears. 

Between-study heterogeneity is present, particularly with regard to variation in the type 

and number of utilized US criteria. The quality and reporting of the studies on the 

diagnostic performance of US are frequently of poor quality and almost all studies suffer 

from one or more key biases.

Introduction

The rotator cuff plays an important role in maintaining shoulder strength and 

performance. In day-to-day clinical practice clinical examinations are used to rule out 

rotator cuff tears. However, recently, Miller et al. (1) showed that a clinical diagnosis of a 

full-thickness tear of the rotator cuff cannot be conclusively reached using one or more 

of the lag signs.

Diagnostic imaging modalities such as conventional radiography with ultrasound (US) or 

magnetic resonance imaging (MRI) are frequently used to diagnose the presence of a 

rotator cuff tear or to preoperatively assess the severity of a rotator cuff tear (2). It is also 

applied to identify other pathologic findings, which may be relevant to know 

pre-operatively (i.e., degree of tendon retraction, associated muscle atrophy, morphology 

of coracoacromial arch including acromion type, presence of subacromial enthesophyte, 

os acromiale, large acromioclavicular joint osteophytes, narrowing of the coracohumeral 

space in setting of subscapularis tendon tears, et cetera), because these findings may 

decrease the likelihood of favorable anatomic and functional outcome after cuff repair 

and will assist in the selection of the surgical repair technique.

Although it is frequently stated that US should be the imaging method of first choice in 

the evaluation of rotator cuff pathology (3), various studies show a broad range of 

diagnostic performance (4-8). This is probably due to the fact that the accuracy of US in 

the detection of rotator cuff tears is influenced by many factors. Among these are tech-

nique-related factors (spatial and contrast resolution, transducer frequency, examination 

technique, operator experience, morphological criteria of rotator cuff tears) and 

patient-related factors (age, patient selection, reference methods) (9). In study settings, 

the statistical methodology used and the standard of reference may also influence 

imaging results.

Complete and accurate reporting of diagnostic research is essential to assess the validity 

of test results (10). Dinnes et al (11) showed in their extensive systematic review on the 

effectiveness of US for the assessment of rotator cuff tears, that all studies between 1985 

and October 2001 were of poor quality and reporting. This was especially true with 

regard to key forms of biases such as verification bias and blinding. The studies appeared 

highly heterogeneous for all outcomes. 

Broad-band electronic probes, modern software and technical developments such as 

tissue harmonic US imaging (12) and 3D US (13, 14) have markedly improved US 

capabilities, but did they also improve US accuracy? The number of studies in the last 

decade that evaluated the diagnostic performance of US for the detection of partial-

thickness (PTT) and/or full-thickness (FTT) rotator cuff tears has increased to about 40. To 

chapter 4 ultrasound detection of rotator cuff tears: a systematic review and meta-analysis 
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Data extraction
We abstracted data using a standard form that included overall study characteristics, 

including the first author, country, language, date of publication, retro- or prospective 

study, referring physician, demographic characteristics of participants (e.g., number of 

patients, minimum, maximum and mean age, sidedness of the shoulder, and sex ratio); 

reference standard characteristics (arthrography, arthrosonography, MRI, MR 

arthrography, CT arthrography, laparoscopic or open surgery) and the time span between 

the US examination and the performance of the reference standard, charac¬teristics 

regarding the US technique (including transducer frequency (MHz), conventional, 3D or 

tissue harmonic US imaging), and the observers characteristics (the number of reviewers 

and whether they were blinded to each other’s results, their medical training (radiologists 

or non-radiologists), their level of experience; and the sonographic criteria used for PTT 

and FTT and their prevalence. For the analysis of diagnostic accuracy data, we extracted 

the numbers of true-positives, false-positives, true-negatives, and false-negatives from 

each study.

Statistical analysis
We synthesized data on the sensitivity and specificity of the sonographic detection of 

partial-thickness and/or full-thickness rotator cuff tears and estimated test performance 

from studies that used surgery, MRI or arthrography as standard of reference. We used 2 

meta-analytic methods to assess the diagnostic performance of US for the detection of 

rotator cuff tears. A weighted independent estimation of sensitivity and specificity values 

(figure 1 and 2) and a summary receiver-operating characteristic (ROC) curve of a fixed 

SROC analysis (figure 3) was obtained. Because weighted sensitivity and specificity are 

interdependent, independent calculation may sometimes underestimate both variables. 

The summary ROC curve analysis is more appropriate because it accounts for this mutual 

dependence (16). These analyses were performed by Meta-Analyst Beta version 3.13 (17).

Results

Literature Search and Study Selection
The literature search identified 41 potentially relevant titles. We excluded 4 titles, because 

two studies were review articles (18, 19), one study investigated the accuracy of the 

sonographic detection of biceps tendon pathology (20), and because in one study US 

was used as the reference standard to investigate the accuracy of lag signs for the 

detection of rotator cuff tears (1).

our knowledge, a review of these studies has not yet been undertaken.

The purpose of this study was to determine if the quality of the reporting of the studies 

on the diagnostic accuracy of US for the detection of rotator cuff tears has been improved 

since the publication of the systematic review of Dinnes (11). We reviewed the published 

data between October 2001 and March 2010 and summarized all existing evidence in the 

literature.

Materials and methods

Data Sources and study identification 
We comprehensively searched the general health and biomedical databases: MEDLINE, 

PubMED, Cochrane, EMBASE, Science Citation Index, and checked reference lists for 

English and German-language literature, published between October 2001 and March 

2010, that assessed the diagnostic accuracy of US for the detection of rotator cuff tears, 

whatever the reference standard that was used. Literature was identified by combining 

the medical subject headings (MeSH) terms “shoulder”, “rotator cuff”, OR “rotator cuff 

tear” and “US” OR “ultrasound” and “sonography” as text words. We identified additional 

references by cross-checking bibliographies of retrieved full-text papers and review 

articles.

Study eligibility 
We included studies that evaluated the diagnostic performance of US for the detection 

of rotator cuff tears. Articles were eligible regardless of the ultrasound method used. 

Meeting abstracts were not included because the results may not have been final or may 

not have been subjected to full peer review. Review articles, case reports and letters 

were excluded from further analysis. 

Study quality
To assess methodological quality we used several criteria of study quality. The criteria 

included description of the study sample, and cohort assembly, technical quality of 

ultrasound (e.g., transducer technique and frequency used, rotator cuff tear criteria used, 

experience of the observer), rotator cuff tear prevalence, application of the reference test 

or tests. Determination of study biases according to Sica (15). Two investigators 

independently graded each study’s methodological quality. Discrepancies were resolved 

by discussion.
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Sample details
Sample sizes of the analysed subgroup of 25 studies varied from 35 to 336 with a median 

of 71 patients and only nine studies including at least 100 patients. Twenty studies were 

prospective in design and 5 retrospective. The study setting was not always reported, in 

twenty studies participants were referred by orthopedic surgeons, in two studies by 

general practitioners, in two studies by both and in one study by a department of physical 

medicine and rehabilitation. 

Almost all studies gave a general indication of the eligibility criteria used to include 

patients. Details of the samples were not provided in all studies: five did not report 

minimum, maximum or mean age, six did not report the sex distribution of included 

participants and only a handful provided information on sidedness. 

The mean age of included participants across the studies was 54.3 years. Most studies 

included a majority of male patients (all except seven studies), overall mean 55% male.

Reference test
In three (21-23) of the 37 studies no reliable (i.e., clinical result) or no reference test was 

available. In 26 studies this was open (n=11) or arthroscopic surgery (n=8) or both (n=7), in 

3 studies the gold standard was arthrography or surgery (32-34), in two studies MR 

arthrography (12, 35), in two studies MRI (25, 36) and in one study MRI or arthroscopy (37). 

It is unlikely that the studies were representative of patients encountered in practice. 

This is also reflected in the prevalence of rotator cuff tears in the study samples as 

mentioned above; only five of the 37 studies (21, 28, 32, 33, 38), and 3 of 25 studies of the 

subgroup (32, 33, 38) had prevalences of <40%.

US criteria rotator cuff tears
Nine US criteria for FTT and 6 for PTT could be retrieved from the 37 studies.

In 4 studies the used US criteria for rotator cuff tear were not provided (22, 26, 34, 39).  

In 6 studies the authors refer to the criteria of other articles and in the remaining  

27 studies a varying and wide range of used US criteria were reported. These include for 

full-thickness rotator cuff tears: non-visualization of the rotator cuff (n=25), focal tendon 

discontinuity or defect (i.e., focal defect, focal hypoechoic cleft extending through entire 

substance of the cuff) (n=23), focal thinning or substance loss (n=13), loss of superficial 

convexity (n=8), focal heterogeneous hypoechoic cuff in combination with bursal fluid 

(n=6), intratendinous hyperechoic foci (40-43) (n=4), focal mixed hyperechoic and 

hypoechoic lesion extending through the entire substance of the tear (n=2), abutment of 

the acromion on the greater tuberosity (43) (n=1), floating bright spots in the rotator cuff 

(44) (n=1).

A total of 37 cross-sectional studies investigating the diagnostic performance of US were 

identified. A summary of the study characteristics is provided in Table 1. 

Of the 37 studies two more studies (21, 22) were excluded, because the gold standard 

was missing and one study (23) because of an inadequate gold standard (i.e., determination 

of the sensitivity and specificity for US was based on the clinical result). In nine studies 

(12, 13, 24-30) we were not able to trace from the manuscript the ‘true-positive’, ‘true-

negative’, ‘false-positive’ and/or ‘false-negative’ numbers of US for the detection of 

rotator cuff tears. 

From the remaining 25 studies (= subgroup) a random-effects meta-analysis according 

to DerSimonian and Laird (31) was performed, which is summarized in table 2. 

In table 3 an overview of the diagnostic accuracy data of the remaining 25 primary 

studies is shown. 

Figure 1 and 2 show the forest plot of the sensitivity and specificity of the 25 primary 

studies for the US detection of rotator cuff tears and figure 3 shows the summary receiv-

er-operating characteristic (SROC) curve of a fixed SROC analysis.

US was more accurate in the detection of FTT than PTT. The results were heterogeneous 

with a wide range for the entire group of 37 studies: sensitivity FTT: 0.52-1.00, PTT: 

0.35-0.96 and FTT and/or PTT: 0.24-1.00, and also for the subgroup of the remaining 25 

studies: sensitivity FTT (0.52-1.00), PTT (0.57-0.95) and FTT and/or PTT (0.24-1.00). The 

specificities also showed a wide range: specificity FTT (0.80-1.00), PTT (0.20-0.98) and 

FTT+PTT (0.60-0.98) for both groups. The pooled sensitivity of the subgroup (n=25) for 

the detection of FTT and/or PTT is 0.91 (95% CI: 0.83 to 0.95) and the pooled specificity 

0.86 (95% CI: 0.78 to 0.91) (Table 2). 

The studies showed many design differences, which may influence the study results, 

including varying patient selection, varying number of included patients, transducer 

frequency used and operator experience. There was also a wide range of prevalence of 

rotator cuff tears: FTT (12-80%), PTT (2-71%), FTT and/or PTT (22-100%), and varying 

sonographic rotator cuff tear criteria and standards of reference used. Almost all studies 

suffer from one or more key biases, which can be categorized in selection biases and 

information biases (15).

Technique
There was a wide range of used US transducers frequencies from 5 to 15 MHz.. Frequencies 

of >7.5 MHz are common in practice today. In about 50% of the studies (n=17) sonologists 

used broadband transducers with a frequency range. The other studies used US 

transducers with a fixed frequency varying from 5 to 10 MHz.
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Table 1    Study methods and quality assessment results of the 37 selected ultrasound studies.

author Publ. Study nr of Ref age Gender MHz BIAS tear SENS SPEC ACC PPV NPV

 year design Pat. Stdrd. min max mean men women         

Ferrari 2002 pro 44 S 22 74 56 23 21 10 11 P+F - - - - - 

Lee 2002 pro 113 A, S 19 72 52 50 63 10 18 P+F 86 95 - 86 95

            F 77 98 - 89 95

            P 57 94 - 40 97

Zehetgruber 2002 retro 332 A, S 17 90 53 189 143 7.5 6, 11, 14 F 98 93 97 97 95

Chang 2002 retro 75 S - - - - - 7 or 10  F 52 92 94 42 63

            F 92 100 100 78 94

Nørregaard 2002 pro 42 S - - - - - 5 or 7.5 0, 18 P <35 - - - -

            F 67 100 - - -

Prikett 2003 retro 44 S 31 75 53 28 16 7.5 - 10 14, 11 P+F 91 86 89 91 91

Wu 2003 retro 128 S 18 85 56 69 59 7.0 - 12.0 0, 5, 11 F 93 100 93 100 50

            P 75 20 54 60 33

Goldberg 2003 pro 336 A, S 17 65 57 149 187 7.5 6, 18 P+F 24 61 38 49 34

Strobel 2004 pro 50 MRA, S 28 83 53 27 23 7.5-9.0 (THI) 18 P+F - - - - -

Teefey 2004 pro 71 S 34 80 59 41 30 7.5 (4.5 THI) 14 F 98 80 94 90 95

            P+F 97 67 94 97 67

Kraft 2004 pro 40 clin 23 79 59 28 12 7.5 18 P+F 33 90 - - -

Jacobson 2004 retro 50 S 27 77 50 27 23 7.5 - 10.0 0, 18 - - - - - -

Ziegler 2004 pro 262 S 15 84 50 173 109 7.5 - P 94 96 - 97 93

            F 96 94 - 93 97

            P+F 100 86 99 100 86

Middleton 2004 pro 61 MRI 18 80 58 35 26 7.5 (4.5 THI) 3, 4,  5, 11 P+F - - - - -

Schibany 2004 pro 212 MRI 18 85 - 108 104 7.5 18 F - - - - -

Yen 2004 pro 50 MRA, S 17 81 63 26 24 7 or 10 11 P+F 95 90 94 97 82

Ferri 2005 pro 21 S 41 83  - 14 7 7.5 - 13 6 F - 100 - - -

O’Connor 2005 pro 24 NO RS 30 75 54 10 14 5 - 12 11, 18 F - - - - -

Teefey 2005 pro 71 S 34 80 59 41 30 7.5 (4.5 THI) 14 P+F 97 67 94 97 67

            P 87 93 92 76 96

            F 98 80 94 90 95

Kayser 2005 pro 239 S 28 66 43 135 104 7.5 0, 11, 14 F 99 99 99 98 99

            P 79 91 89 72 94

Ianotti 2005 pro 98 S - - - - - 7,5 0 F 88 - 80 79 90

Moosmayer 2005 pro 79 S 21 79 54 - - 5.5 - 9.4 18 F 77 98 84 95 90

            P+F 67 98 84 96 80
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Table 1    Continued

author Publ. Study nr of Ref age Gender MHz BIAS tear SENS SPEC ACC PPV NPV

 year design Pat. Stdrd. min max mean men women         

Milosavljevic 2005 pro 185 S 22 78 57 114 71 10 1, 4 P+F 95 94 95 97 91

            F 100 91 95 91 100

            P 80 98 95 86 96

Ardic 2006 pro 58 MRI 38 80 56 13 45 5 or 7.5 18, 3 P+F 98 60 93 96 75

Sørensen 2007 pro 104 S 19 75 49 72 32 7 0, 1, 6 - - - - - -

Moosmayer 2007 pro 58 S 17 78 52 -  - 5.5 - 9.4  18 P+F 66 95 74 96 59

            F 100 97 - 96 100

Cullen 2007 ? 68 S 33 81 56 46 22 5.0 - 12.0 0, 6, 11 F 89 100 95 100 93

            P 79 94 - 87

Le Corroller 2008 pro 65 MRA 23 75 52 32 33 5.0 - 12.0 0, 18 F 95 96 95 98 91

            P 71 98 - 92 91

Miller 2008 retro 74 NO RS 31 82 59 43 31 ? 0, 1, 18 F 94 100 91 100 84

Frei 2008 retro 20 S - - 56 14 6 9.0 - 13.0 0, 3, 5 P+F 100 90 - - -

Al-Shawi 2008 pro 143 MRA, S 31 82 57 - - 8.0 - 10.0 14, 18 F 96 95 96 95 96

            P 95 85 90 80 96

Jeyam 2008 pro 35+29 S - - - - - 10 or 9 - 12 3, 5 F 94 86 91 94 86

Fotiadou 2008 pro 88 S 35 72 57 47 41 8.0 - 13.0 11 F 98 100 98 100 0

            P 90 0 87 96 0

            P+F - - 94 - -

Kijima 2008 ? 10 S 63 89 80 3 7 6.0 - 12.0 (3D) 1, 14 ? - - - - -

Vlychou 2009 pro 56 S  -  - 54 17 39 8.0 - 13.0 3, 14 P 96 70 91 94 -

Kang 2009 pro 50 S 22 78 56 32 18 8.0 - 15.0 (3D) 5 - 88 90 88 97 64

Rutten 2009 retro 68 S 24 81 48 37 31 7.5 - 14.0 0, 11, 15, 18 F 95 93 94 88 98

            P 89 80 81 40 98

- Study design: pro = prospective, retro = retrospective.
-  Ref Stdrd: Reference Standard: A = Arthrography, S = surgery (open or arthroscopically), No RS = no 

reference standard, MRI/A = magnetic resonance imaging / arthrography, clin = clinical 
assessment.

- MHz = transducer frequency
-  BIAS (15): 0. Selection bias, 1. Sample bias, 2. Loss-to-follow-up bias, 3. Disease spectrum Bias, 4. 

Referral bias, 5. Participation bias, 6. Image-based selection bias, 7. Study examination Bias, 8. 
Self-selection bias, 9. Recall Bias, 10. Interviewer bias, 11. verification bias, 12. follow-up 
surveillance bias, 13. response bias, 14. Reviewer bias, 15. Diagnostic-review Bias, 16. Test-review 
Bias, 17. Incorporation bias, 18. Imperfect-standard Bias, 19. Reader-order bias, 20. Measuring bias, 
21. Clustering bias, 22. Context bias, 23. Publication bias, 24. confounding.

- tear: P=partial-thickness rotator cuff tear, F= full-thickness rotator cuff tear, P+F=overall.
-  SENS = sensitivity, SPEC = specificity, ACC = accuracy, PPV = positive predictive value,  

NPV = negative predictive value.
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The reported criteria for partial-thickness rotator cuff tears comprised focal partial-thick-

ness rotator cuff discontinuity (i.e., focal hypoechoic zone) involving the articular or 

bursal side or within the tendon (i.e., intrasubstance tear) (n=18), focal mixed echogenicity 

(i.e., heterogeneous hypoechogenicity) (n=9), focal thinning (n=7), loss of convexity of 

the outer cuff border (n=6), multiple small hypoechoic discontinuities (n=2), focal 

hyperechoic echogenicity (n=2).

Secondary US signs associated with rotator cuff tears can be very helpful in diagnosing 

them, as described by Jacobson et al (24). A remarkably small number of studies  

(n=7) used these secondary signs. Three of these signs are reported including the 

cartilage interface sign (i.e., double cortex sign) (n=7), greater tuberosity cortical 

irregularity (i.e., pitting) (n=2), and fluid within the subacromial-subdeltoid bursa and 

glenohumeral joint (n=4).
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Table 2  The summary results from a random-effects meta-analysis according  
to DerSimonian and Laird (31).

95% Confidence Interval

Estimate Lower Upper

Specificity 0,857 0,775 0,913

Sensitivity 0,910 0,833 0,954

PV+ 0,925 0,878 0,954

PV- 0,824 0,711 0,899

Accuracy 0,901 0,836 0,942

DOR 64,622 20,587 202,846

LR+ 6,164 3,644 10,425

LR- 0,112 0,063 0,199

- PV+ = positive predictive value
- PV- = negative predictive value
- DOR = diagnostic odds ratio
- LR+ = likelihood ratio of a positive test result
- LR- = likelihood ratio of a negative test result

Table 3  The summary of the diagnostic parameters of the 25 primary studies for  
the US detection of rotator cuff tears.

Study Name True 
Positives

False 
Negatives

True 
Negatives

False 
Positives

Sensitivity Specificity

Lee (2002) 21 4 80 4 0,840 0,952

Zehetgruber (2002) 91 5 229 7 0,948 0,970

Chang (2002) 39 17 18 1 0,696 0,947

Prikett (2003) 20 2 20 2 0,909 0,909

Wu (2003) 19 3 2 4 0,864 0,333

Goldberg (2003) 49 155 81 51 0,240 0,614

Teefey (2004) 63 2 4 2 0,969 0,667

Ziegler (2004) 274 1 6 1 0,996 0,857

Middleton (2004) 27 0 3 5 0,865 0,444

Yen (2004) 38 2 9 1 0,950 0,900

Teefey (2005) 58 3 6 4 0,951 0,600

Kayser (2005) 103 1 133 2 0,990 0,985

Ianotti (2005) 63 7 16 13 0,900 0,552

Moosmayer (2005) 20 6 52 1 0,769 0,981

Milosavljevic (2005) 124 6 62 11 0,954 0,849

Ardic (2006) 52 1 3 2 0,981 0,600

Sørensen (2007) 27 1 0 0 0,842 0,500

Moosmayer (2007) 24 13 19 2 0,649 0,905

Cullen (2007) 25 3 37 0 0,789 0,894

Le Corroller (2008) 41 2 21 1 0,953 0,955

Al-Shawi (2008) 78 3 61 3 0,963 0,953

Jeyam (2008) 15 1 6 1 0,938 0,857

Fotiadou (2008) 56 1 31 0 0,910 0,878

Kang (2009) 35 5 9 1 0,875 0,900

Rutten (2009) 21 1 43 3 0,955 0,935
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Fig. 1  Forest plot of the sensitivity with a 95% confidence interval (between brackets) for 
the detection of any rotator cuff tear in the subgroup of 25 primary studies.

Fig. 2  Forest plot of the specificity with a 95% confidence interval (between brackets) for 
the detection of any rotator cuff tear in the subgroup of 25 primary studies.
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0.57-0.62 and 0.50-0.93, respectively and with 7.5 MHz and/or 10 MHz transducers from 

0.81-1.00 and 0.73-1.00, respectively. Nowadays the broad band (7.5–18 MHz) transducers 

used have sufficient spatial resolution and penetration depth for reliable detection of 

partial-thickness (7) and full-thickness rotator cuff tears (6). 

Broad-band electronic probes and modern software have markedly improved US 

capabilities, and experienced sonographers using high-quality equipment achieve 

sensitivities and specificities for detection of rotator cuff tears similar to those of MRI (2).

Numerous studies examine the diagnostic accuracy of US for the detection of rotator cuff 

tears. In a systematic review of the literature published between 1985 and October 2001 

Dinnes et al (11) showed a wide range of sensitivity (57%-100%) and specificity (50%-100%). 

The studies were highly heterogeneous for all outcomes (any tear, full-thickness and 

partial-thickness rotator cuff tear). They conducted sub-group analysis for differences 

between studies, but in general the heterogeneity remained.

Dinnes et al (11) showed that studies concerning the accuracy for the US detection of rotator 

cuff tears were prone to poor quality and reporting especially regarding key biases. 

In this systematic review, in which we considered 37 studies, a substantial inter-study 

heterogeneity is present.

The sensitivity, specificity, accuracy, positive and negative predictive value of US for the 

detection of rotator cuff tears are consistent with data reported by Dinnes (11), which 

means that despite technical improvements of US techniques (e.g., tissue harmonic 

imaging) and probably increased experience of the sonographers the diagnostic accuracy 

has not improved in the past decade.

The sensitivity, specificity and accuracy of US for assessing rotator cuff tears varies. This 

variability may be a result of different factors such as; number of patients included, 

differing study design, patient selection (i.e., the a priori chance), transducers frequencies 

used and varying quality imaging equipment, scan technique and observer experience 

(i.e., operator dependency (39)) and reference test used. However, probably most 

important is the variation in number and type of the diagnostic US criteria used to 

diagnose partial-thickness and full-thickness rotator cuff tears. Some authors used 

outdated and inadequate diagnostic criteria or even do not mention any. In most studies 

a different set of criteria is used and most studies do not even use or combine the 

relatively reliable secondary signs of rotator cuff tears (24). 

Most diagnostic accuracy studies have several limitations. A weakness of most studies is 

the imperfect-standard bias (15), which occurs when the reference standard is not 100% 

accurate. Although (arthroscopic) surgery is the best standard of reference available, it is 

imperfect because it is an operator-dependent method. In our experience this particularly 

applies to the detection of PTT. 

Discussion

The diagnostic work-up of patients with shoulder pain and/or disability consists of 

anamnesis and physical examination. If additional examinations are required plain 

radiography is often obtained. MR imaging or US of the shoul¬der is frequently reserved 

for selected cases. In choosing which imaging technique will be used, local setting and 

other factors such as equipment availability, personal expertise and preference, patient 

preference (45) and cost effectiveness (46) may play a role. 

Since the 1980s US is used for the evaluation of soft tissue structures around the shoulder. 

Initial results of sonographic detection of rotator cuff tears were disappointing, due to 

the limited spatial resolution of 5 MHz transducers used (47). Rutten et al. (9) showed that 

for the detection of FTT with 5 MHz transducers sensitivity and specificity ranged from 
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Fig. 3  Plot of sensitivity versus 1 – specificity and summary receiver-operating 
characteristic (SROC) curve of 25 studies for the US detection of rotator cuff tears. 
The summary AUC (i.e., area under the curve) is 0.837 (95% CI: 0.752 to 0.919).
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Abstract

Purpose. Ultrasound (US) of the rotator cuff is considered to be operator-dependent, 

and its accuracy related to the level of experience. This study was conducted to test the 

hypothesis that US performed by operators with different levels of experience will give 

non-reproducible results.

Materials and methods. Two radiologists, one general without experience in musculos-

keletal US, and one experienced musculoskeletal radiologist, independently performed 

US on 200 shoulders in 183 consecutive patients. Agreement was assessed. Cohen’s 

kappa (k) values with standard errors were calculated. In 71 patients the US findings 

could be related to surgical findings. 

Results. The diagnosis of a full-thickness and partial-thickness rotator cuff tear was made 

with an agreement of 98% (K-value: 0.95 [0.03]), and 90% (K-value: 0.79 [0.05]), respectively. 

Agreement for full-thickness tears was constant, the agreement for partial-thickness 

tears improved from 80% to 98% in the last quarter of the study period. Based on the 71 

shoulders that underwent surgery, sensitivity, specificity and accuracy for detecting 

full-thickness tears by the experienced and general radiologist were 94%, 94%, 94% and 

89%, 91%, 90% and for partial-thickness tears 100%, 32%, 57% and 84%, 35%, 53%, 

respectively.

Conclusion. The hypothesis that US of the shoulder is operator-dependent and related 

to experience was refuted. In this study there was an excellent agreement for the 

detection of rotator cuff tears, which only slightly improved with increasing experience 

of the general radiologist. Accuracy of rotator cuff tear detection was high and in 

concordance with the results in the literature.

Introduction

Ultrasound (US) of the shoulder has become an accepted method for evaluating the 

rotator cuff (1). In the literature relatively high accuracy rates have been reported for the 

sonographic detection of rotator cuff tears when compared with surgical findings (1, 2). 

The accuracy has been reported to be comparable to that of MRI (2). However, it has been 

argued that US of the shoulder is operator- dependent, probably due to the complexity of 

the shoulder anatomy, as well as to various pitfalls such as anisotropy (3, 4). Yet, only 

three studies evaluated observer agreement in US of the shoulder, especially with regard 

to the detection of rotator cuff tears (5-7). One study showed that the level of observer 

agreement in the detection and characterization of rotator cuff tears by US is high when 

comparing two experienced radiologists (5). The other studies showed that agreement is 

good to excellent for the detection of full-thickness tears but only moderate for partial-

thickness tears in the case of a marked disparity in the level of experience of the 

radiologists (6, 7). Furthermore, it has been stated that a valid sonographic evaluation of 

the rotator cuff necessitates a long learning curve. However, to the best of our knowledge 

there is no scientific evidence for this available in the literature to date. 

This study was conducted to examine the learning curve of a general radiologist with no 

experience in musculoskeletal US, for the sonographic detection of partial-thickness and 

full-thickness rotator cuff tears and to determine the observer agreement between an 

experienced musculoskeletal radiologist and a non-experienced general radiologist in 

an extensive series of 200 shoulders of 183 consecutive patients.

Materials and Methods

Patients
During a time period of approximately 1 year, 2 radiologists prospectively performed 

200 US examinations of one or both shoulders of 183 consecutive patients with acute or 

longstanding shoulder pain and/or disability.

Patients were referred to the radiology department of a tertiary teaching hospital by 

orthopedic surgeons and general practitioners. Our study population comprised 89 men 

and 94 women whose ages ranged from 14.1 to 87.2 years, with a mean age of 49.9 years. 

Informed consent was obtained from all patients prior to the US examinations.

Two radiologists, one with more than 15 years of experience (MR) and one general 

radiologist without any experience with shoulder US, but with more than 15 years of 

experience in abdominal US (GJ), performed the examinations during the same patient 
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Statistical analysis
To evaluate observer agreement, a κ-value of agreement (normal, partial-thickness or 

full-thickness rotator cuff tear) was calculated for the entire rotator cuff and for the cuff 

constituents (SSC, SSP, ISP together with TM) separately. The agreement was calculated 

for 200 shoulders and for 4 consecutive series of 50 shoulders each. The κ-coefficient was 

interpreted as follows: 0.00-0.20, poor agreement; 0.21-0.40, fair agreement; 0.41-0.60, 

moderate agreement; 0.61-0.80, good agreement; and 0.81-1.00, excellent agreement. 

Sensitivity, specificity, accuracy, positive and negative predictive values for diagnosing 

partial-thickness and full-thickness rotator cuff tears by US compared to surgery (n=71), 

serving as the gold standard, were calculated for each reader. 

Statistical analysis was performed using SPSS (version 17.0 for Windows, SPSS Inc., 

Chicago, IL. USA).

Results

Interobserver agreement
Table 1 compares the general radiologist’s interpretive results for the sonographic 

detection of partial- and full-thickness rotator cuff tears in 200 consecutively examined 

shoulders against the findings by the experienced radiologist for the entire rotator cuff 

and for the 3 rotator cuff constituents (SSC, SSP, ISP/TM) separately.

Taking an agreement in 200 US examinations with the experienced radiologist into 

account, the overall kappa for the diagnosis of full-thickness tears was 0.95 [0.03] (98%) 

and for partial-thickness tears 0.79 [0.05] (90%) (Table 2). 

Full-thickness rotator cuff tears 
The overall agreement between the general and experienced radiologist for the detection 

of full-thickness tears during the first 50 examinations was good (κ = 0.81 [se: 0.11]) and 

excellent (κ = 0.96 [se: 0.05]) – 1.00 [se: 0.00]) thereafter (Table 2).

After having performed 100 US examinations of the shoulder the general radiologist 

showed an excellent agreement for the detection of full-thickness tears. 

Partial-thickness rotator cuff tears
The overall agreement between the general and experienced radiologist for the detection 

of partial-thickness tears was moderate (κ = 0.60 [se: 0.11]) during the first 50 examinations 

(Table 2) and varied from moderate (κ = 0.68 [se: 0.12]) to excellent (κ = 0.92 [se: 0.08]) in 

the following examination groups.

visit. At the start of the study, the general radiologist acquired knowledge of shoulder 

anatomy, and received instructions from the experienced radiologist about the use of a 

standardized US scanning technique (4) as well as about the diagnostic US criteria for 

partial-thickness (8, 9) and full-thickness rotator cuff tears (9). Both radiologists were 

blinded to each other’s images and were unaware of each other’s interpretations. 

 

Ultrasound
Sonographic examinations were performed with an APLIO (Toshiba Medical Systems, 

Tokyo, Japan) using a 7.5-14 MHz broadband linear-array transducer (Toshiba PLF-805ST). 

Both radiologists used a similar scanning protocol (4). The deltoid muscle, subacromial-

subdeltoid bursa, the long head of the biceps tendon and the entire rotator cuff were 

examined, with special emphasis on the integrity of the subscapularis tendon (SSC), 

supraspinatus tendon (SSP), infraspinatus tendon (ISP) and teres minor tendon (TM).  

The tendons were scanned along their long and short axis. Both radiologists used the 

same US imaging criteria for partial-thickness (8, 9) and full-thickness rotator cuff tears 

(9), which were derived from the literature. The rotator cuff was evaluated for primary 

abnormalities (i.e., US criteria) for full-thickness rotator cuff tears, such as (a) tendon  

non-visualization, (b) full-thickness rotator cuff discontinuity (i.e., focal hypoechoic  

zone or mixed hyper- and hypoechoic zone (defect or cleft) extending through the  

entire substance of the rotator cuff), (c) focal thinning or substance loss of the tendon 

with visible margins of the tear. 

The US criteria used for the diagnosis of partial-thickness rotator cuff tears were: (a) focal 

partial-thickness rotator cuff discontinuity (i.e., focal hypoechoic zone or mixed hyper- 

and hypoechoic zone) involving the articular or bursal side or located within the tendon, 

(b) focal thinning (flattening) of the rotator cuff or loss of convexity of the outer border 

(bursal surface) of the rotator cuff.

The US images were also evaluated for secondary findings for rotator cuff tears, including 

(a) the cartilage interface sign (a thin, markedly hyperechoic line at the surface of the 

hypoechoic, hyaline articular cartilage of the humeral head), (b) cortical pitting or 

irregularity of the greater tuberosity, and (c) fluid located intra-articularly and/or in the 

subacromial-subdeltoid bursa.

 

Examination analysis
After the US examinations, each radiologist filled out a data sheet. Each rotator cuff 

constituent was graded as normal or torn, and a torn rotator cuff tendon was graded as 

partial-thickness or full-thickness.
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Table 1  Cross-tabulations of US-based judgments of two radiologists of the 
presence of rotator cuff tears in 200 shoulders.

 
 
 
 

 
 

 
 
 

 
 
 

General
Radiologist

 
 
 

 
 
 

 
 
 
 
 

Experienced
Radiologist

RC (any tendon)

 N P F   Overall % agreement: 91.0

N 40 11 0   Chance corrected % agreement (κ): 85.5 (SE = 3.3)

P 3 93 2   Overall % agreement any type of tear: 93.0

F 0 2 49   % agreement positive test: 73.0; negative test: 20.0

    200  Chance corrected % agreement any tear (κ): 80.6 (SE = 5.0)

SSC  

 N P F  Overall % agreement: 92.5

N 109 10 0  Chance corrected % agreement (κ): 86.1 (SE = 3.5)

P 3 62 0  Overall % agreement any type of tear: 93.0

F 1 1 14  % agreement positive test: 38.5; negative test: 54.5

 200  Chance corrected % agreement any tear (κ): 85.6 (SE = 3.7)

SSP  

 N P F  Overall % agreement: 91.5

N 47 7 0  Chance corrected % agreement (κ):86.6 (SE = 3.1)

P 6 88 2  Overall % agreement any type of tear: 93.5

F 0 2 48  % agreement positive test: 23.5, negative test: 70.0

 200  Chance corrected % agreement any tear (κ): 83.4 (SE = 4.4)

ISP / TM  

 N P F  Overall % agreement: 99.0

N 188 1 0  Chance corrected % agreement (κ):90.9 (SE = 6.1)

P 0 5 1  Overall % agreement any type of tear: 99.5

F 0 0 5  % agreement positive test: 5.5: negative test: 94.0

 200  Chance corrected % agreement any tear (κ): 95.4 (SE = 4.6)

N = Normal, P = Partial-thickness rotator cuff tear, F = Full-thickness rotator cuff tear,  
RC = Rotator cuff, SSC = Subscapularis tendon, SSP = Supraspinatus tendon I SP/TM = 
Infraspinatus tendon / Teres minor tendon, κ = Kappa, SE = Standard Error 

Table 2  K-values and percentage agreement between two radiologists for the 
detection of rotator cuff tears in 4 consecutive groups of each 50 shoulders.

Diagnosis K-values (agreement) in 200 us examinations

  1 - 50 51 - 100 101 – 150 151 - 200 1-200

Partial-thickness
 tears

0.60 (80%) 0.68 (88%) 0.88 (94%) 0.92 (98%) 0.79 (90%)

Full-thickness
 tears

0.81 (94%) 0.96 (98%) 1.00 (100%) 1.00 (100%) 0.95 (98%)

κ-values and percentage agreement in parentheses. 

Table 3  Cross-tabulations of the US findings of both radiologists related to surgical 
findings in 71 patients.

 
Surgery

 
Experienced
Radiologist

 
 

 N P F   Overall % agreement: 64.8

N 10 0 0   Chance corrected % agreement (κ): 50.2 (SE = 7.0)

P 22 19 1   Diagnostic performance for any type of tear:

F 2 0 17   Se: 100.0 PV+: 60.7

    71  Sp: 29.4 PV- : 100.0

 Surgery    

 
General

Radiologist
 
 

 N P F   Overall % agreement: 59.1

N 10 3 0   Chance corrected % agreement (κ): 41.4 (SE = 7.8)

P 21 16 2   Diagnostic performance for any type of tear:

F 3 0 16   Se: 91.9 PV+: 58.6

    71  Sp: 29.4 PV- : 76.9

κ = Kappa, SE = Standard Error, Se = sensitivity, Sp = specificity, PV+ = positive predictive value, 
PV- = negative predictive value, N = Normal, P = Partial-thickness rotator cuff tear,  
F = Full-thickness rotator cuff tear, P = Partial-thickness rotator cuff tear
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Discussion

US has become an important imaging modality in the evaluation of suspected rotator 

cuff tears. Many studies have shown the good diagnostic performance of US in the 

detection of partial-thickness and full-thickness tears (1, 2, 10). In the present study 

sensitivity, specificity and accuracy could be determined in 71 patients with surgery as 

standard of reference. For the detection of full-thickness tears, both radiologists 

performed within the range of prior studies (1, 2, 10). For the detection of partial- thickness 

tears both radiologists showed good sensitivities, yet relatively low specificities and 

accuracies (Table 4) due to a high number of false-positive findings. The sensitivities for 

both full and partial-thickness tears are higher than in the literature, but the specificities 

for partial tears are quite low for both examiners. For example, in the recent meta-analysis 

by De Jesus et al, the specificities for partial-thickness tears on ultrasound were in the 

90’s, with sensitivities only in the 60’s. This can be attributed to a difference in reading 

styles overcalling partial tears, because accuracies of only 57% and 53% percent 

respectively are quite low. However, in this study a considerable number of false positive 

findings may in fact be ‘true’-positive findings given surgical limitations to detect 

articularly or intratendinous located partial-thickness rotator cuff tears (11, 12) (Fig. 1).

Many of the 71 patients underwent acromioplasty and/or bursectomy in the management 

of subacromial impingement syndrome of the shoulder. Because surgical findings were 

analyzed in this study retrospectively the orthopedic surgeons often only inspected the 

bursal side and not the articular side of the rotator cuff during open surgery or 

arthroscopy. To rule out full-thickness rotator cuff tears they frequently inject a blue 

coloured liquid into the glenohumeral joint. By doing this they may miss articularly and 

intratendinously located partial-thickness rotator cuff tears, which probably in this study 

is the most important reason, why the specificities of both readers are low, the more 

because both readers show a relatively high agreement (K = 0.79 (90%)) for the US 

detection of partial-thickness tears. 

Learning curve
To our knowledge, there are no previous reports that document the agreement with 

increasing experience (i.e., the learning curve) for the detection of rotator cuff tears with 

US. In the present study the general radiologist, with no experience in musculoskeletal 

US, was able to detect full-thickness tears at a level comparable to an experienced 

musculoskeletal radiologist following a brief instruction. Following 50 examinations the 

general radiologist was able to detect partial-thickness tears at an almost equal level 

compared to the experienced radiologist. The probable reason for this longer learning 

Sensitivity, specificity and accuracy related to surgery 
In 71 shoulders surgical findings were available as gold standard (Table 3).

Table 4 lists the sensitivities, specificities and accuracies for the US detection of partial-

thickness tears and full-thickness tears by the experienced and general radiologist, 

respectively with surgical findings as reference. In order to be able to calculate these 

diagnostic parameters, the finding of a partial-thickness tear at surgery or US was 

arbitrarily ignored (i.e., considered with ‘no tear’ as one group) when evaluating the 

diagnosis of full-thickness tears and vice versa. The experienced radiologist showed a 

high degree of sensitivity, specificity and accuracy (94%, 94%, 94%, respectively) for the 

detection of a full-thickness rotator cuff tear, and acceptable but lower values for the 

detection of partial-thickness tears (100%, 32%, 57%).

The general radiologist showed a sensitivity, specificity and accuracy for the detection of 

full-thickness and partial-thickness rotator cuff tears of 89%, 91%, 90% and 84%, 35%, 

53%, respectively.
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Table 4  The sensitivity, specificity, accuracy, positive and negative predictive value 
for the detection of partial- and full-thickness rotator cuff tears of the 
experienced and general radiologist with surgical findings as standard of 
reference.

  Experienced Radiologist

  Se Sp Acc PV+ PV- κ-values (SE)

 Surgery

PTT 100 32 57 45 100 0.26 (0.08)

FTT 94 94 94 90 97 0.87 (0.07)

Overall  - - 65 - - 0.50 (0.07)

  General Radiologist

  Se Sp Acc PV+ PV- κ-values (SE)

 Surgery

PTT 84 35 53 42 80 0.16 (0.10)

FTT 89 91 90 84 94 0.79 (0.09)

Overall  - - 59 - - 0.41 (0.08)

-  Se = sensitivity, Sp = specificity, Acc = accuracy, PV+ = positive predictive value,  
PV- = negative predictive value

-  Numbers given for Se, Sp, Acc, PV+ and PV- are percentages.
-  PTT = partial-thickness rotator cuff tear, FTT = full-thickness rotator cuff tear, 
  Overall = overall evaluation: normal, PTT and FTT
-  κ-values: measurement of agreement (Kappa) with the standard error (SE) in parentheses.
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Interobserver agreement 
In the literature, shoulder US has frequently been considered an operator dependent 

imaging technique. Yet, only three studies evaluated the interobserver agreement of US 

in the detection of rotator cuff tears (5-7). These studies show that the interobserver 

agreement in the sonographic detection and characterization of rotator cuff tears is 

excellent for experienced operators / examiners (k = 0.82 - 1.0) (5, 6). In the case of an 

inexperienced reader the agreement with an experienced reader is poor (k = 0.18 – 022) 

(6). However, if the inexperienced reader, as in our study, is a general radiologist with 

abdominal US experience, the agreement with the experienced radiologist appeared to 

be good to excellent for the detection of full-thickness tears (k = 0.90) and moderate for 

partial-thickness tears (k = 0,63) and intratendinous tears (k = 0.57) (7). The number of 

examined patients in these studies was relatively small varying from 24 (6), 35 (5) to 65 

patients (7) and in 2 (5, 7) of the 3 studies the a priori chance for having a rotator cuff tear 

was relatively high, because only patients with a high clinical suspicion for having a 

rotator cuff tear were included. Because the level of agreement is related to the prevalence 

of disease we performed a study with a lower a priori chance of having a rotator cuff tear. 

Nevertheless, the interobserver agreement for the detection of partial-thickness tears 

and full-thickness tears were comparably high. The two observers agreed on the 

classification of the cuff status in 93% of patients. The observers were in disagreement in 

only 18 of the 200 shoulders. There were no cases in which one observer diagnosed a 

full-thickness tear and the other diagnosed a normal rotator cuff. There were 14 cases in 

which the difference in categorization of the rotator cuff status was between a normal 

cuff or tendinosis versus a partial-thickness rotator cuff tear (Fig. 2) and in only 4 

discrepant cases between a partial-thickness tear versus full-thickness rotator cuff tear 

(Fig. 3). The distinction between tendinosis and partial-thickness tear may not be clinically 

relevant given the size of the abnormality. Therefore, even when there was a disagreement, 

the discrepancy was relatively limited.

Interobserver agreement studies with MRI, between experienced and inexperienced 

readers showed (Table 2) slightly worse results for the detection of full-thickness tears (k 

= 0.67 – 0.84) relative to US and significantly worse interobserver agreement results for 

the detection of partial-thickness tears (k = 0.13 – 0.44) (13, 14). In these MRI studies, 

results of a single MRI technique were interpreted. If the same patient was scanned with 

different scanning parameters (field strength, sequences, scan direction, slice thickness 

and so on) the agreement may even be less. To the best of our knowledge, the operator 

dependency in obtaining scan planes in shoulder MRI has not been evaluated until now. 

In our opinion, in concordance with US, the obtaining and the interpretation of shoulder 

curve is that differentiation between hypoechoic tendinosis and partial-thickness tears 

can be difficult and requires more experience (3). To assess this learning curve we 

examined a large number of 200 shoulders in a relatively short time period. The results 

were consistent and improved with time.
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Fig. 1 43-year-old man with pain and disability of the left shoulder.

   A, B) Long axis sonogram of the supraspinatus tendon showing an hypoechoic area in 
the insertion (i.e., at the footprint), which was interpreted by both radiologist as a 
partial-thickness rotator cuff tear (asterisks). Partial-thickness rotator cuff tears are 
frequently associated with cortical bone irregularities (arrow) at the greater tuberosity 
(GT). Arrowhead = outpouching of cortical bone.

   C) Coronal T1-weighted FSE image with fat saturation of a MR arthrogram (1.5T) 
(700/16; FOV: 160-160 mm, slice: 3 mm, flip angle: 900, matrix: 512 x 512) confirmed the 
US findings by showing leakage of contrast media in the insertion of the SSP (arrow). 

   D) The oblique coronal T1-weighted SE ABER images (700/16; FOV: 160-160 mm, slice: 
3 mm, flip angle: 900, matrix: 512 x 512) confirmed the partial-thickness rotator cuff 
tear in the insertion of the supraspinatus tendon (SSP). The margins of the ruptured 
fibers are indicated by the small arrows. This finding was however not confirmed 
during surgery. H = humerus, GT = greater tuberosity, A = acromion.

A

C

B

D
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MRI should also be considered as an operator dependent imaging technique.

The strength of this study is that, as advocated by Middelton (5), two independent 

examiners performed two completely separate examinations and interpreted the results 

on the basis of real-time examinations and their own set of stored images. 

 

This study also has some limitations. Firstly, the lack of an independent gold standard in 

all patients. However, the focus of this study is not to reconfirm accuracy but to evaluate 

interobserver agreement, which in our opinion justifies the inclusion of patients who 

lacked surgical confirmation. Secondly, although in a number of patients surgery was 

performed because of the US results, a considerable number of patients were operated 

upon regardlessly, because of their complaints due to the subacromial impingement 

syndrome. Especially in this group the cuff was not always inspected from both the 

bursal and the articular side, which leads to an imperfect standard of reference bias. 

Thirdly, the number of observers is limited due to logistic reasons such as the physical 

discomfort of even more US examinations for the patients. Fourthly, the learning curve 

was assessed for only one inexperienced observer. The curve may be biased by the level 

of his sonographic experience. Although the general radiologist was not familiar with 

musculoskeletal US, he had extensive experience as an abdominal sonographer, which 

probably influenced his learning curve positively. The learning curve for non-radiologists 

probably may differ from radiologists. However, with a proper training clinicians such as 

rheumatologists (15, 16) and orthopedic surgeons (17-20) have achieved comparable 

levels of diagnostic accuracy. Fifth, the sensitivity, specificity and accuracy may be 

influenced, because US findings could be used to determine which patients should 

proceed to surgery, which is a so called image-based selection bias. Finally the results may  

be biased by the fact that the observers scanned a large number of patients in a rather  

short period, which probably shortens the learning curve of the general radiologist

Conclusion

This study shows that the learning curve of a general radiologist for the US detection of 

partial-thickness and full-thickness rotator cuff tears is relatively short. Also, with increasing 

experience the interobserver reliabilities, sensitivities, and specificities in comparison with 

an experienced musculoskeletal radiologist evolve in a rather short period from moderate 

to good, provided that the inexperienced examiner has a detailed knowledge of shoulder 

anatomy, uses standardized US scanning techniques and is familiar with the diagnostic US 

criteria of partial- and full-thickness rotator cuff tears.
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5Fig. 2   54-year-old woman with impingement syndrome of the left shoulder.

   Long axis sonogram of the supraspinatus tendon (SSP) showing an hypoechoic area 
(arrow) in the insertion (i.e., at the footprint) of the SSP, which was interpreted by the 
experienced radiologist as tendinosis and by the general radiologist as a partial- 
thickness rotator cuff tear.

Fig. 3 56-year-old man with shoulder pain and disability following trauma.

   A) Long axis sonogram of the supraspinatus tendon (SSP) showing an hypoechoic area 
in the insertion, which was interpreted by the inexperienced radiologist as tendinosis 
with partial-thickness rotator cuff tears (arrows). The experienced radiologist read this 
as a full-thickness tear of the supraspinatus tendon.

   B) Coronal T1-weighted FSE image with fat saturation of a MR arthrogram (1.5T) (700/16; 
FOV: 160-160 mm, slice: 3 mm, flip angle: 900, matrix: 512 x 512) confirmed the surgical 
findings of a full-thickness rotator cuff tear (arrows) by showing leakage of contrast 
media from the glenohumeral joint through the supraspinatus tendon (SSP) to the 
 subacromial-subdeltoid bursa (arrowheads). H = Humeral head

A

B
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Abstract

The aim of this study was to describe a new sonographic sign of bone fracture and to 

determine if it can be helpful in decreasing the number of missed fractures of the 

proximal humerus. Ultrasound (US) of the shoulder was performed in 57 consecutive 

patients with shoulder pain and/or disability following trauma. All cases were 

prospectively reviewed for the presence of a humeral fracture. Sonographic signs of 

fractures, with special emphasis on what was termed the ‘double line sign’ (DLS), were 

assessed. Plain radiography was considered the standard of reference and in equivocal 

cases magnetic resonance imaging (MRI). Twenty-eight patients had a tuberosity complex 

fracture, which were all detected at US examination. Sonographic features of a fracture 

were periosteal elevation, corticol bone

discontinuity, step-off deformity or a combination of these findings. This study showed 

that in 26 (93%) patients an additional sonographic feature, a DLS, could be demonstrated.

The DLS is a helpful and probably reliable sonographic sign to indicate a humeral fracture. 

High-spatial-resolution US substantially increases the detection of fractures of the 

proximal humerus and should be considered as an alternative diagnostic tool prior to 

computed tomography (CT), MRI and arthroscopy in patients with persisting shoulder 

pain and/or disability following trauma.

Introduction

Most literature concerning sonographic applications of the musculoskeletal system deals 

with the detection of soft tissue abnormalities (1). A limited number of articles has been 

published about the reliability and value of ultrasound (US) in the detection of fractures 

in general (2-7) and the proximal humerus (8-12) in particular. Detection and correct 

classification of fractures of the proximal humerus (13) and distinguishing them from 

rotator cuff tears is important to initiate optimal treatment (14). The accuracy of physical 

examination and plain radiography in detecting fractures of the proximal humerus (8, 15) 

is limited. Magnetic resonance imaging (MRI) (15) and ultrasound (US) (8) are reported to 

be more reliable in these cases. In a retrospective study, Patten et al. (8) described a 

fracture on a sonographic scan of the proximal humerus, showing as two parallel 

hyperechoic reflections. We repeatedly noticed this finding (Fig. 1A) in patients with a 

fractured humerus. To our knowledge, this sign has not been reported in the literature to 

date. The aim of this study was to describe a new sonographic sign of bone fracture, 

which we called the ‘double line sign’ (DLS) (Fig. 1B). and to appreciate the role of US in 

occult and missed fractures of the proximal humerus.

Materials and methods

Fifty-seven patients (age range: 21–80; mean: 46 years) with acute or longstanding 

(range: 2–304 days; mean: 57 days) shoulder pain and/or disability following trauma were 

prospectively examined with US. Sixteen patients were examined within 3 weeks 

following trauma, 24 patients between 3 weeks and 2 months and 17 patients after more 

than 2 months following trauma. Patients were referred by orthopedic surgeons, 

rheumatologists and general practitioners. All patients underwent a physical examination 

and in 41 (72%) cases also conventional radiography prior to sonography. In 16 of the 57 

patients, radiographs were not obtained initially because a fracture was not suspected. 

The conventional multidirectional radiographic examination consisted of an 

anteroposterior view (external and/or internal rotation of the humerus) and an axillary 

and/or transcapular view. Initial plain radiographs were evaluated prospectively in 

routine practice by several radiologists. The sonographic examiner was aware of the 

clinical information on the request; however, the radiological examinations were 

reviewed following the US examination. Sonographic examinations were performed 

with an APLIO (Toshiba Medical Systems, Tokyo, Japan) using a 7.5–14 MHz broadband 

linear-array transducer (Toshiba PLF-805ST). All sonograms were performed by one 
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obtained plain radiographs. The remaining eight (36%) fractures were not even 

retrospectively visible (i.e., occult) but could be demonstrated either by additional 

(delayed obtained) radiographical projections (n=5), or MRI (n=3). All fractures showed at 

radiologist (M.J.C.M.R.), who was blinded to the previously performed examinations.  

A standardised sonographic imaging protocol obtained from literature was used (16). 

The deltoid muscle, subacromial-subdeltoid bursa,

rotator cuff and long head of the biceps tendon were evaluated. The cortical bone of the 

proximal humerus was evaluated for the presence of common sonographic features of a 

bone fracture; such as (1) periosteal elevation (Fig. 2), (2) cortical bone interruption 

(irregularity, discontinuity) (Fig. 1A and/or (3) step-off deformity (Fig. 3) with one or more 

hyperechoic reflections (i.e., avulsed, dislocated or impacted bone fragments) and special 

attention was given to the presence of two parallel hyperechoic lines, the DLS (Fig. 1B).

Following US, the conventional radiographs were reviewed for missed fractures. If the 

radiographs did not correlate with the abnormalities detected sonographically, additional 

radiographs were obtained, and if these were unequivocal, MRI was performed. 

Results

Twenty-eight (49%) of the 57 evaluated shoulders sustained a fracture of the proximal 

humerus. Eighteen right and ten left shoulders were involved, in 12 women and 16 men 

with an age range of 23–80 years (mean: 45 years). According to Neer’s four-segment 

classification for fractures of the proximal humerus (13), four (17%) patients had a 

displaced fracture and 24 (83%) patients had a non- or minimally displaced fracture (i.e., 

fracture segment displacement <1 cm or angulation <45 degrees). Fourteen patients had 

a one-part fracture, seven patients a two-part fracture, five patients a three-part fracture 

and two patients a four-part fracture. In six (21%) of the 28 patients with a fracture, no 

radiographs were obtained prior to US, because a fracture was not suspected clinically. 

In four (14%) of the remaining 22 patients, fractures were detected on the initially 

obtained radiographs and these were established sonographically. The initial radiographs 

were obtained with a mean delay time of 45 days (range 0–280 days). 

In this study, 18 (82%) of 22 fractures (two displaced and 16 non-displaced) were missed 

at prospective review of the initially obtained plain radiographs. In each group of patients 

(<3 weeks, 3 weeks to 2 months, and >2 months following trauma), six fractures were not 

reported.

With respect to the initial interpretation, ten (45%) of the fractures (two displaced and 

eight non-displaced) were in retrospect visible but not reported (i.e., missed). Thus, 

retrospectively, a total 14 of 22 (64%) fractures could be depicted from the initially 
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Fig. 1  A 36-year-old man with persisting shoulder pain and disability 10 days after trauma.

   A) A minimally displaced fracture of the greater tuberosity (GT). Long-axis scan of the 
supraspinatus tendon (SSP). Discontinuity of the cortical bone with a subtle stepoff 
deformity (arrow). The insertion of the supraspinatus tendon is intact. D = deltoid 
muscle, H = humeral head. 

   B) The DLS (arrowheads). Short-axis scan of the supraspinatus tendon, which is 
obtained perpendicular to the scan in a. The parallel lined hyperechoic reflections 
(arrowheads) of the fractured cortical bone underneath the SSP are obvious. 

Fig. 2  A 58-year-old man with a subcapital fracture of the proximal humerus.

   A) Periosteal elevation. Initially occult subcapital fracture (arrow) of the proximal 
humerus (H). Ultrasonography distinctly shows the elevation due to hemorrhage 
(asterisks) of the periosteum (arrowheads) and the disruption of the corticol bone 
(arrow). D = deltoid muscle. 

   B) Periosteal elevation due to hemorrhage (asterisks) and normal apposition of the 
periosteum to the cortical bone (small arrows) of the humeral shaft (H) more distally.

A

A

B
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demonstrated. In this last group, cortical bone irregularity was demonstrated in 13 

patients. This was caused by the anatomical collum (n=2), proximal humerus epiphisis 

(n=1), degenerative bony changes (n=7), erosions due to rheumatoid arthritis (n=2) and a 

metastasis (n=1). The prevalence of the sonographic features of proximal humerus 

fractures are listed in Table 1. Additional sonographic findings in the group with a fracture 

of the proximal humerus sustained a partial-thickness rotator cuff tear in 17 (61%) cases 

and a full-thickness rotator cuff tear in nine (32%) cases.

Discussion

Fractures of the proximal humerus, including the greater tuberosity, may occur as a result 

of shoulder dislocation or forced abduction with direct impaction of the tuberosity on 

the acromion. These fractures are classified according to Neer’s classification of proximal 

humerus fractures (13). According to Moriber and Patterson, 85% (in this series 83%) of 

these fractures are minimally or non-displaced and are treated conservatively with 

immobilisation and adjusted physical therapy (17). Displaced fractures of the proximal 

humerus, on the other hand, may require surgery. It may be difficult to distinguish 

clinically between a fracture of the proximal humerus and a rotator cuff tear. The 

distinction is important because therapy differs. Early recognition and surgical 

reconstruction of rotator cuff tears facilitates patient recovery and clinical outcome and 

obviates unnecessary expensive MRI and/or arthroscopy of the shoulder. 

Diagnostic work-up
The diagnostic work-up of patients with persisting shoulder pain and/or disability 

following trauma consists of a clinical history, physical examination and plain radiography. 

Additional diagnostic imaging modalities such as US and MRI are normally not performed 

initially. This study supports the findings of Patten et al. (8), Zanetti et al. (18) and Mason 

et al. (15) that in patients with a traumatised shoulder fractures of the proximal humerus 

are frequently missed radiographically (38–42%) and can reliably be detected with other 

imaging modalities such as MRI (15, 18), computed tomography (CT) (19) and US (8, 20). 

An additional advantage of US is that the optimal projection direction of additional 

radiographs can be determined. In concordance with fractures of the tuberosity complex 

of the humerus, it is reported that Hill-Sachs lesions are frequently missed with plain 

radiography (21), whereas sonographically Hill-Sachs lesions can be detected reliably 

(sensitivity: 91–96%, specificity: 95–100%, accuracy: 94–97%) (9, 22). Bodner et al. (7) 

showed that common injuries like stress fractures, which are frequently overlooked on 

US examination a discontinuity of the cortical bone and in 26 (93%) fractures a DLS was 

shown. In all patients in which a DLS was depicted, a fracture could be revealed, and in 

the 29 patients without a fracture no DLS or discontinuity of cortical bone was 
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Fig. 3 A 46-year-old man with a comminutive fracture of the proximal humerus.

   A) A longaxis scan of the supraspinatus tendon (SSP) showing a step-off deformity of 
the cortical bone (arrowhead) in case of a displaced fracture of the greater tuberosity 
(GT). C = articular hyaline cartilage of the humeral head. 

   B) The corresponding plain radiograph of the shoulder showing an avulsed and 
displaced fragment of the greater tuberosity (arrowheads). 

   C) The transcapular view of the shoulder shows two displaced fragments (arrowheads) 
of the greater tuberosity and the humeral head. 

   D) The corresponding sonographic short-axis scan of the supraspinatus tendon (SSP), 
obtained perpendicular to a, shows the comminutive fractures of the greater 
tuberosity and the humeral head accompanied by a DLS (arrows). D = deltoid muscle.
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through bone. Normal cortical bone appears sonographically as a distinct hyperechoic 

line. Therefore, pathology which changes cortical bone should reliably be visualised with 

US (3-5, 7, 8, 12).

The first sonographic sign of bone fracture (Table 1) is elevation of the periosteum 

because of hematoma. This can only be visible if the bone is covered by periosteum; 

thus, not at the level of the insertions of the rotator cuff tendons or the humeral head.  

In our study it could only be depicted in fiveout of 28 cases. The second sonographic 

pattern of bone fracture (Table 1), irregular cortical bone, could be shown in all fractures. 

However, despite the high sensitivity, specificity of this sonographic pattern is rather 

low. Irregularities of the cortical bone are variously due to anatomical (e.g., proximal 

humerus epiphysis and anatomical collum) or pathological entities (e.g., osteoarthrosis, 

rheumatoid bone erosions, outpouchings, metastasis). Calcific tendonitis or periosteal 

callus of healing fractures can also cause a false negative finding by obscuring the 

underlying cortical bone. A third sonographic pattern (Table 1) is discontinuity of corticol 

bone. In our study, this could be shown in 23 cases. A fourth sonographic pattern (Table 1)  

is the step-off deformity (Fig. 3A) due to dislocated or impacted bone fragments. 

However, as with cortical irregularity, the specificity is rather low. Although an avulsed 

bone fragment has sharp edges and, as in this study, is mostly accompanied by a DLS, it 

can be mimicked by osteophytes or intratendinous and bursal calcification. A fifth and 

new sonographic sign of bone fracture (Table 1) is the DLS. Differences in height and/or 

discontinuity of the cortical bone can be seen when scanning perpendicular to the 

fracture line (Fig. 1A). If a cortical disruption is visualised, one should search actively for a 

DLS by rotating the transducer 90° at the spot of the cortical bone irregularity or 

discontinuity. When the transducer is positioned parallel to the fracture line, a pair of 

linear reflections (i.e., DLS) can be visualised (Figs. 1B, 3D, 4B). The length of the DLS 

varies with the kind of fracture and the way the transducers parallels it. In our study the 

DLS could be depicted in 93% of the fractures. The cause of the DLS is not exactly clear. 

Patten et al. (8) suggest that the paralleled reflections are caused by overlap of bony 

fragments, which could be the case when the fragments are so thin that they allow 

transmission of the sound waves. However, in our opinion it is more likely that the two 

distinct paralleled hyperechoic lines are caused by the reflections of the sound waves 

from the sharp bony edges on either side of the fracture line. In this study, the DLS 

appears to be very helpful in depicting a considerable number of fractures (n=22), which 

were occult or missed with conventional work-up of physical exam and the initially 

obtained radiographs. The MRI controlled cases concerned nondisplaced tuberosity 

fractures, which could not be depicted from the initial and additionally obtained 

radiographs, probably because trauma happened rather long ago (120–304 days) in all 

first radiographs, can be detected with US. The “gold standard” for accurate diagnosis of 

traumatic bony lesions is MRI and scintigraphy. The reasons for missing these fractures 

with the conventional clinical and radiographic work-up are various. First of all, a fracture 

may not be suspected clinically (Fig. 4). Physical examination of the shoulder is negatively 

influenced by pain and limited motion. To optimise inadequate patient selection for 

post-traumatic radiographs of the upper extremity, Brand and co-workers described 

criteria for a selection protocol (23). The second reason is related to the number of 

radiographs and obtained directions. In our study, in only five of 28 patients was a trauma 

series (three perpendicular projection directions) performed. Limited abduction and 

exorotation due to a fracture negatively influences the

visibility of the greater tuberosity on the anteroposterior radiographs. Irregularities or 

defects of the curved surface of the greater tuberosity are revealed on radiographs only 

when viewed tangentially (8). The third reason is that at the time of obtaining the plain 

radiographs (0–280 days, mean 45 days), fractures are more or less healed. In particular, 

non-displaced fractures may be difficult to detect radiographically. Finally, the level of 

experience in interpreting plain radiographs plays a role in the detection of humerus 

fractures. Kristiansen et al. (24) examined the reliability of the Neer classification of 

fractures of the proximal humerus by determining the agreement between pairs of 

observers using weighted kappa statistics. Anteroposterior and lateral radiographs of 

100 surgical neck fractures were grouped independently by four observers. A low degree  

of agreement was found, especially between the most inexperienced observer and the rest.

The accuracy of detecting a fracture sonographically depends, as with other clinical and 

radiological examinations, on the skills of the examiner. One’s awareness of occult 

fractures in patients with shoulder pain and/or disability in combination with a history of 

trauma should rise and one should be familiar with the sonographic characteristics of a 

bone fracture (Table 1). There is little or no transmission of high-frequency sound waves 
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Table 1  Prevelance of sonographic features of proximal humerus fracture.

Periosteal 
elevation 

Irregularity Discontinuity
Step-off 

deformity
DLS

Fracture (n=28)  5 28 23 13 26

Sonographic signs of bony fracture
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recently traumatised patient the sonographer may be more alert in demonstrating the 

DLS than in patients with longstanding complaints and/or in non-traumatised shoulders. 

However, in spite of these drawbacks, the value of this study is that in being aware that a 

fracture may be present and demonstrable as a DLS, a number of undetected fractures 

may be revealed and that the number of false positive results is very low. 

Conclusion

The present study shows that the DLS is highly predictive for a fracture in a patient 

following shoulder trauma and, on the other hand, that if a DLS cannot be depicted at a 

spot of a cortical bone irregularity a fracture is rather unlikely. Awareness of this sign may 

be of help in detecting clinically or radiographically missed or occult fractures, thus 

facilitating initiation of adequate therapy and obviating extra financial costs due to 

unnecessary additional examinations.

three cases. There were no additional views or additional MR images (i.e., no additional 

costs) performed due to a false positive DLS. The major drawback of this study is the fact 

that the standard of reference for detecting a fracture is not optimal. In patients in which 

we depicted a DLS, the initial radiographs were reassessed and “missed” fractures were 

detected and eventually additional plain radiographs were obtained if no fracture was 

visible. However, to perform a CT or MRI scan in all patients as the standard of reference 

was not considered appropriate. Therefore, it is not possible to present a figure on the 

sensitivity of this sign. The study may also be biased by the fact that in the case of a 
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Fig. 4  A 52-year-old woman with persisting shoulder pain and disability following trauma. 
US showed a non-displaced fracture of the greater tuberosity, which was not 
suspected clinically.

   A) Long-axis scan of the supraspinatus tendon (SSP) shows an intact tendon but 
discontinuity of the cortical bone suggestive of a nondisplaced fracture of the greater 
tuberosity. 

  B) A sonographic scan perpendicular to the scan in a, at the position of the corticol 
bone discontinuity, reveals a DLS. 

   C) An AP radiograph of the right shoulder obtained 3 weeks following trauma confirms 
the sonographic findings of a non-displaced fracture of the greater tuberosity.  
It shows a not sharp demarcated radiolucent line (arrows) and sclerotic bony changes 
in the greater tuberosity because of ongoing repair of the fractured bone.
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Abstract

A 56-year-old woman with systemic lupus erythematosus developed septic arthritis and 

bursitis of the left shoulder due to an atypical mycobacterium, M. xenopi. Plain 

radiography, ultrasound (US), and MRI were performed. Articular disease by tuberculous 

and nontuberculous mycobacteria have similar presentations, clinically as well as 

radiologically, and have to be differentiated from other chronic bacterial or fungal 

infections, pigmented villonodular synovitis, rheumatoid arthritis, gout, hemophilia, and 

synovial chondromatosis. Although atypical mycobacterial involvement of the skeleton 

and soft tissues is relatively uncommon, its incidence is increasing, as is the incidence of 

extrapulmonary tuberculosis in western countries. The triad of Phemister is reemphasized, 

and the US and MRI findings are demonstrated. The definitive diagnosis has to be made 

by culturing biopsied synovium or synovial fluid.

Case report

A 56-year-old woman presented with a history of pain and limited function of her left 

shoulder, slowly progressive for about 1 year. Her clinical history revealed systemic lupus 

erythematosus of more than 20 years’ duration. She was treated with low-dose 

corticosteroids and azathioprin. No trauma to the shoulder had occurred. Physical 

examination showed limited and painful movements of the left shoulder in all directions. 

There was a distinct swelling over the acromioclavicular joint and an elastic swelling 

ventrally in the left shoulder. The skin temperature was increased as compared to the 

right shoulder. Except for an increased ESR (28 mm/h), all laboratory results were normal. 

Plain radiographs of the left shoulder were obtained, demonstrating peri-articular soft 

tissue swelling, juxta-articular osteoporosis and widening of the acromioclavicular joint 

(Fig. 1). Aspiration of synovial fluid from the acromioclavicular joint was performed.  

All cultures of the fluid obtained were negative, except the culture for mycobacteria, 

which appeared positive after 3 months. Ultrasound (US) of the shoulder showed fluid 

and debris in the acromioclavicular joint as well as synovial thickening. The same was 

true for the glenohumeral joint and the excessively enlarged subdeltoid bursa (Fig. 2). 
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Fig. 1  Radiograph of the left acromioclavicular joint, which shows peri-articular soft tissue 
swelling, juxta-articular osteoporosis, and widening of the acromioclavicular joint.
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MRI showed that the glenohumeral joint communicated with the subdeltoid- subacromial 

bursa and the acromioclavicular joint. Fluid and soft tissue masses showed an intermediate 

signal intensity on the T1-weighted spin echo images and an increased signal intensity 

on the T2-weighted spin echo images (Fig. 3). Findings at conventional radiography,  

US, and MRI were suggestive of infectious disease of the left shoulder. The differential 

diagnosis included tuberculosis, chronic bacterial or fungal infections, and pigmented 

villonodular synovitis. Rheumatoid arthritis, gout, hemophilia, and synovial chondro matosis 

were considered less likely. The patient underwent arthroscopy of the left shoulder for 

biopsy. The tissue obtained revealed no specific histologic diagnosis. 
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Fig. 3  Coronal spin echo T1- and T2-weighted MR images of the left shoulder.

  A) Intermediate signal intensity of the synovial fluid, debris, and soft tissue masses. 
MRI exquisitely delineates the connection between the acromioclavicular joint, 
gleno  humeral joint, and subacromial-subdeltoid bursa. 

  B) Synovial fluid and debris, as well as the articular and bursal synovial proliferations, 
appear as high signal intensity on the T2-weighted spin echo images. Note the defect 
in the cartilage and erosions of the subchondral bone (arrow), which are filled in by 
fluid, debris, and synovial tissue.

Fig. 2  Ultrasound scan of the left shoulder.

   A) Coronal view of the left acromioclavicular joint. The joint space between the 
clavicula (CL) and acromion (A) is widened, the capsule bulges and the joint space 
contains fluid and debris. 

   B) Sagittal view of the subdeltoid bursa (arrowheads). Enlarged bursa containing 
mainly debris and some anechoic fluid in the distal part of the bursa.

A

A

B

B
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osteo porosis and swelling of the soft tissues are the earliest radiological changes 

observed when a joint is involved by mycobacterial infection. Destruction of the articular 

cartilage typically progresses slowly. Advanced synovial disease can occur, whereas 

osseous destruction (i.e., erosion), which begins at the peripheral margins of the articular 

bone, may be limited. The triad of Phemister, consisting of osteoporosis, peripheral 

marginal erosions of the subchondral bone, and slowly progressing destruction of 

articular cartilage, is characteristic for arthritis due to mycobacteria (5-8). Ultrasound is 

useful in the evaluation of peri-articular soft tissue diseases. It is of limited value in the 

detection of intra-articular pathology. Although the specificity is limited, the sensitivity 

of US in the detection of joint effusion and synovial thickening is high (9). In addition, 

US-guided aspiration has a higher yield than blind aspiration of the joint (9). The patient 

was treated with isoniazid, claritromycin and ciproxin over a period of 9 months. She 

recovered without any sequelae. Nontuberculous mycobacterial arthritis and bursitis is 

uncommon in the western world. Increased global travel and migration and longer 

survival of immunosupressed individuals favour an increasing incidence of atypical 

mycobacterial infection in the west.
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No granulomas were found and the Ziehl-Nielsen and aurumine coloring were also 

negative. Cultures of the first puncture, however, revealed the presence of Mycobacterium 

xenopi.

Discussion

Nontuberculous or atypical mycobacteria were initially regarded as saprophytes, but are 

implicated more often in human disease (1). Most commonly encountered atypical 

mycobacteria are M. avium, M. intracellulare, M. kansasii, and M. scrophulaceum. The risk 

and extent of mycobacterial disease is related to a persons immune status (2). 

Inflammation by an atypical mycobacterium is relatively incommon and involvement of 

the skeleton is even more uncommon (3). Articular disease by tuberculous and 

nontuberculous mycobacteria presents in a similar way clinically as well as radiologically 

(3). Similar to extrapulmonary infection caused by M. tuberculosis, infection due to 

atypical mycobacteria can affect individuals of all ages with no predilection for either 

sex. Clinical symptoms (e.g., fever, anorexia, malaise, and weight loss) are nonspecific, 

which can delay diagnosis and initiation of proper therapy (2, 3). Although the incidence  

of pulmonary tuberculosis in most western countries has decreased over the last decades, 

the incidence of extrapulmonary tuberculosis is increasing (4). This is due to (1) increasing 

global travel and imigration, (2) an increasing number of elderly (reactivation), chronically, 

ill and/or artificially immunosuppressed patients (corticosteroids, chemo- and 

radiotherapy), and (3) an increasing number of patients with acquired immunodeficiency 

syndrome. Extrapulmonary involvement in tuberculosis occurs by hematogenous or 

lymphogenous spread, per continuitatum or by contamination from trauma or surgical 

procedures (3). Nearly all organs can be infected. Although any articular site can be 

involved, tuberculous arthritis most typically affects large and medium-sized joints. 

Generally it is a monoarticular disease, infecting the spine (50%), hip, and knee most 

frequently. Typical sites of tuberculous bursitis include the bursae of the hand, the ischial 

tuberosities, and the subgluteal and subacromial-subdeltoid bursae (5). A monoarticular 

process must be regarded as an infectious disease until proven otherwise. However, 

differentiation from other monoarticular diseases can be difficult. Synovial osteo-

chondromatosis and pigmented villonodular synovitis, but also hemophilia or other 

synovial diseases such as rheumatoid arthritis or gout, can mimic an infectious articular 

disease. Accurate diagnosis requires biopsy of synovial tissue or aspiration of synovial 

fluid. A specific diagnosis is necessary as the treatment and prognosis is different  

for tuberculous and nontuberculous mycobacterial inflammation. Juxta-articular 

chapter 7 nontuberculous mycobacterial bursitis and arthritis of the shoulder
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Abstract

Objective. To evaluate the need for additional magnetic resonance imaging (MRI) 

following ultrasound (US) in patients with shoulder pain and/or disability and to compare 

the accuracy of both techniques for the detection of partial-thickness and full-thickness 

rotator cuff tears (RCT). 

Methods. In 4 years, 5,216 patients underwent US by experienced musculoskeletal 

radiologists. Retrospectively, patient records were evaluated if MRI and surgery were 

performed within 5 months of US. US and MRI findings were classified into intact cuff, 

partial-thickness and full-thickness RCT, and were correlated with surgical findings. 

Results. Additional MR imaging was performed in 275 (5.2%) patients. Sixty-eight 

patients underwent surgery within 5 months. US and MRI correctly depicted 21 (95%) 

and 22 (100%) of

the 22 full-thickness tears, and 8 (89%) and 6 (67%) of the 9 partial-thickness tears, 

respectively. The differences in performance of US and MRI were not statistically 

significant (p=0.15). 

Conclusions. MRI following routine shoulder US was requested in only 5.2% of the 

patients. The additional value of MRI was in detecting intraarticular lesions. In patients 

who underwent surgery, US and MRI yielded comparably high sensitivity for detecting 

full-thickness RCT. US performed better in detecting partial-thickness tears, although 

the difference was not significant.

Introduction

Both ultrasound (US) and magnetic resonance imaging (MRI) can confirm a suspected 

partial-thickness or full-thickness rotator cuff tear. Both techniques have their advantages 

and disadvantages and can be competitive and complementary at the same time. Factors 

of consideration on which technique should be used are availability of the test in a timely 

manner and the skill of the operators in carrying out and interpreting a given examination. 

In the literature the question which test constitutes the most accurate, cost effective, 

expedient or least invasive approach to the diagnosis of rotator cuff tears is still 

controversial. The question as to which is the best test should be answered on the basis 

of clinical experience, availability, and the expected sensitivity and specificity of the 

tests.

Although many investigators have evaluated the accuracy of US or MRI separately for the 

detection of partial-thickness (PTT) and full-thickness (FTT) rotator cuff tears, some have 

directly compared the two tests for the detection of full-thickness tears (1, 2), partial-

thickness tears (3) or partial-thickness and full-thickness tears (4-10), but most with a 

relatively small number of patients (8-10).

In a systematic review of the diagnostic accuracy of clinical examinations, US and MRI in 

the detection of full-thickness and partial-thickness rotator cuff tears, Dinnes et al. (11) 

showed that US and MRI have comparably high accuracy for the detection of full-thickness 

tears. Based on the available literature, US is the method of first choice in the detection 

of rotator cuff tears in our hospital. In the case of unequivocal findings or clinical doubt, 

additional MRI is requested.

The purpose of this study was first to evaluate the need for additional MRI following US 

of the shoulder and secondly to evaluate and compare the accuracy of US and MRI for the 

detection of partial-thickness and full-thickness rotator cuff tears with surgery as the 

reference standard in a selected group of patients.

Materials and Methods

Patients
The inclusion criteria for this retrospective study were; 1) shoulder pain and/or disability 

for which the patients underwent plain radiography and US, 2) an additional MRI was 

performed and 3) subsequent surgery was carried out. The indications to perform MRI 

following US were suspicion for having intraarticular pathology (n=94), inconclusive US 
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8



158 159

echo images (4.52 min). A field of view of 16 cm was used, the slice thickness was 3 mm, 

the imaging matrix was 320 x 224, and three signals were averaged for each pulse 

sequence.

The MRA protocol consisted of 3D-gradient T1-weighted (SPGR) oblique coronal and 

axial images (5 min), which were reconstructed, if indicated, in any other desired plane. 

SPGR 3D imaging (TR: 51 ms; TE: 7 ms; 1 acquisition; 256 × 256 matrix; FOV: 22cm, slice 

thickness 2.8 mm) with 2.8-mm consecutive slices was used, and coronal T2-weighted 

turbo spin echo images (2.30 min), sagittal T2-weighted turbo spin echo images (2.40 

min) and the ABER view with coronal T1-weighted turbo spin echo images with fat 

suppression (4.15 min).

Overall MRA imaging time was 19 min 30 s.

 The MRI examinations were blinded and retrospectively evaluated by the same 

experienced musculoskeletal radiologists (MR, GJ) who performed the US examinations, 

at a later date, to avoid any effect on the interpretation of findings at MRI by the recent 

ultrasound examination. This set-up was chosen to exclude the potential bias of having 

readers with a different level of knowledge of anatomy and pathological features of the 

shoulder.

Established criteria were used for the diagnosis of a partial-thickness or full-thickness 

rotator cuff tear (16-19). An example of a full-thickness rotator cuff tear as demonstrated 

by US and MRI is shown in Fig. 1.

examination due limited shoulder motion, obesity or undefined findings (n=25), 

discrepancy between clinical and US findings (n=77), and finally as request for more 

diagnostic certainty (n=18), and of the remaining patients (n=61), the indication to 

perform MRI could not be determined. Patients were excluded when no surgery was 

performed and when the time intervals between US and MRI and/or US and surgery 

exceeded 5 months. 

The study was performed in one tertiary teaching hospital. Between January 2004 and 

December 2007, 5,216 patients with shoulder pain and/or disability were referred by the 

Department of Orthopaedic Surgery or general practitioners and underwent US. 

Eighty-one were operated upon without MRI. Two hundred seventy-five patients  

(147 men and 128 women, with a mean age of 47 years, range 18-87 years) also underwent 

MRI of the shoulder, and 80 of the 275 patients subsequently had surgery. Twelve patients 

were excluded because the time interval between US and MRI or surgery exceeded  

5 months. The remaining 68 patients (37 men and 31 women, with a mean age of 48 

years, range 24-81 years) formed the study group whose data were analysed 

retrospectively.

Patients were evaluated for the presence of rotator cuff tears. Findings were classified into 

intact cuff, partial-thickness and full-thickness rotator cuff tears, and correlated with surgical 

findings, which were considered the ‘gold’ standard. The time interval between the US 

examination and MRI ranged from 0 to 98 days (mean 41 days). The time interval between US 

examination and surgery ranged from 5 to 147 days (mean 99 days) and between MRI and 

surgery 5 to 139 days (mean 59 days).

Ultrasound
All US examinations were performed by two musculoskeletal radiologists (MR, GJ), using 

a APLIO device (Toshiba Medical Systems Corporation, Tokyo, Japan) with a 7.5-14 MHz 

linear array transducer (PLF-805ST). Real-time imaging of the shoulder was performed in 

a standardised fashion as described in the literature (12). Established criteria were used 

for the diagnosis of a partial-thickness or full-thickness rotator cuff tear (13-15).

Magnetic Resonance Imaging
All MRI examinations were performed with an 1.5-T MR system (Signa Horizon, GE,  

‘s-Hertogenbosch, The Netherlands). Of the 80 patients, 34 patients underwent MR 

arthrography (MRA) and 46 patients conventional MRI. The conventional MRI shoulder 

protocol consisted of oblique coronal T2-weighted with fat suppression (2.48 min) and 

T1-weighted turbo spin echo images (5.58 min), oblique sagittal T2-weighted turbo spin 

echo images without fat suppression (2.36 min) and transverse T1-weighted turbo spin 
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Fig. 1  Full-thickness rotator cuff tear. 

   A) Ultrasound appearance of a full-thickness tear (arrows) at the insertion of the 
supraspinatus tendon (SSP). GT = greater tuberosity. 

   B) The corresponding oblique coronal gradient T1-weighted MR arthrography image, 
showing the same configuration of the full-thickness tear (arrows) of the supraspinatus 
tendon (SSP). GT = greater tuberosity.

A B
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Surgery
In all study subjects, surgery (arthroscopy or open) was performed by a subspecialty-

trained shoulder surgeon, who was aware of the US and MRI findings. The presence or 

absence of  partial-thickness or full-thickness rotator cuff tears and intraarticular lesions 

were recorded.

Statistical Analysis
Using cross tabulations, the presence or absence of a partial-thickness or full-thickness 

rotator cuff tear was compared among US, MRI and surgery. Based on the tables, 

sensitivity, specificity, accuracy, the positive predictive value and the negative predictive 

value were calculated.

The agreement between the results of US and MRI in the detection of rotator cuff tears 

was determined by calculating a kappa coefficient. Differences in scoring between US 

and MRI were tested for statistical significance using a marginal homogeneity test (or 

McNemar-Bowker test) for related samples. All statistical analyses were performed using 

SPSS, version 14.0.2 for Windows (Chicago, Illinois, USA).

Results
 

At surgery, 22 full-thickness and 9 partial-thickness rotator cuff tears were found (Table 1).  

US correctly depicted 29 (94%) of the 31 rotator cuff tears: 21 (95%) of the 22 full-thickness 

tears and 8 (89%) of the 9 partial-thickness tears (Tables 1 and 2). MRI correctly depicted 

28 (90%) of the 31 rotator cuff tears: all 22 (100%) full-thickness tears and 6 (67%) of the  

9 partial-thickness tears (Tables 1 and 2).

The overall accuracy of US and MRI in diagnosing full-thickness and partial-thickness 

tears and intact rotator cuffs (Table 1) was 78% (53/68) and 79% (54/68) with a 95% 

confidence interval of 66%-87% and 68%-88%, and an overall specificity of 65% (24/37) 

and 70% (26/37), respectively.

Table 2 lists the sensitivity, specificity, accuracy, and positive and negative predictive values 

for both diagnostic imaging techniques in the detection of partial-thickness and 

full-thickness rotator cuff tears. The agreement between US and MRI was high: the kappa 

coefficient was calculated to be 0.78 (SE = 0.06) (Table 3). The differences in the scoring 

between the two diagnostic tests were not statistically significant: the marginal 

homogeneity test was 0.15, suggesting that the 2 tests have comparable diagnostic value.
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Table 1   Correlation of US and MRI findings with surgical diagnoses of  
partial-thickness (PTT) and full-thickness (FTT) rotator cuff tears.

Ultrasound Magnetic resonance imaging**

No tear PTT FTT   Total No tear PTT FTT Total

Surgical diagnoses

No tear    24 11                   2 37 26 8 3 37

PTT           0 8                  1 9 2 6 1 9

FTT 0 1 21 22                 0  0 22 22

Total 24 20 24       68 28                     14 26 68

Accuracy 53/68 (78%)*  [66%-87%] 54/68 (79%)*  [68%-88%]

Specificity 24/37 (65%)*  [47%-80%] 26/37 (70%)*  [53%-84%]

* The exact 95% confidence interval is given between brackets
** MRI and MR arthrography 

Table 2   The diagnostic parameters of US and MRI for the diagnosis of  partial-
thickness (PTT) and full-thickness (FTT) rotator cuff tears.

Ultrasound Magnetic resonance imaging**

PTT FTT PTT FTT  

Sensitivity
8/9
89%* [52%-100%]

21/22 
95% [77%-100%]

6/9
67% [30%-93%]

22/22
100% [85%-100%]

Specificity  
47/59
80% [67%-89%]

43/46 
93% [82%-99%]

51/59
86% [75%-94%]

42/46
91% [79%-98%]

Accuracy
55/68
81% [70%-89%]

64/68
94% [86%-98%]

57/68
84% [73%-92%]

64/68
94% [86%-98%]

PPV
8/20
40% [19%-64%]

21/24 
88 [68%-97%]

6/14
43% [18%-71%]

22/26
85% [65%-96%]

NPV
47/48
98% [89%-100%]

43/44 
98% [88%-100%]

51/54
94% [85%-99%]

42/42
100% [92%-100%]

* The 95% confidence interval is given between brackets
** MRI and MR arthrography
PPV: positive predictive value, NPV: negative predictive value, PTT: partial-thickness rotator cuff 
tears, FTT: full-thickness rotator cuff tears 
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For the detection of partial-thickness rotator cuff tears, there was a comparable diagnostic 

value for US and MRI with a specificity and accuracy of 80%, 81% and 86%, 84%, 

respectively. The sensitivity of US (89%) for the detection of partial-thickness tears seems 

to be a little better than that of MRI (67%), but these percentages are based on only nine 

cases, and the difference is not significant. These partial rotator cuff tears were located 

superficially, at the articular side (n=8) and bursal side (n=1). Both US and MRI incorrectly 

overestimated one partial-thickness tear as a full-thickness rotator cuff tear (Table 1). 

With conventional MRI, two partial-thickness tears were incorrectly underestimated as 

no tear (Fig. 3).

Surgery demonstrated no rotator cuff tears in 37 shoulders (Table 4). US and MRI correctly 

demonstrated no tears in 24 and 26 shoulders, respectively (Table 4). However, US and 

MRI suggested 2 and 3 full-thickness and 11 and 8 partial-thickness rotator cuff tears in 

the remaining 15 and 13 shoulders, respectively, which were not confirmed by surgery.

For the detection of full-thickness rotator cuff tears with US and MRI (Fig. 1) there was a 

high degree of sensitivity, specificity and accuracy (95%, 93%, 94% for US and 100%, and 

91%, 94% for MRI, respectively). The full-thickness rotator cuff tears varied in size from 

0.5 to 3.0 cm. US and MRI showed three and four false-positive full-thickness tears, 

respectively (Table 1). US showed one false-negative study (Fig. 2). In this case MRI 

showed a full-thickness tear, which was proven surgically, whereas with US it was 

identified as an extended (>50%) partial-thickness rotator cuff tear (Fig. 2). 
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Fig. 2  Sonographically underestimated full-thickness rotator cuff tear. 
    

Long A) and short B) axis ultrasound section showing an intratendinous partial- 
thickness tear (arrows) at the insertion of the supraspinatus tendon (SSP).

  GT = greater tuberosity, H = humeral head. 
   C) The corresponding oblique coronal gradient T1-weighted MR arthrography image, 

showing the same intratendinous extending tear (arrows) of the supraspinatus tendon 
(SSP) but also leakage of intraarticularly injected contrast media to the subacromial–
subdeltoid bursa (arrowheads), suggestive for a full-thickness SSP tear, which was 
surgically confirmed. GT = greater tuberosity.

Fig. 3  Partial-thickness rotator cuff tear in the supraspinatus tendon (SSP) underestimated 
with conventional MRI. 

 
  A) Ultrasound showed an intratendinous partial-thickness tear (arrow) in the insertion 

(i.e., at the footprint) of the SSP, which was confirmed surgically. 
   B) The corresponding oblique coronal T2-weighted fat saturated MR image shows high 

signal in the SSP, which was wrongly interpreted as tendinosis.
  GT = greater tuberosity.

A

A

C

B

B
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In 7 cases both US (7/11) and MRI (7/8) demonstrated a false-positive PTT (Fig. 4). In five of 

these cases the PTT was located intratendinously (Fig. 4) and two at the articular side 

near to the insertion of the supraspinatus tendon. In four other false-positive PTT cases, 

US demonstrated a PTT, whereas MRI and surgery did not. In three of these cases MRI 

demonstrated signal distortion in the tendon, which was interpreted as tendinosis.  

In one of the eight false-positive cases with MRI, US as well as surgery was negative. 

Retrospective analyses of the MRI findings are more suggestive of tendinosis than  

of PTT.

In the two cases in which US identified an FTT and surgery demonstrated no tear, MRI 

also identified a FTT. In one case US and MRI showed an FTT, whereas surgery showed a 

PTT (Table 1). In three cases MRI demonstrated an FTT, while surgery showed no tear; US 

showed in two cases an FTT as well, but no tear in the other case (Table 3).

In seven patients MRI changed surgical strategy because in six patients a labral tear and 

in one patient a glenohumeral ligament tear was found.   
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Fig. 4  False-positive partial-thickness rotator cuff tear in the supraspinatus tendon (SSP). 

   Both ultrasound A) and the corresponding oblique coronal T2-weighted fat saturated 
MR image B), show an undersurface partial-thickness tear (arrow) in the insertion  
(i.e., at the footprint) of the SSP. However, this finding was not confirmed during 
surgery. GT = greater tuberosity.

A

B

Table 3   Agreement between ultrasound and MRI findings for the diagnosis of 
rotator cuff tears.

Magnetic resonance imaging diagnosis**

No tear PTT FTT

Ultrasound diagnosis

No tear 22 2 0

PTT 7 12 1

FTT 0 0 24

Kappa *: 0.78 (0.06)

Marginal Homogeneity test †: p = 0.15

* Agreement between US and MRI. The standard error is given in parenthesis
** MRI and MR arthrography
† Test for significant differences between the two techniques
PTT: partial-thickness rotator cuff tears, FTT: full-thickness rotator cuff tears

Table 4     Correlation of US and MRI findings with surgical diagnosis of rotator cuff 
tears overall.

Ultrasound diagnosis Magnetic resonance imaging diagnosis**

No tear RC tear No tear RC tear Total

Surgical diagnosis

No tear    24  13    26 11 37

RC tear           0 31 2 29 31

Total 24 44 28 40 68

Accuracy      55/68 (81%)*  [70%-89%]  55/68 (81%)*  [70%-89%]

* The 95% confidence interval is given between brackets
** MRI and MR arthrography
RC tear: Partial-thickness and full-thickness rotator cuff (RC) tears considered as tears
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however, we agree with others that US can depict fatty infiltration and atrophy of the 

rotator cuff as reliably as MRI (23, 24). Although it is known that US and MRI have 

comparable accuracy for identifying and measuring the size of full-thickness and partial-

thickness rotator cuff tears (9), MRI may be used to define the precise location and extend 

of a rotator cuff tear, however, this was not the case in our series. 

There are several limitations of our study. A potential drawback is the operator 

dependency of US (25-27) and MRI (16, 28). In an unpublished study we evaluated the 

learning curve and the interobserver variability of US in a series of 200 patients. If US was 

performed in a standardised manner, the interobserver agreement was excellent.  

The kappa coefficient was calculated to be 0.80 (SE = 0.05).

Furthermore, the study design was prone to bias. For example, the study population of 

the 207 patients who underwent US and MRI but did not undergo surgery probably 

differs from the 68 patients who were operated upon (selection bias). On the other hand, 

the agreement between US and MRI in the group of 207 patients was 86%, approximately 

similar to that in the group of 68 patients (85%), indicating that the result of our study 

was not biased by this selection.

Also, a verification or workup bias was present because imaging findings were known by 

the surgeon and influenced the decision whether or not to treat surgically and thus 

influenced patient selection. Preoperative knowledge of the imaging results caused 

diagnostic review bias, as a result of a more thorough exploration of the cuff in order to 

find a RCT identified using US or MRI, which of course influences the gold standard.

The value of MRI as a follow-up examination is probably underestimated due to the low 

threshold to request US and consequently overuse of US.

Finally, there is an imperfect standard bias, which occurs when the reference standard is 

not 100% accurate. In our opinion the so-called ‘gold standard’ is such a potential cause 

of bias. Waldt et al. (29) showed that the diagnosis of small partial-thickness tears are 

restricted because of difficulties in the differentiation between fibre tearing, tendinitis, 

synovitic changes and superficial fraying at tendon margins. Interobserver variability is 

also introduced by varying definitions and/or synonyms used by both sonologists and 

surgeons. Kuhn et al. (30) showed that six currently described rotator cuff classification 

systems have demonstrated little interobserver agreement among experienced shoulder 

surgeons. In our experience in these studies the ‘gold standard’ was more a ‘silver 

handicap’, especially with regard to the detection of partial-thickness rotator cuff tears 

Discussion

In the present study we compared the accuracy of US and MRI in the detection of rotator 

cuff tears in patients who underwent both imaging techniques. In our institution, US is 

the method of choice in evaluating patients with shoulder complaints. As in other 

countries, the use of US has increased significantly (20).

In our study the use of US obviates the need for further imaging in 95% of the cases. 

The high lifetime prevalence of shoulder pain of 66% (21) and the moderate reliability 

and reproducibility of clinical history and clinical examination may be an explanation for 

the large number of US examinations. In this study we focussed on the presence or 

absence of rotator cuff tears. Other diagnoses that are often made with US, e.g., 

subacromial bursitis and impingement syndrome, were not evaluated. The combination 

of clinical history, clinical examination and ultrasound fulfil the need for diagnostic 

certainty and permit the initiation of therapy in most cases. The disadvantage of the 

liberal use of US may be a large number of negative findings as was an additional finding 

of our study, because the indication to perform US of the shoulder was shoulder pain 

and/or disability instead of suspicion for having a rotator cuff tear. Another disadvantage 

could be a large number of false-positive findings, as there is a chance of up to 50% of 

finding abnormalities in an asymptomatic shoulder (22). Therefore, good clinical 

examination remains of utmost importance in the evaluation of patients with shoulder 

complaints.

Another purpose of this retrospective study was to evaluate the diagnostic accuracy of 

US in cases in which additional MRI was requested and to compare these two 

techniques.

US and MRI findings were compared with surgical findings and appeared comparably 

accurate in diagnosing full-thickness tears (94% and 94%, respectively) and less, but also 

comparably accurate for the detection of partial-thickness tears (81% and 84%, 

respectively). Our findings substantiate those reported by Dinnes et al. (11) and Teefey et 

al. (9), who showed that US and MRI have comparable accuracy for identifying partial-

thickness and full-thickness rotator cuff tears. Although Teefey et al. (9) performed a 

prospective study, while we retrospectively analysed findings in a more diverse patient 

population from daily practice, both studies show that MRI of the shoulder provides, 

with regard to the rotator cuff, little additional information following an US examination. 

However, in our selected study group in 7 (10%) of the 68 patients MRI detected 

intraarticular pathology, which changed therapy strategy. Furthermore, for some 

surgeons MRI may have additional value to assess fatty infiltration of the rotator cuff; 

chapter 8 detection of rotator cuff tears: the value of mri following ultrasound
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Abstract 

To assess the variability in accuracy of contrast media introduction, leakage, required 

time and patient discomfort in four different centres, each using a different imageguided 

glenohumeral injection technique. Each centre included 25 consecutive patients.  

The ultrasoundguided anterior (USa) and posterior approach (USp), fluoroscopic-guided 

anterior (FLa) and posterior (FLp) approach were used. Number of injection attempts, 

effect of contrast leakage on diagnostic quality, and total room, radiologist and procedure 

times were measured. Pain was documented with a visual analogue scale (VAS) pain 

score. Access to the joint was achieved in all patients. A successful first attempt 

significantly occurred more often with US (94%) than with fluoroscopic guidance (72%). 

Leakage of contrast medium did not cause interpretative difficulties. With US guidance 

mean room, procedure and radiologist times were significantly shorter (p<0.001).  

The USa approach was rated with the lowest pre- and post-injection VAS scores. The four 

image-guided injection techniques are successful in injection of contrast material into 

the glenohumeral joint. US-guided injections and especially the anterior approach are 

significantly less time consuming, more successful on the first attempt, cause less patient 

discomfort and obviate the need for radiation and iodine contrast. 

Introduction

MR arthrography is frequently performed in the assessment of shoulder problems (1). 

Intra-articular injection of a gadolinium chelate or a saline solution improves the 

detection of rotator cuff tears and demonstration of the labrum (1).

Deposition of contrast media into the glenohumeral joint may be a challenge for some 

radiologists. According to the numerous publications on this subject, it is still an item of 

investigation (2-20). There are various techniques from blind (4, 17, 19) to image guided 

(2, 3, 10, 12). Glenohumeral injections are generally performed using an anterior approach 

under fluoroscopic guidance, which was first described in 1933 by Oberholzer (21), and 

modified by Schneider (22). Other methods for intra-articular injection of the 

glenohumeral joint have been described, e.g., fluoroscopically guided using a posterior 

approach (9, 10), palpation directed (4, 19), ultrasound (US) (2, 3, 14), CT (11), and MR 

guided (7, 20). These studies deal mostly with the techniques and/or their feasibility. 

Nowadays there is growing interest in evaluating and improving radiologists’ interpretive 

performance and efficiency in delivering patient care, However, little is known about 

differences in accuracy of contrast injection, the effect of contrast leakage on image 

interpretation (19), the time taken and the discomfort experienced by the patient (23, 24) 

between different radiologists using different techniques.

The purpose of our study was to prospectively assess the variation in accuracy, effect of 

leakage of contrast medium on diagnostic quality, the time required, and the discomfort 

experienced by the patient for the introduction of contrast material into the glenohumeral 

joint with four different frequently applied image-guided (fluoroscopy and US) injection 

techniques.

Materials and Methods

Patients
A prospective study was performed in four centres each including 25 consecutive 

patients with shoulder instability who were referred for MR arthrography by orthopaedic 

surgeons. Patient characteristics are illustrated in Table 1. Patients who had previously 

undergone shoulder surgery were excluded. Institutional review board approval and 

verbal consent were obtained. 

Four radiologists in four different centres were deliberately chosen because each 

routinely used a different approach for glenohumeral injection. In this way we were able 
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to audit and compare the daily practice of various glenohumeral humeral injection 

techniques applied by experienced musculoskeletal radiologists (>9 years of experience 

each). In each centre a different intra-articular approach was applied by an experienced 

musculoskeletal radiologist, fluoroscopic-guided anterior (FLa), fluoroscopic-guided 

posterior (FLp), US-guided anterior (USa) and US-guided posterior (USp). 

All patients underwent intra-articular injection of gadoterate meglumine (gadoteric 

acid) 0.0025 mmol/ml (Artirem®; Guerbet S.A., Villepinte, France), which is a dilution 

(1:200) of Dotarem® (Gd-DOTA) provided in pre-filled syringes of 20 ml, until intra-articular 

pressure rose or up to a maximum of 20 ml. 

Injection techniques
All radiologists used the technique and materials with which they were familiar. The FLp 

and Fla injections were performed with a 1.2 mm × 88.9-mm spinal needle (18-gauge, 3.5 

inch) and a 0.9 × 90-mm spinal needle (20-gauge), respectively, and the US-guided 

injections with a 0.8 × 50-mm bevelled needle (21-gauge) without a stylet. 

The Fla injections are performed with the patient supine in a straight anteroposterior 

position with the shoulder slightly externally rotated. The needle is directed vertically 

under fluoroscopic control at the junction of the middle and lower thirds of the medial 

part of the humeral head (Figs. 1 and 3).

See also Figs. 2 and 3.
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Table 1  Four patient groups.

 Patients Gender Age Sidedness 

 No. M F Mean/median (range) L R

FLa 25 17 7 39/44 (14–69) 9 16 

FLp 25 14 11 44/44 (28–62) 14 11 

USa 25 16 9 35/34 (18–59) 9 16 

USp 25 19 6 36/37 (16–69) 10 15 

Number of patients per group, gender, age and sidedness of the punctured shoulders are 
displayed. USa: US-guided anterior injection, USp: US-guided posterior injection,  
FLa: fluoroscopic-guided anterior injection, FLp: fluoroscopic-guided posterior injection 

Fig. 1  Schematic drawing of the anterior view of the right shoulder showing the puncture 
sites of the fluoroscopic- (X) and US-guided (•) anterior injection techniques.

Fig. 2  Schematic drawing of the posterior view of the right shoulder showing the puncture 
sites of the fluoroscopic- (X) and US-guided (•) posterior injection techniques.
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The USp approach, described by Cicak (2) and modified by Zwar (14), was performed 

using a APLIO US machine (Toshiba Medical Systems Corporation, Tokyo, Japan) with a 

7.5–14-MHz linear array transducer (Toshiba PLF-805ST). The patient is either lying 

obliquely prone on the contralateral shoulder or sitting upright with the back to the 

radiologist and the ipsilateral hand on the contralateral shoulder. 

After skin and transducer preparation with alcohol 70%, the patient’s shoulder was 

draped in sterile fashion. The needle is inserted, from lateral to medial, parallel to the 

long axis of the transducer and advanced under US control in the joint between the 

humeral head and the posterior glenoid labrum (Figs. 2 and 6) (14). 

Time assessment
To be able to monitor the time taken for the procedure in four different centres, with different 

personel, a simple method of scoring how things were done was standardised. 

Room time (time between the patient entering and leaving the room), radiologist time (time 

between entering and leaving the room) and procedure time (time between starting and 

ending the injection procedure) were recorded. Mean times were assessed, and because of 

the maximum time of FLa and FLp, we also assessed the median times (Table 3). 

The FLp injections are performed in prone position with the symptomatic shoulder 

slightly raised until the glenohumeral joint is seen tangentially (9, 10). The injection site 

is infiltrated with local anaesthetic [prilocaïnehydrochloride 10 mg/ml (Citanest® 1%), 

Astra Pharmaceutica, Zoetermeer, The Netherlands] using a 0.8 × 50-mm bevelled needle 

(21-gauge). With the shoulder in a neutral position or slightly internally rotated, the 

needle is aimed at the inferomedial quadrant of the humeral head and advanced 

vertically under fluoroscopic guidance to the cartilage of the humeral head (Figs. 2 and 

4) (9, 10).

The USa approach was performed according to Valls (3). Patients are supine with the 

shoulder slightly externally rotated. A HDI 5000 SonoCT (ATL/Philips, Best, The 

Netherlands) with a 5–8-MHz curved array transducer was used to visualise the needle 

(Fig. 5A). After skin and transducer preparation with alcohol 70%, the patient’s shoulder 

was draped in sterile fashion. The needle is inserted at the level of the coracoid, from 

lateral to medial, aimed at the medial border of the humeral head (Figs. 1 and 5) (3). The 

contrast medium can be seen flowing in the direction of the subscapular recess and joint 

space. 
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Fig. 3  Fluoroscopic-guided anterior approach. 

    X-ray of the anterior view of a right-hand shoulder showing the needle entry site.  
The needle is inserted vertically at the inferomedial quadrant of the humeral head. 
The intra- articular position of the needle tip is confirmed by injecting a little 
iodinated contrast media, which demarcates the hyaline cartilage (black arrows) of 
the humeral head. 

Fig. 4  Fluoroscopic-guided posterior approach. 

   X-ray of the posterior view of a right-hand shoulder showing the needle entry site.  
The needle is inserted vertically at the inferomedial quadrant of the humeral head. 
The intra-articular position of the needle tip is confirmed by injecting a little iodinated 
contrast media, which demarcates the hyaline cartilage (black arrow) of the humeral 
head. 
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Visual analogue scale
Before and after injection, patients graded their anticipated and experienced level of 

pain. A visual analogue scale (VAS) was used, with a scale from 0 (“no pain”) to 100 

(“unbearable pain”). Complications were recorded. 

Evaluation of intra-articular administration of contrast material

The number of attempts needed to enter the joint space was recorded. An attempt to 

inject a joint was defined as the need for repositioning of the needle after unsuccessful 

test injection. 

The joint space was considered to be entered when the needle contacted the humeral 

head cartilage, test injection was performed without resistance and the intra-articular 

position of contrast material was confirmed with fluoroscopy by injection of 1–2 ml 

iodinated nonionic contrast (Omnipaque 300; Amersham Cygne, Eindhoven, The 

Netherlands). Confirmation with real time US can be performed without the use of 

iodinated contrast media by visualising the intra-articular flow of fluid during injection 

or by visualising the intra-articularly injected fluid underneath the capsule and/or labrum 

posteriorly and underneath the subscapularis tendon anteriorly, or around the long head 

of the biceps tendon. 

The amount of injected contrast material was recorded.

MR imaging was performed within 15 min of the injection with a 1.0-T or a 1.5-T MR 

system. In all centres a dedicated receive-only shoulder coil was used. Images were used 

for diagnostic purpose and to assess retrospectively the intra-articular position and 

contrast leakage by an independent blinded radiologist who did not perform the 

procedure. Leakage was graded using a five-grade scale (Table 2). 
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Fig. 6  US-guided posterior approach. 

   A) Sonogram of a right-hand shoulder showing the needle track (arrows) from lateral to 
medial with the USp approach. The needle is inserted at the midlevel of the humeral head 
(H). The needle is in intra-articular position with the tip underneath the infraspinatus 
tendon (ISP) and posterior labrum (L) and bordering the hyaline cartilage (asterisks) of the 
humeral head. G: glenoid. 

   B) Corresponding cadaver section showing the optimal needle track (white line). 
   C) Sonogram following injection of 15 ml injected gadoterate meglumine (Artirem®) 

(asterisk). The correct intra-articular position of the needle (arrows) can be visualised 
real-time during injection, but is also confirmed by the ‘comma’-like configuration of the 
posterior labrum (arrowheads), which is lifted by the intra-articularly injected fluid 
(asterisk). G: glenoid, H: humearal head, ISP: infraspinatus tendon. 

A

C

B

Fig. 5  US-guided anterior approach. 

   A) Sonogram of a right-hand shoulder showing the needle track (arrows) from lateral 
to medial with the USa approach. The needle is inserted at the level of the coracoid 
(C). The tip of the needle is in intra-articular position with the tip underneath the 
subscapularis tendon (SSC) and bordering the humeral head (H). B) Corresponding 
cadaver section showing the optimal needle track (white line). 

A B
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statistical differences. Statistical significance was accepted if the P value was less than 

0.05. The comparisons between the techniques were not adjusted for the patients’ sex, 

age or right or left shoulder. The distribution of all categorical variables was presented in 

frequencies. Differences in these distributions were tested for statistical significance 

using chi-square tests. 

All statistical analyses were performed using SPSS, version 14.0.2 for Windows (Chicago, 

IL) by an experienced statistician (L.K.). 

Results

Patient groups
As illustrated in Table 1, the patient groups involved in this study were quite similar in 

sex, age distribution and sidedness of the affected shoulder. There was a slight 

predominance in right shoulders, as one might expect, as most people are right-handed. 

Patients’ gender and left or right shoulder were not significantly related to room time, 

radiologist time, total procedure time and difference between the pre- and post-procedure 

VAS scores. The age of the patients was only weakly (r2<0.04) correlated with the three 

time variables and not at all correlated with the VAS score difference. Therefore, the 

analyses were not adjusted for age, sex and laterality. 

Accuracy
Injection of the glenohumeral joint was successfully performed in all 100 patients 

enrolled in this study (Table 2). Overall access to the joint was gained on the first attempt 

in 83 (83%) patients, on the second attempt in 14 (14%) patients and on the third attempt 

in 3 (3%) patients. For fluoroscopic or US guidance the first attempt scores were 72% and 

94%, respectively. With fluoroscopy a second and third attempt was needed in 22% and 

6%, respectively, whereas with US guidance a second attempt in only 6%, and a third 

attempt was not needed in any of the cases (Table 2). 

The differences between the techniques in the frequency of more than one attempt 

needed were statistically significant (chi-square test df=3: p=0.026). 

No complications of the vital structures, such as vessels, nerves and tendons, were 

encountered clinically and with MR imaging. Four (4%) patients had a vasovagal reaction, 

two patients in the USp group and two patients in the FLa group. No further complications 

were reported in any of the groups as, for example, bleeding at the injection site, swelling 

or compromise of movements. 

Statistical analysis
For descriptive purposes, mean and standard deviations are reported for room time, 

radiologist time, total procedure time and VAS scores. Because the variables were 

non-normally distributed, nonparametric Kruskal-Wallis tests were used to test for 
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Table 2  Accuracy, number of attempts to gain access to the glenohumeral joint, 
injected volume and leakage of contrast media with four different image-
guided approaches.

 Overall FLa FLp USa USp FL(a + p) US(a + p)

Number of patients 
(N) 

100 25 25 25 25 50 50 

Intra-articular 
injection 

100 (100%) 25 (100%) 25 (100%) 25 (100%) 25 (100%) 50 (100%) 50 (100%)

1st attempt 83 (83%) 19 (76%) 17 (68%) 24 (96%) 23 (92%) 36 (72%) 47 (94%)

2nd attempt 14 (14%) 5 (20%) 6 (24%) 1 (4%) 2 (8%) 11 (22%) 3 (6%)

3rd attempt 3 (3%) 1 (4%) 2 (8%) 0 (0%) 0 (%) 3 (6%) 0 (0%)

No leakage 49 (49%) 8 (32%) 13 (52%) 16 (64%) 12 (48%) 21 (42%) 28 (56%)

Minimal leakage 
noncompromising 

24 (24%) 12 (48%) 3 (12%) 4 (16%) 5 (20%) 15 (30%) 9 (18%)

Massive leakage 
noncompromising 

27 (27%) 5 (20%) 9 (36%) 5 (20%) 8 (32%) 14 (28%) 13 (26%)

Minimal leakage 
compromising 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Massive leakage 
compromising 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Minimal injected 
volume (ml) 

5.0 10.0 9.0 5.0 10.0 9.0 5.0

Maximal injected 
volume (ml) 

20.0 20.0 20.0 20.0 20.0 20.0 20.0

Mean injected 
volume (ml) 

15.6 14.5 14.9 14.6 18.6 14.7 16.6

Local anaesthetics – No Yes No No – –

Needle size (gauge) – 20 18 21 21 – –

USa: US-guided anterior injection, USp: US-guided posterior injection, FLa: fluoroscopic-guided 
anterior injection, FLp: fluoroscopic-guided posterior injection, FL (a + p): fluoroscopic-guided 
anterior and posterior approach, US (a + p): US-guided anterior and posterior approach 
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Contrast material leakage
The various injection techniques were qualitatively comparable with regard to 

extra-articular leakage of contrast material. In 51% of all procedures minimal (24%) and 

massive (27%) leakage occurred, which did not hamper in any way the evaluation of the 

MR images. Minimal leakage was most frequent in the FLa approach (48%) and massive 

leakage in both posterior approaches (FLp: 36% and USp: 32%) (Table 2). 

The differences in non-compromising leakage were statistically significant (chi-square 

test, df=6: p=0.045).

Time assessment
Fluoroscopy and US room times, overall procedure times and radiologist’s times are 

summarised in Table 3 as minimum - maximum times (mean). 

The mean room times for US guidance were significantly shorter when compared to the 

time needed using fluoroscopic guidance (Table 3). The shortest mean procedure time 

required was noted for the USa approach (1:34 min). The longest mean procedure time 

noted was that using the FLp approach (9:48 min). Also noteworthy is the difference in 

mean procedure time between the FLa (4:09 min) and FLp approach (9:48 min).  

The minimum procedure times were similar among all four approaches; however, the 

maximum procedure times were significantly shorter using US guidance (Table 3). 

On average the procedure under US guidance was shorter than under fluoroscopic 

guidance, using significantly less (>50%) room time and radiologist time (Table 3). 

Discomfort
The VAS score obtained before and after shoulder injection is summarised in Table 4.  

The VAS scores before the procedure varied among the four different procedures, but not 

significantly so (Kruskal-Wallis p=0.108). The variation in the VAS scores post-procedure was 

a little bit larger and statistically significant (Kruskal-Wallis p=0.023). In three of the four 

groups there was a general tendency for patients to indicate that the procedure was less 

painful than they had expected. In 44 patients the VAS score decreased following injection, 

whereas in 28 patients it increased, and in 28 patients the VAS score measured pre- and 

post-procedure remained equal. The mean VAS score of the FLp, USa and USp injections 

decreased 14, 11 and 11 points following injection, respectively, while it increased with  

9 points in the FLa group (Kruskal-Wallis p=0.001). In fact, the post-procedure VAS score of 

the FLa procedure increased in 60% of the patients. There was a higher average pain score 

after FLa injection as compared to FLp. Patients who underwent US-guided procedures 

reported less pain than those who underwent the fluoroscopic-guided procedures.  

The USa approach was rated with the lowest pre- and post-injection VAS scores.
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Table 3  Accuracy, number of attempts to gain access to the glenohumeral joint, 
injected volume and leakage of contrast media with four different image-
guided approaches.

 TRoom TProcedure TRadiologist 

 Min – max (mean/median) Min – Max (mean/median) Min – max (mean/median) 

FLa 07:00 – 33:00 (17:03/17:00) 00:30 – 20:00 (04:09/11:43) 03:00 – 27:00 (09:50/08:00) 

FLp 12:00 – 29:00 (20:05/20:00) 00:45 – 23:00 (09:48/09:00) 10:00 – 27:00 (17:58/19:00) 

USa 06:00 – 15:00 (09:54/10:00) 00:30 – 06:00 (01:34/01:00) 04:00 – 13:15 (06:19/06:00) 

USp 05:00 – 16:00 (09:18/09:00) 00:30 – 07:30 (03:24/03:00) 01:56 – 12:00 (05:48/05:00) 

FL(a + p) 07:00 – 33:00 (18:36/18:00) 00:30 – 23:00 (06:58/07:00) 03:00 – 27:00 (13:54/15:00) 

US(a + p) 05:00 – 16:00 (09:36/09:00) 00:30 – 07:30 (02:29/02:00) 01:56 – 13:15 (06:03/06:00) 

TUS:TFL 71%−48% (52%) 100%−33% (36%) 64%−49% (44%)

Kruskal-Wallis p<0.001 p<0.001 p<0.001

TRoom = time that the room is occupied by patient. TProcedure = time required for injection  
(skin to skin), TRadiologist = overall time radiologist in the US or fluoroscopy room 
USa: US-guided anterior injection, USp: US-guided posterior injection, FLa: fluoroscopic-guided 
anterior injection, FLp: fluoroscopic-guided posterior injection. FL(a + p): fluoroscopic-guided 
anterior and posterior injection, US(a + p): US-guided anterior and posterior injection, TUS:TFL: 
percentage of needed room, procedure and radiologist time with US guidance in relation to the 
time span for fluoroscopic guidance 

Table 4  VAS pain score for US- and fluoroscopy-guided glenohumeral injections.

Pre-procedure Post-procedure VAS difference

Min–max (mean) Min–max (mean) Mean Decrease Increase Equal

   No. of patients No. of patients No. of patients 

FLa 0 – 90 (30) 0 – 100 (39) +9 3 (12%) 15 (60%) 7 (28%) 

FLp 3 – 100 (42) 0 – 100 (28) −14 15 (60%) 4 (16%) 6 (24%) 

USa 0 – 75 (27) 0 – 70 (16) −11 13 (52%) 4 (16%) 8 (32%) 

USp 0 – 80 (38) 0 – 80 (27) −11 13 (52%) 5 (20%) 7 (28%) 

USa: US-guided anterior injection, USp: US-guided posterior injection, FLa: fluoroscopic-guided 
anterior injection, FLp: fluoroscopic-guided posterior injection, VAS-difference: VAS score 
post-procedure - VAS score pre-procedure  
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In this study four minor complications, e.g., vasovagal reactions, were reported, which 

resolved without medical intervention: two in the USp group and two in the FLa group. 

Other minor complications included pain, urticaria and headaches (25). All four 

procedures were difficult due to adipositas (n=3) and postoperative status (n=1). Hugo 

(25) showed in a multi-institutional survey a total complication rate of 3.6%. Serious 

complications account for 0.02% and consist mainly of infections and rarely of anaphylaxis 

and vascular complications (25). 

In our study there were no advantages comparing the anterior approach with the 

posterior approach. Some authors (2, 9, 10, 14, 19) advocate the posterior approach, 

because most pathologies of the stabilising structures of the glenohumeral joint are 

encountered on the anterior aspect of the joint. Chung (9) shows that if a standard 

anterior fluoroscopic approach is used, the needle may traverse the primary stabilisers. 

To overcome this drawback a modified anterior approach through the rotator interval 

can be performed (13). This is comparable with the US-guided anterior approach. With 

this approach the needle entry site is at the level between the coracoid process and the 

superior medial quadrant of the humeral head, which is cranial to the stabilising 

structures of the shoulder. This limits the risk of compromising diagnostic quality because 

of leakage of contrast material. 

This study was not a strict comparative study between US and fluoroscopic techniques 

because all radiologists kept their own routine, introducing variables like needle size and 

the use of local anaesthetics. Also the differences in injection skills may play a role. 

Nevertheless, an important observation of this study is the wide variation in delivered 

patient care. Although this study is too small to analyse the contribution of different 

factors to this variation, it is important for physicians to be aware of these phenomena. 

The results suggest that US-guided glenohumeral joint injection is preferable to 

 fluoroscopic-guided glenohumeral joint injection. To confirm the findings a prospective 

study without variables such as needle size and local anaesthetics is needed.  

Further more, the number of operators should be extended to minimise the effect of 

differences in operator skills. 

Conclusion

The four image-guided injection techniques are successful in injection of contrast 

material into the glenohumeral joint. Although the effect of other variables, such as size 

of the injection needle and the use of local anaesthetics, needs to be investigated, we 

encourage US-guided injections and especially the anterior approach, because in this 

Discussion

The main advantage of image-guided glenohumeral joint injection over blind injection 

is that the needle position can be confirmed and injection of contrast medium can be 

controlled. This is especially advantageous in teaching hospitals (when training residents) 

and when the number of MR arthrographies are limited. 

The current study describes four different image-guided approaches. Intra-articular 

deposition of contrast material was successful in all patients, which is comparable with 

reported results in the literature (2, 3, 10, 13). The success rate of the first attempt with US 

guidance (97%) was significantly better compared to fluoroscopic guidance (72%). 

In the literature the accuracy of “blind” glenohumeral injections varies from 26-100% 

(15-19). Catalano et al. (19). showed that with a palpation-directed posterior approach, 

the glenohumeral joint could be entered successfully on respectively the first, second 

and third attempt in 85%, 13% and 2% of the cases (19).

In this study the US procedure was less time consuming than the fluoroscopic-guided 

procedure (2.30 min versus 7 min, i.e., only 36% of the time needed with fluoroscopic 

guidance). This may be due to the received pre-procedural local anaesthetics and the 

injection with iodinated contrast to confirm the intra-articular position. The reported 

time of blind injection by Catalano was 3 min (19). The occupancy of the US room is only 

52% of the fluoroscopy room (Table 3). 

The figures of leakages are summarised in Table 2. The number is high compared to those 

reported by Catalano et al. (19). This may be due to strict criteria. Every small amount of 

contrast material along the needle tract was graded minimal leakage. The frequent 

leakage did not cause interpretative difficulties. All patients were clinically suspected of 

having anterior labral problems, and therefore posterior leakage did not hamper 

interpretation. Contrast material anteriorly did not compromise diagnostic quality, 

because the contrast medium was usually depicted in close relationship to the needle 

tract. In six cases massive leakage was obviously due to capsular disruption (n=3), 

pathology of the labrum (n=2) and a full-thickness rotator cuff tear (n=1). 

Patients who undergo arthrography in general experience less pain than expected (23). 

In our study 44% of the patients considered discomfort less than expected and 28% more 

than expected. However, in the subgroup of patients who underwent the FLa approach 

(Table 4), 60% experienced more discomfort than expected. This can be explained by the 

fact that no local anaesthetics and a thicker needle (20-gauge) were used and the fact 

that manipulation of the stylet and syringe causes unintended movements of the 

needle. 
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Abstract 

Background. Blind injection of the subacromial-subdeltoid bursa (SSB) for diagnostic 

purposes (Neer test) or therapeutic purposes (corticosteroid therapy) is frequently used. 

Poor response to previous blind injection or side effects may be due to a misplaced 

injection. It is assumed that ultrasound (US)-guided injections are more accurate than 

blind injections. In a randomized study, we compared the accuracy of blind injection to 

that of US-guided injection into the SSB. 

 

Patients and methods. 20 consecutive patients with impingement syndrome of the 

shoulder were randomized for blind or US-guided injection in the SSB. Injection was 

performed either by an experienced orthopedic surgeon or by an experienced 

musculoskeletal radiologist. A mixture of 1 mL methylprednisolone acetate, 4 mL 

prilocaine hydrochloride and 0.02 mL (0.01 mmol) Gadolinium DTPA was injected. 

Immediately after injection, a 3D-gradient T1-weighted magnetic resonance scan of the 

shoulder was performed. The location of the injected fluid was independently assessed 

by 2 radiologists who were blinded as to the injection technique used. 

 

Results. The accuracy of blind and US-guided injection was the same. The fluid was 

injected into the bursa in all cases. 

 

Interpretation. Blind injection into the SSB is as reliable as US-guided injection and could 

therefore be used in daily routine. US-guided injections may offer a useful alternative in 

difficult cases, such as with changed anatomy postoperatively or when there is no 

effective clinical outcome.

Introduction 

Impingement of the rotator cuff and the subacromial-subdeltoid bursa (SSB) beneath the 

coracoacromial arch without associated rupture of the cuff is a well-established clinical 

diagnosis. Subacromial injection of corticosteroids is an effective therapy for symptomatic 

subacromial impingement (1, 2).

Poor response to blind injection or side effects may be due to a misplaced injection (3). 

Potential side effects are septic arthritis, necrotizing fasciitis, a deleterious effect on 

intraarticular cartilage, or tendon degeneration, which may lead to late rupture of the 

rotator cuff and subcutaneous atrophy (4-7).

Some studies have suggested that blind subacromial injection may be difficult.  

The incidence of injections that miss the subacromial bursa has ranged from 13% to 71%  

(3, 8-10).

Image-guided interventions - especially those using ultrasound (US) - are being 

increasingly used, as they can be performed quickly and reliably (11, 12). We hypothesized 

that US-guided injection of the subacromial-subdeltoid bursa is more accurate than 

blind injection and thus, in the long term, probably more successful than blind injection. 

There have been some studies describing the accuracy of blind injection into the SSB; the 

location of the injected fluid was recorded by plain radiology (8, 9) or by ultrasound (10). 

To our knowledge, there have been no studies that have evaluated the accuracy of 

US-guided bursal injections with magnetic resonance imaging (MRI). MRI provides an 

objective 3-dimensional view of the bursa and shoulder joint, and enables differentiation 

between the pre-existing fluid and the injected fluid, because it contains gadolinium, 

which provides brighter signal intensity at T1-weighted MR images.

Using a randomized study, we compared the accuracy of blind subacromial injections 

with that of corresponding US-guided injections.

Patients and methods 

Patients 

60 consecutive patients with impingement of the shoulder of at least 2 months duration 

were considered for inclusion. They were treated by deposition of corticosteroids in the 

subacromial-subdeltoid bursa.

All patients were studied with ultrasound prior to injection. Patients with fluid in the 

bursa before injection (n = 2) or previously treated with corticosteroid injections or 

surgery were eliminated from the study. Patients were included when they had painful 

chapter 10 injection of the subacromial-subdeltoid bursa: blind or us-guided?

10



198 199

US-guided injections were performed by one radiologist (MR) using a free-hand 

technique. Patients lay supine on an examination table or sat upright face to face with 

the radiologist, with the ipsilateral arm in hyperextension and endorotation (longitudinal 

supraspinatus view). Sonographic examinations were performed with a Toshiba Power 

Vision using a 7.5-14 MHz linear array transducer. Transducer and skin were disinfected 

with 70% ethanol and sterile gel was applied. A 21-gauge needle was inserted parallel to 

the transducer in a semi-oblique plane from the anterior side of the shoulder. The needle 

was advanced under realtime US control until the needle tip entered the bursa (Figure 1). 

To optimize visualization of the tip, it was inserted with the bevelled side facing the 

transducer. Rotation of the bevel of the needle 180° to the side of the rotator cuff after 

entering the bursa facilitated intrabursal injection. The position of the tip of the needle 

was also verified by the fact that touching the synovial lined bursa generates pain. 

Needle placement and intrabursal injection took an average of 5 min for both 

techniques.

restriction of their glenohumeral mobility, had a sonographically and/or MRI-proven 

intact rotator cuff, and were between 18 and 65 years of age. At that time, intrabursal 

deposition of gadolinium was not approved officially; thus, we obtained approval from 

the medical ethical committee of our hospital and received written informed consent 

from all patients.

One of the premises of this study was that sonographic injection should improve the 

success rate of injection by 15%. However, because the results after 20 patients indicated 

that the chance of a relevant improvement would be less than 1% after 40 patients and 

less than 3% after 60, the study was stopped after the first 20 patients.

Randomization 
20 consecutive patients were allocated to either blind or US-guided corticosteroid 

injection therapy by being randomly assigned a number from 1 to 20 just before injection. 

Patients for whom an uneven number was drawn underwent US-guided injection and 

those for whom an even number was drawn underwent blind injection (Table).

Injection technique 
The injection fluid contained 1 mL methylprednisolone acetate at 40 mg/mL 

(Depo-Medrol), 4 mL prilocaïnehydrochloride at 10 mg/mL (Citanest 1%), and 0.02 mL 

(0.01 mmol) Gadolinium DTPA (Magnevist).

All blind injections were performed by an experienced orthopedic surgeon (MWM).  

A commonly used puncture technique was performed. Making use of external anatomical 

landmarks for orientation, a lateral posterior approach (13) with a 21-gauge (0.8 × 50 mm) 

needle was used.
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Table  Study groups after random allocation to either blind or US-guided 
corticosteroid injection.

Blind US-guided Total

No. of patients 10 10 20

Mean age range 48 40 44

28-61 24-54 24-61

Male : Female 7:3 5:5 12:8

Right : Left 6:4 7:3 13:7

Fig. 1A  Ultrasonographic image showing the supraspinatus tendon (SSP) in the longitudinal 
plane. The advancing needle (arrows) under real-time ultrasound guidance has entered 
the subacromial-subdeltoid bursa (between arrow heads). D: deltoid muscle; H: humeral 
head. 
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Results 

With both injection techniques, the procedure was quick (average 5 min) and relatively 

painless. In all patients, the fluid was correctly injected into the subacromial-subdeltoid 

bursa. No complications or side effects occurred. In 4 patients, some leakage of fluid 

along the puncture canal in the deltoid muscle could be seen. 2 of them had been 

punctured blind and 2 had been punctured US-guided.

Discussion 

Subacromial injection of corticosteroids is common. However, corticosteroid injections 

have some potential side effects and not all patients respond well to this therapy (4, 5). 

One reason may be injection failure. In different reports, the incidence of blind 

subacromial injection failure has ranged from 13 to 70% (3, 8-10).

It is thus interesting to know how accurately US-guided subacromial injections can be 

Assessment of accuracy 
MRI shows up intraarticular and periarticular fluid, soft tissues and bony structures with 

a high spatial resolution in 3 dimensions, and was used for evaluation (Figure 2) (14). All 

patients underwent MR imaging of the shoulder immediately after injection. Examinations 

were performed on a 1.5-T MRI scanner. 3D-gradient T1-weighted (FLASH 3D) oblique 

coronal scans were obtained and images were reconstructed in the sagittal and axial 

planes, and if indicated, in any other desired plane. FLASH 3D imaging (TR: 8.1 ms; TE: 4 

ms; 2 acquisitions; 192 × 256 matrix; FOV: 24 cm) with 1-mm consecutive slices was used. 

Overall scan time was 4 min 30 sec.

The accuracy of the injection was assessed by 2 radiologists (BM and GJ) independently. 

They were blinded as to the puncture technique used. The injection fluid contains an MRI 

contrast agent (Gadolinium DTPA) which shortens the T1 relaxation time. This increases 

the signal intensity of the injected fluid on T1-weighted images, thus facilitating 

assessment of the precise location of the injected fluid and differentiation from other 

collections of fluid.
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Fig. 1B  Ultrasonographic image after injection of about 5 ml of fluid (arrows) into the  
subacromial-subdeltoid bursa. D: deltoid muscle; SSP: supraspinatus tendon.

Fig. 2  Semi-coronal gradient T1-weighted (FLASH 3D) MR image of the shoulder after 
injection of 5 mL fluid (*) into the subacromial-subdeltoid bursa. D: deltoid muscle; 
SSP: supraspinatus tendon.
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performed. One study involving US-guided injection has been published; however, 

accuracy was determined using ultrasound (10). To our knowledge, there have been no 

studies that have objectively evaluated the targeting accuracy of US-guided injections in 

the subacromial-subdeltoid bursa. We used MRI, because it provides an objective 

3-dimensional view of the bursa and shoulder joint and enables differentiation between 

pre-existing fluid and injected fluid, by using contrast material (gadolineum). This MRI 

contrast agent provides brighter signal intensity in T1-weighted MR images related to 

pre-existing fluid.

US-guided interventions in general, and in the shoulder joint in particular, are accurate 

and may reduce unnecessary and potentially traumatic or unsuccessful attempts at 

intervention (11, 12, 15, 16). In addition, US is readily available and can be performed 

safely, quickly, and at low cost.

In our 20 patients, all injections using both techniques were correctly placed in the bursa. 

The accuracy of blind injection by one experienced orthopedic surgeon was higher than 

that reported in the literature (3, 8-10). Although this is a small group of patients, we 

conclude that both techniques are equally accurate and thus that blind injections should 

be the technique of first choice.

chapter 10 injection of the subacromial-subdeltoid bursa: blind or us-guided?
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Abstract

Purpose. To prospectively assess the frequency of abnormal sonographic findings in 

patients with posttraumatic shoulder pain and/or disability in whom ultrasound (US) was 

not considered and to assess the effect of sonographic findings on working diagnosis 

and therapeutic strategy, in order to analyse the possible role of US in the diagnostic 

work-up of these patients.

Methods. A survey was performed under general practitioners and orthopaedic surgeons. 

They were requested to refer patients with persistent posttraumatic complaints for an US 

examination of the shoulder and to fill in a questionnaire concerning working diagnosis 

and therapy. In fifty patients examinations were performed by two radiologists separately. 

Findings were confirmed with additional radiographs and/or MRI and/or surgery. Shortly 

after US a survey was repeated. 

Results. Sonography sho wed relevant pathology in 45 (90%) of 50 pa tients, a proximal 

humerus fracture in 25 (50%) pa tients, and a rotator cuff tear in 43 (86%) pa tients. Twenty-

three (92%) fractures were accompanied by a rotator cuff tear, and 23 (54%) rotator cuff 

tears were accompanied by a fracture. Ten frac tu res were initially missed  ra dio grap hi-

cally. Sonographic findings changed the working diagnosis and therapeutic strategy in 

37 (74%) and 26 (52%) pa tients, respectively.

Conclusion. In patients with posttraumatic shoulder complaints US showed a high rate 

(90%) of relevant pathology. This changed the initial working diagnosis in 74% of the 

patients and the therapeutic strategy in more than half of the patients. 

Active referral for sonographic examination may identify these abnormalities in an earlier 

phase and improve clinical outcome.

Introduction 

Shoulder pain is associated with an injury in one third (33.2%) of the patients who visit 

primary care physicians in the United States (1). Males and younger adults (age < 52) 

more often associate their shoulder pain with previous injury (1). These shoulder injuries 

may remain undetected in the acute phase. 

Many studies have proven the efficacy of ultrasound (US) in the diagnosis of partial- and 

full-thickness rotator cuff tears (RCT’s) (2-8) but immediately following trauma US is often 

not performed because its value is considered limited. Furthermore conventional x-ray’s are 

often inconclusive for the detection of nondisplaced fractures of the tuberosity complex of 

the humerus (9). For this reason diagnosis is often delayed which may cause longstanding 

shoul der complaints, leading to temporary disability and considerable lost earnings (10). 

We hypothesize that many patients with shoulder complaints following trauma have 

undetected and unsuspected shoulder injuries which may have clinical consequences. 

We prospectively assessed the frequency of abnormal sonographic findings in patients 

with shoulder complaints following trau ma in whom US was not considered at the 

time of and following trauma and secondly we assessed the effect of these findings on 

therapeutic strategy.

Material and Methods

Our institutional review board approved the study protocol and informed consent was 

obtained from all patients. This prospective study was performed during a two year 

period. In this period referring physicians were requested to refer patients with shoulder 

complaints (pain and/or disability) following trauma in whom diagnostic imaging with 

US, CT or MRI was not considered. Trauma was defined as a serious injury to the shoulder, 

which urged the patient to seek medical care. Time between trauma and referral should 

be at least two weeks and should not exceed one year. Furthermore the referring 

physicians were requested to fill in a questionnaire about the working diagnosis and 

treatment before referral. A second survey within four weeks following US enquired 

about change in diagnosis and treatment. 

Patients 
Fifty consecutive patients (29 women and 21 men, age range 21-80, mean age 49 years) 

were included. 

chapter 11 unsuspected sonographic findings in patients with posttraumatic shoulder complaints
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Magnetic Resonance Imaging (MRI)
In 10 patients MR images were obtained with a 1.5-T scanner (Vision, Siemens Medical 

systems, Erlangen, Germany) using a surface coil. Indications for the MR examinations 

were to verify sonographic findings e.g., fractures not visible on plain radiographs (n=2) 

and rotator cuff tears (n=2), to provide the surgeon with more anatomical information 

in case surgery was considered, and for the detection of intra-articular pathology (n=6). 

Four patients underwent MRI and 6 patients MR-arthrography of the shoulder. The MR 

imaging protocol included axial, sagittal and coronal T1 (repetition time (TR) 600 / echo 

time (TE) 30) and T2-weighted (TR 3000 / TE 50) spin-echo sequences. The field of view 

was 16 cm, and the data acquisition matrix 196 x 512. A section thickness of 3 mm was 

used with a 0.5 mm intersection gap. Three acquisitions were averaged.

The MR arthrography scanning protocol consisted of 3 dimensional (3D)-gradient T1-

weighted (FLASH 3D) oblique coronal scans with fat saturation, which were reconstructed 

in the sagittal and transverse planes. FLASH 3D imaging (TR: 8.1 ms; TE: 4 ms; 2 acquisitions; 

192 × 256 matrix; field of view (FOV): 24 cm) with 1-mm consecutive slices was used.

Patients were referred by general practitioners (n=22) and orthopedic surgeons (n=28). 

Time between trauma and referral ranged from 14-304 days. The referring physicians 

were asked about their working diagnosis and therapy strategy. Patients with  pre-

existent shoulder complaints or previous surgery were excluded from this study. 

Two independent radiologists performed the US examinations during one patient visit. 

US findings were compared with conventional plain radiographs (n=50), MRI (n=10) and 

surgical findings (n=19). 

Ultrasound examination
The US examinations were performed with an APLIO (Toshiba Medical Systems, Tokyo, 

Japan) using a 12 (5 - 14) MHz broadband linear-array transducer (Toshiba PLF-805ST). 

Patients were examined seated on a swivel chair, facing the examiner. A standardized 

US imaging protocol of the shoulder was used (11-14). All sonograms were performed by 

two radiologists, one experienced (>15 years) musculoskeletal radiologist (M.J.R.) and 

one experienced (>20 years) abdominal radiologist (G.J.), who had one year experience 

in performing US of the shoulder. The patients were examined by both examiners 

separately, one after the other. Both were blinded to the results of previously performed 

examinations and to their mutual findings. Following the US examinations consensus 

reading was performed. When discrepant findings between the two readers were found 

the patient was at the same sitting re-examined by both readers together to determine 

the cause of the discrepancy.

Plain radiographs
All 50 patients underwent a radiographic examination (i.e., trauma series), which consisted 

of an anteroposterior view (external and/or internal rotation of the humerus), an axillary 

view and a transscapular view of the shoulder. In 33 patients plain radiographs of the 

shoulder were obtained following trauma. In the remaining 17 patients a fracture was 

not suspected clinically. They underwent plain radiography subsequently in conjunction 

with their US examination.

Following the US examinations both sonologists performed a consensus reading of all 33 

initially obtained plain radiographs. If there was a discrepancy between the US findings 

and the plain radiographic findings new trauma series were obtained and if these were 

not conclusive additional radiographic views were obtained. The image projection of 

these additional views were determined according to the US findings, tangent to the 

expected fracture (Fig. 1).

chapter 11 unsuspected sonographic findings in patients with posttraumatic shoulder complaints
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Fig. 1  52-year-old man with a limited and painful external rotation of the right shoulder 
following trauma. 

   A) Long axis sonogram of the subscapularis tendon (SSC) shows a linear hyperechoic 
reflection (arrows) in the midsubstance of the subscapularis tendon insertion, which 
is suggestive for an avulsion fracture of the lesser tuberosity (LT). 

   B) Additionally obtained radiographic projection (cranio-caudal view) confirmed the 
lesser tuberosity fracture, whereas this was not visible on the initially obtained 
conventional radiographs.
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Image evaluation
Sonographic examinations were evaluated for abnormalities of the deltoid muscle, sub-

acromial-subdeltoid bursa, rota tor cuff, long head of the biceps tendon and the proximal 

hu merus including the tuberosity complex. 

According to the criteria as established in the literature (15-20), a full-thickness rotator 

cuff tear (FTT) is defined as non-visualization or absence of the rotator cuff, or a full-

thickness rotator cuff discontinuity, and a partial-thickness rotator cuff tear (PTT) 

as a focal thinning of the rotator cuff, loss of convexity of the outer cuff border and a 

hypoechoic defect involving the articular or bursal side or within the tendon.

Sonographic features of bone fracture are: periosteal elevation, cortical bone discontinuity 

(Fig. 2A and Fig. 3A and B), step-off deformity with one or more hyperechoic reflections 

(i.e., avulsed, dislocated (Fig. 1A) or impacted bone fragments) (9, 21), and the double line 

sign (two parallel hyperechoic lines) (22).

Initial plain radiographs were evaluated prospectively in routine practice by residents 

and radiologists with a varying level of experience. The final retrospective reading of all 

50 trauma series including the additionally obtained plain radiographs was performed 

by consensus by the two sonologists.

Patient characteristics, prevalence of fractures, RCT’s and subluxation and dislocation of 

the long head of the biceps tendon (23) were determined and summarized (Table 1).

Statistical analysis
For the analyses, we used descriptive statistics only. Because of the relatively small number 

of patients, it was not considered useful to use inferential statistics. For the descriptive 

statistics, we calculated means and standard deviations for continuous variables and 

percentages (i.e., prevalences) for categorical variables. For the interrater reproducibility 

between the 2 sonologists, we calculated Cohen’s kappa statistic for fractures (yes vs. no) 

and ruptures (no vs. partial vs. total).

chapter 11 unsuspected sonographic findings in patients with posttraumatic shoulder complaints

11Fig. 2  68-year-old woman with shoulder pain and disability following a fall on the right 
shoulder. 

   A) The initial radiographs, obtained 6 days following trauma, were interpreted as normal.
   B) Long axis sonogram of the supraspinatus tendon (SSP) shows a cortical bone 

discontinuity (large arrow) at the junction between the greater tuberosity (GT) and 
the humeral head, representing a non-displaced greater tuberosity fracture. The 
thickened subacromial-subdeltoid bursa (small arrows) is either caused by trauma or 
due to chronic impingement. 

   C) The radiographs obtained 1 month following trauma showed a radiolucent zone 
(arrows) along the fracture line due to bone resorption indicative of active bone repair.
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Results

Fifty patients (30 right and 20 left shoulders) were sonographically examined within 

14–304 days (average 69 days) following trauma. The mechanism of trauma was a direct 

fall on the shoulder (n=26), a fall on a hyperextended arm (n=8), falling while grabbing 

(hyperextension with traction) (n=10) and various other causes (n=6) such as luxation, 

forced external rotation or forced hyperextension with abduction. 

chapter 11 unsuspected sonographic findings in patients with posttraumatic shoulder complaints
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Fig. 3  43-year-old man with pain and disability of the shoulder 19 days following a fall on the 
right shoulder. 

   A, B) Long axis sonograms of the supraspinatus tendon (SSP) showing corticol bone 
discontinuities (large arrows) and outpouchings of cortical bone (small arrows) 
representing fractures of the greater tuberosity (GT), which are frequently associated 
with intrasubstance rotator cuff tears (asterisks). 

  C)  A radiograph obtained directly following US could not confirm the US findings. 
   D)  Coronal T1-weighted FSE images with fat saturation of a MR arthrogram confirmed 

the US findings by showing an elevated signal of the greater tuberosity (GT) due to 
oedema because of a fracture and a longitudinally orientated intrasubstance tear 
(arrow) of the supraspinatus tendon (SSP).

A
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Table 1  Sonographic findings following shoulder trauma.

Nr of patients    50

Age a) 21 – 80 (49) 

Gender (F:M) b) 29 : 21

Shoulder (R:L) c) 30 : 20

Referred by (G:S) d) 22 : 28

Time interval e)

Trauma – X-ray 0 - 290 (41)

Trauma – US 14 - 304 (69)

X-ray – US 0 - 122 (36)

US – surgery 15 - 170 (60)

US findings

No pathology 5 (10%)

Fracture 25 (50%)

- No other pathology  2 (  8%)

- PTT 15 (60%)

- FTT 8 (32%)

- PTT+FTT 23 (92%)

Rotator cuff tear 43 (86%)

- PTT 22 (51%)

- FTT 21 (49%)

Biceps tendon 7 (14%)

- subluxation 2 (29%)

- dislocation 5 (71%)

FTT = full-thickness rotator cuff tears, PTT = partial-thickness rotator cuff tears. 
a) = years: range (mean), b) = Female : Male, c) = Right : Left, 
d) = General Practioner (G) : Orthopedic Surgeon (S), e) = days: range (mean). 
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two-part fracture. None of the patients suffered from a three-part or four-part fracture.

In 23 of the 25 patients with a fracture this was accompanied by a RCT (15 PTT and  

8 FTT).

Associated posttraumatic pathologic musculoskeletal findings
Bursitis of the subacromial-subdeltoid bursa (Fig. 2a) was sonographically diagnosed in 2 

patients. In neither patient was a fracture or RCT found.

Subluxation of the long head of the biceps tendon (Fig. 4a) was diagnosed in 3 patients 

and complete dislocation of the biceps tendon (Fig. 4b) was diagnosed in 4 patients. 

These biceps tendon subluxation and dislocations were accompanied by PTT (n=4) or 

FTT (n=3) of the subscapularis (n=2) and/or supraspinatus tendon (n=5).

Working diagnosis and therapeutic strategy changes
Compared to the initial diagnosis and therapy the referring physician stated that 

sonographic findings affected the working diagnosis and therapeutic strategy in 37 

(74%) and 26 (52%) pa tients, respectively. 

US showed no abnormalities in 5 (10%) patients and pathologic findings (proximal 

humerus fracture, RCT’s, long head of the biceps tendon luxation or dislocation) in 45 

(90%) of the patients. Both observers detected all fractures. Therefore the interobserver 

agreement for the sonographic detection of fractures was perfect (Cohen’s kappa is 

1.0). The less experienced sonographer interpreted one PTT as tendinosis, while in the 

remaining 49 (98%) cases both observers consented. The interobserver agreement for 

the sonographic detection of RCT’s was almost perfect (Cohen’s kappa is 0.96). 

Rotator cuff tears 
In 43 (86%) of the 50 patients one or more RCT’s were detected with US. We identified 

22 FTT and 16 PTT in the supraspinatus tendon and 7 FTT and 6 PTT in the subscapularis 

tendon. One FTT was detected in the infraspinatus tendon and no tears were detected 

in the teres minor tendon.

A RCT wit hout other accompanying posttraumatic shoulder pathology was 

sonographically depicted in 15 of the 43 cases, whereas 28 patients with a RCT suffered 

from accompanying fractures of the proximal humerus (n=23) and/or subluxation (n=3) 

or dislocation (n=4) of the long head of the biceps tendon. Four PTT’s were accompanied 

by 3 subluxated and 1 dislocated biceps tendon and 3 FTT’s by a dislocated long head of 

the biceps tendon. 

Fractures
In 25 (50%) of the 50 patients a fracture of the proximal humerus was detected 

sonographically and confirmed with the initially or additionally obtained plain 

radiographs and/or with MR imaging. In the remaining 25 patients no fracture could be 

detected with either imaging technique. 

In the patient group, who initially underwent plain radiography (n=33), a total of 

19 fractures were found. However, only 9 (47%) of these fractures were detected 

prospectively. At retrospective review of the initially obtained plain radiographs 5 

additional fractures were detected. 

Seven (28%) of the 25 fractures could only be depicted after obtaining additional 

projections (Fig. 1) or were only visible on additionally obtained radiographs (Fig. 2) or 

with MRI (Fig. 3). Sonography did not miss any fracture depicted by plain radiography.

In the patient group (n=17), who did not undergo radiography initially, 6 fractures were 

detected with sonography and confirmed with conventional radiographs.

According to Neer’s four-segment classification for fractures of the proximal humerus (24), 

22 patients (92%) had a non- or minimally displaced one-part fracture, and 3 patients a

chapter 11 unsuspected sonographic findings in patients with posttraumatic shoulder complaints
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Fig. 4  Subluxation (A) and complete dislocation (B) of the long head of the biceps tendon. 

   A)  49-year-old man. Transverse US image obtained at the level of the intertubercular 
groove shows subluxation of the long head of the biceps tendon (arrow), which is 
located over the lesser tuberosity (LT). D = Deltoid muscle, GT = greater tuberosity.

   B)  60-year-old woman. Transverse US image obtained at the level of the intertubercular 
groove shows medial dislocation of the long head of the biceps tendon (arrow) and 
an empty, fluid filled intertubercular groove (small black arrows). B = distended 
subacromial-subdeltoid bursa, GT = greater tuberosity, LT = lesser tuberosity.
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parallel to the fracture line, both sides of the fracture cause a pair of linear reflections 

(i.e., double line sign) (22). 

In all but two patient with a fracture of the proximal humerus a PTT or FTT could be 

detected. This is in contrast with Patten et al (9), who suggests that this combination can 

be found in only 17-25%. The higher number of RCT in our study is probably due to the 

selected patients, e.g., patients with persistent shoulder complaints following trauma, 

and may also be related to the injury mechanism or severity of trauma. Age seems not to 

be the reason for the relatively high frequency of RCT in our study, in the age group of 

21 to 30 years the frequency of RCT was 33%, in the other age groups the frequency was 

(80-100%). In this study no surgical therapy was performed in any of the 24 patients with 

a fracture of the proximal humerus.

In the current study US in the acute phase was not performed. Possible disadvantages 

of performing US in the acute phase is the detection of chronic, irrelevant asymptomatic 

RCT’s (27) and the decreased diagnostic performance of US due to limited shoulder 

motion, necessary for visualization of the entire rotator cuff (5). However, Teefey et al 

(28) showed that on the basis of location (midsubstance) and associated findings (the 

presence of joint or bursal fluid) acute and chronic RCT can be differentiated. Farin et 

al (5) and Sørensen et al demonstrated that adequate sonographic examination was 

feasible in 88% in the acute phase.

In our study we found that referring physicians stated that US findings changed the 

working diagnosis in 74% and the therapeutic strategy in more than half of the patients 

supporting the suggestion that sonography reveals clinically relevant findings(29). We 

found no previous studies that addressed clinical efficacy (30), which includes diagnostic 

impact and the therapeutic efficacy in patients with shoulder complaints following 

trauma. Change in therapy is more objectively ascertainable but it is difficult to assess 

to what extent the sonographic diagnosis contributes to the change in therapy e.g., we 

found that therapeutic strategy changed more often when the initial diagnosis was not 

changed. 

When interpreting the results of our study, some limitations have to be considered. 

First, the number of patients included in this study is relatively small. Secondly, the high 

number of posttraumatic pathologic findings may be biased. It is possible that patient 

selection was not exactly according the study purpose, e.g., patients with shoulder 

complaints following trauma in whom US was not considered, but that patients were 

referred on regular basis. Thirdly, the methods for assessing diagnostic and therapeutic 

efficacy are not well established. These are subjective and difficult to quantify (30). It 

is possible that patient symptoms were increasing with time and sonographic findings 

were not the only reason for a change in treatment. Furthermore the second survey we 

In 13 (26%) of the 50 patients US confirmed the working diagnosis. In 19 (38%) patients 

US confirmed the working diagnosis, but also detected additional traumatically caused 

pathology, and in 18 (36%) patients US findings were not concurrent with the clinical 

working diagnosis.

Therapy was changed because although the diagnosis was confirmed, probably due to 

more diagnostic certainty in 9 (69%) of the 13 patients. Therapy was also changed in 11 

(58%) of the 19 patients with whom the working diagnosis was confirmed and additional 

posttraumatic pathology was found. Finally, a remarkable finding was that in only 6 

(33%) of the 18 patients with whom the sonographic findings and working diagnosis 

concurred, therapy did change. These six relatively young (37 to 52 years) patients 

presented with a FTT, who were operated upon following US after initially conservative 

treatment. In the remaining 12 patients the initially initiated conservative therapy was 

continued despite the sonographic finding of a FTT in 4 patients, a PTT in 4 patients, a 

non-displaced fracture of the greater tuberosity in 4 patients.

In 26 of the 50 patients US changed therapy strategy. In 21 of the them conservative 

therapy (rest, physiotherapy, subacromial injections) was changed to surgical treatment 

following US. Twenty patients underwent surgical rotator cuff repair of 4 PTT and 16 

FTT and one patient because of a luxation of the long head of the biceps tendon in 

combination with a FTT. In the remaining 5 of the 26 patients conservative treatment 

was changed in less aggravation physiotherapy (n=4) or rest (n=2).

Discussion

Trauma-related shoulder disorders are frequently initially missed, affecting quality of 

life (25, 26). In this prospective study we demonstrate that patients with posttraumatic 

shoulder complaints, have a high prevalence of rotator cuff tears (86%) and fractures 

(50%) of the proximal humerus. This confirms the findings of Sørensen et al (4), who 

reported that clinical examination underestimates the prevalence and severity of acute 

RCT’s and fractures. This has also been indicated by Patten et al (9), who showed that 

10 (42%) of the 24 sonographically detected greater tuberosity fractures were missed 

with plain radiography. In our study, 10 (53%) of the 19 fractures were not depicted at 

the initial reading. Even retrospectively, 26% (5 of 19) of these fractures could not be 

depicted from the initially obtained trauma series. Of all 25 fractures in our study 7 (28%) 

could not be depicted from the trauma series, whereas all 25 fractures were depicted 

sonographically (9, 22). Discontinuity of the cortical bone could sonographically be seen 

when scanning perpendicular to the fracture line and if the transducer is positioned 

chapter 11 unsuspected sonographic findings in patients with posttraumatic shoulder complaints
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Conclusion
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Abstract

We present a case report and literature review with the US and MRI features of an 

intratendinous ganglion originating from the long head of the biceps tendon. 

Intratendinous ganglia are very rare entities and intratendinous ganglion of the long 

head of the biceps tendon has only been described once. To the best of our knowledge, 

this is the first case report presenting the sonographic features of an intratendinous 

ganglion originating from the long head of the biceps tendon.

Introduction

A ganglion is a benign cystic tumor-like mass, which often occurs close to a joint or tendon 

sheath and most frequently is located at the wrist, foot, ankle or knee (1). According to 

Kransdorf they are relatively rarely located in the proximal upper extremity (1). 

An intratendinous ganglion, which originates from within the tendon substance itself, is 

a rare entity. Only a few case reports have been described in the literature. They have 

been reported in the tendons of the hand and wrist (2-7), the quadriceps femoris tendon 

(8), peroneus tertius tendon (9), peroneus longus tendon (10), peroneus brevis tendon 

(11-13), Achilles tendon (14) and the extensor digitorum brevis tendon (15). An 

intratendinous ganglion of the long head of the biceps tendon is a very rare entity. Only 

one case has been reported until now (16). 

To the best of our knowledge this is the first case report presenting MRI as well as 

ultrasound (US) features of an intratendinous ganglion of the long head of the biceps 

tendon. 

Case report

A 58-year-old woman presented with a slowly progressive soft tissue mass at the 

anteromedial aspect of her right shoulder. There was no history of trauma or infection 

reported, but the patient was known to have psoriasis for many years. 

On physical examination there was a fluctuant soft tissue mass measuring 7 cm in 

greatest diameter. The active range of motion of her shoulder and elbow was normal, 

and no muscle atrophy was detected. 

US was performed using an APLIO US machine (Toshiba Medical Systems Corporation, 

Tokyo, Japan) with a broadband 18–7-MHz linear array transducer (Toshiba PLT-1204BT) 

and showed a well-defined unilocular sonolucent lobulated mass with distal acoustic 

enhancement in the long head of the biceps tendon, which extended into the belly of 

biceps brachialis muscle (Figs 1-3). 

MRI was performed on a 1.5 T MRI unit (SIGNA, General Electronics Medical System, 

Milwaukee, WI, USA) and showed a lobulated cystic mass in the long head tendon of the 

biceps brachialis, which extended distally into the muscle belly. MR characteristics are a 

low signal intensity on T1-weighted images and a high signal intensity on T2-weighted 

images (Figs. 1-4). Rim enhancement of the lesion was detected on gadolinium enhanced 

T1-weighted images (Fig. 4). 
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prominence. Mucoid degeneration of the collagen fibers of the tendon and cellular 

hyperplasia associated with active secretion of mucin are thought to be the main 

pathologic pathways that precede the development of these ganglion cysts (19, 20).

US is a highly sensitive technique that can be conveniently employed in the evaluation of 

tendons, as they are mostly located superficially and therefore can easily be scanned 

with high resolution US transducers. This makes US highly attractive in the imaging 

evaluation of tendons and their various lesions (21, 22). Sonographically a ganglion 

appears as a well-defined, sharply demarcated, uni-or multilocated hypoechoic or 

sonolucent mass (Figs 1-3) (22).

 

 

At surgery, the mass appeared encapsulated and was partly contained by the fibers of 

the long head of the biceps tendon and expanded into the belly of the biceps muscle. 

Following dissection of the ganglion and the long head of the biceps tendon, the 

gelatinous material of an intratendinous ganglion was found. No surgical or histopatho-

logical evidence of tenosynovitis was present. Excision of the ganglion and the stalk of 

the ganglion along with a small portion of the biceps tendon was performed in order to 

minimize the likelihood of recurrence. 

Histopathologic examination showed the characteristic appearance of a ganglion 

consisting of a fibrous tissue wall without a synovial lining. 

Discussion

Ganglion cysts are common benign lesions most frequently located in the hand and foot 

and around the wrist, ankle and knee (1, 17). They can be classified according to their site 

of origin: the tendon sheath, joint, bone (periosteal or intraosseous) or soft tissue. A 

ganglion originating within a tendon itself is rare. Few references to intratendinous 

ganglion cysts appear in the literature, and most of these concern cysts that arise from 

the extensor tendons of the wrist, hand, foot and ankle (2-7, 9-13, 15). Intratendinous 

ganglion cysts arising around the shoulder are even more uncommon. In 2008, Kishimoto 

(16) reported the first case of an intratendinous ganglion arising from the long head of 

the biceps tendon. 

The wall of the ganglion is composed of randomly oriented sheets of collagen arranged 

in loose layers. There are focal areas of mucinous degeneration in the cyst wall. Since no 

synovial lining exists in these structures, they cannot be classified as true cysts (18).

Most reported intratendinous ganglia are usually relatively small (1-2 cm) due to their 

intratendinous location. One case reported a ganglion in the peroneus brevis tendon 

with a diameter of 2 x 7 cm (12). Kishimoto (16) showed a multilocular ganglion cyst with 

a maximum size of 1.5 x 5 cm. In the present case, the ganglion was unilocular and 

measuring 2.5 x 7.5 cm. Ganglia originating from the biceps tendon appear to be larger, 

because they probably can extend more easily than in the hand or foot region and 

because of the less tight anatomic relationships of the biceps tendon and the adjacent 

structures it probably lasts longer before they cause any clinical symptoms.

The etiology of a ganglion and an intratendinous ganglion is unknown. It is probably 

related to posttraumatic mucoid degeneration of connective tissue. It is postulated that 

it could arise secondary to tenosynovitis (2) or by acute (19) or repetitive (5, 6, 20) 

mechanical trauma such as rubbing or compression of the tendon against a bony 
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Fig. 1  Images obtained from a 58-year-old woman with a mass at the anteromedial side of 
the right-hand shoulder. 

   A)  Axial US image of the long head of the biceps tendon (BT ) shows a sonolucent 
 intratendinously located mass (arrows). This is the pedicle of the intratendinous 
ganglion. Note a second but smaller sonolucent spot more laterally located in the 
biceps tendon, which is another intratendinously located pedicle (arrowhead). The 
fluid (asterisks) around the biceps tendon is located in the glenohumeral joint.

   B)  The corresponding axial T2-weighted fast spin-echo MR image (5400/112) of the 
long head of the biceps tendon (BT ) showing the high signal intensity of the fluid 
containing intratendinously located larger (arrow) and smaller (arrowhead) pedicle of 
the ganglion. H = humeral head.
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On MR imaging, a ganglion appears as a well-defined, lobulated mass located adjacent 

to a tendon sheath or joint. A fluid-filled stalk or pedicle that connects to the adjacent 

joint or tendon sheath is a reliable sign of a ganglion (19), with the exception of around 

the knee, where it has to be differentiated from a mensical cyst (23). A ganglion has a 

high signal intensity on T2-weighted images (Figs 1-3) and a low to intermediate signal 

intensity on T1-weighted images (Fig 4). Following intravenous administration of 

gadolinium contrast media a ganglion may show enhancement of the fibrous wall (Fig 4), 

which is a typical but however not a specific feature.

Differential diagnosis based on US and MRI findings includes mucoid degenerative 

tendinopathy, tenosynovitis or a tendon tear. Other benign lesions which should be 

considered are an intramuscular ganglia, bursa, epidermal cyst, abscess, giant cell tumor 

of the tendon sheath, myxoma, nerve sheath tumor, and synovial chondromatosis lesion 

(1). Intramuscular ganglia that have no connection to a joint are rare (24), only one case 

has been reported in the biceps brachialis muscle (25).

Malignant lesions which should be considered in the differential diagnosis are a synovial 

sarcoma, malignant nerve sheath tumor, myxoid chondrosarcoma, myxoid liposarcoma, 

and metastasis (26).
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Fig. 2  A) Axial US image and B) axial T2-weighted fast spin-echo MR image (5400/112) 
showing the extratendinous located part of the ganglion (G), which is extending into 
the belly of the biceps brachialis muscle (BB). D = deltoid muscle, H = humerus.

Fig. 3  A)  Longitudinal US image of the long head of the biceps tendon (arrows) showing the 
intratendinous located pedicle of the ganglion (G), which gradually extends distally, 
thereby stretching the fibers (arrowheads) of the long head of the biceps tendon. Note 
the fluid (asterisks) around the biceps tendon is located in the glenohumeral joint.

   B)  Longitudinal US image of the ganglion (G) located in the belly of the biceps brachialis 
muscle (BB).

   C)  The corresponding sagittal 3D T2-weighted fast spin-echo MR image (2000/160) of 
the long head of the biceps tendon (arrows) showing the high signal intensity of the 
fluid in the intratendinously located pedicle (arrowheads) of the ganglion (G).

A A

C

B

B



232 233

In conclusion, even though an intratendinous ganglion involving the biceps tendon is 

very unusual and pathological confirmation is necessary for final diagnosis, the 

characteristic imaging features can allow the diagnosis of an intratendinous ganglion, 

which may influence treatment strategy and surgical planning. 

  

However, findings of a lobulated fluid containing mass occupying the characteristic 

location within a tendon and displaying rim enhancement is most suggestive for an 

intratendinous ganglion.

Treatment of a ganglion depends on the clinical symptomatology (dysfuntion, instability, 

pain), the location and grade of the injury, and the associated lesions such as a tendon 

tear. Treatment options include watchful waiting as about 50% will resolve spontaneously, 

aspiration, and surgical excision (27). More aggressive treatment is warranted in case of 

pain, tendon dysfunction or nerve compression (10). Puncturing a ganglion with 

aspiration and/or injection of corticosteroids has been reported to be an alternative and 

effective treatment of shoulder ganglion cyst (28), but may also be involves a high 

incidence of recurrence (29). Surgery generally results in lower rates of recurrence, but a 

higher incidence of complications.
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Fig. 4  Gadolinium-enhanced sagittal T1-weighted fat-suppressed fast spoiled gradient- 
inversion recovery image (646/18; flip angle, 90°) acquired through the ganglion  
(G) shows the rim-enhancement (arrows) along the fibrous wall of the ganglion.
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“We also know there are known unknowns; that is to say we know there are some things we 

do not know. But there are also unknown unknowns, the ones we don’t know we don’t know.” 

(Donald Rumsfield)

Introduction

Recently Sardanelli et al (1) promoted the adoption and the introduction of evidence-based 

radiology (EBR) in day-to-day practice. However, as they stated, this is not an easy task. 

With EBR there is a shift from the task of the radiologist to see more and better, to the 

demonstration of an obvious change in treatment planning or at best a significant gain 

in patient outcome. This implicates that the focus is on the evaluation of the “value” of 

imaging. Health or medical technology assessment (MTA) provides the data for such 

evaluation. We try to apply the principles of EBR and MTA on the effectiveness of 

ultrasound (US) examinations of the shoulder performed to identify patients for rotator 

cuff repair.

Evidence-based radiology (EBR)

Evidence-based medicine (EBM) has been defined as the “conscious and judicious use of 

current best evidence in making decisions about the care of individual patients” (2). Since 

the introduction of EBM in radiology, (3) radiology journals pay attention to the principles 

of EBR (4-11). Despite this attention introduction and diffusion of EBM into radiology is 

delayed (1). One of the reasons is that the classical design of a randomized controlled 

clinical trial which provides the highest grades of evidence in general medicine, is not 

the standard for radiological studies (1, 3).

EBM integrates the best available research evidence with clinical expertise and individual 

patient values. This definition implicates the need for a method determining the best 

evidence and how to apply this evidence into clinical practice. When these principles are 

applied to radiology it is called EBR or evidence based imaging EBI (12). EBR is often 

performed in a top-down fashion carried out by well-established experts in the field. 

Evidence-based practice guidelines are based on systematic reviews of the literature, 

appropriately adapted to local circumstances and values. International groups such as 

the Cochrane Collaboration takes users directly to quality- and relevance-filtered 

publications of the highest quality research based on selected methodological criteria 

and facilitate the reader’s understanding of the quality and applicability of such results 

in their practice.

A second aim of EBR is to provide radiologists with the rules and tools to perform their own 

evaluations, taking into account the best current evidence from research. Practicing 

radiologists can then perform EBR in their own department under ordinary conditions (11).

The first step required in the practice of EBR is to design a research question or hypothesis 

that can be translated into a literature search. Learning to formulate the question is a 
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accuracy, however studies at a higher level (e.g., did the radiologic investigation alter the 

clinician’s diagnosis and/or render other investigations unnecessary, change the 

therapeutic plan, improve patient outcome, and finally is it cost-effective) are gaining 

more attention (1, 16). 

Effectiveness of ultrasound of the shoulder in the 
day-to-day practice.

Hypothesis
The first hypothesis is that patients who have shoulder pain and or disability may benefit 

from US of the shoulder because a correct diagnosis can be made at relatively low cost 

leading to better treatment and subsequently better outcome.

Introduction 
The lifetime prevalence of shoulder pain is about 66% and more than half of the patients 

seek medical help for this condition (17, 18). Therefore it is one of the most common 

conditions in clinical practice. Almost 90% of patients presenting with shoulder pain are 

treated within general practice, only 10% being referred for a specialist opinion (19). 

There are many shoulder disorders causing pain and or disability. Diagnosis is often 

difficult. A systematic appraisal of worldwide incidence and prevalence rates of shoulder 

diseases available in scientific literature reported substantial differences in the prevalence 

rates. The main reason for this variation is the absence of a universally accepted taxonomy 

(20). Van Eerd et al found 27 different classification systems (21). The systems differed in 

the disorders they included, in the labels used to identify the disorders and in the criteria 

used to describe the disorders. 

Most shoulder complaints are attributed to a group of disorders named “Subacromial 

impingement syndrome” (SIS). SIS was first described by Neer (22). Impingement occurs 

from repetitive overhead activities, acute trauma, or instability of the glenohumeral 

joint. Current theory holds that inflammation of the rotator cuff tendons or of the subac-

romial-subdeltoid bursa, are caused by irritation against the coracoacromial arch. 

Inflammation exacerbates the impingement and that in turn causes worsening of the 

bursitis and tendinitis resulting in edema and hemorrhage and can progress to 

degeneration and tendinopathy (SIS stage 1). SIS stage II is the development of a partial 

tear and SIS stage III is a full-thickness tear of the rotator cuff. The tear usually occurs in 

the supraspinatus tendon. Many patients with degenerative rotator cuff tears (RCT’s) 

don’t have complaints (23, 24). In asymptomatic persons over 60 years 30% have full 

thickness tears. In asymptomatic persons over 70 years of age the incidence has been 

fundamental skill for practicing EBR. The “anatomy” of the question should include four 

parts: the problem being addressed, the intervention being considered, the comparison 

of the intervention, and the outcome of interest (7). This is called the PICO (“patient, 

intervention, comparison intervention, and outcomes of interest”) format of 

evidence-based question formulation. 

The second step is a structured literature search (7). The third and fourth steps are to 

appraise and apply the literature. Levels of evidence and grades of recommendations are 

applied to assist in the search for the best evidence (5, 9). These levels (I-V) of evidence 

and grades of recommendation (A-D) range from systematic reviews of randomized 

controlled trials (optimal data with high grade recommendation) to expert opinion, 

unsupported by explicit clinical trials (relatively weak data and low grade 

recommendation). 

Evaluating the measures instigated by this process is the final step. In daily practice a 

more suitable method encompasses steps 1,2 and 4 and limits the searches to sources 

that have undergone critical appraisal by others. Teaching hospitals however should 

practice and teach all steps and develop the skill of critical appraisal as apart of the 

curriculum for their residents (13).

Medical Technology Assessment (MTA) 

MTA defines the clinical efficacy of a new diagnostic test. The definition of efficacy is “the 

probability of benefit to individuals in a defined population from a medical technology 

applied for a given medical problem under ideal conditions of use” (14). This overlaps 

with effectiveness, which reflects the use of a medical technology in ordinary clinical 

practice. 

Fryback and Thornbury (14) advocate a hierarchical model to study the efficacy of an 

imaging method: (1) including a sequential analysis of the following levels of efficacy: (1) 

Technology efficacy, (2) Diagnostic accuracy, (3) Diagnostic thinking efficacy, (4) 

Therapeutic planning, (5) Patient outcome (6) Society efficacy (14, 15).

The first two levels describe efficacy in terms of physical image quality and diagnostic 

accuracy. At level 3 and 4 the impact of diagnostic information on the clinician’s thinking 

and acting, the clinical efficacy, is assessed. Level 5 considers patient outcome and level 

6 the impact on society, briefly is it cost-effective? These levels are interconnected and 

efficacy at a lower level is at a certain level necessary to ensure efficacy at a higher 

level. 

At the moment this concept is widely accepted and used as an approach to assess the 

value of imaging. In diagnostic literature most studies are still devoted to diagnostic 
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were often not specific for stage I, partial- or full-thickness tear. In another systematic 

review Hughes et al (29) concluded that overall, most tests for rotator cuff pathology 

were inaccurate and cannot be recommended for clinical use. At best, suspicion of a RCT 

may be heightened by a positive palpation, combined with one or two tests and it may 

be reduced by negative findings.

Finally, a systematic review performed by Beaudreuil et al (30) demonstrated that tests 

for rotator cuff disease could not differentiate between rotator cuff disease with or 

without tear. They noted that the reference standards varied across studies and the 

precise technique and subjective interpretation required by clinical tests lead to 

substantial inter-observer variability.

Because of the lack of adequate physical examination imaging tests are often considered 

mandatory for further diagnosis. A possible consequence of the poor performance of 

clinical tests is the high number (30-40%) of primary care patients that are referred for 

imaging without sufficient clinical data (27, 31). As a consequence the interpretation of 

the ultrasound examination is hindered because sensitivity and specificity are better if 

clinical data are provided and because sensitivity and specificity may vary in subgroups 

with different prevalence or pre-test probability (32).

Ultrasound and MRI for shoulder complaints
The appeal of US lies in its safety, speed of operation, wide availability, relatively low cost 

and non-invasiveness. Its use has disseminated rapidly among radiologists, orthopedic 

surgeons, rheumatologists, family physicians and others. The technical efficacy of US in 

visualizing the periarticular soft tissues of the shoulder like muscles is established (27, 31). 

Also cortical bone can be visualized making it suitable for detecting fractures of the head 

of the humerus (33). The thickness and fatty atrophy of the tendons can be quantified (34). 

However shoulder pain caused by glenohumeral disorders and acromioclavicular diseases 

cannot be depicted. High frequency probes increase the diagnostic performance of US. 

Two studies has reviewed the existing literature and provided summary sensitivities and 

specificities data of US, MRI and MR arthrography for the diagnosis of RTC’s (27, 35).  

The latter included sixty-five selected articles for the meta-analysis. In diagnosing a 

full-thickness or a partial-thickness RCT, MR arthrography is more sensitive and specific 

than either MRI or ultrasound. There are no significant differences in either sensitivity or 

specificity between MRI and US in the diagnosis of partial- or full-thickness rotator cuff 

tears. Summary ROC curves for MR arthrography, MRI, and ultrasound for all tears show 

the area under the ROC curve is greatest for MR arthrography (0.935), followed by US 

(0.889) and then MRI (0.878); however, pair wise comparisons of these curves show no 

significant differences between MRI and US. The reported sensitivities and specificities 

fall in the range of 60–100% for ultrasound. A similarly wide variation is observed for MRI 

found to be 65% (24). The rate of progression may be slow; patients with moderately 

symptomatic, massive rotator cuff disease have been found to maintain satisfactory 

shoulder function for at least 4 years.

SIS should be differentiated from other common causes of shoulder pain such as adhesive 

capsulitis, also known as frozen shoulder, degenerative changes within the acromio-

clavicular (AC) joint, osteoarthritis of the glenohumeral joint, cervical radiculopathy and 

finally labral lesions of the glenoid causing shoulder pain and instability. 

Diagnosis of shoulder complaints
History and physical examination are the corner stones in the diagnosis of shoulder pain. 

Because the rotator cuff is the most commonly affected structure in the shoulder and SIS 

is the leading cause of rotator cuff injury most tests are focused on differentiating SIS 

from other causes and to rule in or rule out a full thickness RCT. 

In a single institution study performed by Murrel (25) including 400 patients 23 common 

used shoulder tests for impingement were compared. They reported that three tests 

were more specific for tears. Patients who present with shoulder pain, and who test 

positive for these three tests have a 98% chance of rotator cuff tear. If the patient is 60 

years or older with two of these features they still have a chance of 98% for rotator cuff 

tear. If only one of the tests is positive the clinical result is negative and imaging is 

needed. Similar results, however with different tests were found by Park et al (26).  

A combination of three tests produced the best post-test probability (91%) for 

full-thickness RCT. In case of two or one positive tests the PPV dropped to 69% and 31%, 

respectively. 

However systematic reviews demonstrated that most tests couldn’t distinguish between 

grade 1 SIS and any RCT. Dinnes et al (27) was the first who performed a systematic review 

of diagnostic tests for the assessment of shoulder pain due to soft tissue disorder.  

The meta-analysis suggests that clinical examination, when carried out by a relatively 

specialized clinician such as orthopedist may be useful at ruling out RCT’s but less 

accurate at detecting such tears. Insufficient evidence was found to recommend any 

clinical examination tests or set of tests to differentiate between any SIS from other 

causes of shoulder pain. Furthermore they state that although no study was carried out 

in the primary care setting the accuracy could be expected to be lower given the wider 

spectrum of conditions encountered, lower prevalence of RCT and lower level of 

specialism in shoulder examination.

Hegedus et al performed a systematic review of physical examination tests with a 

meta-analysis of individual tests (28). Forty-five studies were evaluated with only half 

demonstrating an acceptable high quality and only two having adequate sample size for 

meta-analysis. Rotator cuff integrity was examined in 15 studies. Reported tests for SIS 
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operator skill (11). We think this is a fallacy because it is demonstrated that US of the 

shoulder can be learned in a relatively short time with excellent inter-observer agreement 

and a high sensitivity and specificity (38). However, there is no evidence that the results 

of US in primary care patients with shoulder complaints affects therapeutic outcome and 

benefit to patient quality of life. Is this a reason to remove US from the diagnostic 

armory?

To paraphrase Ronald Rumsfield; the absence of evidence is not the evidence of absence. 

Simply because we do not have evidence that US is effective does not mean that we have 

evidence that effectiveness doesn’t exist. Diagnosis of the painful shoulder represents a 

diagnostic challenge for the clinician and diagnostic classification is a guide for treatment 

decision. Accuracy and reproducibility of diagnostic procedures is the mainstay in the 

evaluation of the outcome of different treatment options preferable in well-designed 

randomized controlled trials. The lack of evidence for US on a higher level (patient 

outcome) is a paradoxical argument to promote US as a routine imaging method in 

patients with shoulder complaints (45). In this way patients can be better diagnosed, 

stratified and randomized for well designed studies providing data about the 

effectiveness of different treatment strategies.

Effectiveness of US in patients with a probable full- thickness 
rotator cuff tear who are candidate for surgical repair 

Imagine the scenario that, because of the lack of evidence for the effectiveness of US of 

the shoulder, you decide to stop this procedure. However your orthopedic surgeon tried 

to convince you that your work is effective in patients suspected of having a rotator cuff 

tear in whom a surgical repair is considered.

Hypothesis
The hypothesis is that patients may benefit from US because a correct diagnosis leads to 

an adequate treatment with improved quality of life of the patients. Furthermore the 

initial cost of US may be offset by a reduction in the subsequent medical costs from more 

expensive imaging techniques, increased quality of life because of adequate treatment 

and decreased societal costs because the patient may be able to return to work sooner. 

In this scenario the PICO-format of the evidence-based question is as follows: “What is 

the outcome of patients referred by the orthopedic surgeon with suspected rotator cuff 

tear (p) who undergo US for diagnosis (i) compared with those who undergo MRI (c1) or 

compared with those who don’t undergo imaging (c2) with respect to shoulder pain and 

disability, co-morbidity, hospital stay, cost, and effect on a radiology department (o)?” 

and MR arthrography. There are a few possible reasons for such a variation in numbers 

including small sample sizes per study, differing study designs, varying quality of imaging 

equipment (e.g., a wide range of ultrasound probe frequencies and MRI field strengths), 

and differing imaging criteria for diagnosis. 

De Jesus et al (35) conclude that ultrasound, because of its lower cost, may be the most 

cost-effective imaging method for screening for rotator cuff tears provided that the 

examiner has been properly trained in this operator-dependent technique. MR 

arthrography can be performed in cases in which ultrasound and MRI are notconclusive.

It is surprising how many articles and textbooks cite that the wide variation in US results 

are due to operator dependency and that this is a serious limitation of US. In fact only 

inexperienced readers perform poorly compared to experienced readers (36, 37). 

Between experienced readers agreement is very high and the learning curve for non 

musculoskeletal radiologist is relatively short (38). The reported inter-observer variability 

of MRI is comparable to that of US, however this is seldom mentioned as a limitation of 

MR (39, 40).

Effect on diagnostic thinking and therapeutic planning and patient outcome
In primary care there are six common management options for chronic non-traumatic 

shoulder complaints: watchful waiting, additional diagnostic tests, prescription of 

non-steroidal anti-inflammatory drugs, referral for physiotherapy, a corticosteroid 

injection and referral to a medical specialist (41, 42). Use of these management options 

shows a wide variation both between and within diagnostic groups (43). Systematic 

reviews and meta-analyses provided little evidence to support or refute the efficacy of 

common shoulder interventions (41, 42). There are no studies providing evidence about 

the clinical efficacy (diagnostic thinking and therapeutic planning) of US in the painful 

shoulders. Several studies including a randomized trial have provided strong evidence 

that MRI can influence the management of patients with shoulder pain (44). Furthermore 

US may be useful in distinguishing a rotator cuff tear from tendinopathy. This may affect 

patient treatment and patient outcome, as there is little evidence to support therapeutic 

corticosteroid injections for tears of the rotator cuff, but some evidence to support their 

use for tendinopathy (42). Furthermore, a problem with the assessment of the 

effectiveness of shoulder interventions and other conservative measures is the common 

lack of a specific diagnosis.

Conclusion 
Growing evidence indicates that ultrasound is a less expensive and equally effective way 

to diagnose stage II or III SIS and should be the imaging study of first choice. In the United 

States, however, the option of ultrasound is limited by scarce availability and inadequate 
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Marx et al (48) performed a review of 86 articles limited to 6 major orthopedic journals to 

determine for which patients, surgical intervention has a good outcome. There was no 

clear consensus regarding indications for rotator cuff surgery. The indications, duration 

and failure of nonsurgical treatment, symptoms, history of trauma or limitations of daily 

life activities were poorly described. They found similar outcomes including the best 

outcomes when a surgeon who is experienced in rotator cuff reconstruction performs 

the repair (level IV evidence).

In a narrative review Matsen (24) pointed at factors that favors durable surgical 

reattachment of a detached rotator-cuff tendon including an age of less than 60 years, a 

traumatic onset of weakness, a short duration of symptoms (e.g., < 2 months) no history 

of smoking, good general health, receipt of only a few (e.g., < 4) cortisone injections, no 

detection of atrophy on physical examination, stability of the shoulder, good range of 

motion and MRI or US findings that show minimal retraction, good tendon quality, and 

minimal muscle atrophy. Vitale et al (50) performed a cost effectiveness study with 

respect to surgical repair of RCT compared to conservative treatment. Diagnosis of RCT 

was made by arthroscopy. The yielded cost-effectiveness ratio of surgical repair was 

between $13.000/Quality adjusted life years (QALYs) and $3.000/QALY, which compares 

favorably with other interventions.

Clinical efficacy of ultrasound 
There are no articles about the clinical efficacy of US in rotator cuff tears. In 1997 

Blanchard et al (51) quantified how MRI influences clinical diagnosis, diagnostic 

procedures and management plans in patients with shoulder problems and if these 

changes were associated with improvement in health. They concluded that MRI 

significantly influences clinicians’ diagnosis and treatment plans, however they did not 

depict a statistically significant improvement in health related quality of life beyond 6 

months. In another article Bearcroft et al (44) pointed at the implication of differences in 

effectiveness between institutions depending on the clinical skill of the referring 

physician.

Cost-effectiveness analysis 
Cost-effectiveness analysis (CEA) is a method for evaluating health outcomes and costs 

of different medical technologies and procedures relative to one other (52-54). CEA 

compares the costs of a procedure with an effect measure (e.g., correct diagnosis). If the 

effect measure is gained Quality Adjusted Life Year (QALY) the analysis is called 

cost-benefit analysis, if the effect measure is “money” the analysis is called cost-utility 

analysis (52). In cost-minimization analysis the effect is not considered and only costs  

are analyzed. While methodological guidelines for cost-effectiveness analyses have  

Although the research question is more specific, (i.e., patients referred by the orthopedic 

surgeon who are candidates for surgical repair), it is still extensive. At least 6 questions 

have to be answered. First can we define the patients with a RCT who probably benefit 

from an operation and secondly can we make an estimate of the pre-test probability of 

these patients having RCT. In the third place, what are the diagnostic capabilities of US 

and how do they compare to physical examination and other imaging modalities, fourth 

how do the US diagnoses affect diagnostic thinking and treatment decisions. In the fifth 

place does surgical repair improve patient outcome and finally is the strategy of 

performing US instead of another imaging procedure cost-effective. Questions 2-4 are 

already discussed in the previous paragraph.

Treatment options for rotator cuff tears 
As mentioned before, there are numerous treatment options for shoulder disorders.  

Several systematic reviews and meta-analysis have been performed on treatment and 

interventions of the painful shoulder (41, 42, 46-49). Reviews on the effectiveness of 

treatment on patients with shoulder pain did not find evidence in favor of one of the 

treatment options. Systematic reviews which evaluate the therapeutic options specific for 

rotator cuff disease could not demonstrate the effectiveness of surgery over conservative 

therapy (41, 42). Green et al (42) report that none of the underlying studies met all 

methodological quality criteria. In one of the series of Cochrane reviews on the intervention 

of shoulder disorders Coghlan et al (46) reviewed 14 randomized or quasi-randomized 

trials. Only two trials included patients with rotator cuff disease. No firm conclusions about 

the effectiveness or safety of surgery for rotator cuff tear could be drawn. 

The outcome and patient selection for surgical repair of rotator cuff tear 
Despite the controversies about the best treatment there are many articles that advocate 

surgical repair of a full thickness rotator cuff tear. However most of the best papers were 

single-centre retrospective or non-comparative cohort studies. Satisfactory outcomes 

ranged from 70%-95% (49).

This had lead to systematic reviews focused on the indications for repair. Dunn et al (47) 

described a wide variation in orthopedic surgeons’ perception about the indication for 

rotator cuff surgery. Oh et al (49) reviewed 50 articles selected by the following inclusion 

criteria. (1) Studies limited to full thickness RCT; (2) discussed indications for surgery; (3) 

contained clinical outcome data following either non-operative or operative intervention. 

They concluded that earlier surgical interventions might be needed in the setting of 

weakness and substantial functional disability. There is no association between 

chronological age and outcome. Large tears were associated with worse results after 

non-operative management and after surgical repair.
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true positive results. In these cases it is better to start conservative treatment without 

imaging. Is the prevalence above a certain threshold the costs of imaging and costs and 

loss of quality of life in case of a false negative result do not outweigh the benefits of an 

avoided unnecessary operation. In these cases it is better to perform surgery without 

imaging. In between these two thresholds imaging should be performed (59).

Despite the lack of economical analysis of US there are numerous articles in which is 

stated that US should be the examination of first choice because of the same diagnostic 

accuracy as compared to MRI and also the lower costs. Parker et al (60) stated that the 

substitution of musculoskeletal US instead of MRI when appropriate would lead to saving 

of more than $ 6,9 billion in the period from 2006 to 2020. For this reason it is an obligatory 

for the radiology department to obtain knowledge and expertise in musculoskeletal 

imaging.

Conclusion

To determine the efficacy of US of the shoulder in general and for rotator cuff tears in 

particular, is extremely difficult so not impossible. There is a lack of consensus about the 

classification of shoulder disorders. Making the diagnosis on history, inspection and 

physical examination provides poor results. There is no consensus about the best 

treatments nor is there evidence to what extent US contributes to management decision. 

Finally there is insufficient evidence that this treatment improves patient outcome and 

that treatment is cost-effective.

The final step of EBR is to integrate the results of the search and appraisal of the literature 

for making decisions about the best care for individual patients. However, external 

evidence can inform but never replace individual radiological expertise. It may be 

obvious that good practice is only possible when there is a good cooperation with the 

referring physician and knowledge of each other possibilities and limitations. We have 

argued that if imaging is necessary in suspected rotator cuff disease, US should be the 

examination of first choice. Because its effectiveness with respect to patient treatment 

and patient outcome is not yet proven, we advise that US should be performed in an 

evaluative and preferably investigative setting. US should be performed in a standardized 

fashion by a well-trained sonographist who is aware of the anatomy and pathology of 

the shoulder. The sonographist should be part of a clinical team and be aware that the 

effectiveness of the examination depends on patient selection and clinical skill of the 

referring physician. Furthermore a continuous feedback between the referring physician 

and sonographer about surgical findings and clinical follow-up is mandatory.

If radiologists don’t be involved in such a manner, orthopedic surgeons and 

appeared in the medical literature, studies of cost-effectiveness in radiology often do 

not meet these criteria (53). A PUBMED search for “cost-effectiveness” or “cost-benefit” or 

“cost and cost analysis” and “rotator cuff” resulted in 26 retrievals, most concerning 

treatment. There are no cost-effectiveness analyses with respect to US in patients with a 

possible rotator cuff tear. However, articles dating back for 18 years state, with level 3 or 

4 evidence, that US is a cost-effective method (55, 56). A single study evaluated cost- 

effectiveness of rotator-cuff diagnosis with conventional MRI and MR arthrography (57). 

They concluded that conventional arthrography performed with admixed diluted 

gadolinium, which if negative was followed by MRI is more expensive than conventional 

MRI but provided more correct diagnosis and had a significantly higher cost-effective-

ness ratio.

In cases where no primary randomized controlled studies are available modeling studies 

are often performed (54). For example a decision tree can be built with the following 

branches. 

Strategy 1.   No imaging, arthroscopy and repair in case of a tear.

Strategy 2.    Patients who are suspected of having a rotator cuff tear undergo US, no alternative 

imaging, surgery in case of positive result, and conservative treatment in case of  

a negative result.

Strategy 3.    Patients who are suspected of having a rotator cuff tear undergo US, MRA in case of a 

negative or unequivocal result, surgery in case of positive result and conservative 

treatment in case of a negative MRA.

Unfortunately there are too many uncertainties to construct such tree. Arthroscopy is not 

only diagnostic but also performed to do a subacromial decompression and resection of 

the bursa. If a tear is found it can be repaired without imaging. Indication to operate 

depends on other imaging findings (e.g., measure of retraction, grade of fatty infiltration, 

the presence of a massive tear), which may make the tear irreparable, and quality of the 

cortical bone of the humerus (48, 49). Some authors also advocate surgical repair of a 

partial-thickness tear. Furthermore the cost and the effects of the operation may vary 

depending on the type of surgery. For example there are three types of approaches, 

arthroscopic, mini-open and an open procedure and two types of fixation; double-row 

and single-row suture configuration which are performed in different combinations with 

different costs and outcome. 

However a simplified decision tree will illustrate that the efficacy of imaging depends on 

the prevalence of rotator cuff tears. Pauker and Kassirer described the double threshold 

method in 1980 (58). If the prevalence of a reparable tear is below a certain threshold 

than the costs of US and the costs of false positive results do not outweigh the benefit of 
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Summary

Shoulder pain is a very common condition that is associated with high societal cost and 

patient burden. Patients with shoulder disorders experience significant disability and 

reduced quality of life.

One of the most common musculoskeletal complaints that clinicians encounter in 

primary care is shoulder pain. About 50% of all patients with shoulder disorders seek 

medical care. Shoulder pain can result from bursitis, tendinosis, rotator cuff tear, adhesive 

capsulitis, impingement syndrome, avascular necrosis, glenohumeral osteoarthritis, and 

other causes of degenerative joint disease or from traumatic injury, either in combination 

or as separate entities. Rotator cuff disorders are the most common cause of shoulder 

pain, accounting for about 10% of all cases. 

The various conditions can be diagnosed in the majority of patients on the basis of 

medical history, focused physical examination, and plain film radiographs.

However, differentiation of the various causes of shoulder pain can be difficult. For these 

cases additional diagnostic evaluation with CT(-arthrography), MR(-arthrography) and/or 

US can be useful.

The use of US in musculoskeletal imaging has increased in recent years. This is,  

in part, due to advances in technology including higher frequency transducers which yield 

higher resolution images. In addition, in most centers, the relative cost of musculo skeletal 

ultrasound is much less than that of MRI or CT and US is readily available. 

On the other hand, US is a challenging modality, that is operator dependent and requires 

technical expertise. Yet as the technology improves even more, it will continue to gain in 

popularity in the evaluation of (periarticular) shoulder pathology.

The purpose of this thesis is to focus on the efficacies and added value of US in the 

diagnostic work-up of rotator cuff disorders, or  more specifically  rotator cuff tears and 

in US-guided interventions of the shoulder. 

The Introduction of this thesis contains the general introduction, the study aims and the 

outline of the thesis. 

The first part of this thesis, about the efficacy of US of the shoulder, focuses on the question 

‘Can it work?’ or ‘Does US of the shoulder produce anatomically correct images of the 

shoulder?’ (i.e., what is the technical performance or technical efficacy). 

The diagnostic yield of US is influenced by several factors such as technique, 
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detecting clinically or radiographically missed or occult fractures, thus facilitating 

initiation of adequate therapy and obviating extra financial costs due to unnecessary 

additional examinations or the consequences of inappropriate treatments are avoided. 

Chapter 7 (interlude) describes the radiographic, sonographic and MRI findings of a 

nontuberculous mycobacterial (M. Xenopi) bursitis and arthritis of the shoulder and 

summarizes and discusses the atypical characteristics related to mycobacterial 

infections.

The third part of this thesis focuses on the question ‘Does US of the shoulder change or 

displace other diagnostic procedures?’ (i.e., what is the diagnostic impact or diagnostic 

thinking efficacy).

Chapter 8 describes a study that evaluated the need for additional MRI following US in 

patients with shoulder pain and/or disability. It showed that following US of the shoulder 

performed by a dedicated radiologist, MRI offers little additional value, with regard to 

the detection of rotator cuff tears. 

The study also compared the accuracy of both techniques for the detection of rotator 

cuff tears and established that US and MRI yield comparably high sensitivity, diagnostic 

accuracy and positive predictive value in detecting full-thickness rotator cuff tears. In 

detecting partial-thickness rotator cuff tears both tests are less accurate, however, US 

appears to be more sensitive than MRI. 

Chapter 9 describes a comparative study of ultrasound and fluoroscopically guided 

anterior and posterior glenohumeral injection techniques in which the variability in 

accuracy of contrast media introduction, extravasation, required time and patient 

discomfort in 100 consecutive patients was assessed. The data show that the four 

image-guided injection techniques are successful in injection of contrast material into 

the glenohumeral joint but that US guided injection from anterior is significantly less 

time consuming, more successful on the first attempt, can be performed with less patient 

discomfort and obviates the need for radiation and iodine.

The fourth part of this thesis focuses on the question ‘Do the results of US of the shoulder 

contribute to or change planning and delivery of therapy?’ (i.e., what is the therapeutic 

impact or therapeutic efficacy?) 

Chapter 10 focuses on the potential additional value of US in the use of US guidance for 

shoulder injections. It describes a randomized study which compared the accuracy of 

knowledge of the imaging characteristics of anatomic and pathologic findings and of 

pitfalls. 

Chapter 2 illustrates the standardized high-resolution US examination of the shoulder 

and shows that it covers the entire rotator cuff and correlates with MR imaging and 

anatomic sections.

Chapter 3 provides an overview of potential pitfalls, limitations, and artifacts related to 

the US examination of the shoulder. Causes of false-positive and false-negative 

interpretation of rotator cuff tears are classified into four different categories: 

 technique-related, anatomy-related, disease-related, and patient-related factors.

The second part of this thesis focuses on the question ‘Does it work?’ or ‘Do the US 

images of the shoulder allow accurate diagnoses to be made?’ (i.e., what is the diagnostic 

performance or diagnostic efficacy?) 

Chapter 4 provides a narrative review of the literature of the last decade that evaluates 

the accuracy of the sonographic detection of rotator cuff tears. It shows,  in concordance 

with the systematic review of Dinnes (2003), that US is a highly accurate diagnostic 

method for detecting full-thickness rotator cuff tears, but is less sensitive in detecting 

partial-thickness rotator cuff tears. Between-study heterogeneity is still present, 

particularly with regard to variation in the type and number of US criteria that are used 

to detect rotator cuff tears and also because of the methodological shortcomings, which 

almost all studies encounter.

Chapter 5 describes a study that was conducted to test the hypothesis that US performed 

by operators with different levels of experience will give non-reproducible results. This 

study shows that the learning curve of an inexperienced musculoskeletal radiologist for 

the US detection of partial-thickness and full-thickness rotator cuff tears is relatively short. 

Also, with increasing experience the interobserver reliabilities, sensitivities, and specificities 

in comparison with an experienced musculoskeletal radiologist evolve in a rather short 

period from moderate to good, provided that the inexperienced examiner has a detailed 

knowledge of shoulder anatomy, uses standardized US scanning techniques and is familiar 

with the diagnostic US criteria of partial- and full-thickness rotator cuff tears.

Chapter 6 describes a new sonographic sign to detect occult fractures, which we called 

the Double Line Sign (DLS). Another aim of this chapter was to determine if it can be 

helpful in decreasing the number of missed fractures of the proximal humerus. The study 

shows that the DLS is highly predictive for a fracture in a patient following shoulder 

trauma and, on the other hand, that if a DLS cannot be depicted at a spot of a cortical 

bone irregularity a fracture is rather unlikely. Awareness of this sign may be of help in 
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Conclusions and future perspectives

This thesis shows that US of the shoulder performs well at the level of technical efficacy 

and diagnostic efficacy. We also showed that US of the shoulder performs well at the 

level of diagnostic impact (i.e., diagnostic thinking efficacy). We have concluded that 

when an investigator has comparable experience with both US and MRI of the shoulder, 

the decision regarding which test to perform for rotator cuff assessment does not need 

to be based on accuracy concerns, because US and MR imaging have comparable and 

high accuracy for detecting partial- and full-thickness rotator cuff tears. The choice can 

be based on other factors, such as the importance of ancillary clinical information, the 

presence of an implanted device, patient tolerance, availability and costs.

US evaluation of the rotator cuff is a dynamic, real-time examination that is well tolerated 

from patients, is less expensive and less time-consuming than MR imaging and may be 

repeated if necessary. Therefore, US should be considered as the imaging modality of 

choice for the initial detection of partial- and full-thickness rotator cuff tears, in patients 

with history and clinical findings not suggesting any other intra-articular disorder.

Another example of diagnostic impact are the US-guided shoulder interventions. The 

application of US-guided injection techniques in MR-arthrography, which can be 

performed quickly and reliably, improves radiologists’ interpretive performance and 

efficiency in delivering patient care. It may also offer a useful alternative in difficult cases 

of therapeutic shoulder injections, such as with changed anatomy postoperatively or 

when there is no effective clinical outcome.

We advocate the use of US as the routine imaging method in patients with periarticular 

shoulder complaints, however, under the condition that US is performed in a standardized 

fashion by a well trained sonographer who is aware of the anatomy and pathology of the 

shoulder. In this way patients can be better stratified and randomized for well designed 

studies providing a more specific diagnosis and more data about the effectiveness of 

different treatment strategies. 

Because the effectiveness is not proven the examinations should be performed in an 

investigative setting where there is a continuous feedback between the referring 

physician and sonographer also including surgical findings and clinical follow-up.

At the first 2 levels of efficacy there is appropriate research available, however at  levels 

3, 4 and 5; ‘diagnostic impact’, therapeutic impact’ and ‘impact on health’ (i.e., patient 

outcome) respectively, it is scarce and as for the 6th and last level of ‘Societal efficacy’ 

blind injection to that of US-guided injection into the subacromial- subdeltoid bursa 

(SSB) in 20 consecutive patients. The results show that blind injection into the SSB is as 

reliable as US-guided injection and could therefore be used in daily routine. US-guided 

injections may offer a useful alternative in difficult cases, such as with changed anatomy 

postoperatively or when there is no effective clinical outcome.

Chapter 11 describes a study that prospectively assessed the frequency of abnormal 

sonographic findings in patients with posttraumatic shoulder pain and/or disability in 

whom US was not considered and to assess the effect of the sonographic findings on 

working diagnosis and therapeutic strategy, in order to analyse the possible role of US in 

the diagnostic work-up of these patients. This study showed that in patients with 

posttraumatic shoulder complaints US detected a high rate (90%) of relevant pathology 

and that this changed the initial working diagnosis in 74% of the patients and the 

therapeutic strategy in more than half of the patients. Active referral for US examination 

may identify these abnormalities in an earlier phase and improve clinical outcome.

Chapter 12 (interlude) describes the US and MRI features of an intratendinous ganglion 

of the long head of the biceps tendon.

The fifth and last part of this thesis focuses on the question ‘Does US imaging of the 

shoulder contribute to improved patient health?’ (i.e., what is the patient outcome 

efficacy or impact on health?) and ‘what is the cost-effectiveness from societal 

perspective?’.

Chapter 13 discusses from a Medical Technology Assessment and Evidence Based 

Radiology point of view the various factors which are involved in the efficacy of US in the 

detection of rotator cuff tears in patients who are candidate for surgical repair. It shows 

that the determination of the efficacy of US of the shoulder in general is extremely 

difficult, if not impossible. This is due to a lack of consensus about the classification of 

complaints, ambiguous and unreliable diagnostic work-up with history, inspection and 

physical examination of the various shoulder pathologies, and the lack of consensus and 

little evidence about the numerous different treatment options. 
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there is almost no scientific research. For further research at efficacy level 4 to 6 large 

follow-up studies (randomized trial with control group) are needed and should be 

initiated.
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Samenvatting

Schouderklachten treden frequent op, zijn belastend voor de patiënt en gaan gepaard 

met hoge kosten voor de samenleving. Patiënten met pijn of beperkte functie van de 

schouder worden belemmerd bij dagelijkse activiteiten alsook nachtrust en ervaren een 

verminderde kwaliteit van leven. 

Binnen de huisartsgeneeskunde is schouderpijn een van de frequentst gepresenteerde 

musculoskeletale klachten. Ongeveer 50% van alle patiënten met schouderpijn of 

dysfunctie zoekt medische hulp. 

Schouderpijn kan worden veroorzaakt door bursitis, tedinose, rotator cuff ruptuur, 

adhesive capsulitis, impingement syndrome, avasculaire necrosis, glenohumerale 

arthritis, en andere oorzaken van degeneratieve gewrichtsafwijkingen of traumatisch 

letsel, hetzij in combinatie of als aparte entiteiten.

Rotator cuff afwijkingen zijn met ongeveer 10% de meest voorkomende oorzaak van 

schouderpijn.

De verschillende oorzaken van schouderpijn worden bij de meest patiënten gediagnos-

ticeerd op basis van anamnese, gericht lichamelijk onderzoek en conventionele 

röntgenopnamen. 

Echter het maken van onderscheid tussen de verschillende oorzaken van schouderpijn 

blijkt soms moeilijk. Hiervoor kan, op indicatie, aanvullende beeldvormende diagnostiek, 

zoals met CT(-arthrografie), MR(-arthrografie) en/of echografie, van waarde zijn.

De toepassing van echografie bij de diagnostiek van musculoskeletale pathologie heeft 

een vlucht genomen in het recente verleden. Dit komt deels door technische 

ontwikkelingen en verbeteringen, zoals het gebruik van transducers met hogere 

frequenties welke een hogere resolutie met zich meebrengen in combinatie met een 

toename van de penetratie diepte. Andere reden zijn dat echografie in vergelijking met 

MRI en CT goedkoop en goed beschikbaar is. 

Anderzijds heeft echografie ook zijn uitdagingen, het is onderzoekerafhankelijk en 

vereist technische expertise. Echter door verbetering van techniek en gebruiksvriende-

lijkheid, zal de toepassing van echografie in het algemeen en voor de diagnostiek van 

schouderpathologie in het bijzonder in populariteit toenemen.

Het doel van dit proefschrift is om de betrouwbaarheid en de aanvullende waarde van 

echografie voor de diagnostische work-up van rotator cuff afwijkingen en in het bijzonder 

rotator cuff rupturen te onderzoeken, alsook de aanvullende waarde van echogeleide 

schouder interventies.
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niveaus zal leiden tot niet-reproduceerbare resultaten. Deze studie toont aan dat de 

leercurve van een onervaren radioloog op het gebied van muskuloskeletale echografie 

slechts een korte leercurve heeft om partiële en totale rotator cuff rupturen betrouwbaar 

te kunnen detecteren. 

Met toenemende ervaring evolueren in korte tijd de interobserver betrouwbaarheden, 

sensitiviteiten en specificiteiten in vergelijking met een ervaren radioloog van matig tot 

goed, op voorwaarde dat de onervaren onderzoeker een grondige kennis van de 

anatomie van de schouder, gebruik maakt van gestandaardiseerde echografische onder-

zoekstechnieken en bekend is met het de echografische criteria van partiële en totale 

rotator cuff rupturen.

Hoofdstuk 6 beschrijft een nieuw echografische kenmerk, het zogenaamde‘Double Line 

Sign’(DLS) waaraan occulte ossale fracturen kunnen worden herkend. Een ander doel van 

dit hoofdstuk is om te bepalen of het DLS van nut kan zijn om het  aantal gemiste 

fracturen van de proximale humerus te verminderen. De studie toont aan dat het DLS 

een hoge voorspellend waarde heeft voor de detectie van een fractuur bij een patiënt na 

schouder trauma en dat als een DLS niet kan worden afgebeeld op een plek van een 

corticale bot onregelmatigheid een fractuur onwaarschijnlijk is. Bekendheid met en 

herkenning van dit echografisch kenmerk kan van nut zijn bij het opsporen van klinisch 

of röntgenologisch gemiste of occulte fracturen, waardoor adequate behandeling wordt 

geïnitieerd en extra financiële kosten als gevolg van onnodige extra onderzoekingen of 

de gevolgen van inadequate behandelingen worden voorkomen.

 

Hoofdstuk 7 (intermezzo) beschrijft de radiologische, echografische en MRI bevindingen 

van een nontuberculeuze mycobacteriële (M. xenopi) bursitis en artritis van de schouder 

en geeft een overzicht van en bespreekt de atypische kenmerken van mycobacteriële 

infecties. 

 

Het derde deel van dit proefschrift richt zich op de vraag: ‘worden andere diagnostische 

procedures door schouderechografie gewijzigd of verdrongen?’ (c.q. wat is de diagnostische 

impact?).

Hoofdstuk 8 beschrijft een studie die evalueert of bij patiënten met schouderpijn en/of 

beperkingen, waarbij de schouder echografisch is onderzocht nog de noodzaak bestaat 

om aanvullend MRI onderzoek te moeten verrichten.

Uit deze studie bleek dat indien schouderechografie wordt uitgevoerd door een ervaren 

radioloog, MRI weinig toegevoegde waarde biedt met betrekking tot de detectie van 

rotator cuff rupturen.

In de Introductie van dit proefschrift worden algemene inleiding, studie doelen en de 

opzet van het proefschrift beschreven. 

 

Het eerste deel van dit proefschrift, over de effectiviteit van schouderechografie, richt zich 

op de vraag of met schouderechografie goed te reproduceren anatomisch correcte beelden 

van de weke delen rondom de schouder kunnen worden vervaardigd. Het diagnostische 

rendement van echografie is van meerdere factoren afhankelijk zoals techniek, kennis van de 

afbeeldingkarakteristieken van zowel anatomische als pathologische structuren en van de 

valkuilen van afbeeldingen of de interpretatie daarvan. 

Hoofdstuk 2 illustreert het gestandaardiseerde echografisch onderzoek van de schouder 

en toont dat daarmee de rotator cuff geheel kan worden gevisualiseerd en dat de 

echografische afbeeldingen correleren met MR afbeeldingen en anatomische 

doorsneden.

Hoofdstuk 3 toont een overzicht van de potentiële valkuilen, beperkingen en artefacten 

van het echografisch onderzoek van de schouder. Oorzaken van fout-positieve en 

fout-negatieve interpretatie van rotator cuff rupturen worden in vier categoriën 

geclassificeerd; techniek-gerelateerde, anatomie-gerelateerde, ziekte-gerelateerde, en 

patiënt-gerelateerde factoren.

Het tweede deel van dit proefschrift richt zich op de vraag ‘Werkt het?’ of ‘kunnen met 

echografie betrouwbare beelden van de schouder worden gemaakt, waarmee correcte 

diagnosen kunnen worden gesteld?’ (c.q. wat is de diagnostische prestatie of 

diagnostische effectiviteit?).

Hoofdstuk 4 geeft een overzicht van gepubliceerde literatuur van de laatste jaren,  

welke de nauwkeurigheid waarmee met echografie rotator cuff rupturen worden  

gediagnosticeerd evalueert. Daaruit blijkt dat met echografie totaal rupturen van de 

rotator cuff zeer nauwkeurig kunnen worden aangetoond, echter dat dit in mindere 

mate geldt voor de detectie van partiële rupturen van de rotator cuff. 

Evenals bij de ‘systematic review’ van Dinnes (2003) is ook nu nog sprake van slecht met 

elkaar vergelijkbare studies. Dit wordt met name veroorzaakt doordat de gebruikte 

echografische criteria voor de detectie van totale en partiële rotator cuff rupturen bij de 

verschillende studies variëren en doordat nagenoeg alle studies 1 of meerdere 

methodologische tekortkomingen vertonen.

Hoofdstuk 5 beschrijft een onderzoek dat werd uitgevoerd om de hypothese te  

toetsen dat echografie uitgevoerd door echografisten met verschillende ervarings-
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strategie bij meer dan de helft van de patiënten. Door posttraumatisch actief te  

verwijzen voor echografisch onderzoek van de schouder kunnen afwijkingen in een 

vroegere fase worden geïdentificeerd en accurate behandeling eerder geïnitieerd, 

hetgeen ten goede komt aan de klinische uitkomst en tevens patiënten ongemak en 

kosten beperkt. 

 

Hoofdstuk 12 (intermezzo) beschrijft de echografische en MRI kenmerken van een 

intratendineus ganglion van de lange kop van de biceps pees. 

 

Het vijfde en laatste deel van dit proefschrift richt zich op de vraag: ‘draagt echografische 

onderzoek van de schouder bij aan een betere gezondheid van de patiënt?’ en ‘wat is de 

impact voor de samenleving (c.q. wat is de kosteneffectiviteit vanuit maatschappelijk 

perspectief?).

Hoofdstuk 13 bespreekt vanuit een ‘Medical Technology Assessment’ en ‘Evidence 

Based Radiology’ oogpunt de verschillende factoren die van invloed zijn op de 

effectiviteit van echografie bij de detectie van rotator cuff rupturen bij patiënten die 

kandidaat zijn voor chirurgisch herstel. Hieruit blijkt dat het vaststellen van de  

effectiviteit van schouderechografie uiterst moeilijk, zo niet onmogelijk is. Dit is te  

wijten aan een gebrek aan consensus over de indeling van schouderklachten, 

onbetrouwbare diagnostische work-up met anamnese, inspectie en lichamelijk 

onderzoek van de verschillende schouder afwijkingen, en het gebrek aan consensus en 

beperkt bewijs van de resultaten van de vele verschillende behandelings opties. 

 

 

Conclusies en toekomstperspectieven
 

Dit proefschrift toont aan dat echografie van de schouder goed presteert op het niveau 

van technische effectiviteit en diagnostische effectiviteit (efficacy level 1 en 2).  

We toonden ook aan dat schouderechografie goed presteert op het niveau van 

diagnostische impact (efficacy level 3). We hebben geconcludeerd dat wanneer een 

onderzoeker een vergelijkbare ervaring heeft met zowel echografie als MRI van de 

schouder, de keuze welke test uit te voeren niet wordt gebaseerd op de accuraatheid van 

de test, maar op andere factoren zoals het belang van aanvullende klinische informatie 

(verdenking op intraarticulaire pathologie), de aanwezigheid van een gewrichts prothese, 

patiënt tolerantie en voorkeur, beschikbaarheid en kosten.

Een ander voorbeeld van diagnostische impact zijn de echogeleide schouder interventies. 

De studie vergeleek ook de nauwkeurigheid van beide technieken voor het opsporen 

van rotator cuff rupturen en toonde dat de echografie en MRI een relatief hoge 

sensitiviteit, diagnostische nauwkeurigheid en positief voorspellende waarde hebben 

bij de detectie van totaal rupturen van de rotator cuff. Beide technieken zijn minder 

nauwkeurig bij de detectie van partiële rotator cuff rupturen, maar echografie lijkt 

sensitiever.

Hoofdstuk 9 beschrijft een vergelijkende studie van echografisch en fluoroscopisch 

geleide anterieure en posterieure glenohumerale injectie technieken waarbij de mate 

van nauwkeurigheid van intraarticulaire injectie, contrastmiddel extravasatie, de 

benodigde tijd en het ongemak voor de patiënt bij 100 opeenvolgende patiënten werd 

beoordeeld. Uit de gegevens blijkt dat met de vier beeldgeleide injectie technieken het 

contrastmiddel intraarticulair werd geïnjecteerd, maar dat de echogeleide injectie vanaf 

anterieur aanzienlijk minder tijdrovend is, het succesvolst bij de eerste injectie poging, 

leidt tot het minst ongemak voor de patiënt en dat hierbij geen röntgenstraling en 

jodiumhoudende contrastmiddelen nodig zijn.

 

Het vierde deel van dit proefschrift richt zich op de vraag: ‘dragen de bevindingen van 

het echografisch onderzoek van de schouder bij aan planning en de uitvoering van 

therapie?’ (c.q. wat is het effect op therapie management?).

Hoofdstuk 10 richt zich op de potentiële meerwaarde van echografie voor beeldgeleide 

schouder injecties. Er wordt een gerandomiseerde studie beschreven waarbij de 

accuratesse van ‘blinde’ injectie vergeleken wordt met die van echogeleide injectie in de 

bursa subdeltoidea-subacromiale bij 20 opeenvolgende patiënten. De resultaten tonen 

dat blind injecteren net zo betrouwbaar is als echogeleide injectie en dus kan worden 

gebruikt in de dagelijkse routine. Echogeleide injecties kunnen een nuttig alternatief 

zijn in moeilijke gevallen, zoals met gewijzigde anatomie postoperatief of wanneer er 

geen effectief klinisch resultaat optreedt na eerdere ‘blinde’ injecties.

Hoofdstuk 11 beschrijft een prospectief onderzoek naar de frequentie van afwijkende 

echografische bevindingen bij patiënten met posttraumatische  schouder  klachten bij wie 

echografie initieel niet werd overwogen en uitgevoerd. 

Tevens werd onderzocht in welke mate deze bevindingen effect hebben op werk 

diagnose en therapeutische strategie om zodoende de mogelijke rol van echografie op 

de diagnostische work-up van deze patiënten te analyseren. 

Deze studie toonde aan dat bij patiënten met posttraumatische schouderklachten 

echografie een hoog percentage (90%) relevante pathologie aantoont en dat hierdoor 

de oorspronkelijke werkdiagnose in 74% van de patiënten wijzigt en de therapeutische 
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Echogeleide injectie technieken bij MR-arthrografie kunnen snel en betrouwbaar worden 

uitgevoerd, verbeteren de interpretaties door radiologen en de efficiëntie van 

patiëntenzorg. Het is ook een geschikt alternatief voor moeilijk uitvoerbare ‘blinde’ 

therapeutische schouder injecties, zoals bij postoperatief gewijzigde anatomie of indien 

er geen effectieve klinische verbetering optreedt na eerder ‘blind’ uitgevoerde 

injecties. 

 

Voor de eerste 2 effectiviteitsniveaus is er adequaat literatuur beschikbaar, echter op 

niveau 3, 4 en 5, respectievelijk ‘diagnostische impact’, therapeutische impact’ en ‘impact 

op de gezondheid’ zijn de publicaties schaars en op het 6e en laatste niveau van ‘kosten-

effectiviteit vanuit maatschappelijk perspectief’ is er vrijwel geen wetenschappelijk 

onderzoek verricht. Naar onze mening moeten om deze kennis hiaten te ondervangen 

gerandomiseerde follow-up studies met controle groepen worden geïnitieerd. 

 

Wij pleiten voor het gebruik van echografie als een routine onderzoeksmethode bij patiënten 

met schouderklachten, onder voorwaarde dat het echografisch onderzoek op een 

 gestandaardiseerde wijze wordt uitgevoerd door een goed opgeleide en toegewijde 

echografist, die kennis heeft van de anatomie en pathologie van de schouder. Op deze 

manier kunnen patiënten beter worden gestratificeerd en gerandomiseerd voor goed 

opgezette studies met een meer specifieke diagnose en meer gegevens over de effectiviteit 

van verschillende behandelingstrategieën. Omdat de effectiviteit niet is bewezen moeten de 

onderzoeken bij voorkeur worden uitgevoerd in een onderzoeksetting, waar sprake is 

van een continue feedback tussen de verwijzende arts en de echografist waaronder ook 

chirurgische bevindingen en de klinische follow-up. 
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List of abbreviations

AUC   Area under the curve

BG  Bicipital groove

BT  Biceps tendon

C  Cutis

CI  Confidence interval

CT  Computed tomography

D  Deltoid muscle

DLS  Double line sign

DOR  Diagnostic odds ratio

DTPA  Diethylenetriamine penta-acetic acid

EBI  Evidence-based imaging

EBM  Evidence-based medicine

EBR  Evidence-based radiology

e.g.,  For instance (exempli gratia)

F  Intraarticular fluid

FLa  Fluoroscopic-guided anterior injection

FLp  Fluoroscopic-guided posterior injection

FTT  Full-thickness rotator cuff tear

GT  Greater tuberosity

H  Humerus

HC  Hyaline cartilage

i.e.,  Namely (id est)

ISP  Infraspinatus tendon

LR-  Likelihood ratio of a negative test result

LR+  Likelihood ratio of a positive test result

LT  Lesser tuberosity

MHz  Megahertz

MRA  Magnetic resonance arthrography

MRI  Magnetic resonance imaging

MTA  Medical technology assessment

N  Number

NPV  Negative predictive value

PPV  Positive predictive value

PSP  Persistent shoulder pain

PTT  Partial-thickness rotator cuff tear

PV-  Negative predictive value

PV+  Positive predictive value

RC  Rotator cuff

RCT  Rotator cuff tear

SROC  Summary receiver-operating characteristic curve

SSB  Subacromial-subdeltoid bursa

SSC  Subscapularis tendon

SSP  Supraspinatus tendon

ST  Subcutaneous tissue

THI  Tissue harmonic imaging

3D  Three-dimensional

TFL  Time span needed for fluoroscopic guidance

TL  Transverse ligament

TM  Teres minor tendon

TUS  Time span needed for ultrasound guidance

US  Ultrasound

USa  Ultrasound-guided anterior injection

USp  Ultrasound-guided posterior injection

VAS  Visual analogue scale
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het Slinge land Ziekenhuis te Doetinchem. 

Van 1 juli 1997 tot 1 januari 1999 was hij werk zaam parttime als re search fellow op de afdeling 

radiologie van het St. Radboud Acade misch Ziekenhuis te Nijme gen en als radioloog 

verbonden aan de Maatschap Radiologie van het voormalig Bosch Medi cen trum (GZG en 

WAZ), thans het Jeroen Bosch Ziekenhuis te ‘s-Herto gen bosch. 

Vanaf 1 januari 1999 werd deze laatste betrekking voltijds voort ge zet, alwaar het vak  - 

ge bied, naast enkele aandachts gebieden (interventie radiologie, steun- en be wegings- 

appa raat en (MR-) mammografie), in zijn volle breed te wordt ge prak ti seerd. Sinds het in 

2001 verkrijgen van de opleidingsbevoegheid is hij opleider van de afdeling Radiologie  

van het Jeroen Bosch Ziekenhuis.

chapter 14
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