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Objectives: To evaluate the evidence for the
effectiveness and cost-effectiveness of the newer
diagnostic imaging tests as an addition to clinical
examination and patient history for the diagnosis of soft
tissue shoulder disorders. 
Data sources: Literature was identified from several
sources including general medical databases. 
Review methods: Studies were identified that
evaluated clinical examination, ultrasound, magnetic
resonance imaging (MRI), or magnetic resonance
arthrography (MRA) in patients suspected of having soft
tissue shoulder disorders. Outcomes assessed were
clinical impingement syndrome or rotator cuff tear (full,
partial or any). Only cohort studies were included. The
methodological quality of included test accuracy studies
was assessed using a formal quality assessment tool for
diagnostic studies and the extraction of study findings
was conducted in duplicate using a pre-designed and
piloted data extraction form to avoid any errors. For
each test, sensitivity, specificity and positive and
negative likelihood ratios with 95% confidence
intervals were calculated for each study. Where
possible pooled estimates of sensitivity, specificity and
likelihood ratios were calculated using random effects
methods. Potential sources of heterogeneity were
investigated by conducting subgroup analyses. 
Results: In the included studies, the prevalence of
rotator cuff disorders was generally high, partial
verification of patients was common and in many cases
patients who were selected retrospectively because
they had undergone the reference test. Sample sizes
were generally very small. Reference tests were often
inappropriate with many studies using arthrography
alone, despite problems with its sensitivity. For clinical
assessment, 10 cohort studies were found that

examined either the accuracy of individual tests or
clinical examination as a whole: individual tests were
either good at ruling out rotator cuff tears when
negative (high sensitivity) or at ruling in such disorders
when positive (high specificity), but small sample sizes
meant that there was no conclusive evidence.
Ultrasound was investigated in 38 cohort studies and
found to be most accurate when used for the detection
of full-thickness tears; sensitivity was lower for
detection of partial-thickness tears. For MRI, 29 cohort
studies were included. For full-thickness tears, overall
pooled sensitivities and specificities were fairly high and
the studies were not statistically heterogeneous;
however for the detection of partial-thickness rotator
cuff tears, the pooled sensitivity estimate was much
lower. The results from six MRA studies suggested that
it may be very accurate for detection of full-thickness
rotator cuff tears, although its performance for the
detection of partial-thickness tears was less consistent.
Direct evidence for the performance of one test
compared with another is very limited. 
Conclusions: The results suggest that clinical
examination by specialists can rule out the presence of
a rotator cuff tear, and that either MRI or ultrasound
could equally be used for detection of full-thickness
rotator cuff tears, although ultrasound may be better at
picking up partial tears. Ultrasound also may be more
cost-effective in a specialist hospital setting for
identification of full-thickness tears. Further research
suggestions include the need for large, well-designed,
prospective studies of the diagnosis of shoulder pain, in
particular a follow-up study of patients with shoulder
pain in primary care and a prospective cohort study of
clinical examination, ultrasound and MRI, alone and/or
in combination. 
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Glossary
Adhesive capsulitis Occurs where
inflammation and pain limit the use of the
shoulder to the extent that the joint stiffens.

Arthrography Examination of a joint by 
X-ray after injection of a contrast medium.

Arthroscopy An invasive endoscopic
examination of a joint.

Bursitis Occurs where repeated use of the
shoulder leads to inflammation and swelling of
a bursa.

Clinical impingement syndrome A spectrum
of shoulder pathologies with distinct clinical
symptoms such as pain on attempted use of the
shoulder.

Magnetic resonance arthrography
Examination of a joint by MRI after injection
of a contrast medium.

Magnetic resonance imaging A non-invasive
method of demonstrating internal anatomy
based on the use of magnetic fields which are
translated into a computerised image.

Referred pain Pain from deep structures
perceived as arising from a surface area remote
from its actual origin.

Tendinitis Inflammation of tendons and of
tendon muscle attachments.

Tendinosis Degeneration of tendons and of
tendon muscle attachments.

Ultrasound A non-invasive imaging
technique which visualises deep structures of
the body by recording the reflections of echoes
of pulses of ultrasonic waves directed into the
tissues.

List of abbreviations

AC angled coronal

AS angled sagittal

AX axial

CCS clinical community setting

CI confidence interval

CTA computed tomographic
arthrography

df degrees of freedom

2D two-dimensional

3D three-dimensional

ERLS external rotation lag sign

FN false negative

FoV field of view

FSE fast spin-echo

GRE gradient echo

IRLS internal rotation lag sign

IRRST internal rotation resistance
strength test

LR likelihood ratio

MPGR multiplanar gradient-recalled

MR magnetic resonance

MRA magnetic resonance
arthrography

MRI magnetic resonance 
imaging

NSAID non-steroidal anti-
inflammatory drug

OC oblique coronal

continued
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List of abbreviations continued

OP oblique parasagittal

OS oblique sagittal

PC paracoronal

PS parasagittal

RC rotator cuff

RCT rotator cuff tear 

SA subacromial

Sag sagittal

SD subdeltoid

SIS subacromial impingement
syndrome

SIT subacromial injection test

STIR short TI inversion recovery

TE echo time

Ten tendinitis

TI inversion time

TP true positive

TR repetition time

Glossary and list of abbreviations

All abbreviations that have been used in this report are listed here unless the abbreviation is well known (e.g. NHS), or 
it has been used only once, or it is a non-standard abbreviation used only in figures/tables/appendices in which case 
the abbreviation is defined in the figure legend or at the end of the table.
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Background
Shoulder pain is a significant cause of morbidity;
the prevalence of self-reported pain is estimated to
be between 16 and 26%, and it is the third most
common cause of musculoskeletal consultation in
primary care. The cause can be difficult to diagnose
owing to the complex anatomy of the shoulder
and the spectrum of underlying disorders. Most
shoulder problems fall into three major categories:
soft tissue disorders, articular injury or instability,
and arthritis. The incidence of lesions increases
with age as tendon tissue progressively weakens or
degenerates, but repeated microtrauma or overuse
from professional or athletic activity can also cause
soft tissue problems in all age groups. 

There are no clear national guidelines for the
diagnosis of shoulder pain. Several diagnostic tests
are used for the diagnosis of soft tissue disorders,
including clinical assessment, ultrasonography,
magnetic resonance imaging (MRI), magnetic
resonance arthrography (MRA) and arthroscopy,
yet their relative accuracy, cost-effectiveness and
impact on quality of life are uncertain.

Objective
To evaluate the evidence for the effectiveness and
cost-effectiveness of the newer diagnostic imaging
tests as an addition to clinical examination and
patient history for the diagnosis of soft tissue
shoulder disorders. 

Methods
Literature search
Literature was identified from several sources
including general medical databases. 

Inclusion criteria
The primary inclusion criteria for the assessment
of test accuracy were studies of clinical
examination, ultrasound, MRI or MRA in patients
suspected of having soft tissue shoulder disorders.
Outcomes assessed were clinical impingement
syndrome or rotator cuff tear (RCT) (full, partial
or any). Only cohort studies were included. 

Quality assessment and data extraction
The methodological quality of included test
accuracy studies was assessed using a formal
quality assessment tool for diagnostic studies
developed by the NHS Centre for Reviews and
Dissemination at the University of York. The
extraction of study findings was conducted in
duplicate using a pre-designed and piloted data
extraction form to avoid any errors. 

Data synthesis
For each test, sensitivity, specificity and positive and
negative likelihood ratios (LRs) with 95% confidence
intervals were calculated for each study. Where no
trade-off between sensitivity and specificity was
revealed, and studies were otherwise sufficiently
homogeneous, pooled estimates of sensitivity,
specificity and LRs were calculated using random
effects methods. Potential sources of heterogeneity
were investigated by conducting subgroup analyses
according to features of the population (spectrum),
test, and reference test, and study quality. 

Results
Quality of included studies
The prevalence of rotator cuff (RC) disorders was
high in most studies (overall mean prevalence
over 50% for all tests), although it varied
according to the setting and outcome used. The
study setting was not always reported, but where it
was, only two were conducted in centres other
than hospital radiology or orthopaedics
departments. Partial verification of patients was
common and in many studies patients were
selected because they had undergone the
reference test. Sample sizes were generally very
small, with overall means of less than 100. 

The reference tests used in the studies were often
inappropriate with many studies (especially
ultrasound studies) using arthrography alone,
despite problems with its sensitivity. Others used
more than one reference test, in some cases clearly
stating that the test used was based on the result of
the index test. 

Few studies reported details of those interpreting
the tests other than that they were orthopaedists or
radiologists, often specialising in shoulder disorders. 

Executive summary
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Clinical assessment
Ten cohort studies were included: seven examined
the accuracy of individual clinical examination
tests and six estimated the accuracy of clinical
examination per se or the combination of two or
more positive test results. Individual tests were
either good at ruling out RCTs when negative
(high sensitivity) or at ruling in such disorders
when positive (high specificity), but small sample
sizes mean that there was no conclusive evidence
for any single test that can conclusively diagnose
RC disorders. Pooled results from four studies 
that evaluated clinical examination as a whole
indicated overall sensitivity and specificity 
to be 0.90 (95% CI: 0.87 to 0.93) and 0.54 
(95% CI: 0.47 to 0.61) for detection of 
full-thickness RCTs. 

Ultrasound
Thirty-eight cohort studies investigating the
accuracy of ultrasound were identified. Ultrasound
was most accurate when used for the detection of
full-thickness tears, although results were
heterogeneous: pooled sensitivity 0.87 (95% CI:
0.84 to 0.89) and specificity 0.96 (0.94 to 0.97).
Sensitivity was lower for detection of partial-
thickness tears (0.67, 95% CI: 0.61 to 0.73)
although specificity remained high, and studies
were again very heterogeneous. Statistically,
several possible reasons for the differences in
sensitivity estimates between studies were
identified, including prevalence and mean age.
The number of studies available limited the power
of the subgroup analyses. It remains to be
determined whether or not ultrasound can
provide such conclusive evidence for the value of a
negative ultrasound finding in ruling out the
presence of a tear.

MRI 
Twenty-nine cohort studies were included, most
using conventional MRI pulse sequences as
opposed to fat-suppressed MRI. For full-thickness
tears, overall pooled sensitivities and specificities
were high (0.89, 95% CI: 0.86 to 0.92; and 0.93,
95% CI: 0.91 to 0.95, respectively) and the studies
were not statistically heterogeneous. For detection
of partial-thickness RCTs, pooled sensitivity
estimate was much lower (0.44, 95% CI: 0.36 to
0.51) although specificity again remained high
(0.90, 95% CI: 0.87 to 0.92). Where tear
prevalence is relatively high, a negative magnetic
resonance finding may be sufficient to rule out the
presence of a full-thickness tear, but between study
heterogeneity means that similar conclusions
cannot yet be drawn regarding a positive test
result.

MRA
Six studies investigating the accuracy of MRA were
included. The type of MRI, views and contrast
used varied considerably between studies, making
any conclusions difficult. The pooled results
suggest that MRA may be very accurate for
detection of full-thickness RCTs [overall pooled
sensitivity 0.95 (95% CI: 0.82 to 0.98) and
specificity 0.93 (95% CI: 0.84 to 0.97), both
estimates homogeneous]. Its performance for the
detection of partial-thickness tears is less
consistent. There is also some suggestion that
MRA performs better than ultrasound or MRI, but
any such benefit must be set against the
invasiveness and potential discomfort to patients
of the procedure

Direct comparisons of tests
Direct evidence for the performance of one test
compared with another is very limited. Further
research is needed to determine the place of these
imaging tests in the diagnosis of RC disorders. 

Conclusions
Our results suggest that clinical examination by
specialists can rule out the presence of a RCT, and
that either MRI or ultrasound could equally be
used for detection of full-thickness RCTs.
Although still not by any means accurate,
ultrasound may be better at picking up partial
tears. Given the large differential in the cost 
of the two procedures, the implication from
current evidence is that ultrasound is the more
cost-effective test to use in a specialist hospital
setting for identification of full-thickness tears.
Whether or not these results are transferable 
to settings with lower prevalence, different spectra
of disease and less-specialised clinicians, such as in
primary care, remains to be determined. 

Implications for further research
There is a need for large, well-designed,
prospective studies of the diagnosis of shoulder
pain. In particular, a follow-up study of patients
with shoulder pain in primary care is needed to
inform our understanding of the natural history
and epidemiology of shoulder pain and, for 
those patients referred to secondary care, a
prospective cohort study of clinical examination,
ultrasound and MRI, alone and/or in combination
is also needed. The ability of these tests not only
to diagnose the spectrum of soft tissue shoulder
disorders (not just RCT) but also to inform
treatment decisions remains to be determined.

Executive summary



The aim of this systematic review is to evaluate
currently available evidence for the

effectiveness and cost-effectiveness of the newer
diagnostic imaging tests as an addition to clinical
examination and patient history for the diagnosis
of soft tissue shoulder disorders. 

Shoulder pain is a significant cause of morbidity,
and is the third most common cause of
musculoskeletal consultation in primary care. The
cause can be difficult to diagnose owing to the
spectrum of underlying disorders, both of the
shoulder joint itself and surrounding tissue, and
pain due to problems elsewhere such as in the
cervical spine. There are no clear national
guidelines for diagnosis within secondary care.
Clinical assessment, ultrasonography, magnetic
resonance imaging (MRI), magnetic resonance
arthrography (MRA) and arthroscopy are all used
for the diagnosis of soft tissue disorders, yet their

relative accuracy, cost-effectiveness and impact on
quality of life are uncertain. This review was
therefore commissioned in order to inform the
development of any related primary HTA
research. 

The main objectives were as follows:

1. to establish the effectiveness of clinical
examination and patient history in the
differential diagnosis of shoulder pain

2. to estimate the added benefit gained from use
of diagnostic imaging for the identification of
soft tissue shoulder disorders

3. to assess how the individual tests could most
effectively and cost-effectively be combined
with clinical examination in diagnostic
strategies or algorithms

4. to identify gaps in the literature for the
purpose of informing future research.

Health Technology Assessment 2003; Vol. 7: No. 29
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Shoulder pain
Epidemiology
Shoulder pain is a significant cause of morbidity in
the general population. Recent surveys have
estimated the prevalence of self-reported shoulder
pain at 16%1 in the UK, rising to 26%2 in the
elderly and at 21% in The Netherlands.3 About
1% of adults over age 45 years in the UK present
each year with a new episode of shoulder pain.
Prevalence estimates for shoulder pain range from
4 to 20%.4 It has been suggested that only 40–50%
of people with shoulder pain will consult a general
practitioner (GP) for it;3 nevertheless it is the third
most common cause of musculoskeletal
consultation in primary care. Around a quarter of
patients presenting with a new episode of shoulder
pain report a previous episode of shoulder pain.5

The anatomy of the shoulder
The shoulder is made up of three bones: 

� the scapula or shoulder blade – a wide, thin
triangular bone with two extensions (called
‘processes’) at the shoulder joint, the coracoid
and acromion

� the clavicle or collar-bone
� the humerus (in the upper arm)

and two joints: 

� the acromio-clavicular joint (clavicle to scapula)
� the humero-scapular joint (the main shoulder

joint).

For the latter joint, the ball of the humerus fits on
to the glenoid ‘cavity’ of the scapula. Although this
is classed as a ball-and-socket joint, the socket is
more like a flat saucer than a cup (as in the hip
joint), and the integrity of the shoulder joint
therefore depends on ligaments and muscles,
rather than a socket. 

The joint capsule is a loose, fibrous cylinder of
horizontal fibres going from scapula to humerus.
It has to be loose to allow the range of movement
at the shoulder. Hence the joint capsule itself also
does little for stability. The anterior part of the
joint capsule is thickened and strengthened by the

three glenohumeral ligaments. The superoposterior
part is strengthened near its humeral attachment
by the coracohumeral ligament.

Of the many muscles around the shoulder, there
are those of the shoulder proper (defined as those
which produce shoulder movements, thereby
excluding those such as biceps which are in the
shoulder but which act on other joints such as the
elbow), and also the adjacent muscles of upper
back and upper chest (the pectoralis major and
minor and the latissimus dorsi). Simplistically, the
muscles initiating shoulder movement include:

� deltoid – the most powerful abductor, but only
acts after the supraspinatus has brought about
the first 15° or so of movement

� supraspinatus – which initiates abduction
� infraspinatus – which is responsible for lateral

rotation
� teres major – adduction and medial rotation
� teres minor – lateral rotation and some

adduction
� subscapularis – similar to teres major.

The combined action of the subscapularis,
infraspinatus and teres minor counteracts the
upward component of the pull of the deltoid, thus
enabling the deltoid (aided by the supraspinatus)
to create a force component perpendicular to the
humeral shaft to abduct the arm.

Tendons are parts of muscles, where the fleshy
part of the muscle is replaced by a ligament-like
structure before it is attached to bones. The action
of the intact muscle tendon units comprising the
rotator cuff (RC) is very important in maintaining
the stability of the glenohumeral joint while
movements take place. The RC tendons include
the tendons of the teres minor, infraspinatus,
supraspinatus and subscapularis muscles. These
tendons are directly related to the shoulder joint
capsule and spread out over it, blending with it
near their humeral attachments, in effect acting as
extensible ligaments.

The structure of the joint therefore allows
considerable movement, but at the expense of
stability. Movements include:

Health Technology Assessment 2003; Vol. 7: No. 29
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� flexion – bringing the arm forwards (as in
shaking hands)

� extension backwards (as in reaching for a hip
pocket)

� abduction out sideways, away from the body
� adduction, bringing the arm back down to the

side of the chest
� rotation – with the elbow held at the side of the

chest, internal rotation of the humerus allows
the hand to touch the opposite side of the
chest.

The RC muscles contract, for example when a
weight is being carried in the hand, thereby
pulling the head of the humerus against the
glenoid fossa and in effect protecting the shoulder
from dislocating downwards. During shoulder
movements, the muscles act in unison to stabilise
the joint. 

Causes of shoulder pain
The complex anatomy of the shoulder and the
wide spectrum of disorders that can lead to
shoulder pain symptoms can make accurate
diagnosis difficult. The difficulty in locating the
precise anatomical cause of shoulder pain is in
part due to the frequent radiation of pain from
neck structures into the shoulder and arm. The
lack of consensus on the appropriate diagnostic
criteria and the availability of several diagnostic
classifications illustrate the complexity of
diagnosis.6

Most shoulder problems fall into three major
categories: soft tissue disorders, articular injury or
instability, and arthritis. It has been estimated that
up to 90% of lesions causing painful shoulder
result from extracapsular soft tissue lesions, and
these will be the main focus of this report.

Soft tissue shoulder disorder: RC disorders and
impingement syndrome
Soft tissue shoulder disorders either result from
the wearing process that takes place over a period
of years or may occur from acute strain or
repetitive use, causing friction and irritation. The
term ‘clinical impingement syndrome’ covers a
spectrum of shoulder pathologies with distinct
clinical symptoms such as pain on attempted use
of the shoulder, particularly with overhead activity
and/or weakness. The most common of these are
shoulder bursitis, RC tendinosis and rotator cuff
tears (RCTs). 

Bursitis occurs where repeated use of the shoulder
leads to inflammation and swelling of a bursa
(fluid-filled sacs located around the joints that

lessen the friction caused by movement of the
shoulder). Bursitis often occurs in association with
rotator cuff tendinitis and tends to be triggered by
sports activities, or more commonly physical
activity.7

RC disorders most commonly occur where tendon
tissue has weakened or degenerated due to ageing,
hypovascularity of the critical zone, repeated
microtrauma or overuse from professional or
athletic activity.8 RC tendinitis is more often seen
in middle-aged or older patients with chronic
shoulder pain than in younger people. Given the
key role of the RC muscles in stabilising the joint,
any lesion is likely to cause pain. The best known
syndrome is supraspinatus tendinitis with its
classical arc. This occurs because during abduction
of the shoulder, the supraspinatus tendon would
rub against the acromion were it not for the
intervening and lubricating sub-acromial bursa. If
this bursa degenerates, friction results. Pain can
also result if the tendon is swollen due to
inflammation, since the space is then too small.

RCT is the end stage on the impingement
syndrome spectrum and is more painful than the
most severe form of RC tendinitis. RCTs may be
either partial or full-thickness tears. This splitting
and tearing of tendons may result from an 
injury or degenerative changes in the tendons 
due to advancing age. Full-thickness tears also
tend to be more common in older people.
Anteriorly located lesions (subscapularis) are 
more likely associated with trauma than
posteriorly located ones (infraspinatus).9 There 
are three main types of partial-thickness tears
according to location:

1. inferior tears at the articular surface
2. superior tears at the bursal surface
3. tears within the tendon substance.

Partial tears are more difficult to diagnose,
especially very small ones (which can be mistaken
for tendinopathy) and large ones (which can be
mistaken for full tears). 

Unfortunately, a lack of consensus regarding
diagnostic criteria and the classification of
shoulder disorders makes it difficult to estimate
the frequency of the underlying causes of shoulder
pain. A systematic review of the treatment of
shoulder pain found that 24 studies had specified
10 distinct diagnoses with 16 definitions to
characterise their study population.10 In one
primary study, up to 30% of soft tissue disorders
were attributed to RC tendinitis, 22% to capsular
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syndrome, 17% to acute bursitis and 13% to
chronic bursitis.11 Another found that around 70%
of shoulder disorders primarily involved the RC.2

The difficulties of diagnosis are further
emphasised by evidence that at the primary care
level at least, initial diagnostic categories can
change significantly with follow-up visits over
time.11,12

Other causes of shoulder pain
Injury or instability 
Dislocation can occur when the head of the
humerus is displaced from the glenoid cavity
through injury or instability and can be combined
with fracture to give fracture dislocation. Fractures
and damage to articular cartilage can also occur in
association with dislocation. Once the dislocation
is reduced, the patient usually recovers in a couple
of weeks.7 Instability can result in a tendency to
repeated dislocation of one of the shoulder joints.
Recurrent instability is closely correlated with age:
patients less than 25 years old at the time of the
initial episode have a recurrence rate of 60–90%
compared with only 15% in those aged over 45
years.7 Although the dislocations are easy to
manipulate back into position, usually under
general anaesthetic, the shoulder joint may be left
permanently weakened. This weakness is partly
caused by stretching and tearing of the
surrounding ligaments, tendons and capsule of
the joint. There may also be damage to the
cartilage and bone lining the rim of the socket.

Adhesive capsulitis
Adhesive capsulitis or ‘frozen shoulder’ can result
when inflammation and pain limit the use of the
shoulder to the extent that the joint stiffens. It is
most commonly seen in older patients whose
shoulders are immobilised after an injury and can
occur even after minimal trauma. 

Arthritis
Shoulder pain can also result from osteoarthritis
or degenerative arthritis. Osteoarthritis
(degenerative arthritis) involves wear and tear
changes with inflammation of the joint, causing
swelling, pain and stiffness. Degenerative arthritis
may be related to sports or work injuries or can
occur as part of the gradual ageing process.
Rheumatoid arthritis is associated with a severe
inflammation of the joint lining (the synovium),
which then leads to breakdown of the joint surface
cartilage and bone.

Referred pain
Shoulder pain can also be caused by referred pain,
or radiation of pain, from internal organs,

neurological or vascular disorders, neoplasms and
disorders of the cervical spine.11

Diagnosis and treatment of soft
tissue shoulder disorders
In the absence of trauma or arthritis, most
shoulder pain is caused by periarticular soft tissue
injury as described above. Differential diagnosis
can be difficult and the most important criterion
for the assessment of different imaging modalities
is their ability to distinguish individual pathologies
of the shoulder joint, either alone or in
combination.13 Determining the source of the
problem in the shoulder is important to be able to
recommend the right treatment. Most patients
presenting with shoulder pain will be diagnosed
and treated within general practice: only around
10% of patients seen in general practice are
referred for a specialist opinion.11

There appear to be no UK national guidelines 
for the diagnosis of shoulder pain. Available tests
include clinical assessment, plain X-ray,
arthroscopy, ultrasonography, MRI and MRA
[computed tomographic arthrography (CTA) is
also used for the investigation of shoulder pain,
but is not useful for soft tissue shoulder 
disorders].

Clinical assessment and patient 
history
Physical examination and history taking are the
cornerstones of the diagnosis of shoulder
disorders. Patient history provides the first clues to
the source of the problem, can distinguish whether
the problem is acute or chronic and should
identify cases of referred pain from other sites
such as the cervical spine.14

Clinical examination includes inspection and
palpation, assessment of range of motion and
strength and provocative shoulder testing for
possible impingement syndrome and
glenohumeral instability.14 A variety of tests can be
used during the examination (Table 1). It is
thought that positive findings from these tests may
be suggestive of different underlying shoulder
disorders, but the individual contribution of each
of these tests to differential shoulder pain
diagnosis and the most accurate combination or
sequencing of tests is unclear. The different
diagnostic classification systems in use and the
variation in classification of complaints between
clinicians complicate the assessment of these
tests.6
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Ultrasonography 
Ultrasonography uses a pulse echo device to
record reflected waves of a sound beam in two
dimensions. It is simple, rapid, non-invasive,
frequently available and relatively inexpensive.
Unlike plain X-rays, it may reveal soft tissue
changes. 

Technique (from Zanetti and Hodler, 20009)
Most commonly, linear transducers with
frequencies in the range 5–13 MHz are used. A
recommendation to use one with �7.5 MHz is
often made.13 Patients are usually examined in the
upright (seated) position so that the arm can be
externally rotated and placed behind the patient’s
back. Standardised examination protocols include
examination of the acromioclavicular joint and
transverse and longitudinal scans of the long
biceps tendon, subscapularis, supraspinatus and
infraspinatus tendons. Comparison with the
opposite side is recommended. Dynamic
examination (with patient moving his/her arm) is
often conducted. The subscapularis can be
differentiated sonographically from the
supraspinatus tendon because they are separated
by the long biceps tendon and also based on their

course. The supraspinatus tendon, however,
cannot be easily differentiated from the
infraspinatus (even during arthroscopy).
Ultrasound literature generally focuses on lesions
of the supraspinatus tendon but rarely on the
subscapularis. Diagnostic difficulties with the latter
may relate to the fact that tendon degeneration
and tears are commonly limited to the cranial
border of the tendon; complete detachment is
rarer. Resulting sonographic signs may be subtle
and easily missed. 

Criteria for interpretation of ultrasound scans
Normal tendon
Normal RC tendons appear echogenic (produces
an acoustic shadow) compared with the adjacent
deltoid muscle. The normal RC is slightly
hyperechoic (produces stronger echoes) compared
with the overlying muscle. The RC assumes a
convex curvilinear course when it passes over the
humeral head. 

Mistakes can be made if the transducer is not placed
directly perpendicular to the tendon – even minor
deviations result in a relevant loss of echogenicity,
which may be mistaken for a tendon tear. 
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TABLE 1 Examples of tests used in clinical examination of the shoulder 

Test Manoeuvre Suggested diagnosis on positive 
finding

Apley scratch test Patient touches superior and inferior aspects of Loss of range of motion: RC problem
opposite scapula

Neer’s sign Arm in full flexion Subacromial impingement

Hawkins’ test Forward flexion of the shoulder to 90° and Supraspinatus tendon impingement
internal rotation

Drop-arm test Arm lowered slowly to waist RCT

Cross-arm test Forward elevation to 90° and active adduction Acromioclavicular joint arthritis

Spurling’s test Spine extended with head rotated to affected Cervical nerve root disorder
shoulder while axially loaded

Apprehension test Anterior pressure on the humerus with external rotation Anterior glenohumeral instability

Relocation test Posterior force on humerus while externally rotating Anterior glenohumeral instability
the arm

Sulcus sign Pulling downward on elbow or wrist Inferior glenohumeral instability

Yergason test Elbow flexed to 90° with forearm pronated Biceps tendon instability or
tendonitis

Speed’s manoeuvre Elbow flexed 20–30° and forearm supinated Biceps tendon instability or
tendonitis

‘Clunk’ sign Rotation of loaded shoulder from extension to forward Labral disorder
flexion

Adapted from Woodward and Best, 2000.14



Full-thickness RCTs
Sonographic findings include:

� non-visualisation of cuff tissue
� localised hypoechoic zones throughout the

entire cuff thickness
� loss of convexity from the outer contour.

Tears may become more conspicuous when the
transducer compresses the deltoid muscle against
the humeral head.

Partial-thickness RCTs
Sonography findings include:

� hypoechoic defect that involves the articular or
bursal surface but not the entire cuff thickness

� thinning of the cuff
� straight outer cuff border with loss of convexity.

The last two overlap with those for full-thickness
tears. Other criteria, such as presence of
echogenic foci, are not reliable and may be caused
by tendon degeneration or calcification. 

MRI
MRI is a non-invasive method of imaging, where
the body is placed in a magnetic field which causes
certain atomic nuclei to align in the direction of
the field. Pulses of radiofrequency radiation are
then applied. Interpretation of the frequencies
absorbed and re-emitted allows an image in any
body plane to be built up. MRI is unique in that it
allows multiplanar imaging and may be of
particular benefit in the differentiation of soft
tissue structures.15 As a result, MRI has been
intensely investigated for the assessment of
shoulder diseases including RC disease and
shoulder joint instability.

MRI technique (from Lee and Lang, 200015)
Patients are positioned supine, with arms at their
sides, in neutral position. A dedicated shoulder
coil is positioned so that the lesser tuberosity of
the humerus is in the centre of the coil. Three
standard imaging planes are used:

1. Scout images are taken in the axial plane.
2. The oblique coronal plane is selected so that it

is parallel to the course of the supraspinatus
muscle. It best depicts the supraspinatus
tendon, the subacromial bursa, the
undersurface of the acromion, the
acromioclavicular joint and the superior and
inferior portions of the glenoid labrum

3. The oblique sagittal plane is located
perpendicular to the supraspinatus muscle.

These images best assess the shape and slope
of the lateral acromion and its relationship to
the supraspinatus tendon and muscle and the
presence of fluid in the subacromial–subdeltoid
bursae. 

A slice thickness of 4 mm is typical, with a 1-mm
interslice gap, an imaging matrix of 256 × 192
and a 12–16-cm field of view. 

Possible pulse sequence protocols include:

� T1-weighted spin-echo imaging
� T2-weighted fast spin-echo (FSE) imaging with

or without fat saturation.

T1-weighted images have a shorter repetition and
echo time than T2-weighted images and give
better definition of tendon and bone, whereas T2-
weighted images are thought to easily identify the
presence of fluid in the area of a tear (areas of
very high signal intensity). Intermediate (T1-
weighted) images can be used to delineate areas of
questionable pathology and corresponding T2-
weighted images can be used to identify any high
signal intensity areas within the area of abnormal
tendon to identify RCTs. Fat saturation is said to
further increase the visibility of fluid on T2-
weighted images, to reduce the signal from
adipose tissue that might confound image
interpretation and to reduce artefacts related to
respiratory motion. Disadvantages include a
decreased signal-to-noise ratio and uneven fat
suppression resulting from field inhomogeneity. 

FSE and gradient spin-echo pulse sequences allow
faster imaging times. Gradient echo images in
particular allow a significant reduction in image
acquisition time by using gradient refocusing and
reduced flip angles. This may provide higher
contrast between the RC tendons and adjacent soft
tissue than do conventional spin-echo proton
density and T2-weighted sequences. Disadvantages
include increased magnetic susceptibility
compared with spin-echo techniques because of
the lack of a 180° refocusing pulse and the
potential for ‘magic angle’ intermediate signal
intensity within the supraspinatus tendon because
of the short time to echo of the technique. 

Interpretation of MRI
The normal RC generally exhibits low signal
intensity on MRI. The ‘magic angle’ phenomenon
may lead to a mild increased signal in the critical
zone on T1-weighted images (or proton density
weighted images), but the morphology of the
tendon remains normal. 
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Among the first authors to produce diagnostic
criteria for the detection of RCTs on magnetic
resonance (MR) were Zlatkin and colleagues16 and
Iannotti and colleagues.17 Diagnosis was based on
the appearance of the RC tendons (grading
system) and the presence or absence of signs
denoting involvement of the subacromial bursa
and subacromial–subdeltoid fat plane.

RC tendons are first assigned to one of four
grades:

� grade 0 – normal in signal intensity and
morphology

� grade 1 – increased signal intensity with normal
morphology

� grade 2 – both abnormal signal intensity and
morphology; abnormal morphological findings
include obvious thinning or irregularity of the
tendons

� grade 3 – large and definite area of
discontinuity or a gap in the normal signal
void; area of discontinuity is typically seen as an
area of increased signal intensity on T2-
weighted images.

The peribursal fat plane, an area of high signal
intensity on T1-weighted images, is found distal 
to the acromion and the deltoid muscle and
proximal to the RC tendons. Where RCT is
present, this area of high signal intensity may be
obliterated on T1- and proton density-weighted
images. On T2-weighted images the signal
intensity consistent with that of fluid may be seen
in the bursa itself.17

Zlatkin and colleagues16 did not differentiate full
and partial tears, but suggested that a tear is
present where there is a grade 2 or 3 tendon with
loss of overlying high signal intensity of the
subacromial–subdeltoid fat plane on T1-weighted
or proton density-weighted images and/or when
fluid in the subacromial bursa was seen on T2-
weighted images.16,17

Full-thickness tears
Accurate diagnosis is primarily based on marked
contour abnormalities and associated secondary
findings such as intrabursal fluid and muscle
retraction. The most specific signs of full-thickness
tears are:

� a gap within the tendon (interruption of 
tendon continuity) on T1-weighted images that
becomes brighter on T2-weighted images

� retraction of the musculotendinous junction.

Other signs include the presence of free fluid in
the subacromial–subdeltoid bursa, fluid in the
glenohumeral joint, obliteration of the peribursal
fat stripe and fatty atrophy of the muscle.
Although sensitive, these signs lack specificity in
that fluid may be present without RCT and not all
complete RCTs have fluid. The loss of peribursal
fat stripe in RCT is related to bursal fluid,
granulation tissue or scar formation, but can also
be found in asymptomatic persons. 

Partial-thickness tears
Partial tears exhibit focal areas of mildly 
increased signal intensity on T1-weighted images,
increasing signal intensity on T2-weighted 
images and contour irregularities (attenuated or
thickened tendon), that is, grade 2 tendon. The
signal abnormality does not extend throughout
the entire thickness of the tendon. Free fluid 
may be present within the subacromial–subdeltoid
bursa if the tear is located on the superior 
bursal surface or within the glenohumeral joint if
the tear is located inferiorly at the articular
surface. 

Tendinitis
The differential diagnosis of acute or chronic
tendinitis, degeneration and partial-thickness tears
of the RC is difficult. The contrast behaviour on
T1- versus T2-weighted images and the tendon
morphology, such as thickness and thinning, are
important in making the diagnosis. In acute
tendinitis, MRI shows increased signal intensity on
T1- and T2-weighted images without contour
abnormalities or with only slight enlargement of
the tendons. Chronic tendinitis may cause an
increase in signal intensity on T1-weighted images
without an increase in signal intensity on T2-
weighted images or contour irregularities. The
increase in signal intensity in both cases is
moderate and results in an inhomogeneous
appearance of the tendon.

MRA 
MRA was introduced to overcome the limitations
of standard MRI in diagnosing RC disease and
shoulder instability.13 Traditional arthrography is
an X-ray procedure involving the intra-articular
injection of radiopaque dye into the shoulder to
demonstrate the anatomy of the joint by X-ray.
The use of MRI as opposed to standard X-ray
allows better visualisation of the soft tissues of the
shoulder and is thought to extend the capabilities
of conventional MRI because the contrast material
delineates intra-articular structures and outlines
abnormalities.15 It has been claimed to improve
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the differentiation and detection of partial RCTs
and labral tears in comparison with standard
MRI.13 MRA can be conducted with different
fluids, including pure saline and Ringer lactate, or
with a mixture of saline and gadolinium contrast
medium. 

The relative benefits of these technologies for 
the diagnosis of shoulder pain in terms of
accuracy and cost-effectiveness are currently
unknown. 

Treatment of shoulder pain
Most patients who present with shoulder pain in
general practice will undergo conservative
treatment based on patient history and clinical
examination. A Dutch study of 335 patients with a
new episode of soft tissue shoulder disorder found
that in the subsequent year:

� 24% underwent a ‘wait and see’ policy or
received non-steroidal anti-inflammatory drugs
(NSAIDs)

� 29% were referred for physiotherapy
� 23% received a local injection of anaesthetic or

steroid
� 19% were recommended physiotherapy and

injections
� only 1% underwent surgery.11

In spite of treatment, only around 20% of 
patients report a complete recovery at 1 month5,11

and 40–50% report that their symptoms have
persisted or recurred 1 year after the initial
consultation.5,11,12

In fact, evidence for the effectiveness of
conservative treatments is limited. A recent
systematic review10 concluded that NSAIDs and
subacromial glucocorticosteroid injections may be
superior to placebo in improving the range of
abduction in RC tendinitis but no conclusions
could be drawn regarding treatment of adhesive
capsulitis. Further systematic reviews have found
inconclusive evidence for the efficacy of
physiotherapy18 or steroid injections19 in the
treatment of soft tissue shoulder disorders. No
randomised controlled trials of surgical
interventions have been identified.10

It is likely that the benefits of treatment
(conservative or surgical) may vary for different
underlying causes of shoulder pain,6 lending
further support to the need for accurate diagnosis
at the earliest possible stage. 

Reference tests used
A variety of invasive reference tests may be used,
the most common being arthroscopy or
arthrography.

Arthroscopy is an invasive procedure whereby a
thin fibre-optic endoscope is introduced into the
shoulder joint to allow direct visualisation of the
internal structures. As discussed above,
conventional arthrography is an X-ray procedure
involving the intra-articular injection of
radiopaque dye into the shoulder to demonstrate
the anatomy of the joint. The single-contrast
technique has been used to evaluate shoulder
disorders since the 1930s.20 The development of
double-contrast arthrography (which includes the
injection of 10–15 ml of room air in addition to
the contrast agent) in the 1970s increased the
ability of the technique to document suspected
RCTs and allowed more accurate evaluation of the
size of the defect and quality of the torn tendon
edges.13

Both techniques have their proponents, but in
general arthroscopy is recognised to allow direct
visualisation of both sides of the RC and may be
better at detecting partial-thickness tears. Its field
of vision is nevertheless limited and may miss or
misclassify some tears, for example on the
articular surface of the RC tendon, or where the
subacromial bursa is inflamed. Inter-observer
variation in the criteria for diagnosis of tears
between arthroscopists may also occur –
terminology such as fraying, fibrillation, scuffing,
fringe, degeneration or synovitis may be
categorised as ‘no tear’ by some but as small or
partial tears by others. 

At one time, arthrography was thought to have
high spatial resolution such that small and partial
tears on the joint side of the cuff can be easily
visualised. However, it is now recognised that
arthrography lacks sensitivity.21 In some tears the
joint capsule acts as a ball valve and covers up the
tear so it is not seen at the time of arthrography.
Furthermore, as it relies on the passage of contrast
material out of the joint space into the
subacromial–subdeltoid bursa it may have
difficulty depicting the more superficial and bursal
aspects of the rotator cuff and may also leave
partial tears undetected. 

Open surgery has also been used as a reference
test, although it potentially misses the joint surface
so that articular surface tears or inferior surface
tears may be missed. As open surgery often
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involves a therapeutic in addition to a diagnostic
component, the patients included in studies where
it was used as a reference test may have more
severe disorders warranting surgical intervention.

As RC abnormalities have also been documented
on asymptomatic shoulders, use of invasive

reference tests may not be useful. As a result, some
authors claim that the subacromial injection test is
a better reference standard, as it is better
associated with clinical symptomatology of
subacromial impingement syndrome. Others have
used MRI despite the fact that its true accuracy is
yet to be established.
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Search strategy 
Literature was identified from several sources,
including electronic databases and other sources
including:

� general health and biomedical databases:
MEDLINE, PubMED (current year), 
EMBASE, Science Citation Index, BIOSIS,
AMED

� specialist electronic databases: DARE, 
EconLit 

� research in progress: National Research 
Register (NRR), Current Controlled Trials,
Clinical Trials

� checking of reference lists.

A comprehensive database of relevant articles was
constructed. Literature was identified by
combining search terms related to the shoulder
with a methodological filter for identification of
diagnostic test studies (see Appendix 1 for details).
All databases were searched from 1985 to 
October 2001. Owing to time and resource
constraints searches were restricted to English
language only. 

Inclusion criteria
The criteria for study inclusion in the systematic
review were as follows. 

Population 
The majority of patients with shoulder pain are
managed in general practice and it is important to
focus on the concept of ‘shoulder pain’ rather than
shoulder pathology. For the evaluation of clinical
examination, therefore, all causes of shoulder pain
were included. 

For the evaluation of imaging techniques thought
to be of particular benefit in the assessment of soft
tissue structures, studies of adults with suspected
soft tissue disorders of the shoulder including RC
tendinitis or RCTs and shoulder bursitis were
included. Studies that included only patients with
shoulder pain resulting from other causes such as
shoulder instability, arthritis or referred pain were

excluded. Studies conducted in children and
studies of cadavers were also excluded. 

Setting
Studies conducted in any setting were included in
the review, including general practice, accident
and emergency and hospital clinics. 

Interventions
Clinical examination and patient history
Any study that compared clinical examination
and/or assessment of patient history in comparison
with an acceptable gold standard for the
evaluation of patients with shoulder pain was
included. 

Imaging tests
The following diagnostic imaging techniques in
comparison with an acceptable reference standard
or in comparison with each other were included in
the review:

� ultrasound
� MRI
� MRA.

Evaluations of plain X-ray and CTA were excluded
from the review, as these techniques are recognised
to have limited value in the diagnosis of soft tissue
lesions. 

Studies using any reference test – arthroscopy,
arthrography, surgery and in some cases MRI or
the subacromial injection test – were included, and
the appropriateness of the reference test used was
assessed during quality assessment. 

Outcome measures
The main focus of the review was the
establishment of test accuracy, as this has been the
focus of most primary studies of diagnostic tests.
The outcomes assessed included detection of:

� clinical impingement syndrome
� RCT (full, partial or any).

Detection of labral disorders was excluded as these
largely occur as a result of dislocation or
instability.
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At a minimum, accuracy studies had to report
summary accuracy statistics or present sufficient
raw data to allow these statistics to be calculated. 

Studies that examined the effect of the included
tests on diagnostic thinking, patient management
or subsequent patient outcomes were also
reviewed. This included any studies on patient
preferences for the imaging techniques reviewed.
Studies focusing on the establishment of technical
efficacy alone were excluded. 

Study design
All studies that compared a new test or strategy
with an established reference test in patients
suspected of having the target disorder were
included. Studies, particularly case–control studies,
which selected healthy control subjects were
excluded. 

For studies evaluating the impact of tests on
patient management or patient outcomes, only
prospective controlled studies were included.

Eligibility assessment
All studies were assessed for inclusion by two
reviewers, and disagreements were resolved by
consensus. 

Quality assessment strategy
We proposed to appraise the methodological
quality of included test accuracy studies using a
formal quality assessment tool (Appendix 2)
developed on behalf of the HTA programme.22

The final tool was not available at the time of the
data extraction, and therefore data on a series of
potential quality items relating to the selection of
the study cohort, performance of the reference
standard and masked assessment of test results
were extracted (Appendix 3). Only those items
included in the final quality assessment tool are
presented in this report.

Study quality was assessed independently by two
reviewers. Any disagreements were resolved by
consensus or if necessary by arbitration by a third
reviewer. 

Data extraction strategy
The extraction of study findings was conducted in
duplicate using a pre-designed and piloted data
extraction form to avoid any errors (Appendix 3).

Any disagreements between reviewers was resolved
by consensus or where necessary by arbitration by
a third reviewer. 

Methods of analysis
Test accuracy studies
Studies evaluating test accuracy were first grouped
according to the index test evaluated, and
sensitivity, specificity, positive and negative
likelihood ratios (LRs) and 95% confidence
intervals (CIs) were calculated for each test against
the reference standard for each study. Tests with
high sensitivity are most useful at ruling out
disease, i.e. a negative result indicates that disease
is not likely to be present. Tests with high
specificity are most useful at ruling in disease, i.e.
a positive result indicates that disease is likely to
be present. LRs describe how many times a person
with disease is more likely to receive a positive or
negative test result than a person without disease.
Generally, positive LRs of <10 cannot provide
convincing evidence of the presence of disease,
although those between 5 and 10 can give strong
diagnostic evidence, depending on the pre-test
probability and context to which they are
applied.23,24 Negative LRs of <0.1 are required to
rule out disease convincingly on the basis of a
negative test result; those between 0.2 and 0.1 may
provide strong diagnostic evidence, again
depending on the context.

Individual studies may have used varying explicit
and implicit definitions for an abnormal result.
This may be particularly true of imaging studies
where interpretation of the same image can vary
significantly between interpreters. Few studies
reported explicit variations in cut-off, or presented
enough information to allow data to be extracted
to a standardised cut-off value or for a variety of
cut-off points. Implicit variations in cut-off
manifest themselves in a trade-off between
sensitivity and specificity producing a correlation
between true-positive and false-positive rates.23,25

Spearman’s rho was used to identify any such
correlation. 

Where no correlation was revealed, and studies
were otherwise sufficiently homogeneous, pooled
estimates of sensitivity and specificity were
calculated. Summary estimates were produced with
95% CIs. Random effects methods for meta-
analysis were used, as heterogeneity between test
statistics is routinely encountered in diagnostic
meta-analyses. 
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Subgroup analyses
Potential sources of heterogeneity were
investigated by conducting subgroup analyses
according to features of the population
(spectrum), test and reference test and study
quality. 

Studies evaluating outcomes other
than test accuracy
For studies comparing patient outcomes,
diagnostic and therapeutic impact comparisons or
the cost-effectiveness of different tests, a narrative
synthesis was undertaken.
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Quantity of research available
No existing systematic reviews evaluating the
accuracy of diagnostic tests for the investigation of
shoulder pain were identified. One systematic
review of the effect of MRI of the shoulder on
patient outcomes26 and one cost-effectiveness
analysis of arthrography versus MRI27 were
identified. In addition, several systematic reviews
on the effectiveness of treatment of shoulder pain
were found.10,18,19,28,29

The titles and abstracts of 1515 papers were
screened for eligible studies, the full papers of 179
papers were retrieved for more detailed evaluation
and 73 studies of test accuracy published in 74
separate publications were included (see Figure 1
for a flowchart of the screening process). The
reasons for exclusion of 98 studies are provided in
Appendix 4. Ten studies evaluated more than one
index test, but they only presented data for each
test against the reference standard; none of them
presented comparative data for each test against
the other. 

Clinical examination
Description and quality of included
studies
Ten cohort studies were included in the
review.30–39 Summary details of the methods and
quality assessment results of these studies are
provided in Table 2 and full details in 
Appendix 5.

Interventions
Seven studies30–33,35,38,39 examined the accuracy of
individual clinical examination tests and six30,33–37

estimated the accuracy of clinical examination 
per se or the combination of two or more positive
test results. A total of 23 different signs, symptoms
or clinical examination tests were used throughout
the studies but only four were examined in more
than one study: 

� Jobe test31,32

� Neer test30,35

� Hawkins test30,35

� painful arc.30,33
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Results

Titles/abstracts identified and screened
for retrieval 

1515

Full papers retrieved for more 
detailed evaluation

175

Studies of test accuracy included 
73 (74 papers)

Excluded: 1340

Excluded full papers:  95

Other studies: 6
Diagnostic impact: 5

Clinical examination
n = 10

Ultrasound
n = 38

MRI
n = 29

(30 papers)

MRA
n = 6

FIGURE 1 Flowchart of screening process 
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TABLE 2 Clinical examination: study methods and quality assessment

Study

Calis, 200030 P1 125 52 40 Single tests + combined SIT 70I Y Y ? nr N N N Y Y N ? ? N N

Hertel, 199631 P3 100 51 74 Single tests S/AS 72 ? Y Y nr N Y N Y N N ? ? N N

Itoi, 199932 P1 143 43 77 Single tests M 24F ? N ? nr N N N Y Y N ? ? N N

Litaker, 200033 R 448 57 63 Single tests + expert AG 67 ? Y N nr ? N N Y N ? ? ? N N
diagnostics

Lyons, 199234 R 42 ? 60 Clin. exam. S 81 ? N Y nr N N N Y N ? ? ? N ?

MacDonald, 200035 P2 85 40 73 Single tests + combined AS 28 ? N Y nr N N N Y N N ? ? N N

Read, 199836 ? 42 44 ? Clin. exam. AS/S 81 ? Y Y Y N Y N Y N ? ? ? N N

Wnorowski, 199737 R 31 30 ? Clin. exam. AS/AG 35 ? N Y Y N Y N Ne ? ? ? ? N N

Wolf, 200138 R 109 51 61 Single test AS 42F ? ? Y nr N N N Y N ? ? ? N N

Zaslav, 200139 P2 110 44 59 Single test AS 24N N Y Y nr N N N Y N N ? ? N N

a Design: P1, prospective, unselected sample of patients suspected of RC disorder; P2, prospective, all patients referred for reference test; P3, prospective, selected patients
underwent reference test; R, retrospective; ?, design not reported.

b Reference test: AG, arthrography; AS, arthroscopy; S, surgery; M, MRI; SIT, subacromial injection test. 
c Prevalence (%) of any tear, unless specified: F, full-thickness tear; I, impingement syndrome; N, non-outlet impingement.
d Responses to quality assessment criteria: N, No; Y, yes; ?, cannot tell; nr, not reported.
e Applies only to clinical examination – details of MRI were provided.
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Only one study did not provide sufficient details
of the tests used, reporting only that ‘clinical
diagnosis’ was evaluated.37 The remaining studies
all scored ‘yes’ on this item.

Outcomes
The majority of studies evaluated the ability of
clinical examination to identify patients with
RCTs31,33–35,37 or, in two cases, specifically full-
thickness RCTs.32,38 Two other studies used clinical
examination to differentiate impingement
syndrome from other causes of shoulder pain,30,36

and another39 evaluated a clinical test that aimed
to distinguish outlet from non-outlet impingement
syndrome, that is, those whose symptoms were not
due to RCT or bursitis but were largely due to
labral lesions or tears. 

Sample details
Studies were of variable size, although six included
at least 100 participants. The mean sample size was
123. None were conducted in a primary care setting
but were largely conducted in orthopaedic or
specialist shoulder units, sometimes in association
with radiology departments. One study was
conducted in a physical medicine and
rehabilitation clinic to which patients had been
referred from rheumatology or orthopaedics, but
could also have been self-referred.30 As a result,
these studies are not likely to provide an
indication of how well clinical examination 
would perform on a relatively unselected
population. In fact, only one was judged to have
included an appropriate spectrum of patients:
although Calis and colleagues30 did not report the
mean duration of shoulder pain, it was a
prospective study recruiting consecutive patients
referred to a physical medicine and rehabilitation
clinic. 

Eight of the other nine studies included only
patients already selected to undergo the reference
test31,33–39 (which in three cases included open
surgery, i.e. a therapeutic rather than diagnostic
intervention such that they included patients
already deemed to require surgical intervention)
and although six reported recruitment of
consecutive patients,31–33,35,38,39 five did not 
report sufficient patient characteristics to allow 
a judgement of spectrum to be made, and in 
the sixth39 participants were reported to have
suffered shoulder pain for a mean of 10.9 
months. 

The prevalence of RC disorders was therefore high
in most studies (overall mean 61%), although it
varied according to the setting and outcome used.

For the seven studies looking to detect the
presence of impingement syndrome30,35,36 or any
RCT,31,33–35,37 prevalence ranged from 28 to 81%,
although in five cases prevalence was >50%. In
the two studies looking to detect the presence of
full-thickness tears, prevalence was 24%32 and
42%.38 The overall mean age of included patients
was 46 years. In most studies the mean age lay
between 40 and 52 years, but in one the median
age was only 30 years37 and in another 57.4
years.33 Older patients are more likely to be
suffering from ‘classical’ outlet impingement
rather than impingement due to labral lesions.
Two studies did not report the sex of included
patients, but of the others, all but one30 included a
majority of male patients (overall mean 63%).

Reference test 
In six of the studies the reference standard used
was likely to have correctly classified the 
target condition,31,34–37,39 although in two of
these36,37 the mean delay between application of
the index and reference tests was at least 2 months
such that resolution or advancement of the
severity of disorder was possible. Two of the
remaining studies used either the subacromial
injection test (SIT)30 or MRI32 as the reference
test, the accuracies of which have yet to be
established.

Partial verification was not present in nine studies.
In the other,33 501 eligible patients were
identified, but complete data were available for
only 448. Information was not provided regarding
the missing data, but it is possible that some did
not undergo the reference test, so this study was
scored as ‘unclear’. Differential verification was
used in three of the studies. Two used either
arthroscopic or open surgery,31,36 one of which36

clearly stated that open surgery was used if a full
RCT was suspected and arthroscopy used for other
cases. A further study37 used arthroscopy with or
without arthrography according to the result of
the MRI investigation. Only two studies provided
sufficient details of the reference test used, that is,
those using the SIT30 and MRI32 as their reference
standard. One other37 provided some details of
the arthrographic procedure performed but not of
arthroscopy. 

Test interpretation
The subjectivity of clinical examination makes
blinding an important issue. None of the 10
studies reported that the final diagnosis reached
from clinical examination was attained without
knowledge of the reference test result; however, as
clinical examination would always have been

Health Technology Assessment 2003; Vol. 7: No. 29

17

© Queen’s Printer and Controller of HMSO 2003. All rights reserved.



performed first, it is likely, at least in the
prospective studies,30–32,35,39 that the test result was
not influenced by the reference test result. In the
remainder, where retrospective chart review was
used to establish both diagnoses, it is possible that
test review bias was present. Diagnostic review bias
could have influenced the establishment of the
reference diagnosis in all 10 studies. As knowledge
of age, sex and symptoms is an integral part of
clinical examination, such information should
have been available to all those performing the
clinical examination tests. None of the studies
reported that any blinding to such details was
performed, so all scored as unclear; however, it
does seem reasonable to assume that no such
blinding was performed. 

Few studies reported details of those interpreting
the tests other than that they were orthopaedists
or radiologists, perhaps specialising in shoulder
disorders. None appeared to be physiotherapists
or other healthcare practitioners who might
encounter people with shoulder pain in routine
practice.

Indeterminate results were never mentioned in
relation to clinical examination, so all studies
scored ‘no’ on this item. It does seem possible,
however, that indeterminate results might have
occurred as it may not always possible to make a
definite diagnosis on the basis of clinical
examination alone. However, as results were always
reported for the whole sample, either
indeterminate results were excluded before the
sample was selected (e.g. in retrospective studies)
or were simply recorded as positive or negative
results.

Withdrawal bias did not appear to be present in
nine studies. In one of these,33 53/501 patients
were not included owing to incomplete data, but
they were reported not to differ significantly from
included patients in terms of demographic
characteristics or historical or physical
examination features. In another,39 five patients
were discovered not to meet the eligibility criteria.
In the tenth study,34 two patients’ case notes were
lost and a third was excluded as no estimate of the
size of RC was provided; withdrawal bias may have
been present.

Results
Individual clinical examination tests
The tests evaluated tended to be either highly
sensitive or highly specific, and very few
demonstrated both high sensitivity and specificity
(Table 3). As a result, few tests provided convincing

evidence of the presence or absence of disease in
the settings in which they were applied. Individual
tests did perform particularly well in the study by
Hertel and colleagues:31 the external rotation lag
sign, the drop test, lift-off test and internal
rotation lag sign all had positive LRs of >10
(although the sample size was small and CIs were
very wide). The internal rotation lag sign also had
a very low negative LR of 0.0 (95% CI: 0.0 to 0.2).
Other tests demonstrating high positive and
negative LRs were the Rent test38 and internal
rotation resistance strength test.39

Of the remaining tests, several produced
sensitivities of >80% for the detection of
impingement syndrome or RCT, including the
Neer test,30,35 Hawkins test,30,35 the horizontal
adduction test,30 the Jobe test,31,32 impingement
sign and arc of pain.33 Tests with specificities of
>80% included drop arm test,30 Yergason,30 Speed
test,30 and passive external rotation.33 In short,
individual tests are either good at ruling out RC
disorders when negative (high sensitivity) or at
ruling in such disorders when positive (high
specificity), but small sample sizes mean that there
is not really conclusive evidence for any single test
that can conclusively diagnose RC disorders. 

Combination of tests or ‘clinical examination’
per se
When two or more tests are used in combination,
the resulting positive LRs are all <5, indicating
that a positive diagnosis on the basis of clinical
examination as a whole is not a convincing result
(Table 4). However, in four studies33–36 negative
LRs were sufficiently low to confirm that disease is
absent in those with a negative diagnosis. 

This was further investigated by pooling the results
of the four studies that evaluated ‘clinical
examination’ per se, that is, without specific
combinations of results of two or more tests. The
resulting forest plots of sensitivity and specificity
are presented in Figure 2. These demonstrate that
sensitivities and specificities are relatively
homogeneous (almost all of the respective CIs are
overlapping), although the estimate of sensitivity
from Wnorowski and colleagues37 is outlying.
Spearman’s rho was 0.80, which is not statistically
significant (p = 0.2). The plot of sensitivity against
the false-positive rate confirms that the studies are
generally clustered together (again with the
Wnorowski study outlying) with no evidence for a
threshold effect (Figure 3). 

For sensitivity, the chi-squared test for
heterogeneity was 11.8 on three degrees of
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TABLE 3 Clinical examination: accuracy of individual clinical examination tests

Study Pra Test description Seb Spb LR+b LR–b

(%) (95% CI) (95% CI) (95% CI) (95% CI)

Calis, 200030 70I Neer 0.89 0.32 1.3 0.4
(0.80 to 0.94) (0.19 to 0.47) (1.0 to 1.6) (0.2 to 0.8)

Hawkins 0.92 0.24 1.2 0.3
(0.84 to 0.96) (0.13 to 0.39) (1.0 to 1.5) (0.2 to 0.9)

Horizontal adduction test 0.82 0.29 1.1 0.6
(0.72 to 0.88) (0.17 to 0.45) (0.9 to 1.4) (0.3 to 1.2)

Painful arc 0.69 0.55 1.5 0.6
(0.59 to 0.78) (0.40 to 0.70) (1.0 to 2.3) (0.4 to 0.9)

Drop arm 0.37 0.87 2.8 0.7
(0.27 to 0.47) (0.73 to 0.94) (1.2 to 6.6) (0.6 to 0.9)

Yergason 0.32 0.82 1.7 0.8
(0.23 to 0.43) (0.67 to 0.91) (0.8 to 3.6) (0.7 to 1.0)

Speed 0.8 0.97 3.1 0.9
(0.4 to 0.16) (0.87 to 1.00) (0.4 to 24) (0.9 to 1.0)

Hertel, 199631 72A c Jobe 0.84 0.58 2.0 0.3
(n = 87) (0.73 to 0.91) (0.39 to 0.76) (1.2 to 3.3) (0.1 to 0.5)

External rotation lag sign 0.70 1.00 34.8 0.3
(ERLS) (0.58 to 0.80) (0.86 to 1.00) (2.2 to 543.1) (0.2 to 0.4)

Drop test 0.21 1.00 10.5 0.8
(0.12 to 0.32) (0.86 to 1.00) (0.7 to 170.8) (0.7 to 0.9)

55A c Lift-off 0.62 1.00 30.8 0.4
(n = 53) (0.44 to 0.77) (0.86 to 1.00) (2.0 to 486.4) (0.2 to 0.6)

Internal rotation lag sign 0.97 0.96 23.2 0.0
(IRLS) (0.83 to 0.99) (0.80 to 0.99) (3.4 to 158.1) (0.0 to 0.2)

Itoi, 199932 24F Full can – pain 0.66 0.64 1.8 0.5
(0.49 to 0.79) (0.54 to 0.72) (1.3 to 2.6) (0.3 to 0.9)

Full can – muscle weakness 0.77 0.74 3.0 0.3
(0.61 to 0.88) (0.65 to 0.81) (2.1 to 4.3) (0.2 to 0.6)

Full can – pain, muscle 0.86 0.57 2.0 0.2
weakness or both (0.71 to 0.94) (0.48 to 0.66) (1.6 to 2.6) (0.1 to 0.6)

Empty can (Jobe) – pain 0.63 0.55 1.4 0.7
(0.46 to 0.77) (0.45 to 0.64) (1.0 to 1.9) (0.4 to 1.1)

Empty can (Jobe) – muscle 0.77 0.68 2.4 0.3
weakness (0.61 to 0.88) (0.58 to 0.76) (1.7 to 3.3) (0.2 to 0.6)

Empty can (Jobe) – pain, 0.89 0.50 1.8 0.2
muscle weakness or bothd (0.74 to 0.95) (0.41 to 0.59) (1.4 to 2.2) (0.1 to 0.6)

Litaker, 200033 67A Night pain 0.88 0.20 1.1 0.6
(0.84 to 0.91) (0.14 to 0.27) (1.0 to 1.2) (0.4 to 1.0)

Muscle atrophy – 0.55 0.73 2.0 0.6
supraspinatus (0.50 to 0.61) (0.65 to 0.79) (1.5 to 2.7) (0.5 to 0.7)

Muscle atrophy – 0.55 0.73 2.0 0.6
infraspinatus (0.50 to 0.61) (0.65 to 0.79) (1.5 to 2.7) (0.5 to 0.7)

Passive elevation 0.30 0.78 1.4 0.9
(0.25 to 0.36) (0.71 to 0.84) (1.0 to 2.0) (0.8 to 1.0)

continued



freedom (df) (p = 0.008), indicating the presence
of significant heterogeneity (although with so few
studies, the test has low power). The estimate of
pooled sensitivity was 0.90 (95% CI: 0.87 to 0.93).
Again, only the Wnorowski study does not include
the overall pooled value within its CI. The 
clinical examination technique used in this study
was not reported; however, the sample size was
very small (31 patients), patients were considerably
younger (median age 30 years), and tear
prevalence was very low in comparison with the
others (35% versus an overall prevalence across
the four studies of 67%). When this study is
removed, there is no significant heterogeneity 

χ2 = 2.2, p = 0.3, and pooled sensitivity becomes
0.91 (95% CI: 0.88 to 0.94).

For specificity estimates, the chi-squared test for
heterogeneity among all four studies was 1.9 on 
df = 3 (p = 0.6), indicating no significant
heterogeneity. The estimate of pooled specificity
was 0.54 (95% CI: 0.47 to 0.61).

Combining LRs using a Mantel–Haenszel fixed
effects model gives pooled positive and negative
LRs (95% CI) of 1.95 (1.65 to 2.31) and 0.21 (0.15
to 0.28) (Figure 4). As with the sensitivities there is
significant heterogeneity in negative LRs between
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TABLE 3 Clinical examination: accuracy of individual clinical examination tests (cont’d)

Study Pra Test description Seb Spb LR+b LR–b

(95% CI) (95% CI) (95% CI) (95% CI)

Passive external rotation 0.19 0.84 1.2 1.0
(0.15 to 0.24) (0.77 to 0.89) (0.8 to 1.8) (0.9 to 1.1)

Impingement sign 0.97 0.9 1.1 0.3
(0.95 to 0.99) (0.5 to 0.15) (1.0 to 1.1) (0.1 to 0.7)

Weakness with elevation 0.64 0.65 1.8 0.6
(0.58 to 0.69) (0.57 to 0.73) (1.4 to 2.3) (0.5 to 0.7)

Weakness with external 0.76 0.57 1.8 0.4
rotation (0.71 to 0.80) (0.49 to 0.65) (1.5 to 2.2) (0.3 to 0.5)

Arc of pain 0.97 0.10 1.1 0.3
(0.95 to 0.99) (0.6 to 0.16) (1.0 to 1.1) (0.1 to 0.6)

History of trauma 0.36 0.73 1.3 0.9
(0.31 to 0.41) (0.65 to 0.79) (1.0 to 1.8) (0.8 to 1.0)

MacDonald, 200035 28A Neer 0.88 0.43 1.5 0.3
(0.69 to 0.96) (0.31 to 0.55) (1.2 to 2.0) (0.1 to 0.9)

Hawkins 0.83 0.51 1.7 0.3
(0.64 to 0.93) (0.39 to 0.63) (1.2 to 2.3) (0.1 to 0.8)

28B Neer 0.75 0.48 1.4 0.5
(0.55 to 0.88) (0.36 to 0.60) (1.0 to 2.0) (0.3 to 1.1)

Hawkins 0.92 0.44 1.6 0.2
(0.74 to 0.98) (0.33 to 0.57) (1.3 to 2.1) (0.1 to 0.4)

53I Neer 0.89 0.60 2.1 0.4
(0.77 to 0.95) (0.45 to 0.74) (1.3 to 3.2) (0.2 to 0.6)

Hawkins 0.77 0.63 2.2 0.2
(0.64 to 0.87) (0.47 to 0.76) (1.5 to 3.3) (0.0 to 0.7)

Wolf, 200138 42F Rent test 0.96 0.97 30.1 0.0
(0.85 to 0.99) (0.89 to 0.99) (7.7 to 118.0) (0.0 to 0.2)

Zaslav, 200139 24N Internal rotation resistance 0.88 96 24.8 0.1
strength test (IRRST) (0.71 to 0.96) (0.90 to 0.99) (8.1 to 75.9) (0.0 to 0.3)

a Prevalence (%) of: A, any tear; F, full-thickness tear; I, impingement syndrome; B, bursitis; N, non-outlet impingement.
b Se, sensitivity; Sp, specificity; LR+, positive likelihood ratio; LR–, negative likelihood ratio.
c Results reported separately for those with supraspinatus and subscapularis defects. First three tests evaluated

supraspinatus, last two tests evaluated subscapularis.
d These are the usual criteria for interpretation of the Jobe test.



studies (χ2 = 17.22, df = 3, p = 0.001). Using a
DerSimonian and Laird random effects model to
incorporate the between study variation gives
pooled positive and negative LRs (95% CI) of 1.88
(1.34 to 2.65) and 0.21 (0.07 to 0.61), respectively.
When the Wnorowski study is again removed, no
heterogeneity remains and the pooled negative LR
(95% CI) is 0.16 (0.11 to 0.24).

Litaker and colleagues33 used a stepwise logistic
regression model that included those signs,
symptoms and test results associated with the
presence of an RCT to develop a scoring system in
order to find the best clinical cutpoint using LRs.
Three factors were found to have a significant 
(p < 0.05) association with RCT: weakness on
external rotation, age �65 years 

and experience of night pain. These three 
factors were assigned scores of 2, 2 and 1,
respectively, and a summary score of 4 or more
was found best to differentiate patients with and
without abnormal arthrograms. The associated
positive LR for this probability score was 9.84,
compared with only 1.93 for the expert diagnosis.
Bearing in mind the limitations of conclusions
drawn from a single study, this suggests that there
may be specific factors that, when found in
combination, are more accurate at detecting RCTs
than diagnoses drawn from a more general clinical
examination. 

Discussion
Too few studies evaluated the same test to draw
any conclusions regarding individual tests.
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TABLE 4 Clinical examination: accuracy of clinical examination per se or combinations of two or more individual tests

Study Pra Test description Seb Spb LR+b LR–b

(95% CI) (95% CI) (95% CI) (95% CI)

Calis, 199730 70I �3 positive tests out of total 0.85 0.45 1.5 0.3
of 7 (0.76 to 0.91) (0.30 to 0.60) (1.1 to 2.1) (0.2 to 0.6)

�4 positive tests out of total 0.70 0.66 2.0 0.5
of 7 (0.60 to 0.79) (0.50 to 0.79) (1.3 to 3.2) (0.3 to 0.7)

�5 positive tests out of total 0.39 0.87 3.0 0.7
of 7 (0.29 to 0.50) (0.73 to 0.94) (1.3 to 7.0) (0.6 to 0.9)

�6 positive tests out of total 0.30 0.89 2.8 0.8
of 7 (0.21 to 0.40) (0.76 to 0.96) (1.1 to 7.6) (0.7 to 0.9)

All 7 tests positive 0.5 0.97 1.7 1.0
(0.2 to 0.11) (0.87 to 1.00) (0.2 to 15.1) (0.9 to 1.1)

Litaker, 200033 67A Expert diagnosis (10 tests 0.90 0.53 1.9 0.2
performed plus radiography)c (0.87 to 0.93) (0.45 to 0.61) (1.6 to 2.3) (0.1 to 0.3)

Lyons, 199234 81A Clinical examination (3 tests 0.91 0.75 3.6 0.1
performed)c (0.77 to 0.97) (0.41 to 0.93) (1.1 to 12.1) (0.0 to 0.4)

MacDonald, 200035 28A Neer and Hawkins positive 0.83 0.56 1.9 0.3
(0.64 to 0.93) (0.43 to 0.67) (1.4 to 2.6) (0.1 to 0.7)

Neer or Hawkins positivec 0.88 0.38 1.4 0.3
(0.69 to 0.96) (0.27 to 0.50) (1.1 to 1.8) (0.1 to 1.0)

28B Neer and Hawkins positive 0.71 0.51 1.4 0.6
(0.51 to 0.85) (0.39 to 0.63) (1.0 to 2.1) (0.3 to 1.1)

Neer or Hawkins positive 0.96 0.41 1.6 0.1
(0.80 to 0.99) (0.30 to 0.54) (1.3 to 2.0) (0.0 to 0.7)

Read, 199836 81I Clinical examination (~6 0.97 0.63 2.6 0.0
signs/symptoms) (0.85 to 0.99) (0.31 to 0.86) (1.1 to 6.3) (0.0 to 0.4)

Wnorowski, 199737 35A Clinical examination (no details)c 0.55 0.50 1.1 0.9
(0.28 to 0.79) (0.30 to 0.70) (0.5 to 2.2) (0.4 to 2.0)

a Prevalence of: A, any tear; I, impingement syndrome; B, bursitis.
b Se, sensitivity; Sp, specificity; LR+, positive likelihood ratio; LR–, negative likelihood ratio.
c Indicates those results used in meta-analysis.
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Although the number of studies included was
small, the meta-analysis confirms that clinical
examination may be useful at ruling out RC
disorders (high sensitivity and negative LR) but
less accurate at detecting such disorders when they
are present (low specificity and positive LR). Too
few studies were available and studies were too
poorly reported to allow any investigation of
particular aspects of clinical examination or
methodologies employed in these studies. In
addition, the problem of selection bias from
studies which used surgery as the definitive test
needs to be borne in mind. Such studies will tend

to include patients with more severe shoulder
disorders and may not give results which are
generalisable to the cases seen in primary care or
sports medicine clinics.

Ultrasound
Description and quality of included
studies
A total of 38 cohort studies investigating the
accuracy of ultrasound were identified. 
Summary details of the methods and results are

Health Technology Assessment 2003; Vol. 7: No. 29

23

© Queen’s Printer and Controller of HMSO 2003. All rights reserved.

1.93 (1.61 to 2.30)

3.65 (1.09 to 12.17)

2.59 (1.06 to 6.34)

1.09 (0.54 to 2.19)

1.95 (1.65 to 2.31)

Litaker

Lyons

Read

Wnorowski

Overall (95% Cl)

0.1 1 2 3 4

0.18 (0.12 to 0.26)

0.12 (0.04 to 0.37)

0.05 (0.01 to 0.35)

0.91 (0.42 to 1.99)

0.21 (0.15 to 0.28)

Litaker

Lyons

Read

Wnorowski

Overall (95% Cl)

0.1 0.2 0.4 0.6 0.81

(a)

(b)

FIGURE 4 Clinical examination: (a) positive and (b) negative LR



provided in Tables 5–8 and fuller details in
Appendices 6–8. 

Interventions
There was a lot of variation in the frequencies of
the ultrasound transducers used. Although
frequencies of >10 MHz are common in practice
today, most studies used only 5 MHz (six studies)
or 7 MHz (19 studies) or a combination of the two
(six studies); only three studies exclusively
employed transducers of 10 MHz or over.40–42 The
techniques used were described in some detail (in
all except three studies43–45), and were largely based
on those of Mack and colleagues,46,47 Middleton
and colleagues41,48 and Crass and colleagues.40,49

Outcomes
Studies generally concentrated on the detection of
‘any’ RCT (27 studies), although 17 studies also
attempted to differentiate full or partial tears
using the technique (see Appendix 7). 

Sample details
The 38 studies included a total of 2435 patients
(1270 cases and 1165 controls) with a mean
overall prevalence of RCT of 52%. Sample sizes
were generally small, with a mean of 64 and only
nine studies including at least 100
participants.40,41,50–56 Around half (17) were
prospective in design, five were retrospective and
the remainder did not give details of the study
design. The study setting was not always reported,
but where it was, only two57,58 were conducted in
sports medicine or physical medicine centres
rather than radiology or orthopaedics
departments. Only 17 studies gave more than a
general indication of the eligibility criteria used to
include patients. One small study included mainly
patients with rheumatoid arthritis59 and four
explicitly excluded those with arthritis60,61 or other
underlying inflammatory disease.62,63 Surprisingly
limited details of the samples were provided: 11
did not report mean age, 10 did not report the sex
distribution of included participants and only a
handful provided information on characteristics
other than age and sex. The mean age of included
participants across the studies was 51 years. For 20
studies the mean age was in the range 45–55
years; three studies included on average younger
patients;36,61,64 and four included older
patients.55,56,60,65 Where it was reported, most
included a majority of male patients (all except
seven studies44,55,56,59,60,66,67), overall mean 59%
male.

Eleven studies provided sufficient information on
which to judge the spectrum of included patients,

but only one68 was judged to have included an
appropriate spectrum of patients. In the others,
patients were reported to have experienced pain
for at least 6 months or more55,58,60–64,69 (in three
cases for a mean of 2 years62,63,69) or specifically
stated that only problem patients70 or those with
persistent symptoms56 were included. The
remaining studies did not provide sufficient
information on which to make a judgement;
however given that all except two71,72 only
included patients undergoing the reference test, it
is unlikely that they were broadly representative of
patients encountered in practice. This is also
reflected in the prevalence of RCTs in the study
samples as mentioned above; only nine studies
had prevalences of <40%.41,43,52,64,65,68,71,73,74

Reference test
One-third of the studies used only arthrography 
as the reference test and were judged not to 
have employed a suitable reference
standard.41,43,45,47,50,57,59,65,68,71–73,75 In a further
four,67,70,74,76 arthrography was used as the
reference standard in at least some of the patients
enrolled – the reference test in these studies was
scored as unclear. In all of the remaining studies
except one using MRI,60 the reference standard
used was likely to have correctly classified the
target condition. Sufficient details to allow
replication of the reference tests was provided in
only 16.41,43,44,54,56,59–63,69,71,74,75,77,78

Partial verification bias was also a problem, being
clearly present in 10 studies40,45,52,58,66,67,70,74,76,79

where only a subset of those undergoing ultrasound
actually underwent the reference test, and clearly
not present in only nine.47,51,57,60,64,71–73,78 In the
other 19 studies, this item was scored as unclear as
it appeared that only those who underwent the
reference test were included in the study; others
who may have undergone ultrasound or been
eligible to undergo ultrasound were not reported.
Differential verification, where more than one
reference test was used, was present in 16
studies,36,42,47,53,54,56–58,62,64,66,67,70,74,76,79 although
in only one of these56 was it explicitly stated that
the choice of reference test was based on the
ultrasonographic classification.

Nine studies reported that ultrasound and the
reference test were performed on the same day or
within 1 month of each other,41,45,60,63,70–72,74,75

and five reported a mean/median interval between
tests of >1 month.36,53,55,78,79 In one of these,53

the authors reported that one of the tears missed
by ultrasound was very large but was not
confirmed by surgery until 5 months after
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ultrasound had been performed. In the remaining
studies, the delay between the tests was either not
clearly reported (e.g. where interval was reported
only to be <6 months but actual mean/median
delay was not given66,67) or was not reported.

Test interpretation
Twenty-three studies explicitly reported that the
diagnosis from ultrasound was reached without
knowledge of the reference test result or was made
and recorded during real-time imaging (Table 5).
As the ultrasound examination would almost
always be performed before the reference test, it
may be safe to assume that those coded as unclear
in the quality assessment were in fact blinded to
the reference test results. In one study72 the
ultrasound diagnosis for one patient was deemed
inconclusive and was not made until the results of
the reference test were known. Diagnostic review
bias (knowledge of the ultrasound result) was not
present in 11 studies, but could have affected
results in a further five;36,55,64,67,74 the remainder
did not state whether the ultrasound results were
available to the person conducting the reference
test. Two studies stated that clinical information
was available to the ultrasonographer,36,77 three
stated that it was not available51,62–64 and it was
not mentioned in the remaining studies.

The criteria used to interpret the ultrasound 
scans also tended to be a combination of those
proposed in the early studies of Middleton and
colleagues,41,48 Mack and colleagues46,47 and 
Crass and colleagues.49,80 Almost all studies
included non-visualisation of the RC as a 
criterion, 1236,47,51,55,58,60,64,66,71–74 reported using
loss of convexity of the RC as per Mack and
colleagues46 and 13 included focal
discontinuity41,45,53,54,60,62,63,69,70,73,75,77,78 and 18
focal thinning41–44,54,57,59,61,64,67–70,72,73,75,76,78 as
per Middleton and colleagues.48 The usefulness of
the presence of echogenic foci as an indicator of
RCT as suggested by Crass and colleagues40 is less
accepted, but was included as a criterion in 10
studies.40,42,44,54,56,67,69,70,75,76 Finally, the presence
of an echogenic band as proposed in the early
studies by Middleton and colleagues48 was
included in only four studies.45,48,65,70 Two studies
evaluated the use of the presence of fluid in the
bursal system or subacromial–subdeltoid bursa.50,52

Studies rarely mentioned how they dealt with
indeterminate results: five reported the number of
indeterminate results that had been
excluded,40,41,43,70,72 three of which40,41,43 also
reported the reference test result for these patients
so that it was possible to reanalyse their results,

including the indeterminate results first as 
positive and then as negative. Another 16
studies36,42–45,52,53,58,60–63,65,66,71,75 were judged not
to have excluded any indeterminate results;
however, it is possible in some cases and in those
scored as ‘unclear’, that any indeterminate results
were excluded before the sample was selected (e.g.
in retrospective studies). Withdrawal bias did not
appear to be present in any of the studies.

Results
The plot of sensitivity against 1 – specificity (false-
positive rate) for each study and outcome are
presented in Figure 5. These indicate a
considerable range in sensitivity estimates for all
outcomes, and a wide variation in specificity,
particularly for the outcome of ‘any tear’.
Spearman correlations between sensitivity and
specificity were not significant, and there was no
obvious trend in the false-positive rates when
ordered by the sensitivity rates (Figure 6). This
indicated that it was reasonable to pursue a
strategy of pooling the sensitivity and specificity
rates, but the studies were highly heterogeneous
for all outcomes. Subgroup analyses were
conducted to explore reasons for differences
between studies, but in general the heterogeneity
remained (see Tables 6–8, discussed below).

Sensitivity and specificity
For any RCT, sensitivities ranged from 0.33 to 1.00
and specificities from 0.43 to 1.00. Sensitivity was
lower in studies that were prospective in design
(0.70, 95% CI: 0.64 to 0.75) compared with those
that were retrospective or where the design was not
stated (0.83, 95% CI: 0.81 to 0.85), although the
difference was only just significant (p = 0.05) and
significant heterogeneity remained in both
subgroups. The only other significant differences
between subgroups identified occurred when
studies using ultrasound transducers of 7.5 MHz or
less were compared to results in studies that used
10-MHz transducers on some or all patients (Table 6),
although the number of studies in the latter group
was very small. Statistical heterogeneity was removed
when analyses were limited to low prevalence studies
(pooled estimate 0.82, 95% CI: 0.73 to 0.88) and
those with prevalences between 41 and 60% (pooled
estimate 0.73, 95% CI: 0.69 to 0.77). Analysis of
studies by year of publication as a possible proxy
for changes in the test or increased experience with
the test over time made very little difference to
either sensitivity or specificity, despite an increase
in mean prevalence with publication year. 

For specificities, some significant differences
according to age were identified. In those studies
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TABLE 5 Ultrasound: study methods and quality assessment results

Study

Ahovuo, 198973 ? 88 47 Nr 7.5 a, c, d AG 32F ? ? N nr N N N Y N ? ? ? ? N

Arslan, 199950 R 105 46 53 7.5 g AG 49 ? Y N nr ? N N Y N N ? ? ? N

Brandt, 198970 P3 72 g 52 78 7.5/5 a,c,d,e,f AG/S 48 N ? ? N Y Y N Y Y N N ? Y N

Brenneke, 199251 ? 120 Nr Nr 5 a,b AS 54 ? N Y nr N N N Y N N ? N ? N

Burk, 198971 P1 23 Nr Nr 5 a,b AG 39 ? N N N N N N Y Y N N ? N N

Chiou, 199976 ? 55 Nr Nr 7/10 a,d,e, AG/S 73 ? N ? nr Y Y N Y N ? ? ? ? N

Crass, 198840 R 124 Nr Nr 10 e S 53 ? N Y nr Y N N Y N N ? ? Y N

De Muynck, 199457 ? 38 53 66 7.5 a,d AG 71 ? ? N nr N Y N Y N ? ? ? ? N

Drakeford, 199068 P2 50 51 69 7.5 a,d AG 24 Y Y N nr ? N N Y N N N ? ? N

Farin, 199052 ? 102 45 58 7.5 g S 21I ? ? Y nr Y N N Y N N ? ? N N

Gratz, 199843 P2 17 50 52 nr a,d AG 35 ? ? N nr ? N N N Y ? ? ? Y N

Hodler, 198879 R 51 Nr 76 5/7.5 nr S 69 ? ? Y nr Y N N Y N N ? ? ? N

Hodler, 199159 P2 24 46 46 7.5 a,d AG 63F ? ? N Y ? Y N Y Y N ? ? ? N

Kurol, 199144 ? 58 46 46 7.5 a,d,e S 41 ? ? Y nr ? N N N Y N ? ? N N

Mack, 198847 ? 99 Nr Nr 7.5/5 a,b AG 49 ? Y N nr N Y N Y N N ? ? ? N

Martin-Hervas, 200166 P3 61 Nr 41 7.5 a,b AS/S 56 ? Y Y ? Y Y N Y N ? ? ? N N

Middleton, 198641 P3 106 47 71 10 a,c,d,f AG 34 ? N N N ? N N Y Y N N ? Y N

Miller, 198972 P1 56 55 54 5 a,b,d AG 46 ? ? N N N N N Y N Y N ? Y N

Misamore, 199158 P3 32 Nr 81 nr a,b AS/S 84 N Y Y nr Y Y N Y Y N N ? N N

Naredo, 199960 P1 36 61 3 7.5 a,b,c M 50 N Y N N N N N Y Y N Y ? N N

Nelson, 199164 P1 19 42 76 5 b,d AS/S 26 ? Y Y nr N Y N Y N N Y N ? N

Olive, 199245 P3 72 50 56 7.5 a,c,f AG 40 ? ? N N Y N N N N N ? ? N N

Paavolainen, 199461 R 49 38 69 7.5 a,d S 55 N Y Y nr ? N N Y Y N N ? N N
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TABLE 5 Ultrasound: study methods and quality assessment results (cont’d)

Study

Pattee, 198869 ? 52 47 81 7.5 a,c,d,e AS 67 N Y Y nr ? N N Y Y ? ? ? ? N

Read, 199836 ? 42 44 Nr 7.5 a,b AS/S 81I ? Y Y Y ? Y N Y N ? N N N N

Roberts, 200177 P3 24 49 67 7.5 a,c AS 71 ? N Y nr ? N N Y Y N ? Y ? N

Shipley, 198565 ? 12 65 Nr 5 a,f AG 35 ? ? N nr ? N N Y N ? ? ? N N

Soble, 198975 ? 75 Nr Nr 7.5/5 a,c,d,e, AG 46 ? ? N N ? N N Y Y ? ? ? N N

Sonnabend, 199753 ? 110 49 71 7.5 a,c AS/ S 63 ? Y Y Y ? Y N Y N N ? ? N N

Swen, 199862 P2 48 55 58 7.5/5 c S 46 N Y Y nr ? N N Y Y ? N N N N

Swen, 199963 P2 21 54 57 7.5/5 c AS 62 N Y Y N ? N N Y Y ? ? N N N

Takagishi, 199654 ? 122 51 63 7.5 c,d,e S 48 ? ? Y nr ? Y N Y Y N ? ? ? N

Teefey, 200055 R 100 56 45 7.5/10 a,b AS 80 N Y Y Y ? N N Y N N Y ? ? N

van Holsbeeck, 199578 ? 52 52 58 7.5 c,d AS 73 ? Y Y Y N N N Y Y N N ? ? N

Van Moppes, 199567 P3 41 Nr 41 7.5 a,d,e, AS/S/AG 49 ? ? ? ? Y Y N Y N N Y ? ? N

Vick, 199074 ? 81 Nr nr 5 a,b AG/S 30 ? Y ? N Y Y N Y Y N Y ? ? N

Wallny, 200142 P2 40 54 62 10 a,d,e AS/S 58 ? Y Y nr ? Y N Y N ? ? ? N N

Wiener, 199356 ? 225 59 47 7.5 a,e AS/S 70 ? ? Y nr ? Y N Y Y N N ? ? N

a Design: P1, prospective, unselected sample of patients suspected of rotator cuff disorder; P2, prospective, all patients referred for reference test; P3, prospective, selected patients
underwent reference test; R, retrospective; ?, design not reported.

b Frequency of ultrasound transducer in MHz.
c Criteria for diagnosis: a, non-visualisation of RC; b, loss of convexity; c, focal discontinuity; d, focal thinning; e, echogenic foci; f, echogenic band; g, presence of bursal fluid.
d Reference test: AG, arthrography; AS, arthroscopy; S, surgery; M, MRI. 
e Prevalence (%) of any tear, unless specified: F, full-thickness tear, I, impingement syndrome.
f Responses to quality assessment criteria: N, no; Y, yes; ?, cannot tell; nr, not reported.
g A further 26 underwent ultrasound but no reference test.
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FIGURE 5 Ultrasound studies: plot of sensitivity versus 1 – specificity for each outcome. (a) Detection of any tear (n = 29):
Spearman’s rho = –0.2, p = 0.29. (b) Detection of full-thickness tear (n = 19): Spearman’s rho = 0.1, p = 0.69. (c) Detection of
partial-thickness tear (n = 11): Spearman’s rho = –0.2, p = 0.63
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FIGURE 6 Ultrasound: forest plots of sensitivity against false-positive rate (1 – specificity), per outcome. (a) Detection of any RCT (n = 29) (cont’d)
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FIGURE 6 (cont’d) (b) Detection of full-thickness RCT (n = 19). (c) Detection of partial-thickness RTC (n = 11)



with a higher mean age (aged 55 years or over),
specificity was higher than where the mean age
was 45–54 years: 0.92 (95% CI: 0.86 to 0.96)
compared with 0.83 (95% CI: 0.80 to 0.86), test
for difference p < 0.01. Heterogeneity in the
former group was removed (although the number
of studies was very small) but remained in the
latter. 

For full-thickness RCTs, overall pooled sensitivities
and specificities were higher than for detection of
any tear (Table 7), although significant
heterogeneity remained: sensitivities ranged from
0.58 to 1.00 and specificities from 0.78 to 1.00.
Sensitivity was significantly higher in high
prevalence compared with low prevalence studies:
0.94 (95% CI: 0.90 to 0.96) compared with 0.75
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TABLE 6 Ultrasound: summary sensitivity and specificity for detection of any tear

Outcome subgroup No. of studies Sensitivity Specificity
(95% CI) (95% CI)

All studies 29 0.80 (0.78 to 0.83)* 0.85 (0.82 to 0.87)*

By age (years)
<45 1 0.79 (0.63 to 0.90) 0.88 (0.53 to 0.98)
45–54 14 0.75 (0.71 to 0.79)* 0.83 (0.80 to 0.86)†*
55+ 4 0.89 (0.85 to 0.92)* 0.92 (0.86 to 0.96)† ‡

Not reported 10 0.80 (0.76 to 0.84)* 0.84 (0.79 to 0.87)‡*
NS differences Test for diff.: p < 0.01†; p = 0.02‡

By prevalence (%)
<40 6 0.82 (0.73 to 0.88) 0.89 (0.85 to 0.92)*
41–60 11 0.73 (0.69 to 0.77) 0.80 (0.76 to 0.84)*
>60 12 0.86 (0.82 to 0.88)* 0.87 (0.82 to 0.91)

NS differences NS differences

By publication yeara

Up to 1990 10 0.81 (0.76 to 0.85)* 0.83 (0.79 to 0.87)*
1990–1994 7 0.82 (0.78 to 0.86)* 0.89 (0.85 to 0.92)*
1995 onwards 12 0.79 (0.75 to 0.82)* 0.82 (0.77 to 0.86)*

NS differences NS differences

By frequency (MHz)
�7.5 22 0.80 (0.77 to 0.83)†γ* 0.83 (0.80 to 0.86)*
7.5/10 2 0.92 (0.86 to 0.96)†‡ 0.85 (0.71 to 0.94)
10 alone 3 0.80 (0.72 to 0.86)‡ 0.91 (0.86 to 0.95)
7.5/10 or 10 alone 5 0.86 (0.81 to 0.90)γ* 0.90 (0.85 to 0.94)
NS 2 No pooled estimate No pooled estimate

Test for diff.: p < 0.01†‡; p = 0.06γ NS differences

By reference test
Arthrography 10 0.76 (0.70 to 0.80)* 0.84 (0.90 to 0.87)*
Arthroscopy 5 0.86 (0.81 to 0.90)* 0.81 (0.73 to 0.87)
Surgery 4 0.81 (0.74 to 0.86)* 0.89 (0.84 to 0.93)*
Arthroscopy/surgery 7 0.79 (0.74 to 0.82)* 0.88 (0.83 to 0.91)*
Other 3 No pooled estimate No pooled estimate

NS differences NS differences

By design
Prospective 11 0.70 (0.64 to 0.75)†* 0.81 (0.76 to 0.85)*
Retrospective (4) or not 18 0.83 (0.81 to 0.85)†* 0.86 (0.83 to 0.88)*

reported (14)
Test for diff.: p = 0.05† NS differences

Two or more key biasesb

Absent 17 0.82 (0.79 to 0.84)* 0.84 (0.81 to 0.87)*
Present or not reported 12 0.78 (0.74 to 0.81)* 0.85 (0.81 to 0.89)

NS differences NS differences

a Mean prevalence of tear increased with each successive group of studies: 48, 53 and 61%, respectively.
b Key biases: partial verification bias; differential verification bias; test review bias; diagnostic review bias.
* Heterogeneity, p < 0.05 unless otherwise noted. Where the symbols †, ‡ and γ are paired or grouped they indicate that

the specificity results are significantly different from each other.



(95% CI: 0.66 to 0.82). Sensitivity also appeared to
increase with increasing mean age, although
differences between subgroups were not found to
be statistically significant. Sensitivity was lower in
those studies using arthrography as the reference
test than those using arthroscopy, but specificity
estimates were less affected. Insufficient numbers
of studies using transducers of >7.5 MHz were
available to perform any meaningful subgroup
analysis on that basis, but there was an indication

that accuracy improved when using 7.5 MHz as
opposed to 5 MHz. The subgroup analyses by year
did not demonstrate any real change in accuracy
over time. 

For specificities, some statistically significant
differences according to frequency of ultrasound
scanner and reference test used were found, but
again the number of studies in some subgroups was
small, limiting the power of these comparisons. 
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TABLE 7 Ultrasound: summary sensitivity and specificity for detection of full-thickness tears

Outcome subgroup No. of studies Sensitivity Specificity
(95% CI) (95% CI)

All studies 19 0.87 (0.84 to 0.89)* 0.96 (0.94 to 0.97)*

By age (years)
<45 3 0.79 (0.64 to 0.88)* (p = 0.05) 0.96 (0.91 to 0.97)
45–54 8 0.86 (0.81 to 0.90)* 0.95 (0.92 to 0.97)*
55+ 4 0.94 (0.90 to 0.96)* 0.97 (0.93 to 0.98)*
Not reported 4 No pooled estimate No pooled estimate

NS differences NS differences

By prevalence (%)
<40 5 0.75 (0.66 to 0.82)† 0.96 (0.93 to 0.98)†

41–60 7 0.83 (0.76 to 0.87)* 0.95 (0.91 to 0.97)
>60 7 0.94 (0.90 to 0.96)†* 0.96 (0.93 to 0.97)†*

Test for diff.: p < 0.05† Test for diff.: p < 0.05†

By publication yeara

Up to 1994 8 0.86 (0.81 to 0.90)* 0.95 (0.92 to 0.97) (p = 0.05)
1995 onwards 11 0.88 (0.83 to 0.91)* 0.97 (0.94 to 0.98)*

NS differences NS differences

By frequency (MHz)
5 alone 3 0.82 (0.71 to 0.89)* 0.93 (0.88 to 0.96)
5/7.5 MHz 2 0.89 (0.74 to 0.95) 0.88 (0.73 to 0.95)
�7.5 MHz 14 0.88 (0.84 to 0.90) 0.96 (0.95 to 0.98)

NS differences NS differences

By reference test
Arthrography 3 0.85 (0.75 to 0.91) 0.92 (0.85 to 0.96)†

Arthroscopy 5 0.97 (0.93 to 0.98)†* 0.94 (0.90 to 0.97)
Surgery 2 0.80 (0.66 to 0.89)†‡ 0.92 (0.80 to 0.97)
Arthroscopy/surgery 6 0.84 (0.78 to 0.88)‡* 0.98 (0.96 to 0.99)†*
Other 3 0.78 (0.65 to 0.88) 0.96 (0.91 to 0.98)

Test for diff.: p < 0.05†‡ Test for diff.: p < 0.05†

By design
Prospective 9 0.83 (0.75 to 0.88)* 0.94 (0.91 to 0.97)*
Retrospective (2) or not 10 0.88 (0.84 to 0.91)* 0.96 (0.94 to 0.97)*

reported (8)
NS differences NS differences

Two or more key biasesb

Absent 11 0.91 (0.87 to 0.93)* 0.95 (0.93 to 0.97)*
Present or not reported 8 0.79 (0.72 to 0.84)* 0.96 (0.93 to 0.98)*

NS differences NS differences

a Mean prevalence of tear increased slightly with publication year: 38 and 43%, respectively.
b Key biases: partial verification bias; differential verification bias; test review bias; diagnostic review bias.
* Heterogeneity, p < 0.05 unless otherwise noted. Where the symbols †, ‡ and γ are paired or grouped they indicate that
the specificity results are significantly different from each other.



For detection of partial-thickness RCTs (Table 8),
the pooled sensitivity estimate was low (0.67, 95%
CI: 0.61 to 0.73) although specificity remained
high (0.94, 95% CI: 0.92 to 0.96), and studies were
again very heterogeneous, especially in terms of
sensitivity (see Figure 6), which ranged from 0.25
to 0.94. Statistically, several possible reasons for
the differences in sensitivity estimates between
studies were identified, including age, prevalence,
scanner frequency and absence of key biases,
giving limited power to these comparisons. No
significant differences in terms of specificity
estimates were identified.

LRs
For the detection of a full-thickness RCT, a positive
ultrasound result increases the odds of RCT being
present by ~13-fold (positive LR, 13.16; 95% CI:
9.13 to 18.95; Table 9). This is just above the level
usually required for a diagnostic test to provide
convincing diagnostic evidence. The LRs from the
19 studies contributing to this estimate were
statistically homogeneous (p = 0.2). Figure 7
demonstrates that the LRs from each of the studies
were significant (CIs did not cross one) and all of
the studies, except that of Wiener and Seitz,56

included the overall pooled estimate in their CIs. 
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TABLE 8 Ultrasound: summary sensitivity and specificity for detection of partial-thickness tears

Outcome subgroup No. of studies Sensitivity Specificity
(95% CI) (95% CI)

All studies 11 0.67 (0.61 to 0.73)* 0.94 (0.92 to 0.96)*

By age (years)
<45 2 0.42 (0.24 to 0.61)†* 0.92 (0.79 to 0.97)
45–54 4 0.53 (0.41 to 0.65)* 0.95 (0.91 to 0.97)*
55+ 3 0.89 (0.82 to 0.94)†* 0.95 (0.91 to 0.97)
Not reported 2 No pooled estimate No pooled estimate

Test for diff.: p < 0.01† NS differences

By prevalence (%)
<40 3 0.45 (0.32 to 0.60)†‡ 0.91 (0.85 to 0.94)
41–60 3 0.62 (0.49 to 0.74)†* 0.92 (0.87 to 0.96)
>60 5 0.77 (0.69 to 0.83)‡* 0.96 (0.94 to 0.98)

Test for diff.: p = 0.06†, p = 0.02‡

By publication yeara

Up to 1994 3 0.75 (0.65 to 0.82)* 0.94 (0.91 to 0.96)*
1995 onwards 8 0.61 (0.52 to 0.69)* 0.94 (0.91 to 0.96)

NS differences NS differences

By frequency (MHz)
5 2 0.39 (0.26 to 0.55)† 0.90 (0.83 to 0.95) 
7.5 or 7.5/10 9 0.73 (0.66 to 0.78)†* 0.95 (0.93 to 0.96) 

Test for diff.: p < 0.01† NS differences (p = 0.09)

By reference test
Arthroscopy 4 0.63 (0.50 to 0.73)†* 0.92 (0.88 to 0.95)
Arthroscopy/surgery 6 0.67 (0.59 to 0.74)‡* 0.95 (0.93 to 0.97)*
Other (MRI) 1 0.92 (0.67 to 0.99)†‡ 0.91 (0.73 to 0.98)

Test for diff.: p < 0.05†‡ NS differences

By design
Prospective 4 0.70 (0.55 to 0.81)* 0.94 (0.92 to 0.96)
Retrospective (1) or not 7 0.66 (0.59 to 0.73)* 0.93 (0.85 to 0.97)*

reported (6)
NS differences NS differences

Two or more key biasesb

Absent 7 0.77 (0.70 to 0.83)†* 0.94 (0.91 to 0.96)
Present or not reported 4 0.46 (0.35 to 0.57)†* 0.95 (0.91 to 0.97)* (p = 0.05)

Test for diff.: p = 0.05† NS differences

a Mean prevalence of tear decreased slightly with increasing publication year: 29 and 26%, respectively.
b Key biases: partial verification bias; differential verification bias; test review bias; diagnostic review bias.
* Heterogeneity, p < 0.05 unless otherwise noted. Where the symbols † and ‡ are paired or grouped they indicate that the
specificity results are significantly different from each other.



For the detection of any tear or partial-thickness
tears, the odds of RCT being present when a
positive test result was shown increased by around
5- and 9-fold, respectively (Table 9). For these
comparisons, however, the studies were much
more heterogeneous (p < 0.01 for both). The
forest plots in Figure 7 show that the positive LRs
were particularly spread out for detection of any
tear, several were not significant and nine did 
not include the overall summary estimate in their
CIs. 

In terms of negative LRs (the odds of a negative
test result in a person who does have the target
disorder), ultrasound again performed the best
when focused on detection of full-thickness RCTs,
although the studies were statistically
heterogeneous (negative LR, 0.16; 95% CI: 0.11 to
0.24). Nevertheless, it still does not perform at a
level that provides convincing diagnostic evidence
and will only be useful when applied in high
prevalence settings, that is, in hospital clinics and
perhaps only those with the more difficult cases. 
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TABLE 9 Ultrasound: summary likelihood ratios

No. of studies Positive LR Negative LR
(95% CI) (95% CI)

Any tear 29 5.09 (3.44 to 7.53)* 0.27 (0.19 to 0.34)*
Full tear 19 13.16 (9.13 to 18.95) 0.16 (0.11 to 0.24)*
Partial tear 11 8.90 (4.88 to 16.22)* 0.36 (0.22 to 0.61)*

* Heterogeneity, p < 0.01.
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FIGURE 7 Ultrasound: forest plots of LRs, per outcome. (a) Any tear: positive LRs (cont’d)
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FIGURE 7 (cont’d) (b) Any tear: negative LRs. (c) Full-thickness tear: positive LRs (cont’d overleaf)
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FIGURE 7 (cont’d) (d) Full-thickness tear: negative LRs. (e) Partial-thickness tears: positive LRs. (f) Partial-thickness tears: negative LRs
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Comparisons within individual studies
Three studies (by Crass and colleagues,40 Gratz
and colleagues43 and Middleton and colleagues41)
reported the number of indeterminate results that
occurred along with the diagnosis from the
reference test. All excluded the indeterminate
results from their estimations of sensitivity and
specificity, but the data allowed the results to be
recalculated including the indeterminates as either
positive or negative. The data presented for these
studies in Appendix 7 show that such a policy
artificially inflates sensitivity and/or specificity. 

A further retrospective study70 presented results
first using the original, or prospective,
interpretation of the ultrasound scan and then
using the new interpretation from retrospective
review of the ultrasound scans. Sensitivity was
slightly higher and specificity much lower when
the prospective interpretation was used. 

Two studies evaluated the use of different criteria
for the interpretation of the ultrasound scans.
Arslan and colleagues50 evaluated the presence of
biceps effusion and/or bursal fluid as an indicator
of RCT; neither was found to have high
diagnostic power. Kurol and colleagues44

examined whether changes in echogenicity alone
or cuff thinning alone were sufficient indicators of
tear. Both were found to have low sensitivity and
slightly higher specificity (82 or 88%) when used
alone, but even when either or both were
considered as indicators of tear, ultrasound was
found to have low accuracy. 

One recent study42 compared accuracy using two-
dimensional (2D) versus three-dimensional (3D)
ultrasonography. The advantage of the 3D method
is said to be the dynamic multiplanar imaging
facility that allows the observation of three
perpendicular planes. However, 2D imaging needs
to be performed first in order to define the region
of interest. The authors found the sensitivity of 3D
imaging to be more sensitive but similarly specific
to 2D imaging in 40 patients. Positive LRs were
low for both tests, but the negative LR was better
for 3D than 2D imaging: 0.1 (95% CI: 0.0 to 0.1)
versus 0.3 (95% CI: 0.2 to 0.7). These results were
not independent as the tests were conducted and
interpreted sequentially by the same
ultrasonographer. 

Only one study63 reported results for more than
one reader. Both interpreters were said to be
experienced, but one had a much higher
sensitivity than the other (92 versus 69%),
although specificities were similar (Appendix 7).

Discussion
The results indicate a wide variation in accuracy
across individual studies. Sensitivity and specificity
were highly heterogeneous for each of the three
outcomes investigated, although perhaps less so
for detection of full-thickness RCTs. The only
homogeneous finding was the pooled positive LR
estimate for detection of full-thickness tears. It is
likely that this is because the diagnostic criteria for
full-thickness tears are more much more clearly
defined than for partial tears. As discussed
previously (see the section ‘Criteria for
interpretation of ultrasound scans’, p. 6),
sonographic criteria for partial tears overlap with
those for full-thickness tears. The variability in,
and poor reporting of, diagnostic criteria used
between studies made it impossible to investigate
further those criteria that may be most accurate at
identifying tears on ultrasound. It is also very
difficult to draw any conclusions regarding the
effect of increasing frequency of ultrasound
transducers. Although increasing frequency
(especially with machines of 10 MHz or more)
increases image resolution, with only three studies
identified that employed only 10 MHz
transducers, there is insufficient evidence as to
how this might translate into improved accuracy.
We subdivided studies according to year of
publication, as a proxy for improvements in the
technique or operator experience over time, but
did not identify any obvious trends in either
sensitivity or specificity. 

Nevertheless, our results do demonstrate that a
positive ultrasound finding of a full-thickness tear
in these studies may provide convincing evidence
that such a tear is in fact present, increasing the
odds by around 13-fold. Using Bayes theorem, the
pooled LR can be applied to the pre-test probability
of disease in these studies (average prevalence
across studies) of 53%, increasing it to over 90%
(Box 1). It would therefore appear that when used
in similar settings to the studies identified,
patients with positive ultrasound findings could be
considered as potential candidates for surgical
treatment without further investigation, if their
symptoms are sufficiently severe. It remains to be
determined whether or not ultrasound can
provide such conclusive evidence for the value of a
negative ultrasound finding in ruling out the
presence of a full-thickness tear. Studies to date
have been too heterogeneous to allow any strong
conclusion to be drawn. 

It should also be borne in mind that all of the
studies were conducted in samples with a relatively
high prevalence of RCT and are therefore likely to
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have included a high proportion of more severe
cases. A large number of studies included only
those who had experienced shoulder pain for a
reasonable period of time and those who had
already failed conservative treatment or were
recognised ‘problem’ patients. Even in those
studies classified as ‘low prevalence’, between 24
and 32% of patients were found to have full-
thickness tears. Accuracy is likely to be lower in
lower prevalence settings, as was suggested by the
subgroup analyses.

There was also a suggestion that sensitivity was
higher in studies where the mean age of
participants was higher. It may be that in these
studies, patients with alternative causes of
shoulder pain may have been more easily
excluded from the study sample, for example,
those with arthritis. Alternatively, ultrasound may
be better at picking up RC disorders that result
from classical outlet impingement, more common
in older patients. There could also be some
confounding between age and prevalence: full-
thickness tears in particular are more common in
the elderly, hence studies of an older age group of
patients would tend to have a higher prevalence of
tears, and therefore tests might demonstrate better
accuracy. 

Furthermore, all of the comparisons are
confounded by small sample sizes and the poor
quality and reporting of included studies,
especially regarding key biases such as verification
bias and blinding. Interestingly, sensitivity
improved where two or more of these biases were
reported to be absent compared with those where
they were present or not reported, although both
subgroups of studies remained heterogeneous.
One might usually expect accuracy to be lower in
better designed studies. Accuracy also tends to be
underestimated when an imperfect reference test
is used;81 in this case, sensitivity was markedly
lower in those studies using arthrography as a
reference test, especially for detection of any tear,

although specificity was less affected. Of further
note is the lack of reporting of indeterminate or
unclear results. A certain proportion of such
results will occur with any test, especially where
there is an obvious subjective component, as with
imaging tests. As discussed above, the exclusion of
indeterminate results can markedly increase
sensitivity and/or specificity. 

In conclusion, then, ultrasound may be able to
rule in full-thickness tears and therefore rapidly
identify those requiring surgical treatment, but
this has as yet only been demonstrated in studies
conducted in specialist settings where the
prevalence of disease is high. Its diagnostic
capabilities in more routine settings and its ability
to rule out disease effectively when a negative
result is shown is questionable and remains to be
determined. There is as yet no conclusive evidence
for its ability to rule in or out the presence of
partial-thickness tears, but it seems likely that its
ability to do either is low. 

MRI
Description and quality of included
studies
A total of 29 cohort studies investigating the
accuracy of MRI for the diagnosis of RC disorders
were identified. Summary details of the methods
and results are provided in Tables 10–13. Full study
details and results are given in Appendices 9–11. 

Interventions
Two studies38,82 did not provide any details of the
MRI used. Of the remainder, the majority (22)
evaluated conventional MRI pulse sequences
against a reference test, two83,84 evaluated fat-
suppressed MRI against a reference test and one85

used a mixture of conventional and fat-suppressed
MRI. Two further studies compared conventional
MRI with or without fat suppression against a
reference test.86,87

Results

38

BOX 1 Ultrasound: impact of a positive test result on the probability of full-thickness tear

Summary positive LR for full-thickness tear (across 19 studies): 13.16
Pre-test probability of FT tear in these studies (average prevalence): 0.53

Pre-test odds of FT tear = 0.53/(1 – 0.53) = 1.13
Post-test odds of FT tear = 1.13 × 13.16 = 14.84

Post-test probability of FT tear = 14.84/(1 + 14.84) = 0.94

A positive ultrasound finding of FT tear increases the probability of such a tear being present from around 50% to over 90% 
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TABLE 10 MRI: study methods and quality assessment results

Study

Balich, 199783 R 222 45 58 Fat; OC, OS, AX AS 32 ? Y Y Y N N N Y Y N ? N ? N

Birtane, 200188 P1 125 52 40 Con; OC SIT 70I ? Y ? ? N N N Y Y ? ? ? ? N

Blanchard, 199998 P3 38 50 55 Con; OC, OS, AX AS/S 29F ? ? Y ? Y Y N Y N N ? ? ? Y

Burk, 198971 P1 38 nr nr Con; OC, OS, AX AG 58 ? N N N N N N Y Y N N ? ? N

Evancho, 198889 ? 28 nr nr Con; OC AS/AG 42 ? N ? ? N Y N Y Y N ? ? N Y

Hodler, 199159 P2 24 58 43 Con; OC AG 63F ? N N ? N N N Y Y ? ? ? ? N

Hodler, 199290 ? 36 42 67 Con; OC AS 47 ? N Y ? Y N N Y Y N ? N N N

Iannotti, 199117 R 88 40 Nr Con; OC, OS, AX AS/S 35I N Y N ? Y Y N Y Y ? ? N ? Y

Jaovisidha, 199991 P1 8 nr nr Con; OC AS 25 ? N Y ? Y N N Y Y N ? N ? N

Kieft, 1988113 P2 10 nr nr Con; OC, AX AG 30 ? N N ? N N N Y Y N ? Y ? N

Kneeland, 198795 R 26 nr 60 Con; OC, AX AG/S 85 ? N ? N N Y N Y N Y Y ? ? N

Martin-Hervas, 200166 P3 61 nr 41 Con; OC, AX AS/S 56 ? N Y ? N Y N Y N ? ? ? ? N

Morrison, 199094 P1 100 nr nr Con; OS AG 55 N N N ? N N N Y Y N N N ? N

Nelson, 199164 P1 21 42 76 Con; OC, AX AS/S 90 N N Y ? N Y N Y N N ? N ? N

Patten, 199492 R 50 nr nr Con; OC vs OC, OS AS/AT/AG 40 ? N ? ? N Y N Y N N ? N N N

Quinn, 199584 R 100 47 54 Fat; OC, OS, AX AS 31 ? N Y ? Y Y N Y Y N Y ? ? N

Reinus, 199586 ? 49 37 67 Con vs Fat; OC, AX AS 20F N N Y Y Y Y N Y Y N ? N ? N

Robertson, 199585 R 82 45 55 Mix; OC, OS S 31F N N Y Y Y N N Y Y N ? N ? Y

Sahin-Akyar, 199887 R 39 54 44 Con vs Fat; OC AS/AT 62 ? N Y Y Y Y N Y Y N Y N ? Y

Swen, 199963 P2 21 54 57 Con; OC AS 62F ? Y Y N N N N Y Y N ? N ? N
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TABLE 10 MRI: study methods and quality assessment results (cont’d)

Study

Torstensen, 199982 R 57 41 58 nr; nr AS 42 N N Y ? N N N N Y ? ? Y ? N

Traughber, 1992114 R 28 nr nr Con; OC, OS, AX AS/S 50 ? N Y ? N Y N Y Y N ? ? ? N

Tuite, 199499,115 R 100 42 71 Con; OC, OS AS 56 ? N Y ? N N N Y Y N Y ? ? N

Tuite, 200193 R 75 40 65 Con; OC, OS vs AS/BS 65 ? N Y Y Y N N Y N N ? N N N
OC, AS

Wang, 199496 R 40 49 67 Con; OC, OS, AX AS/S 55 ? N Y N N Y N Y N N ? N ? N

Wnorowski, 199737 R 39 30 nr Con; OC, OS, AX AS 36 N N Y Y N N N Y N ? ? Y ? N

Wolf, 200138 ? 71 51 61 nr; nr AS 46 ? N Y ? N N N Y N N ? ? ? N

Yagci, 200197 P2 24 52 29 Con; OC, OS, AX AS/S 63 ? N Y N N Y N Y N N ? N ? N

Zlatkin, 198916 ? 32 nr nr Con; OC, OS, AX S 69 N Y Y ? Y Y N Y Y N ? N ? N

a Design: P1, prospective, unselected sample of patients suspected of RC disorder; P2, prospective, all patients referred for reference test; P3, prospective, selected patients
underwent reference test; R, retrospective; ?, design not reported.

b MRI details: Con, conventional MRI; Fat, fat-suppressed MRI; OC, oblique coronal view; OS, oblique sagittal view; AX, axial view; AS, angled sagittal view.
c Reference test: AG, arthrography; AS, arthroscopy; AT, arthrotomy; S, Surgery; SIT, subacromial injection test.
d Prevalence (%) of any tear, unless specified: F, full-thickness tear; I, impingement syndrome. 
e Responses to quality assessment criteria: N, no; Y, yes; ?, cannot tell.
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TABLE 11 MRI: summary results for detection of any tear

Outcome subgroup No. of studies Sensitivity Specificity
(95% CI) (95% CI)

All studies 20 0.83 (0.79 to 0.86)* 0.86 (0.83 to 0.88)*

By type of MRIa

Conventional 18 0.85 (0.81 to 0.88)* 0.80 (0.75 to 0.84)*
Fat-suppressed 3 0.78 (0.69 to 0.84)* 0.93 (0.89 to 0.96)*

NS differences NS differences

By publication yearb

Up to 1990 5 0.90 (0.82 to 0.95) (p = 0.05) 0.84 (0.72 to 0.91)
1990–94 7 0.88 (0.83 to 0.92)* 0.90 (0.85 to 0.93)*
1995+ 8 0.76 (0.70 to 0.81)* 0.82 (0.78 to 0.86)*

NS differences NS differences

By age (years)
<45 5 0.80 (0.73 to 0.85)† ‡* 0.70 (0.62 to 0.77)* (p = 0.05)
45–54 5 0.74 (0.66 to 0.80)†* (p = 0.05) 0.93 (0.89 to 0.95)*
Not reported 10 0.92 (0.88 to 0.95)‡* 0.88 (0.83 to 0.92)

Test for diff.: p = 0.06†; (p = 0.01)‡ NS differences

By prevalence (%)
<40 5 0.74 (0.66 to 0.93) 0.93 (0.89 to 0.95)†*
41–60 10 0.90 (0.85 to 0.93)* 0.81 (0.76 to 0.86)† ‡*
>60 5 0.77 (0.69 to 0.83)* (p = 0.03) 0.75 (0.63 to 0.84)‡

NS differences Test for diff.: p = 0.03†; p = 0.05‡

By reference test
Arthrography 3 1.00 (0.44 to 1.00) 0.92 (0.82 to 0.96)
Arthroscopy 8 0.78 (0.72 to 0.82)* 0.85 (0.82 to 0.89)*
Surgery (1) or 4 0.85 (0.76 to 0.91)* 0.75 (0.63 to 0.84)†

arthroscopy/surgery
Other 5 0.81 (0.71 to 0.87) 0.90 (0.82 to 0.95)†

Test for diff.: p = 0.03

By views used c

OC, Sag, AX 8 0.78 (0.72 to 0.83)†‡* 0.91 (0.87 to 0.93)†*
OC, Sg 3 0.86 (0.78 to 0.91)†* 0.82 (0.73 to 0.88)‡

OC, AX 3 0.92 (0.82 to 0.96)δ 0.74 (0.58 to 0.85)‡ δ γ

OC 5 0.68 (0.57 to 0.78)δ γ* (p = 0.04) 0.84 (0.75 to 0.90)δ

Other 2 0.93 (0.87 to 0.97)‡ γ* 0.94 (0.86 to 0.98)†γ

Not reported 1 0.96 (0.80 to 0.99) 0.48 (0.33 to 0.65)
Test for diff.: p < 0.01†; p = 0.06‡; Test for diff.: p = 0.01†; 

p = 0.02δ; p = 0.05γ p = 0.04‡; p < 0.01δ; p < 0.01γ

By design
Prospective 6 0.92 (0.87 to 0.96)* 0.85, 0.77 to 0.90)*
Retrospective  or not 14 0.80 (0.75 to 0.83)* 0.86 (0.82 to 0.89)*

reported (3)
NS differences NS differences

Key biases d

1 reported absent 5 0.86 (0.79 to 0.91) 0.87 (0.80 to 0.92)*
2 reported absent 10 0.76 (0.69 to 0.81)†* 0.78 (0.72 to 0.83)*
3 or 4 reported absent 5 0.87 (0.82 to 0.91)†* 0.90 (0.86 to 0.93)*

Test for difference: p = 0.03 NS differences

a Total number of studies adds to 21 because one study (Sahin-Akyar and colleagues87) compared conventional and fat-
suppressed MR.

b Mean prevalence of tear decreases with each successive group of studies: 60, 47, 44%, respectively.
c Total number of studies adds to 22 because two studies compared two sets of views (Tuite93 compared OS with AS;

Patten and colleagues92 compared OC alone with OC plus OS).
d Key biases: partial verification bias; differential verification bias; test review bias; diagnostic review bias.
* Heterogeneity, p < 0.05 unless otherwise noted. Where the symbols †, ‡, δ and γ are paired or grouped they indicate

that the specificity results are significantly different from each other.
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TABLE 12 MRI: summary results for detection of full-thickness tear

Outcome subgroup No. of studies Sensitivity Specificity
(95% CI) (95% CI)

All studies 20 0.89 (0.86 to 0.92) 0.93 (0.91 to 0.95)

By type of MRIa

Conventional 17 0.89 (0.85 to 0.92)* 0.90 (0.87 to 0.93)
Fat-suppressed 5 0.90 (0.83 to 0.94) 0.96 (0.96 to 0.97)*

NS differences NS differences

By publication yearb

Up to 1994 9 0.94 (0.89 to 0.97)†* 0.93 (0.89 to 0.95)
1995+ 11 0.86 (0.81 to 0.90)† 0.94 (0.91 to 0.96)*

Test for diff,: p < 0.05† NS differences

By age (years)
<45 4 0.87 (0.74 to 0.94) 0.90 (0.84 to 0.93)†

45–54 11 0.90 (0.86 to 0.94) 0.95 (0.92 to 0.96)*
55+ 1 0.67 (0.42 to 0.85) 0.89 (0.56 to 0.98)
Not reported 4 0.92 (0.85 to 0.96)* 0.94 (0.88 to 0.97)†

NS differences Test for diff.: p = 0.04†

By prevalence (%)
<40 8 0.90 (0.84 to 0.94)† 0.95 (0.92, 0.96)*
41–60 8 0.93 (0.88 to 0.96)‡* 0.93 (0.89, 0.95)
>60 4 0.76 (0.63 to 0.86)†‡ 0.88 (0.77, 0.94)

Test for diff: p = 0.01†; p < 0.01‡ NS differences

By reference test
Arthrography 2 0.92 (0.83 to 0.97)* 0.88 (0.77 to 0.94)†

Arthroscopy 8 0.87 (0.81 to 0.92) 0.94 (0.92 to 0.94)‡*
Surgery (1) or 7 0.92 (0.86 to 0.95)* 0.92 (0.88 to 0.95)‡*

arthroscopy/surgery
Other 3 0.85 (0.68 to 0.94) 0.97 (0.90 to 0.99)†‡‡

NS differences Test for diff.: p < 0.01†‡‡

By views used
OC, Sag, AX 8 0.91 (0.85 to 0.94)†* 0.94 (0.92 to 0.96)†*
OC, Sg 2 0.94 (0.83 to 0.98)‡δ 0.97 (0.92 to 0.99)†‡

OC, AX 3 0.81 (0.67 to 0.90)†‡ 0.92 (0.84 to 0.96)
OC 5 0.78 (0.65 to 0.87)δ 0.91 (0.84 to 0.96)‡

Other (true Sag) 1 100  (0.93 to 1.00) 0.88 (0.76 to 0.94)
Not reported 1 0.91 (0.76 to 0.97) 0.89 (0.76 to 0.96)

Test for diff.: p = 0.03; p < 0.01‡; Test for diff.: p = 0.03†; p < 0.01‡

p = 0.02δ

By design
Prospective 7 0.86 (0.80 to 0.91)†* 0.87 (0.81 to 0.92)†

Retrospective  or not 13 0.91 (0.87 to 0.94)† 0.95 (0.93 to 0.96)†8
reported (3)

Test for diff.: p = 0.03† Test for diff.: p = 0.03†

Key biasesd

1 reported absent 7 0.91 (0.86 to 0.95)* 0.93 (0.89 to 0.95)*
2 reported absent 9 0.88 (0.80 to 0.93)* 0.91 (0.87 to 0.94)*
3 reported absent 4 0.88 (0.81 to 0.93) 0.96 (0.93 to 0.98)

NS differences NS differences

a Total number of studies adds to 22 because two studies (Sahin-Akyar and colleagues87 and Reinus and colleagues86)
compared conventional and fat-suppressed MR 

b Mean prevalence of tear decreases with each successive group of studies: 37 and 29, respectively.
c Sag, sagittal.
d Key biases: partial verification bias; differential verification bias; test review bias; diagnostic review bias.
* Heterogeneity, p < 0.05 unless otherwise noted. Where the symbols †, ‡ and δ are paired or grouped they indicate that
the specificity results are significantly different from each other.
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The views used in the studies also varied. The
oblique coronal (OC) view was utilised in 26 of the
27 studies that provided details, in seven of which
it was the only view reported to have been
used.59,63,87–91 Ten studies used the combination of
OC, oblique sagittal (OS) and axial (AX) views, two
used only OC and OS views, six used only OC and
AX views and one used the OS view alone. Two
studies compared the accuracy of MRI using two
different sets of views. In one,92 OC alone was
compared with OC plus OS, and in the other93

OC plus OS was compared with OC plus the
angled sagittal view. 

Outcomes
All of the studies concentrated on the detection of
RCTs, with only three examining its performance
for the detection of impingement syndrome as a
whole.17,64,88 Twenty studies reported accuracy for
the detection of any RCT, 19 for full-thickness
tears and 12 for partial tears.

Sample details
The 29 studies included 1633 patients, for a mean
sample size of 51. Only five studies included 100
patients or more.38,59,88,89,93 The mean prevalence
of any RCT across the studies was 57% (764 cases
and 869 controls). For those that reported it, the
mean age of participants was 46 years. Eleven
studies had a prevalence of 40% or less and in
nine prevalence was 60% or above. All studies
except three, two conducted in physical therapy or
sports medicine centres88,94 and one in a general
medical centre,38 were conducted in a hospital
radiology or orthopaedics setting, and some
clearly had more highly selected populations than
others (reflected in prevalence of disease). None of
the studies were judged to include an appropriate
spectrum of patients. Most did not provide
sufficient information on which to judge the
spectrum; those including volunteers,16,17,85 only
athletes94 or where mean age was particularly
low,37,86 were judged not to have included an
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TABLE 13 MRI: summary results for detection of partial-thickness tears

Outcome subgroup No. of studies Sensitivity Specificity
(95% CI) (95% CI)

All studies 14 0.44 (0.36 to 0.51)* 0.90 (0.87 to 0.92)*

By type of MRI a

Conventional 11 0.39 (0.31 to 0.48)* 0.85 (0.81 to 0.89)*
Fat-suppressed 5 0.49 (0.39 to 0.59)* 0.93 (0.89 to 0.95)*

Test for diff.: p = 0.05 NS differences

By publication year b

Up to 1994 5 0.55 (0.43 to 0.66)* 0.90 (0.84 to 0.94)
1995+ 9 0.37 (0.29 to 0.46)* 0.90 (0.86 to 0.92)*

NS differences NS differences

By age (years)
<45 4 0.36 (0.25 to 0.48)* 0.84 (0.77 to 0.89)
45–54 7 0.48 (0.38 to 0.58)* 0.93 (0.90 to 0.96)*
55+ 0 NA NA
Not reported 3 Not pooled Not pooled

NS differences NS differences

By prevalence (%)
<40 6 0.42 (0.33 to 0.52)* 0.92 (0.88 to 0.94)*
40–60 6 0.49 (0.37 to 0.61)* 0.86 (0.81 to 0.90)
>60 2 0.29 (0.13 to 0.53)* 0.91 (0.80 to 0.97)*

NS differences NS differences

By views used
OC, Sag, AX (5) or OC, Sag (2) 7 0.53 (0.43 to 0.62)* 0.91 (0.88 to 0.94)*
OC, AX (3) or OC alone (3) 6 0.31 (0.21 to 0.43)* 0.86 (0.79 to 0.90)
Not reported 1

NS differences NS differences

a Total number of studies adds to 22 because two studies (Sahin-Akyar and colleagues87 and Reinus and colleagues86)
compared conventional and fat-suppressed MR.

b Mean prevalence of tear decreases with each successive group of studies: 33 and 20, respectively.
* Heterogeneity, p < 0.05 unless otherwise noted.



appropriate spectrum, although clearly those
conducted on athletes will be relevant to those
working in sports medicine clinics. A majority of
the rest included only those undergoing the
reference test and are also unlikely to have
included an appropriate spectrum; this included
both retrospective studies (13) and those
prospective studies where only those already
referred for the reference test were included (six).

Reference test
Over half of the studies used an acceptable
reference standard: arthroscopy (11 studies),
surgery (five studies) or some combination of the
two (three studies). In the others the reference test
was scored as unacceptable (six studies) or unclear
(four studies). One of the latter88 used the SIT; the
others used arthrography as at least part of the
reference test. Sufficient details of the technique
used were reported in 19 studies. Differential
verification, where more than one reference test
was used or different areas of the shoulder were
investigated using one test, was present in 14
studies. Partial verification bias occurred in 10
studies. 

Disease progression bias was a potential problem in
six studies where the mean delay between MRI and
the reference test was reported to be over 2
months. A further five studies reported that the
tests were performed on the same day71 or within 1
month of each other.63,95–97 The remaining studies
did not report the interval between the tests.

Test interpretation
Twenty-two studies explicitly reported that the
MRI diagnosis was reached without knowledge of
the reference test result (Table 10). As the MRI
would almost always be performed before the
reference test, it may be safe to assume that those
coded as unclear in the quality assessment were in
fact blinded to the reference test results. One
study95 reported that the MRI and reference test
results were reviewed in conference, and were
therefore not interpreted blindly. Diagnostic
review bias (knowledge of the MRI result when
interpreting the reference test) was very poorly
reported. It did not appear to be present in two
studies but was reported in four. The remainder
did not state whether the MRI results were
available to the person interpreting the reference
test. Fifteen studies stated that no clinical
information was available when conducting the
MRI and three stated that it was available.

The criteria used to interpret the MRI scans were
all very similar to the original criteria reported by

Zlatkin and colleagues16 and Iannotti and
colleagues,17 although these studies were explicitly
referenced by only six of the other
studies.64,86,88,90,92,94,98 Eighteen studies reported
that those reading the MRI scans were
experienced in the technique: seven reported used
musculoskeletal radiologists;64,82,85,87,94,96,97 five
reported length of experience of the readers,
ranging from 2 up to 10 years;37,63,89,92,98 and six
gave no further details.16,17,66,84,88,99

The studies generally did not discuss the
possibility of indeterminate results or how such
results had been dealt with. Two reported that
radiologists made a ‘forced choice’ of positive or
negative.92,93 Two others alluded to indeterminate
results in their discussion of the criteria used to
diagnose tears: one89 reported that where only
very small areas of abnormal signal were identified
in the cuff with maintenance of cuff continuity,
results were considered negative; the other90

reported that ‘superficial fraying’ was included in
the ‘no tear’ category. Withdrawal bias did not
appear to be a problem in most of the studies.
Withdrawals or losses to follow-up were not
reported in the majority. Six studies did report
exclusion; in two cases the number and reason for
withdrawal were reported and these scored
‘no’;71,91 in four cases the number of withdrawals
was reported but no reason was given except that
test results were lost87,89 or labral diagnoses were
discovered at surgery.17,85

Results
The plot of sensitivity against 1 – specificity (false-
positive rate) for each study and outcome are
presented in Figure 8. These indicate a
considerable range in both sensitivity and
specificity estimates for all outcomes, particularly
for the outcomes of any tear and partial-thickness
tears. For the detection of full-thickness tears, the
points are more clustered together. Spearman
correlations between sensitivity and specificity
were not significant (Figure 8), and there was no
obvious trend in the false-positive rates when
ordered by the sensitivity rates (Figure 9). It was
therefore reasonable to attempt a strategy of
pooling the sensitivity and specificity rates.
Subgroup analyses were conducted to explore
reasons for differences between studies but, in
general, the heterogeneity remained (see Tables
11–13, discussed below).

Sensitivity and specificity
For any RCT, overall pooled sensitivity was 0.83
(95% CI: 0.79 to 0.86) and specificity was 0.86
(95% CI: 0.83 to 0.88), but both were statistically
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FIGURE 8 MRI: plot of sensitivity versus 1 – specificity for each outcome. (a) Detection of any tear (n = 20): Spearman’s 
rho = –0.07, p = 0.76. (b) Detection of full-thickness tears (n = 20): Spearman’s rho = –0.38, p = 0.09. (c) Detection of partial-
thickness tears (n = 14): Spearman’s rho = 0.02, p = 0.93.



Results

46
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FIGURE 9 MRI: forest plots of sensitivity against false-positive rate (1 – specificity), per outcome. (a) Detection of any RCT. (cont’d)
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FIGURE 9 (cont’d) (b) Detection of full-thickness RCT. (cont’d overleaf)
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heterogeneous with sensitivities ranging from 0.41
to 1.00 and specificities from 0.48 to 1.00.
Subgroup analyses to identify possible causes of
heterogeneity were not very successful at reducing
heterogeneity and few significant differences
between subgroups were identified (Table 11). The
small number of studies in many of the subgroups
also needs to be borne in mind when interpreting
these results. 

Studies using conventional MR produced a higher
pooled sensitivity and lower specificity than those
using fat-suppressed MR, but the difference was
not statistically significant and heterogeneity
remained. One of the three studies using the fat-
suppressed technique compared conventional with
fat-suppressed MR. Sahin-Akyar and colleagues87

found that the use of the fat-suppressed technique
produced higher sensitivity and fairly similar
specificity estimates to the conventional technique
for the detection of any tear (Appendix 10). 

Sensitivity appeared to fall with increasing mean
age, although in half of the studies mean age was
not reported. Some variation in sensitivity and
specificity was found according to the set of views
used, but the number of studies per comparison
was small. Sensitivity was higher in studies that
were prospective in design (0.92, 95% CI: 0.87 to
0.96) compared with those that were retrospective
or where the design was not stated (0.80, 95% CI:
0.75 to 0.83), although the difference was not
significant. This is in contrast to the result shown
for ultrasound (any tear).

For specificities, some significant differences
according to prevalence were identified. In those
studies with lower prevalence (40% or less),
specificity was higher than at higher prevalences:
0.93 (95% CI: 0.89 to 0.95) compared with 0.75
(95% CI: 0.63 to 0.84). Heterogeneity in the 
latter group was removed but remained in the
others. 

For full-thickness RCTs, overall pooled sensitivities
and specificities were higher than for detection of

any tear (Table 12), and the studies were not
statistically heterogeneous. Again, no significant
differences in estimates between studies using
conventional MR (n = 17) and those using fat-
suppressed MR (n = 5) were found, although
pooled specificity was higher in the latter 
group. 

Sensitivity was unexpectedly higher in low
prevalence than high prevalence studies: 0.90
(95% CI: 0.84 to 0.94) compared with 0.76 (95%
CI: 0.63 to 0.86), although power was limited, with
only four studies in the latter group. The same
trend was seen for specificity but the difference
between groups was not found to be significant.
When studies were subdivided according to year of
publication, sensitivity decreased slightly from 94%
in studies published before 1994 to 86% in those
published after 1995. The concurrent fall in mean
prevalence between these two sets of studies (37%
versus 29%) probably explains the decrease in
sensitivity, and potentially masks any increase in
accuracy from improvements in technique or
reader experience over time. 

Sensitivity and specificity also varied according to
the type of views used. The results suggest that
accuracy was higher when the OS view was
included. This was confirmed in the single study
that compared accuracy using the OC view alone
with the addition of the OS view; both the
sensitivity and specificity were higher using the
latter option.92 Sensitivity also appeared to be
lower and specificity higher in prospective studies
and in those where a greater number of biases
were reported to be absent (Table 12). 

For detection of partial-thickness RCTs (Table 13),
the pooled sensitivity estimate was low (0.44, 95%
CI: 0.36 to 0.51) although specificity remained
high (0.90, 95% CI: 0.87 to 0.92), and studies were
again very heterogeneous, especially in terms of
sensitivity (see Figure 9). Use of fat-suppressed MR
did seem to have better accuracy, as did inclusion
of the SO view, but sensitivity rates remained low
for all subgroups. 

Health Technology Assessment 2003; Vol. 7: No. 29

49

© Queen’s Printer and Controller of HMSO 2003. All rights reserved.

TABLE 14 MRI: summary likelihood ratios

No. of studies Positive LR Negative LR
(95% CI) (95% CI)

Any tear 20 4.85 (3.16 to 7.46)* 0.22 (0.15 to 0.34)*
Full tear 20 10.63 (6.98 to 16.19)* 0.16 (0.11 to 0.23)
Partial tear 14 3.99 (2.34 to 6.80)* 0.66 (0.47 to 0.93)*

* Heterogeneity, p < 0.01.
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Balich
Burk
Evancho
Hodler
Jaovishda
Kieft
Kneeland
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FIGURE 10 MRI: forest plots of LRs, per outcome. (a) Any tear: positive LR. (b) Any tear: negative LR (cont’d)
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FIGURE 10 (c) Full tear: positive LR. (d) Full tear: negative LR (cont’d overleaf)



LRs
The only homogeneous result in terms of LRs was
for detection of a full-thickness RCT: a negative
MR result decreases the odds of RCT being
present by between 5- and 10-fold (negative LR,
0.16; 95% CI: 0.11 to 0.23; Table 14). Negative
LRs of between 0.1 and 0.2 can provide strong
diagnostic evidence in some contexts, for example,
where prevalence is high. Figure 10 demonstrates
that the LRs from all but three of the studies were
significant (CIs did not cross one) and all except
one59 included the overall pooled estimate in 
their CIs. 

Studies were heterogeneous for all other pooled
LRs, and for partial-thickness RCTs both positive
and negative LRs were not impressive (Table 9).
The forest plots in Figure 10 show that the positive
LRs were low in almost all studies, and only one
relatively small study produced a negative LR that
would significantly alter the pre-test probability of
disease.84

Comparisons within individual studies
Eight studies reported accuracy estimates for more
than one reader (Appendices 10 and 11). Their
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FIGURE 10 (cont’d) (e) Partial tear: positive LR. (f) Partial tear: negative LR



results demonstrate that accuracy can vary, even
within a single study, and even where all readers
are reported to be experienced,63,86,97 in some
cases by a considerable extent. In the two studies
where more than two readers with a range of
experience were used,83,85 the most experienced
readers had both the highest sensitivity and
specificity estimates (Appendix 10). In both
studies sensitivity was seen to vary across readers
to a slightly greater extent than did specificity,
particularly for detection of full-thickness tears. A
further study that compared the accuracy of a
musculoskeletal radiology fellow with that of a staff
radiologist also compared the use of two views: OS
versus angled sagittal (AS).93 The results, in terms
of LRs (Appendix 11) indicate that the fellow had
similar (low) accuracy with either view, whereas the
positive and negative LRs of the staff radiologist
both improved with the angled sagittal view. 

Discussion
The results overall indicate a similar picture to that
seen for ultrasound: a wide variation in accuracy
across individual studies for all three outcomes
investigated. However, pooled sensitivity and
specificity were found to be homogeneous for the
detection of full-thickness RCTs, as was the pooled
negative LR. Again, similarly to the situation with
ultrasound, the criteria for diagnosis of full-
thickness tears seem more clearly defined than for
partial tears. The actual diagnostic criteria used in
the studies were often not reported in detail, but
most studies have based their criteria on those
developed by Zlatkin and colleagues in the late
1980s.16 As discussed previously (see the section
‘Interpretation of MRI’, p. 7), Zlatkin and colleagues
did not set out criteria for diagnosis of partial tears. 

Focusing on full-thickness tears, when the pooled
negative LR is applied to the pre-test probability
of disease in these studies (average prevalence
across studies) of 32%, the chance of full-thickness
tear being present when the MR is concluded to
be negative is <7% (Box 2). It may be, then, that
in some clinical contexts a negative MR finding

may be sufficient to rule out the presence of a full-
thickness tear. Between-study heterogeneity means
that a similar conclusion cannot yet be drawn
regarding a positive test result. However, the
pooled specificity rate of 0.93 was homogeneous
and consistently high across all subgroup analyses,
implying that one could be reasonably sure that a
positive MR finding is not a false-positive result. 

Accuracy of MRI was not greatly affected by the
mean age of study participants. However, the
results of the subgroup analyses according to
prevalence were surprising. Contrary to what was
seen for ultrasound, both sensitivity and specificity
appeared to be lower in studies with mean
prevalence of >60%, although there were only
four studies in the latter group. As discussed
previously, as full-thickness tears are more
common in older people, one might expect
studies with higher prevalence of tears to also have
higher mean age. One explanation for the trend
according to prevalence may be that rather than
disease severity increasing with prevalence, the
proportion of more ‘difficult’ cases or ‘diagnostic
dilemmas’ increased. Alternatively, the difference
could be spurious or related to variations in
quality or lack of power. 

The technical aspects of MR also require further
investigation. The number of studies using fat-
suppressed techniques was low but there is some
evidence to suggest that it might increase accuracy,
especially for the detection of partial-thickness
tears. Routine inclusion of the OS view in the MR
sequence may also be beneficial. Although one
might expect accuracy to improve over time, with
advances in the technique or gained experience in
reading the images, we found that sensitivity
tended to decrease over time. However, these
accuracy estimates are likely to be confounded by
decreasing mean prevalence of tears in these
studies over time. It is often found that the criteria
for selecting patients to undergo a test become
less strict as experience with the technique grows
and the cost of performing the test fall. 
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BOX 2 MRI: impact of a negative test result on the probability of full-thickness tear

Summary negative LR for full-thickness tear (across 20 studies): 0.16
Pre-test probability of full-thickness tear in these studies (average prevalence): 0.32

Pre-test odds of full-thickness tear = 0.32/(1 – 0.32) = 0.47
Post-test odds of full-thickness tear = 0.47 × 0.16 = 0.075

Post-test probability of full-thickness tear = 0.075/(1 + 0.075) = 0.07

A negative MR finding of full-thickness tear decreases the probability of such a tear being present from around 30% to 
under 10%
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TABLE 15 MRA: study methods and quality assessment results

Study

Binkert, 2001103 P3 88 51 59 Fat; AX, PS, AC Gad AS/S 35 ? Y Y ? Y Y N Y N N ? N ? N
2 vs 4 vs 
Ringer

Funke, 1996101 P2 25 43 64 Con vs Fat Gad AG 68 ? N N N ? N N Y Y N ? N ? N
OC, OS

Hodler, 199290 ? 36 43 67 Con OC, OS Gad AS 47 ? N Y ? Y ? N N Y Y N ? N ? N

Loew, 2000102 P3 27 48 66 Con 0.2 vs Fat Gad AS/S 44F ? ? Y ? Y N N ? Y N ? N ? N
1.0 T; nr

Pfirrmann, 1999100 R 50 51 70 Con; AC, PS, Gad AS/S 42 ? Y Y ? N Y N Y N N ? ? ? N
AX vs PS vs AX

Yagci, 200197 P2 24 52 29 Con; AX, PC, PS Gad S/AS 63 ? ? Y N N N N Y N N ? N N N

a Design: P2, prospective, all patients referred for reference test; P3, prospective, selected patients underwent reference test; R, retrospective; ?, design not reported.
b MRI details: Con, conventional MRI; Fat, fat-suppressed MRI; OC, oblique coronal view; OS, sagittal oblique view; AX, axial view; AC, angled coronal; PC, paracoronal; PS,

parasagittal.
c Contrast: Gad, gadolinium contrast agent; Ringer, Ringer solution.
d Reference test: AG, arthrography; AS, arthroscopy; S, surgery.
e Prevalence (%) of any tear, unless specified: F, full-thickness tear.
f Responses to quality assessment criteria: N, no; Y, yes; ?, cannot tell.
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Once again, the quality and reporting of the
studies are such that the strength of these
conclusions is severely limited. For these analyses
the number of studies using an inappropriate
reference test (arthrography) was low, so the
impact of any bias from that source is low. Of
particular note is the lack of reporting of
indeterminate or unclear results. A certain
proportion of such results will occur with any test,
especially where there is an obvious subjective
component, as with imaging tests. Only four
studies described the way in which indeterminate
results were dealt with. The way in which exclusion
of indeterminate results can inflate sensitivity and
specificity in three ultrasound studies is discussed
in the results, p. 44. 

In conclusion, MRI may be able to rule out full-
thickness tears and therefore rapidly identify those
in whom surgical treatment may not be beneficial.
Its ability to identify correctly full and partial-
thickness tears is still up for debate. 

MRA
Description and quality of included
studies
Six studies investigating the accuracy of MRA for
the diagnosis of RC disorders were identified.
Summary details of the methods and results are
provided in Tables 15 and 16. Full study details
and results are given in Appendices 12–14.

Interventions
The type of MRI, views and contrast used varied
considerably between studies. Five
studies90,97,100–102 used conventional MR, two of
which compared results with those using fat-
suppressed MR,101,102 and one used fat-suppressed
MR alone.103 One of the studies comparing
conventional and fat-suppressed MR used
considerably different MR strengths for each
comparison: conventional MR was conducted using
a 0.2-T unit, whereas fat-suppressed MR was done
using a 1.0-T unit.102 The views used in the studies
also varied. The two earlier studies used the OC

and OS views, as was commonly used in the MRI
studies.90,101 Three of the remaining studies used
the combination of angled coronal (AC),
parasagittal and axial views,97,100,103 one of
which100 compared results using this set of view to
parasagittal alone or axial alone. The remaining
study102 did not report the views used. 

All of the studies used a gadoteridol contrast
agent for the arthrographic component of the
examination, one of which compared a
concentration of 2–4 mmol l–1 with the use of a
Ringer solution.103

Outcomes
All of the studies concentrated on the detection of
RCTs: five reported accuracy for the detection of
any RCT, four for full-thickness tears and three for
partial tears (Appendix 13).

Sample details
The six studies included 250 patients, for a mean
sample size of 42. The mean prevalence of any RCT
across the studies was 45% (113 cases and 137
controls). The mean age of participants was 48. All
of the studies were conducted in a hospital
radiology and or orthopaedics department. None of
the studies provided sufficient information on which
to judge the spectrum of patients, but it is unlikely
that they will be generalisable outwith these settings. 

Reference test
Arthroscopy or surgery were the reference tests
used in all studies except one using arthrography
alone.101 Three did not provide sufficient details
of the technique used, for example by not stating
which areas of the shoulder were examined using
the reference test. Differential verification, where
more than one reference test was used or different
areas of the shoulder were investigated using one
test, was present in two studies.100,103 Partial
verification bias occurred in three studies.90,102,103

Disease progression bias was definitely not present
in two studies97,101 but was a potential problem in
the others where the interval between the tests was
not reported.
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TABLE 16 MRA: summary sensitivity and specificity results

No. of studies Sensitivity Specificity
(95% CI) (95% CI)

Any tear 5 0.88 (0.80 to 0.93)* (p = 0.06) 0.83 (0.78 to 0.89)
Full tear 4 0.95 (0.82 to 0.98) 0.93 (0.84 to 0.97)
Partial tear 3 0.62 (0.40 to 0.80)* (p = 0.05) 0.92 (0.83 to 0.97)

* Results of heterogeneity test, p < 0.05 considered statistically heterogeneous.
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FIGURE 11 MRA: plots of sensitivity versus 1 – specificity. (a) Detection of any tear (n = 5): Spearman’s rho = 0.10, p = 0.87. 
(b) Detection of full-thickness tear (n = 4): Spearman’s rho = 0.27, p = 0.73. (c) Detection of partial-thickness tear (n = 3):
Spearman’s rho = 1.0, p < 0.01



Test interpretation
In all studies the MRA diagnosis was reached
without knowledge of the reference test result
(Table 15). In contrast, none of the studies
reported that the reference test was interpreted
without knowledge of the MRA result. All of the
studies except one100 explicitly blinded MRA
readers to any additional clinical information. 

The criteria used to interpret the MRA scans were
generally reported, although only one provided
any references to earlier studies that had
established those criteria.103 None of the studies
discussed the possibility of indeterminate results
or how such results had been dealt with.
Withdrawal bias did not appear to be a problem in
any of the studies. 

Results
The plot of sensitivity against 1 – specificity (false-
positive rate) for each study and outcome are
presented in Figure 11. These indicate that for
detection of full-thickness tears sensitivity and
specificity estimates are quite clustered together
but less so for detection of any tear. Spearman
correlations between sensitivity and specificity were
not significant for these two outcomes, but was
highly significant for partial-thickness tears. From
the forest plot in Figure 12(a) the false-positive
rates do appear to increase with the sensitivity
rates, though only three studies provided results. 

Sensitivity and specificity
The pooled results (Table 16) suggest that MRA
may be very accurate for the detection of full-
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FIGURE 12 MRA: sensitivity and false-positive rates (1 – specificity). (a) Detection of any RCT. (b) Detection of full-thickness RCT. 
(c) Detection of partial thickness RCT



thickness RCTs [overall pooled sensitivity 0.95
(95% CI: 0.82 to 0.98) and specificity 0.93 (95%
CI: 0.84 to 0.97), both estimates homogeneous].
Its performance for the detection of partial-
thickness tears is less consistent, with some
evidence of heterogeneity that may be at least
partially due to a threshold effect. The pooled
estimates provided should therefore be treated
with considerable caution.

No formal subgroup analyses could be performed
owing to the small number of studies. All of the
results used in the pooled analysis were based on
conventional MRI and gadoteridol contrast agent,
except those of Binkert and colleagues,103 who
used fat-suppressed MR and three different contrast
agents; however, the results did not appear to be
very different from those of the other studies
(Appendix 13). In the two studies that compared
results using conventional versus fat-suppressed
MR, one101 found results to be consistently and
considerably better using the fat-suppressed
technique, whereas the other102 found no
difference. The former comparison92 is likely to be
confounded by the fact that fat-suppressed images
were not interpreted blindly but alongside the
standard images. In the latter study,102 the same
results were achieved despite the use of a stronger
field strength with the fat-suppressed technique
(1.5 T) than the conventional technique (0.2 T). 

The study that compared the accuracies of
different views100 generally found better accuracy
when all views were combined (AC, parasagittal
and transverse views), although one reader did
have high accuracy when reading the transverse
view alone (Appendix 13). Reading of the three
sets of views was conducted by the same
radiologists, separated by 3-week intervals, with
the full set of views read last; increasing familiarity
with the MR reports may have improved accuracy
over time.

The study that compared the accuracy using three
different contrast agents103 found little difference
in accuracy when either 2 or 4 mmol l–1

gadoteridol was used, but sensitivity was higher
and specificity slightly lower when the Ringer
solution was used, particularly for reader one. As
each contrast agent was used in a different group
of patients, and furthermore given that the
number of patients in each group was small, little
weight can be given to these results.

LRs
The pooled LR results are provided in Table 17
and the corresponding forest plots in Figure 13. 
All pooled results were statistically homogeneous,
although any conclusions that can be drawn 
from the results are at best tentative owing to 
the low overall number of studies in each
comparison.

In terms of full-thickness tears, MRA performs
relatively well [overall pooled result: LR positive
10.06 (95% CI: 4.71 to 21.46); LR negative 0.11
(95% CI: 0.04 to 0.29)], although accuracy was
lower in the two earlier studies by Funke101 and
Hodler and colleagues.90 For the detection of any
tear, the positive LRs are all <10 for each study,
although performance in terms of negative LRs
was better for all studies except those of Funke101

and Hodler and colleagues.90

For partial-thickness RCTs, all three studies that
presented results produced positive LRs of at least
10, and two90,97 also produced very low negative
LRs. 

Discussion
Although the number of studies is small, evidence
to date suggests that MRA may be accurate in the
detection of full-thickness tears. There is also
some suggestion that for detection of partial tears
MRA may perform better than ultrasound or MRI,
but the available evidence is too sparse to draw
more than very tentative conclusions. More
evidence from larger prospective studies is
required to make a true assessment of its accuracy. 

For full-thickness tears, when the pooled positive
LR is applied to the pre-test probability of disease
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TABLE 17 MRA: summary likelihood ratio results

No. of studies Positive LR Negative LR
(95% CI) (95% CI)

Any tear 5 4.86 (3.21 to 7.36)* 0.17 (0.07 to 0.38)*
Full tear 4 10.05 (4.71 to 21.46)* 0.11 (0.04 to 0.29)*
Partial tear 3 8.90 (3.64 to 21.78)* 0.43 (0.18 to 1.04)*

* All results statistically homogeneous.



Health Technology Assessment 2003; Vol. 7: No. 29

59

© Queen’s Printer and Controller of HMSO 2003. All rights reserved.

Risk ratio(a)
0.1 0.5 1 5 10 20

Risk ratio(b)
0.01 0.05 0.1 0.5 1

6.67 (3.48 to 12.76)

2.20 (0.87 to 5.52)

4.47 (1.51 to 13.20)

6.56 (2.61 to 16.47)

4.50 (1.33 to 15.28)

4.86 (3.21 to 7.36)

Binkert

Funke

Hodler

Pfirrmann

Yagci

Overall (95% CI)

0.08 (0.02 to 0.29)

0.28 (0.09 to 0.90)

0.35 (0.16 to 0.75)

0.11 (0.03 to 0.42)

0.04 (0.00 to 0.65)

0.17 (0.07 to 0.38)

Binkert

Funke

Hodler

Pfirrmann

Yagci

Overall (95% CI)

Risk ratio(c)
0.1 0.5 1 5 10 20

  9.43 (1.44 to 61.85)

  8.00 (3.20 to 20.01)

30.77 (2.01 to 471.93)

28.64 (1.87 to 438.32)

10.06 (4.71 to 21.46)

Funke

Hodler

Loew

Yagci

Overall (95% CI)

FIGURE 13 MRA: forest plots of LRs, per outcome. (a) Any tear: positive LR. (b) Any tear: negative LR. (c) FT tear: positive LR
(cont’d)



in these studies (average prevalence across studies)
of 36%, the chance of a full-thickness tear being
present when the MRA is concluded to be positive
is over 80%, while a negative MRA reduces the
chance of a full tear being present to just over 5%
(Box 3). There was also some suggestion that the
accuracy of the technique has improved over time;
however, larger and better quality studies are
required to determine the potential contribution
that MRA can make to diagnosis. 

Disease progression bias, verification bias and
possible lack of blinding could all have affected
one or more of the studies included. Again, there
was a possibility of indeterminate or unclear
results in almost all of the studies. 

In conclusion, MRA may have some role in the
diagnosis of full-thickness and possibly partial-
thickness tears, but any such benefit must be set
against the invasiveness and potential discomfort
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FIGURE 13 (cont’d) (d) Full-thickness tear: negative LR. (e) Partial-thickness tear: positive LR. (f) Partial-thickness tear: negative LR



to patients from the procedure. Its accuracy needs
to be more fully determined before its place in the
diagnostic process can be determined. 

Studies evaluating more than 
one test
Ten studies evaluated the accuracy of two different
tests against a reference standard. The results of
these studies are discussed below and are
presented in Tables 18 and 19. Full details of the
methods, quality and results of these studies can
be found in the sections relevant to the individual
tests.

Clinical examination versus 
imaging tests
Three studies evaluated the accuracy of clinical
examination and an imaging test.36–38

In a study of 42 patients, Read and Perko36 found
clinical examination to be more sensitive but less
specific than ultrasound. When translated into
LRs, a negative clinical examination could more
definitely rule out the possibility of impingement
syndrome being present compared with a negative
ultrasound result. Positive LRs for both tests were
low (Table 19).

When compared with MRI, one study37 found
MRI to be much more sensitive than clinical
examination, but low specificity estimates meant
that both tests performed poorly in terms of LRs.
Wolf and Agrawal38 found a single clinical
examination test (the Rent test) to be much more
accurate than MRI for the detection of full-
thickness RCTs, although only a subgroup of those
undergoing clinical examination also underwent
MRI (71/109).

Ultrasound versus MRI
Five studies evaluated both ultrasound and MRI:
two for the detection of any tear,66,71 four for the
detection of full-thickness tears59,63,64,66 and two
for partial-thickness tears.64,66

For the outcome ‘any tear’, there was some
suggestion MRI was more accurate than
ultrasound, particularly in terms of negative LRs
(a negative MR result would rule out the presence
of a tear with more certainty than a negative
ultrasound result).

Results for the four studies that presented results
for full-thickness tears (in 127 patients) were
pooled, and the plot of sensitivity against the
false-positive rate is provided in Figure 14. Overall,
the pooled sensitivity and specificity were almost
exactly the same, although this concealed the fact
that the MRI estimates were more clustered
together than those for ultrasound. In terms of
the pooled LRs (Table 19), MRI performed slightly
better than ultrasound [LR positive 10.4 (95% CI:
4.0 to 26.8) compared with 6.8 (95% CI: 2.8 to
16.1)].

For detection of partial tears, although the
accuracy was low, MR was more accurate than
ultrasound in both studies.

MRI versus MRA
Two studies evaluated both MRI and MRA. Hodler
and colleagues90 found the accuracy for detection
of full-thickness tears to be the same for both tests,
but MRA was better at identifying partial-thickness
tears (Tables 18 and 19). Yagci and colleagues97

found MRA to perform better than MRI for all
outcomes, although the use of fat suppression for
MRA may also have contributed to the increased
accuracy. 
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BOX 3 MRA: impact of a positive or negative test result on the probability of full-thickness tear

Pre-test probability of full-thickness tear in 4 studies (average prevalence): 0.36
Pre-test odds of full-thickness tear = 0.36/(1 – 0.36) = 0.5625

Summary positive LR for full-thickness tear: 10.05
Post-test odds of full-thickness tear following positive MRA = 0.5625 × 10.05 = 5.65
Post-test probability of full-thickness tear = 5.65/(1 + 5.65) = 0.85

A positive MRA finding of full-thickness tear increases the probability of such a tear being present from 36% to over 80%

Summary negative LR for full-thickness tear: 0.11
Post-test odds of FT tear following negative MRA = 0.5625 × 0.11 = 0.06
Post-test probability of full-thickness tear = 0.06/(1 + 0.06) = 0.06

A negative MRA finding of full-thickness tear decreases the probability of such a tear being present from 36% to just over
5%
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TABLE 18 Studies comparing accuracy of two tests: sensitivity and specificity resultsa

Study Test 1 Se (95% CI) Sp (95% CI) Test 2 Se (95% CI) Sp (95% CI)

Clinical examination Ultrasound

Read, 199836 Approx. 6 signs/symptoms 0.97 (0.85 to 0.99)I 0.63 (0.31 to 0.86)I 7.5 MHz 0.79 (0.63 to 0.90)I 0.88 (0.53 to 0.98)I

Clinical examination MRIb

Wnorowski, 199737 No details 0.55 (0.28 to 0.79)A 0.50 (0.30 to 0.70)A Con; OC, OS, AX; 0.86 (0.60 to 0.96)A 0.52 (0.33 to 0.70)A

results for CCS readers

Wolf, 200138 Rent test 0.96 (0.85 to 0.99)F 0.97 (0.89 to 0.99)F nr; nr 0.91 (0.76 to 0.97)F 0.89 (0.76 to 0.96)F

Ultrasound MRIb

Burk, 198971 5 MHz 0.60 (0.36 to 0.80)A 0.57 (0.37 to 0.74)A 1.5 T; Con; OC, OS, AX 1.00 (0.85 to 1.00)A 0.88 (0.64 to 0.97)A

Nelson, 199164 5 MHz 0.60 (0.23 to 0.88)F 0.93 (0.69 to 0.99)F 1.5 T; Con; OC, AX 0.86 (0.49 to 0.97)F 0.93 (0.69 to 0.99)F

0.36 (0.15 to 0.65)P 0.75 (0.41 to 0.93)P 0.67 (0.39 to 0.86)P 0.89 (0.56 to 0.98)P

Hodler, 199159 7.5 MHz 0.93 (0.70 to 0.99)F 0.78 (0.45 to 0.94)F 1.5 T; Con; OC 0.67 (0.42 to 0.85)F 0.89 (0.56 to 0.98)F

Martin-Hervas, 200166 7.5 MHz 0.71 (0.54 to 0.83)A 0.67 (0.48 to 0.81)A 0.5 T; Con; OC, AX 0.91 (0.77 to 0.97)A 0.74 (0.55 to 0.87)A

0.58 (0.39 to 0.74)F 1.00 (0.90 to 1.00)F 0.81 (0.62 to 0.91)F 0.97 (0.85 to 0.99)F

0.13 (0.02 to 0.47)P 0.68 (0.55 to 0.79)P 0.50 (0.22 to 0.78)P 0.75 (0.62 to 0.85)P

Swen, 199963 5 and 7.5 MHz 0.92 (0.67 to 0.99)F 0.88 (0.53 to 0.98)F 1.0 T; Con; OC 0.77 (0.50 to 0.90)F 0.88 (0.53 to 0.98)F

Pooled estimate (full-thickness tears) 0.75 (0.62 to 0.84) 0.94 (0.85 to 0.98) 0.77 (0.65 to 0.86) 0.94 (0.85 to 0.98)

MRIb MRAb

Hodler, 199290 1.5 T; Con; OC 0.41 (0.22 to 0.64)A 0.79 (0.57 to 0.91)A Con; OC, OS; Gad 0.71 (0.47 to 0.87)A 0.84 (0.62 to 0.94)A

1.00 (0.51 to 1.00)F 0.88 (0.72 to 0.95)F 1.00 (0.51 to 1.00)F 0.88 (0.72 to 0.95)F

0.08 (0.01 to 0.33)P 0.91 (0.73 to 0.98)P 0.46 (0.23 to 0.71)P 0.96 (0.79 to 0.99)P

Yagci, 200197 1.0 T; Con; PC; PS; AS 0.53 (0.30 to 0.75)A 0.56 (0.27 to 0.81)A Fat; PC; PS; AX; Gad 1.00 (0.80 to 1.00)A 0.78 (0.45 to 0.94)A

0.80 (0.49 to 0.94)F 0.71 (0.45 to 0.88)F 1.00 (0.72 to 1.00)F 1.00 (0.78 to 1.00)F

0.00 (0.00 to 0.43)P 1.00 (0.83 to 1.00)P 1.00 (0.57 to 1.00)P 0.89 (0.69 to 0.97)P

a Se, sensitivity; Sp, specificity. Results presented for: A, any tear; F, full-thickness tear; P, partial-thickness tear; I, impingement syndrome.
b MRI and MRA details: Con, conventional MRI; Fat, fat-suppressed MRI; OC, oblique coronal view; OS, oblique sagittal view; AX, axial view; AS, angled sagittal; PC, paracoronal; 

PS, parasagittal; Gad, gadolinium contrast agent used; CCS, clinical community setting.
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TABLE 19 Studies comparing accuracy of two tests: LRsa

Study Test 1 LR+ (95% CI) LR– (95% CI) Test 2 LR+ (95% CI) LR– (95% CI)

Clinical examination Ultrasound

Read, 199836 Approx 6 signs/symptoms 2.6 (1.1 to 6.3)I 0.0 (0.0 to 0.4)I 7.5 MHz 6.4 (1.0 to 40.1)I 0.2 (0.1 to 0.5)I

Clinical examination MRIb

Wnorowski, 199737 No details 1.1 (0.5 to 2.2)A 0.9 (0.4 to 2.0)A Con; OC, OS, AX; 1.8 (1.1 to 2.8)A 0.3 (0.1 to 1.0)A

results for CCS readers

Wolf, 200138 Rent test 30.1 (7.7 to 118.0)F 0.0 (0.0 to 0.2)F nr; nr 8.6 (3.4 to 22.0)F 0.1 (0.0 to 0.3)F

Ultrasound MRIb

Burk, 198971 5 MHz 1.4 (0.7 to 2.6)A 0.7 (0.3 to 1.4)A 1.5 T; Con; OC, OS, AX 8.0 (2.2 to 29.2)A 0.0 (0.0 to 0.4)A

Nelson, 199164 5 MHz 8.4 (1.1 to 63.3)F 0.4 (0.1 to 1.3)F 1.5 T; Con; OC, AX 12.0 (1.8 to 81.3)F 0.2 (0.0 to 0.9)F

1.5 (0.3 to 6.1)P 0.8 (0.5 to 1.5)P 6.0 (0.9 to 39.7)P 0.4 (0.2 to 0.9)P

Hodler, 199159 7.5 MHz 4.2 (1.2 to 14.4)F 0.1 (0.0 to 0.6)F 1.5 T; Con; OC 6.0 (0.9 to 39.4)F 0.4 (0.2 to 0.8)F

Martin-Hervas, 200166 7.5 MHz 2.1 (1.2 to 3.8)A 0.4 (0.2 to 0.8)A 0.5 T; Con; OC, AX 3.5 (1.8 to 6.7)A 0.1 (0.0 to 0.4)A

41.3 (2.6 to 660.7)F 0.4 (0.3 to 0.7)F 28.3 (4.1 to 196.9)F 0.2 (0.1 to 0.4)F

1.3 (0.9 to 1.8)P 0.4 (0.1 to 2.5)P 2.0 (0.9 to 4.7)P 0.7 (0.3 to 1.3)P

Swen, 199963 5 and 7.5 MHz 7.4 (1.2 to 46.5)F 0.1 (0.0 to 0.6)F 1.0 T; Con; OC 6.2 (1.0 to 39.4)F 0.3 (0.1 to 0.7)F

Pooled estimate 6.8 (2.8 to 16.1)F 0.3 (0.1 to 0.6)F 10.4 (4.0 to 26.8)F 0.3 (0.2 to 0.4)F

MRIb MRAb

Hodler, 199290 1.5 T; Con; OC 2.0 (0.7 to 5.5)A 0.7 (0.5 to 1.2)A Con; OC, OS; Gad 4.5 (1.5 to 13.2)A 0.3 (0.2 to 0.7)A

8.0 (3.2 to 20.0)F 0.1 (0.0 to 0.6)F 8.0 (3.2 to 20.0)F 0.1 (0.0 to 1.6)F

0.9 (0.1 to 8.8)P 1.0 (0.8 to 1.2)P 10.6 (1.4 to 78.8)P 0.6 (0.3 to 0.9)P

Yagci, 200197 1.0 T; Con; PC; PS; AX 1.2 (0.5 to 2.9)A 0.8 (0.4 to 1.9)A Fat; PC; PS; AX; Gad 4.5 (1.3 to 15.3)A 0.0 (0.0 to 0.7)A

2.8 (1.2 to 6.8)F 0.3 (0.1 to 1.0)F 28.6 (1.9 to 438.3)F 0.0 (0.0 to 0.7)F

–c –c 9.5 (2.6 to 35.2)P 0.1 (0.0 to 1.4)P

a LR+, positive likelihood ratio; LR–, negative likelihood ratio. Results presented for: A, any tear; F, full-thickness tear; P, partial-thickness tear; I, impingement syndrome.
b MRI and MRA details: Con, conventional MRI; Fat, fat-suppressed MRI; OC, oblique coronal view; SO, sagittal oblique view; AX, axial view; AS, angled sagittal; PC, paracoronal; 

PS, parasagittal; Gad, gadolinium contrast agent used. 
c Not estimated for partial tears as sensitivity = 0.



Discussion
Direct evidence for the performance of one test
compared with another is very limited. There is
some suggestion that MRI may be more accurate
than ultrasound and MRA may be more accurate
than MRI. However, the individual studies were
extremely small and even the pooled analysis for
full-thickness tears included only 127 patients.
Further research is needed to determine the place
of these imaging tests for the diagnosis of RC
disorders. 

Clinical impact and patient
preferences for imaging tests
Diagnostic or therapeutic impact of
tests
No studies assessing the impact of ultrasound on
diagnostic thinking, therapeutic decisions or
patient impact were identified.

One systematic review of studies assessing the
effectiveness of MRI of the shoulder was
identified.26 Four primary studies were 
included in the review;98,104–106 no additional

prospective controlled studies were found. One
prospective before and after study examining the
impact of MRA on diagnosis and therapeutic
decisions was identified.107 The results of the
systematic review and additional MRA study are
summarised in Table 20 and discussed 
below.

The systematic review reported that MRI can have
a wide impact on the clinician’s diagnosis and
subsequent management plans. Each of the
studies effectively compared diagnosis from
clinical examination with that following MRI. A
new diagnosis was reached in a relatively small
proportion of patients in two studies (34 and
<15%, respectively) and a much higher
proportion in the randomised controlled trial
(68%).106 Confidence in the diagnosis (either
increase or decrease) changed in between 24% and
56% of patients. A change in proposed therapy
occurred in <15% of patients in one study,105 but
was between 36% and 61% in the remainder. The
study comparing outcomes before and after MRA
found that a new diagnosis was reached in 57% of
cases and a change in management occurred in
49%.107
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TABLE 20 Summary of papers examining diagnostic or therapeutic impact of imaging tests

Study Design/purpose Hierarchical No. of Diagnoses New diagnosis Shift Therapeutic Patient 
level patients considered (%) confidence impactb outcomes
addresseda (%) (%)

Blanchard,1997104 Before/after MRI 3/4/5 71 Various 34 56 61 NS change in 
SF-36 scores at 
6 months

Sher, 1998105 Before/after MRI 3/4 65 Various <15c – <15 –

Blanchard, 1999106 Randomised controlled trial: 3/4 MRI: 29 Various MRI: 68 24 52 –
MRI vs AG AG: 24 AG: 79 33 67

Blanchard, 199998 Before/after MRI or AGd 2/3/4 117 FT RCT MRI: 30 36 –
AG: 37 25

Zanetti, 1999107 Before/after MRA 3/4 73 RC abnormalities 57 incr 49 –

a Hierarchical levels at which a test may be evaluated: 2, diagnostic accuracy; 3, diagnostic impact; 4, therapeutic impact; 5, impact on patient outcomes.
b Proportion of patients in whom management was changed.
c 15% of patients were in ‘category one’, i.e. a change in either the primary diagnosis or type of treatment; this was not further broken down; 8% of patients were ‘category two’,

i.e. additional clinically relevant findings seen but primary diagnosis and type of treatment were unaltered. 
d All patients underwent both tests but the order in which they were first presented to the radiologist was randomly determined (MRI first in 46 patients, AG first in 54) and

reported results relate to diagnosis following review of that test only.
Adapted from Bearcroft and colleagues.26



The authors of the review suggest that the source
of patient referrals has a large effect on the size of
impact of MRI: when referrals were from a wide
variety of sources, or from rheumatologists,104,106

the therapeutic impact was greater than when
referrals came from orthopaedic surgeons. The
source of referrals will also impact on the case mix
of included patients, which will in turn affect the
ability of a test to affect diagnosis and therapy.
Differences in sample sizes and study methods will
also contribute to the variation in results. 

Patient preferences 
Only one prospective comparative study of patient
preferences was identified; this compared
preferences for shoulder MRI or arthrography.108

The State Trait Anxiety Inventory,109 a visual
analogue scale to assess pain, and a questionnaire
to record patients’ experiences of the procedures
were administered to 88 patients undergoing MRI,
42 undergoing arthrography and 19 undergoing
both procedures. Mean anxiety levels were non-
significantly higher for those undergoing MRI; a
significantly higher proportion of those
undergoing arthrography experienced discomfort
following the procedure; and a significantly higher
proportion of patients found MRI unpleasant or
extremely unpleasant compared with those
undergoing arthrography (26 versus 7%). Overall,
however, the study found no firm patient
preference for either investigation.

Cost-effectiveness of alternative
diagnostic strategies
Existing cost-effectiveness analyses
Only one cost-effectiveness analysis, conducted in
the USA, was identified (full details are provided
in Appendix 15). Oh and colleagues27 presented a
decision analytic model to consider the diagnostic
choices in a patient with internal derangement of
the shoulder and the cost-effectiveness of the
diagnostic alternatives. The model compared
estimates of the effectiveness and cost-effectiveness
of conventional MRI and conventional
arthrography (double contrast) with a hypothetical
strategy of arthrogram (single contrast) followed
by MRA.

The data used in the model were based on clinical
experience (prevalence data) and a review of
English language publications from 1985 to 1997
(accuracy data). The cost data used were based on
1997 Medicare reimbursement rates. The global
imaging costs for conventional MRI, conventional
arthrogram and MRA were reported as
US$464.57, $163.77 and $628.54, respectively. All
patients diagnosed with full or partial RCTs or
labral tears were assumed to undergo surgical
repair procedures, at costs of $5411, $5324 and
$4377, respectively. The measure of effectiveness
used was the accuracy of the diagnostic strategy
for the diagnosis of each type of tear. 

The base case analysis reported the average
effectiveness of conventional arthrogram,
conventional MRI and MRA (as adjunct therapy)
to be 0.6610, 0.6715 and 0.7204, respectively. We
have interpreted these cost-effectiveness results as
cost per accurate diagnosis, although this was not
explicitly stated by the authors. The average costs
for these three diagnostic strategies were
estimated to be $1090, $2033 and $2339,
respectively. The costs for diagnosis and surgical
intervention have been weighted in the cost-
effectiveness decision model, but the cost
breakdowns/components were not presented. The
marginal cost-effectiveness was found to be:

� $89,895 for conventional MRI compared with
conventional arthrogram 

� $21,029 for MRA as adjunct therapy compared
with conventional arthrogram 

� $6250 for MRA compared with MRI.

Cost of imaging tests
Data from the Finance Department at
Southampton General Hospital put the direct
costs of each imaging procedure as follows
(2000–1 prices):

� ultrasound: £44
� MRI: £101
� MRA: £141.

The last two costs will be more sensitive to the
volume of patient throughput than will ultrasound,
owing to the higher capital cost of MR imagers. 
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Summary of key findings
Only a small number of studies of clinical
examination were identified – too few studies to
draw any conclusions regarding individual clinical
examination tests. The meta-analysis suggests that
clinical examination as a whole, when carried out
by relatively specialised clinicians such as
orthopaedists, may be useful at ruling out RCTs
(high sensitivity and negative LR) but less accurate
at detecting such tears when they are present (low
specificity and positive LR). Insufficient evidence
was found to recommend any one clinical
examination test or set of tests or to provide an
indication of the accuracy of clinical examination
at differentiating RC disorders (as opposed to
tears) from other causes of shoulder pain. No
study was reported to have been carried out in a
primary care setting; however, 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.

A large number of studies evaluating ultrasound
and MRI were identified, and a small number that
had examined MRA. As with the clinical
examination studies, only a very small minority of
the imaging studies examined the ability of these
tests to detect RC disorders as opposed to RC
tears. Although it has been estimated that up to
90% of shoulder pain is due to soft tissue
disorders, we do not really have any indication of
what proportion of this is down to tears as
opposed to other soft tissue lesions, or how good
the available tests are at identifying these other
lesions. 

For most of the three outcomes that could be
investigated (detection of any RCT, full tear or
partial-thickness tear), sensitivity and specificity
estimates across studies for all imaging tests were
highly heterogeneous. For each of the tests, results
were most homogeneous for the detection of full-
thickness RCTs. In each case this seems to be
because the criteria for diagnosis of full-thickness
tears are more clearly defined than for partial
tears. Despite the heterogeneity, the pooled results
for each test were remarkably similar to each
other. For example, for full-thickness tears, pooled

sensitivity for ultrasound, MRI and MRA were
87%, 89% and 95% and specificity 96, 93 and
93%, respectively. The four studies directly
comparing MRI and ultrasound also found
accuracy to be similar for the two tests. 

In terms of LRs, all of the imaging tests may
provide convincing evidence of the presence or
absence of a full-thickness tear. When the LRs are
applied to the pre-test probability of disease, the
likelihood of such a tear being present (or absent)
is increased (or decreased) markedly. Whether a
single positive or negative test result is sufficient to
select those who may be potential candidates for
surgical treatment without further investigation
remains to be determined. It would appear that
on the whole a positive test result may be a
sufficiently reliable indicator of full-thickness tear,
at least in a spectrum of patients similar to those
enrolled in the studies, but a negative result (on
any of the tests) is not sufficient to rule out the
presence of a tear, especially a partial-thickness
tear. 

All of the imaging tests were less accurate for
partial-thickness tears but indirect comparison
between tests suggests that MRA and ultrasound
might be more accurate at detecting such tears
than MRI (positive LRs of ~9). It is worth noting
that the clinical significance of some partial tears
(for example, those identified by ‘minimal fraying’
of the RC) remains to be determined. Some tears
such as intrasubstance RCTs would be unlikely to
be repaired even when detected, although, indeed,
not all patients with full-thickness tears will
undergo surgery, particularly if they do not
experience sufficiently severe symptoms. 

Explanations for variation among
study results
Very little explanation was found for the
heterogeneity seen between studies, but this could
largely be as a result of the poor quality and poor
quality of reporting of the studies. Despite the
relatively large number of studies identified for
ultrasound and MRI, the number of studies in
some of the subgroups examined was small, and
the power of the analyses was therefore limited.
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Furthermore, apparent trends in accuracy were not
consistent across tests. For example, in both
groups of studies, accuracy appeared to increase
with increasing mean age. As full-thickness tears
tend to be more common in older people, one
would expect accuracy also to increase with
prevalence. However, sensitivity was found to
increase with increasing prevalence in the
ultrasound studies and to decrease with increasing
prevalence in the MRI studies. The former result
is consistent with what one would expect to see if
spectrum bias were present: studies conducted in
samples with a high prevalence of RCT are likely
to have included a higher proportion of more
severe cases that are more easily discernible on
imaging tests. The trend with prevalence in the
MRI studies is more difficult to explain. The case
mix, or spectrum, of included patients was almost
never reported in any detail, but the eligibility
criteria used in many of the studies imply that the
samples were not representative of the more
general population who experience shoulder pain
and who might undergo these tests in practice. If
this is true, the accuracy of these tests will not be
the same as demonstrated here.

The inappropriate use of arthrography as a
reference test probably had a limited impact on
the results of most of the analyses owing to the
small number of studies using arthrography that
were included in each analysis. The impact of
using an imperfect reference test varies according
to the prevalence of disease in a given sample:81

where prevalence is low, sensitivity will tend to be
underestimated and where prevalence is high, it is
specificity that is underestimated. Where studies
with varying prevalences are pooled, the effect on
the overall pooled estimate will vary. In this
review, the use of arthrography could have had the
most impact on the analysis of the ability of
ultrasound to detect any RCT, where 10 out of 29
studies used arthrography alone. In these studies,
sensitivity seemed to be underestimated in
comparison with those using other reference tests,
but the differences were not statistically significant. 

Partial and/or differential verification bias was a
potential problem in a large number of studies.
Most studies included only those patients who
underwent the reference test and the total number
of patients in the population who underwent
ultrasound, MRI or MRA was left unreported.
Each of these factors has the potential to inflate
accuracy, as does the lack of blinding when
interpreting the index or reference test result. If
the result of one test is known when interpreting
the other, the reader might spend more (or less)

time searching for a tear if they know that another
test has (or has not) already found one. This
would tend to increase the agreement between the
results of the two tests and also increase accuracy.
The subgroup analyses for ultrasound showed that
sensitivity was lower where two or more of these
biases were reported to be present or not reported
compared with those where they were absent,
although both subgroups of studies remained
heterogeneous. The MRI studies showed little
variation according to whether key biases were
reported to be absent. 

Of further note is the lack of reporting of
indeterminate or unclear results. A certain
proportion of such results will occur with any test,
especially where there is an obvious subjective
component, as with imaging tests. As discussed in
previous chapters, only five ultrasound studies and
no MRI studies mentioned the number of
indeterminate results found. Exclusion of these
results can markedly increase sensitivity and/or
specificity. 

Between-study differences in the tests themselves
may also have affected test accuracy. For example,
it might be expected that higher frequency
ultrasound scanners increase accuracy by
providing the sonographer with a better quality
image. There was some suggestion that this
occurred, but none of the studies compared results
using different frequencies and several authors
increased the frequency of scanner used during
the course of their study. For MRI, it has been
suggested that the use of fat suppression increases
accuracy. Again, our results seemed to support this
hypothesis, but the differences were not significant
and too few studies have compared the
conventional and fat-suppressed techniques to
allow a true comparison to be made. 

Our results also highlight the variation in accuracy
between different readers, even where all readers
were reported to be ‘experienced’. Those who
compared the results of readers with different
levels of experience did find accuracy to be highest
among the most experienced readers, as would be
expected. It is possible that results achieved by
radiologists engaged in studies of imaging tests
may not be transferable to usual practice, partly
because readers may be more attentive when
engaged in a clinical study and partly because
those involved in studies may not be representative
of the wider community of radiologists. 

Very few studies have gone beyond trying to
establish the effect of these tests on outcomes
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other than accuracy. Design and quality
differences mean that as yet no conclusions can be
drawn regarding the ultimate impact of imaging
tests for shoulder pain. 

Strength and limitations of our
review
The systematic nature of the review means that we
are likely to have identified the majority of the
published studies. The literature search was
comprehensive, using a wide range of electronic
databases and relatively broad search terms, such
that all of the indexed literature should have been
picked up. Two reviewers were involved at every
stage in the review procedure, such that mistakes
due to human error should be limited. A quality
assessment tool that has been developed according
to scale development principles was adapted and
applied to each of the included studies. 

Empirical evidence suggests that studies with
significant or favourable results are more likely to
be published than those with non-significant or
unfavourable results.110 There is as yet no
evidence for the degree of publication bias likely
in the field of diagnostic tests, but there is no
reason to believe that it will be any better than in
studies of therapeutic interventions. It is therefore
possible that we have missed a proportion of
English language studies. Time and resource
constraints meant that we could not assess any
foreign language papers for inclusion.

Nevertheless, we did identify a large number of
studies, particularly for ultrasound and MRI. The
majority of studies were small and their results
heterogeneous – it is unlikely that the inclusion of
additional studies, if similar to those identified,
would have significantly changed our results. 

Recommendations for research
1. A large prospective follow-up study of patients

with shoulder pain in primary care is needed to
inform our understanding of the natural
history and epidemiology of shoulder pain –
diagnoses, therapeutic decisions and referrals
should be recorded and long-term follow-up of
all patients implemented. Remaining questions
include: 
(a) What proportion of shoulder pain (in the

population and in primary care, rather
than secondary care) is caused by RCTs
(partial and full thickness)? 

(b) What is the natural history of partial tears
and full-thickness RCTs?

(c) What are the outcomes in terms of pain,
function, surgery, physiotherapy and cost in
patients with these conditions who
have/have not had imaging?

2. For those patients referred to secondary care, a
prospective cohort study of clinical
examination, ultrasound and MRI, alone
and/or in combination, is also needed. The
ability of these tests not only to diagnose soft
tissue shoulder disorders but also to inform
treatment decisions needs to be determined: 
(a) Diagnostic accuracy must be established in

a wide spectrum of patients, against an
appropriate reference test, and avoiding
the major sources of bias such as
verification bias, lack of blinding and
inclusion of all indeterminate results. An
appropriate reference test in this instance is
arthroscopy alone. 

(b) The extent to which diagnostic tests
ultimately inform and affect patient
management and outcomes should be
considered. This can be built into a
diagnostic accuracy study by recording any
changes in diagnosis and/or treatment
decisions after each subsequent test is
interpreted. Follow-up of patients to
determine long-term outcome would be
possible but difficult to attribute to the use
of any one test or even diagnostic strategy.
If there is doubt over the most appropriate
treatment, given a diagnosis, a treatment
arm could be considered for inclusion in
the study.

The effect of ultrasound and/or MRI can be
examined by all patients undergoing both tests
and randomising the order in which they are
received.

3. Various aspects of the tests may also warrant
further investigation, for example:
(a) performance of clinical examination by less

specialist clinicians or physiotherapists
(b) use of fat-suppressed versus conventional

MRI
(c) use of 12–15 MHz ultrasound transducers

as opposed to 10-MHz or lower
instruments.

Conclusions
Our results suggest that clinical examination by
specialists can rule out the presence of an 
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RCT, and that either MRI or ultrasound could
equally be used for detection of full-thickness
RCTs. Although still not by any means accurate,
ultrasound may be better at picking up partial
tears. Given the large differential in the cost 
of the two procedures, the implication from
current evidence is that ultrasound is the more

cost-effective test to use in a specialist hospital
setting for identification of full-thickness tears.
Whether or not these results are transferable to
settings with lower prevalence, different 
spectrum of disease and less specialised 
clinicians, such as in primary care, remains 
to be determined. 
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Diagnosis terms
Clinical near4 assess*
Diagnos*
Diagnostic imaging – MeSH explode
Tomography
Ultrasonography – Mesh and ft
ultrasound
computed tomography arthrography (CTA)
computed tomography or CT
computerized tomography or CT scan
magnetic resonance imaging or MRI – explode 

or ft
magnetic resonance near2 arthrography or MRA 

or MR
sonograp*
MR imaging
arthroscopy
electromyography or EMG
electromyogram
arthrogram
imaging techniques
imaging modality
x-ray

Shoulder terms
Shoulder* near pain*

Causes of shoulder pain:
chronic shoulder impingement syndrome
disorders of impingement
rotator cuff tears
biceps tenosynovitis
instability

bursitis
rotator cuff 
tendonitis
bicipital tendinitis
shoulder near arthritis
labral tear* and shoulder*
shoulder capsulitis
shoulder joint
frozen shoulder
shoulder disorder
shoulder injuri*
joint instability
shoulder dislocation*
tendinitis
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Adapted from the QUADAS tool, developed by
University of York.22

1. Spectrum
The spectrum of patients refers not only to the
severity of the underlying target condition, but
also to demographic features and to the presence
of differential diagnosis and/or comorbidity. It is
therefore important that diagnostic test
evaluations include an appropriate spectrum of
patients for the test under investigation and that a
clear definition of the characteristics of the
included patients is provided. The judgement
should be based on both the method of
recruitment and the characteristics of those
recruited. Reviewers should pre-specify in the
protocol of the review what spectrum of patients
would be acceptable taking factors such as disease
prevalence and severity, age and sex, into account.

In this review a judgement on the spectrum of
included patients was made on the basis of:

� whether the study was prospective or
retrospective

� whether patients were recruited consecutively
� if they were only included if they had been

selected to undergo the reference test
� the study setting 
� the age, sex and pain duration of included

patients. 

In studies evaluating clinical examination, the aim
is to identify those people who would most benefit
from further diagnostic investigation or indeed
therapy. It was therefore important that studies
evaluating clinical examination are conducted on a
relatively unselected population. Only where
sufficient assurance that this was in fact the case
did studies score ‘yes’ on this item. 

For the studies evaluating imaging tests, almost all
included only ‘problem’ patients or those who had
already failed conservative treatment. As imaging
tests may be used either in a specialist or more
generalist setting, this did not automatically mean
that these studies scored ‘no’ on this item.

2. Eligibility criteria
Whether studies have provided a clear definition
of the criteria used as selection criteria for entry
into the study. If all relevant information
regarding how participants were selected for
inclusion in the study was provided, this item was
scored as ‘yes’. If study selection criteria were not
clearly reported, for example, ‘patients with
shoulder pain’ or ‘patients referred for ultrasound’
or for arthrography, then this item was scored as
‘no’. Where selection criteria were only partially
reported and insufficient information was given to
score this item as ‘yes’, for example, ‘physical
examination suggestive of rotator cuff injury’, then
it was scored as ‘unclear’.

3. Appropriate reference test
If the reference standard was likely to correctly
classify the target condition, then this item was
scored ‘yes’. Arthroscopy, arthrography and
surgery used either alone or in combination 
were all considered to be appropriate reference
tests, despite disagreements in the literature 
as to which of these is the best, especially
regarding arthroscopy versus arthrography.
Studies using other tests such as MRI or the
subacromial injection test (SIT) as the 
reference test were scored as unclear as the 
true accuracy of these tests have yet to be 
established. 

4. Disease progression bias
Disease progression bias occurs where there is a
delay between performance of the index and
reference tests such that misclassification due to
spontaneous recovery or advancement of disease
may occur. This was judged to be present where
the mean/median interval between tests was
reported and was greater than 1 month. This item
was scored as ‘no’ when the index and reference
tests were performed within 1 month of each
other, and as ‘unclear’ if the interval between tests
was not clearly reported. 
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5. Partial verification
If it is clear from the study that all patients who
received the index test went on to receive
verification of their disease status using a
reference standard, even if this reference standard
was not the same for all patients, then this item
was scored as ‘yes’. If some of the patients who
received the index test did not receive verification
of their true disease state, then this item was
scored as ‘no’.

6. Differential verification
Differential verification bias occurs when some of
the index test results are verified by a different
reference standard. This is especially a problem if
these reference standards differ in their definition
of the target condition. Differential verification
bias usually occurs when patients testing positive
on the index test receive a more accurate, often
invasive, reference standard than those with
negative test results. If it is clear that all patients
received verification of their true disease status
using the same reference standard, then this item
was scored as ‘yes’. If some patients received
verification using a different reference standard
(regardless of whether or not the decision was
based on the index test result), this item was
scored as ‘no’.

7. Incorporation bias
When the result of the index test is used in
establishing the final diagnosis, incorporation bias
may occur.

8a and b. Sufficient details of
index and reference tests
provided
If the study reports sufficient details to permit
replication of the index test and reference
standard, then these items should be scored as
‘yes’.

9a and b. Test review and
diagnostic review bias
Interpretation of the results of the index test may
be influenced by knowledge of the results of the
reference standard, and vice versa. This is known

as review bias, and may lead to inflated measures
of diagnostic accuracy. The extent to which this
will affect test results is related to the degree of
subjectivity involved in the interpretation of each
test result. The more subjective the interpretation,
the more likely it is that the interpreter can be
influenced by the results of the index test in
interpreting the reference standard, and vice
versa. The interpretation of clinical examination
or any of the imaging tests considered here may
be highly subjective and could be considerably
influenced by knowledge of the reference test
result. Although in all studies the index test would
have been performed first, the results of the index
test may still have been interpreted in the light of
the results of the reference standard, especially
where test results were identified from
retrospective chart review.

If the study clearly states that the test results
(index or reference standard) were interpreted
blind to the results of the other test, then these
items were scored as ‘yes’. If this did not appear to
be the case, they were scored as ‘no’. If this
information was not reported by the study, then it
was scored as ‘unclear’.

10. Appropriate clinical
information available
The availability of information on clinical data
during interpretation of test results may affect
estimates of test performance. Clinical data are
here defined broadly to include any information
relating to the patient obtained by direct
observation such as age, sex and symptoms. The
knowledge of such factors can influence the
diagnostic test result if the test involves an
interpretative component. If clinical data will be
available when the test is interpreted in practice,
then this should also be available when the test is
evaluated. If, however, the index test is intended
to replace other clinical tests, then clinical data
should not be available. It is therefore important
to determine what information will be available
when test results are interpreted in practice before
assessing studies for this item. 

As clinical data would normally be available when
clinical examination is conducted or when imaging
tests are interpreted in practice, then similar data
should be available when interpreting the index
test in the study. If such data were not available,
then this item was scored as ‘no’. If this
information is not reported by the study, then it
was scored as ‘unclear’.

Appendix 2

82



11. Uninterpretable/intermediate
test results reported
A diagnostic test can produce an
uninterpretable/indeterminate/intermediate result
with varying frequency depending on the test.
These problems are often not reported in
diagnostic accuracy studies with the
uninterpretable results simply removed from the
analysis. This may lead to the biased assessment of
the test characteristics. Whether bias will arise
depends on the possible correlation between
uninterpretable test results and the true disease
status. If uninterpretable results occur randomly
and are not related to the true disease status of the
individual, then, in theory, these should not have
any effect on test performance. Whatever the
cause of uninterpretable results, it is important
that these are reported so that the impact of these
results on test performance can be determined. 

If it is clear that all test results, including
uninterpretable/indeterminate/intermediate, were
reported, then this item was scored as ‘yes’. If it
appeared that such results occurred but were not
reported, this item was scored as ‘no’. If it was not

clear whether all study results were reported, this
item was scored as ‘unclear’.

12. Withdrawal bias
This occurs when patients withdraw from the study
before the results of both the index test and
reference standard are known. If patients lost to
follow-up differ systematically from those who
remain, for whatever reason, then estimates of test
performance may be biased.

If it was clear what happened to all patients who
entered the study, for example if a flow diagram of
study participants was reported, or reasons for
exclusion of patients were provided, then this item
was scored as ‘no’. If it appeared that some of the
participants who entered the study did not
complete the study, that is, did not receive both
the index test and reference standard, and these
patients were not accounted for, then this item was
scored as ‘yes’. If it was not clear whether all
patients who entered the study were accounted for,
then this item was scored as ‘unclear’.
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1

2

3

4

Test 1 Details:

Test 1 Categories:

Test 2 Details:

Test 2 Categories:

Ref Details:

Qualifications:

Ref Categories:

Interval between tests

Further investigations

Test interpreter

Test 3 Details:

Test 3 Categories:

Indeterminate results:

Age

Sample Index:

Study eligibility criteria

Patient characteristics:

Further test details:

Sample Ref:

Sample Size:

Prosp/Retrosp: Study Setting 2

Study Design: Study Setting:

Population:

ref Test 1: Study years:

Index Test 3: Country:

Index Test 2:

Index Test 1:

First Author Public Year: 0 1Ref lD:

No. of index tests evaluated:Study details:

Review Inclusion Criteria Met:

Study Type:PopulationReference testTest

Public status:

Sex:

Race:

Previous shoulder pain:

Comorbidities:

Pain duration:

Other:
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Number:

Cost data:

Data for 2×2 table provided If not, can data for 2×2 be estimated

Study Comment

Study establishment Eligibility criteria stated

Referral establishment Co-intervention bias present

Access to establishment Co-intervention bias avoided

Ref test interprete

Quality Assessment:

Patient selection biases

Referral bias Patient filtering bias

Details of index test Verification bias present

Details of reference test Work-up bias present

Appropriate reference test Differential VB present

Normal defined (index test) Incorporation bias present

Reference test enhancement

Test details

Test selection and execution

Application of gold standard

Test review bias present Single observer of index test?

Diagnostic review bias present Separate results per observer?

Disease progression bias Indeterminate results missing

Withdrawal bias present Loss to follow-up

Clinical review bias present Inter-observer variability

Prospective review of images Consensus decision?

Intra-observer variability

Independence of test interpretation

Measurement of results

Study results:

Observer variability

Clinical details given Appropriate spectrum

Cornorbid details given Patient recruitment

Study design

Patient cohort bias Other
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Author:

Reported sensitivity: Revised sensitivity:

Reported specificity: Revised specificity:

Reported PPV: Revised PPV:

Reported NPV: Revised NPV:

Any other reported
state:

DETECTION OF ANY ROTATOR CUFF TEAR

Comparison 1

Year: Ref ID: 1

vs.

Cell a: 0 Cell b: 0

Cell c: 0 Cell d: 0

Reported sensitivity: Revised sensitivity:

Reported specificity: Revised specificity:

Reported PPV: Revised PPV:

Reported NPV: Revised NPV:

Any other reported
state:

Comparison 2

vs.

Cell a: 0 Cell b: 0

Cell c: 0 Cell d: 0

Reported sensitivity: Revised sensitivity:

Reported specificity: Revised specificity:

Reported PPV: Revised PPV:

Reported NPV: Revised NPV:

Comparison 3 Other

Comparison 3

vs.

Cell a: 0 Cell b: 0

Cell c: 0 Cell d: 0



Adolfsson L, Lysholm J. Arthroscopy for the diagnosis
of shoulder pain. Int Orthop 1991;15:275–8.
Reason for exclusion: wrong index test – arthroscopy.

Ahovuo J, Paavolainen P, Slatis P. Diagnostic value of
sonography in lesions of the biceps tendon. Clin
Orthop 1986;184–8.
Reason for exclusion: study type – not accuracy.

Allmann KH, Schafer O, Hauer M, Winterer J,
Laubenberger J, Reichelt A, et al. Indirect MR
arthrography of the unexercised glenohumeral joint
in patients with rotator cuff tears. Invest Radiol
1999;34:435–40.
Reason for exclusion: wrong population – RCTs

Beltran J, Gray LA, Bools JC, Zuelzer W, Weis LD,
Unverferth LJ. Rotator cuff lesions of the shoulder:
evaluation by direct sagittal CT arthrography.
Radiology 1986;160:161–5.
Reason for exclusion: ineligible index test – CT.

Ben Yishay AF, Zuckerman JD, Gallagher MF, Cuomo F,
Speer KP, Hannafin JA, et al. Pain inhibition of
shoulder strength in patients with impingement
syndrome. An evaluation of the shoulder relocation
test. Orthopedics 1994;17:685.
Reason for exclusion: no reference test.

Bencardino JT, Beltran J, Rosenberg ZS, Rokito A,
Schmahmann S, Mota J, et al. Superior labrum
anterior–posterior lesions: diagnosis with MR
arthrography of the shoulder. Radiology 2000;
214:267–71.
Reason for exclusion: wrong population – labral lesions.

Bennett WF. Specificity of the Speed’s test: arthroscopic
technique for evaluating the biceps tendon at the
level of the bicipital groove. Arthroscopy 1998;
14:789–96.
Reason for exclusion: wrong population – labral tears.

Berg EE, Ciullo JV. A clinical test for superior glenoid
labral or ‘SLAP’ lesions. Clin J Sport Med 1998;
8:121–3.
Reason for exclusion: wrong population – labral lesions.

Bjorksten MG, Boquist B, Talback M, Edling C. The
validity of reported musculoskeletal problems. A study
of questionnaire answers in relation to diagnosed
disorders and perception of pain. Appl Ergon 1999;
30:325–30.
Reason for exclusion: not investigating accuracy.

Blanchard TK, Constant CR, Bearcroft PW, Marshall TJ,
Dixon AK. Imaging of the rotator cuff: an
arthrographic pitfall. Eur Radiol 1998;8:817–19.
Reason for exclusion: case study.

Bretzke CA, Crass JR, Craig EV, Feinberg SB.
Ultrasonography of the rotator cuff. Normal and
pathologic anatomy. Invest Radiol 1985;20:311–15.
Reason for exclusion: reference test – limited to index
test positives.

Bruyn GA, Rijnks J, den Hollander H, Griep EN,
Leeuwarden J. Comparison of sonography and
arthroscopy in patients with shoulder complaints.
Arthritis Rheum 1999;42:S270.
Reason for exclusion: abstract only.

Buirski G. Magnetic resonance imaging in acute and
chronic rotator cuff tears. Skeletal Radiol 1990;
19:109–11.
Reason for exclusion: study type – not accuracy.

Burk DL, Karasick D, Mitchell DG, Rifkin MD. MR
imaging of the shoulder: correlation with plain
radiography. Am J Roentgenol 1990;154:549–53.
Reason for exclusion: study type – not accuracy.

Callaghan JJ, McNiesh LM, DeHaven JP, Savory CG,
Polly DW. A prospective comparison study of double
contrast computed tomography (CT) arthrography
and arthroscopy of the shoulder. Am J Sports Med
1988;16:13–20.
Reason for exclusion: ineligible index test – CTA.

Cartland JP, Crues JV, Stauffer A, Nottage W, Ryu RK.
MR imaging in the evaluation of SLAP injuries of the
shoulder: findings in 10 patients. Am J Roentgenol
1992;159:787–92.
Reason for exclusion: wrong population – labral
lesions.

Chan KM, Hsu SYC. Diagnostic arthroscopy of the
shoulder – a prospective review of 115 cases with
clinical and arthroscopic correlation. J West Pac Orthop
Assoc 1991;28:39–47.
Reason for exclusion: reference test – limited to index
test positives.

Chan WP, Jaw W, Mao C. Frozen shoulder – comparison
of shoulder arthrography and MR- imaging for
assessment of coexisting clinically occult rotator cuff
tears. Radiology 1995;197:227.
Reason for exclusion: wrong population – adhesive
capsulitis.

Chandnani VP, Yeager TD, DeBerardino T, 
Christensen K, Gagliardi JA, Heitz DR, et al. Glenoid
labral tears: prospective evaluation with MRI imaging,
MR arthrography, and CT arthrography. Am J
Roentgenol 1993;161:1229–35.
Reason for exclusion: wrong population – labral 
tears.
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Chandnani VP, Gagliardi JA, Murnane TG, Bradley YC,
DeBerardino TA, Spaeth J, et al. Glenohumeral
ligaments and shoulder capsular mechanism:
evaluation with MR arthrography. Radiology 1995;
196:27–32.
Reason for exclusion: wrong population – shoulder
instability.

Chen JD, Jim YF, Chang CY. MR imaging of rotator cuff
impingement: correlation with full-thickness rotator
cuff tear. Chung Hua I Hsueh Tsa Chih (Taipei) 1996;
58:198–204.
Reason for exclusion: study type – not accuracy.

Cook KF, Gartsman GM, Roddey TS, Olson SL. The
measurement level and trait-specific reliability of 4
scales of shoulder functioning: An empiric
investigation. Arch Phys Med Rehabil 2001;
82:1558–65.
Reason for exclusion: study type – not accuracy.

Cvitanic O, Tirman PF, Feller JF, Bost FW, Minter J,
Carroll KW. Using abduction and external rotation of
the shoulder to increase the sensitivity of MR
arthrography in revealing tears of the anterior
glenoid labrum. Am J Roentgenol 1997;169:837–44.
Reason for exclusion: wrong population – labral 
tears.

D’Alessandro DF, Fleischli JE, Connor PM. Superior
labral lesions: diagnosis and management. J Athletic
Training 2000;35:286–92.
Reason for exclusion: not primary study; wrong
population – labral tears.

de Winter AF, Jans MP, Scholten RJ, Deville W, van
Schaardenburg D, Bouter LM. Diagnostic
classification of shoulder disorders: interobserver
agreement and determinants of disagreement. Ann
Rheum Dis 1999;58:272–7.
Reason for exclusion: not diagnostic accuracy.

Emig EW, Schweitzer ME, Karasick D, Lubowitz J.
Adhesive capsulitis of the shoulder: MR diagnosis. Am
J Roentgenol 1995;164:1457–9.
Reason for exclusion: wrong population – adhesive
capsulitis.

Farin P, Jaroma H. Sonographic detection of tears of the
anterior portion of the rotator cuff (subscapularis
tendon tears). J Ultrasound Med 1996;15:221–5.
Reason for exclusion: no specificity data.

Farin PU, Kaukanen E, Jaroma H, Vaatainen U,
Miettinen H, Soimakallio S. Site and size of rotator-
cuff tear. Findings at ultrasound, double-contrast
arthrography, and computed tomography
arthrography with surgical correlation. Invest Radiol
1996;31:387–94.
Reason for exclusion: ineligible index test – CTA.

Farley TE, Neumann CH, Steinbach LS, Jahnke AJ,
Petersen SS. Full-thickness tears of the rotator cuff of
the shoulder: diagnosis with MR imaging. Am J
Roentgenol 1992;158:347–51.
Reason for exclusion: insufficient data.

Fermand M, Blanchard JP, Vergeron H, Goldberg D.
Rotator cuff imaging using bursography coupled to
helical computed arthrotomography. Rev Rhum Engl
Ed 1999;66:131–5.
Reason for exclusion: reference test – CTA.

Fermand M, Hassen CS, Ariche L, Samuel P , Postel JM,
Blanchard JP, et al. Ultrasound investigation of the
rotator cuff after computed arthrotomography
coupled to bursography. Joint Bone Spine 2000;
67:310–4.
Reason for exclusion: wrong reference test – CTA.

Finkel LI, Berg DJ, Davis JL. Double-contrast computed
tomography of the shoulder. J Am Osteopath Assoc
1989;89:1017–20.
Reason for exclusion: ineligible index test – CTA.

Flannigan B, Kursunoglu-Brahme S, Snyder S, Karzel R,
Del Pizzo W, Resnick D. MR arthrography of the
shoulder: comparison with conventional MR imaging.
Am J Roentgenol 1990;155:829–32.
Reason for exclusion: insufficient data.

Guckel C, Nidecker A. MR arthrographic findings in
tenosynovitis of the long bicipital tendon of the
shoulder. Skeletal Radiol 1998;27:7–12.
Reason for exclusion: reference test – limited to index
test positives.

Gusmer PB, Potter HG, Schatz JA, Wickiewicz TL,
Altchek DW, O’Brien SJ, et al. Labral injuries:
accuracy of detection with unenhanced MR imaging
of the shoulder. Radiology 1996;200:519–24.
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Study details Eligibility criteria Details of clinical examination Reference test and test interpretation

Calis, 200030

Physical med. and
rehab. clinic
Turkey (years not
reported)
Prosp1
Consecutive
Popl: 120 patients/
index: 125 shoulders/
ref. test: 125 shoulders

Mean age: 51.6 
(SD 13.9)

Sex: 40% male

Outcomes: ISa

Prevalence: 70%

Patients aged 18–70 referred
from rheumatology,
orthopaedics or who ‘applied’
directly.

Excluded if: inflammatory or
systemic disease; acute
traumatic conditions;
postoperative conditions; or
neck or elbow disorders

a Also determined the
accuracy of clin. exam. at
distinguishing stages 1, 2 and 3
SIS compared with MRI (see
Appendix 9 for MRI)

Tests evaluated individually and in combination
Neer’s test: scapular rotation is prevented and arm forced to
elevation at an angle between flexion and abduction
Hawkins test: arm is flexed to 90° then forced into internal rotation
Horizontal adduction test: arm is forced to adduction towards the
shoulder while the elbow is flexed
Painful arc test: pain occurs between the angle of 60 and 90° of
abduction
Drop arm test: patient abducts shoulder to 90° then lets arm down
slowly
Yergason test: elbow flexed to 90° and the forearm pronated. With
the wrist held, the patient has actively to supinate against resistance
Speed test: elbow extended and forearm supinated, forward
elevation of the humerus to 60° resisted 

Ref. test: Subacromial injection. Details provided

Test interval: Not reported

Further investigations: Patients firstly had plain X-ray
and MRI scanning (MRI reported in Birtane paper88)

Diagnostic criteria: Reported

Test interpreters: 2 physicians with 4–8 years of
experience in shoulder management

Ref. test interpretation: Not reported – states
‘experienced hands’

Hertel, 199631

Orthopaedics
Switzerland (1992–3)
Prosp2
Consecutive
Popl: 100 patients/
index: 100 shoulders/
ref. test: 100 
shoulders

Median age: 51 (16–79)
Sex: 74% male

Outcomes: Any tear
Prevalence: 72%; 55%b

b Results reported
separately for those
with supraspinatus and
subscapularis defects

Patients with unilateral
subacromial impingement
syndrome stages 1–3 who
underwent open
surgery/arthroscopy

Excluded if: any impairment of
passive range of glenohumeral
motion

Tests evaluated individually (first 3 for supraspinatus, last 2 for
subscapularis)
External rotation lag sign: for supraspinatus and infraspinatus. Ability
to maintain external rotation in elevation with elbow supported
(elbow flexed to 90°, shoulder at 20° elevation and near max.
external rotation)
Drop sign: detects infraspinatus. Ability to maintain external rotation
with arm at 90° elevation, almost full external rotation and elbow
flexed to 90°
Internal rotation lag sign: detects subscapularis. Ability to maintain
almost max. internal rotation, elbow flexed to 90°, shoulder in 20°
elevation and 20° extension, dorsum of hand lifted from lumbar
region until almost full internal rotation
Jobe sign: Patient seated with back to the physician who holds the
arm at 90° elevation and at almost full internal rotation with the
elbow flexed at 90°. Patient asked to actively maintain position as the
physician releases the wrist while supporting the elbow
Lift-off signs: tests subscapularis. No details

Ref test: Open surgery/arthroscopy. No details
provided.

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Reported. Patients divided into 2
overlapping groups on basis of operative diagnosis:
those with supraspinatus and infraspinatus disease
(87) and those with subscapularis disease (53). Results
not reported for all 100 patients together

Test interpreters: Not reported

Ref. test interpretation: Not reported
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Study details Eligibility criteria Details of clinical examination Reference test and test interpretation

Itoi, 199932

Orthopaedic institute
Japan (1996–7)
Prosp1 (implied from
text)
Consecutive
Popl: 136/index: 143
shoulders/ref. test: 143
shoulders

Mean age: 43 (13 to 80)
Sex: 77% male

Outcomes: FT tear
Prevalence: 24%

Patients with various shoulder
symptoms

Of 35 patients found to have
FT RCTs: 
19 supraspinatus only
11 supraspinatus and
infrapinatus
5 supraspinatus, infrapinatus,
and subscapularis

Tests evaluated individually 
Full can test: arm in 90° elevation in the scapular plane (scaption)
and 45° external rotation (Kelly, 1986)
Empty can test (Jobe test or supraspinatus test): arm in 90° elevation
in the scapular plane and in full internal rotation (Jobe, 1982)

Ref. test: MRI. Details provided.

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Both tests positive when either 
(1) the examination induced pain, (2) the muscle
strength was 4 or less (criteria provided) or (3) there
was pain or muscle weakness or both 

Test interpreters: Not reported

Ref. test interpretation: Not reported

Litaker, 200033

Orthopaedic practice
USA (1990–4)
Retrosp
Consecutive
Popl: 501 patients/
index: 448 shoulders/
ref. test: 448 shoulders

Mean age: 57.4 
(SD 12.6)

Sex: 63% male

Outcomes: Any tear
Prevalence: 67%

Patients with suspected RCT
who underwent arthrography

Excluded if: indication for
arthrography was adhesive
capsulitis; recent fracture of
affected joint; recent operative
procedure of affected joint;
radiographic evidence of
osteoarthritis of glenohumeral
joint

Complete data available for
448/501. Those with
incomplete data reported not
to differ significantly in terms
of demographic characteristics,
historical or physical
examination features

Tests evaluated individually plus expert diagnosis

Passive elevation of shoulder: shoulder elevated to maximum
distance with patient supine
Passive external rotation: patient supine, elbow flexed to 90° and
placed against side. Examiner rotates the humerus away from body
Arc of pain test: passive elevation to 180°, arm actively descends in
the abduction plane
Impingement sign: patient supine, passive elevation to full, hand
supinated and arm adducted against the ear then internally rotated
Atrophy: both posterior shoulders are observed (supraspinatus and
infraspinatus reported separately)
Weakness: compared with contralateral arm
Weakness with external rotation: arms extended at shoulder level
and orientated 45° to the front with thumbs pointing down
Weakness with external rotation: elbows flexed to 90° with thumbs
up, shoulders rotated internally 20°. Examiner’s hands outside
patient’s and patient directed to resist inward pressure
Night pain
Clinical expert’s diagnosis: diagnostic impression of study physician.
History of trauma

Ref. test: Double-contrast arthrography. No further
details provided

Test interval: Not described

Further investigations: Not described

Diagnostic criteria: Reported. Test results classified
retrospectively on review of orthopaedist’s dictated
note

Test interpreters: Single orthopaedic surgeon
specialising in diagnosis and treatment of shoulder
problems 

Ref. test interpretation: As above
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Study details Eligibility criteria Details of clinical examination Reference test and test interpretation

Lyons, 199234

Specialist shoulder
clinic
UK (1989–91)
Retrosp
Not reported
Popl: 45c patients/
index: 42 shoulders/
ref. test: 42 shoulders

Mean age: Not
reported

Sex: 60% male

Outcomes: Any tear
Prevalence: 81%

Patients all referred to a
specialist shoulder unit and
operated on for suspected
RCT

c 2 case notes lost; 1 had no
estimate of size of RCT

Tests evaluated in combination only
Supraspinatus strength test: subjective estimate of force of
resisted abduction at the wrist with elbow straight and arm in
20° abduction 
Infraspinatus strength test: estimating the resisted strength of
external rotation at the wrist with elbow at 90°
Rent test: RC palpated by the examiner from behind, with
arm in internal and external rotation and then hyperextended

Ref. test: Surgery. No details provided

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Not described

Test interpreters: Not reported

Ref. test interpretation: Not reported

MacDonald, 200035 d

Not reported 
Canada (years not
reported)
Prosp2
Consecutive
Popl: 85 patients/
index: 85 shoulders/
ref. test: 85 shoulders

Mean age: 40 
(16–72)

Sex: 73% male

Outcomes: IS; bursitis;
any tear

Prevalence: 53; 28;
28%

Patients undergoing shoulder
arthroscopy

d Paper states data were
prospectively entered on to 
a database, but were then
compared retrospectively 

Tests evaluated alone and in combination:
Neer test: shoulder elevated to max. degree of internal
rotation while stabilising scapula (Neer, 1983111)
Hawkins test: forward passive flexion to 90° and max. internal
rotation (Hawkins, 1980)118

Ref. test: Arthroscopy. No details provided

Test interval: Not reported

Test interpreters: Single operating surgeon

Ref. test interpretation: Same operating surgeon

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Not reported. 

Test interpreters: Single operating surgeon

Ref. test interpretation: Same operating surgeon
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Study details Eligibility criteria Details of clinical examination Reference test and test interpretation

Read, 199836

Radiology/orthopaedics
Australia (1993–4)
Cannot tell design 
recruitment not
reported
Popl: 42 patients/
index: 42 shoulders/
ref. test: 42 shoulders

Mean age: 44 (19–70)
Sex: Not reported

Outcomes: IS
Prevalence: 81%

Patients undergoing shoulder
surgery for suspected RC or
long biceps tendon disease

Either acute/chronic pain 
All had failed trial of
conservative therapy or had
acute injury

No patients excluded on basis
of age or technical difficulty

Tests evaluated in combination only
Based on site of pain, limitation of functional activities and
night ache. Physical examination included assessment of:
positive impingement sign, greater tuberosity tenderness with
or without subacromial crepitus and RC weakness.

Patients also underwent ultrasound (US) (see Appendix 6).
Although surgeon not blinded to US findings, surgery always
undertaken on the basis of clinical data alone. NB: US findings
would have helped in diagnosis and planning of treatment

Ref. test: Arthroscopy/surgery – open surgery if full tear
suspected; arthroscopic for other cases. No further details
provided

Test interval: From US to surgery: mean 8.8 weeks, range 
1 day to 11 months

Further investigations: Not reported

Diagnostic criteria: Not reported

Test interpreters: Clin. exam. by single orthopaedic surgeon.
US by single radiologist

Ref. test interpretation: One surgeon

Wnorowski, 199737

Orthopaedic centre
USA (1990–4)
Retrosp
Recruitment not
reported
Popl: ?e patients/
index: 39 shoulders/
ref. test: 39 shoulders

Median age: 30
(20–75)

Sex: Not reported

Outcomes: Any tear
Prevalence: 35%

Patients seen for a shoulder
problem (and who underwent
MRI)

The majority of cases were
relatively difficult, referrals
from other surgeons or
diagnostic dilemmas (the
primary diagnosis was unclear
after clin. exam.).

e 20% of those undergoing
arthroscopy during time
period underwent MRI and
were included
Only those who had not
already undergone MRI when
referred (n = 31) were
included in evaluation of clin.
exam.

Clinical examination: No details 

Patients also underwent MRI (see Appendix 9)

Ref. test: Arthroscopy and subacromial bursal evaluation of
the cuff. Where MRI indicated an FT tear but arthroscopy
no or partial tear, an arthroscopic arthrogram was
performed to confirm or negate an FT tear. It is not clear
whether the result of the latter contributed to the
establishment of the reference diagnosis

Test interval: Mean interval between MRI and ref. test 
2 months, median 12 weeks. Two patients had a delay of 
2 years, one of whom had an FT tear

Further investigations: Not reported

Diagnostic criteria: Not reported 

Test interpreters: 12f radiologists in the CCS plus
experienced musculoskeletal radiologist (ESS) and one
author. Not clear whose clinical diagnosis was used – paper
refers to ‘primary clinical working diagnoses’ but not clear if
these were the diagnoses accompanying the patient on
referral, or that of the ESS

f 4 examined first 31 patients, then 1 each for last 8 patients

Ref. test interpretation: One author
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Wolf, 200138

Medical Center
USA (1999–2000)
Retrosp
Consecutive
Popl: 109 patients/
index: 109 f shoulders/
ref. test: 109 shoulders

Mean age: 51.2 (29–86)
Sex: 61% male

Outcomes: FT tear
Prevalence: 42%
f 71 underwent MRI.
No details provided as
to what criteria were
used to decide whether
a patient needed an
MRI or not

Patients undergoing
arthroscopy for diagnoses
relating to shoulder pain and
weakness

Single test
Rent test: transdeltoid palpation performed anterior to the
anterior margin of the acromiom through the deltoid.
Forearm held with elbow flexed to allow rotational control in
order to manoeuvre the arm while the examiner’s other hand
is used for palpation (Codman, 1911119; McLaughlin, 1962120)

MRI
No details given (reported in Appendix 9). Results of the MRI
were evaluated independently of the clinical examination to
avoid bias

Ref. test: Arthroscopy. No details provided

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Described. Retrospective chart review
used to document clinical, surgical and MRI findings

Test interpreters: Single surgeon

Ref. test interpretation: As above

Zaslav, 200139

Advanced orthopaedic
centres
USA (years not
reported)
Prosp2
Consecutive
Popl: 115g patients/
index: 110 shoulders/
ref. test: 110 shoulders

Mean age: 44 (17–76)
Sex: 59% male

Pain duration:
10.9 months (range 2
months–4 years)

Outcomes: Non-outlet
IS

Prevalence: 24%
g 4 had negative
impingement sign; 1
had avascular necrosis

Patients with a positive Neer
overhead impingement sign
who underwent arthroscopic
shoulder surgery 

All patients had failed an
average of 16 weeks
conservative treatment (range
2–25 months). 2 subjects had
both had previous open RC
repairs

Single test
Internal rotation resistance strength test (IRRST): arm
positioned in 90° abduction in the coronal plane. Patient
maximally resists external rotation then internal rotation with
arm in 90° external rotation and 85° internal rotation. Test
aims to distinguish those whose impingement is due to
subacromial pathology (outlet impingement) from those in
whom it is due to intra-articular pathology or microinstability
with secondary impingement (non-outlet impingement) (new
test)

Ref. test: Arthroscopic surgery. No details provided

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Reported. NB: those with non-outlet
impingement considered test positive. Those with classical
outlet impingement were test negative 

Test interpreters: Before arthroscopy, standard shoulder
physical examination form was completed by one assistant,
either by direct physical examination or review of the
surgeons pre-op. evaluation

Ref. test interpretation: Surgeon

FT, full thickness; IS, impingement syndrome; PT partial thickness.
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Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Ahovuo, 198973

Radiology/orthopaedics
Finland (years not reported)
Cannot tell design 
Recruitment not reported
Popl: NR patients/
index: 88 shoulders/
ref. test: 88 shoulders

Mean age: 47.3 (20–84)
Sex: Not reported

Outcomes: FT
Prevalence: 32%

Patients with chronic pain and
dysfunction considered to be due
to lesions of the tendons of the
shoulder

Scanner: 7.5-MHz real-time linear-
array transducer
Technique: Static transverse and
longitudinal scans of the tendons
of the rotator cuff and biceps
tendon obtained with the US
technique as described by Mack 
et al., 198546

Both shoulders examined

Ref. test: Single-contrast arthrography. No further details

Test interval: Not reported; US always performed before arthrography

Further investigations: 15 patients underwent surgery because of shoulder pain
and dysfunction. Results were combined with the arthrographic results to give
reference standard result (all surgical results verified existing arthrographic
findings)

Diagnostic criteria: Criteria for diagnosis provided (Crass, 198480; Middleton,
1985121; Ahovuo, 1986) 

Test interpreters: Not reported 

Ref. test interpretation: Not reported

Arslan, 199950

Radiology
Turkey (years not reported)
Retrosp
Recruitment not reported
Popl: 350 patients/
index: 102 (105 shoulders)/
ref. test: 102 shoulders

Mean age: 46 (21–73)
Sex: 53% male 

Outcomes: Any 
Prevalence: 49%

Patients with physical examination
suggestive of RC injury

Excluded if prior shoulder surgery

Scanner: 7.5-MHz linear-array
transducer
Technique: Longitudinal and axial
scans performed. Standard
techniques for US of the SA/SD
bursa and biceps tendon were
used (Middleton, 198641; Farin,
199052; Mack, 198546; van
Holsbeeck78) 

Ref. test: Double-contrast arthrography. No further details

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Criteria reported (techniques used were referenced)

Test interpreters: Two staff radiologists with special training in shoulder
sonography. Sonographic findings reported using the department’s Shoulder
Sonogram Report Form. Sonographic reports and sonograms were
retrospectively interpreted

Ref. test interpretation: Not reported
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Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Brandt, 198970

Radiology/orthopaedics
US (1987–88)
Prosp3
Recruitment not reported
Popl: 98 patients/
index: 98a shoulders/
ref. test: 62 shoulders
arthrography; 38 surgeryb

b Various ref. tests used, only
those undergoing
arthrography included in
analyses

Mean age: a52 (range 20–73)
Sex: 78% male (of 58 in final

analysis)

Outcomes: Any
Prevalence: 48%

Patients with physical examination
suggestive of RC injury

Referred for arthrography and/or
shoulder sonography

Discussion states that population
largely consists of ‘problem
patients’

Scanner: 7.5-MHz transducer 
(5 pts) or 5-MHz linear-array
transducer 
Technique: Used technique
described by Mack, 1985.46

b 4 patients excluded from
analyses owing to technically
inadequate sonograms

Ref. test: Arthrography (62). 34 underwent arthrography alone, 28 had
arthrography later followed by surgery and further 10 had surgery alone
(results presented separately for subgroup undergoing surgery). No further
details. Note: 26 had no ref. test (excluded from analyses)

Test interval: 62 patients underwent both tests on same day (4 later excluded)

Further investigations: Not reported

Diagnostic criteria: Seven sonographic criteria as described by one or more
previous authors (Crass, 198480; Middleton, 1984122, 198548, 198641; Bretzke,
198549; Mack, 198546, 1988123; Crass, 1986124) were recorded and analysed
for the study. Authors then analysed each of 7 original criteria individually to
determine their diagnostic value. They found the presence of central
echogenic bands (Middleton, 198548, 198641) and echogenic foci within the
rotator cuff (Crass, 1986124; Bretzke, 198549) to be highly subjective and of
limited usefulness. Then compared accuracy for detection of RCT using all
seven criteria to using only five of the criteria

Test interpreters: Single experienced sonologist

Ref test interpretation: Experienced orthopaedic radiologist

Brenneke, 199251

Not reported
US (1987–90)
Cannot tell design
Consecutive
Popl: 120 patients/
index: 120 shoulders/
ref. test: 120 shoulders

Mean age: Not reported
Sex: Not reported

Outcomes: Any; FT; PT 
Prevalence: 54; 32; 23%

Patients undergoing pre-operative
US

Discussion reports that all patients
had significant shoulder
dysfunction unrelieved by
conservative means

Scanner: 5-MHz high resolution
linear-array section scanner 
Technique: Technique used
described by Mack, 1988.123

Indeterminate results appear to
have been excluded – states that
those with positive or negative
ultrasound included

Ref. test: Arthroscopy. No further details

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Criteria for diagnosis of complete or partial RCT were
provided (Mack, 1988123)

Test interpreters: Radiologist 

Ref. test interpretation: Not reported

continued
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Burk, 198971

Radiology/orthopaedics
USA (years not reported)
Prosp1
Recruitment not reported
Popl: 41 patients/
index: 38 shoulders MRI/
ref. test: 23 shoulders US/38

3 excluded owing to
claustrophobia

Mean age: Not reported
Sex: Not reported

Outcomes: Any
Prevalence: 39%

Patients referred for evaluation of
possible RCTs

Evaluated MRI and ultrasound
(see Appendix 9 for MRI details)

Scanner: 5-MHz real-time phased-
array linear scanner
Technique: Images obtained in
longitudinal and transverse planes.
Technique used by Mack, 198546

Ref. test: Arthrography. Details provided

Test interval: Sequentially and same day

Further investigations: 16 also underwent surgery. Subgroup of surgical results
presented separately. Not clear if surgical results also contributed to
estimation of accuracy when arthrographic results used as ref. test

Diagnostic criteria: Criteria reported. Assume based on Mack, 198546, but also
reference Crass, 1988 to justify not including focal areas of hyperechogenicity
as indicative of RCT125

Test interpreters: Two sonographers with combined experience in shoulder
sonography of 94 patients before beginning this study

Ref. test interpretation: Arthrography by experienced musculoskeletal
radiologist who was not involved in the interpretation of the MR images

Chiou, 199976

Radiology/orthopaedics
Taiwan (years not reported)
Cannot tell design
Recruitment not reported
Popl: 200 patients/
index: 200 shoulders/
ref. test: 55 shoulders

Mean age: Not reported
Sex: Not reported

Outcomes: Any
Prevalence: 73%

Patients with shoulder pain Scanner: 7- or 10-MHz linear
probe
Technique: Not described

This was a preliminary study
reporting experiences with high
resolution US in a number of
applications including shoulders,
which may explain limited details

Ref. test: Arthrography and/or surgery. No further details

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Criteria for full/partial tears given (Chiou, 1996126; van
Holsbeeck, 199578). 

Test interpreters: Not reported 

Ref. test interpretation: Not reported
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Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Crass, 198840

Radiology/orthopaedics
USA (years not reported)
Retrosp
Other
Popl: 500 patients/
index: 500 shoulders/
ref. test: 124c shoulders

Mean age: Not reported
Sex: Not reported

Outcomes: Any
Prevalence: 54%

Patients referred for ultrasound of
RC

100 were referred from
practitioners in the community,
but comprehensive follow-up
available on only a few of this
group

Scanner: 10-MHz high-resolution
real-time equipment 
Technique: Positioned with arms in
front of the chest and shoulders
shrugged and also in a
hyperextended internal rotation
with the arm placed behind the
back. Technique described in
Crass, 1987127

c Indeterminate US results
excluded (16). Authors included
only 108 patients in results, but
reported arthrography results in
124 – have therefore estimated
accuracy including 16
indeterminates as either test
positive or test negative

Ref. test: Surgery (124). No further details. 165 also underwent arthrography
but results for US vs arthrography are not reported

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Criteria for diagnosis previously reported (Crass, 198480,
1985; Bretzke, 198549)

Test interpreters: ‘Physician examiner’ not described further

Ref. test interpretation: Not reported

De Muynck, 199457

Physical
medicine/orthopaedics
Belgium (years not reported)
Cannot tell design
Recruitment not reported
Popl: NR patients/
index: 50 shoulders/
ref. test: 50 shoulders

Mean age: 52.9 (26–77)
Sex: 66% male 

Outcomes: Any
Prevalence: 71%

Patients with a clinically diagnosed
presumptive RC rupture

Scanner: 7.5-MHz linear array
transducer
Technique: Followed a
standardised protocol based on
literature data (Mack, 198546;
Crass, 1987127; Bretzke, 198549)

Ref. test: Arthrography (38)/arthroscopy (5)/arthrotomy (9). No further
details. Results presented separately per ref. test but cannot be combined as
two patients seem to have undergone more than one ref. test (results add up
to 52)

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Criteria based on those described in the literature
(Katthagen, 1988128; Crass, 1988129): focal thinning or sonographic absence of
tendons. Based on changes in shape rather than irregularities in echogenicity
as used by Middleton, 1986130 and Mack, 1988131

Test interpreters: Not reported 

Ref. test interpretation: Not reported
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Drakeford, 199068

Orthopaedics/radiology
US (1986–7)
Prosp2
Recruitment not reported
Popl: NR patients/
index: 50 shoulders/
ref. test: 50 shoulders

Mean age: 51 (24–69)
Sex: 69% male 
Pain duration: mean 5 months

(range 3–9
months)

Outcomes: Any
Prevalence: 24%

Patients with signs and symptoms
consistent with a chronic
impingement syndrome non-
responsive to conservative
treatment

None had had previous shoulder
surgery

Scanner: 7.5-MHz transducer
Technique: Four transverse and 2
longitudinal static views followed
by real-time scanning of the RC.
Technique used not referenced

Ref. test: Arthrography. Standard double-contrast arthrography. No further
details

Test interval: Not reported

Further investigations: Some patients had lidocaine injection test

Diagnostic criteria: ‘Standard’ interpretations of RC sonograms were used
(Bretzke, 198549; Crass, 1986124; Gristina, 1987132; Mack, 198546; Middelton,
1984122, 198548, 1986130). Looking for echogenicity

Test interpreters: A radiologist and an orthopaedic surgeon. Read real time and
static views together. Static images also interpreted separately by 2
experienced radiologists (results not presented). Final sonogram results were
based on two of the authors independently agreeing on 39/50 sonograms and
consulting with each other to agree on the additional 11

Ref. test interpretation: Performed by the radiologist and interpreted by all four
authors independently. Final arthrogram results were based on all 4 authors
independently agreeing on 46/50 and three of the four agreeing on the
remaining 4

Farin, 199052

Finland (1985–8)
Cannot tell design
Recruitment not reported
Popl: 381 patients/
index: 381d shoulders/
ref. test: 102 shoulders

Mean age: 45 (18–71)
Sex: d58% male

Outcomes: IS
Prevalence: 36%

Patients with shoulder
impingement syndrome

Scanner: 7.5-MHz real time linear
array scanner
Technique: Examination described
– did not differ from that used in
earlier studies (e.g. Crass,
1987127; Middleton, 198641; Mack,
198546; Crass, 1985133) and
always included static and
dynamic portions

Ref test: Surgery. No further details

Test interval: Not stated

Further investigations: Not stated

Diagnostic criteria: Two specific criteria for the sonographic diagnosis of
impingement syndrome were developed: fluid collection in the subacromial
subdeltoid bursa and fluid in the bursal system that gradually distended the
bursa and pooled laterally to the subdeltoid portion while the arm was
elevated. Non-specific but suggestive findings were thickening or thinning of
RC and hypo- or hyperechogenicity of the RC without bursal fluid collection

Test interpreters: Single radiologist. Sonograms interpreted prospectively
though this does not necessarily mean study was prospective in design

Ref. test interpretation: Not stated
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Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Gratz, 199843

Germany (1996–97)
Prosp2
Recruitment not reported
Popl: NR patients/
index: 17 shoulders/
ref. test: 17 shoulders

Mean age: 50 (40–65)
Sex: 52% male

Outcomes: Any
Prevalence: 35%

Patients with clinically and
sonographically suspected RC
lesions

17 patients were examined 22
times, as 3 were suspected of
having re-rupture of the same
joint. Have only extracted results
for 17 (using first reported
reading for those who underwent
more than one examination)

Main aim was to evaluate
arthroscintigraphy but all patients
also underwent US and
arthrography
Scanner: Not reported
Technique: Not reported

Indeterminate results reported
and included in data extraction
first as positive then as negative 

Ref. test: Arthrography. Details provided

Test interval: Not reported

Further investigations: Patients underwent a variety of additional investigations:
arthroscintigraphy (17), MRI (4), arthroscopy (8) and bone scans

Diagnostic criteria: Criteria described (no reference given). For incomplete RC
tear: local thinning of the rotator cuff, visualised as an area with only poor US
echo. For complete RC tear: areas with no US echos at all. 

Test interpreters: Not stated

Ref. test interpretation: Not stated

Hodler, 198879

Switzerland (1986–87)
Retrosp
Consecutive
Popl: 180 patients/
index: 180 shoulders/
ref. test: 50e shoulders 
(51 shoulders) surgery, 
39 arthrography

Mean age: e19–75 
Sex: e76% male

Outcomes: Any 
Prevalence: 69% of 51

e Reported characteristics are
for 50 patients.

Patients with clinical suspicion of
RC tears

Of the 130 who did not undergo
ref test, some were stated to be
awaiting surgery and the
remainder underwent
conservative therapy only due to
‘minor clinical symptoms’

Scanner: 5-MHz (12 pts) or 7.5-
MHz (38 patients) linear phased-
array transducer 
Technique: Static and dynamic
imaging were performed

Ref. test: Surgery in 51 cases, 39 of whom also underwent double-contrast
arthrography. No details provided. Arthrographic results were integrated into
report to referring physician

Test interval: Patients usually received surgery within 2 months of
ultrasonography

Further investigations: Mention of arthroscopy or electromyography and
tomography in addition to arthrography

Diagnostic criteria: Criteria used for original (i.e. prospective) US
interpretation not presented, but Bretzke, 198549 and Rapf, 1986134 were
referenced. Authors then went on to examine retrospectively the US studies
and compare them with the surgical results to determine criteria indicative of
FT and partial-thickness (PT) tears and these criteria are presented: FT tear if
outer border of RC was concave instead of convex, if outer border was
completely absent or if hyperechoic area in the RC; PT tear diagnosed if the
outer border of the RC was straight instead of convex. We have extracted
results for the original interpretation

Test interpreters: Three radiologists

Ref. test interpretation: Not reported

continued



Appendix 6

108

Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Hodler, 199159

US (years not reported)
Prosp2
Recruiment not reported
Popl: 23 patients (24
shoulders)/index: 24
shoulders/ref. test: 24
shoulders

Mean age: 57.8 (39–84)
Sex: 43% male

Outcomes: FT
Prevalence: 63%

Patients with chronic shoulder
pain and suspected RCT

Pathogenesis other than
degenerative disease (11 had
rheumatoid arthritis, 3 chronic
pain after trauma, 3 calcifying
tendinitis and 6 degenerative
changes)

Evaluated MRI and US (see
Appendix 9 for MRI details)

Scanner: 7.5-MHz phased-array
transducer
Technique: Supraspinatus and
infraspinatus tendon routinely
examined longitudinally and
transversely. With the exception
of the subscapularis, no dynamic
study was performed

Ref. test: Arthrography. Details provided

Test interval: Not reported

Further investigations: Not stated

Diagnostic criteria: Limited details of criteria provided (no reference but
compare results with Mack, 198546 and Middleton, 198641). Criteria for tear:
complete loss of the cuff substance or a focal thinning

Test interpreters: Single radiologist with special skill in sonography. Findings
documented on hard copies in a standardised manner

Ref. test interpretation: Not reported

Kurol, 199144

Radiology/orthopaedics
Sweden (1986–90)
Cannot tell design
Recruitment not reported
Popl: NR patients/
index: 58 shoulders/
ref. test: 58 shoulders

Mean age: 46 (24–67)
Sex: 46% male 

Outcomes: Any
Prevalence: 41%

Patients with chronic subacromial
pain selected for surgery

Scanner: 7.5-MHz linear array
transducer
Technique: Static and real-time
exams conducted. Used technique
of Middleton, 1984122 and Crass,
198480

Ref. test: Surgery. Partial anterior acromioplasty was performed according to
Neer, 1972

Test interval: Not stated

Further investigations: Conventional radiography and/or diagnostic subacromial
injection

Diagnostic criteria: Criteria described (no reference given). Ultrasonogram
considered pathologic if (1) there was focal or generalised change in
echogenicity, (2) thinning of the cuff, (3) no cuff substance. RCT diagnosed if
1, 2 or 1 and 2 present

Test interpreters: Not stated. Thus, arthrography was not done, and the US
findings were not considered by the surgeon prior to the decision to operate

Ref. test interpretation: Not stated
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Mack, 198847

Radiology/orthopaedics
US (1983–85)
Cannot tell design
Consecutive
Popl: 134 patients (139
shoulders)/index: 139
shoulders/ref. test: 139
shoulders (only 99 reported
here) 

Mean age: Not reported
Sex: Not reported

Outcomes: Any
Prevalence: 49%

Patients with histories and
physical examinations suggestive
of RCT

Excluded those with prior surgery

Scanner: 7.5-MHz mechanical
sector scanner (first 43
examinations); 5- or 7.5-MHz
linear array scanners (remainder)
Technique: As described by Mack,
1985.46 Patient seated on low
rotating stool. Both shoulders
imaged routinely. Images made
sequentially in seven reference
positions and recorded on
multiformat film. The dynamic
portion of the examination is
recorded on videotape

Ref. test: Arthrography. 99 underwent double contrast arthrography, 90 had
surgical exploration of cuff and 50 had both arthrography and surgical cuff
exploration

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: RCT diagnosed as the absence of the normal tendons on
static and dynamic images. Secondary findings often associated with RCT
included joint effusion, narrowing of the subacromial space, irregularity of the
humeral joint surface and concavity of the superior margin of the
supraspinatus tendon. Changes in tendon echogenicity and the relative
brightness of the tendons were recorded but not considered in the
interpretation. These changes in echo level unreliable indicator of cuff tears

Test interpreters: One of two staff radiologists experienced in US. Blinded to
results of arthrography

Ref. test interpretation: Experienced orthopaedic radiologist

Martin-Hervas, 200166

Orthopaedic unit (Univ.
hospital)
Spain (1998)
Prosp3
Consecutive
Popl: 140 patients
(shoulders)/index: 140 US
shoulders, 61f MRI/ref. test:
72g shoulders

Mean age: Not reported
Sex: f41% male 

g 11 unable to have MRI as
claustrophobia, metal
implants or pacemaker

Outcomes: Any; FT; PT 
Prevalence: 56; 43; 13%

Patients with shoulder pain and
limited movement fulfilling criteria
for orthopaedic surgery protocol
(n = 72). 

Only 61 undergoing both US and
MRI included in analyses

Evaluated MRI and ultrasound
(see Appendix 9 for MRI details)

Scanner: 7.5-MHz high-resolution
linear electronic transducer
Technique: Transverse, longitudinal
and posterior planes. Focus on
suprapinatus tendon

Ref. test: Arthroscopy (40)/surgery (10)/both (11). No details provided

Test interval: <6 months in all cases

Further investigations: Not reported

Diagnostic criteria: Individual criteria reported, but not clear how these
contributed to diagnosis. Frequency of individual signs appear to have been
classified retrospectively.
Signs diagnostic of FT tear: complete absence of the tendon (4.9%), focal
atrophy (32.8%), concave border (24.6%), liquid-filled hypoechoic bands
(1.6%) and/or lineal hyperechoic bands (3.3%) (Taboury, 1995; Thain, 1999;
van Holsbeeck, 1991). 
Signs ‘suggestive’ of tear included: heterogeneous tendon with hypoechoic
areas (>3 mm) that do not reach both sides of the tear (sign of an
intratendinous tear) (4.9%) and an irregular or indented border (a sign of a
partial tear) (19.7%)
Other findings visible in partial and full tears: effusions in the peribicipital
region (19.7%), the subacromial bursa (29.5%) or the joint (9.8%),
heterogeneous tendon (13.1%) or calcifications (27.9%)

Test interpreters: Two musculoskeletal radiologists

Ref. test interpretation: Not described
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Middleton, 198641,48

Radiology
US (1983–4)
Prosp3
Recruitment not reported
Popl: 106 patients/
index: 106 shoulders/
ref. test: 106h shoulders

Mean age: 47 (12–84)
Sex: 71% male 

Outcomes: Any
Prevalence: 34%

Patients referred for arthrography Scanner: 10-MHz high-resolution
scanner
Technique: Standardised to include
transverse scans of the bicipital
groove, the distal area of the
biceps tendon and the intra-
articular part of the biceps tendon
followed by longitudinal scans of
the long axis of the tendon. Using
the biceps tendon and groove as a
landmark, the supraspinatus
tendon was localised and scanned
in both the longitudinal and
transverse planes

h Indeterminate results excluded
from final analysis (n = 6)

Ref. test: Arthrography (standard double-contrast technique). Details
provided. Authors admit grading is relatively subjective

Test interval: US conducted immediately before arthrography

Further investigations: None reported

Diagnostic criteria: Scans scored as positive, negative or indeterminate. Once
results of arthrography were known, they seem to have identified sonographic
appearances suggestive of tear: focal thinning (11 patients all with RCT);
complete non-visualisation of cuff (10 all with RCT); focal discontinuity in
homogeneous echogenicity of cuff without thinning (10, 5 with RCT); central
echogenic band within region of RC (6, 5 with RCT)

Test interpreters: Two radiologists

Ref. test interpretation: Arthrogram report retrospectively reviewed by two
authors to standardise comparison of with US

Miller, 198972

Radiology
USA (1986–7)
Prosp1
Recruitment not reported
Popl: 57i patients/
index: 56 shoulders/
ref. test: 56 shoulders

Mean age: 55 (24–79) 
Sex: 54% male 

Outcomes: Any
Prevalence: 46%

Patients referred for ultrasound of
the shoulders because of clinical
suspicion of rotator cuff pathology

Scanner: 5-MHz real-time phased-
array linear scanner
Technique: used technique of Mack
et al., 198546

i 1 indeterminate result excluded.
Discussion further states that in
many cases ultrasound findings fell
into a ‘grey zone’

Ref. test: Double-contrast arthrography. No further details

Test interval: Arthrography performed within 1 h of sonography

Further investigations: 8 RCs were surgically repaired – surgical reports
available on 4

Diagnostic criteria: Described (not clearly referenced, but appear to have used
those of Mack, 1985)46

The presence of any one of three major criteria determined the presence of
an RCT: (1) total absence of the cuff, (2) sever distortion in the sonographic
architecture of the cuff, (3) marked thinning of the cuff

Test interpreters: Two sonologists (qualified with MDs) working in hospital
radiology departments

Ref. test interpretation: Same as for index test
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Misamore, 199158

Sports medicine centre 
USA (1988–9)
Prosp3
Consecutive
Popl: 138 patients/
index: 82 shoulders/
ref. test: 32 j shoulders

Mean age: All 35–65 
Sex: 81% male

Outcomes: Any; 
Prevalence: 84%

Patients over 35 years old with
symptoms and physical findings
consistent with chronic tendinitis
or degeneration or a tear of the
RC, including patients who had
signs indicating stage II or stage III
impingement

Pain duration at least 1 year

Acute injury, symptoms less than
1 year, previous shoulder surgery
or associated shoulder disorders
excluded

Scanner: Real-time US in two
planes – no details of field
strength
Technique: Not stated

j Only those with severe
symptoms proceeded on to
surgery (n = 32), another 50 had
arthrography but were not severe
enough for surgery, 26 had
symptoms not severe enough to
warrant arthrography or US and
30 more were excluded owing to
age <35 (excluded as many
younger patients have a non-
degenerative type of tendinitis)

Ref. test: Arthroscopy/open surgery. Either diagnostic arthroscopy (n = 2),
operative arthroscopy (n = 5) or open operation (open acromioplasty in 4,
repair RC in 21)

Test interval: Not reported

Further investigations: Double-contrast arthrography with radiographs before
and after exercise also evaluated against surgery. Clinical diagnosis of tendinitis
supported by relief of symptoms on impingement tests (subacromial injection
with local anaesthetic)

Diagnostic criteria: Criteria reported (no reference given). Considered to be
positive when an obvious defect localised to the tendon of the RC was seen
or, alternatively, when there was no echo of the RC. An abnormality of
echogenicity alone was not considered a sufficient criterion for a diagnosis of a
tear

Test interpreters: Two radiologists skilled in both US and arthrography. Both
tests performed and interpreted by different radiologists neither of whom
knew the findings of the other test. Also a retrospective review of the studies
by two authors and the radiologists but no changes made in initial diagnosis

Ref. test interpretation: One author

Naredo, 199960

Spain (years not reported)
Prosp1
Consecutive
Popl: 34 patients/index: 34
shoulders (36 shoulders)/
ref. test: 36 shoulders

Mean age: 61 (36–75)
Sex: 3% male
Pain duration: Mean 7 months

(14 days to 36
months)

Outcomes: FT; PT; Ten
Prevalence: 50; 36; 39%

Patients referred to rheumatology
clinic with first flare of shoulder
pain

Excluded: previous trauma,
chronic inflammatory arthritis

Scanner: 7.5-MHz linear phased-
array transducer
Technique: Real-time transverse
and longitudinal scans taken.
Details given 

Ref. test: MRI, details provided

Test interval: <2 weeks

Further investigations: Minority of patients underwent surgery

Diagnostic criteria: 14 categories used, based on those used in literature (van
Holsbeeck, 1991,138 1992,139 199578; Middleton, 198641; Brtezke, 198549;
Mack, 198546). Criteria for each was detailed. Accuracy reported for 10
separate outcomes. Only suprapinatus tears reported here. 
FT tear: non-visualisation of tendon or fibre discontinuity from humeral head
to subacromial–sub-deltoid bursa or superior convexity instead of concavity 
PT tear: hyperechoic fibre discontinuity involving bursal or articular surface or
intrasubstance hyperechoic defect or focal tendon thinning
RC tendinitis: tendon hypoechogenicity or tendon thickening with or without
internal hyper- or hypoechoic foci

Test interpreters: Single rheumatologist experienced in US

Ref. test interpretation: One musculoskeletal radiologist
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Nelson, 199164

Radiology/orthopaedics
US (years not reported)
Prosp1
Recruitment not reported
Popl: 21 patients/index: MRI
21, ultrasound 19 shoulders/
ref. test: 21 shoulders

Mean age: 42 (18–70)
Sex: 76% male

Outcomes: FT; PT 
Prevalence: 37%; 57%k

k prevalences across all 21
patients

Patients with shoulder pain
resistant to non-operative
treatment

History of shoulder pain >3
months before first consultation

Evaluated MRI and US (see
Appendix 9 for MRI details)
Scanner: 5-MHz linear-array
transducer
Technique: Imaging sequence
obtained in longitudinal and
transverse planes. Real-time
interpretation

Also evaluated CTA

Ref. test: Arthroscopy (18)/open surgery (1)/both (2). No details provided 

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Criteria for diagnosis stated (no reference given) but not
clear how they differentiated between full and partial. Were looking for
presence of any thinning, irregularity, calcification, hyperechoic or hypoechoic
areas and collections of fluid 

k Indeterminate results not mentioned but may have been excluded as US
reported for only 19/21 patients

Test interpreters: Two radiologists ‘with the necessary expertise’. Complete set
of studies (MRI, US, CTA) for each patient was read by one radiologist whose
report influenced choice of treatment (ref. test). All of the studies were also
read by a second radiologist who was unaware of the results of the other
studies, type of clinical, management and operative findings. US images were
interpreted at the time of the study by a third radiologist. However, findings
of the first radiologist were used as the final reading for the purpose of the
study

Ref. test interpretation: Not reported

Olive, 199245

Radiology
USA (1987–8)
Prosp3
Consecutive
Popl: 89 patients/
index: 72 shoulders/
ref. test: 72 shoulders

Median age: 50 (18–86)
Sex: 56% male 

Outcomes: FT
Prevalence: 40%

Patients with shoulder pain due to
suspected RCTs

Scanner: 7.5-MHz, high-resolution
scanner
Technique: Standard protocol
developed based on literature
(Bretzke, 198549; Crass, 198480,
1988125; Collins, 1987135; Mack,
1985,46 198847; Middleton,
1984,122 1985,48 198641)

Ref. test: Arthrography. No details provided

Test interval: In 64 patients sonogram immediately before arthrography. In
remaining 8 arthrography performed first owing to scheduling problems; US
undertaken at least 4 days later, no further details

Further investigations: Not reported

Diagnostic criteria: Used criteria established by Middleton, 1985.48 Full tear:
discontinuity in echogenicity of cuff, central echogenic band replacing normal
homogeneous echogenicity, non-visualisation of RC. Incomplete tears or other
shoulder abnormalities not related to the RC were considered negative

Test interpreters: Designated staff radiologists; one of two interpreted each

Ref. test interpretation: Staff radiologists. Number not reported
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Paavolainen, 199461

Orthopaedics/radiology
Finland (1986–90)
Retrosp
Recruitment not reported
Popl: 428 patients/
index: 49 shoulders/
ref. test: 49 shoulders

Mean age: 38 (24–76)
Sex: 69% male
Other: 29% had pain onset

related to trauma

Outcomes: FT 
Prevalence: 55%

Patients undergoing US who had
shoulder pain or dysfunction
secondary to degenerative
changes and a PT or FT RCT. All
failed conservative therapy

Excluded: pain <6 months; non-
shoulder source of pain; arthritis
or instability of shoulder; previous
shoulder surgery

Scanner: 7.5-MHz linear-array
scanner
Technique: Scans according to
Mack, 1985.46 Technique
described

Note: May be some overlap with
Ahovuo, 1989.73 Both studies
conducted in same department
(but years not reported for
Ahovuo): 88 patients underwent
US and arthrography, 15 of whom
also underwent surgery – the
latter could have been included in
Paavolainen report

Ref. test: Open surgery: anterior acromioplasty, excision of any osseous
prominence and of subacromial bursa. RC and biceps tendon examined

Test interval: Not reported

Further investigations: All patients also underwent single-contrast arthrography. 

Diagnostic criteria: Criteria reported (Mack, 198546; Middleton, 198548). 
RCT: local thinning or absence of echo of RC. Abnormal echogenicity alone
(hyperechogenicity or hypoechogenicity) was not considered a sufficient
criterion for RCT (Ahovuo, 198973). Lesions of head of biceps also recorded

Test interpreters: Two radiologists. Reported not blinded: US and arthrograms
were initially conducted and interpreted independently (not clear if clinical
info. available) and were later jointly reviewed subsequent to the operative
procedure. Discussion states that no changes in the initial interpretations of
the tests occurred once the operative findings were known

Ref. test interpretation: No details

Pattee, 198869

Orthopaedics
USA (1985–7)
Cannot tell design
Recruitment not reported
Popl: NR patients/
index: 52 shoulders/
ref. test: 52 shoulders

Mean age: 47 (28–71)
Sex: 81% male 
Pain duration: Mean 24

months 
(3 months – 
9 years)

Outcomes: Any 
Prevalence: 67%

Patients with chronic shoulder
pain, signs of an impingement
lesion and clinical suspicion of a
RCT, who failed to respond to
conservative treatment for at least
3 months

Scanner: 7.5-MHz transducer
Technique: Longitudinal and
transverse images obtained

Ref. test: Arthroscopy: views of glenohumeral joint, posterior and superior
surface of RC

Test interval: Not stated

Further investigations: Single-contrast arthrography performed in 32 patients.
Note: only 11/22 tears noted arthroscopically were also detected
arthrographically (improves if PT tears are excluded) 

Diagnostic criteria: Criteria provided (Middleton, 198641; Bretzke, 198549;
Crass, 198480 in discussion). Classified as normal or tear. Tear present if areas
of increased echogenicity, focal thinning, area of discontinuity, or complete
non-visualisation of RC

Test interpreters: Single radiologist

Ref. test interpretation: Not reported
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Read, 199836

Radiology/orthopaedics
Australia (1993–4)
Cannot tell design
Consecutive
Popl: 42 patients/index: 42
shoulders/ref. test: 42
shoulders

Mean age: 44 (19–70)
Sex: Not reported

Outcomes: FT; PT; IS 
Prevalence: 24; 31; 81%

Patients with acute/chronic
shoulder pain who all had failed
trial of conservative therapy or
had acute injury and underwent
shoulder surgery for suspected
RC or long biceps tendon disease

Evaluated both ultrasound and
clinical examination (see Appendix
5 for clin. exam. details)

Scanner: 7.5-MHz linear array
Technique: Static images routinely
obtained according to methods
described by Mack, 1985,49

198847 and Middleton, 1985,48

1986,41 1992.136 Dynamic
component used to identify any
signs of impingement in the lateral
acromion, anterior acromion and
the coracoacromial ligament
(similarly to Farin, 1995137) 

No patient excluded on basis of
age or technical difficulty

Ref. test: Arthroscopy/open surgery (if full tear suspected). No details
provided

Test interval: US to surgery: mean 8.8 weeks; range 1 day to 11 months

Further investigations: Not reported

Diagnostic criteria: Criteria for diagnosis provided (criteria presumably taken
from Mack and Middleton). 

NB: RC tendinitis also diagnosed by ultrasound (in 15 cases) but accuracy
results not presented, partly because surgical correlation difficult but also
usually a significant delay between sonography and operation in these patients
(mean 14.7 weeks).

Test interpreters: Single radiologist 

Ref. test interpretation: One surgeon. Surgeon not blinded to US findings,
surgery always undertaken on the basis of clinical data alone. NB: US findings
would have helped in diagnosis and planning of treatment

Roberts, 200177

Orthopaedic surgery
USA (years not reported)
Prosp3
Recruitment not reported
Popl: NR shoulders/index: 24
shoulders/
ref. test: 24 shoulders

Mean age: 49 (37–75)
Sex: 67% male

Outcomes: Any; FT; PT
Prevalence: 71; 42; 29%

Patients scheduled for shoulder
arthroscopy

Scanner: 7.5-MHz transducer
Technique: Full details provided.
Scanned in transverse and
longitudinal planes

Ref. test: Arthroscopy: bursal and articular surfaces examined

Test interval: Not reported. States US performed ‘prior to arthroscopy’

Further investigations: 11 patients had previous diagnostic investigations (7 MRI
and 6 arthrograms). Additional procedures performed at time of arthroscopy
included subacromial decompression (n = 20) and mini-open RC repair 
(n = 7)

Diagnostic criteria: Standard criteria used (Middleton, 198548). FT tear:
discontinuity in normal homogenicity of RC or non-visualisation of RC. PT
tear: flattening of bursal surface of RC or hypoecholic area on longitudinal and
transverse planes of articular surface of RC

Test interpreters: Single orthopaedic surgeon with prior experience and
training in diagnostic musculoskeletal ultrasonography. US interpreted
prospectively and diagnosis recorded. Not masked to results of other
diagnostic investigations or clinical findings; may have been more inclined to
look for PT in those in whom they had already been diagnosed by other
methods

Ref. test interpretation: Not reported. Arthroscopist also aware of ultrasound
findings again leading to potential for looking longer for a tear in those with
positive US or overcalling areas of mild tendon fraying

continued



H
ealth Technology Assessm

ent2003; Vol. 7: N
o. 29

115

©
 Q

ueen’s Printer and C
ontroller of H

M
SO

 2003. A
ll rights reserved.

Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Shipley, 198565

Ultrasound department
Canada (years not reported)
Cannot tell design
Recruitment not reported
Popl: NR shoulders/
index: 12 shoulders/
ref. test: 12 shoulders

Mean age: 65
Sex: Not reported

Outcomes: Any 
Prevalence: 83%

Patients with suspected RCT
referred by orthopaedic surgeon
for arthrography

Scanner: With 5-MHz linear array
(initially used 10-MHz water path
transducer but not clear if any
results were obtained using this)
Technique: Scans performed in
transverse and longitudinal planes

Ref. test: Arthrography: no details

Test interval: US performed prior to arthrography

Further investigations: Not reported

Diagnostic criteria: Criteria reported (Middleton, 198548). Criteria for
detection of RCT: total absence of visualisation of the cuff; an area of
increased echogenicity within the cuff; presence of echogenic bands running
longitudinally through the cuff on the coronal scan

Test interpreters: Single interpreter, qualifications not reported. US
abnormality: determined retrospectively alongside arthrography. Authors
trying to determine the appropriate diagnostic criteria to use rather than
simply assessing the accuracy of the test

Ref. test interpretation: No details

Soble, 198975

Radiology dept
USA (1986–8)
Cannot tell design
Recruitment not reported
Popl: 86? shoulders/
index: 75 shoulders/
ref. test: 75 shoulders

Mean age: (17–85)
Sex: Not reported

Outcomes: Any
Prevalence: 35%

Patients with suspected RCT
referred by community
orthopaedists

Scanner: 7.5-MHz scanner or a 
5-MHz phased linear array
Technique: Used technique as
described in literature (Middleton,
1984,122 198641; Mack, 1985,46

198847; Crass, 1985,133 1986,124

1988125; Bretzke, 198549).
Scanned in transverse and
longitudinal planes. Routinely
image only supraspinatus and
infraspinatus tendons 

Ref. test: Arthrography: single contrast (n = 46) or double contrast (n = 29)
at discretion of surgeon. Technique used as previously described in literature
(ref. provided)

Test interval: US performed immediately before arthrography

Further investigations: Surgery also undertaken in 30 patients for RCT or other
soft tissue abnormality. Found 2 additional tears during surgery that were
missed by arthrography. One of these was detected at US and so should have
been a TP rather than an FN. Have extracted arthrography results only

Diagnostic criteria: Criteria given. Abnormal RC classified as consistent with
tear (if fulfilled major diagnostic criteria) or cannot exclude tear (if any other
abnormality found). Discussion states that the major diagnostic criteria used
conform to those of Crass,1988125 but are less restrictive than those of Mack,
1985,46 198847

Test interpreters: Radiologist. Familiarity with normal sonographic anatomy was
obtained by scanning asymptomatic people in the department 

Ref. test interpretation: Surgeon
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Sonnabend, 199753

Australia (1991–4)
Cannot tell design
Consecutive
Popl: 117 patients/
index: 117 shoulders/
ref. test: 117 l shoulders

Mean age: 49 (14–79)
Sex: 71% male 

Outcomes: Any; FT; PT
Prevalence: 63; 41; 22%

Patients with clinical diagnosis of
impingement but no cuff tear who
had failed 3 months of
conservative management and
underwent bilateral US followed
by surgery

l states that 117 patients were
included but can only find results
for 110 (in both papers)

Scanner: 7.5-MHz linear array
transducer
Technique: Longitudinal and
transverse scans using both static
and dynamic techniques. Images
interpreted in real time

Ref test: Arthroscopy/surgery. No details provided.

Test interval: Median time 3 months. Note that one of the missed tears was
very large and was confirmed at surgery 5 months after US – suggest the lag
time between ultrasound and surgery may be relevant

Further investigations: Not reported

Diagnostic criteria: Criteria used stated to be comparable to those previously
reported (Weiner, 199356; Vick, 199074; Hodler, 198879) 

Test interpreters: 2 experienced radiologists 

Ref. test interpretation: No details

Swen, 199862

Orthopaedics, rheumatology
and radiology
The Netherlands (1993–5)
Prosp2
Consecutive
Popl: 48 patients/
index: 48 shoulders/
ref. test: 48 shoulders

Mean age: 55 (30–76)
Sex: 58% male
Pain duration: Mean 2 years
(0.3–10 years)

Outcomes: FT 
Prevalence: 46%

Patients awaiting surgery for
based on clinical suspicion of RCT
(based on marked difficulty in
initiating abduction of the arm,
with weakness and limitation of
movement)

All had chronic (�3 months)
unilateral shoulder complaints
without underlying inflammatory
disease

Scanner: 7.5-MHz linear-array or
5.0-MHz curved array type
Technique: US performed while
patients were seated. Used
technique of van
Holsbeeck,1991138

Also evaluated arthrography

Ref. test: Surgery: arthroscopic decompression (11) or open decompression
(37) where only the bursal aspect of the cuff is inspected

Test interval: Not clear

Further investigations: All underwent double-contrast arthrograms within 
6 weeks before surgery (study also compared arthrography and arthroscopy
results)

Diagnostic criteria: Used criteria as established by Wiener, 199356 and van
Holsbeek, 1991.138 FT RCT defined as a discontinuity in the RC, extending
from the bursal to the humeral side of the rotator cuff

Test interpreters: Single rheumatologist with experience in the technique 

Ref. test interpretation: 3 surgeons
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Swen, 199963

Rheumatology
The Netherlands (years not
reported)
Prosp2
Consecutive
Popl: 21 patients/
index: 21 shoulders/
ref. test: 21 shoulders

Mean age: 54 (SD 12) 
Sex: 57% male 
Pain duration: Mean 2.3 years
(0.3–8 years)

Outcomes: FT
Prevalence: 62%

Patients awaiting surgery for
clinically suspected RCT based on
marked difficulty in abducting the
arm, weakness and limitation of
movement, even following
lidocaine injection

All had unilateral non-
inflammatory symptoms. In 4
patients shoulder complaints
could be attributed to trauma

Neurological origins of shoulder
weakness were excluded

Evaluated MRI and ultrasound
(see Appendix 9 for MRI details)

Scanner: 7.5-MHz linear array and
5.0-MHz curved array (latter used
for an overview of infraspinatus
tendon and joint capsule)
Technique: Method of van
Holsbeeck (1991) was used with
imaging in transverse and
longitudinal planes. Sonography
performed twice in 3 weeks

May be some overlap of patients
with Swen et al., 199862

Ref. test: Arthroscopy. Subacromial decompression performed in all cases. FT
RCTs repaired through a deltoid-splitting mini-incision

Test interval: Within 3 weeks

Further investigations: None reported

Diagnostic criteria: Van Holsbeeck’s criteria (1991138) for FT RCT were used:
discontinuity in the RC extending from the bursal to the humeral side of the
RC. All RC tendons were evaluated, but only changes in the supraspinatus
tendon were analysed in this study since RCTs almost always involve this
tendon because of the ‘critical zone’

Test interpreters: Experienced radiologist and rheumatologist both performed
US on all patients. Mean values of the 2 observers were used to estimate
sensitivity/specificity reported in study (rounding means 2 × 2 data are not
quite right), but results per reader also presented and extracted

Ref. test interpretation: 1 experienced shoulder surgeon

Takagishi, 199654

Orthopaedics/radiology
Japan (1987–94)
Cannot tell design
Recruitment not reported
Popl: over 200 patients/
index: 122 shoulders/
ref. test: 122 shoulders

Mean age: 51 (26–81)
Sex: 63% male 

Outcomes: Any; FT; PT 
Prevalence: 48; 31; 16%

Patients with signs and symptoms
suggesting RCT who ultimately
required surgery

Scanner: 7.5-MHz linear-array
transducer
Technique: Real-time imaging.
Used technique described by
Crass, 1987127 and Middleton,
1985121

Ref. test: Surgery: open anterior acromioplasty and repair of RC for almost all
patients with RCT. Where an arthroscopic procedure was performed, RC
observed through a small open incision

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Criteria for full or partial tears provided (not referenced
but assume similar to those of Crass127 and Middleton121). FT RCT:
discontinuity and thinning of RC. PT RCT: dominant echogenic foci,
hypoechogenic focus with an ecogenic focus and irregularity of outer surface
of RC

Test interpreters: One sonographer and one orthopaedic surgeon. Not clear
whether all images read by both or whether each image read by one 

Ref. test interpretation: No details
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Teefey, 200055

Radiology and orthopaedics
USA (1996–7)
Retrosp
Consecutive
Popl: 98 patients (100
shoulders)/index: 100
shoulders/ref. test: 100
shoulders

Mean age: 56 (14–82)
Sex: 45% male 
Pain duration: Generally 

>3 months

Outcomes: Any; FT; PT 
Prevalence: 80; 65; 15%

Patients with shoulder pain who
had undergone pre-operative US
followed by arthroscopy

General indications for surgery
and arthroscopy were: pain 
>6 months; no response to
conservative therapy; for FT RCT
indications were severe pain 
>3 months or recent loss of
shoulder elevation or recent
injury

Authors note that patients with
normal US and resolution of
symptoms did not undergo
arthroscopy and were not
included in the study

Scanner: 7.5–10-MHz variable
high-frequency linear-array, real-
time image
Technique: Followed a
standardised protocol

Ref. test: Arthroscopy: findings recorded in a standardised manner. No details
provided

Test interval: Mean 60 days; range 1–417 days

Further investigations: Where PT tear present or arthroscopic findings
discrepant from those at US, arthroscopic bursal imaging was undertaken.
Where an FT tear seen on US but not visualised at arthroscopy, an extensive
PT tear was present and a mini-open deltoid split was performed to allow
direct visualisation of the involved area of the RC and to verify arthroscopic
findings. All FT tears repaired during this process

Diagnostic criteria: Criteria for diagnosis provided (no reference given). 
FT RCT: non-visualisation of RC or when there was a focal defect in the RC
created by a separation of the torn tendon ends when deltoid compressed
against RC. PT RCT: minimal flattening of bursal side of RC or distinct
hyperechoic or mixed hyper- and hypoechoic defect in both longitudinal and
transverse plane at deep articular side of RC

Test interpreters: Two radiologists with extensive experience in ultrasound.
Although a retrospective study, the statistical analysis was based on the
original interpretation of the US rather than on retrospective review of 
images

Ref. test interpretation: Single orthopaedic surgeon. Arthroscopy unblinded 
but this was ‘advantageous’ to the patient as it allowed more focused
evaluation of RC
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van Holsbeeck, 199578

Orthopaedics/radiology
USA [years not reported (2
year period)]
Cannot tell design
Consecutive
Popl: 67 shoulders, 
52 patients/
index: 67 shoulders/
ref. test: 67 shoulders

Mean age: 52 (23–86)
Sex: 58% male 

Outcomes: Any; FT; PT; 
Prevalence: 73; 51; 22%

Patients with shoulder pain 
>3 months and findings of
impingement on clinical
examination

Scanner: 7.5-MHz linear array
Technique: Both longitudinal and
transverse images were obtained

Ref. test: Arthroscopy: glenohumeral and bursal. Patients considered for
arthroscopy on the basis of clinical examination only (i.e. US result did not
influence decision to undergo arthroscopy)

Test interval: Mean 6 months; range 2 weeks – 11 months

Further investigations: Not reported

Diagnostic criteria: Criteria for diagnosis of FT or PT were provided (no
reference). PT RCT: two orthogonal imaging planes showed mixed hyper- and
hypoechoic region or hypoechoic discontinuity in RC tendons. Lesions had to
involve tendon on bursal or articular surface. FT RCT: tears extending through
both articular and bursal surfaces. Focal thinning and loss of parallelism also
indicative of FT RCT

Test interpreters: One author (from Radiology Dept)

Ref. test interpretation: 3 physicians. Arthroscopic and ultrasound results
correlated using a videotape of the arthroscopic and hard copy US images. No
blinding, may have meant that physicians searched harder for partial tears
during arthroscopy in patients with positive ultrasound findings and not as
hard in those with negative ultrasound findings

Van Moppes, 199567

Radiology/orthopaedics
The Netherlands (1991–93)
Prosp3
Recruitment not reported
Popl: 250 patients/
index: 250 shoulders/
ref. test: 41m shoulders

Mean age: 20–75
Sex: 41% male

Outcomes: Any; FT; PT
Prevalence: 49; 12; 37%

Patients referred for shoulder US
with signs and symptoms
suggestive of RC impingement or
tear, biceps tendinitis, labrum and
capsular abnormalities or
nonspecific shoulder pain

m 81 underwent US and ref. test
but first 40 were used to learn the
technique and remaining 41
included in study

Scanner: 7.5-MHz linear
transducer
Technique: Used combination of
techniques as described by van
Holsbeek,1992 and Hedtmann,
1988. Included a dynamic
examination

Ref. test: Arthroscopy/surgery/arthrography. Conventional arthrography or
CTA (if no FT tear was present on conventional arthrography), surgery and/or
arthroscopy. No further details provided. Several patients underwent more
than one ref. test. 34 underwent some form of surgery, 1 received
conventional arthrography and 6 underwent CTA.

Test interval: Arthrography performed less than 1 week after US, surgical
procedures performed within 6 months of US

Further investigations: Not reported

Diagnostic criteria: Criteria used were provided (no reference). Normal: RC
homogeneous, echogenic arc from bursa, peribursal fat and deltoid. Non-
homogeneous: focal irregularity with hyper- and hypoechogenic foci <2 mm.
PT: hypoechoic zone within RC �3 mm, thinning of RC. FT: hyperechoic zone
through cuff or non-visualisation of RC. Not stated whether non-
homogeneous were regarded as normal or PT RCT

Test interpreters: Not reported. First 40 patients used to learn technique

Ref. test interpretation: Not reported
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Vick, 199074

Radiology
Italy (years not reported)
Cannot tell design
Consecutive
Popl: 115 patients/index: 115
shoulders/ref. test: 81
shoulders

Mean age: Not reported
Sex: Not reported

Outcomes: FT
Prevalence: 30%

Patients with clinically suspected
RCT who had US and
arthrography/surgery

Scanner: 5-MHz linear phased-
array transducer
Technique: Technique used was
based on a review of the
literature (Middleton, 1984,122

198548; Mack, 198546; Crass,
1987127) and experience gained
from scanning normal subjects 

Ref. test: Arthrography (79)/surgery (2). Details provided

Test interval: Same day for US and arthrography. Not reported for US and
surgery

Further investigations: Not reported

Diagnostic criteria: Criteria used to detect FT RCT described (Mack, 1985).
Required focal defect in RC or complete absence or non-visualisation of RC

Test interpreters: Single radiologist – experience relatively limited?

Ref. test interpretation: Radiologist, number not reported

Wallny, 200142

Orthopaedics
Germany (years not
reported)
Prosp2
Recruitment not reported
Popl: NR patients/
index: 40 shoulders/
ref. test: 40 shoulders

Mean age: 54 (38–79) 
Sex: 62% male

Outcomes: Any
Prevalence: 58%

Patients with shoulder pain with
histories and physical examination
suggestive of RC lesions admitted
for surgical exploration/or repair

Indications for surgery based on
results of clinical assessment and
MRI scan results.

Excluded if prior shoulder surgery
or previous fracture of humeral
head 

Compared 2D and 3D US

Scanner: 10-MHz transducer
Technique: standard 2D
(numerous details of technology).
The region of interest needed to
be defined by 2D US before 3D
could be undertaken 

Ref. test: Arthroscopy/surgery. Diagnostic and/or therapeutic arthroscopy (23),
open surgery (17). No details provided

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Criteria reported. Same for 2D and 3D US. (1) Marked
thinning, sudden changes of calibre and total absence of the cuff were defined
as formal ‘external’ criteria (Bachmann, 1997141). (2) Hyper- and/or
hypoechoic zones defined as ‘structural’ criteria (Bachmann, 1997141;
Hedtmann, 1995142; Pattee, 198869). A partial rupture defined as no more
than loss of 1/4 to 1/2 of FT intact RC (Fukuda, 1996).143

Test interpreters: Not reported. 2D US done immediately prior and by same
person as 3D scan so results not independent

Ref. test interpretation: Orthopaedic surgeon with long-standing experience of
shoulder surgery
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Wiener, 199356

Radiology/orthopaedics
USA (1985–92)
Cannot tell design
Recruitment not reported
Popl: 800 patients/
index: 225 shoulders/
ref. test: 225 shoulders

Mean age: 59 (21–81)
Sex: 47% male 

Outcomes: Any; FT; PT 
Prevalence: 70; 40; 30%

Patients with signs and symptoms
referable to impingement and
suspected RCTs who were
referred for US and ultimately
required surgical management

Sample biased in favour of those
with persistent signs and
symptoms or functional limitations
of the shoulder joint (surgical
proof lacking for 575)

Scanner: 7.5-MHz transducer with
additional 5-MHz linear array used
for large shoulders
Technique: Axial and sagittal
planes, arm in neutral and in
internal rotation. Technique fully
described (Crass, 1988144)

Ref. test: Surgery – arthroscopic or open according to sonographic
classification. Patients with intact normal or partial tears who did not respond
to medical management within a designated time underwent arthroscopic
decompression of the subacromial space (those who did respond were not
included in the study sample). For small full RCT arthroscopic decompression
plus limited splitting of deltoid. Large/massive tears had formal open surgical
exposure for examination and repair of the RC

Test interval: Not reported

Further investigations: Not stated

Diagnostic criteria: Criteria for classification provided (presumably used those
of Crass, 1988144). PT tear: focal hyperechoic zone within RC, small
hyperechoic disturbances of internal/external surfaces of cuff, or dominant
linear echogenic focus within cuff. FT tear: hyperechoic zone extending
through entire thickness of RC, or segmental or complete loss of RC
substance with visualisation of tear margins

Test interpreters: Not reported

Ref. test interpretation: No details. Not blinded – may not have looked too
hard for tears in these those with negative US
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Appendix 7

Ultrasound: sensitivity and specificity results
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Study Comparison Any tear Full tear Partial tear

Se Sp Se Sp Se Sp
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Ahovuo, 198973 – – 0.75 0.95 – –
(0.57 to 0.87) (0.86 to 0.98)

Arslan, 199950 T+: biceps effusion 0.35 0.74 – – – –
(0.24 to 0.49) (0.61 to 0.84)

T+: bursal fluid 0.8 0.94 – – – –
(0.3 to 0.19) (0.85 to 0.98)

T+: both present 0.12 0.91 – – – –
(0.6 to 0.23) (0.80 to 0.96)

T+: either presenta 0.55 0.59 – – – –
(0.41 to 0.68) (0.46 to 0.71)

Brandt, 198970 Prosp interpa 0.75 0.43 – – – –
(0.57 to 0.87) (0.27 to 0.61)

Retrosp interp 0.68 0.90 – – – –
(0.49 to 0.82) (0.74 to 0.97)

Brenneke, 199251 0.78 0.82 0.95 0.93 0.41 0.91
(0.67 to 0.87) (0.70 to 0.90) (0.83 to 0.99) (0.85 to 0.97) (0.25 to 0.59) (0.84 to 0.96)

Burk, 198971 0.60 0.57 – – – –
(0.36 to 0.80) (0.37 to 0.74)

Chiou, 199976 0.98 0.87 – – – –
(0.87 to 1.00) (0.62 to 0.96)

Crass, 198840 Ind excl 0.90 0.92 – – – –
(0.79 to 0.95) (0.81 to 0.97)

Ind T+ 0.91 0.79 – – – –
(0.82 to 0.96) (0.67 to 0.88)

Ind T– a 0.79 0.93 – – – –
(0.67 to 0.87) (0.84 to 0.97)

De Muynck 199457 0.81 0.82 – – – –
(0.63 to 0.92) (0.52 to 0.95)
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Study Comparison Any tear Full tear Partial tear

Se Sp Se Sp Se Sp
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Drakeford, 199068 0.92 0.95 – – – –
(0.65 to 0.99) (0.83 to 0.99)

Farin, 199052 S I–III 0.81 0.95 – – – –
(0.66 to 0.91) (0.87 to 0.98)

S I–IIa 0.71 0.96 – – – –
(0.50 to 0.86) (0.90 to 0.99)

Gratz, 199843 Ind T– a 0.83 0.91 – – – –
(0.44 to 0.97) (0.62 to 0.98)

Ind T+ 1.00 0.55 – – – –
(0.61 to 1.00) (0.28 to 0.79)

Ind T–/+ 1.00 0.73 – – – –
(0.61 to 1.00) (0.43 to 0.90)

Hodler, 198879 Surgerya 1.00 0.75 – – – –
(0.90 to 1.00) (0.51 to 0.90)

Arthrog 0.93 0.82 – – – –
(0.77 to 0.98) (0.52 to 0.95)

Hodler, 199159 – – 0.93 0.78
(0.70 to 0.99) (0.45 to 0.94)

Kurol, 199144 T+: echog 0.54 0.82 – – – –
(0.35 to 0.72) (0.66 to 0.92)

T+: thinning 0.42 0.88 – – – –
(0.24 to 0.61) (0.73 to 0.95)

T+: eithera 0.67 0.74 – – – –
(0.47 to 0.82) (0.57 to 0.85)

Mack, 198847 0.88 0.96 – – – –
(0.76 to 0.94) (0.87 to 0.99)

Martin–Hervas, 200166 0.71 0.67 0.58 1.00 0.13 0.68
(0.54 to 0.83) (0.48 to 0.81) (0.39 to 0.74) (0.90 to 1.00) (0.2 to 0.47) (0.55 to 0.79)

continued



Appendix 7

126

Study Comparison Any tear Full tear Partial tear

Se Sp Se Sp Se Sp
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Middleton, 198641 Ind excl 0.91 0.91 – – – –
(0.77 to 0.97) (0.82 to 0.96)

Ind T+ 0.92 0.86 – – – –
(0.78 to 0.97) (0.76 to 0.92)

Ind T– a 0.86 0.92 – – – –
(0.71 to 0.94) (0.84 to 0.96)

Miller, 198972 0.58 0.93 – – – –
(0.39 to 0.74) (0.79 to 0.98)

Misamore, 199158 0.33 0.60 – – – –
(0.19 to 0.52) (0.23 to 0.88)

Naredo, 199960 – – 0.89 1.00 0.92 0.91
(0.67 to 0.97) (0.82 to 1.00) (0.67 to 0.99) (0.73 to 0.98)

Nelson, 199164 – – 0.60 0.93 0.36 0.75
(0.23 to 0.88) (0.69 to 0.99) (0.15 to 0.65) (0.41 to 0.93)

Olive, 199245 – – 0.90 0.91 – –
(0.74 to 0.96) (0.78 to 0.96)

Paavolainen, 199461 – – 0.74 0.95 – –
(0.55 to 0.87) (0.78 to 0.99)

Pattee, 198869 0.77 0.65 – – – –
(0.61 to 0.88) (0.41 to 0.83)

Read, 199836 0.79 I 0.88 I 1.00 0.97 0.46 0.97
(0.63 to 0.90) (0.53 to 0.98) (0.72 to 1.00) (0.84 to 0.99) (0.23 to 0.71) (0.83 to 0.99)

Roberts, 200177 0.76 1.00 0.80 1.00 0.71 1.00
(0.53 to 0.90) (0.65 to 1.00) (0.49 to 0.94) (0.78 to 1.00) (0.36 to 0.92) (0.82 to 1.00)

Shipley, 198565 0.70 1.00 – – – –
(0.40 to 0.89) (0.34 to 1.00)
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Study Comparison Any tear Full tear Partial tear

Se Sp Se Sp Se Sp
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Soble, 198975 0.92 0.84 – – – –
(0.76 to 0.98) (0.71 to 0.91)

Sonnabend, 199753 0.70 0.95 0.84 0.92 0.25 0.99
(0.58 to 0.79) (0.84 to 0.99) (0.71 to 0.92) (0.83 to 0.97) (0.12 to 0.45) (0.94 to 1.00)

Swen, 199862 – – 0.85 1.00 – –
(0.58 to 0.96) (0.68 to 1.00)

Swen, 199963 R1a – – 0.92 0.88 – –
(0.67 to 0.99) (0.53 to 0.98)

R2 – – 0.69 0.88 – –
(0.42 to 0.87) (0.53 to 0.98)

Takagishi, 199654 0.72 0.89 0.76 1.00 0.50 0.90
(0.60 to 0.82) (0.79 to 0.95) (0.61 to 0.87) (0.96 to 1.00) (0.30 to 0.70) (0.83 to 0.95)

Teefey, 200055 0.90 0.85 1.00 0.91 0.47 0.93
(0.81 to 0.95) (0.64 to 0.95) (0.94 to 1.00) (0.78 to 0.97) (0.25 to 0.70) (0.85 to 0.97)

van Holsbeeck, 199578 0.98 0.83 1.00 1.00 0.93 0.94
(0.89 to 1.00) (0.61 to 0.94) (0.90 to 1.00) (0.90 to 1.00) (0.70 to 0.99) (0.84 to 0.98)

Van Moppes, 199567 0.80 0.95 1.00 1.00 0.73 0.96
(0.58 to 0.92) (0.77 to 0.99) (0.57 to 1.00) (0.90 to 1.00) (0.48 to 0.89) (0.81 to 0.99)

Vick, 199074 – – 0.67 0.93 – –
(0.47 to 0.82) (0.83 to 0.97)

Wallny, 200142 2Da 0.74 0.82 – – – –
(0.54 to 0.87) (0.59 to 0.94)

3D 0.91 0.82 – – – –
(0.73 to 0.98) (0.59 to 0.94)

Wiener, 199356 0.95 0.94 0.93 0.99 0.94 0.97
(0.90 to 0.97) (0.86 to 0.98) (0.86 to 0.97) (0.96 to 1.00) (0.86 to 0.98) (0.93 to 0.99)

Se, sensitivity; Sp, specificity; T+, criteria for test positive; T–, criteria for test negative; Prosp, prospective; Retrosp, retrospective; S, stages of impingement syndrome; 
echog, echogenicity; Ind, indeterminate results; R, reader; D, dimensional.
a Indicates set of results used for meta-analysis.
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Appendix 8

Ultrasound: likelihood ratio results
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Study Comparison Any tear Full tear Partial tear

LR+ LR– LR+ LR– LR+ LR–
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Ahovuo, 198973 – – 15.0 (4.9 to 46.1) 0.3 (0.1 to 0.5) – –

Arslan, 199950 T+: biceps effusion 1.4 (0.8 to 2.4) 0.9 (0.7 to 1.1) – – – –

T+: bursal fluid 1.4 (0.3 to 6.0) 1.0 (0.9 to 1.1) – – – –

T+: both present 1.3 (0.4 to 3.9) 1.0 (0.9 to 1.1) – – – –

T+: either presenta 1.3 (0.9 to 2.0) 0.8 (0.5 to 1.1) – – – –

Brandt, 198970 Prosp interpa 1.3 (0.9 to 1.9) 0.6 (0.3 to 1.2) – – – –

Retrosp interp 6.8 (2.3 to 20.5) 0.4 (0.2 to 0.6)

Brenneke, 199251 4.3 (2.4 to 7.7) 0.3 (0.2 to 0.4) 12.9 (6.0 to 28.1) 0.1 (0.0 to 0.2) 4.7 (2.1 to 10.6) 0.6 (0.5 to 0.9)

Burk, 198971 1.4 (0.7 to 2.6) 0.7 (0.3 to 1.4) – – – –

Chiou, 199976 7.3 (2.0 to 26.6) 0.0 (0.0 to 0.2) – – – –

Crass, 198840 Ind excl 11.2 (4.4 to 8.8) 0.1 (0.1 to 0.2) – – – –

Ind T+ 4.4 (2.6 to 7.3) 0.1 (0.1 to 0.2) – – – –

Ind T– a 11.4 (4.4 to 9.7) 0.2 (0.1 to 0.4) – – – –

De Muynck 199457 4.5 (1.3 to 15.9) 0.2 (0.1 to 0.5) – – – –

Drakeford, 199068 17.4 (4.5 to 67.8) 0.1 (0.0 to 0.6) – – – –

Farin, 199052 S I–III 17.6 (5.8 to 53.6) 0.2 (0.1 to 0.4) – – – –

S I–II a 19.3 (6.2 to 60.5) 0.3 (0.2 to 0.6) – – –

Gratz, 199843 Ind T– a 9.2 (1.4 to 61.5) 0.2 (0.0 to 1.1) – – – –

Ind T+ 2.2 (1.2 to 4.2) 0.1 (0.0 to 2.0) – – – –

Ind T–/+ 3.7 (1.4 to 9.6) 0.1 (0.0 to 1.5) – – – –

Hodler, 198879 Surgery (n = 51) 4.0 (1.7 to 9.3) 0.1 (0.0 to 0.3) – – – –

Arthrog (n = 39) 5.1 (1.5 to 18.0) 0.1 (0.0 to 0.3) – – –
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Study Comparison Any tear Full tear Partial tear

LR+ LR– LR+ LR– LR+ LR–
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Hodler, 199159 – – 4.2 (1.2 to 14.4) 0.1 (0.0 to 0.6) – –

Kurol, 199144 T+: echog 3.1 (1.4 to 6.9) 0.6 (0.4 to 0.9) – – – –

T+: thinning 3.5 (1.3 to 10.0) 0.7 (0.5 to 0.9) – – – –

T+: eithera 2.5 (1.3 to 4.7) 0.5 (0.2 to 0.8) – – – –

Mack, 198847 21.9 (5.6 to 85.6) 0.1 (0.1 to 0.3) – – – –

Martin–Hervas to 200166 2.1 (1.2 to 3.8) 0.4 (0.2 to 0.8) 41.3 (2.6 to 660.7) 0.4 (0.3 to 0.7) 1.3 (0.9 to 1.8) 0.4 (0.1 to 2.5)

Middleton, 198641 Ind excl 10.0 (4.6 to 21.7) 0.1 (0.0 to 0.3) – – – –

Ind T+ 6.4 (3.6 to 11.5) 0.1 (0.0 to 0.3) – – – –

Ind T– a 10.8 (4.9 to 23.4) 0.2 (0.1 to 0.3) – – – –

Miller, 198972 8.7 (2.2 to 34.4) 0.5 (0.3 to 0.7) – – – –

Misamore, 199158 0.8 (0.3 to 2.8) 1.1 (0.5 to 2.4) – – – –

Naredo, 199960 – – 33 (2.1 to 511.4) 0.1 (0.0 to 0.4) 10.6 (2.8 to 40.3) 0.1 (0.0 to 0.6)

Nelson, 199164 – – 8.4 (1.1 to 63.3) 0.4 (0.1 to 1.3) 1.5 (0.3 to 6.1) 0.8 (0.5 to 1.5)

Olive, 199245 – – 9.6 (3.8 to 24.7) 0.1 (0.0 to 0.3) – –

Paavolainen, 199461 – – 16.3 (2.4 to 112.0) 0.3 (0.1 to 0.5) – –

Pattee, 198869 2.2 (1.1 to 4.3) 0.4 (0.2 to 0.7) – – – –

Read, 199836 6.4 (1.0 to 40.1)I 0.2 (0.1 to 0.5)I 32.0 (4.6 to 220.3) 0.0 (0.0 to 0.7) 13.4 (1.8 to 100.2) 0.6 (0.3 to 0.9)

Roberts, 200177 12   (0.8 to 178.0) 0.2 (0.1 to 0.6) 23.2 (1.5 to 360.5) 0.2 (0.1 to 0.7) 24.7 (1.5 to 396.0) 0.3 (0.1 to 0.9)

Shipley, 198565 4.1 (0.3 to 53.0) 0.3 (0.1 to 0.8) – – – –

Soble, 198975 5.7 (3.0 to 10.8) 0.1 (0.0 to 0.4) – – – –
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Study Comparison Any tear Full tear Partial tear

LR+ LR– LR+ LR– LR+ LR–
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Sonnabend, 199753 14.3 (3.7 to 55.6) 0.3 (0.2 to 0.5) 11.0 (4.7 to 25.7) 0.2 (0.1 to 0.3) 21.5 (2.7 to 170.1) 0.8 (0.6 to 1.0)

Swen, 199862 – – 7.5 (2.5 to 22.0) 0.2 (0.1 to 0.4) – –

Swen, 199963 R1a – – 7.4 (1.2 to 46.5) 0.1 (0.0 to 0.6) – –

R2 – – 5.5 (0.9 to 35.9) 0.4 (0.1 to 0.8) – –

Takagishi, 199654 6.6 (3.2 to 13.6) 0.3 (0.2 to 0.5) 128.6 (8.1 to 2050.8) 0.2 (0.1 to 0.4) 5.1 (2.4 to 10.6) 0.6 (0.4 to 0.9)

Teefey, 200055 6.0 (2.1 to 17.1) 0.1 (0.1 to 0.2) 11.7 (4.0 to 34.4) 0.0 (0.0 to 0.1) 6.6 (2.6 to 17.0) 0.6 (0.4 to 0.9)

van Holsbeeck, 199578 5.9 (2.1 to 16.5) 0.0 (0.0 to 0.2) 67.0 (4.3 to 1050.2) 0.0 (0.0 to 0.2) 16.2 (5.3 to 48.9) 0.1 (0.0 to 0.5)

Van Moppes, 199567 16.8 (2.5 to 15.2) 0.2 (0.1 to 0.5) 67.8 (4.3 to 1075.6) 0.1 (0.0 to 1.2) 19.1 (2.7 to 133.5) 0.3 (0.1 to 0.6)

Vick, 199074 – – 9.5 (3.5 to 25.5) 0.4 (0.2 to 0.6) – –

Wallny, 200142 2Da 4.2 (1.5 to 12.0) 0.3 (0.2 to 0.7) – – – –

3D 5.2 (1.8 to 14.6) 0.1 (0.0 to 0.4) –

Wiener, 199356 15.9 (6.1 to 41.2) 0.1 (0.0 to 0.1) 126.0 (17.9 to 888.7) 0.1 (0.0 to 0.1) 29.6 (12.4 to 70.2) 0.1 (0.0 to 0.2)

LR+, positive likelihood ratio; LR–, negative likelihood ratio; T+, criteria for test positive; T–, criteria for test negative; Prosp, prospective; Retrosp, retrospective; 
S, stages of impingement syndrome; echog, echogenicity; Ind, indeterminate results; R, reader; D, dimensional.
a Indicates set of results used for metaanalysis.
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Appendix 9

MRI: detailed study methods
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Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Balich, 199783

Diagnostic radiology, 
USA (1989–95)
Retrosp
Recruitment not reported
Popl: NR patients/
index: 222 shoulders/
ref. test: 222 shoulders

Mean age: 45 (16–76)
Sex: 58% male

Outcomes: Any; FT; PT
Prevalence: 3, 20, 18%

Symptomatic patients who had
undergone both MRI and
arthroscopy

Excluded if interval between index
and ref. test >365 days

MRI unit: 1.5 T; dedicated angled
surface coil
Sequences: Both conventional and
fast spin-echo techniques with fat
suppressiona

Planes: OC, oblique parasagittal
(OP), and AX

a Over time, the imaging
parameters changed to include
the use of a fast spin-echo
sequence and a decrease in the
field of view

Ref. test: Arthroscopy. Note area investigated differed across patients:
glenohumeral and subacromial joint (141); subacromial bursa (63);
glenohumeral joint space alone (18)

Test interval: Mean 66 (0–364) days

Further investigations: No details

Diagnostic criteria: Discussion states ‘no diagnostic criteria were supplied to
the readers before the study’

Test interpreters: Five readers, in random order, independently twice. Third-
year resident with 2 months musculoskeletal radiology rotations;
angiography/cross-sectional imaging fellow; 3 musculoskeletal radiologists incl.
academic radiologist and 2 private radiologists with up to 7 years experience

Readers first blinded to all but patients age and sex and then a second review
was immediately performed with the arthroscopy report in hand. Data from
blind reading only used here

Ref. test interpretation: Typewritten arthroscopy report used. Not stated
whether results of MRI known at time of arthroscopy nor what information
directed arthroscopy examination

Birtane, 200188

Physical ther. & rehab.
Turkey (years not reported)
Prosp1
Consecutive
Popl: 120 patients/index: 120
shoulders/ref. test: 120
shoulders (125 shoulders)

Mean age: 51.6 (SD 13.9)
Sex: 40% male

Outcomes: IS
Prevalence: 70%

Patients with shoulder pain

Excluded if inflammatory or
systemic diseases with shoulder
involvement; acute traumatic
conditions; post-operative
conditions; neck or elbow
disorders

Patients referred from
rheumatology or applied directly

Compared clinical examination
and MRI (clin. exam. reported in
Calis et al.;30 Appendix 5)

MRI unit: 1.0 T; shoulder coil
Sequences: Fast and gradient spin-
echo T1 and T2 sequences
Planes: OC

Ref. test: Subacromial injection test – details provided 

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Zlatkin stages of SIS. Stage 1 and above accepted as MRI
positive

Test interpreters: Experienced radiologist

Ref. test interpretation: Not reported – states experienced hands (Calis et al.
paper30)
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Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Blanchard, 199998

Radiology/orthopaedics
UK (years not reported)
Prosp3
Other
Popl: 117 patients/
index: 104 shoulders/
ref. test: 38a shoulders

Mean age: M: 50.6 ( 24–74)
F: 49.7 (28–73)

Sex: 55% male; n = 57

Outcomes: FT
Prevalence: 30%

Patients with shoulder problems
referred to a specialist
orthopaedic shoulder clinic for
possible surgery

a All subjects followed up over 
6 months but only those
undergoing surgery used to
estimate accuracy

MRI unit: 0.5 or 1.5 T; surface
coils
Sequences: 1. Dual-echo images
(providing proton-density and T2-
weighted images); 2. T1-weighted
images
Planes: 1. OC and sagittal; 2. AX

Arthrography also evaluated (data
not extracted – sensitivity found
to be lower than MRI but
specificity higher)

Ref. test: Arthroscopy/surgery. Options either open surgery, arthroscopic
surgery or discharge/referral to another clinician. No further details

Test interval: Up to 6 months (reviewed retrospectively). Authors note that
patients suitable for arthroscopic surgery treated more promptly

Further investigations: All patients also underwent arthrography as index test.
Results did not contribute to reference standard diagnosis

Diagnostic criteria: Based on standard criteria in literature (Iannotti, 199117) 

Test interpreters: Radiologist (n = 2) with over 3 years experience of shoulder
MRI 

Ref. test interpretation: Orthopaedic surgeon

NB: main aims of study: diagnostic impact of index tests (diagnostic
confidence) and therapeutic impact (changes in management)

Burk, 198971

Radiology/orthopaedics
USA (years not reported)
Prosp1
Recruitment not reported
Popl: 41 patients/index: 38
shoulders MRI; 23 US/
ref. test: 38 shoulders

Mean age: Not reported
Sex: Not reported

Outcomes: Any
Prevalence: 58%

Patients referred for evaluation of
possible RCTs

3 excluded owing to
claustrophobia

MRI unit: 1.5 T; loop gap
resonator surface coil
Sequences: Spin-echo (TR/TE:
600/20, 2000/40, and 600/25) 
Planes: AX, OC and sagittal

US also evaluated (see 
Appendix 6)

Ref. test: Double-contrast arthrography. Details provided

Test interval: Sequentially and same day

Further investigations: US in 23 patients (5 MHz) and surgery in 16 (no details
of surgery). Not clear whether surgical results contributed to reference
diagnosis

Diagnostic criteria: Criteria used to diagnose tear were reported (no reference
given)

Test interpreters: Musculoskeletal radiologist with extensive experience in MR
imaging but limited experience in the diagnosis of RCTs by MRI

Ref. test interpretation: Experienced musculoskeletal radiologist who was not
involved in the interpretation of the MR images

continued



Appendix 9

136

Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Evancho, 198889

Radiology/orthopaedics 
USA (1986–7)
Cannot tell design
Recruitment not reported
Popl: 44 patients/
index: 31b shoulders/
ref. test: 31 shoulders

Mean age: Range 25–77
Sex: Not reported

Outcomes: Any; FT; PT
Prevalence: 42; 36; 14%

Symptomatic patients with
suspected RCTs

b 8 excluded for significant motion
artifacts on MRI. 5 excluded as
results of ref. test not available

MRI unit: 0.5 or 1.5 T
Sequences: Spin-echo
Planes: Oblique 

Ref. test: Arthroscopy (n = 19)/arthrography (n = 12). Details provided but
criteria for choice of ref. test not provided

Test interval: Not described

Further investigations: Not reported

Diagnostic criteria: Criteria for RCT provided (no references) 

Test interpreters: Not reported. MRI interpreted prospectively without
knowledge of the diagnostic test results or surgery. Then reviewed
retrospectively after arthroscopic results known

Ref. test interpretation: Initial interpretation of arthrography used for
comparison with MR. Procedure was videotaped and retrospectively
reviewed by an experienced orthopaedic surgeon

Hodler, 199159

Radiology
US (years not reported)
Prosp2
Recruitment not reported
Popl: 23 patients (24
shoulders)/index: 24
shoulders/ref. test: 24
shoulders

Mean age: 57.8 (39–84)
Sex: 43% male

Outcomes: FT
Prevalence: 62%

Patients with chronic shoulder
pain and suspected RCT

Required pathogenesis other than
degenerative disease: rheumatoid
arthritis (11), chronic pain after
trauma (3), calcifying tendinitis (3)
and degenerative changes (6)

Compared MRI and US (see
Appendix 6)

MRI unit: 1.5 T; flexible receive-
only surface coil
Sequences: T1- and T2-weighted
spin-echo
Planes: OC

NB: hardware and software
upgraded during study, improving
image quality

Ref. test: Double-contrast arthrography. Details provided

Test interval: Not reported

Further investigations: None reported

Diagnostic criteria: Not clearly reported and no criteria provided

Test interpreters: Radiologists experienced in MRI (n = 4). Blinded to US
results. No further details
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Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Hodler, 199290

Radiology/orthopaedics
USA (years not reported)
Cannot tell design
Recruitment not reported
Popl: 150 patients/
index: 36 shoulders/
ref. test: 36 shoulders

Mean age: 42.5 (17–69)
Sex: 67% male

Outcomes: Any; FT; PT
Prevalence: 57; 11; 47%

Patients who had MRI and whose
arthroscopy reports were
available

Compared MRI and MRA (see
Appendix 12)

MRI unit: 1.5 T 
Sequences: Proton-density, 
T2-weighted 
Planes: OC

States no overlap with 1991
study59

Ref. test: Arthroscopy: details provided. Examined glenohumeral and
subacromial bursa (n = 32). 3 young patients with shoulder instability and 1
with adhesion capsulitis did not undergo bursal examination

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Criteria provided (no reference given). Superficial fraying
included in ‘no tear’ category

Test interpreters: MRA alone and standard MRI images read by 3 experienced
osteoradiologists (n = 3); read without knowledge of original report or clinical
data. Consensus reading sought

Ref. test interpretation: Performed by experienced surgeons. The detailed
arthroscopic reports were used for this study

Iannotti, 199117

Orthopaedics/radiology
US (years not reported)
Retrosp
Recruitment not reported
Popl: 127 shoulders/
index: 112c shoulders/
ref. test: 73 shoulders
(further 15 volunteers who
did not get surgery included
in analyses)

Mean age: 40 (estimated)
Sex: Not reported

Outcomes: FT; IS
Prevalence: 37; ?%

Patients undergoing surgery for
lesions of the RC or glenohumeral
capsule and glenoid labrum plus
asymptomatic volunteers

Symptoms relating to RC or labral
lesions with no history of
dislocation

c 39 who had capsule-labrum
diagnoses at surgery excluded
from analyses

MRI unit: 1.5 T; receive-only
surface coils
Sequences: 1. T1-weighted and
proton density; 2. T2-weighted
Planes: 1. AX, OS and OC; 2. OC

Ref. test: Arthroscopy or open surgery. Area investigated varied between
patients (73 RC only; 39 glenohumeral capsule glenoid labrum). Former
included in analyses along with the asymptomatic volunteers (total n = 88). 

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Criteria for diagnosis described (Zlatkin, 198916). 

Test interpreters: Radiologists: 3 interpreted the images for the 32 full tears
and the images from the asymptomatic volunteers. The remainder interpreted
by only one radiologist (implies knowledge of MRI result)
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Jaovisidha, 199991

Radiology
US (years not reported)
Prosp1
Consecutive
Popl: 32d patients/index: 27
shoulders/ref. test: 8 shoulders

Mean age: Not reported
Sex: Not reported

Outcomes: Any tear
Prevalence: 25%

Consecutive patients undergoing
MRI to evaluate RC

d 5 patients could not perform
exercise

Compared MRI before and after
active or passive exercise

MRI unit: 1.5 T; shoulder surface
coil
Sequences: Fast spin-echo 
T2-weighted
Planes: OC

Ref. test: Arthroscopy

Test interval: Not reported. 26-month follow-up period

Further investigations: Not reported

Diagnostic criteria: Criteria for diagnosis provided (with various references,
including Zlatkin 1989,16 Rafii,145 Iannotti,17 Kneeland95)

Test interpreters: 2 musculoskeletal radiologists blinded to clinical information.
Consensus decision used. Post-exercise images interpreted alongside pre-
exercise images

Kieft, 1988113

Diagnostic radiology/
orthopaedics 
Netherlands (years not
reported)
Prosp2
Recruitment not reported
Popl: NR patients/index: 10
shoulders/ref. test: 10
shoulders

Mean age: Not reported
Sex: Not reported

Outcomes: Any
Prevalence: 30%

Clinically suspected RC
impingement

MRI unit: 0.5 T; surface coil.
Sequences: Spin-echo with T1 and
T2 weighting. 
Planes: Transverse, coronal,
sagittal and oblique planes,
perpendicular and parallel to the
glenoid surface

Ref. test: Double-contrast arthrography. Details provided 

Test interval: Not described

Further investigations: Surgical treatment with anterior acromioplasty
performed in 6 patients

Diagnostic criteria: Criteria for RCT provided (no references)

Test interpreters: Radiologists (n = 2) with access to clinical history

Ref. test interpretation: Not reported

Kneeland, 198795

Radiology/orthopaedics 
USA (years not reported)
Retrosp
Recruitment not reported
Popl: NR patients/index: 25
shoulders (26 shoulders)/
ref. test: 26 shoulders

Mean age: range 24–67
Sex: 60% male

Outcomes: Any
Prevalence: 85%

Patients with known or suspected
RCTs based on clinical signs

MRI unit: 1.5 T; shoulder coil
Sequences: Spin-echo pulse
sequences with proton density-
weighting and T2-weighting
Planes: Coronal and sagittal

Ref. test: Arthrography in 24 shoulders, surgery in 2. No details

Test interval: Within 30 days

Further investigations: Not reported

Diagnostic criteria: Criteria reported (no reference given). Tear reported if
discontinuity of the cuff could be identified and increased signal intensity 

Test interpreters: MR and arthrography reviewed in conference by 3 authors.
Tests results determined by consensus

Ref. test interpretation: As above
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Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Martin-Hervas, 200166

Orthopaedics 
Spain (1998)
Prosp3
Consecutive
Popl: 140 shoulders/index:
140 US, 61 MRIe/ref. test: 72

Mean age: Not reported
Sex: e41% male

Outcomes: Any; FT; PT
Prevalence: 56; 43; 13%

Patients with shoulder pain and
limited movement fulfilled criteria
for orthopaedic surgery protocol
(n = 72)

Only those undergoing US and
MRI included in accuracy
estimates (n = 61)

e 11 unable to have MRI owing to
claustrophobia, metal implants or
pacemaker

Compared ultrasound and MRI,
alone and in combination (see
Appendix 6 for US details)

MRI unit: 0.5 T; surface coil
Sequences: 1. Spin-echo 
T1-weighted images; 2. gradient
T2 sequences 
Planes: 1. coronal and oblique; 
2. axial and oblique

Ref. test: Arthroscopy (40), open surgery (10) or both (11)

Test interval: <6 months in all cases

Further investigations: Not reported

Diagnostic criteria: Criteria provided (no references) 

Test interpreters: Musculoskeletal radiologists – no further details

Ref. test interpretation: Not described

Morrison, 199094

Sports medicine centre
USA (1987–8)
Prosp1
Consecutive
Popl: 106 f patients/
index: 100 shoulders/
ref. test: 100 shoulders

Mean age: Not reported
Sex: Not reported

Outcomes: Any; FT
Prevalence: 55; 51%

Patients (athletes) with symptoms
of subacromial impingement for
>6 months

Most had previous treatment with
NSAIDs and local steroid
injections

f 4 patients too large for MR
scanner; 2 suffered claustrophobia

MRI unit: 1.5 T; 3-in angled pair
shoulder surface coil
Sequences: Intermediate and 
T2-weighted 
Planes: True sagittal plane

NB: early in the investigation it
became apparent that comparison
of intermediate and T2-weighted
images could identify RCTs better

Ref. test: Single-contrast exercise arthrography. Details provided

Test interval: Not stated

Further investigations: All arthrography test positives had open operative
repair. Some arthrography test negatives had arthroscopic subacromial
decompression

Diagnostic criteria: Criteria reported, no reference given

Test interpreters: All MRIs performed by one radiologist. Arthrogram and MR
interpreted separately without knowledge of patient’s name or results of the
companion study

Ref. test interpretation: All arthrograms were performed by different
radiologists. See above
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Nelson, 199164

Radiology/orthopaedics
US (years not reported)
Prosp1
Recruitment not reported
Popl: 21 patients/
index: 21 MRI, 19 US/
ref. test: 21 shoulders

Mean age: 42 (18–70)
Sex: 76% male

Outcomes: FT; PT
Prevalence: 33; 57%

Patients with shoulder pain
resistant to non-operative
treatment

History of shoulder pain >3
months before first consultation

Compared MRI and US (see
Appendix 6 for US details)

MRI unit: 1.5 T; Helmholtz surface
shoulder coil
Sequences: 1. Spin-echo 
T1-weighted localising images; 
2. contiguous T1-weighted proton
density and T2-weighted 
Planes: 1. Axial; 2. coronal 

Ref. test: Arthroscopy (n = 20) or open operative procedure (n = 3).

Test interval: Not reported

Further investigations: Two patients underwent arthroscopy and open surgery,
one in whom avascular necrosis of the head of the humerus after fracture of
neck of humerus and the other who fell after arthroscopy and needed an
arthroscopic Bankart repair

Diagnostic criteria: Criteria for diagnosis provided (Zlatkin, 198916) 

Test interpreters: Radiologists (n = 2). Complete set of studies for each patient
was read by one radiologist (without clinical information), whose report
influenced choice of treatment. These findings were used as final reading for
the purpose of the study. All studies were read by second radiologist, who
was unaware of the results of the other studies, type of clinical management
and operative findings

Ref. test interpretation: As above

Patten, 199492

Radiology
USA (years not reported)
Retrosp
Consecutive
Popl: 50 patients/
index: 50 shoulders/
ref. test: 25g shoulders

Mean age: Not reported
Sex: Not reported

Outcomes: Any
Prevalence: 40%

Not reported

g Authors presumed 25 patients
who did not get ref test were test
negatives based on clinical findings
only – these have been included in
accuracy results

MRI: compared OC and OC plus
OS

MRI unit: 1.5 T; receive-only
shoulder surface coil
Sequences: T1- and T2-weighted
double-echo or fast spin-echo 
Planes: OC and OS

NB: only proton-density and 
T2-weighted images obtained in
the OC plane were reviewed

Ref. test: Arthroscopy/arthrotomy (21), arthrography (4), response to
conservative treatment over 6 months (25). No further details reported 

Test interval: Not reported. At least 2 weeks between interpretation of MRI
and US 

Further investigations: Not reported

Diagnostic criteria: Criteria for diagnosis provided (no reference given). Forced
choice of positive or negative signs of tear using both signal intensity and
morphologic criteria 

Test interpreters: 2 independent radiologists with 5 and 1 years MR experience
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Quinn, 199584

Radiology
USA (1991–3)
Retrosp
Recruitment not reported
Popl: 535 patients/
index: 535 shoulders/
ref. test: 100 shoulders

Mean age: 47 (20–74)
Sex: 54% male

Outcomes: Any; FT; PT
Prevalence: 31; 20; 11%

Symptomatic patients with
clinically suspected subacromial
impingement who underwent
both index and reference test

All patients had previously
undergone conservative treatment
with anti-inflammatory agents,
restricted activity and physical
therapy

MRI unit: 1.5 T; angled surface coil 
Sequences: Conventional fat-
suppressed spin-echo with
repetition time/echo time: 
1. 2500/20; 2. 2000/20 (92
patients) or fat-suppressed fast
spin-echo with repetition
time/echo time: 3. 2000/80; 
4. 2000/20 (8)
Planes: 1. OC and AX; 2. OS; 
3. OC and OS; 4. AX

Ref. test: Arthroscopy directed by clinical diagnosis: bursal surface only (50);
bursal plus articular surface (50). Bursal if typical of impingement syndrome.
Both if indeterminate history and physical findings. Authors acknowledge this
may have overestimated sensitivity for partial tears but not for detection of
complete tears

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Criteria for diagnosis were provided (no reference given) 

Test interpreters: 4 radiologists with varying degrees of experience.
Prospective interpretations used for study

Ref. test interpretation: 9 orthopaedic surgeons with experience in shoulder
arthroscopy who had access to the MR interpretations before arthroscopy.
Written arthroscopy reports reviewed for study and in 18 patients
arthroscopy videos were also reviewed (was attempted in all cases with
positive MR or MR imaging interpretation error, but some videos were not
available for review)

Reinus, 199586

Radiology
US (1-year period)
Cannot tell design
Otherh

Popl: >200 patients/
index: >200 shoulders/
ref. test: 49 i shoulders

Mean age: 37 (28–65)
Sex: i67% male

Outcomes: FT; PT
Prevalence: 20; 41%

Patients with shoulder pain
referred specifically for MR
imaging who underwent
arthroscopy

h State ‘consecutive’ yet 49/200
‘selected’. Basis for selection
presumably arthroscopy, but not
explicitly stated

MRI: compared conventional and
fat-suppressed imaging

MRI unit: 1.5 T; shoulder coil
Sequences: 1. T1-weighted and
T2-weighted dual-echo
conventional spin-echo sequences;
2. T2 weighted dual-echo spin-
echo sequences with frequency
selective presaturation of fat; 
3. gradient echo 
Planes: 1. and 2. OC; 3. AX (not
clear if latter were included in
both sets or not)

Ref. test: Arthroscopy. Visualisation of the surfaces of the rotator cuff (joint,
bursal or both) was at discretion of arthroscopist. Where an FT RCT was not
seen on visualisation of one side of the RC, both sides were visualised

Test interval: Mean 10 weeks (range 2 days to 66 weeks). 54% of MR exams
were done within 8 weeks of arthroscopy, 22% had arthroscopy over 20
weeks after MRI

Further investigations: None reported

Diagnostic criteria: Criteria for diagnosis were agreed upon before initiation of
the review and were provided (no reference given)

Test interpreters: Experienced board-certified musculoskeletal radiologists 
(n = 2). Blinded to all clinical and surgical information

Ref. test interpretation: Orthopaedic surgeons (n = 6). Three surgeons
accounted for 84% of the cases (21, 13 and 7 cases). Radiologist reviewed MR
again in conjunction with arthroscopy reported. Not clearly stated if this, or
original AS diagnosis was used for results
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Robertson, 199585

Radiology/orthopaedics
US (1989–91)
Retrosp
Recruitment not reported
Popl: 97 patients/
index: 97 j shoulders/
ref. test: 66k shoulders

Mean age: j45 (17–72)
Sex: 55% male

Outcomes: Any; FT; PT
Prevalence: 57; 31; 26%

Patients who had undergone
surgery for RC disease plus
asymptomatic volunteers and
patients with instability

Only those who underwent
surgery within 6 months of MRI
were included in the analysis –
likely to be more severe cases

j included 16 volunteers who did
not get surgery
k 7 with recurrent dislocation on
basis of clin. exam. were excluded

MRI unit: 1.5 T; transmit–receive
shoulder coil
Sequences: 1. T1-weighted
double-echo (48); 2. T1-weighted,
fat-suppressed T2-weighted and
T2 weighted (49) 
Planes: 1 and 2. Coronal and
sagittal

Ref. test: Surgery. Open acromioplasty, direct visual evaluation and grading of
the RC and RC repair when necessary had been undertaken

Test interval: MR performed up to 6 months before surgery in 66 patients

Further investigations: Not stated

Diagnostic criteria: Criteria provided (no reference given) 

Test interpreters: Radiologists (n = 4): with 8 years, 3 years, 18 months and 
4 weeks experience in musculoskeletal radiology. Images evaluated in random
order independently and blinded to clinical information and reference test
result

Ref. test interpretation: Two authors

Sahin-Akyar, 199887

Radiology
USA (1993–6)
Retrosp
Recruitment not reported
Popl: 329 patients/
index: 329 shoulders/
ref. test: 39 l shoulders

Mean age: 54 (15–83)
Sex: 44% male

Outcomes: Any; FT; PT
Prevalence: 62; 31; 31%

Patients referred for
arthroscopy/surgery of the
shoulder

l AS performed in further 19, but
MRI reports not available for
review

MRI: compared standard gradient
echo and fat-suppressed spin-
echo

MRI unit: 1.5 T 
Sequences: T1-weighted spin-echo
imaging; fat-suppressed 
T2-weighted fast spin-echo; 
T2 weighted gradient-echo (all
performed on all patients)
Planes: OC

Ref. test: Arthroscopy or arthrotomy – both bursal and articular surfaces
visualised

Test interval: 2 days to 9 months, average 57 days

Further investigations: Not reported

Diagnostic criteria: Criteria for diagnosis based on reported criteria (incl.
Zlatkin and several others) 

Test interpreters: Musculoskeletal radiologists with 2–10 years of experience 
(n = 4). Images reviewed independently and blinded to surgical findings twice
(within 1 week) in two sets, each set containing T1-weighted images and
either of the T2 images (which were randomised). Unaware of patient’s
name, age and sex

Ref. test interpretation: Inferred retrospectively from written reports of 5
orthopaedic surgeons with extensive experience in shoulder arthroscopy and
surgery. Surgeons had access to the official dictated report of the MR
examination
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Swen, 199963

Rheumatology
Netherlands (years not
reported)
Prosp2
Consecutive
Popl: 21 patients/
index: 21 shoulders/
ref. test: 21 shoulders

Mean age: 54 (SD 12)
Sex: 57% male

Outcomes: FT
Prevalence: 62%

Consecutive patients awaiting
surgery for clinically suspected
RCT based on difficulty in
abducting the arm, weakness and
limitation of movement. Also had
a lidocaine injection test into the
acromion.
All had unilateral non-
inflammatory symptoms

Neurological origins of shoulder
weakness were excluded

Compared MRI and US (US
details provided in Appendix 6)

MRI unit: 1.0 T; shoulder coil
Sequences: T1-weighted sequence
plus standard T2 spin-echo
sequence
Planes: OC

Ref. test: Arthroscopy of the glenohumeral joint and the subacromial space.
Subacromial decompression performed in all cases. FT RCTs repaired through
a deltoid-splitting mini-incision

Test interval: Within 3 weeks

Further investigations: None reported

Diagnostic criteria: Criteria provided (no reference given). 

Test interpreters: ‘Experienced’ radiologists (n = 2). Mean values of the 2
observers were used to estimate accuracy in paper, but results per reader
also presented and extracted for this report

Ref. test interpretation: 1 experienced shoulder surgeon

Torstensen, 199982

Sports medicine centre
Canada (1993–95)
Retrosp
Recruitment not reported
Popl: NR patients/
index: 57 shoulders/
ref. test: 57 shoulders

Mean age: 41 (24–68)
Sex: 58% male

Outcomes: Any
Prevalence: 42% male 

Patients with shoulder pain who
had undergone both MRI and
arthroscopy.
All failed conservative treatment

MRI indicated if cause of pain
unclear on clin. exam. (44) or if
previous shoulder surgery without
symptomatic improvement (13)

Arthroscopy indicated if either
history or clin. exam. consistent
with impingement or instability, or
if MRI significantly abnormal and
inconclusive clinical assessment

MRI unit: 1.5 T (n = 34), 1.0 T 
(n = 16), 0.5 T (n = 7) (3
centres)
Sequences and planes: A variety of
different imaging sequences were
said to have been used at each
facility but were not reported

Ref. test: Arthroscopy. Included assessment of glenohumeral joint, labrum and
biceps tendon and rotator cuff on both the subacromial and glenohumeral
surfaces

Test interval: Not described

Further investigations: Not stated
Diagnostic criteria: No details 

Test interpreters: 6 musculoskeletal radiologists (2 conducted 39/57 MRI
reports). 35 patients had specialised shoulder arthroscopy reports available;
these were reviewed along with MRI and operative findings

Ref. test interpretation: 1 orthopaedic surgeon
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Traughber, 1992114

Radiology/orthopaedics
US (1989–90)
Retrosp
Recruitment not reported
Popl: 40 patients/
index: 28 shoulders/
ref. test: 28 shoulders

Mean age: Not reported
Sex: Not reported

Outcomes: Any; FT; PT; IS
Prevalence: 50; 18; 32; 100%

Patients with clinical evidence of
RC pathology who had undergone
arthroscopic or combined open
and arthroscopic surgery

All had failed an extended course
of conservative therapy

MRI unit: 1.5 or 0.5 T; surface
coils
Sequences: 1. Full shoulder
evaluation (1.5 T): localiser series;
spin-echo T1- and T2-weighted
series; inversion recovery; and
multiplanar gradient recall series. 
2. Full shoulder exam. (0.5 T):
localiser series, spin-echo T1- and
T2-weighted series, inversion
recovery series. 
3. Screening RC exams: spin-echo
T2-weighted; MPGR series and
STIR series.
Planes: 1. OC and AX; 2. OC;
sagittal; AX; 3. OC; AX 

NB: there were additional
changes in technique over time

Ref. test: Arthroscopic surgery or combined open and arthroscopic surgery.
Where open surgery was elected, arthroscopy of the joint was performed
first, with assessment of the articular surface of the cuff

Test interval: Not reported

Further investigations: None reported

Diagnostic criteria: MR criteria for diagnosis of tears were described (no
reference given). Examination protocols and reading criteria were established
by two radiologists with experience in musculoskeletal imaging 

Test interpreters: Radiologist (n = 4)

Tuite, 1995,99 1994115

Diagnostic radiology
USA (1990–3)
Retrosp
Consecutive
Popl: 100 patients/
index: 100 shoulders/
ref. test: 100m shoulders
(59–24 cm FoV, 41–18 cm
FoV).

Mean age: 24 cm FoV: 43 
18 cm FoV: 41

Sex: 71% male

Outcomes: Any; FT; PT
Prevalence: 56; 25; 31%

Consecutive patients who had
both a shoulder MR and
arthroscopy. Almost all had
positive Neer test or other signs
of impingement or RC disease

m Subset of 87 patients reported
in Tuite, 1994115 (reports FT and
PT tears separately)

Tuite, 199599 tried to compare 2
different FoVs but did not use
both in all patients. Have
combined results to give bigger
sample size

MRI unit: 1.5 T; single-loop
dedicated shoulder coil
Sequences: 1. T1-weighted; 
2. gradient echo (GRE); 
3. T2-weighted
Planes: 1 and 2. OC; 3. OS 

Ref. test: Arthroscopic evaluation using a standardised technique with the
surgeon having knowledge of the MRI findings

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Articular and bursal surfaces graded using an MR equivalent
of the arthroscopic grading system. Tuite, 1994115 references previously
published criteria for GRE imaging (Tuite, 1994;115 Holt, 1990)

Test interpreters: Two of the authors reviewed jointly the images at the end of
the study period and a consensus reading obtained without knowledge of the
history or arthroscopic results 

Ref. test interpretation: One orthopedist subspeciality trained in shoulder
surgery, with a practice specialising in shoulder disease. Not independent of
MRI findings
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Tuite, 200193

Radiology 
USA (1998–9)
Retrosp
Consecutive
Popl: 344 patients/
index: 344 shoulders/
ref. test: 75n shoulders

Mean age: 40 (16–64)
Sex: n65% male

Outcomes: Any
Prevalence: 65%

Patients referred for shoulder MR
scan who underwent arthroscopy
and subacromial bursoscopy

MRI: compared standard OS and
angled OS

MRI unit: 1.5 T; phased-array
shoulder coil
Sequences: Fat-suppressed fast
spin-echo T2-weighted 
Planes: 1. OC/OS images; 
2. OC/AS

NB: AS set had smaller section
thickness which may have
improved accuracy

Ref, test: Arthroscopy and subacromial bursoscopy

Test interval: Average time 95 days (range 6–319). Plus 4 weeks between
reading index tests 1 and 2

Further investigations: At same time had subacromial bursography

Diagnostic criteria: Criteria for diagnosis were provided (Reinus, 199586).
Forced choice: torn (partial or full thickness) or not

Test interpreters: Musculoskeletal radiologist and musculoskeletal radiology
fellow with 4 months’ experience. Masked to history and arthroscopic results

Ref. test interpretation: Single experienced shoulder surgeon

Wang, 199496

Radiology and orthopaedics
Taiwan (1990–2)
Retrosp
Consecutive
Popl: 40 patients/
index: 40 shoulders/
ref. test: 40 shoulders

Mean age: 49 (17–75)
Sex: 67% male

Outcomes: Any; FT; PT
Prevalence: 55; 47; 8%

Patients with shoulder pain who
underwent surgery

MRI unit: 1.5 T; planar surface coil
Sequences: 1. TR/TE =
1800–2000/20,80; 2. T1-weighted
sequence and a multiplanar
gradient recalled pulse sequence
(axial)
Planes: 1. OC and OS; 2. AX

Ref. test: Arthroscopic surgery (for 12 patients with clinical indication of
instability); open surgery was performed on the remainder

Test interval: Within 1 month

Further investigations: None reported

Diagnostic criteria: Criteria for diagnosis provided (no reference given) 

Test interpreters: Radiologists (n = 2). Blinded to patient name and surgical
results
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Wnorowski, 199737

Orthopaedic centre
USA (1990–4)
Retrosp
Recruitment not reported
Popl: NR o patients/index: 38
shoulders (39 shoulders)/
ref. test: 39 shoulders

Mean age: Median 30
(20–75)
Sex: Not reported

Outcomes: Any, FT, PT,
Prevalence: 37; 23; 13%

Patients seen for a shoulder
problem (and who underwent
MRI)

The majority of cases were
relatively difficult, referrals from
other surgeons, or diagnostic
dilemmas (the primary diagnosis
was unclear after clin. exam.) 

o 20% of those undergoing
arthroscopy during time period
underwent MRI and were
included

Compared MRI and clin. exam.
(clin. exam. details are reported in
Appendix 5)

MRI unit: 1.5 T; specialist shoulder
coil
Sequences: T1-weighted, 
T2-weighted and GRE images
Planes: OS, transverse and OC

Ref. test: Arthroscopy and subacromial bursal evaluation of the cuff

Test interval: Mean interval 2 months, median 12 weeks. Two patients had a
delay of 2 years

Further investigations: In those for whom MRI indicated a tear but arthroscopy
no tear or partial tear, an ‘arthroscopic arthrogram’ was performed.
Appropriate therapeutic interventions were then started. All cases had clin.
exam., either at time of MRI (7) or before MRI (31)

Diagnostic criteria: No criteria provided 

Test interpreters: MRI undertaken at 1 of 3 centres in the area, depending on
geographic considerations, physician preference and/or insurance
requirements. Radiologists in the CCS (n = 12), one experienced
musculoskeletal radiologist (ESS), and one study author. 4 CCS radiologists
read first 31 images, then 1 each for last 8 patients. Original radiologists
reports were used and classified retrospectively

Wolf, 200138

Medical Centre
USA (1999–2000)
Cannot tell design
Consecutive
Popl: 109 patients/index: 109
shoulders (71 got MRI)/ref.
test: 109 shoulders

Mean age: 51.2 (29–86)
Sex: 61% male

Outcomes: FT
Prevalence: 46%

Patients undergoing arthroscopy
for diagnoses relating to shoulder
pain and weakness

Evaluated clin. exam and MRI
(clin. exam. details are given in
Appendix 5)

MRI unit: No details 
Sequences: No details 

Ref. test: Arthroscopy

Test interval: Not reported

Further investigations: Not stated

Diagnostic criteria: No details given

Test interpreters: Not reported. Retrospective chart review used to document
clinical, surgical and MRI findings. MRI evaluated independently of clinical
examination
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Yagci, 200197

Radiology/orthopaedics
Turkey (1997–8)
Prosp2
Recruitment not reported
Popl: NR patients/index: 24
shoulders/ref. test: 24
shoulders

Mean age: 52 (16–73)
Sex: 29% male

Outcomes: Any; FT; PT
Prevalence: 62; 42; 21%

Clinically suspected labral or RC
abnormalities. All referred for
surgery (therapeutic)

Evaluated MRI and MRA (MRA
details are given in Appendix 12)

MRI unit: 1.0 T; shoulder surface
coil
Sequences: 1. T1-weighted; 
2. T2-weighted images; 
3. T2-weighted GRE fast imaging
with steady-state precession
images
Planes: 1. AX and PC; 2. PC; 3. PS

Ref. test: Arthroscopy (n = 1) or open surgery (n = 24)

Test interval: Between MRI and MRA, mean 11 days (range 0–27 days).
Between MRA and surgery 7 days (range 1–23 days)

Further investigations: Not reported

Diagnostic criteria: Standard criteria established in recent literature were used
(no references given) 

Test interpreters: Experienced musculoskeletal radiologists (n = 2)

Zlatkin, 198916

Radiology/orthopaedics
USA (1987–8)
Cannot tell design
Consecutive
40/40/32 p

Mean age: Not reported
Sex: Not reported

Outcomes: Any
Prevalence: 69%

Surgical patients with a clinical
diagnosis of RC tendinopathy.
Surgery indicated on basis of
symptoms or disability
All had failed standardised
conservative treatment and had
positive impingement test with at
least 75% subjective short-term
improvement in rest pain and in
pain associated with the
impingement signs

p 8 volunteers included. Note
later states 14/24 subjects without
RCT were asymptomatic
volunteers 

MRI unit: 1.5 T; two general-
purpose receive-only surface coils
Sequences: 1. Short
repetition/short echo time (T1-
weighted); 2. long TR/TE (T2-
weighted)
Planes: 1. AX, OS and OC; 
2. OC. NB: true coronal and
sagittal only in 8 patients

Ref. test: Surgery: open acromioplasty and subacromial decompression in all
cases. 5 patients with intact RCs at surgery also underwent inspection of the
cuff with arthroscopy, as did 3 patients with partial tears.

Test interval: Not reported 

Further investigations: 24 patients underwent arthrography

Diagnostic criteria: Criteria for diagnosis based in part on those developed by
one of the authors and his co-workers in a previous study (Zlatkin, 1988).147

Final consensus diagnosis often made on basis of the readers’ overall
impression rather than strict adherence to the above criteria. To try to
increase objectivity, a scoring system was retrospectively developed based on
the appearance of the tendon and the status of the subacromial-subdeltoid fat
plane

Test interpreters: Radiologists with experience of musculoskeletal MR imaging
(n = 3). Blinded to name, clinical history, surgical reports and other studies.
MR reports for asymptomatic volunteers randomly included

Ref. test interpretation: Orthopaedic surgeons. Arthrograms stated to have
been reviewed by 2/3 radiologists
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Appendix 10

MRI: sensitivity and specificity results
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Study Comparisona Any tear Full tear Partial tear

Se Sp Se Sp Se Sp
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Balich, 199783 R1(L) 0.69 (0.58 to 0.79) 0.87 (0.80 to 0.91) 0.84 (0.71 to 0.92) 0.96 (0.92 to 0.98) 0.35 (0.19 to 0.54) 0.97 (0.91 to 0.99)

R2 0.70 (0.59 to 0.80) 0.81 (0.75 to 0.87) 0.87 (0.74 to 0.94) 0.94 (0.89 to 0.96) 0.42 (0.26 to 0.61) 0.89 (0.82 to 0.93)

R3b 0.69 (0.58 to 0.79) 0.95 (0.90 to 0.97) 0.89 (0.77 to 0.95) 0.98 (0.94 to 0.99) 0.42 (0.26 to 0.61) 0.85 (0.78 to 0.91)

R4 0.76 (0.65 to 0.84) 0.94 (0.89 to 0.97) 0.96 (0.85 to 0.99) 0.97 (0.94 to 0.99) 0.42 (0.26 to 0.61) 0.97 (0.91 to 0.99)

R5(M) 0.76 (0.65 to 0.84) 0.94 (0.89 to 0.97) 0.96 (0.85 to 0.99) 0.97 (0.93 to 0.98) 0.42 (0.26 to 0.61) 0.97 (0.93 to 0.99)

Birtane, 200188 0.99I (0.94 to 1.00) 0.37I (0.23 to 0.53) – – – –

Blanchard, 199998 – – 0.82 (0.52 to 0.95) 0.78 (0.59 to 0.89) – –

Burk, 198971 1.00 (0.85 to 1.00) 0.88 (0.64 to 0.97) – – – –

Evancho, 198889 0.69 (0.42 to 0.87) 0.94 (0.74 to 0.99) 0.80 (0.49 to 0.94) 0.94 (0.74 to 0.99) 0.33 (0.6 to 0.79) 0.94 (0.74 to 0.99)

Hodler, 199159 – – 0.67 (0.42 to 0.85) 0.89 (0.56 to 0.98) – –

Hodler, 199290 0.41 (0.22 to 0.64) 0.79 (0.57 to 0.91) 1.00 (0.51 to 1.00) 0.88 (0.72 to 0.95) 0.8 (0.1 to 0.33) 0.91 (0.73 to 0.98)

Iannotti, 199117 0.84I (0.67 to 0.93) 0.96I (0.88 to 0.99) 1.00 (0.90 to 1.00) 0.95 (0.85 to 0.98) – –

Jaovisidha, 199991 1.00 (0.34 to 100) 1.00 (0.61 to 1.00) – – – –

Kieft, 1988113 100 (0.44 to1.00) 0.71 (0.36 to 0.92) – – – –

Kneeland, 198795 0.91 (0.72 to 0.97) 0.75 (0.30 to 0.95) – – – –

Martin-Hervas, 200166 0.91 (0.77 to 0.97) 0.74 (0.55 to 0.87) 0.81 (0.62 to 0.91) 0.97 (0.85 to 0.99) 0.50 (0.22 to 0.78) 0.75 (0.62 to 0.85)

Morrison, 199094 1.00 (0.93 to 1.00) 0.96 (0.85 to 0.99) 1.00 (0.93 to 1.00) 0.88 (0.76 to 0.94) – –

Nelson, 199164 0.88I (0.53 to 0.98) 0.77I (0.50 to 0.92) 0.86 (0.49 to 0.97) 0.93 (0.69 to 0.99) 0.67 (0.39 to 0.86) 0.89 (0.56 to 0.98)

Patten, 199492 OC 0.85 (0.64 to 0.95) 0.80 (0.63 to 0.90) – – – –

OC, OSb 0.95 (0.76 to 0.99) 0.93 (0.79 to 0.98) – – – –

Quinn, 199584 0.84 (0.67 to 0.93) 0.97 (0.90 to 0.99) 0.85 (0.64 to 0.95) 0.99 (0.93 to 1.00) 0.82 (0.52 to 0.95) 0.99 (0.94 to 1.00)
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Study Comparisona Any tear Full tear Partial tear

Se Sp Se Sp Se Sp
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Reinus, 199586 C: R1 – – 0.80 (0.49 to 0.94) 0.87 (0.73 to 0.94) 0.10 (0.3 to 0.30) 0.93 (0.78 to 0.98)

C: R2b – – 0.80 (0.49 to 0.94) 0.92 (0.80 to 0.97) 0.20 (0.8 to 0.42) 0.83 (0.65 to 0.92)

F: R1b – – 1.00 (0.72 to 1.00) 0.77 (0.62 to 0.87) 0.45 (0.26 to 0.66) 0.93 (0.78 to 0.98)

F: R2 – – 1.00 (0.72 to 1.00) 0.87 (0.73 to 0.94) 0.25 (0.11 to 0.47) 0.97 (0.83 to 0.99)

Robertson, 199585 R1(M) b – – 0.96 (0.80 to 0.99) 0.98 (0.91 to 1.00) 0.57 (0.37 to 0.76) 0.85 (0.74 to 0.92)

R2 – – 1.00 (0.87 to 1.00) 0.91 (0.81 to 0.96) 0.38 (0.21 to 0.59) 0.93 (0.84 to 0.97)

R3 – – 0.85 (0.66 to 0.94) 0.89 (0.79 to 0.95) 0.19 (0.8 to 0.40) 0.92 (0.82 to 0.96)

R4(L) – – 0.81 (0.62 to 0.91) 0.96 (0.88 to 0.99) 0.24 (0.11 to 0.45) 0.92 (0.82 to 0.96)

Sahin–Akyar, 199887 C: R1b 0.71 (0.51 to 0.85) 0.80 (0.55 to 0.93) 0.83 (0.55 to 0.95) 0.96 (0.82 to 0.99) 0.42 (0.19 to 0.68) 0.85 (0.68 to 0.94)

C: R2 0.88 (60.9 to 0.96) 0.60 (0.36 to 0.80) 1.00 (0.76 to 1.00) 0.85 (0.68 to 0.94) 0.50 (0.25 to 0.75) 0.81 (0.63 to 0.92)

C: R3 0. 75 (0.55 to 0.88) 0.87 (0.62 to 0.96) 1.00 (0.76 to 1.00) 0.81 (0.63 to 0.92) 0.25 (0.9 to 0.53) 1.00 (0.88 to 1.00)

C: R4 0.67 (0.47 to 0.82) 0.60 (0.36 to 0.80) 0.83 (0.55 to 0.95) 0.78 (0.59 to 0.89) 0.17 (0.5 to 0.45) 0.85 (0.68 to 0.94)

F: R1b 0.96  (0.80 to 0.99) 0.60 (0.36 to 0.80) 0.83 (0.55 to 0.95) 0.93 (0.77 to 0.98) 0.75 (0.47 to 0.91) 0.70 (0.52 to 0.84)

F: R2 0.92 (0.74 to 0.98) 0.33 (0.15 to 0.58) 0.92 (0.65 to 0.99) 0.93 (0.77 to 0.98) 0.67 (0.39 to 0.86) 0.59 (0.41 to 0.75)

F: R3 0.79 (0.60 to 0.91) 0.87 (0.62 to 0.96) 1.00 (0.76 to 1.00) 0.81 (0.63 to 0.92) 0.25 (0.9 to 0.53) 0.96 (0.82 to 0.99)

F: R4 0.83 (0.64 to 0.93) 0.87 (0.62 to 0.96) 0.83 (0.55 to 0.95) 0.89 (0.72 to 0.96) 0.50 (0.25 to 0.75) 0.89 (0.72 to 0.96)

Swen, 199963 R1b – – 0.77 (0.50 to 0.92) 0.88 (0.53 to 0.98) – –

R2 – – 0.85 (0.58 to 0.96) 0.88 (0.53 to 0.98) – –

Torstensen, 199982 0.96 (0.80 to 0.99) 0.48 (0.33 to 0.65) – – – –

Traughber, 1992114 0.71 (0.45 to 0.88) 0.93 (0.69 to 0.99) 1.00 (0.57 to 1.00) 1.00 (0.86 to 1.00) 0.56 (0.27 to 0.81) 0.95 (0.75 to 0.99)

Tuite, 199599 0.93 (0.83 to 0.97) 0.75 (0.61 to 0.85) 0.91 (0.72 to 0.97) 0.95 (0.87 to 0.98) 0.74 (0.55 to 0.87) 0.87 (0.76 to 0.93)

Tuite, 200193 OS: R1(L) 0.84 (0.71 to 0.91) 0.54 (0.35 to 0.71) – – – –

OS: R2(M) b 0.73 (0.60 to 0.84) 0.81 (0.62 to 0.91) – – – –

AS: R1 0.86 (0.73 to 0.93) 0.92 (0.76 to 0.98) – – – –

AS: R2 0.88 (0.76 to 0.94) 0.54 (0.35 to 0.71) – – – –
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Study Comparisona Any tear Full tear Partial tear

Se Sp Se Sp Se Sp
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Wang, 199496 0.91 (0.72 to 0.97) 0.89 (0.67 to 0.97) – – – –

Wnorowski, 199737 CCS(L) 0.86 (0.60 to 0.96) 0.52 (0.33 to 0.70) 0.56 (0.27 to 0.81) 0.73 (0.56 to 0.86) 0.33 (0.6 to 0.79) 1.00 (0.91 to 1.00)

ESS(M) b 0.71 (0.45 to 0.88) 0.71 (0.51 to 0.85) 0.78 (0.45 to 0.94) 0.83 (0.65 to 0.92) 0 (0 to 0.43) 0.68 (0.51 to 0.81)

Wolf, 200138 – – 0.91 (0.76 to 0.97) 0.89 (0.76 to 0.96) 0.20 (0.4 to 0.62) 0.88 (0.73 to 0.95)

Yagci, 200197 R1b 0.53 (0.30 to 0.75) 0.56 (0.27 to 0.81) 0.80 (0.49 to 0.94) 0.71 (0.45 to 0.88) 0 (0 to 0.43) 1.00 (0.83 to 1.00)

R2 0.60 (0.36 to 0.80) 0.33 (0.12 to 0.65) 0.90 (0.60 to 0.98) 0.64 (0.39 to 0.84) 0 (0 to 0.43) 0.95 (0.75 to 0.99)

Zlatkin, 198916 0.91 (0.72 to 0.97) 0.70 (0.40 to 0.89) – – – –

Se, sensitivity; Sp, specificity.
a R, reader (L, least experienced; M, most experienced) ; C, conventional MR; F, fat-suppressed MR; OC, oblique coronal view; OS, oblique sagittal view; AS, angled sagittal view;

CCS, clinical community setting radiologists; ESS, expert radiologists.
b Indicates set of results used for meta-analysis.
I Data for ‘impingement syndrome’ not for ‘any tear’.
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Appendix 11

MRI: positive and negative likelihood ratios
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Study Comparisona Any tear Full tear Partial tear

LR+ LR– LR+ LR– LR+ LR–
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Balich, 199783 R1(L) 5.2 (3.4 to 8.1) 0.4 (0.3 to 0.5) 21.4 (10.2 to 44.6) 0.2 (0.1 to 0.3) 10.0 (3.3 to 29.8) 0.7 (0.5 to 0.9)

R2 3.8 (2.6 to 5.5) 0.4 (0.3 to 0.5) 13.9 (7.8 to 25.0) 0.1 (0.1 to 0.3) 3.7 (1.9 to 7.4) 0.7 (0.5 to 0.9)

R3b 13.0 (6.5 to 26.0) 0.3 (0.2 to 0.5) 39.3 (14.8 to 104.2) 0.1 (0.0 to 0.3) 2.9 (1.5 to 5.4) 0.7 (0.5 to 0.9)

R4 12.8 (6.7 to 24.4) 0.3 (0.2 to 0.4) 33.8 (14.2 to 80.4) 0.0 (0.0 to 0.2) 12.2 (4.2 to 35.2) 0.6 (0.4 to 0.8)

R5(M) 12.8 (6.7 to 24.4) 0.3 (0.2 to 0.4) 28.3 (12.9 to 62.4) 0.0 (0.0 to 0.2) 16.2 (4.9 to 54.0) 0.6 (0.4 to 0.8)

Birtane, 200188 1.6 (1.2 to 2.0)I 0.0 (0.0 to 0.2)I – – – –

Blanchard, 199998 – – 3.7 (1.7 to 7.9) 0.2 (0.1 to 0.8) – –

Burk, 198971 8.0 (2.2 to 29.2) 0.0 (0.0 to 0.4) – – – –

Evancho, 198889 12.5 (1.8 to 86.6) 0.3 (0.1 to 0.7) 14.4 (2.1 to 99.2) 0.2 (0.1 to 0.7) 6.0 (0.5 to 72.2) 0.7 (0.3 to 1.6)

Hodler, 199159 – – 6.0 (0.9 to 39.4) 0.4 (0.2 to 0.8) – –

Hodler, 199290 2.0 (0.7 to 5.5) 0.7 (0.5 to 1.2) 8.0 (3.2 to 20.0) 0.1 (0.0 to 0.6) 0.9 (0.1 to 8.8) 1.0 (0.8 to 1.2)

Iannotti, 199117 23.9 (6.1 to 94.1)I 0.2 (0.1 to 0.4)I 18.3 (6.1 to 55.1) 0.0 (0.0 to 0.2) – –

Jaovisidha, 199991 11.7 (0.8 to176.8) 0.2 (0.0 to 2.3) – – – –

Kieft, 1988113 3.5 (1.1 to 11.3) 0.2 (0.0 to 2.5) – – – –

Kneeland, 198795 3.6 (0.7 to 20.0) 0.1 (0.0 to 0.5) – – – –

Martin–Hervas, 200166 3.5 (1.8 to 6.7) 0.1 (0.0 to 0.4) 28.3 (4.1 to 196.9) 0.2 (0.1 to 0.4) 2.0 (0.9 to 4.7) 0.7 (0.3 to 1.3)

Morrison, 199094 22.5 (5.8 to 87.2) 0.0 (0.0 to 0.1) 8.2 (3.9 to 17.3) 0.0 (0.0 to 0.2) – –

Nelson, 199164 3.8 (1.4 to 10.6)I 0.2 (0.0 to 1.0)I 12.0 (1.8 to 81.3) 0.2 (0.0 to 0.9) 6.0 (0.9 to 39.7) 0.4 (0.2 to 0.9)

Patten, 199492 OC 4.3 (2.0 to 8.9) 0.2 (0.1 to 0.5) – – – –

OC, OSb 14.3 (3.7 to 54.6) 0.1 (0.0 to 0.4) – – – –

Quinn, 199584 28.9 (7.3 to 114.4) 0.2 (0.1 to 0.4) 68.0 (9.6 to 481.0) 0.2 (0.1 to 0.4) 72.8 (10.2 to 521.5) 0.2 (0.1 to 0.6)
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Study Comparisona Any tear Full tear Partial tear

LR+ LR– LR+ LR– LR+ LR–
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Reinus, 199586 C: R1 – – 6.2 (2.6 to 15.0) 0.2 (0.1 to 0.8) 1.5 (0.2 to 9.5) 1.0 (0.8 to 1.2)

C: R2b – – 10.4 (3.4 to 32.2) 0.2 (0.1 to 0.8) 1.2 (0.4 to 3.8) 1.0 (0.7 to 1.3)

F: R1b – – 4.3 (2.4 to 7.7) 0.1 (0.0 to 0.9) 6.5 (1.6 to 27.1) 0.6 (0.4 to 0.9)

F: R2 – – 7.8 (3.4 to 17.7) 0.0 (0.0 to 0.8) 7.3 (0.9 to 57.5) 0.8 (0.6 to 1.0)

Robertson, 199585 R1(M) b – – 53.8 (7.7 to 375.6) 0.0 (0.0 to 0.3) 3.8 (1.9 to 7.7) 0.3 (0.8 to 7.6)

R2 – – 11.2 (4.9 to 25.9) 0.0 (0.0 to 0.3) 5.8 (1.9 to 17.3) 0.7 (0.5 to 0.9)

R3 – – 7.9 (3.6 to 17.1) 0.2 (0.1 to 0.4) 2.3 (0.7 to 7.9) 0.9 (0.7 to 1.1)

R4(L) – – 22.6 (5.7 to 89.3) 0.2 (0.1 to 0.4) 2.9 (0.9 to 9.0) 0.8 (0.6 to 1.1)

Sahin–Akyar, 199887 C: R1b 3.5 (1.2 to 10.1) 0.4 (0.2 to 0.7) 22.5 (3.2 to 156.6) 0.2 (0.0 to 0.6) 2.8 (0.9 to 8.7) 0.7 (0.4 to 1.1)

C: R2 2.2 (1.2 to 4.1) 0.2 (0.1 to 0.6) 6.8 (2.7 to 16.7) 0.0 (0.0 to 0.7) 2.7 (1.0 to 7.1) 0.6 (0.3 to 1.1)

C: R3 5.6 (1.5 to 20.9) 0.3 (0.1 to 0.6) 5.4 (2.4 to 11.9) 0.0 (0.0 to 0.7) 6.8 (0.8 to 58.4) 0.8 (0.5 to 1.0)

C: R4 1.7 (0.8 to 3.3) 0.6 (0.3 to 1.1) 3.8 (1.8 to 7.9) 0.2 (0.1 to 0.8) 1.1 (0.2 to 5.3) 1.0 (0.7 to 1.3)

F: R1b 2.4 (1.3 to 4.5) 0.1 (0.0 to 0.5) 11.3 (2.9 to 43.7) 0.2 (0.1 to 0.6) 2.5 (1.3 to 4.9) 0.4 (0.1 to 1.0)

F: R2 1.4 (0.9 to 2.0) 0.3 (0.1 to 1.1) 12.4 (3.2 to 47.5) 0.1 (0.0 to 0.6) 1.6 (0.9 to 3.0) 0.6 (0.2 to 1.3)

F: R3 5.9 (1.6 to 21.9) 0.2 (0.1 to 0.5) 5.4 (2.4 to 11.9) 0.0 (0.0 to 0.7) 6.7 (0.8 to 58.5) 0.8 (0.6 to 1.1)

F: R4 6.3 (1.7 to 23.0) 0.2 (0.1 to 0.5) 7.5 (2.5 to 22.5) 0.2 (0.1 to 0.7) 4.5 (1.3 to 15.1) 0.6 (0.3 to 1.0)

Swen, 199963 R1b – – 6.2 (1.0 to 39.4) 0.3 (0.1 to 0.7) – –

R2 6.8 (1.1 to 43.0) 0.2 (0.0 to 0.6)

Torstensen, 199982 1.9 (1.3 to 2.6) 0.1 (0.0 to 0.6) – – – –

Traughber, 1992114 10.0 (1.5 to 68.0) 0.3 (0.1 to 0.7) 44 (2.8 to 690.6) 0.1 (0.0 to 1.2) 10.6 (1.4 to 77.6) 0.5 (0.2 to 1.0)

Tuite, 199599 3.7 (2.2 to 6.2) 0.1 (0.0 to 0.2) 19.7 (6.5 to 60.0) 0.1 (0.0 to 0.4) 5.6 (2.8 to 11.0) 0.3 (0.2 to 0.6)

Tuite to 200193 OS: R1(L) 1.8 (1.2 to 2.8) 0.3 (0.1 to 0.6)

OS: R2(M) b 3.8 (1.7 to 8.5) 0.3 (0.2 to 0.5) – – – –

AS: R1 1.9 (1.2 to 2.9) 0.2 (0.1 to 0.5)

AS: R2 11.1 (2.9 to 42.4) 0.2 (0.1 to 0.3)
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Study Comparisona Any tear Full tear Partial tear

LR+ LR– LR+ LR– LR+ LR–
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Wang, 199496 8.2 (2.2 to 30.4) 0.1 (0.0 to 0.4) – – – –

Wnorowski, 199737 CCS(L) 1.8 (1.1 to 2.8) 0.3 (0.1 to 1.0) 2.1 (0.9 to 4.8) 0.6 (0.3 to 1.3) 28.5 (1.4 to 590.0) 0.7 (0.3 to 1.5)

ESS(M)b 2.4 (1.2 to 5.0) 0.4 (0.2 to 1.0) 4.5 (1.9 to 10.8) 0.3 (0.1 to 0.9) 0.3 (0.0 to 3.8) 1.5 (1.2 to 1.9)

Wolf, 200138 – – 8.6 (3.4 to 22.0) 0.1 (0.0 to 0.3) 1.7 (0.2 to 11.9) 0.9 (0.6 to 1.4)

Yagci, 200197 R1b 1.2 (0.5 to 2.9) 0.8 (0.4 to 1.9) 2.8 (1.2 to 6.8) 0.3 (0.1 to 1.0) – c – c

R2 0.9 (0.5 to 1.7) 1.2 (0.4 to 3.7) 2.5 (1.2 to 5.2) 0.2 (0.0 to 1.0) 1.1 (0.1 to 23.9) 1.1 (0.9 to 1.2)

Zlatkin, 198916 3.0 (1.2 to 7.9) 0.1 (0.0 to 0.5) – – – –

LR+, positive likelihood ratio; LR–, negative likelihood ratio.
a R, reader (L, least experienced; M, most-experienced); C, conventional MR; F, fat-suppressed MR; OC, oblique coronal view; OS, oblique sagittal view; AS, angled sagittal view; 

CCS, clinical community radiologists; ESS, expert radiologists.
b Indicates set of results used for meta-analysis.
c Not possible to estimate since sensitivity was 0.
I Data for ‘impingement syndrome’ not for ‘any tear’.
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Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Binkert, 2001103

Radiology/orthopaedics
Switzerland (1999–2000)
Prosp3
Consecutive
Popl: 156 patients/index: 156
shoulders (52 in each solution)/
ref. test: 88 shoulders(30 in 2
mmol, 26 in 4 mmol, 32 in
Ringer)

Mean age: 51 (14–83) 
Sex: 59% male 

Outcomes: Any
Prevalence: 35%

Patients referred for MRA of
glenohumeral joint

Prior shoulder surgery or
arthroscopy excluded

Evaluated MRA with three
different contrast solutions

MRI unit: 1.0 T; dedicated receive-
only shoulder coil
Sequences: 1. T1-weighted; 
2. dual spin-echo and T1 fat-
suppressed images.
Planes: 1. transverse and PS
images; 2. AC
Contrast: 2 mmol gadoteridol
contrast agent; 4 mmol
gadoteridol contrast agent; Ringer
solution contrast agent

Ref. test: Arthroscopy (62)/open surgery (26). No further details

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Established criteria from literature used to differentiate the
various abnormalities (references provided)

Test interpreters: Two independent staff radiologists specialising in
musculoskeletal radiology. Blinded to clinical information and to gadoteridol
concentration but could not be blinded to Ringer solution owing to different
sequences used

Ref. test interpretation: Not reported

Funke, 1996101

Radiology 
Germany (years not
reported)
Prosp2
Recruitment not reported
Popl: NR patients/
index: 25 shoulders/
ref. test: 25 shoulders

Mean age: 43 (19–64)
Sex: 64% male

Outcomes: Any; FT; PT
Prevalence: 68; 56; 12%

Patients referred for evaluation of
RC

Evaluated MRA using either
standard spin-echo MRI or spin-
echo fat-suppressed MRI

MRI unit: 1.5 T; dedicated
shoulder coil 
Sequences: Standard spin-echo;
spin-echo fat-suppressed
Planes: OC, and OS; OC
Contrast: 1 ml gadopentetate
dimeglumine and 10 ml iotrolan

Ref. test: Arthrography (single-contrast). Details provided

Test interval: Arthrography given first, then MRA followed

Further investigations: Three patients underwent arthroscopy, 4 had open
surgery. In patients who did not undergo surgery, the results of the
conventional arthrography in combination with both MR techniques were
used to establish a final diagnosis (results not extracted)

Diagnostic criteria: Criteria reported 

Test interpreters: Panel of 2 experienced radiologists. Standard MR interpreted
blinded to clinical information, fat-suppressed MR interpreted alongside
standard images. Diagnosis established without knowledge of arthrography

Ref. test interpretation: Not reported

continued
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Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Hodler, 199290

Radiology/orthopaedics
USA (years not reported)
Cannot tell design 
Recruitment not reported
Popl: 150 patients/
index: 36• shoulders/
ref. test: 36 shoulders

Mean age: 42.5 (17–69)
Sex: 67% male

Outcomes: Any; FT; PT
Prevalence: 47; 11; 36%

Patients who had MRI and whose
arthroscopy reports were
available

Selected sub-sample of those
undergoing MRI for MRA – no
reasons for selection were given

Evaluated MRI (see Appendix 9)
and MRA

MRI unit: 1.5 T magnet
Sequences: proton-density, T2-
weighted; T1-weighted used for
MRA
Planes: OC; OC and OS used for
MRA
Contrast: 1 ml of gadopentetate
dimeglumine, 469 mg ml–1 in 
250 ml saline

Ref. test: Arthroscopy: details provided. Examined glenohumeral and
subacromial bursa (n = 32). 3 young patients with shoulder instability and 1
with adhesion capsulitis did not undergo bursal examination.

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Criteria provided (no reference given) 

Test interpreters: Experienced osteoradiologists (n = 3)

Ref. test interpretation: Experienced surgeons

Loew, 2000102

Radiology
Germany (years not
reported)
Prosp3
Recruitment not reported
Popl: 38 shoulders/index: a38
shoulders/ref. test: 27
shoulders

Mean age: 48 (21–80)
Sex: a66% male

Outcomes: FT; 
Prevalence: 44%

Patients with suspected chronic
instability or RC abnormalities

Evaluated MRA using either low-
field MRI or fat-suppressed high-
field MRI 

MRI unit: 0.2 or 1.5 T; flexible
surface coil
Sequences: Not reported for low
field; high field used fat
suppression in T1-weighted
images. Discussion reports use of
different sequences at each MR
unit
Planes: Not reported
Contrast: Gadopentetate
dimeglumine

MRI started within 15 minutes of
arthrography and was performed
in randomised order: low then
high field

Ref. test: Arthroscopy and surgery in all patients. Arthroscopic evaluation of
the labrum and RC performed before surgery

Test interval: Not reported

Further investigations: Not reported

Diagnostic criteria: Reported for high field

Test interpreters: Radiologists: one musculoskeletal radiologist with 5 years’
post-fellowship experience and one fifth-year resident with 2 years’ MRI
experience. Blinded to patient data, clinical history and surgical results. Both
readers had same results, so only one set extracted

Ref. test interpretation: Not reported

continued
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Study details Eligibility criteria Index test(s) details Reference test and test interpretation

Pfirrmann, 1999100

Radiology/orthopaedics
Switzerland (years not
reported)
Retrosp
Consecutive
Popl: 50 patients/
index: 50 shoulders/
ref. test: 50 shoulders

Mean age: 50.6 (21–76) 
Sex: 70% male

Outcomes: Any
Prevalence: 42%

Patients undergoing MRA at
authors’ institution and surgery
from a single shoulder surgeon

Excluded if previous surgery

Evaluated MRA using three
different views

MRI unit: 1.0 T; receive-only
shoulder coil
Sequences: T1-weighted turbo
spin-echo images
Planes: PS, transverse and AC;
transverse view only; PS view
only.
Contrast: 10 ml diluted
gadopentetate dimeglumine
(concentration 4 mmol l–1)

Ref. test: Arthroscopy (21)/open surgery (29). No details provided

Test interval: Max. 3 months for inclusion

Further investigations: Not described

Diagnostic criteria: Imaging criteria provided

Test interpreters: Radiologists who were specialised in musculoskeletal
radiology independently and unaware of surgical diagnosis. Three evaluations
of MRA were separated by 3-week intervals: PS first; then transverse; then
one image from each plane was made available

Ref. test interpretation: Single specialised shoulder surgeon undertook surgery.
Surgical report had to provide precise description of the subscapularis tendon
before inclusion

Yagci, 200197

Radiology/orthopaedics
Turkey (1997–8)
Prosp2
Recruitment not reported
Popl: NR patients/
index: 24 shoulders/
ref. test: 24 shoulders

Mean age: 52 (16–73)
Sex: 29% male

Outcomes: Any; FT; PT
Prevalence: 63; 42; 21%

Clinically suspected labral or
rotator cuff abnormalities. All
referred for surgery (therapeutic)

Evaluated MRI (see Appendix 9)
and MRA 

MRI unit: 1.0 T; shoulder surface
coil
MRI sequences: T1-weighted; 
T2-weighted; T2-weighted GRE
MRI planes: AX and PC; PC; PS

Contrast: Gadopentetate
dimeglumine. Shoulder exercised
for an average of 15 minutes
(range 10–20 minutes). 
MRA sequences: Spin-echo 
T1-weighted; fat-suppressed 
T1-weighted 
MRA planes: AX; PC and PS

Ref. test: Arthroscopy (n = 1) or open surgery (n = 24)

Test interval: Between MRI and MRA, mean 11 days (range 0–27 days).
Between MRA and surgery, 7days (range 1–23 days)

Further investigations: Not reported

Diagnostic criteria: Standard criteria established in recent literature were used
(no references given)

Test interpreters: Experienced musculoskeletal radiologists (n = 2)

Ref. test interpretation: Not reported
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MRA: sensitivity and specificity results
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Study Methodsa Any tear Full tear Partial tear

Pr Se Sp Pr Se Sp Pr Se Sp
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Binkert, Fat Gad 2 R1 40 0.92 (0.65 to 0.99) 0.94 (0.74 to 0.99)
2001103 (n = 30) R2 1.00 (0.76 to 1.00) 1.00 (0.82 to 1.00)

Gad 4 R1 42 0.91 (0.62 to 0.98) 0.87 (0.62 to 0.96)
(n = 26) R2 1.00 (0.74 to 1.00) 0.93 (0.70 to 0.99)

Ringer R1 25 1.00 (0.68 to 1.00) 0.79 (0.60 to 0.91)
(n = 32) R2 1.00 (0.68 to 1.00) 0.88 (0.69 to 0.96)

All R1c 35 0.94 (0.79 to 0.98) 0.86 (0.75 to 0.93)
(n = 88) R2 1.00 (0.89 to 1.00) 0.93 (0.83 to 0.97)

Funke, Con Gad b 68c 0.82 (0.59 to 0.94) 0.63 (0.31 to 0.86) 56 0.86 (0.60 to 0.96) 0.91 (0.62 to 0.98) 12d 0.67 (0.21 to 0.94) 0.91 (0.72 to 0.97)
1996101

Fat 1.00 (0.82 to 1.00) 0.88 (0.53 to 0.98) 1.00 (0.78 to 1.00) 1.00 (0.74 to 1.00) 1.00 (0.44 to 1.00) 0.95 (0.78 to 0.99)

Hodler, Con Gad b 47 0.71 (0.47 to 0.87) 0.84 (0.62 to 0.94) 11 1.00 (0.51 to 1.00) 0.88 (0.72 to 0.95) 36 0.46 (0.23 to 0.71) 0.96 (0.79 to 0.99)
199290

Loew, Con; 0.2 T Gad b 44 1.00 (0.76 to 1.00) 1.00 (0.80 to 1.00)
2000102

Fat; 1.5 T Gad 1.00 (0.76 to 1.00) 1.00 (0.80 to 1.00)

Pfirrmann, Con, AC, Gad R1b 42 0.90 (0.71 to 0.97) 0.86 (0.69 to 0.95)
1999100 PS, AX R2 0.90 (0.71 to 0.97) 0.79 (0.62 to 0.90)

Con; PS Gad R1 0.95 (0.77 to 0.99) 0.55 (0.38 to 0.72)
R2 1.00 (0.85 to 1.00) 0.62 (0.44 to 0.77)

Con; AX Gad R1 0.90 (0.71 to 0.97) 0.76 (0.58 to 0.88)
R2 0.90 (0.71 to 0.97) 0.90 (0.74 to 0.96)

Yagci, Con Gad R1b 63 1.00 (0.80 to 1.00) 0.78 (0.45 to 0.94) 42 1.00 (0.72 to 1.00) 1.00 (0.78 to 1.00) 21 1.00 (0.57 to 1.00) 0.89 (0.69 to 0.97)
200197 R2 1.00 (0.80 to 1.00) 0.89 (0.56 to 0.98) 1.00 (0.72 to 1.00) 1.00 (0.78 to 1.00) 1.00 (0.57 to 1.00) 0.95 (0.75 to 0.99)

Pr, prevalence (%); Se, sensitivity; Sp, specificity.
a MRI details: Con, conventional MRI; Fat, fat-suppressed MRI; AX, axial view; AC, angled coronal; PS, parasaggital. Contrast: Gad, gadolinium contrast agent; Ringer, Ringer solution.
b Result used in meta-analysis (where more than one result per outcome, the most conservative was chosen).
c One partial tear detected at MRA but not at arthrography. If include this as true-positive instead of false-positive as above: prevalence = 0.72; Con, Se 0.83 (95% CI: 0.61 to 0.94),

Sp 0.71 (95% CI: 0.36 to 0.92); Fat, Se 1.00 (95% CI: 0.82 to 1.00), Sp 1.00 (95% CI: 0.65 to 1.00).
d If include additional PT as true-positive instead of false-positive, as above: Pr = 0.16; Con, Se 0.50 (95% CI: 0.15 to 0.85), Sp 0.90 (95% CI: 0.71 to 0.97); Fat, Se 1.00 (95% 

CI: 0.51 to 1.00), Sp 1.00 (95% CI: .85 to 1.00).
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Study Methodsa Any tear Full tear Partial tear

Pr LR+ LR– Pr LR+ LR– Pr LR+ LR–
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Binkert, Fat Gad 2 R1 40 16.5 (2.4 to 111.7) 0.1 (0.0 to 0.6)
2001103 (n = 30) R2 36.5 (2.4 to 564.3) 0.0 (0.0 to 0.6)

Gad 4 R1 42 6.8 (1.6 to 25.1) 0.1 (0.0 to 0.7)
(n = 26) R2 15.0 (2.3 to 99.6) 0.0 (0.0 to 0.7)

Ringer R1 25 4.8 (2.2 to 10.5) 0.1 (0.0 to 1.1)
(n = 32) R2 8.0 (2.8 to 23.1) 0.1 (0.0 to 1.0)

All R1b 35 6.7 (3.5 to 12.8) 0.1 (0.0 to 0.3)
(n = 88) R2 14.2 (5.5 to 36.7) 0.0 (0.0 to 0.3)

Funke, Con Gad b 68 2.2 (0.9 to 5.5) 0.3 (90.1 to 0.9) 56 9.4 (1.4 to 61.8) 0.2 (0.0 to 0.6) 12 7.3 (1.6 to 34.4) 0.4 (0.1 to 1.8)
1996101

Fat 8.0 (1.3 to 50.0) 0.0 (0.0 to 0.5) 23.2 (1.5 to 350.5) 0.0 (0.0 to 0.5) 22.0 (3.2 to 149.3) 0.1 (0.0 to 1.8)

Hodler, Con Gad b 47 4.5 (1.5 to 13.2) 0.3 (0.2 to 0.7) 11 8.0 (3.2 to 20.0) 0.1 (0.0 to 1.6) 36 10.6 (1.4 to 78.8) 0.6 (0.3 to 0.9)
199290

Loew, Con; 0.2 T Gad b 44 30.8 (2.0 to 471.9) 0.0 (0.3 to 0.9)
2000102

Fat; 1.5 T Gad 30.8 (2.0 to 471.9) 0.0 (0.3 to 0.9)

Pfirrmann, Con, PS, Gad R1b 42 6.6 (2.6 to 16.5) 0.1 (0.0 to 0.4)
1999100 AX R2 4.4 (2.1 to 9.0) 0.1 (0.0 to 0.5)

Con; PS Gad R1 3.7 (1.9 to 7.3) 0.1 (0.0 to 0.6)
R2 8.7 (3.0 to 25.8) 0.0 (0.0 to 0.6)

Con; Ax Gad R1 2.1 (1.7 to 4.2) 0.1 (0.0 to 0.5)
R2 2.6 (1.7 to 4.2) 0.1 (0.0 to 0.4)

Yagci, Con Gad R1b 63 4.5 (1.3 to 15.3) 0.0 (0.0 to 0.7) 42 28.6 (1.9 to 438.3) 0.0 (0.0 to 0.7) 21 9.5 (2.6 to 35.2) 0.1 (0.0 to 1.4)
200197 R2 9.0 (1.4 to 57.1) 0.0 (0.0 to 0.6) 28.6 (1.9 to 438.3) 0.0 (0.0 to 0.7) 19.0 (2.8 to 128.0) 0.1 (0.0 to 1.3)

Pr, prevalence (%); LR+, positive likelihood ratio; LR–, negative likelihood ratio.
a MRI details: Con, conventional MRI; Fat, fat-suppressed MRI; AX, axial view; PS, parasagittal. Contrast: Gad, gadolinium contrast agent; Ringer, Ringer solution.
b Result used in meta-analysis (where more than one result per outcome, the most conservative was chosen).



Oh and colleagues, 199927

Study question
The paper by Oh and colleagues presents a
decision analytic model to consider the diagnostic
choices in a patient with internal derangement of
the shoulder and the cost-effectiveness of the
diagnostic alternatives. The model compares
estimates of the effectiveness and cost-effectiveness
of conventional MRI and conventional
arthography (double-contrast) with a hypothetical
strategy of arthrogram (single-contrast) followed
by MR arthrogram where indicated.

Setting
The paper is a USA study and the study setting is
that of outpatient care for diagnostic procedures.

Approach
The study used a standard cost-effectiveness
approach to estimate the cost per additional true
diagnosis, although the authors do not explicitly
state the unit of outcome used in the cost-
effectiveness analysis (referring to accuracy only). 

Model
The economic model used is a simple decision-
tree model (based on Decisionmaker 7.05
software) involving three diagnostic strategies,
conventional arthography, conventional MRI and
MR arthrogram used as an adjunct to
conventional arthography.

Data
Data on the prevalence of diagnostic outcomes
(i.e. FT RCTs, PT RCTS, labral tears, absence of
tear) are based on clinical experience.
Effectiveness data were drawn from a review of
English language publications from 1985 to 1997,
with data taken from studies where patients had
clinical symptoms suggesting shoulder
impingement or instability. The authors present
data on patient samples and the true positive rates
from the selected studies.

Cost data are based on 1997 Medicare
reimbursement rates (fee schedule for

Pennsylvania, Metropolitan DC, New Jersey and
Delaware providers). Imaging strategies are
assumed to be undertaken on an outpatient basis
only and costs are outpatient costs. The global
imaging costs for conventional MRI, conventional
arthrogram and MR arthrogram are reported as
$464.57, $163.77 and $628.54, respectively.
Following diagnosis for FT RCTs, PT RCTs and
labral tears, patients were assumed to undergo
repair procedures. Costs for surgical procedures
for FT RCTs, PT RCTs and labral tears are
detailed at $5411, $5324 and $4377 (Medicare
rates). Costs for physical therapy and medication
(NSAIDs) were not included in any of the
treatment costs.

Effectiveness and cost data were from different
sources.

Outcome/effectiveness
The outcome measure used, or measure of
effectiveness, is the accuracy of the diagnostic
strategy in the diagnosis of FT RCTs, PT RCTs,
labral tears and the absence of a tear.

Utilities were discussed, but those referred to are
not a measure of outcome or preference, or
strength of preference. The utilities used can only
be interpreted as an indication of the direction of
benefit (e.g. +1.0 reflects a true-positive or true-
negative outcome whereas –1.0 reflects a false-
positive or false-negative outcome). However, it is
difficult to see where the authors use these so-
called utilities as effectiveness is based on findings
for the accuracy of diagnosis. It may be that the
accuracy data are transformed using the utilities;
however, it is difficult to tell.

Discounted?
No discounting was done/reported.

Reported separately?
Cost and effect findings were presented separately
for each of the three diagnostic strategies, average
costs were used for each and the marginal cost of
one strategy over another was calculated from
these average costs.
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Review of cost-effectiveness paper



Currency
US dollars.

Perspective
Not stated, but that of a healthcare purchaser was
taken.

Statistical analysis?
No statistical analysis was undertaken.

Sensitivity analysis?
Undertaken on variables that were informed by
expert opinion or those that were based on fewer
than 10 scientifically proven cases.

Results of sensitivity analysis were presented for
variations in effect of disease prevalence on the
cost-effectiveness of each strategy. A range of
scenarios were used, but the cost-effectiveness of
MR arthrogram over conventional arthrogram was
between $2669 and $4917, other than at the
baseline assumption (with cost-effectiveness at
$21,029).

Further sensitivity analysis was undertaken to
evaluate the effect of uncertain true-positive rates
used in the baseline analysis. The effect of
independent changes in the true-positive rates of
labral tears and partial tears for single-contrast
(MR arthrogram) showed that MR arthrogram was
more effective that MRI and arthrography in all
variations. When the sensitivity of double-contrast
arthrography (conventional arthrography) for
labral tears and partial tears were independently
increased, the marginal cost-effectiveness of MR
arthrogram and MRI decreased owing to its
greater cost.

Results
Base-case analysis presents findings for the
average effectiveness of conventional arthrogram,
conventional MRI and MRA (as adjunct therapy)

to be 0.6610, 0.6715 and 0.7204, respectively. The
average costs for these three diagnostic strategies
are estimated to be $1090, $2033 and $2339,
respectively. The authors present findings for the
marginal cost-effectiveness of conventional MRI
compared with conventional arthrogram, $89,895,
MR arthrogram as adjunct therapy compared with
conventional arthrogram, $21,029, and MR
arthrogram compared with MRI, $6250. The cost-
effectiveness results are interpreted as cost per
accurate diagnosis (i.e. utility value of +1.0),
although this is not explicitly stated by the
authors.

Other
Computed tomography was not included as a
strategy owing to its inability to diagnose labral
tears and ultrasound was not included as a
strategy owing to the varied and uncertain nature
of its diagnostic properties.

The authors state that of the studies used to
inform on the accuracy of the diagnostic
strategies, many used patient populations that
were not fully representative of the spectrum of
patients on whom the tests might be used. The
authors also highlight that the paucity of data on
partial tears and the prevalence and clinical
importance of partial tears limit some of the study
conclusions.

The authors state that as the study did not use
pure cost data, downstream costs (such as lost
productivity and rehabilitation costs) were not
evaluated.

It is difficult to understand the method for
calculating the average cost of strategies (e.g.
$1090 for arthrography) – obviously costs for
diagnosis and interventions were weighted in the
cost-effectiveness decision model, but the cost
breakdowns/components are not presented.
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