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Reliability of physical examination tests used in the assessment
of patients with shoulder problems: a systematic review

Stephen May ∗, Ken Chance-Larsen, Chris Littlewood, Dave Lomas, Mahmoud Saad
Faculty of Health and Wellbeing, Sheffield Hallam University, Sheffield S10 2BP, UK

bstract

ackground Shoulder pain is a common clinical problem, and numerous tests are used to diagnose structural pathology.
bjectives To systematically review the reliability of physical examination procedures used in the clinical examination of patients with

houlder pain.
ata sources MEDLINE, PEDro, AMED, PsychInfo, Cochrane Library (2009) and CINAHL were searched from the earliest record on the
atabase to June 2009.
tudy eligibility criteria Reliability studies that included any patients with shoulder pain were analysed for their quality and reliability
esults.
tudy appraisal and synthesis methods Pre-established criteria were used to judge the quality of the studies (high quality >60% methods
core) and satisfactory levels of reliability (kappa or intraclass correlation coefficient ≥0.85, sensitivity analysis 0.70). A qualitative synthesis
as performed based on levels of evidence.
esults Thirty-six studies were included with a mean methods score of 57%. Seventeen studies were deemed to be of high quality; high-
uality studies were less likely to meet the pre-agreed level of reliability. The majority of studies indicated poor reliability for all procedures
nvestigated.
imitations Overall, the evidence regarding reliability was contradictory.
onclusions and implications There is no consistent evidence that any examination procedure used in shoulder assessments has
cceptable levels of reliability. Alternate methods of classification which are reliable should be used to classify patients with shoulder
roblems.

2010 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.
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Shoulder pain is a common musculoskeletal problem.
review found that point prevalence varied between 7%

nd 27% of the adult population, 1-year prevalence varied
etween 5% and 47%, and lifetime prevalence varied between
% and 67% [1]. It is reasonable to conclude that the burden
f shoulder pain in the general population is substantial, and it

robably represents the most common musculoskeletal prob-
em after back and neck pain [2]. Shoulder pain is commonly
ncountered in clinical practice, with an incidence of approx-
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mately 10 per 1000 in primary care [3,4], and a prevalence
f 12% in a primary-care-based physiotherapy department
5]. Mean-related costs in the first 6 months of an episode of
houlder pain in primary care have been estimated at D 690
6].

Diagnostic labels are commonly applied to patients with
houlder pain, such as capsulitis, bursitis and subacromial
mpingement syndrome [7], but the pathophysiology of
houlder disorders is still unclear [8–12]. A large number
f tests are used for examination of the shoulder that are pur-

orted to be indicative of these diagnostic labels, but there
re a number of problems underlying these tests. The relia-
ility of tests used to establish a diagnosis has generally been
hown to be limited [13–15], the diagnostic validity of some

hed by Elsevier Ltd. All rights reserved.
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Box 1: Search terms
Shoulder problems: shoulder, glenohumeral,
acromio$, impingement syndrome, rotator cuff,
frozen shoulder, capsulitis, labral tear, glenoid labrum,
bursitis and shoulder, tendon$ and shoulder, instability
and shoulder.
Reliability: reliability, reproducibility, inter examiner,
inter-examiner, inter tester, inter-tester, inter observer,
inter-observer, intra tester, intra-tester, kappa, intra class
correlation, intra-class correlation, ICC.
Physical examination: assessment, physical exami-
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deemed acceptable. Quality assessment and data extraction
80 S. May et al. / Physio

f the tests has been shown to be moderate at best [16,17],
nd the anatomical basis for most tests has not been validated
18].

Especially relating to validity, a number of recent system-
tic reviews have seriously challenged the ability of physical
xamination tests to make a diagnosis of any shoulder pathol-
gy [17], rotator cuff pathology [19,20] or labral lesions
21–23]. This poor diagnostic accuracy may be explained
y the lack of anatomical validity of most shoulder tests
18].

Whilst test validity is a vital component of any diag-
ostic test, it is also important that a test demonstrates
eliability. Links between validity and reliability have been
ittle explored in the literature, but it has been suggested
hat reliable assessment–diagnosis/classification–treatment
inks are an essential building block to improving outcomes
24]. Reliability places an upper limit on validity; there-
ore, when reliability is high, the maximum possible validity
s higher [25]. Reliability refers to the ability of multiple
linicians to come to the same conclusion from the per-
ormance of a test, or of a single clinician to do so when
erforming the test on two separate occasions [25]. The
ormal mathematical definition of reliability is subject vari-
bility divided by subject variability plus measurement error
25].

If management decisions are to be based on the test result,
his measure of reproducibility is an essential component of a
est and the diagnostic-treatment process. As far as the authors
re aware, no previous systematic review has considered the
eliability of physical examination procedures used in exam-
nation of the shoulder. This systematic review explored the
eliability of physical examination tests used in examination
f the shoulder.

ethods

A review protocol was developed and approved by all
uthors, but was not accessible on a website.

earch

Searches of MEDLINE (January 1966 to June 2009),
EDro (June 2009), AMED (1985 to June 2009), Psych-
nfo (1960 to June 2009), the Cochrane Library (2009) and
INAHL (1982 to June 2009) were conducted using the

earch terms in Box 1 , grouped into three subject areas:
houlder problems, reliability and physical examination. Ini-
ially, terms were searched individually, and then terms from
eparate subject areas (shoulder problems, reliability and
hysical examination) were searched using Boolean logic
OR). Finally, these three search areas were combined using

oolean logic (AND). This was supplemented by hand

earching the reference lists of the articles found from the
lectronic search. Included articles had to meet the following
riteria:

o
e
m
t

nation, physical tests, clinical examination, manual
examination.

Results published as full reports before June 2009 –
abstracts were not included.
The study involved physical examination procedures used
in shoulder examination.
The study involved human subjects with any sort of shoul-
der pain.
The study had to be an intra- and/or inter-examiner relia-
bility design.
The study had to be available in English.
The study did not involve a mechanical device, but simple
tape measures were accepted as commonly available.
The study did not involve subjects with non-
musculoskeletal conditions.
The study did not involve asymptomatic volunteers alone,
although studies including a mix of symptomatic and
asymptomatic participants were included.

Initially, abstracts were screened by one reviewer (SM)
ho discarded any that were clearly not relevant; the

emaining abstracts were reviewed by two reviewers who
ndependently decided which studies went forward. Studies
ent through to the next stage if they were clearly reli-

bility studies involving the shoulder or if there was not
nough detail in the abstract to determine if this was the
ase. Full studies were then obtained and a meeting was
onvened to decide which studies should be included. At
east two reviewers judged each paper, and decisions were
eached by majority, with a third reviewer, if there were any
isagreements. There were no disagreements at this stage.
iscussion and clarification about the criteria checklist and

tems for data extraction was also made at this meeting. A
ilot study using two pairs of reviewers to review two papers
as used to identify any problems with the quality criteria and

o investigate reliability between two reviewers. The pairs of
eviewers recorded kappa values of 0.79 and 0.86, which was
f results was performed independently by two reviewers for
ach paper; a third reviewer resolved any disagreements by
ajority decision. There were disagreements on six papers

hat required a majority decision.
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Table 1
Levels of evidence.

Level of evidence

Strong Consistent findings from three or more
high-quality studies

Moderate Consistent findings from at least one high-quality
study and a number of low-quality studies

Limited Consistent findings in one or more low-quality
studies
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examination procedures with low-quality scores, 15 were
reliable (19%), whereas in 61 high-quality investigations,
only seven were reliable (12%).
S. May et al. / Physio

riteria checklist

There are no established or commonly used criteria for
udging the quality of reliability studies. A criteria checklist
onsisting of three categories – study population, test pro-
edure and test results – had been devised previously [26].
odifications to this set of criteria, including consideration

f examiners and data analysis, have been used in recent
eviews [27,28], and other reviewers have used similar lists
29] although different lists of criteria have been developed
30]. For judging study quality, the weighted criteria used
n a previous systematic review was used [27]. One amend-

ent was made; it was decided relative to Point 8 that as
ong as some attempt was made to describe the profession
nd years of practice of the clinicians, this was sufficient
o meet this criterion. It was considered that, for instance,
n attempt to compare student and experienced clinicians
hould not receive a lower score, provided that the status of
he examiners was clear. The criteria are provided as a foot-
ote to Table 2. The maximum score was 100 points; a trial
as considered to be of higher quality if it scored over 60%,

s reported in a previous systematic review, and these studies
re shown in bold in Table 2 [27].

ata analysis

Kappa is used as the reliability coefficient with nomi-
al data, weighted kappa for ordinal data and intra-class
orrelation coefficient (ICC) or the Bland–Altman test for
ontinuous data [25]. Percentage agreement is generally con-
idered to be inappropriate as this can be heavily affected
y chance agreement. Both kappa and ICC are presented as
umerical values between 0.00 and 1.00. Kappa was inter-
reted as follows: 0.00 to 0.20, poor or slight agreement;
.21 to 0.40, fair agreement; 0.41 to 0.60, moderate agree-
ent; 0.61 to 0.80, substantial or good agreement; and 0.81 to

.00, very good or almost perfect agreement [31]. Although
his interpretation is commonly used, several authorities have
uggested that minimal values for a useful instrument should
e 0.75 or even 0.85 [25,32].

Similarly with ICC, the closer to 1.00, the greater the reli-
bility. This has been interpreted as follows: <0.40, poor
eliability; 0.40 to 0.75, fair to good reliability; and >0.90,
xcellent reliability [33]. As with kappa, higher values have
een recommended, especially when individuals are being
onsidered rather than groups; and coefficients of 0.85 or 0.90
re appropriate [32–35]. It was decided therefore that the pre-
etermined criteria for satisfactory reliability would be 0.85
or both kappa and ICC. Given that such cut-off points are
ecessarily somewhat arbitrary, it was determined that a sen-
itivity analysis would be conducted by lowering the cut-off
oint to 0.70.
A meta-analysis was not attempted due to the heterogene-
ty of tests, patients and analyses, and as direct comparison
f reliability studies was deemed inappropriate [25]. A
ualitative, levels of evidence approach, adapted from van F
onflicting Inconsistent findings irrespective of study quality
o evidence No studies found

ulder et al. [36], was used to synthesise data as shown in
able 1.

esults

A large number of studies were initially identified through
he search strategy, many of which were not deemed to be
elevant after review of abstracts or full articles. Finally,
6 studies [37–72] that met the inclusion criteria and had
een identified by the search strategy were included. Fig. 1
rovides a flow diagram of the selection process.

Of the 36 studies included, 24 involved physical thera-
ists alone, including students in one study, six included
edical professionals alone, and six included medical and

ther health professionals. Thirty studies investigated inter-
ester reliability, 16 investigated intra-tester reliability and
ine studies investigated both. A large number of physical
xamination procedures were investigated. The mean quality
core was 57%, and 17 studies were deemed to be of high
uality (score >60%) (Table 2). There was a tendency for
ower-quality scores to be associated with reliability coef-
cient statistics over 0.85. In 78 investigations of physical
ig. 1. Flow diagram of selection process of studies.
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Table 2
Quality scores.

Study 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total*

Al-Shenqiti 2005 [37] 4 0 0 6 5 5 0 10 5 0 0 5 10 0 50
Bertlison 2003 [38] 4 4 7 10 5 5 10 10 5 0 0 5 10 10 85
Borstad 2007 [39] 4 0 0 6 0 0 0 10 0 0 0 5 0 10 35
Bron 2007 [40] 4 4 7 3 5 5 10 10 5 10 5 5 10 0 83
Chesworth 1998 [41] 4 4 0 10 5 5 10 10 0 0 0 5 0 10 63
Croft 1994 [42] 0 0 0 0 5 5 0 0 5 10 5 0 0 0 30
Hayes 2001 [43] 4 4 0 3 5 5 10 10 5 0 0 5 10 10 71
Hayes 2001 [44] 4 4 0 3 5 0 10 10 5 0 0 5 10 10 66
Hayes 2001 [45] 4 0 7 0 5 5 10 0 5 10 5 5 0 10 66
Hayes 2002 [46] 4 0 0 0 5 5 0 0 5 10 5 0 0 10 44
Hickey 2007 [47] 4 4 0 0 5 5 10 10 0 10 5 5 10 10 78
Johansson 2008 [48] 4 4 7 3 5 5 0 10 5 0 0 0 10 0 53
Kibler 2002 [49] 4 4 0 3 5 5 0 0 5 10 0 5 0 0 41
Kim 1999 [50] 4 0 7 6 5 0 0 0 0 0 0 5 10 0 37
Kim 2007 [51] 4 4 0 6 5 0 10 0 0 0 0 5 10 0 44
Lewis 2007 [52] 4 4 0 10 5 5 10 0 0 0 0 5 0 10 53
Lewis 2008 [53] 4 4 0 10 5 5 10 10 0 0 0 5 0 10 63
Lo 2004 [54] 4 4 0 3 5 5 10 0 5 10 5 5 0 10 66
McClure 2009 [55] 4 0 0 10 5 5 0 10 0 10 5 5 0 10 64
Nanda 2008 [56] 4 4 0 6 5 5 10 0 0 0 0 5 10 0 49
Nijs 2005 [57] 4 4 0 3 5 5 10 0 5 0 0 0 0 0 36
Nomden 2008 [58] 4 4 7 10 5 5 10 10 5 0 0 0 0 0 60
Odom 2001 [59] 4 4 0 3 5 5 0 10 5 10 0 0 10 10 66
Ostor 2004 [60] 4 4 7 10 5 5 0 0 5 10 0 5 10 0 65
Palmer 2000 [61] 4 4 7 10 5 5 0 0 5 0 0 5 10 10 65
Rabin 2006 [62] 4 4 0 3 5 5 10 10 5 10 0 5 10 0 71
Razmjou 2004 [63] 4 4 7 10 5 5 10 10 5 0 0 5 10 10 85
Terwee 2005 [64] 4 4 7 10 5 5 0 10 5 0 0 5 10 10 75
Tzannes 2004 [65] 4 0 0 0 5 5 10 0 0 10 5 5 0 0 44
Valentine 2006 [66] 4 4 0 3 5 5 10 10 0 0 0 5 0 10 56
van Duijn 2001 [67] 4 0 0 0 5 5 10 10 5 10 5 0 10 0 64
Wadsworth 1987 [68] 0 0 0 0 5 0 10 10 0 0 0 0 0 0 25
Walker-Bone 2002 [69] 4 0 0 10 5 0 10 0 0 0 0 0 10 10 49
Walsworth 2008 [70] 4 0 7 6 5 5 10 0 5 0 0 5 0 10 57
Westerberg 1996 [71] 4 0 0 0 0 0 0 0 0 10 0 5 10 0 29
Yang 2006 [72] 4 4 0 10 5 0 10 10 0 0 0 5 0 10 58
Maximum 4 4 7 10 5 5 10 10 5 10 5 5 10 10

1, adequate description of study population (0/4); 2, representative of clinical practice (0/4); 3, subjects selected randomly or consecutively (0/7); 4, number of
subjects (<25 = 0, >25 = 3, >50 = 6; >75 or sample size calculation); 5, procedure clearly described and reproducible (0/5); 6, procedure executed in uniform
manner (0/5); 7, adequate measures to reduce bias (0/10); 8, adequate description of examiners (0/10); 9, consensus procedure prior to testing or pilot study
( etween
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0/5); 10, more than one pair of examiners tested (0/10); 11, multiple testing b
f outcome and agreement reported (0/10); 14, appropriate inferential statis
old results indicate >60%/high quality.

Most commonly used physical examination procedures
or shoulder examination were investigated for inter-tester
eliability, mainly in multiple studies (Table 3). In Table 3, the
esults are grouped together as they relate to certain anatomi-
al or pathological entities or to certain physical examination
rocedures. For all procedures, there were inconsistent find-
ngs from high- and low-quality studies. There were 50
nvestigations for tests for impingement, rotator cuff and
esisted tests; six had values >0.85 and a further four had
range of values that included more than 0.70 to 0.85. There
ere nine investigations for scapular positions and scapular

ovement dysfunction; two had values >0.85 and a fur-

her three had a range of values that included more than
.70 to 0.85. End feel, accessory movements, tests for the
cromioclavicular joint, tenderness and trigger points had 23

r

c
r

examiners; 12, standardised measure of test outcome (0/5); 13, frequencies
measure of variance (0/10).

nvestigations; five had a range of values that included 0.70 to
.85. There were 27 investigations of shoulder instability and
lenoid labral tests; none had values >0.85, but seven had a
ange of values between 0.70 and 0.85. Movement diagrams
ad a range that included values >0.85 in three investigations,
ut this was from a single study (high quality). There were 27
nvestigations into range of movement and pain response on

ovement; 10 had values >0.85 and another seven had a range
f values from 0.70 to 0.85. This was the nearest any proce-
ure came to suggesting reasonable inter-tester reliability, but
ccording to the pre-established criteria, the conclusion for

ange of movement was inconsistent findings.

Intra-tester results tended to be slightly better, but overall
onclusions were still conflicting (Table 4). As in Table 3, the
esults in Table 4 are grouped together as they relate to cer-
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Table 3
Inter-tester reliability studies.

Item Reference Statistica Varianceb

Impingement/rotator cuff
Painful arc Nanda 2008 [56] 0.48

Palmer 2000 [61] 0.93
Walker-Bone 2002 [69] 0.47

Active Nomden 2008 [58] 0.46
Start/end arc Nomden 2008 [58] ICC 0.72/0.57

Ostor 2004 [60] 0.49/0.62
Passive Nomden 2008 [58] 0.52
Start/end arc Nomden 2008 [58] ICC 0.54/0.72

Hawkins-Kennedy Nanda 2008 [56] 0.55
Razmjou 2004 [63] 0.29
Ostor 2004 [60] 0.18 to 0.43
Johansson 2008 [48] 0.91

Neer’s sign Nanda 2008 [56] 0.10
Nomden 2008 [58] 0.62
Johansson 2008 [48] 1.00
Razmjou 2004 [63] 0.51

Patte manoeuvre Johansson 2008 [48] 1.00
Drop arm Nanda 2008 [56] 0.35

Ostor 2004 [60] 0.28 to 0.66

Supraspinatus
Resisted abduction Nanda 2008 [56] 0.30
Jobe’s test Nanda 2008 [56] 0.44

Johansson 2008 [48] 0.94
Empty can Ostor 2004 [60] 0.44 to 0.49

Infraspinatus
Resisted external rotation Nanda 2008 [56] 0.44

Ostor 2004 [60] 0.18 to 0.45

Subscapularis
Gerber’s lift-off test Nanda 2008 [56] 0.48

Ostor 2004 [60] 0.28 to 0.30

Biceps
Yergason’s test Nanda 2008 [56] 0.28

Ostor 2004 [60] 0.28
Speed’s test Nanda 2008 [56] 0.44

Ostor 2004 [60] 0.17 to 0.32

Resisted tests
Multiple tests Bertilson 2003 [38] 0.27/0.69c

Elbow flexion Palmer 2000 [61] 0.83
Walker-Bone 2002 [69] 0.66
Hayes 2001 [44] 0.25 −0.30 to 0.81

Elbow extension Hayes 2001 [44] 0.44 −0.13 to 1.00
External rotation Palmer 2000 [61] 0.90

Walker-Bone 2002 [69] 0.44
Hayes 2001 [44] 0.37 0.01 to 0.74

Internal rotation Palmer 2000 [61] 0.54
Walker-Bone 2002 [69] −0.02
Hayes 2001 [44] 0.00 −0.58 to 0.58

Abduction Palmer 2000 [61] 0.81
Walker-Bone 2002 [69] 0.29
Hayes 2001 [44] 0.45 0.09 to 0.81

Adduction Hayes 2001 [44] 0.36 −0.30 to 1.00

Oxford scale
Elevation Hayes 2002 [46] ICC 0.72 0.38 to 0.93
External rotation Hayes 2002 [46] ICC 0.55 0.17 to 0.88
Internal rotation Hayes 2002 [46] ICC 0.61 0.26 to 0.89
Gerber lift-off Hayes 2002 [46] ICC 0.38 0.02 to 0.81
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Table 3 (Continued )

Item Reference Statistica Varianceb

Scapular positioning
Acromion – table distance Nijs 2005 [57] 0.88 to 0.94
Scapular – spine distance Nijs 2005 [57] 0.50 to 0.80
Scapular slide test Nijs 2005 [57] 0.70 to 0.96

Rabin 2006 [62] 0.53/0.62d

With symptoms Odom 2001 [59] ICC 0.45 to 0.79 −0.38 to 0.91
Without symptoms Odom 2001 [59] ICC 0.43 to 0.74 −0.29 to 0.88

Scapular movement dysfunction
Scapular dyskinesis system Kibler 2002 [49] 0.31 to 0.42
Scapular dyskinesis – live McClure 2009 [55] 0.55 to 0.58 0.32 to 0.79
Scapular dyskinesis – videotape McClure 2009 [55] 0.48 to 0.61 0.29 to 0.79

Range of movement and pain response
Hand in neck (ROM/pain) Nomden 2008 [58] 0.52/0.52

Westerberg 1996 [71] 0.86
Yang 2006 [72] 0.90 0.69 to 0.96

Hand in back (ROM/pain) Nomden 2008 [58] 0.73/0.35
To scapula Yang 2006 [72] 0.90 0.69 to 0.94
To opposite scapula Yang 2006 [72] 0.83 0.75 to 0.90

Hand behind back Hayes 2001 [45] ICC 0.26 to 0.39 −0.01 to 0.77
Pour out of a pot Westerberg 1996 [71] 0.89
Passive flexion Hayes 2001 [45] ICC 0.70 0.42 to 0.92
Stand and reach Hayes 2001 [45] ICC 0.74 0.45 to 0.94
Active abduction (ROM/pain) Nomden 2008 [58] ICC 0.96/0.65

(ROM/pain) Bertilson 2003 [38] 0.62/0.77c

(ROM) Terwee 2005 [64] ICC 0.76 to 0.88 0.67 to 0.91
(ROM) Croft 1994 [42] ICC 0.99

Passive abduction (ROM/pain) Nomden 2008 [58] ICC 0.96/0.69
(ROM) Terwee 2005 [64] ICC 0.73 to 0.87 0.66 to 0.90
(ROM/pain) Croft 1994 [42] ICC 0.95/0.84
(ROM) Hayes 2001 [45] ICC 0.66 0.37 to 0.90

Passive horizontal abduction (ROM) Terwee 2005 [64] ICC 0.15 to 0.70 0.02 to 0.81
External rotation (ROM/pain) Nomden 2008 [58] ICC 0.70/0.50

(ROM) Croft 1994 [42] ICC 0.37
Passive external rotation (ROM) Terwee 2005 [64] ICC 0.34 to 0.77 0.00 to 0.88

(ROM) Croft 1994 [42] ICC 0.43
(ROM) Hayes 2001 [45] ICC 0.57 0.26 to 0.87

Internal rotation (ROM) Borstad 2007 [39]
Passive horizontal adduction (ROM) Terwee 2005 [64] ICC 0.1 to 0.49 0.04 to 0.60
Aberration in shoulder movement patterns Hickey 2007 [47] 0.23 0.19 to 0.27

End feel
Type of end feel Chesworth 1998 [41] 0.62 to 0.76
Full abduction Hayes 2001 [43] 0.26 −0.16 to 0.68
Glenohumeral abduction Hayes 2001 [43] 0.70 0.31 to 1.00
Horizontal adduction Hayes 2001 [43] 0.40 0.01 to 0.79
External rotation Hayes 2001 [43] 0.47 0.08 to 0.86
Internal rotation Hayes 2001 [43] 0.41 0.03 to 0.80

Pain/resistance sequence
Full abduction Hayes 2001 [43] 0.51 0.37 to 0.65
Glenohumeral abduction Hayes 2001 [43] 0.13
Horizontal adduction Hayes 2001 [43] 0.62 0.54 to 0.70
External rotation Hayes 2001 [43] 0.51
Internal rotation Hayes 2001 [43] 0.51 0.37 to 0.65

Accessory movements
First rib (ROM/stiff/pain) Nomden 2008 [58] 0.26/0.09/0.66
Inferior glide GHJ van Duijn 2001 [67] ICC 0.52

Movement diagrams
Onset pain Chesworth 1998 [41] 0.59 to 0.91 0.35 to 0.95
Onset resistance Chesworth 1998 [41] 0.34 to 0.91 0.05 to 0.95
Lateral rotation ROM Chesworth 1998 [41] 0.83 to 0.90 0.70 to 0.95
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Table 3 (Continued )

Item Reference Statistica Varianceb

Acromio-clavicular joint
Stress test (pain) Nomden 2008 [58] 0.51

Palmer 2000 [61] 0.80
Walker-Bone 2002 [69] 0.30

Horizontal adduction Ostor 2004 [60] 0.03 to 0.38

Shoulder instability
Load and shift
Anterior

Seated Tzannes 2004 [65] ICC 0.53
20◦ abduction Tzannes 2004 [65] ICC 0.60
90◦ abduction Tzannes 2004 [65] ICC 0.72

Posterior
Seated Tzannes 2004 [65] ICC 0.68
20◦ abduction Tzannes 2004 [65] No variance
90◦ abduction Tzannes 2004 [65] ICC 0.42

Inferior
Seated Tzannes 2004 [65] ICC 0.79
20◦ abduction Tzannes 2004 [65] ICC 0.79
90◦ abduction Tzannes 2004 [65] ICC 0.65

Sulcus sign Tzannes 2004 [65] ICC 0.60
Apprehension test

Pain Tzannes 2004 [65] ICC 0.31
Apprehension Tzannes 2004 [65] ICC 0.47
Either Tzannes 2004 [65] ICC 0.44

Relocation test Tzannes 2004 [65]
Pain Tzannes 2004 [65] ICC 0.31
Apprehension Tzannes 2004 [65] ICC 0.71
Either Tzannes 2004 [65] ICC 0.44

Augmentation test Tzannes 2004 [65]
Pain Tzannes 2004 [65] ICC 0.09
Apprehension Tzannes 2004 [65] ICC 0.48
Either Tzannes 2004 [65] ICC 0.33

Release test Tzannes 2004 [65]
Pain Tzannes 2004 [65] ICC 0.31
Apprehension Tzannes 2004 [65] ICC 0.63
Either Tzannes 2004 [65] ICC 0.45

Apprehension, relocation and surprise tests Lo 2004 [54] ICC 0.83 0.76 to 0.92 (range)

Glenoid labral tears
Active compression test Walsworth 2008 [70] 0.24 −0.02 to 0.50
Anterior slide test Walsworth 2008 [70] 0.21 −0.05 to 0.46
Crank test Walsworth 2008 [70] 0.20 −0.05 to 0.46
Biceps load test Kim 1999 [50] 0.85
Passive compression test Kim 2007 [51] 0.77

Tenderness
Scapula Bertilson 2003 [38] 0.33/0.17c

Shoulder Bertilson 2003 [38] 0.38/0.52c

Myofascial trigger points
Palpation nodule in taut band Bron 2007 [40] 0.11 to 0.75
Palpation referred pain Bron 2007 [40] −0.13 to 0.64
Palpation local twitch response Bron 2007 [40] −0.05 to 0.45
Palpation jump sign Bron 2007 [40] 0.02 to 0.68

ROM, range of movement; ICC, intraclass correlation coefficient; GHJ, glenohumeral joint.
a Kappa or weighted kappa except where stated.
b 95% confidence intervals.
c With and without knowledge of history.
d In different planes.

Bold results indicate >0.85 kappa/ICC.
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Table 4
Intra-tester reliability studies.

Item Reference Statistica Varianceb

Impingement tests
Neer’s sign Johansson 2008 [48] 1.00
Hawkins-Kennedy Johansson 2008 [48] 1.00
Patte Johansson 2008 [48] 1.00
Jobe’s test Johansson 2008 [48] 1.00

Scapular positioning
Scapular slide test

With symptoms Odom 2001 [59] ICC 0.57 to 0.86
Without symptoms Odom 2001 [59] ICC 0.75 to 0.80

Angular measurements Lewis 2008 [53] ICC 0.84 to 0.98 0.72 to 0.99
Linear measurements Lewis 2008 [53] ICC 0.61 to 0.98 0.38 to 0.99

Scapular movement dysfunction
Scapular dyskinesis system Kibler 2002 [49] 0.49 to 0.59

Accessory movements
Inferior glide GHJ van Duijn 2001 [67] ICC 0.53 to 0.88

Movement diagram
Onset pain Chesworth 1998 [41] 0.58 to 0.87 0.35 to 0.93
Onset resistance Chesworth 1998 [41] 0.69 to 0.89 0.48 to 0.94
Lateral rotation ROM Chesworth 1998 [41] 0.74 to 0.86 0.57 to 0.92

Range of movement and pain response
Passive flexion Hayes 2001 [45] ICC 0.59 0.28 to 0.85
Stand and reach Hayes 2001 [45] ICC 0.49 0.18 to 0.80
Passive abduction Hayes 2001 [45] ICC 0.60 0.30 to 0.86
Hand in neck (ROM) Yang 2006 [72] 0.80 0.63 t0 0.93
Hand to scapula Yang 2006 [72] 0.90 0.72 to 0.92
Hand to opposite scapula Yang 2006 [72] 0.86 0.65 to 0.90
Hand behind back Hayes 2001 [45] ICC 0.14 to 0.39 −0.11 to 0.75
External rotation (ROM) Valentine 2006 [66] 0.85 to 0.93 0.74 to 0.96
Passive external rotation Hayes 2001 [45] ICC 0.67 0.38 to 0.89
Internal rotation (ROM) Borstad 2007 [39]

With symptoms ICC 0.67 0.45 to 0.82
Without symptoms ICC 0.79 0.55 to 0.91

(ROM) Valentine 2006 [66] ICC 0.83 to 0.98 0.71 to 0.99
Side-lying adduction (ROM) Borstad 2007 [39]

With symptoms ICC 0.40 0.09 to 0.64
Without symptoms ICC 0.63 0.29 to 0.83

Supine adduction (ROM) Borstad 2007 [39]
With symptoms ICC 0.79 0.63 to 0.89
Without symptoms ICC 0.74 0.47 to 0.88

Pectoralis minor
Length test Lewis 2007 [53] 0.90 to 0.93 0.81 to 0.96

End feel
Type of end feel Chesworth 1998 [41] 0.48 to 0.59
Full abduction Hayes 2001 [43] 0.84 0.64 to 1.00
Glenohumeral abduction Hayes 2001 [43] 0.65 0.32 to 0.97
Horizontal adduction Hayes 2001 [43] 0.92 0.77 to 1.00
External rotation Hayes 2001 [43] 0.87 0.69 to 1.00
Internal rotation Hayes 2001 [43] 0.86 0.67 to 1.00

Pain/resistance sequence
Full abduction Hayes 2001 [43] 0.87 0.80 to 0.94
Glenohumeral abduction Hayes 2001 [43] 0.83 0.75 to 0.90
Horizontal adduction Hayes 2001 [43] 0.59 0.46 to 0.72
External rotation Hayes 2001 [43] 0.81 0.71 to 0.91
Internal rotation Hayes 2001 [43] 0.82 0.73 to 0.92
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Table 4 (Continued )

Item Reference Statistica Varianceb

Resisted tests
Elbow flexion Hayes 2001 [44] 0.48 0.07 to 0.89
Elbow extension Hayes 2001 [44] 0.52 0.00 to 1.00
External rotation Hayes 2001 [44] 0.60 0.32 to 0.88
Internal rotation Hayes 2001 [44] 0.63 0.34 to 0.92
Abduction Hayes 2001 [44] 0.67 0.40 to 0.93

Wadsworth 1987 [68] PCC 0.98
Adduction Hayes 2001 [44] 0.44 0.04 to 0.84

Oxford scale
Elevation Hayes 2002 [46] ICC 0.79 0.51 to 0.94
External rotation Hayes 2002 [46] ICC 0.86 0.66 to 0.96
Internal rotation Hayes 2002 [46] ICC 1.00 1.00 to 1.00
Gerber lift-off Hayes 2002 [46] ICC 0.29 −0.08 to 0.71

Myofascial trigger point detection
Taut band Al-Shenqiti 2005 [37] 1.00
Spot tenderness Al-Shenqiti 2005 [37] 1.00
Jump sign Al-Shenqiti 2005 [37] 1.00
Pain recognition Al-Shenqiti 2005 [37] 1.00
Referred pain Al-Shenqiti 2005 [37] 0.79 to 0.88
Local twitch response Al-Shenqiti 2005 [37] 0.75 to 1.00
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a Kappa or weighted kappa except where stated.
b 95% confidence intervals, unless stated.

ain anatomical or pathological entities or to certain physical
xamination procedures. Out of 54 intra-tester investigations,
5 had values >0.85 and a further 11 had a range of values
rom 0.70 to 0.85.

iscussion

The reliability of commonly used shoulder examination
rocedures was examined systematically. According to the
tudy criteria, none of the tests demonstrated acceptable lev-
ls of reliability, with overall evidence being contradictory.
he studies had to include patients with symptoms, although
symptomatic volunteers could also be included, as it was
onsidered that this most closely matched the real clinical
ituation. Approximately half of the studies were of high
uality, with high-quality studies less likely to meet the cri-
eria for acceptable reliability. A high standard was set for an
cceptable level of reliability coefficient (0.85), but a sensi-
ivity analysis was conducted with a lower level (0.70). The
nterpretation of reliability coefficients that have traditionally
een used has suggested that much lower levels of reliability
re acceptable, such as more than 0.40 for moderate reliability
31]. However, a number of authorities have challenged the
cceptability of these levels of reliability, and suggested that
evels need to be much higher to be acceptable [25,32–35].
urthermore, the authors suggest that if the point of these tests

s to make a diagnosis, which in turn will direct treatment,

reasonably high level of reliability is necessary to ensure

hat this clinical reasoning process is reproducible between
linicians. Unfortunately, this review did not find this to be
he case.

w
w
[
s

rrelation coefficient; GHJ, glenohumeral joint.

alidity and reliability

To the authors’ knowledge, no previous systematic review
f shoulder physical examination procedures has been pub-
ished, although a number of systematic reviews of the
alidity of these tests have been published [17–23]. These
ighlighted the generally poor levels of sensitivity and/or
pecificity of many tests. In fact, this review found that the
vidence about reliability was contradictory for all tests, even
hose for which these reviews found some evidence. One
eview suggested that a rotator cuff tear might be suspected
y combined Hawkins’/painful arc/infraspinatus tests, lift-
ff, belly press or drop-arm tests [20]; another suggested
hat Neer’s and Hawkins’ tests had reasonable sensitivity
ut poor specificity [19]. One review suggested that some
ests had evidence of their anatomical validity, namely lift-
ff and Hawkins’ tests, and possibly the active compression
O’Brien’s) test and shoulder quadrant [18]. There was no
ndication that any of these tests with moderate validity were
ny more reliable than other tests, and there were no reliability
tudies for the belly press test and the quadrant position.

eliability of physical examination procedures in general

There have been a number of systematic reviews of
hysical examination procedures for the sacro-iliac joint,
umbar and cervical spines, and trigger point diagnosis
26–30,73–75]. The conclusions from some of these reviews

ere very similar to the conclusion from the present review,
ith identification of poor levels of reliability in general

27–30,73,74]. However, some of the reviews also identified
tronger levels of reliability in procedures that used symptom
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esponse rather than movement or palpation [26–30,73–75].
he present review did not find that procedures that were
ased on symptom response were more reliable.

imitations

The strengths of the present review are its systematic
ature, its use of multiple reviewers, the use of studies that
ncluded patients with symptoms, and the use of a high stan-
ard for reliability. However, as in all systematic reviews, the
esults are dependent on the studies included. Only studies in
nglish were included, and it is not known if relevant articles

n other languages were missed. Additional studies would be
nlikely to make a significant difference to the overall conclu-
ion, as it was contradictory. When quality scoring the studies,
ome of the items were rather ambivalent and produced some
ebate between the reviewers; the final decision was based
n a majority of two out of three reviewers for six papers.
eliability studies mainly used kappa or ICC, and although

hese are commonly used and recommended [25], they do
uffer from weaknesses. These relate to prevalence and bias
ndexes, in which a high prevalence or a homogeneous pop-
lation would deflate coefficient values and high observer
xpectation bias would inflate values, and vice versa [76].
rom this, it must be recognised that reliability is a relative
nd not an absolute property.

linical and research implications

It should be noted that tests are frequently used in conjunc-
ion with each other and to support clinical presentations. It

ight be that when used in this way, these tests are more
eliable; however, this cannot be concluded from the present
iterature. Further research would be needed to confirm if
his was the case. At present, given the findings from this
eview and previous systematic reviews into the validity of
hese tests, it is clear that due to their poor validity and reli-
bility, they cannot be used to make the clinical diagnoses
or which they were intended. The present authors concur
ith a previous suggestion that these should be abandoned in

onservative care, because of the lack of uniformity, validity
nd reliability of diagnostic labels; instead, subgroups should
e identified using reliable clinical characteristics [77]. The
mplications are that researchers need to start identifying
linical characteristics that have management and prognostic
mplications, and that clinicians should abandon the diag-
ostic pathological model which is based on tests that lack
alidity and reliability.

onclusion
In conclusion, 36 reliability studies investigating physical
xamination procedures used in the assessment of patients
ith shoulder pain were identified. There was conflicting

vidence about their reliability, and most fell below the

[

96 (2010) 179–190

redetermined levels of acceptable reliability. Using these
rocedures to make their associated diagnoses is an invalid
nd unreproducible process.
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ommittee, Sheffield Hallam University, UK (WEC Refer-
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