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SUMMARY
Background. A common cause of shoulder pain is attributable to the impingement 
syndrome. The objectives of this systematic review are: 1) to investigate the usefulness 
of clinical tests and their psychometric qualities in the clinical diagnosis of subacromial 
shoulder impingement; 2) to investigate the accuracy of different imaging methods to 
identify structural correlates related to rotator cuff injuries as indirect confirmation of 
subacromial impingement syndrome.
Materials and methods. This systematic review was carried out following the indica-
tions contained in the PRISMA checklist. The methodological quality of the studies 
included was assessed through the AMSTAR 2.
Results. Several studies agree that no test improves the post-test probability of detect-
ing subacromial impingement and, therefore, are inaccurate. Ultrasound, Magnetic 
Resonance Imaging and Magnetic Resonance Arthrography have the same level of 
sensitivity and specificity in the detection of complete lesions of the rotator cuff. For 
partial injuries it seems that there is a lower sensitivity in view of high specificity, espe-
cially with ultrasound.
Discussion and conclusions. The present review confirms the poor diagnostic ability 
of clinical tests for subacromial shoulder impingement and it highlights the criticism in 
imaging employment in the complex process of the clinical framing of this syndrome.

KEY WORDS
Diagnostic imaging; physical examination; shoulder pain; screening; subacromial 
impingement syndrome.
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BACKGROUND
Shoulder pain is the third most common musculoskele-
tal disorder in the general population and can significantly 
influence the patient’s ability to perform work, daily life, and 
leisure activities (1-3). Shoulder problems have also a signifi-
cant social and economic impact (1).

The punctual prevalence of shoulder pain varies between 
6.9% and 26% in the adult population and increases with 
age (1); the annual incidence varies according to age: 
0.9% for those aged between 31 and 35, 2.5% for 42-46 
years, 1.1% for 56-60 years and 1.6 % for those aged 70 
to 74 (1).
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A common cause of shoulder pain without joint stiffness 
is attributable to the subacromial impingement syndrome 
(SIS), a nosological entity diagnosed in about 74% of 
patients with painful shoulder; SIS is also reported as a 
contributing factor to the onset of shoulder pain from 48% 
to 65% (4-6).
SIS was initially described by Neer as a pinching of soft 
tissues between the humerus and the coracoacromial arch 
during the elevation movement of the arm (7); later it was 
defined as a clinical entity rather than a diagnostic one since 
it can be associated with many tissue, and functional alter-
ations (8).
Shoulder impingement can be caused by external (external 
impingement) or internal causes (internal impingement) 
(9, 10); among the “external impingement”, the sub-cora-
coid and the SIS are included (11).  SIS can occur due to 
different mechanisms and structural factors and functional 
factors can contribute to its onset (table I) (11).
According to Neer (7), SIS is due to primary abnormalities 
of the coracoacromial arch, such as the acromial spur or 
hook morphology of the acromion which cause compres-
sion of the subacromial bursa and abrasion of the bursal 
part of the tendon of the supraspinatus (7).
Subsequently, Lewis (12) highlighted the hypothesis that 
the subacromial conflict, although present, represents the 
consequence of an underlying incompetence of the rotator 
cuff which leads to an alteration of the normal biomechan-
ics of stability of the humerus inside the glenoid (12).
The conflict of such structures, then, would only be the 
tip of the iceberg, one of the last phases of the functional 

involution of a shoulder with an incompetent rotator cuff, 
before it is injured (12).
However, if impingement is not impingement, it means the 
pathophysiology is not the rotator cuff hitting the acromi-
on, but other mechanisms and not acromial contact cause 
pain in these patients (13). In the light of current knowl-
edge, tendinopathy seems to be the result of a “failed heal-
ing response” related to age-related factors, genetic factors, 
load alterations, trauma, comorbidities, sports, drugs, 
smoking, unhealthy lifestyle (13).
Through the years, therefore, we passed from an extrin-
sic conception of pathology, to an intrinsic conception, 
according to which the rotator cuff tendinopathy originates 
in the inner layers of the tendon as a consequence of fric-
tion between the intratendinous layers, overuse, nonuse or 
overload (9).
So, the SIS has been defined as a clinical rather than diag-
nostic entity, which corresponds to a series of tissue and 
functional alterations (5, 13).
Moreover, SIS in the advanced phase is associated with 
rotator cuff injuries even though the relationship between 
these two entities is still a matter of debate (14); however, 
lesion of the supraspinatus tendon is often identified as an 
indirect sign of the SIS (4, 13).
At the base of the diagnostic process of the SIS there are 
the patient history and the physical examination (15). The 
clinical tests and some instrumental examinations such as 
Ultrasound (US), Magnetic Resonance Imaging (MRI) and 
Magnetic Resonance Arthrography (MRA) (see Appendix 1) 
over time have begun to be identified as an integral part of 
this process, although in Guidelines by Diercks et al, imag-
ing were not recommended before 6 weeks after the onset of 
symptoms (7, 16, 17).
Numerous studies have proposed to investigate the qual-
ity of the psychometric properties of the symptom prov-
ocation procedures and the validity compared to the use 
of diagnostic imaging to confirm the diagnosis of SIS in 
patients with painful shoulder (16-20).
However, methodological quality of the studies on these 
topics revealed concerns, and there are also few certain-
ties about the use of imaging techniques as a valid aid to 
discriminate between symptomatic and asymptomatic 
patients (12, 18, 19).
We will perform two systematic reviews on two different 
topics in order to allow clinicians to understand the best 
methods of clinical evaluation and instrumental diagnostics 
in patients with SIS. 
Therefore, the objectives of this systematic review are:
• to investigate the usefulness of clinical tests and their 

psychometric qualities in the clinical diagnosis of SIS;

Table I. Subacromial impingement syndrome: structural 
factors and functional factors. 

Structural factors

Bursae (inflammation, thickening).
Rotator cuff tendon (tendinitis, 
thickening, partial-thickness tears).
Humeral head (congenital abnormalities, 
fracture malunion).
Acromioclavicular joint 
(joint abnormalities, sprains, 
degenerative spurs).
Acromion (abnormal shape, spurs, os 
acromiale unfused, malunion of fracture, 
nonunion of fracture).

Functional factors

Rotator cuff (weakness, inflammation).
Imbalance (poor dynamic stabilization).
Capsular (hypomobility, hypermobility).
Scapular factors (postural adaptations, 
position, restriction in motion, 
neuromuscular control, paralysis, 
facioscapulohumeral muscular 
dystrophy).
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• to investigate the accuracy of different imaging meth-
ods to identify structural correlates related to rotator 
cuff injuries as indirect confirmation of SIS.

MATERIALS AND METHODS
The study meets the ethical standards of the journal (21). 

This systematic review was carried out following the meth-
odological indications contained in the PRISMA checklist 
(22). A bibliographic search was conducted from July 2018 
to December 2018 on the PubMed database (US Nation-
al Library of Medicine National Institutes of Health) using 
a combination of keywords and MeSH terms (appendix 2) 
designed to identify studies on clinical tests and instrumen-
tal examination in the diagnosis of SIS.
Appendix 3 reported the search strings used with the filter 
to select systematic reviews, and eligibility criteria.
Two reviewers (ML, EM) for the clinical test string and (ML, 
GG) for the instrumental examinations string have inde-
pendently analysed titles, abstracts and full-text to identify 
the articles of interest. For each point of conflict, an auditor 
super-partes (FB) has been consulted.
The methodological quality of the articles included in the 
study has been assessed independently by two reviewers for 
each string through the AMSTAR 2 scale. AMSTAR 2 is the 
new revised checklist that evaluates systematic reviews (23). 

With the new AMSTAR 2 version, it is possible to evalu-
ate systematic reviews including NRSI (Non-Randomised 
Studies of Interventions) and Randomized Controlled Trial 
(RCTs). The checklist includes 16 items with the possibility 
to answer “YES”, “NO”, “PARTIAL YES”.
The AMSTAR 2 overall score (appendix 4) is calculated 
by entering the answers on the website (https://amstar.ca/
Amstar_Checklist.php) (2).

RESULTS

Selection of studies on psychometric qualities of 
clinical tests
The research conducted on PubMed resulted in 264 articles. 
By title and abstract screening 249 studies were excluded. 
15 articles were selected for full-text analysis and 3 articles 
were excluded because they did not meet the inclusion crite-
ria. Finally, 12 articles were included, specifically including 
7 meta-analysis and 5 systematic reviews (table II). 

Selection of studies on diagnostic accuracy of 
instrumental examinations
The research conducted on PubMed produced 170 results. 
By screening of title and abstract 151 articles were excluded. 

After reading the full text, 12 articles were excluded. Final-
ly, 7 systematic reviews have been included (table III).
The study selection processes for the reliability of the 
tests and for the accuracy of the imaging assessment are 
summarised in the PRISMA flow-charts (figures 1, 2).
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Figure 1. Prisma flow-chart Clinical Tests.

Figure 2. Prisma flow-chart Instrumental Examinations.
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Table II. Synoptic table articles included for clinical tests. 

Article
Author and publication date

Study design Objective Methods Results Conclusions

Gismervik et al., 2017
Physical examination tests 
of the shoulder: a systematic 
review and meta-analysis of 
diagnostic test performance.

Systematic
Review and 
meta-analysis

This meta-
analysis aims to 
use diagnostic 
odds ratio (DOR) 
to evaluate how 
much physical 
examination tests 
of the shoulder 
(PETS) shift 
overall probability 
and to rank the 
test performance 
of single PETS 
in order to aid 
the clinician’s 
choice of which 
tests to use.

.

Intervention: 
a fixed effect 
model was used 
to assess the 
overall diagnostic 
validity of PETS 
by pooling DOR 
for different 
PETS with similar 
biomechanical 
rationale 
when possible.
Single PETS 
were assessed 
and ranked by 
DOR. Clinical 
performance 
was assessed 
by sensitivity, 
specificity, 
accuracy and 
likelihood ratio.

Hawkins test obtained 
the highest DOR 
(2.86) for impingement 
syndrome (sensitivity 
0.58, specificity 0.67). 
No single PETS showed 
superior clinical test 
performance.

The clinical 
performance 
of single PETS 
is limited.
The authors 
suggest that 
clinicians choose 
their PETS 
among those 
with the highest 
pooled DOR. 

Lange et al., 2016
Reliability of specific 
physical examination tests 
for the diagnosis of shoulder 
pathologies: a systematic 
review and meta-analysis

Systematic
Review and 
meta-analysis

The aim of this 
systematic review 
was to summarize 
and evaluate intra-
rater and inter-
rater reliability 
of physical 
examination tests 
in the diagnosis 
of shoulder 
pathologies

Intervention: the 
search strategy 
revealed 3259 
articles, of which 
18 finally met the 
inclusion criteria. 
Pattern: all 
included studies 
were prospective 
and inter-rater 
reliability was 
assessed in 17, and 
1 study evaluated 
inter-rater and 
intra-rater 
reliability.

The included 
studies were of low 
methodological quality 
according to the 
QAREL tool.
Meta-analysis identified 
extensive heterogeneity 
among studies for 
physical examination 
tests, thus the findings 
of the meta-analysis 
may be inaccurate and 
need to be interpreted 
with caution.

This review 
identified a lack 
of high- quality 
studies evaluating 
inter-rater as 
well as intra-
rater reliability of 
specific physical 
examination tests 
for the diagnosis 
of shoulder 
pathologies. 
In addition, 
reliability 
measures differed 
between included 
studies hindering 
proper cross-study 
comparisons.
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O’Kane et al., 2014
The Evidenced-Based 
Shoulder Evaluation

Systematic
Review and 
meta-analysis

The purpose 
of this article 
is to review the 
evidence for 
several physical 
examination 
techniques 
and imaging 
modalities and 
to propose an 
evidenced-based 
strategy for the 
evaluation of the 
painful shoulder.

Intervention: 
abstracts were 
screened for 
statistical 
assessment of 
examination 
or imaging 
performance. 
In developing 
the evaluation 
algorithm, the 
few shoulder 
tests identified 
as performing 
well in a recent 
meta-analysis 
were included. 
In addition, a 
number of studies 
identified as low 
bias using the 
QUADAS-2 tool 
were reviewed, 
and their reported 
sensitivity and 
specificity were 
used to calculate 
likelihood ratios 
evaluating the 
role of those tests 
in the shoulder 
evaluation 
algorithm.

In total, 57 named 
shoulder tests were 
identified. Meta-analysis 
was possible for 16 tests 
assessing 5 diagnoses, 
as follows: subacromial 
impingement, superior 
labral anterior to 
posterior (SLAP) tear, 
anterior or posterior 
labral tear, anterior 
instability, and rotator 
cuff tendinopathy.

The literature 
is replete with 
studies describing 
physical 
examinations 
for the shoulder, 
although many 
are of insufficient 
quality. Moreover, 
combining history 
and physical 
examination 
improves accuracy 
over physical 
examinations in 
isolation.

Article
Author and publication date

Study design Objective Methods Results Conclusions
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Hermans et al., 2013
Does This Patient With 
Shoulder Pain
Have Rotator Cuff Disease?
The Rational 
Clinical Examination 
Systematic Review

Systematic
Review and 
meta-analysis

To perform a 
meta-analysis to 
identify the most 
accurate clinical 
examination 
findings for 
rotator cuff 
disease (RCD), 
including 
subacromial 
bursitis 
and tendinopathy 
which can lead 
to a clinical 
entity known 
as subacromial 
impingement 
syndrome.

Intervention: 
two reviewers 
extracted study 
characteristics and 
diagnostic accuracy 
data for the index 
and reference 
tests of each study. 
For each finding, 
we recalculated 
the sensitivity, 
specificity, and 
likelihood ratios 
(LRs). Two pairs 
of reviewers 
independently 
assigned levels 
of evidence.

Twenty-eight studies 
assessed the examination 
of referred patients 
by specialists. Only 5 
studies reached Rational 
Clinical Examination 
quality scores of 
level 1-2.
Because of the relatively 
low diagnostic accuracy 
of commonly per- 
formed individual tests, 
combinations of findings 
for RCD have been 
evaluated. However, a 
positive Hawkins test 
result together with 
a positive Neer test 
result has a result with 
substantial overlap 
compared with the 
individual tests.

A positive painful 
arc test result and 
a positive external 
rotation resistance 
test result were 
the most accurate 
findings for 
detecting RCD.

Hanchard et al., 2013
Physical tests for shoulder 
impingements and local 
lesions of bursa, tendon or 
labrum that may accompany 
impingement (Review)

Systematic
Review

To evaluate 
the diagnostic 
accuracy of PETS 
impingements 
(subacromial or 
internal) or local 
lesions of bursa, 
rotator cuff or 
labrum that 
may accompany 
impingement, 
in people whose 
symptoms and/
or history suggest 
any of these 
disorders.

Intervention: 
two pairs of 
review authors 
independently 
performed study 
selection, assessed 
the study quality 
using QUADAS. 

The standard tests were 
Hawkins’ test, Neer’s 
sign and the painful arc 
test. The modified tests 
were Neer’s sign, passive 
horizontal adduction, 
Speed’s test and 
Yergason’s test. There 
were three combination 
tests, which comprised: 
all of seven specific tests 
(drop arm test, Hawkins’ 
test, Neer’s sign, painful 
arc, passive horizontal 
adduction, Speed’s test 
and Yergason’s test); 
Hawkins’ test or Neer’s 
sign; and Hawkins’ test 
and Neer’s sign. The 
specificity estimates 
ranged from 26% for 
the standard Hawkins’ 
test to 99% for the 
Gum-Turn test. Only one 
test was performed and 
interpreted similarly in 
two studies. This was the 
standard Hawkins’ test, 
but different and possibly 
incomparable reference 
standards were used.

There is 
insufficient 
evidence upon 
which to base 
selection of PETS 
impingements, 
including 
subacromial 
impingement, in 
primary care.

Article
Author and publication date

Study design Objective Methods Results Conclusions
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Hegedus et al., 2008
Physical examination tests 
of the shoulder: a systematic 
review with meta-analysis of 
individual tests

Systematic 
Review and 
meta-analysis

To compile and 
critique research 
on the diagnostic 
accuracy of 
individual 
orthopedic 
physical 
examination tests.

Intervention: 
the quality of 
the articles was 
assessed using the 
QUADAS tool and 
data was extracted 
from each article. 
Meta-analysis 
was performed 
on the Neer test 
and the Hawkins-
Kennedy test for 
impingement.

Forty-five studies were 
critiqued with only 
half demonstrating 
acceptable high quality 
and only two having 
adequate sample size. 
For impingement, 
the meta- analysis 
revealed that the 
pooled sensitivity and 
specificity for the Neer 
test was 79% and 53%, 
respectively, and for 
the Hawkins-Kennedy 
test was 79% and 59%, 
respectively. Regarding 
orthopedic special tests 
where meta-analysis 
was not possible either 
due to lack of sufficient 
studies or heterogeneity 
between studies, no 
tests for impingement 
demonstrated significant 
diagnostic accuracy.

Based on 
pooled data, 
the diagnostic 
accuracy of the 
Neer test and 
the Hawkins-
Kennedy test for 
impingement 
is limited. 
There is a great 
need for large, 
prospective, well-
designed studies 
that examine 
the diagnostic 
accuracy of the 
numerous PETS.

Hegedus et al., 2012
Which physical examination 
tests provide clinicians 
with the most value when 
examining the shoulder? 
Update of a systematic 
review with meta-analysis of 
individual tests

Systematic 
Review and 
meta-analysis

To update 
previously 
published 
systematic review 
and meta-analysis 
by subjecting 
the literature on 
shoulder physical 
examination to 
careful analysis 
in order to 
determine 
each tests 
clinical utility.

Intervention: this 
review is an update 
of previous work 
(see article n.6 
in table).
The QUADAS 2 
tool was used to 
critique the quality 
of each new paper.

Since the publication 
of the 2008 review, 32 
additional studies were 
identified and critiqued. 
For subacromial 
impingement, the meta-
analysis revealed that 
the pooled sensitivity 
and specificity for the 
Neer test was 72% and 
60%, respectively, for 
the Hawkins-Kennedy 
test was 79% and 59%, 
respectively, and for the 
painful arc was 53% and 
76%, respectively.

Based on data 
from the original 
2008 review and 
this update, the 
use of any single 
shoulder physical 
examination 
test to make a 
pathognomonic 
diagnosis cannot 
be unequivocally 
recommended. 
These findings 
seem to provide 
support for 
stressing a 
comprehensive 
clinical 
examination 
including history 
and physical 
examination

Article
Author and publication date

Study design Objective Methods Results Conclusions
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Alqunaee et al., 2012
Diagnostic Accuracy 
of Clinical Tests for 
Subacromial Impingement 
Syndrome: A Systematic 
Review and Meta-Analysis

Systematic
Review and 
meta-analysis

To examine 
the accuracy 
of clinical tests 
for diagnosing 
subacromial 
impingement 
syndrome (SIS).

Intervention: the 
methodological 
quality of selected 
studies was 
assessed using the 
QUADAS tool, 
a validated tool 
for the quality 
assessment 
of diagnostic 
accuracy studies.
Pattern: authors 
included 
prospective or 
retrospective 
cohort studies 
that examined 
individuals with a 
painful shoulder, 
reported any 
clinical test for 
SIS, and used 
arthroscopy or 
open surgery as the 
reference standard.

The Hawkins-Kennedy 
test, Neer’s sign, and 
empty can test are 
shown to be more 
useful for ruling out 
rather than ruling in 
SIS, with greater pooled 
sensitivity estimates 
(range, 0,69–0,78) 
than specificity (range, 
0,57–0,62). A negative 
Neer’s sign reduces 
the probability of SIS 
from 45% to 14%. 
The drop arm test and 
lift-off test have higher 
pooled specificities 
(range, 0,92–0,97) than 
sensitivities (range, 0,21–
0,42), indicating that 
they are more useful for 
ruling in SIS if the test 
is positive.

Accurate 
diagnosis of SIS 
is a challenge to 
clinicians, and 
the diagnostic 
accuracy of some 
of the clinical tests 
used in clinical 
practice needs to 
be considered in 
the context of the 
overall patient 
assessment. 

May et al., 2010
Reliability of physical 
examination tests used in 
the assessment of patients 
with shoulder problems: a 
systematic review

Systematic
Review

To systematically 
review the 
reliability 
of physical 
examination 
procedures used 
in the clinical 
examination of 
patients with 
shoulder pain.

Intervention: 
pre-established 
criteria were used 
to judge the quality 
of the studies 
and satisfactory 
levels of reliability. 
A qualitative 
synthesis was 
performed 
based on levels 
of evidence.

Thirty-six studies were 
included with a mean 
methods score of 57%. 
Seventeen studies were 
deemed to be of high 
quality. The majority 
of studies indicated 
poor reliability for all 
procedures investigated.

There was 
conflicting 
evidence about 
their reliability, 
and most fell 
below the 
predetermined 
levels of 
acceptable 
reliability. Using 
these procedures 
to make their 
associated 
diagnoses is 
an invalid and 
unreproducible
process.

Article
Author and publication date

Study design Objective Methods Results Conclusions
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Beaudreuil et al., 2009
Contribution of clinical tests 
to the diagnosis of rotator 
cuff disease: A systematic 
literature review

Systematic
Review

To evaluate 
the diagnostic 
performance of 
clinical tests for 
degenerative 
RCD, based 
on a systematic 
literature review.

Intervention: 
studies were 
selected based 
on the following 
criteria: patients 
with RCD, number 
of patients known 
to be greater 
than 30, known 
reference criterion 
(sub- acromial 
impingement or 
tendon disease), 
well-described 
diagnostic method, 
knowledge of 
the prevalence of 
the abnormality 
in the overall 
study population, 
well-described 
clinical tests with 
clear definitions 
of positive and 
negative test results, 
and availability 
of sensitivity and 
specificity data.

Authors selected nine 
studies, of which 
three investigated 
tests for subacromial 
impingement 
syndrome and seven 
tests for rotator cuff 
tendinopathy. The 
results fail to clarify 
the value of the 
painful arc test for 
diagnosing subacromial 
impingement syndrome.
Two studies evaluated 
the Neer and Hawkins 
tests. Both tests were 
sensitive.Specificity, in 
contrast, was low.
Few data are available 
on the Yocum test. 
Sensitivity was 
estimated at 78% versus 
arthroscopic evidence 
of tendinopathy with or 
without tearing.

The most 
extensively 
studied tests 
for subacromial 
impingement 
- Neer and 
Hawkins - are 
sensitive but lack 
specificity.
Nevertheless, 
studies of the 
performance of 
clinical tests are 
few. The precise 
techniques 
and subjective 
interpretation 
required by 
clinical tests lead 
to substantial 
inter-observer 
variability. 

Hughes et al., 2008
Most clinical tests cannot 
accurately diagnose 
rotator cuff pathology: a 
systematic review

Systematic
Review

To evaluate 
the diagnostic 
accuracy of 
clinical tests to 
diagnose rotator 
cuff pathology. 

Intervention: 
to reduce 
sources of bias, 
three reviewers 
independently 
assessed the 
included studies 
for methodological 
quality using 
criteria adapted 
from guidelines for 
appraising studies 
concerned with 
diagnostic tests 
by the National 
Health and Medical 
Research Council 
(1999). Data were 
extracted from 
each included study 
using a standard 
form developed for 
the review.

Thirteen studies met the 
inclusion criteria. The 
13 studies evaluated 
14 clinical tests. 
Most tests for rotator 
cuff pathology were 
inaccurate and cannot 
be recommended for 
clinical use.

The poor accuracy 
of clinical tests 
for rotator cuff 
pathology could 
be related to a 
lack of anatomical 
validity of the 
tests or it may 
be that the close 
relationships of 
structures in the 
shoulder may 
make it difficult 
to identify specific 
pathologies with 
clinical tests.

Article
Author and publication date

Study design Objective Methods Results Conclusions
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Dinnes et al., 2003
The effectiveness of 
diagnostic tests for the 
assessment of shoulder pain 
due to soft tissue disorders: a 
systematic review

Systematic
Review

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.

Intervention: 
authors proposed 
to appraise the 
methodological 
quality of included 
test accuracy 
studies using a 
formal quality 
assessment tool.
Pattern: 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.

The majority of studies 
evaluated the ability 
of clinical examination 
to identify patients 
with RCTs or, in two 
cases, specifically full- 
thickness RCTs. Two 
other studies used 
clinical examination 
to differentiate 
impingement syndrome 
from other causes of 
shoulder pain, and 
another 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.
The tests evaluated 
tended to be either 
highly sensitive or highly 
specific, and very few 
demonstrated both high 
sensitivity and specificity. 
As a result, few tests 
provided convincing 
evidence of the presence 
or absence of disease 
in the settings in which 
they were applied. 

Too few studies 
evaluated the 
same test to draw 
any conclusions 
regarding 
individual tests. 
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. 

Article
Author and publication date

Study design Objective Methods Results Conclusions
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Table III. Synoptic table articles included for instrumental examinations. 

Article
Author and 
publication date

Study
design

Objective Methods Results Conclusions

McGarvey et al. 2016
Diagnosis of rotator 
cuff tears using 
3-Tesla MRI versus 
3-Tesla MRA: a 
systematic review and 
meta-analysis

Systematic
Review

To compare the 
diagnostic accuracy 
of MRI (3D) and 
MRA (2 & 3D) in 
the diagnosis of 
rotator cuff tears 
when performed 
exclusively at 3-T.

Intervention: a 
systematic review 
was undertaken 
of the Cochrane, 
MEDLINE and 
PubMed databases 
in accordance 
with the PRISMA 
guidelines.
Methodological 
appraisal was 
performed using 
QUADAS 2. 
Pooled sensitivity 
and specificity 
were calculated 
and summary 
receiver-operating 
curves generated.

Both 3-T MRI and 
3-T MRA showed 
similar excellent 
diagnostic accuracy 
for full-thickness 
supraspinatus tears.
Concerning 
partial thickness 
supraspinatus tears, 
3-T 2D MRA was 
significantly more 
sensitive (86.6 vs 
80.5 %, p = 0.014) 
but significantly less 
specific (95.2 vs 100 
%, p < 0.001). There 
was a trend towards 
greater accuracy 
in the diagnosis of 
subscapularis tears 
with 3-T MRA. 

Three-Tesla MRI 
appeared equivalent 
to 3-T MRA in the 
diagnosis of full- and 
partial-thickness 
tears, although there 
was a trend towards 
greater accuracy 
in the diagnosis of 
subscapularis tears 
with 3-T MRA. 

Roy J-S et al. 2015
Diagnostic accurancy of 
ultrasonography, MRI 
and MR arthrography 
in the characterisation 
of rotator cuff 
disorders:
a systematic review and 
meta-analysis

Systematic
Review and 
Meta-analysis

The objective 
was to perform 
a meta-analysis 
on the diagnostic 
accurancy of 
medical imaging 
for characterisation 
of RC disorders. 
A secondary 
analysis assessed 
accurancy of US 
by radiologists and 
non- radiologists.

Intervention: 
a systematic 
search in three 
databases was 
conducted. Two 
raters performed 
data extraction 
and evaluation 
of risk of bias 
independently 
(QUADAS 2), 
and agreement 
was achieved by 
consensus. 

Diagnostic accuracy 
of US, MRI and 
MRA in the 
characterisation of 
full-thickness RC 
tears was high with 
overall estimates 
of sensitivity 
and specificity 
over 0.90. As for 
partial RC tears 
and tendinopathy, 
overall estimates 
of specificity were 
also high (> 0.90), 
while sensitivity 
was lower (0.67-
0.83). Diagnostic 
accuracy of US was 
similar whether a 
trained radiologist, 
sonographer 
or orthopedist 
performed it.

Our results show 
the diagnostic 
accuracy of US, 
MRI and MRA in 
the characterisation 
of full 
thickness RC tears.
Regarding the partial 
cuff lesions and 
tendinopathy the 
specificity is high, the 
sensitivity lower.
When considering 
accuracy, cost, and 
safety, US is the 
best option.
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Lenza M. et al. 2013
Magnetic resonance 
imaging, magnetic 
resonance arthrography 
and ultrasonography 
for assessing rotator 
cuff tears in people 
with shoulder pain for 
whom surgery is being 
considered

Systematic
Review

To compare the 
diagnostic test 
accuracy of MRI, 
MRA and US 
for detecting any 
rotator cuff tears 
(i.e., partial or 
full thickness) 
in people with 
suspected rotator 
cuff tears for whom 
surgery is being 
considered.

Intervention: 
the research was 
carried out on 
various databases 
and the quality 
assessment 
was performed 
according to the 
QUADAS criteria.

We included 20 
studies of people 
with suspected 
rotator cuff tears, of 
which six evaluated 
MRI and US, or 
MRA and US in the 
same people.

MRI, MRA and US 
have good diagnostic 
accuracy and any 
of these tests could 
equally be used 
for detection of 
full thickness tears 
in people with 
shoulder pain for 
whom surgery is 
being considered. 
The diagnostic 
performance of 
MRI and US may be 
similar for detection 
of any rotator cuff 
tears. However, both 
MRI and US may 
have poor sensitivity 
for detecting partial 
thickness tears, and 
the sensitivity of US 
may be much lower 
than that of MRI.

Amee Seitz et al. 2010
Ultrasonographic 
Measures of 
Subacromial Space in 
Patients with Rotator 
Cuff Disease: A 
systematic Review

Systematic
Review

Evaluate through 
the use of US how 
much the problems 
of rotator cuff 
can modify the 
measure of the 
subacromial space.

Intervention: 
the search was 
carried out on 
various databases 
(CENTRAL, 
PubMed, 
PEDro, Medline, 
CIHAHL Plus and 
SPORTDiscus).

5 studies 
were included.

US showed a lower 
subacromial distance 
(AHD) in patients 
with complete cuff 
injuries compared to 
healthy subjects and 
with subacromial 
impingement.

Article
Author and 
publication date

Study
design

Objective Methods Results Conclusions
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Ottenheijm et al. 2010
Accurancy of 
Diagnostic Ultrasound 
in Patients With 
Suspected ubacromial 
Disorders: A 
Systematic Review and 
Meta-Analysis

Systematic Review 
and Meta-analysis

To determine 
diagnostic accuracy 
of US for detecting 
subacromial 
disorders in 
patients presenting 
in primary 
and secondary 
care settings

Intervention: the 
search was carried 
out on Medline 
and Embase. 

23 studies were 
included. Below are 
the sensitivity and 
specificity values   of 
ultrasound for each 
type of subacromial 
disorder considered.
Complete lesions 
(sensitivity 0.95, 
specificity 0.96).
Partial lesions 
(sensitivity 0.72, 
specificity 0.93).
Subacromial bursitis 
(sensitivity from 
0.79 to 0.81 and 
specificity from 
0.94 to 0.98); 
Tendinopathy 
(sensitivity from 
0.67 to 0.93 and 
specificity from 0.88 
to 1.00); Tendon 
calcifications 
(specificity 1.00 
and specificity from 
0.88 to 0.98).

US is recommended 
in those patients in 
whom conservative 
treatment fails to 
detect or exclude 
total lesions, partial 
lesions and to a lesser 
extent, to diagnose 
tendinopathy, 
subacromial 
bursitis and calcific 
tendinitis.

De Jesus J.O. 
et al. 2009
Accurancy of MRI, 
MR Arthrography 
and Ultrasound in the 
diagnosis of rotator cuff 
tears: a meta-analysis

Meta-analysis The purpose of 
this study was 
to compare the 
diagnostic accuracy 
of MRI, MRA 
and US for the 
diagnosis of rotator 
cuff tears through 
a meta-analysis of 
the studies in the 
literature.

Intervention: a 
Medline search 
was performed.

65 articles were 
included. In 
the diagnosis of 
complete or partial 
lesions, MRA is 
more sensitive and 
specific than MRI 
and ultrasound. 

MRA is the most 
sensitive and 
specific technique 
for detecting full-
thickness and / or 
partial thickness 
cuff injuries. US and 
MRI have similar 
sensitivity and 
specificity.

Article
Author and 
publication date

Study
design

Objective Methods Results Conclusions
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Dinnes J et al. 2003
The effectiveness of 
diagnostic test for 
the assessment of 
shoulder pain due to 
soft tissue disorders: a 
systematic review

Systematic Review Evaluate the 
efficacy and cost 
/ benefit ratios 
of the diagnostic 
imaging methods, 
in addition 
to the clinical 
examination 
and the patient’s 
medical history, in 
the diagnosis of 
shoulder soft tissue 
disorders.
To establish the 
effectiveness 
of the clinical 
examination 
and the patient’s 
medical history 
in the differential 
diagnosis of 
shoulder pain;
Estimate the added 
benefit deriving 
from the use of 
diagnostic imaging 
in the identification 
of shoulder soft 
tissue disorders;
Evaluate how 
individual tests 
can be combined 
more effectively 
and economically 
with clinical 
examination 
in diagnostic 
strategies or 
algorithms

Intervention: 
the literature has 
been investigated 
from various 
sources. The 
methodological 
quality of the 
included studies 
was carried out 
using a formal 
assessment tool 
for the quality of 
diagnostic studies 
and data extraction 
was performed 
in duplicate. For 
each imaging 
test, positive and 
negative sensitivity, 
specificity 
and LR were 
calculated with 
95% confidence 
intervals for 
each study.

10 cohort studies 
were included 
for the clinical 
examination, 38 for 
ultrasound, 29 for 
MRI and 6 for MRA.
For the clinical 
examination the 
identified studies 
evaluated the 
accuracy of the 
individual tests 
or the clinical 
examination in 
its entirety: the 
individual tests 
had high sensitivity 
and specificity, but 
the small sample 
size did not allow 
conclusions to be 
drawn. US showed 
greater accuracy 
in detecting full-
thickness lesions 
while showing lower 
sensitivity in the 
detection of partial 
lesions. MRI showed 
high sensitivity and 
specificity in the 
detection of total 
lesions, but a lower 
sensitivity for partial 
lesions. MRA has 
proved to be very 
accurate in detecting 
total lesions, but less 
accurate in detecting 
partial lesions.

Clinical examination 
by specialists can 
exclude the presence 
of a cuff lesion 
and both MRI 
and ultrasound 
can be used in the 
same way to detect 
full-thickness 
lesions, although 
ultrasound may be 
better in detecting 
lesions partial.
Furthermore, 
ultrasound may also 
be more convenient 
for the detection 
of total lesions 
in a specialised 
hospital setting.

Article
Author and 
publication date

Study
design

Objective Methods Results Conclusions
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Data extraction
Study design, objectives, methods, results, and conclu-
sions have been extracted from the included studies (see 
tables II, III). Methodological quality has been assessed 
through the AMSTAR 2 systematic review checklist (23) 

(appendix 5).

Synopses of the results

Studies on diagnostic psychometric quality of 
clinical tests
Gismervik et al. (2017) (18) performed a meta-analysis and 
analysed 20 articles with a low risk of bias according to the 
QUADAS score (Quality Assessment of Diagnostic Accura-
cy Studies), with the aim of using the diagnostic odds ratio 
(DOR) to evaluate overall efficacy of clinical shoulder tests. 
Specifically, the tests analysed for this SIS were the Neer and 
Hawkins-Kennedy tests. From this analysis the Hawkins-Ken-
nedy test obtained the highest DOR (2.86) with a sensitivity 
of 58% and a specificity of 67%, unlike the Neer test which 
obtained a DOR of 2.17 with a sensitivity of 59% and a spec-
ificity of 60%. However, it appears that no single test has 
shown higher clinical efficacy than another (18).
Lange et al. (2017) (24) included 18 prospective studies 
that examined the reliability of 62 clinical tests for the diag-
nosis of shoulder disorders; 17 of these studies examined 
the inter-rater reliability, while only one study assessed the 
intra-rater reliability. The meta-analysis identified a wide 
heterogeneity for the Hawkins-Kennedy test, Neer Test, 
Empty Can Test, Painful Arc Test with a statistical I2 index 
> 0.75 which can be interpreted as “considerable hetero-
geneity” according to the Cochrane manual (24, 25). The 
results of the meta-analysis indicate an inter-examiner reli-
ability from moderate to substantial in the Hawkins-Ken-
nedy Test, Neer Test, Empty Can Test and Painful Arc 
Test. This study recommends interpreting the results 
with caution since they have limited reliability and poor 
validity (24). 
O’Kane et al. (2014) (26) analysed 32 articles and iden-
tified 57 clinical tests for the shoulder. Specifically, the 
Hawkins-Kennedy test and the Neer test were analysed 
through the results of Hegedus’s meta-analysis includ-
ed in the study. This reported high sensitivity (80%) and 
low specificity (56%) for the Hawkins-Kennedy test. The 
authors maintain that low specificity reduces the diagnos-
tic accuracy of the test with a positive likelihood ratio (LR 
+) of 1.84 and a negative likelihood ratio (LR -) of 0.35. 
Similar results were obtained for the Neer test, with an LR 
+ of 1.79 and LR- of 0.47. Thus, for both tests, a positive 
result slightly increases the probability of disease, and a 

negative result slightly decreases this probability. There-
fore, used individually, clinical tests for SIS have a low 
diagnostic capacity (26).
Hermans et al. (2013) (27) performed a meta-analysis on 
28 studies which evaluated shoulder clinical examination. 
Among the pain provocation tests, the positivity at painful 
arc test was the only result with an LR + greater than 2.0 
and the negative painful arc had the lowest negative LR. The 
positive results of the Hawkins test (LR 1.5) and the Neer 
test (range LR 0.98 - 1.6) was of little value. Because of low 
diagnostic accuracy of the individual tests performed, multi-
ple test combinations were evaluated. However, a positive 
result of the combination of the Neer test and the Hawkins 
test (LR 1.6) overlaps with that of the tests performed indi-
vidually. So even the combination of these tests does not 
improve their diagnostic accuracy (27).
Hanchard et al. (2013) (4) included 33 studies. 4 of the stud-
ies included, analysed 13 tests for SIS (standard, modified 
or combinations of tests) whose specificity and sensitivity 
were evaluated. Standard tests: Hawkins test (specificity 
0.26-0.44; sensitivity 0.92), Neer sign (specificity 0.32; sensi-
tivity 0.89) and painful arc (specificity 0.82; sensitivity 0.32). 
Modified tests: Neer sign in internal rotation (specificity 
0.48; sensitivity 0.75), passive horizontal adduction (spec-
ificity 0.29; sensitivity 0.82), Speed’s test (specificity 0.55; 
sensitivity 0.69) and Yergason test (specificity 0.87, sensi-
tivity 0.37). Finally, three test combinations were analysed: 
seven specific tests (drop arm test, Hawkins test, Neer sign, 
painful arc, passive horizontal adduction, Speed’s test and 
Yergason test) (specificity 0.97; sensibility 0.05); Hawkins 
test or modified Neer sign (specificity 0.41; sensibility 0.96); 
Hawkins test and modified Neer sign (specificity 0.51; 
sensibility 0.71). One study evaluated the internal rotation 
resistance strength test to differentiate SIS from internal 
impingement and a sensitivity of 88% and a specificity of 
96% were highlighted.
However, by collected data, the authors conclude that there 
is not enough evidence on which to base the selection of 
clinical tests for SIS in a primary care setting. Moreover, an 
extreme diversity in performance and in the interpretation 
of the tests has been detected, which hinders the synthesis 
of evidence and/or clinical applicability (4).
Hegedus et al. (28) elaborated two systematic reviews with 
meta-analysis of which the second is an update of the first, in 
order to determine the clinical utility of each test. In the first 
review 45 studies were included; however, the meta-analysis 
was only possible for 3 tests. Regarding SIS, the tests anal-
ysed in the meta-analysis were the Hawkins and the Neer 
test. The analysis showed the sensitivity and specificity of 
the Neer test are 79% and 53% respectively, while for the 
Hawkins test they are 79% and 59%. However, statistical 
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results suggested that these tests were not significant in diag-
nostic utility for SIS (29).  In the second revision of 2012, a 
further 32 articles were included; the results had little varia-
tions (Neer test: sensitivity 72%, specificity 60%; Hawkins 
test: sensitivity 79%, specificity 59%); In the meta-analysis 
of the test for SIS it was also included the painful arch with 
a sensitivity of 53% and a specificity of 76%. However, the 
diagnostic odds ratio (DOR) for any of the 3 tests examined 
indicates that such tests, when positive, are unlikely to have 
the diagnostic capacity to discriminate patients with SIS (28).
Alqunaee et al. (2012) (30) performed a systematic review 
including 16 prospective and retrospective cohort studies, 
of which 10 were included in the meta-analysis. The results 
of the study show that the Hawkins-Kennedy test, the Neer 
sign and the empty can test are more useful for excluding 
rather than confirming SIS. The negative Neer sign reduces 
the probability of the presence of SIS from 45% to 14%. 
Instead, the lift-off test provides clear evidence to confirm 
SIS when the test is positive (LR + 16.47) (30).
May et al. (2010) (31) included 36 studies about shoulder 
physical examination procedures. The results were grouped 
according to the anatomical or pathological entities exam-
ined or based on certain procedures of the physical exam-
ination. For all the procedures contradictory results 
emerged. The inter-rater reliability from test that assess SIS 
was evaluated in 6 studies. Two of these studies showed for 
some tests (painful arch, Hawkins-Kennedy test, Neer sign) 
values of the kappa coefficient > 0.85, suggesting “almost 
perfect” concordance. The results for intra-rater reliability 
showed kappa coefficient equal to 1 -in one study-, suggest-
ing “almost perfect” agreement.
The study shows there is conflicting evidence on the reliabil-
ity of physical examination procedures for the evaluation of 
shoulder pain and the majority has a reliability below the 
predetermined acceptable levels (31).
Beaudreuil et al. (2009) (32) selected 9 studies, of which 3 
examined the tests for SIS. 
The painful arc during lateral elevation of the arm was 
evaluated in two studies that produced conflicting results 
in terms of sensitivity, specificity, positive predictive value 
(PPV) and negative predictive value (NPV). In addition, the 
accuracy of this test was poor. So, the results fail to clarify 
the value of the painful arc test for the diagnosis of SIS.
Two studies evaluated the Neer test and the Hawkins test. 
Both tests were very sensitive (Neer, 75-89%; and Hawkins, 
91-92%). Specificity, instead, was low (Neer, 30-40%; 
Hawkins, 25-44%). PPV and NPV differed between the 
two studies. Diagnostic accuracy was determined in one 
study and showed that 72/75% of cases were correctly 
classified by both tests. The combination of the two tests 
produced similar performance characteristics.

Sensitivity of Yocum test was estimated at 78%.
This study shows that the most studied tests for SIS - Neer 
and Hawkins - are sensitive but lack specificity. So, the 
precise techniques and subjective interpretation, lead to 
substantial inter-observer variability (32).
Hughes et al. (2008) (20) produced a systematic review 
including 13 studies that included 89 diagnostic accura-
cy assessments that were determined using the likelihood 
ratios (LRs) of 14 clinical tests. Regarding SIS, the results 
show that the Hawkins-Kennedy test was the only one to 
have produced a positive likelihood ratio greater than 10 
or a negative likelihood ratio of less than 0.1. However, this 
result was not found in 6 other evaluations carried out in 
3 studies. The Neer test and the horizontal adduction test 
were shown to be inaccurate for the diagnosis of SIS (20).
Dinnes et al. (2003) (33) included in their review 10 cohort 
studies. 2 of these studies used the clinical examination to 
differentiate the SIS from other causes of shoulder pain and 
one study evaluated Internal rotation resistance strength test. 
Evaluated tests tended to be highly sensitive or highly specific 
and very few demonstrated both high sensitivity and specifici-
ty. Consequently, few tests have provided convincing evidence 
of the presence or absence of pathology in the setting in which 
they were applied. Several tests have produced a sensitivity > 
80% for the detection of SIS, including the Neer test, the 
Hawkins test, the horizontal adduction test, the Jobe test, the 
impingement sign, and the painful arc. Tests with specificities 
> 80% included the drop arm test, Yergason test, Speed test 
and external passive rotation. Notably, the small size of the 
sample examined did not provide sufficient evidence to prove 
that these tests are really accurate. About the combination of 
two or more tests, the negative likelihood ratios proved to 
be sufficiently low to confirm that the pathology is absent in 
those with a negative diagnosis (33).

Studies on diagnostic accuracy of instrumental 
examinations
In Mc Garvey et al.’ s  study (2016) (34) 14 articles were 
included that investigated the diagnostic accuracy of 
MRI and MRA in 2D and 3D (index test) compared to 
arthroscopic surgery on rotator cuff lesions. The sensitivi-
ty and specificity of MRI and MRA were over 95% for full 
thickness supraspinatus tears. For partial  thickness supra-
spinatus tears, the results concerning sensitivity and speci-
ficity showed great variability based on the type of imaging 
used (Sensitivity: MRI 80.5, MRA 2D 86.5, MRA 3D 82.7; 
Specificity: MRI 100, MRA 2D 95.2, MRA 3D 93.9) as well 
as for the lesions of the subscapularis (Sensitivity: MRI 64.2, 
MRA 2D 80.9, MRA 3D 83.1; Specificity: MRI nd, MRA 2D 
86.3, MRA 3D 82.0) (44).
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Roy et al.’s study (2015) (17) compared the diagnostic accura-
cy of US, MRI and MRA in the diagnosis of lesions of the rota-
tor cuff (full thickness and partial thickness). Furthermore, 
secondary analyses were carried out according to the techni-
cal characteristics of the imaging equipment (dividing studies 
that included US < or equal to 7.5 MHz and with MRI and 
MRA < or equal to 1.5 T from studies with US > 7.5 MHz 
and MRI - MRA at 3.0 T). All types of imaging considered 
reported a similar performance in the detection of rotator cuff 
lesions of any type (Sensitivity: US 0.91, MRI 0.90, MRA 0.90; 
Specificity: US 0.86, MRI 0.90, MRA 0.90). For full thickness 
tears (Sensitivity: US 0.91, MRI 0.90, MRA 0.90; Specificity: 
US 0.93, MRI 0.93, MRA 0.95) and partial thickness tears, the 
results are similar even if the sensitivity of US and MRI for 
partial thickness tears was lower (US 0.68 and MRI 0.67), in 
the arthro-resonance the sensitivity was higher (0.83), while 
the specificity reported was equivalent for the three diagnostic 
modalities (US 0.94, MRI 0.94, MRA 0.93) (17).
The goal of the Cochrane Review by Lenza et al. (2013) (16) 
was to investigate the diagnostic accuracy of US, MRI and 
MRA in subjects with suspected lesion of the rotator cuff 
tendons for which surgery was considered. 272 articles were 
identified for systematic review and 82 for meta-analysis. 
Studies that used MRI, MRA and US as an index test and 
surgery (arthroscopic or open surgery) as a reference stan-
dard were included. No statistically significant differences 
were found for the sensitivity and specificity between US 
and MRI globally in the detection of full-thickness tears of 
the rotator cuff regardless of size (sensitivity: MRI = 98%, 
US = 91%; specificity: MRI = 79 %, US = 85%), as well as 
no differences between US, MRI and MRA were found in 
the detection of full-thickness rotator cuff tears with sensi-
tivity and specificity of 92% or more (sensitivity: MRI = 
94%, MRA = 94%, US = 92%; specificity: MRI = 93%, 
MRA = 92%, US = 93%). Instead, about the partial thick-
ness tears, US and MRI revealed a lower sensitivity (MRI = 
74%, US = 52%), while the specificity was high (MRI and 
US = 93%). The specificity of all three imaging techniques 
was good, except in the case of detection of rotator cuff 
lesions in general, with no distinction according to size (16).
In the review by Seitz et al. (2011) (35) 5 case-control stud-
ies were included in which the Acromion Humeral Distance 
(AHD) was measured by US, both on asymptomatic subjects 
and on subjects with rotator cuff disorders. It was found 
that the AHD measured with the patient’s arm along the 
side (arm by side) was lower in subjects with full-thickness 
rotator cuff lesions than in healthy subjects and with SIS 
(asymptomatic: 10.5 mm; tendinopathy: 14.4 mm; partial 
rotator cuff tears: 10.8 mm; total rotator cuff tears: 8.6 mm). 
In addition, lower AHD was detected in subjects with SIS 
than in healthy subjects during active arm elevation (35).

In the study by Ottenheijm et al. (2010) (36), the diagnos-
tic accuracy of the US used to detect SIS was assessed. In 
the 23 studies investigating the US scans the sensitivity and 
specificity results for each type of subacromial disorder have 
been as follows: complete lesions (sensitivity 0.95, specific-
ity 0.96), partial lesions (sensitivity 0.72, specificity 0.93), 
subacromial bursitis (sensitivity from 0.79 to 0.81 and speci-
ficity from 0.94 to 0.98), tendinopathy (sensitivity from 0.67 
to 0.93 and specificity from 0.88 to 1.00) (36).
The study by De Jesus et al. (2009) (37) compared the 
diagnostic accuracy of MRI, MRA and US in the diagnosis 
of rotator cuff lesions through a meta-analysis. 65 articles 
were included and the results of sensitivity and specificity 
are as follows: full thickness tears (Sensitivity: MRA 95.4; 
MRI 92.1; US 92.3; Specificity: MRA 98.9; MRI 92.9; US 
94.4), partial thickness tears (Sensitivity: MRA 85.9; MRI 
63.6; US 66.7; Specificity: MRA 96.0; MRI 91.7; US 93.5), 
total or partial thickness tears (Sensitivity: MRA 92.3; 
MRI 87.0; US 85.1; Specificity: MRA 94.5; MRI 81.7; US 
86.1) (37).
Dinnes et al. (2003) (33) compared different imaging tech-
niques (MRA, MRI and US) with the aim of assessing their 
accuracy and cost-effectiveness in the diagnosis of shoul-
der soft tissue disorders in addition to the clinical examina-
tion and patient’ s history. 38 studies were included for US, 
including 19 on the detection of full-thickness rotator cuff 
tears (Sensitivity: 0.87; Specificity 0.96) and 11 for partial 
thickness tears (Sensitivity: 0.67; Specificity: 0.94); for MRI 
29 studies were included and sensitivity and specificity 
values were reported for the detection of full thickness tears 
(Sensitivity: 0.89; Specificity 0.93), partial thickness tears 
(Sensitivity 0.44; Specificity 0.90) and all types of lesions ( 
Sensitivity: 0.83; Specificity: 0.86). Finally, for the MRA, 6 
studies were included which revealed the following sensitiv-
ity and specificity values for full thickness tears (Sensitivity: 
0.95; Specificity: 0.93), partial thickness tears (Sensitivity: 
0.62; Specificity: 0.92) and for all the types of lesions (Sensi-
tivity: 0.88; Specificity: 0. 83) (33).

DISCUSSION
The objectives of this systematic review were 1) to investi-
gate the utility of clinical tests and their psychometric qual-
ities, and 2) to investigate the accuracy of different imaging 
methods in the clinical diagnosis of SIS.

Psychometric qualities of clinical tests
The first question we tried to answer through this review is 
if psychometric qualities of clinical tests were accurate for 
the diagnosis of SIS.
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In this regard, several studies examined the likelihood ratios 
of clinical tests that aim to diagnose SIS and they agree that no 
test improves the post-test probability of detecting this type 
of conflict and, consequently, they are inaccurate (20, 27 30).
This lack of post-test accuracy, may be due to the excessive 
emphasis on a diagnosis based on the recognition of the tissue 
involved and the underlying pathology that provides inconsis-
tent information compared to those deriving from the analysis 
of signs and symptoms that can be referred to the pain (20).
According to the definition of the IASP (International Asso-
ciation for the Study of Pain), pain is “an unpleasant sensory 
and emotional experience associated with tissue damage, pres-
ent or potential, or described in terms of damage” (38). There-
fore, pain is experienced both as a physical sensation and as 
an emotional experience, perceived on a cognitive level as an 
intense and unpleasant sensation of discomfort which leads to 
a reactive behaviour; so, an analysis focused only on structural 
discrimination is limited and demonstrates critical issues.
In addition, the subacromial bursa (SAB) is often implicat-
ed in shoulder pain. The SAB is a richly innervated struc-
ture and is involved and stimulated by every movement of 
the arm; consequently, when it is reactive, it could create 
false positives in clinical maneuvers which reveal inaccurate 
in determining the pain generator (39).
This hypothesis is confirmed by several studies which have 
underlined a good sensitivity but a poor specificity of these 
tests which are, therefore, able to identify the population 
with shoulder pain, but not the specific structure “pain 
generator” (20, 27, 32, 33).   
About the reliability of orthopedic clinical tests, a fundamen-
tal aspect is the inter-examiner concordance that is in various 
studies (4, 23, 30). The best evaluation for concordance is the 
kappa coefficient4 and the values vary from 0 to 1 (40).
On the basis of these criteria, the authors of the various stud-
ies agree that there is a moderate agreement for the Pain-
ful Arc test, while for the Neer test the concordance ranges 
from modest to moderate, for the Empty Can test and the 
Hawkins test they have found only a modest concordance. 
Therefore, none of these tests demonstrates a good or excel-
lent inter-examiner agreement and consequently an accept-
able level of reliability (31).
In addition, in the systematic review of Hanchard et al. (4) 

has been evidenced that the majority of the literature has 
revealed an extreme diversity both in the performance and 
in the interpretation of the tests that hinders their evidence 
and/or uniform clinical applicability (4).

Diagnostic accuracy of instrumental examination
To evaluate the accuracy of US, MRI and MRA, the indi-
rect signs of SIS (i.e., structural alterations of rotator cuff 

tendons) have been considered; notably, sensitivity and 
specificity in detection of partial and full rotator cuff inju-
ries have been investigated.
From the studies analyzed, some results have emerged on 
which it is necessary do some considerations: US, MRI and 
MRA have the same level of sensitivity and specificity in the 
detection of complete lesions of the rotator cuff (16, 17, 33).  

the US has the best cost-effectiveness ratio of all three diag-
nostic methods even if it is administered by non-radiologist 
professionals, while MRA appears to be more precise for 
subscapularis lesions and is the most invasive (17, 33, 34, 
37). For partial injuries it seems that there is a lower sensitiv-
ity in view of high specificity, especially the US (16, 17, 36).
In the light of the results of this study, it appears that the 
diagnostic system we have available to screen the patient 
with SIS is methodologically poor as well as pragmatically 
inadequate; this could be caused by the persistence of clini-
cians to give diagnostic labels which, as recent literature has 
shown, lack uniformity, accuracy and reliability (41).
In this regard, Hegedus et al., defined the term “impinge-
ment” all-encompassing for the pathology of rotator cuff 
tendons that at best, is little useful in the guide to treatment; 
in the worst is, a clinical illusion; this diagnostic label does not 
provide information on diagnosis, treatment or prognosis (31).
So recent literature is oriented to consider the diagnostic 
label of SIS as a clinical hypothesis rather than a diagnosis 
based on the correlation between structural alterations and 
symptoms, so shoulder surgeons begin to replace the term 
“subacromial impingement” with the most realistic “anteri-
or shoulder pain” (8).
This nomenclature, therefore, does not represent a diagnos-
tic entity detectable with specific structural tests or imaging 
techniques, but a functional clinical entity (4, 13).
To prove the weak correlation between structure and pain 
in SIS, numerous studies have not found significantly differ-
ent values between real and placebo surgery: the “conflict 
to be operated” was not the cause of the problem (7, 42).
In light of this work, the Cochraine revision of Karjalain-
en, 2019, concludes that RCT’s High Evidence showed that 
Subacromial decompression does not provide clinically 
important benefits over placebo in pain, function or quality 
of life (43).
Rotator cuff injuries are just some of the structural alter-
ations that have been associated with the presence of SIS 
(11). However, the diagnosis of SIS cannot be based exclu-
sively on their presence since  in the rotator cuff tendons 
structural anomalies are present in 20% of the general 
population and of this 20%, 2/3 are asymptomatic (14-16). 

The presence of structural alterations in a large number of 
asymptomatic subjects, challenges the ability of the imag-
ing to identify such alterations as “pain generators” (12); 
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therefore, all clinicians should not blindly apply the results 
of bio-imaging.
Results of this review showed that clinical tests have shown 
a limited ability to make diagnosis of SIS; for this reason 
they must be interpreted with great caution in terms of diag-
nostic value and decision-making process since they have 
a limited reliability and a poor validity both if performed 
singularly and in combination (4, 18, 20, 24, 26-28, 31, 32). 
Furthermore, the majority of the clinical tests for SIS are 
inaccurate and so it cannot be recommended for clinical 
use (4, 18, 20, 24, 26, 27, 31, 32). The only clinical transfer-
ability they can have is connected to adequate therapeutic 
communication with another professional.
However, in current clinical practice, patients are still 
screened to undergo surgery based on the answers of clinical 
tests and diagnostic imaging; while recent research suggests 
that fewer surgical procedures for SIS should be performed; 
surgical treatment should be considered only after the fail-
ure of evidence based conservative care for at least 3 months, 
based on the patient’s education in pain and exercise (12).
Lewis 2009 (45) and Littlewood 2012 (44) propose to 
replace the no more descriptive diagnostic label of the 
underlying pathological process with terms like “Rotator 
cuff related shoulder pain” / “tendinopathy” because they 
enable a well-defined management strategy and prognostic 
profile to reassure the patient mainly, despite the lack of a 
precise structural diagnosis, emphasizing the acceptability 
and feasibility of a conservative treatment as the first useful 
and concrete response in case of painful shoulder (43). The 
management of painful shoulder therefore includes the 
patient’s reassurance and education, the gradual exposure 
to the load by therapeutic exercise for a program lasting no 
more than 12 weeks (44).
The structural view of shoulder pain rests on a weak diag-
nostic and confirmatory process, in which the patient with a 
painful shoulder and an associated lesion independent of the 
ongoing symptomatology could be directed to surgery (46).
Through the years, an increase of the rate of surgery for SIS 
has been a consequence of this deficient diagnostic system 
and of the resulting and inaccurate diagnostic labels (47) 

even if  literature highlights same results between conserva-
tive treatment and surgery in terms of pain reduction and 

quality of live - until 10-year follow-up - with the disadvan-
tage that surgery is more expensive and exposes the patient 
at a greater risk of complications, for which conservative 
treatment is the best choice (48).
Results of this review show that clinicians should leave the 
diagnostic pathology model based on tests that lack valid-
ity and reliability and poor instrumental diagnostic exam-
inations because it has been shown that pain is not always 
dependent rom structural failures (14, 31, 49-51).

Points of strength and limits
The strengths of this review are the presence of several 
reviewers and the inclusion of only systematic reviews and/
or meta-analysis.
Unfortunately, most of the included studies demonstrated 
a poor methodological quality according to the AMSTAR 
2 checklist (23). Furthermore, the included studies are only 
in English and no knowledge of other relevant studies in 
other languages is known.
Another main limitation of this revision is the research of 
the studies through a single database.

CONCLUSIONS
The present review confirms the poor diagnostic ability 
of clinical tests for SIS since the poor values of diagnostic 
accuracy and excessive heterogeneity of performance do not 
allow an adequate applicability in clinical practice. Further-
more, this review highlights the criticism in imaging employ-
ment in the complex process of the clinical framing of SIS. 
Diagnostic labeling based on a pathological anatomical clas-
sification not always reflect the clinical path, and would 
be advisable to manage the patient with SIS with proce-
dures leave no longer focused on special tests and confir-
matory instrumental examinations, but rather on the fram-
ing of bio-psycho-social factors for optimal and taylorised 
management.
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SUPPLEMENTS

1. Clinical tests: the objective of special tests is to make 
a differential diagnosis of shoulder disorders based on 
painful responses to provocative maneuvers; however, 
evidence of efficacy supporting the quality of the psycho-
metric properties of these procedures is lacking as well 
as dubious, so this led the authors of recent literature to 
question the quality of these properties and the diagnostic 
value of these maneuvers (18, 19). 

2. Instrumental examination: in the case of the subacromial 
impingement syndrome, US, MRI and MRA, which are now 
increasingly used, have as their objective the direct confir-
mation of rotator cuff lesions, specifically the tendon of the 
supraspinatus even if it has been amply demonstrated in 
numerous studies, that there is no direct correlation between 
structural alterations and pain; in addition, the lesions shown 
during imaging can be asymptomatic (4, 13, 17).

A)
CLINICAL TEST STRING INSTRUMENTAL EXAMINATION STRING

POPULATION

Shoulder impingement syndrome [Mesh],
Rotator cuff impingement syndrome, Rotator cuff 
impingement, Subacromial impingement syndrome, 
Rotator cuff syndrome, Subacromial pain, Shoulder 
Pain [Mesh], Rotator Cuff [Mesh], Supraspinatus, 
Infraspinatus, Teres minor, Subscapularis.

Shoulder impingement syndrome [MesH], Shoulder 
pain [MesH], Rotator cuff syndrome, Rotator cuff 
impingement, Rotator cuff impingement syndrome, 
Subacromial impingement syndrome [MesH], 
Subacromial pain, Rotator cuff [MesH], Supraspinatus, 
Infraspinatus, Subscapularis, Teres minor.

EXPOSURE

Test, Clinical test, Special test, Assessment test, Physical 
test, Neer sign, Hawkins-Kennedy test, Yocum test, 
Internal Rotation Resistance Strenght Test, Painful arc, 
Empty can test, Jobe test, Resistance, Strenght, Physical 
examination [Mesh], Assessment, Clinical assessment, 
Clinical evaluation, Clinical examination.

Diagnostic imaging [MesH], Imaging, MRI, 
Magnetic Resonance Imaging [MesH], Ultrasound, 
Ultrasonography [MesH], Magnetic Resonance 
Arthrography, Radiography [MesH], X-Ray, 
Diagnostic procedures, Diagnosis, Instrumental 
diagnosis.

FILTERS
1. ((systematic review [ti] OR meta-analysis [pt] OR meta-analysis [ti] OR systematic literature review [ti] OR this systematic 
review [tw] OR pooling project [tw] OR (systematic review [tiab] AND review [pt]) OR meta synthesis [ti] OR meta-analy*[ti] OR 
integrative review [tw] OR integrative research review [tw] OR rapid review [tw] OR umbrella review [tw] OR consensus development 
conference [pt] OR practice guideline [pt] OR drug class reviews [ti] OR cochrane database syst rev [ta] OR acp journal club [ta] OR 
health technol assess [ta] OR evid rep technol assess summ [ta] OR jbi database system rev implement rep [ta]) OR (clinical guideline 
[tw] AND management [tw]) OR ((evidence based[ti] OR evidence-based medicine [mh] OR best practice* [ti] OR evidence 
synthesis [tiab]) AND (review [pt] OR diseases category[mh] OR behavior and behavior mechanisms [mh] OR therapeutics [mh] 
OR evaluation studies[pt] OR validation studies[pt] OR guideline [pt] OR pmcbook)) OR ((systematic [tw] OR systematically [tw] 
OR critical [tiab] OR (study selection [tw]) OR (predetermined [tw] OR inclusion [tw] AND criteri* [tw]) OR exclusion criteri* 
[tw] OR main outcome measures [tw] OR standard of care [tw] OR standards of care [tw]) AND (survey [tiab] OR surveys [tiab] 
OR overview* [tw] OR review [tiab] OR reviews [tiab] OR search* [tw] OR handsearch [tw] OR analysis [ti] OR critique [tiab] OR 
appraisal [tw] OR (reduction [tw]AND (risk [mh] OR risk [tw]) AND (death OR recurrence))) AND (literature [tiab] OR articles 
[tiab] OR publications [tiab] OR publication [tiab] OR bibliography [tiab] OR bibliographies [tiab] OR published [tiab] OR pooled 
data [tw] ORunpublished [tw] OR citation [tw] OR citations [tw] OR database [tiab] OR internet [tiab] OR textbooks [tiab] OR 
references [tw] OR scales [tw] OR papers [tw] OR datasets [tw] OR trials [tiab] OR meta-analy* [tw] OR (clinical [tiab] AND studies 
[tiab]) OR treatment outcome [mh] OR treatment outcome [tw] OR pmcbook)) NOT (letter [pt] OR newspaper article [pt]))

2. Humans

3. English

Appendix 2. Keywords, filters and eligibility criteria used for the construction of the strings.

Appendix 1. Rationale and main criticisms of clinical tests and instrumental examinations. 
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Appendix 3. Search strings.

1. Clinical test search string: (“Shoulder impingement 
syndrome” [Mesh] OR “Rotator cuff impingement syndrome” 
OR “Rotator cuff impingement” OR “Subacromial impinge-
ment syndrome” OR “Rotator cuff syndrome” OR “Subacro-
mial pain” OR “Shoulder Pain” [Mesh] OR “Rotator Cuff” 
[Mesh] OR “Supraspinatus” OR “Infraspinatus” OR “Teres 
minor” OR “Subscapularis”) AND (“Test” OR “Clinical test” 
OR “Special test” OR “Assessment test” OR “Physical test” 
OR “Neer sign” OR “Hawkins-Kennedy test” OR “Yocum 
test” OR “Internal Rotation Resistance Strenght Test” OR 
“Painful arc” OR “Empty can test” OR “Jobe test” OR “Resis-
tance” OR “Strenght” OR “Physical examination” [Mesh] OR 
“Assessment” OR “Clinical assessment” OR “Clinical evalu-
ation” OR “Clinical examination”) AND ((systematic review 
[ti] OR meta-analysis [pt] OR meta-analysis [ti] OR system-
atic literature review [ti] OR this systematic review [tw] OR 
pooling project [tw] OR (systematic review [tiab] AND review 
[pt]) OR meta synthesis [ti] OR meta-analy*[ti] OR integra-
tive review [tw] OR integrative research review [tw] OR rapid 
review [tw] OR umbrella review [tw] OR consensus develop-
ment conference [pt] OR practice guideline [pt] OR drug class 
reviews [ti] OR cochrane database syst rev [ta] OR acp journal 

club [ta] OR health technol assess [ta] OR evid rep technol 
assess summ [ta] OR jbi database system rev implement rep 
[ta]) OR (clinical guideline [tw] AND management [tw]) OR 
((evidence based[ti] OR evidence-based medicine [mh] OR 
best practice* [ti] OR evidence synthesis [tiab]) AND (review 
[pt] OR diseases category[mh] OR behavior and behav-
ior mechanisms [mh] OR therapeutics [mh] OR evaluation 
studies[pt] OR validation studies[pt] OR guideline [pt] OR 
pmcbook)) OR ((systematic [tw] OR systematically [tw] OR 
critical [tiab] OR (study selection [tw]) OR (predetermined 
[tw] OR inclusion [tw] AND criteri* [tw]) OR exclusion 
criteri* [tw] OR main outcome measures [tw] OR standard 
of care [tw] OR standards of care [tw]) AND (survey [tiab] 
OR surveys [tiab] OR overview* [tw] OR review [tiab] OR 
reviews [tiab] OR search* [tw] OR handsearch [tw] OR anal-
ysis [ti] OR critique [tiab] OR appraisal [tw] OR (reduction 
[tw]AND (risk [mh] OR risk [tw]) AND (death OR recur-
rence))) AND (literature [tiab] OR articles [tiab] OR publi-
cations [tiab] OR publication [tiab] OR bibliography [tiab] 
OR bibliographies [tiab] OR published [tiab] OR pooled data 
[tw] ORunpublished [tw] OR citation [tw] OR citations [tw] 
OR database [tiab] OR internet [tiab] OR textbooks [tiab] 

ELIGIBILITY CRITERIA

CLINICAL TEST STRING

Inclusion criteria

Revisions that exclusively concern the use of clinical tests in the evaluation of subacromial shoulder impingement have been included. 
Only systematic reviews in English have been included.

Exclusion criteria

Studies concerning other components of the diagnostic path were excluded, such as: medical history collection, observation, 
diagnostic imaging, evaluation of ROM and muscle strength. In addition, studies concerning surgery or post-surgery and involving 
other shoulder disorders have been excluded.

INSTRUMENTAL EXAMINATIONS STRING

Inclusion criteria

Revisions concerning only the use of US, MRI and MRA in the diagnosis of subacromial impingement have been included. Only 
systematic reviews in English have been selected.

Exclusion criteria

Non-English articles, articles related to other shoulder disorders and post-surgical studies have been excluded.

B)
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OR references [tw] OR scales [tw] OR papers [tw] OR data-
sets [tw] OR trials [tiab] OR meta-analy* [tw] OR (clinical 
[tiab] AND studies [tiab]) OR treatment outcome [mh] OR 
treatment outcome [tw] OR pmcbook)) NOT (letter [pt] OR 
newspaper article [pt])).

2) Instrumental examination search string: ((“shoulder 
pain”[MesH Terms] OR “rotator cuff syndrome”[All Fields] 
OR “rotator cuff impingement”[All Fields] OR “rotator 
cuff impingement syndrome”[All Fields] OR “subacromi-
al pain”[All Fields] OR “rotator cuff”[MesH Terms] OR 
“supraspinatus”[All Fields] OR “infraspinatus”[All Fields] 
OR “subscapularis”[All Fields] OR “teres minor”[All 
Fields] AND (“diagnostic imaging”[MeSH Terms] OR 
“imaging”[All Fields] OR “MRI”[All Fields] OR “magnet-
ic resonance imaging”[MesH Terms] OR “ultrasound”[All 
Fields] OR “ultrasonography”[MesH Terms] OR “magnetic 
resonance arthrography”[All Fields] OR “diagnostic proce-
dures”[All Fields] OR “radiography”[MesH Terms] OR 
“x-ray”[All Fields] OR “diagnosis”[All Fields] OR “instru-
mental diagnosis”[All Fields]))) AND ((systematic review [ti] 
OR meta-analysis [pt] OR meta-analysis [ti] OR systematic 
literature review [ti] OR this systematic review [tw] OR pool-
ing project [tw] OR (systematic review [tiab] AND review 
[pt]) OR meta synthesis [ti] OR meta-analy*[ti] OR integra-
tive review [tw] OR integrative research review [tw] OR rapid 
review [tw] OR umbrella review [tw] OR consensus develop-
ment conference [pt] OR practice guideline [pt] OR drug 

class reviews [ti] OR cochrane database syst rev [ta] OR acp 
journal club [ta] OR health technol assess [ta] OR evid rep 
technol assess summ [ta] OR jbi database system rev imple-
ment rep [ta]) OR (clinical guideline [tw] AND management 
[tw]) OR ((evidence based[ti] OR evidence-based medicine 
[mh] OR best practice* [ti] OR evidence synthesis [tiab]) 
AND (review [pt] OR diseases category[mh] OR behavior 
and behavior mechanisms [mh] OR therapeutics [mh] OR 
evaluation studies[pt] OR validation studies[pt] OR guide-
line [pt] OR pmcbook)) OR ((systematic [tw] OR system-
atically [tw] OR critical [tiab] OR (study selection [tw]) OR 
(predetermined [tw] OR inclusion [tw] AND criteri* [tw]) 
OR exclusion criteri* [tw] OR main outcome measures [tw] 
OR standard of care [tw] OR standards of care [tw]) AND 
(survey [tiab] OR surveys [tiab] OR overview* [tw] OR 
review [tiab] OR reviews [tiab] OR search* [tw] OR hand-
search [tw] OR analysis [ti] OR critique [tiab] OR appraisal 
[tw] OR (reduction [tw]AND (risk [mh] OR risk [tw]) AND 
(death OR recurrence))) AND (literature [tiab] OR arti-
cles [tiab] OR publications [tiab] OR publication [tiab] OR 
bibliography [tiab] OR bibliographies [tiab] OR published 
[tiab] OR pooled data [tw] OR unpublished [tw] OR cita-
tion [tw] OR citations [tw] OR database [tiab] OR internet 
[tiab] OR textbooks [tiab] OR references [tw] OR scales 
[tw] OR papers [tw] OR datasets [tw] OR trials [tiab] OR 
meta-analy* [tw] OR (clinical [tiab] AND studies [tiab]) OR 
treatment outcome [mh] OR treatment outcome [tw] OR 
pmcbook)) NOT (letter [pt] OR newspaper article [pt]))

RATING OVERALL CONFIDENCE IN THE RESULTS OF THE REVIEW

HIGH QUALITY 
No or one non-critical weakness: the systematic review provides an accurate and comprehensive summary of the results of the 
available studies that address the question of interest.

MODERATE QUALITY 
More than one non-critical weakness*: the systematic review has more than one weakness but no critical flaws. It may provide an 
accurate summary of the results of the available studies that were included in the review.

LOW QUALITY 
One critical flaw with or without non-critical weaknesses: the review has a critical flaw and may not provide an accurate and 
comprehensive summary of the available studies that address the question of interest.

CRITICALLY LOW QUALITY 
More than one critical flaw with or without non-critical weaknesses: the review has more than one critical flaw and should not be 
relied on to provide an accurate and comprehensive summary of the available studies.

*Multiple non-critical weaknesses may diminish confidence in the review and it may be appropriate to move the overall appraisal 
down from moderate to low confidence.

Appendix 4. AMSTAR 2.
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Appendix 5. AMSTAR 2 score.

A)
CLINICAL TESTS
Legend: Y: YES; PY: Partial YES; N: NO; RCTs: Randomised 
controlled trial study; NRSI: Non-randomised studies of 
interventions; NM: A meta-analysis was not conducted.

ARTICLE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 SCORE
1. 
Gismervik 
et al., 2017

Y Y N PY Y Y Y Y RCTs 
Y

N Y Y Y Y N Y Low Quality

2. Lange 
et al., 2016

Y PY N Y Y Y N N N N Y Y N Y N N Critically Low Quality

3. O’Kane 
et al., 2014

Y PY N PY N N N PY RCTs 
Y

N N Y Y N N Y Critically Low Quality

4. 
Hermans 
et al., 2013

Y PY Y PY Y Y N PY RCTs 
Y

N Y N N N N Y Critically Low Quality

5. 
Hanchard 
et al., 2013

Y PY Y PY Y Y Y Y Y N NM NM N N NM N Low Quality

6. 
Hegedus 
et al., 2008

Y Y N PY Y Y N N Y N Y N N Y N Y Low Quality

7. 
Hegedus 
et al., 2012

Y Y N PY Y Y N PY Y N Y Y Y Y Y Y Moderate Quality

8. 
Alqunaee 
et al., 2012

Y Y N PY Y Y N PY NRSI 
Y

N Y Y Y N N Y Low Quality

9. May 
et al., 2010

Y PY N PY Y Y N N Y N NM NM N N N Y Low Quality

10. 
Beaudreuil 
et al., 2009

Y N N PY N N N N N N NM NM N N N N Critically Low Quality

11. 
Hughes 
et al., 2008

Y PY N PY Y Y Y N N N NM NM Y N N N Critically Low Quality

12. Dinnes 
et al., 2003

Y Y Y PY Y Y Y Y NRSI 
Y

N NRSI 
Y

N Y Y Y Y Low Quality

Legend: Y: YES; PY: Partial YES; N: NO; RCTs: Randomised controlled trial study; NRSI: Non-randomised studies of interventions; NM: A meta-anal-
ysis was not conducted.
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B)
INSTRUMENTAL EXAMINATIONS
Y: YES; PY: Partial YES; N: NO; RCTs: Randomised 
controlled trial study; NRSI: Non-randomised studies of 
interventions; NM: A meta-analysis was not conducted.

ARTICLE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 SCORE

1. Mc Garvey 
et al., 2016

Y PY N PY N N N N NRSI
N

N NN Y N Y N Y Critically 
Low Quality

2. Roy 
et al., 2015

Y N N N N N N PY NRSI
N

N NY Y N N N Y Critically 
Low Quality

3. Lenza 
et al., 2013

Y Y N PY Y Y Y Y NRSI
 Y

N NY Y N Y N Y Critically 
Low Quality

4. Amee 
L. Seitz 
et al., 2010

Y PY Y PY N Y N PY NRSI
 PY

N NY Y Y Y N N Low Quality

5. Ottenheijm 
et al., 2010

Y N N PY Y Y N PY NRSI
N

N NY Y N Y N N Critically 
Low Quality

6. De Jesus 
et al., 2009

Y N N N N N N N NRSI
N

N NY Y N Y Y N Critically 
Low Quality

7. Dinnes 
et al., 2003

Y Y N PY Y Y Y PY NRSI
Y

N NY Y Y Y Y Y Low Quality

Y: YES; PY: Partial YES; N: NO; RCTs: Randomised controlled trial study; NRSI: Non-randomised studies of interventions; NM: A meta-analysis was 
not conducted.


