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Musculoskeletal disorders of the upper limb (ULDs) may be caused or aggravated by work, and may limit
capacity to work. However, their optimal classification remains controversial, with substantial disagreement
among experts.
We propose five requirements of a satisfactory classification scheme: 1) definitions that are clear, well
documented, unambiguous and feasible to apply; 2) relevant and credible coverage; 3) repeatable findings;
4) agreement with a good reference standard (where there is one); and 5) practical utility in informing followon actions, such as risk control and better patient care.
The evidence on classification by these criteria has been explored through literature searches and
consultation with research experts from Europe and North America.
We conclude that several schemes fulfil criteria 1-3, though the fourth is limited by questionable reference
standards. Regarding utility, simple case definitions serve as well as complex ones for many preventive
applications, including surveillance; differences are also sufficiently small to encourage data pooling. Less
is known about optimal case definitions to guide patient care, and recommendations to improve research
reporting are offered.
Optimal case definitions may vary with purpose. However, there is scope for moving towards a simpler,
more rational, and better harmonised approach to classifying ULDs in many circumstances.
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EXECUTIVE SUMMARY
Musculoskeletal disorders of the upper limb (ULDs) may be caused or aggravated by work, and
may limit the capacity to work. However, the optimal classification of such disorders remains
challenging. A major sticking point is the want, in most circumstances, of a definitive
diagnostic test or “gold standard”. In its absence, panels of experts have attempted to agree
criteria by consensus; but the scale of continuing disagreement remains large.
This uncertainty causes problems. Importantly, it hinders the pooling of research findings on
prevention and patient care; makes the research literature more difficult for policy makers and
practitioners to interpret; limits the scope for compensation (and makes for inconsistent case
law); impedes occupational surveillance; and leads to much variation in clinical practice.
In this report we explore the logic for preferring one case definition to another, propose criteria
to guide choosing them (especially in situations where there is no gold standard reference), and
evaluate classification according to the proposed criteria by searching the scientific literature.
We shared our proposals and findings with international research experts from the US, Canada,
Denmark, France, the Netherlands, Sweden and Finland. The report incorporates their views.
Five requirements of a satisfactory classification scheme are suggested:
(1) It should provide definitions that are clear, well documented, unambiguous and feasible
to apply.
(2) It should cover relevant domains and seem credible to informed stakeholders (i.e. have
‘face’ and ‘content’ validity).
(3) It should be repeatable (i.e. observers following a scheme should reach the same
conclusions)
(4) Where a good reference standard exists, it should display satisfactory measurement
properties as judged by conventional measures such as sensitivity (true positive rate)
and specificity (true negative rate).
(5) A useful scheme should add practical value (utility) in distinguishing groups that can
benefit from different actions such as risk prevention or better medical treatments.
Of these criteria, 1-3 are practically necessary but the traditional approach in 4 is limited by the
non-availability of a good reference standard. The fifth criterion has the scope to advance
evidence-based decision making because it focuses on the consequences of diagnosis.
Essentially it is argued that the aim of diagnosis is to inform actions such as prevention or better
patient care: useful definitions will distinguish groups that warrant different actions, and if no
such distinctions exist then simple lumping has advantages over splitting.
In the event, our searches identified several schemes in use that are reasonably clear and well
documented, feasible to apply, relevant in their coverage and credible to stakeholders (criteria 1
and 2). Also, a range of physical signs and some diagnoses can be elicited with reasonable
agreement between observers, assuming pre-training to promote consistency (criterion 3).
However, where a gold standard for diagnosis has been assumed, no strong case was found for
adopting the proposed clinical tests in practice (criterion 4), while the validity of the gold
standards may be questioned.
To assess the ‘added value’ that different case definitions bring, we reviewed whether
alternative definitions were more or less strongly associated with risk factors and treatment
benefits (criterion 5).
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CASE DEFINITIONS FOR PREVENTION AND SURVEILLANCE
We found that more complex case definitions (e.g. those requiring physical examination,
specific patterns of symptoms or evidence on medical tests) showed very similar strengths of
association with occupational risk factors. Thus, in research to aid prevention, a good case can
be made for simplifying. For example, in planning field studies of ULDs and risk factors or
employers’ surveys of hazard and risk, the added costs and inconvenience of seeking complex
case definitions by medical examination and testing can be avoided. Similarly, in health
surveillance, simple case definitions can be used, rather than complex ones that will be harder to
implement. Finally, in assessing the research literature, data on associations with risk factors
can reasonably be pooled between studies, even though those studies employ different case
definitions.
CASE DEFINITIONS FOR PATIENT CARE
The evidence base on optimal case definitions to support treatment is far more limited. The
information that is available (from 16 randomised controlled trials) does not indicate important
differences in response to treatment by case. However, further research may reveal such
differences.
At present, there is not enough evidence to advise doctors on a change in clinical practice. In
future, to address the gaps in understanding, researchers conducting treatment trials should be
encouraged to publish analyses for subgroups of trial entrants by their diagnostic features, thus
enabling more data to be collected against the fifth criterion in our classification framework.
OTHER PRINCIPLES
Consultation with experts in the field reinforces our expectation that case definitions may vary
by purpose. Optimal definitions for prevention and treatment (the focus of our searches) need
not be identical, while compensation and advice on prognosis may require yet other definitions.
Finally, for some purposes (e,g. compensation, setting priorities for policy), it will be logical to
include an index of case severity as a further criterion.
Notwithstanding these matters, there is scope for moving towards a simpler, more rational,
better harmonised approach to classifying ULDs in many circumstances.
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1. INTRODUCTION
Musculoskeletal disorders (MSDs) of the upper limb and neck are a common cause of morbidity
and lost work time. For example, in the UK, data from the Labour Force Survey indicate an
annual incidence of 61 per 1000 adults for self-reported work-related illnesses of the upper limb
and neck, leading to an estimated loss of 3.75 million working days per year.1 However, the
optimal classification of upper limb disorders (ULDs) remains a source of debate.2-5
Difficulty arises because of the multiplicity of disorders, diagnostic labels and different
approaches adopted within the field (Appendix 1). At least 165 disease labels are in use
internationally, often with several different names for the same disorder, labels that vary
between different clinical specialties, and use of terms like 'RSI', 'cumulative trauma disorder',
and 'work-related upper limb disorder' that are ambiguous in their coverage and boundaries.6
There is even disagreement about whether certain disorders exist or not. The relative lack of
pathognomic symptoms, signs, and useful investigations, the intrinsic subjectivity of pain
reports, and uncertainty about the pathogenesis of symptoms all impede attempts to resolve the
impasse.
The want of an agreed system has several adverse consequences. Importantly, it hinders the
pooling of research findings on aetiology and case management, thus limiting their value.
Moreover, it makes the research literature more difficult for policy makers and practitioners to
interpret; it has limited the scope for compensation in the UK; and it impedes the surveillance of
occupationally-related MSDs, as uniform definitions have proved hard to impose. Consequent
uncertainty has led to large variations in clinical practice.7 Finally, occupational health
practitioners and GPs, making practical management decisions on patients (e.g. whether to
restrict certain occupational activities, whether to refer to a specialist or physiotherapist), lack a
clear evidence-based diagnostic framework to optimise the care of their patients.
The unsatisfactory nature of this situation is widely recognised. For example, the UK’s Royal
College of Physician’s NHS Plus Clinical Effectiveness Unit, in drafting national guidelines for
the occupational management of ULDs, has called on experts to agree consensus definitions to
underpin evidence gathering;8 and various editorials and commentaries in academic journals
have made a similar appeal.9
Progress has been hampered in part by lack of debate about the principles that define a
satisfactory diagnostic scheme, the criteria for preferring one scheme over another, and the
logical steps needed to improve upon the status quo. The purpose of this project is to encourage
such debate, starting from an evidence-based review, and with discussion of the concept of
“diagnosis” (e.g. its purposes and value, approaches to making a diagnosis) and a set of precepts
we believe worthy of consideration.6,10,11
This report (I) proposes some criteria to guide the optimal selection of case definitions
(especially in the absence of a gold standard reference) (Section 2, p2); and (II) explores
empirical evidence on these criteria, by means of selected systematic literature searches (Section
3, p8).
This summary of our findings and proposals were shared in draft with various leading
international research experts (listed in Section 4), whose opinions were harvested in structured
feedback. We summarise their comments and our response to them in Section 4; where
appropriate, modifications have also been made to this report and our statement of
recommendations.
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A SUGGESTED FRAMEWORK FOR IMPROVED CASE
CLASSIFICATION
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2.1

GENERAL REMARKS ON DIAGNOSIS

Clinicians place great weight on making “a proper diagnosis”. Diagnoses are often used as
labels for assumed underlying disease processes. Implicit is the notion that one or more specific
disease processes are responsible for patients’ presenting complaints and are waiting to be
discovered, or alternatively that in reality there is no underlying pathology. Diseases are
conceived as having an independent existence,12 and clinicians use clinical data to identify the
diseases that are most likely to be present.13
In some cases, there is a gold standard criterion for diagnosis, which is closely tied to
underlying patho-anatomical or patho-physiological disease processes. For example, a fracture
of the femoral neck will almost always be demonstrable radiologically. Other case definitions –
often including those that can be applied conveniently in screening and in primary care and
occupational health clinics (e.g. based on symptoms and signs) – can be assessed against the
standard, the findings commonly being expressed in terms of the sensitivity and specificity of
the new definition/test, its positive and negative likelihood ratio, and the associated diagnostic
odds ratio (Table 1).14-16 Each measure gives a perspective on performance relative to the
standard, and any lack of sensitivity or specificity can then be taken into account when
interpreting the results of investigations that use the alternative definition.
This model has certain limitations, some well recognised,15,16,17 and others that are less often
discussed.10 Many diseases exist across a continuous spectrum of severity, such that the
borderline of normality is ill-defined and arbitrary. More fundamentally, some illnesses arise in
the absence of demonstrable underlying pathology. Illness is not simply a manifestation of
disease, but arises from a complex interplay of pathological, physiological, psychosocial and
cultural influences). There may be no underlying disease, or because of limited scientific
understanding, the pathology giving rise to an illness may be unrecognised.
2.2

A FRAMEWORK FOR IMPROVED CLASSIFICATION?

For most ULDs there are no good reference standards tied closely to underlying pathology
(Table 2), and in this circumstance a framework is needed to compare potential case definitions
and to optimise the choice.
One criterion might be the repeatability of diagnosis between observers. If there is substantial
disagreement between adequately trained observers in case classification, then a method of
diagnosis cannot be considered satisfactory. However, the fact that a diagnostic test is objective
and repeatable does not necessarily imply that it is meaningful or correct.
Katz et al have proposed that where there is no satisfactory diagnostic gold standard, the best
proxy against which epidemiological case definitions can be assessed is the opinion of an
expert clinician.18 Classification is then determined by an empirical approach that identifies the
elements of history, physical examination and laboratory tests that best assign subjects to
diagnostic categories specified by the clinician. Several well-known consensus diagnostic sets
of this kind have been developed and applied in field studies. Unfortunately, a systematic
review by Van Eerd et al in 2003 identified some 27 schemes of which no two were identical.4
Clearly, expert clinicians do not always agree, and even when there is a consensus of experts,
this may be wrong or opinions on what constitutes a case may change over time.
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Table 1

Some commonly used indicators of test performance (assuming a suitable
reference test or gold standard)

a) 2 x 2 Contingency Plans

Test

Reference Test
Target disorder
No Target Disorder
TP
FP
FN
TN

positive
negative

TP= true positive; FP = false positive; TN = true negative; FN = false negative

b) Common Diagnostic Indicators
Test Indicator

Formula

Sensitivity (TP rate) (Sen)
Specificity (TN rate) (Spec)

TP/(TP+FN)
TN/(TN+FP)

Positive predictive value (PPV)

TP/(TP+FP)

Negative predictive value (NPV)

TN/(TN+FN)

Likelihood ratio of a positive test result
(LR+)
Likelihood ratio of a negative test result
(LR-)
Accuracy
Diagnostic Odds Ratio (DoR)

Definition
Proportion of positive tests among diseased
Proportion of negative tests among the ‘healthy’
Proportion of diseased among subjects with a positive
test
Proportion non-diseased among subjects with a negative
test
The multiplier of the pre-test odds of disease in a patient
with a positive test
The multiplier of the pre-test odds of disease in a patient
with a negative test

Sen/(1-Spec)
(1-Sen)/Spec
(TP+TN)/(TP+T
N+FP+FN)

Proportion of correctly identified subjects
Ratio of the odds of positivity in disease relative to the
odds when non-diseased

LR+/LR-

c) Points of the application of these common diagnostic indicators
Test
Sensitivity
Specificity
Positive and negative
predictive values

Positive and negative
likelihood ratios

Uses and limitations
Useful for initial screening (ruling in), but highly sensitive tests tend to generate many
false positive results (i.e. are bad at ruling out). Dependent on case mix.
Useful for exclusion (ruling out), but highly specific tests tend to generate false negative
results (i.e. are bad for initial screening). Dependent on case mix.
These tests give an idea of what a positive or negative test means for the individual – the
chance that a test result reflects the true status. However, they depend on the prevalence
of the condition of interest, and so vary with the population studied – values typically
being lower in primary care than in hospital settings. Comparison between studies is
hindered unless values are calculated against a common prevalence.
These measures give an indication of how much a positive test raises (or a negative test
lowers) the probability of disease that is independent of disease prevalence. This aids
4

Accuracy
Diagnostic Odds Ratio

Table 2

comparison between tests, although the absolute chance in an individual will still
depend on the pre-test probability.
This measure gives a single appealing summary of a test, the proportion of people
classified correctly; but the consequences of misclassification may vary from serious to
trivial – hence the need to know the FP and FN rates.
This measure gives a single appealing summary, which is not sensitive to disease
prevalence in the study population. However, the same DoR may be compatible with
various combinations of LR+ and LR-; the extra detail may be useful to know depending
on the costs and benefits of follow on actions.

Want of reference standards for diagnosing some common upper limb disorders

Disorder
Rotator cuff tendinitis; rotator cuff tears
Lateral epicondylitis
Tenosynovitis of the wrist
Carpal tunnel syndrome
Non-specific diffuse forearm pain

Putative reference standard(s)
MRI; arthroscopy; surgery; ultrasound*
None – based on clinical judgement
None – based on clinical judgement
Nerve conduction*
None – based on clinical judgement

*Such standards are limited in practice by their imperfect concordance with current symptoms

A way out of the difficulty may be to think of diagnoses not so much as labels for disease processes, but as a
useful method of classifying people for the purpose of preventing or managing illness.10 According to
this utilitarian approach, diagnosis is a means to an end: a "correct" diagnosis enables, for example, the
patient’s prognosis to be predicted and appropriate treatment to be given; in epidemiological research it may
facilitate the identification of avoidable risk factors. Case definitions will be useful if they distinguish groups
differing in their response to treatment, or in the strength of their association with potential causes.
Moreover, it may only be worth labelling two groups as distinct if such differences in response to treatment,
prognosis, and/or associations with risk factors, are demonstrable. Consideration of utility should provide a
rationale for choosing between alternative diagnostic classifications, although other considerations may also
apply.
Table 3 provides a fictitious example of this method in action. Suppose the focus of a study is the risk factor
‘work with the arms elevated’ and the study employs three case definitions: C1 – arm pain in the in the past
week, C2 – shoulder pain in the past week, and C3 – intense shoulder pain with palpation tenderness in the
past week. In this example, C1 and C2 show little association with the exposure (RRs are close to 1.0 and
similar to one another), but for C3 the RR is five to six times greater. Clearly, C3 is a more useful definition
to work worth. Less obviously, C2 (although a special case or subset of C1) might as well be C1 for all
intents and purposes, as it yields no more information about risks and prevention; there is no advantage in
distinguishing the two groups and labelling them differently in this context, as no useful action follows from
sub-classification. The test, as in this example, is to compare strength of association with risk factors (or
treatments) for alternative definitions; big differences provide an empirical basis for splitting, but otherwise,
sub-classification serves little purpose and groups can reasonably be lumped together.
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Table 3

Comparing case definitions in studies of risk factors and prevention

Case definition

RR* (95%CI)

C1: Arm pain, past week

1.1 (0.8 to 1.3)

C2: Shoulder pain, past week

1.2 (0.9 to 1.4)

C3: Intense shoulder pain with palpation tenderness, past week

6.0 (3.5 to 10.4)

* Exposed to arm elevation vs. not exposed
It should be noted that classification systems that inform prevention may not necessarily be identical to those
that aid clinical management – the optimal choice perhaps varying with the purpose. For example, if
associations with repetitive forceful exertions at the elbow are similar in cases of elbow pain as in cases of
elbow pain with tenderness, there may be no compelling case for examination by a physician from the
viewpoint of research to underpin prevention; but tenderness might still distinguish clinical cases that benefit
from local injection of corticosteroid and help to direct their clinical care.

2.3

PROPOSED CRITERIA FOR CHOOSING A DIAGNOSTIC SCHEME

Based on the foregoing arguments, we suggest several criteria by which candidate diagnostic schemes and/or
tools might be judged:
1. A diagnostic scheme – especially one for use in field epidemiology – should be clear, unambiguous
and feasible to implement. It should be well documented so that others can replicate it.
2. It should cover relevant domains and should seem credible to informed stakeholders – i.e. have
‘face’ and ‘content’ validity. (This is a weak criterion, as highlighted above. However, a scheme that
seems manifestly wrong to most qualified experts, or which omits the commonest presentations in
clinical practice, is unlikely to be useful.)
3. It should be repeatable within- and between-observers.
4. Where an adequate or reasonable gold standard exists, its measurement properties should appear
favourable by the measures in Table 1 (e.g. it should be sensitive and specific; and generate high
positive and low negative likelihood ratios and a high diagnostic odds ratio).
5. Whether an adequate gold standard exists or not, a useful scheme should show utility in terms of
distinguishing groups that would benefit from different actions – e.g. different treatments,
different advice on prognosis, or different associations with potentially avoidable risk factors.
Of these criteria, 1-3 seem practically necessary but the traditional approach in 4 is limited for ULDs in most
circumstances by the non-availability of a good reference standard. The fifth criterion is seldom discussed
and may be hard to demonstrate in practice, but has the potential to advance evidence-based decision
making, especially in the absence of an adequate gold standard.
Our five criteria, adapted from earlier commentaries and reports,2,6,10,11 are congruent with a more elaborate
framework for critically appraising classification schemes championed by Buchbinder et al3 (Table 4). The
first criterion, for example, approximates to criteria D (i),(ii) and C(ii),(iii); the second to B(i),(ii),(iii) and
C(i),(iv); the third to F(i),(ii); the fourth, partially, to E(ii). The fifth criterion has no explicit match, although
the utility function we propose corresponds to prognostic validity and may be encompassed by E(i).
Buchbinder et al place weight also on defining the purpose and the experience of applying schemes in
practice, matters that seem eminently sensible.
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Table 4

Criteria for critically appraising classification systems (after Buchbinder et al
(1996)3)

A. Purpose
(i) Is the purpose, population, and setting clearly specified?
B. Content validity
(i) Is the domain and all specific exclusions from this domain clearly specified? Are all relevant categories
included?
(ii) Is the breakdown of categories appropriate, considering the purpose? Are the categories mutually
exclusive?
(iii) Was the method of development appropriate?
(iv) If multi-axial, are criteria of content validity satisfied for each additional axis?
C. Face validity
(i) Is the nomenclature used to label the categories satisfactory? Are the terms used based upon empirical
(i.e. directly observable) evidence?
(ii) Are the criteria for determining inclusion into each category clearly specified? If yes, do these criteria
appear reasonable? Have the criteria been demonstrated to have validity and/or reliability?
(iii) Are the definitions of criteria clearly specified?
(iv) If multi-axial, are criteria of face validity satisfied for each additional axis?
D. Feasibility
(i) Is classification simple to understand?
(ii) Is classification easy to perform?
(iii) Does it rely on clinical examination alone?
(iv) Are special skills, tools, and/or training required?
(v) How long does it take to perform?
E. Construct validity
(i) Does it discriminate between entities that are thought to be different in a way appropriate for the purpose?
(ii) Does it perform satisfactorily when compared to other classification systems which classify the same
domain?
F. Reliability
(i) Does the classification system provide consistent results when classifying the same conditions (testretest)?
(ii) Is the intra-observer and inter-observer reliability satisfactory?
G. Generalizability
(i) Has it been used in other studies and/or settings?

To clarify what empirical evidence exists on our five criteria we conducted a systematic literature review in
three stages, reported in the following section.
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3

EMPIRICAL OBSERVATIONS ON THE SUGGESTED
FRAMEWORK
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3.1

METHODS

3.1.1 Search 1
This search was designed to highlight among other things, 1) which diagnostic schemes are in
use at present and how they are being applied; 2) what they comprise; 3) where they come from,
and what their provenance is; 4) whether there is any empirical or data-driven evidence to
support their use and refine or improve them.
For this purpose we adapted and updated the approach in an earlier report.11 A systematic
search was conducted of the Medline, Embase and CINAHL electronic bibliographic databases
from inception to March 2010. Key words and medical subject headings for ULDs – based on
terms used in several earlier systematic reviews3,4,19-21 – were combined with those relevant to
the assessment of classification, diagnosis, diagnostic criteria, and the repeatability, validity and
other measurement properties of ULD diagnostic schemes using Boolean strings. Details are set
out in Appendix 2. References and abstracts were imported into a reference manager software
package (Refman 11) where duplicates were removed. The remaining material was inspected
for relevance, including the additional references contained in retrieved papers. The search was
supplemented with references from several authoritative reviews,3,4,22-25 a reference list of
standard textbooks,26-28 the records of diagnostic workshops in which the lead reviewer (KTP)
has participated,19,29 and his own personal library and research output.
As proposed by Buchbinder et al3 and Van Eerd et al,4 we restricted attention to reports whose
aim was to define a diagnostic criterion, method, or system of classification for at least one soft
tissue ULD and which did so by means of clinical history or examination. Studies that relied on
secondary care investigation, such as radiographs, ultrasonography and imaging, and
neurophysiology were excluded, except that nerve conduction testing was permitted in relation
to CTS. (The focus was on diagnosis in primary care or occupational health settings, without
recourse to elaborate or invasive tests.) The characteristics of diagnostic schemes were
abstracted and summarised relative to the five criteria we propose above as empirically and
practically important.
Three broad categories of study were identified:
(i) those that reported the repeatability of commonly used physical signs;
(ii) those that reported on the diagnostic properties of tests listed in Table 2, against an
assumed gold standard; and
(iii) those that reported whole schemes of classification.
For qualifying papers in the first category a note was made of the authors, the elements of
history or examination assessment, the assessment protocol, and the observed within- or
between-observer or within-subject agreement. For papers in the second category, selection
was limited to papers that reported on both sensitivity and specificity. A note was made of the
test in question (Appendix 3 provides a glossary of common eponymously-named examination
tests identified by the search), the authors, the gold standard, and the published sensitivity and
specificity of the test from which other measures were derived by simple calculation (LR+, LR-,
DoR). Where tests could be counted as positive in more than one way (e.g. impaired function or
limiting pain), we focussed on those test performance options yielding the most favourable
DoRs.
For papers in the third category similar information was collected to that in the first category,
and diagnostic schemes described in terms of their documentation and feasibility, content,
content validity, and where known their repeatability, utility and agreement with external
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reference standards.
3.1.2 Search 2
In two additional searches we pursued a utilitarian approach, seeking to identify case definitions
that empirically ‘added value’ in relation to treatment and associations with putative risk
factors.
In search 2 we sought peer review reports in which more than one case definition (e.g. elbow
pain, elbow pain with tenderness) had been analysed against occupational risk factors that were
defined identically – papers containing similar information to that in Table 3.
We screened several sources to find papers with these characteristics:
1. In the Medline and Embase electronic bibliographic databases we combined terms for
ULD with those for relevant occupational physical risk factors (repeated movements of
the wrists/fingers, repeated bending and straightening of the elbow, repeated
movements of the shoulder, work with the hands above shoulder height, lifting, use of
the computer keyboard or mouse – the full search is in Appendix 4), with attention
restricted to systematic reviews and meta-analyses published since 1990. We identified
all primary reports in all such reviews, cross-tabulating to eliminate duplications.
2. In case this search strategy lacked sensitivity to detect reports in which more than one
case definition for ULD featured, we supplemented our electronic search by hand
searching five occupational journals (Occupational and Environmental Medicine,
Scandinavian Journal of Work, Environment and Health, American Journal of
Industrial Medicine, International Archives of Occupational and Environmental Health,
and Occupational Medicine) published between January 1990 and June 2010. Unique
primary research papers so identified were added to the output of search 2.
We then applied the following exclusion criteria to these primary reports:
1. Not in English
2. Published before 1980
3. Did not allow upper limb problems to be analysed separately from those in the neck
4. Did not distinguish upper limb problems by anatomical site
5. Did not include at least two explicit clinically-based case definitions (e.g. referred only
to ‘a doctor’s diagnosis’; had only one case definition)
6. Did not quantify relevant associations between occupational risk factors and upper limb
problems
7. Did not quantify risk estimates, for one or more exposures in common, against the
alternative case definitions.
For each remaining report, and separately for each anatomical site (shoulder, elbow, forearm,
wrist/hand), we abstracted the occupational exposure definitions and case definitions employed,
and paired estimated relative risks (RRs – sometimes expressed as odds ratios or prevalence
ratios), with 95% confidence intervals (95%CI) for alternative case definitions with exposures
in common.
Differences in RR between pairs of case definitions were expressed as the ratio of RR for the
more complex case definition (e.g. shoulder symptoms and signs) vs. the simpler case definition
(e.g. shoulder symptoms). It may be seen that subjects in the former category tended to be a
nested (hierarchical) subset of subjects in the latter, and not a statistically independent sample;
this precluded estimation of standard errors and CIs for the ratio by standard statistical methods.
Instead, the ratio measures were categorised in bands by their magnitude (<1, >1 to <2, 2 to <4,
>4) and summarised by their median and interquartile values. To gain a sense of the separation
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between estimates potentially attributable to chance, a comparison was made between the lower
95% confidence limit of the more complex definition and the central estimate of the simpler
definition. (A meaningful strengthening of association with a putative risk factor might lead to
the former exceeding the latter.) Finally, the nested relationship between comparison groups
created the potential for a shifting baseline between compared RRs (baseline choices of “not
C1” vs. “not C1 or C2”). Each report was assessed for this potential bias and the size of bias
was estimated for all reports where it was known or calculable from the data supplied.
3.1.3 Search 3
Search 3 had a similar goal to search 2: to compare estimates of risk (in this case of treatment
effect) for alternative case definitions sharing exposures (treatments) in common.
As a starting point we screened the Cochrane Library database of treatment trials
(http://www.thecochranelibrary.com). All systematic reviews on ULDs were considered and
from them we found reports on four categories of treatment at the shoulder (steroid injections,
acupuncture, physiotherapy, surgery vs. not surgery30-33), three at the elbow (steroid injections,
acupuncture, physiotherapy, surgery vs. not surgery, shockwave therapy34-36), and three at
wrist/hand (steroid injections, surgery vs. not surgery, other non-surgical interventions37-39).
Although reviews were of reasonable currency, the underlying searches were some two to eight
years old. Also, Cochrane reviews on certain elbow treatments (steroid injections and
physiotherapy) were announced as in preparation but as yet unpublished. These gaps in the
evidence base were filled by updating the Cochrane searches to 30th June 2010 and by
identifying other non-Cochrane reviews on topics of interest. For these purposes, we searched in
Medline and Embase (from the last relevant search date to May 2010) and in Google Scholar
(first 300 hits in March 2010), combining terms for ULD with those for RCTs.1
We identified four non-Cochrane reviews covering the topic areas planned for coverage by
future Cochrane reviews (three on steroid injections40-42 and one on physiotherapy for
epicondylitis43) and added their citations to our updated search. Unique peer-reviewed reports
from the search were itemised and cross-tabulated to eliminate duplicates.
We then applied the following exclusion criteria:
1. Not in English.
2. Did not examine one of the interventions of interest for impact on recovery from upper
limb pain, or change in upper limb function or upper limb-related vocational outcome
3. Did not distinguish upper limb problems by anatomical site.
4. Did not allow upper limb problems to be analysed separately from those in the neck
5. Did not give enough information to quantify relevant outcomes.
6. Intervention involved only a comparison of oral drug therapies or of alternative surgical
methods.
7. Cases restricted only to special groups of patients (e.g. those with diabetes or a stroke).
8. The upper limb problem arose from external trauma.
Table 5 lists the interventions finally considered, the Cochrane and other reviews used as
primary sources for the search (dates of currency and yield of papers), and the additional
numbers of papers found by our updated search. In all, 185 reports of RCTs were retrieved for
full inspection.
1

Additionally, we screened a comprehensive review on vocational rehabilitation, by Waddell et al, commissioned by
the Department for Work and Pensions and a 2008 public health review on interventions for sickness absence by the
National Institute for Health and Clinical Excellence; but no new references were found.
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Eligible reports were screened to determine if any of them supplied estimates of treatment effect
for more than one case definition (i.e. whether analyses were presented for subgroups of cases).
Additionally, at the second pass, we sought studies that shared in common their principal
features (anatomical site, intervention(s), comparison group, follow-up time, and at least one
similarly assessed outcome measure). Failure to match at least one pair of studies by these
criteria meant that an informative comparison of effect sizes by case definitions could not be
made; all such unmatched studies were excluded, as were very small comparisons with high
potential for publication bias and studies which lacked any case definition at all. Thus, at this
second pass, we applied the following additional exclusion criteria:
1. Fewer than 10 subjects in a treatment arm (i.e. high potential for publication bias);
2. No other study at the same anatomical site sharing in common:
a) the same intervention; and
b) the same comparison group; and
c) a similar follow-up interval; and
d) at least one similarly assessed measure of outcome.
In evaluating outcomes we restricted attention to studies that could be matched on binary
outcomes (e.g. cured/improved vs. not), rather than continuous outcome measures, which may
have differed between studies in their initial baseline distribution of values, and thus may have
had non-comparable potential for change. Decisions about the adequacy of matching were
agreed in consensus by two of us (CHL and KTP).
Among the finally included studies: (a) note was made of the case definitions employed; and (b)
for all binary outcomes shared in common, effect sizes (Relative Risks (RR)) with estimates of
precision (95%CI) were recorded where supplied or otherwise estimated from the numbers in
each exposure-outcome combination, using the immediate command in STATA.
In line with our analysis on risk factors, differences in effect size between pairs of case
definitions were expressed as the ratio of RRs – based on the more complex definition (C2) vs.
the simpler one (C1), or otherwise on an arbitrary choice. As before, ratios were categorised into
bands by magnitude and summarised by their median and interquartile (IQR) values. Separate
summary statistics were compiled by anatomical site and for each treatment-comparison
combination.
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Table 5

Sources used to identify treatment trials of upper limb disorder

Site
Shoulder
Shoulder
Shoulder
Shoulder
Elbow
Elbow
Elbow
Elbow
Elbow
Wrist - CTS
Wrist - CTS
Wrist - CTS

Intervention reference
Steroid injections30
Acupuncture31
Physiotherapy*32
Surgery (vs. not surgery)33
Steroid injections40-42
Acupuncture34
Physiotherapy**43
Surgery (vs. not surgery)35
Shockwave therapy36
Steroid injections37
Non-surgical (not steroids)§38
Surgery (vs. not surgery)39

Source – Cochrane (C)/other; date
C, 2009
C, 2008
C, 2008
C, 2009
Barr, Smidt, Assendelft – 1996, 2002, 2009
C, 2008
Smidt, 2003
C, 2009
C, 2009
C, 2009
C, 2009
C, 2008

Date currenta
Nov 2002
Feb 2005
Feb 2003
Sept 2007
1994, 1999, April 2009
Nov 2001
Jan 1999
Jan 2008
July 2005
Feb 2007
Oct 2002
Jan 2008

N, papersb
24
5
24
3
17
3
26
0
9
11
18
4

N, updated searchc
12
1
25
0
0
2
3
0
3
1
7
-

a – last date the review was run; b – number of papers retrieved from these reviews; c – number of further papers retrieved following a Medline and Embase search
run forwards from the ‘current’ date to 30th June 2010
* Bipolar inferential current, ultrasound, exercises, pulsed EMF field, iontophoresis, TENS, mobilisation/manipulation
** Ultrasound, laser, electrotherapy, exercises, mobilisation/manipulation
§ Splint/brace, ultrasound, ergonomic keyboard, NSAID, oral steroids, nerve & tendon gliding exercises, yoga, mobilisation, magnetic therapy, chiropractic care,
acupuncture; excludes two papers on treatment with diuretics and vitamin B6.
NB. Some papers appear more than once in this table, as they investigated more than one of the qualifying interventions (199 comparisons covered by 185 reports)
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3.2

FINDINGS

3.2.1 Search 1
This search identified 1,112 unique titles, including 81 with relevant abstracts that were
examined in greater detail. Additionally, 16 papers from other sources were screened. The final
relevant material comprised 60 accounts, including 11 reviews.
Among the papers finally used, 18 were concerned with the measurement properties of specific
physical signs in the upper limb, 43 papers or reviews reported the diagnostic properties of tests
against an assumed gold standard, and more than a dozen described schemes directed at the
classification of one or more ULDs. Findings are summarised separately for each of these
subsets.
3.2.2 Reliability of physical signs
Most effort has been expended on assessing the measurement properties of signs used to
diagnose CTS, and the search identified two comprehensive reviews by Marx et al and MassyWestropp et al which, by themselves, summarised 27 other reports, mostly on Phalen's test and
Tinel's test.24,25 Table 6 lists the studies in which repeatability of these signs were assessed.7,44-59
They appear to have good to excellent inter-observer and intra-observer reliability in the
secondary care setting, as judged by Fleiss’s criteria (with κ generally ranging from 0.53 - 1.0).
However, in community settings and workplaces, where cases are likely to be less severe, the
inter-rater reliability of Tinel's test seems poorer, and Salerno et al estimated κ values ranging
from 0.20 to 0.43 in an occupational survey of keyboard operators.56
The review by Marx et al explored the reliability of five other clinical tests (moving and static
two-point discrimination, Semmes-Weinstein monofilament testing, vibration sense, and motor
power) and found that in general they were unsatisfactory.24
By contrast, hand diagrams can be rated with better repeatability, as evidenced in recent
workplace surveys by Dale et al (2008) (κ 0.83 to 0.88) and Bonauto et al (2008) (96%
agreement).58,59
A second major focus of research concerned measurement of active and passive shoulder
movement through goniometry, pleurimetry or visual estimation (Table 6). Twelve relevant
papers were identified and in general, most schemes showed adequate repeatability. Thus,
observed agreement in one study ranged from 54% to 80% for a crude categorical classification
of functional capability, in raising the hand, placing the hand behind the back, and raising the
hand to the neck, or to the opposite shoulder in front of the body;47 in several studies the intraclass correlation coefficient (ICC) exceeded 0.8, overall46,49 and for specific shoulder cut points,
such as the first experience of pain in a painful arc of abduction;48 and one study found small
mean differences in measured active and passive movements, >70% of paired between-observer
measurements being within 200 of one another.44 Two studies reported generally favourable κ
values for other shoulder signs, including tenderness, painful arc and pain on resisted shoulder
movements.44,45 Finally, three reports by Ostor (2004),52 Nanda (2008)54 and Michener (2009)53
suggest that for some other diagnostic manoeuvres at the shoulder (e.g. Hawkins-Kennedy test,
Jobe test), agreement is fair to good, while excellent agreement between trained physiotherapists
was achieved in a study by Johansson et al (2009).55
Other observations on the repeatability of upper limb physical signs are more limited, but in two
studies that assessed elbow tenderness and pain on resisted wrist movement, κ values ranged
from 0.5 to 0.79, being higher in the hospital outpatient setting than in a community sample.44,45
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Palmer et al found the between-observer repeatability of radial wrist tenderness and
Finkelstein's test to range from κ values of 0.66 to 0.79 in a panel of 88 rheumatological
subjects, including seven with tenosynovitis or De Quervain's disease,44 and Salerno reported κ
values for Finkelstein's test that ranged from 0.15 (right side) to 0.49 (left side), with 94-97%
agreement,56 (These authors commented on the instability of their reliability statistics, owing to
the low prevalence of pathology among those tested.)
Finally, some evidence was found for good between-observer agreement in diagnosis of CTS,
provided that criteria were pre-specified and agreed;44,58,59 although doctors, when left to their
own devices, entertained differing views about critical diagnostic criteria.7
In general, therefore, evidence was found to suggest that a range of physical signs and some
diagnoses could be elicited with a reasonable measure of agreement between observers. Pretraining of examiners to ensure consistent application of an agreed methodology is a prerequisite, but the documentation of this and the methods for use by other investigators varied
from exemplary to lacking. As may be expected, repeatability was less good in the community
setting than in secondary care.
Table 6

Repeatability of physical signs used in the assessment of upper limb
disorders, and of upper limb diagnoses

Site/diagnosis
Ref(s)

Setting/protocol

Items

Agreement
Measure of agreement /Estimate

(a) Physical signs
Elbow
Palmer
(2000)44

88 rheumatological
outpatients examined
independently by two pretrained observers

Walker-Bone 97 working age adults with
(2002)45
neck or upper limb pain,
identified from the general
community; examined
independently by two pretrained observers
Shoulder
Boone
(1978)46

Boström
(1991)47

Tenderness over lateral
epicondyle
Pain on resisted wrist
flexion/extension

κ

0.75

κ

0.75 - 0.79

Tenderness over lateral
epicondyle
Pain on resisted wrist
flexion/extension

κ

0.64

κ

0.52 - 0.56

Once weekly replicate
measurements of shoulder
movement over 4 weeks by
4 testers with varying
experience of goniometry;
intra- and inter-rater
comparison

Inter-rater
reliability
Inter-tester
reliability

8 patients with rheumatoid
arthritis; shoulder
movements assessed in
terms of functional
achievements (categorical
descriptors)

Inter-rater/intra-rater:≠
% agreement
81/85
65/75
54/87
81/85

Hand raising
Hand behind back
Hand to neck
Hand to opposite
shoulder

15

0.97
0.96

Croft
(1994)48

Green
(1998)49

Palmer
(2000)44

Riddle
(1987)50

Hoving
(2002)51

6 patients with shoulder
Passive arm abduction:
problems from primary care, To start of pain
ICC
observed in random order by To maximum
ICC
6 physicians; inter-rater
elevation
comparison of joint
Passive external
ICC
movements (observed,
rotation
recorded by diagram and
measured by protractor)
54 patients with shoulder
pain; 6 movements measured
by 6 physiotherapists using a
pleurimeter; intra- and interrater comparisons
88 rheumatological
outpatients examined
independently by two pretrained observers

50 patients referred to a
physical therapy department;
7 shoulder movements
measured by random pairs of
16 therapists using 2 sizes of
goniometer; intra- and interrater comparisons
6 patients with shoulder pain
and stiffness; 8 movements
measured by 6
rheumatologists in random
order, Latin square design

Walker-Bone 97 working age adults with
(2002)45
neck or upper limb pain,
identified from the general
community; examined
independently by two pretrained observers

Intra-rater ICC
Inter-rater ICC
κ
Tenderness
κ
Pain on various resisted
movements
κ
Painful arc
Range of active
Betweenmovement
observer mean
differences
Range of passive
movement
Betweenobserver mean
differences
Intra-rater ICC
Inter-rater ICC

0.84
0.95
0.43

0.38 - 0.85
(4/8 >0.8)
0.45 - 0.90)
(6/8 ≥0.66)
0.80
0.54 - 0.93
0.93
-1.4 to 11.9°
(≥70% of pairs
within 20°)*
-1.4 to 11.0°
(≥71% of pairs
within 20°)*
0.87 - 0.99
0.32 - 0.90 (6/14
≥0.8)

Total shoulder flexion
Total shoulder
abduction
Glenohumeral
abduction
External rotation in
neutral

Inter-rater ICC

0.72

Inter-rater ICC

0.49

Inter-rater ICC

0.51

Inter-rater ICC

0.29

Hand behind back

Inter-rater ICC

0.80

Tenderness
Pain on various resisted
movements
Painful arc

16

κ
κ

0.94
0.29 - 0.66

κ

0.47

Ostor
(2004)52

136 rheumatology patients
assessed in random order by
a specialist, trainee and
research nurse (Kappas for
specialist vs. doctor in
specialist training)

Hawkins-Kennedy test
Painful arc
Tenderness
Gerber’s test
Drop arm sign
Speed’s test
External rotation <450

κ
κ
κ
κ
κ
κ
κ

0.29
0.48-0.64
0.32
0.30
0.28
0.17
0.68

Michener
(2009)53

55 orthopaedic outpatients
examined independently by
two clinicians

Hawkins-Kennedy test
Neer test
Painful arc
Jobe test
External rotation

κ
κ
κ
κ
κ

0.39
0.40
0.45
0.47
0.67

Nanda
(2008)54

63 orthopaedic outpatients
examined independently by
a specialist consultant and a
specialist registrar

Hawkins-Kennedy test
Neer test
Painful arc
Jobe test
Gerber’s test
Drop arm sign
Speed’s test
Yergason’s test

κ
κ
κ
κ
κ
κ
κ
κ

0.55
0.10
0.48
0.44
0.48
0.35
0.44
0.28

Johansson
(2009)55

33 patients with shoulder
pain from primary care,
assessed independently by
two physiotherapists

Hawkins-Kennedy test
Neer test
Jobe test
Patte manoeuvre

κ
κ
κ
κ

0.91
1.00
0.94
1.00

88 rheumatological
outpatients examined
independently by two pretrained observers
160 keyboard operators
examined independently by
two experienced observers

Radial wrist tenderness
+ve Finkelstein's test

κ
κ

0.66
0.79

+ve Finkelstein's test
Carpal compression
test

κ
κ

0.15 - 0.49
0.60 - 0.67

Wrist
Palmer
(2000)44

Salerno
(2000)56

Marx
(1999);24
Various
Palmer
(2000);44
Salerno
(2000);56
Walker-Bone
(2002)45
Walker-Bone 97 working age adults with
(2002)45
neck or upper limb pain,
identified from the general
community; examined
independently by two pretrained observers
Upper limb

Phalen's test

Intra-rater κ

0.41 - 1.0

Tinel's test

Intra-rater κ

0.20 - 0.80

Radial wrist tenderness
+ve Finkelstein's test
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κ
κ

0.16
0.35

Jepsen
(2006)57

41 consecutive consultees of
OH services, examined
independently by two pretrained observers

Sensibility to moving
touch and pin-prick;
vibration perception
(256 Hz tuning fork)

(b) Diagnoses
Carpal tunnel syndrome
Walker-Bone 97 working age adults with
(2002)45
neck or upper limb pain,
identified from the general
community; examined
independently by two pretrained observers

Dale (2008)58
Graham
(2006)7
Bonauto
(2008)59

Pain/paraesthesia/
sensory loss - median
nerve distribution
+ 1 of: positive Tinel's
test, Phalen's test
nocturnal exacerbation
of symptoms, motor
loss with wasting of
abductor pollicis brevis
333 employees assessed by 3 Hand diagram
experienced clinicians
(Franzblau
modification of Katz)
99 physicians and surgeons 57 criteria rated on a
asked about criteria for CTS Visual Analogue Scale
255 hand diagrams from
workers at 12 worksites,
rated by 2 observers

Katz hand diagram

Inter-rater κ

κ

0.42 – 0.90

0.93

weighted interrater κ

0.83 – 0.88

Inter-specialty
ICC
Intra-specialty
ICC
% agreement

0.28
0.27 – 0.37
96%

Shoulder disorders
Ostor (2004);52
Walker-Bone
(2002)45

Various (see above)

Adhesive capsulitis
Rotator cuff disorder

κ
κ

0.26-0.77‡, 0.66
0.36-0.46‡, 0.40

* Mean difference; ≠ Agreement within one category; ICC – intra-class coefficient
3.2.3 Diagnostic properties of tests vs. an assumed gold standard
Evidence on the diagnostic properties of clinical test manoeuvres was found mainly for shoulder
disorders and suspected CTS. In each case the evidence base is limited to the extent that the
reference standard may be open to challenge. For example, while clinical assessments at the
shoulder were assessed relative to observation at surgery or on arthroscopy, MRI, or less often,
radiography, abnormalities detected by these means may not always be a source of symptoms
and may even exist in the absence of symptoms.60 Similarly, although delayed nerve conduction
is often taken to provide a gold standard diagnosis of CTS, it may occur in asymptomatic
members of the general public and be absent in ‘cases’ that respond to surgery.17,23 A second
further area of difficulty at the shoulder is the complexity of overlapping outcomes (shoulder
impingement syndrome, SLAP (superior labrum, anterior and posterior) lesions, other labral
tears) and the application of certain tests to diagnose more than one of these outcomes.
Within these limits, we found for the shoulder (Table 7) 20 studies, with overlap, in which tests
for shoulder impingement (e.g. Neer test, Hawkins-Kennedy test, painful arc, Gerber’s lift off
test) had been evaluated, 12 studies that had evaluated SLAP lesions, and eight studies
involving other labral tears.53,59,61-91

18

Table 7

Properties of clinical diagnostic tests for shoulder pathology

Study

Setting

Subgroup

Standard

Sen

Spec

+LR

-LR

DoR

SHOULDER IMPINGEMENT SYNDROME
Neer test
Silva (2008)61
rheumatology
Kelly (2010)62
orthopaedics
62
Kelly (2010)
orthopaedics
53
Michener (2009)
orthopaedics
63
Calis (2000)
rheumatology & orthopaedics
MacDonald (2000)64
orthopaedics

FTT
PTT
FTT
-

MRI
ultrasound
ultrasound
surgical diagnosis
MRI
arthroscopy

68%
46%
17%
81%
89%
83%

30%
23%
35%
54%
31%
51%

0.98
0.59
0.27
1.76
1.29
1.69

1.05
2.40
2.34
0.35
0.35
0.33

0.9
0.2
0.1
5.0
3.6
5.2

Hawkins-Kennedy test
Silva (2008)61
Kelly (2010)62
Kelly (2010)62
Michener (2009)53
Calis (2000)63
MacDonald (2000)64
Park (2005)65
Park (2005)65

rheumatology
orthopaedics
orthopaedics
orthopaedics
rheumatology & orthopaedics
orthopaedics
orthopaedics & sports medicine
orthopaedics & sports medicine

FTT
PTT
FTT
FTT
PTT

MRI
ultrasound
ultrasound
surgical diagnosis
MRI
arthroscopy
arthroscopy
arthroscopy

74%
67%
56%
63%
92%
88%
69%
75%

40%
36%
13%
62%
25%
43%
48%
44%

1.23
1.05
0.64
1.63
1.23
1.52
1.33
1.36

0.66
0.91
3.42
0.61
0.32
0.29
0.65
0.55

1.9
1.1
0.2
2.7
3.8
5.2
2.1
2.4

Painful arc
Silva (2008)61
Kelly (2010)62
Kelly (2010)62
Michener (2009)53
Nakagawa (2005)66
Calis (2000)63
Park (2005)65
Park (2005)65
Litaker (2000)67

rheumatology
orthopaedics
orthopaedics
orthopaedics
orthopaedics & sports medicine
rheumatology & orthopaedics
orthopaedics & sports medicine
orthopaedics & sports medicine
orthopaedics

FTT
PTT
FTT
FTT
PTT
-

MRI
ultrasound
ultrasound
surgical diagnosis
arthroscopy
MRI
arthroscopy
arthroscopy
arthroscopy

74%
70%
75%
75%
21%
33%
76%
67%
97%

10%
44%
20%
67%
73%
81%
62%
47%
10%

0.82
1.26
0.94
2.27
0.78
1.74
1.98
1.27
1.08

2.63
0.68
1.25
0.37
1.08
0.83
0.39
0.69
0.30

0.3
1.9
0.8
6.1
0.7
2.1
5.1
1.8
3.6

Jobe test
19

Silva (2008)61
Kelly (2010)62
Kelly (2010)62
Michener (2009)53
Noel (1989)68
Park (2005)65
Park (2005)65
Hertel (1996)69
Holtby (2004)70
Holtby (2004)70
Itoi (1999)71
Itoi (2006)72
Kim (2005)73
Kim (2005)73

rheumatology
orthopaedics
orthopaedics
orthopaedics
orthopaedics
orthopaedics & sports medicine
orthopaedics & sports medicine
orthopaedics
orthopaedics
orthopaedics
orthopaedics
orthopaedics
orthopaedics
orthopaedics

FTT
PTT
FTT
PTT
FTT
PTT
FTT
FTT
-

MRI
ultrasound
ultrasound
surgical diagnosis
arthrography
arthroscopy
arthroscopy
surgical diagnosis
surgery or arthroscopy
surgery or arthroscopy
MRI
arthroscopy
MRI
MRI

74%
60%
75%
50%
95%
53%
32%
79%
41%
62%
77%
87%
60%
76%

30%
33%
13%
87%
65%
82%
68%
58%
70%
54%
68%
43%
89%
71%

1.05
0.90
0.87
3.85
2.71
2.99
1.00
1.83
1.37
1.35
2.41
1.53
5.40
2.60

0.88
1.20
1.88
0.57
0.08
0.58
1.00
0.30
0.84
0.70
0.34
0.30
0.45
0.34

1.2
0.7
0.5
6.7
35.3
5.2
1.0
6.2
1.6
1.9
7.1
5.0
12.0
7.6

External rotation
Leroux (1995)74
Kelly (2010)62
Kelly (2010)62
Hertel (1996)69
Litaker (2000)67
Michener (2009)53
Itoi (2006)72
Park (2005)65
Park (2005)65

orthopaedics
orthopaedics
orthopaedics
orthopaedics
orthopaedics
orthopaedics
orthopaedics
orthopaedics & sports medicine
orthopaedics & sports medicine

FTT
PTT
FTT
PTT

surgical diagnosis
ultrasound
ultrasound
surgical diagnosis
arthrography
surgical diagnosis
arthroscopy
arthroscopy
arthroscopy

79%
64%
71%
21%
76%
56%
84%
51%
19%

67%
32%
15%
100%
57%
87%
53%
84%
69%

2.39
0.94
0.84
infinite
1.77
4.39
1.79
3.16
0.63

0.31
1.13
1.91
0.79
0.42
0.50
0.30
0.59
1.17

7.6
0.8
0.4
4.2
8.8
5.9
5.4
0.5

Abduction pain
Silva (2008)61
Kelly (2010)62
Kelly (2010)62

rheumatology
orthopaedics
orthopaedics

FTT
PTT

MRI
ultrasound
ultrasound

58%
75%
69%

20%
41%
11%

0.72
1.28
0.77

2.11
0.61
2.81

0.3
2.1
0.3

Gerber’s (lift-off) test
Silva (2008)61
Barth (2006)75

rheumatology
orthopaedics

-

MRI
arthroscopy
20

68%
18%

50%
100%

1.37
infinite

0.63
0.82

2.2
-

Itoi (2006)72
Leroux (1995)74

orthopaedics
orthopaedics

Horizontal adduction
Calis (2000)63
Park (2005)65
Park (2005)65
Walch (1998)76

-

arthroscopy
surgical diagnosis

79%
0%

59%
61%

1.91
0.00

0.37
1.64

5.2
0.0

rheumatology & orthopaedics
orthopaedics & sports medicine
orthopaedics & sports medicine
orthopaedics

FTT
FTT
PTT
-

MRI
arthroscopy
arthroscopy
surgical diagnosis

90%
23%
17%
59%

29%
81%
79%
85%

1.26
1.22
0.78
3.93

0.35
0.95
1.06
0.48

3.6
1.3
0.7
8.2

Full can test
Kelly (2010)62
Kelly (2010)62
Itoi (1999)71
Itoi (2006)72
Kim (2005)73
Kim (2005)73

orthopaedics
orthopaedics
orthopaedics
orthopaedics
orthopaedics
orthopaedics

FTT
PTT
FTT
FTT
-

ultrasound
ultrasound
MRI
arthroscopy
MRI
MRI

68%
70%
77%
83%
60%
77%

36%
7%
74%
53%
81%
68%

1.06
0.75
2.98
1.78
3.15
2.41

0.89
4.23
0.31
0.32
0.50
0.33

1.2
0.2
9.6
5.5
6.4
7.2

Patte’s test
Silva (2008)61
Leroux (1995)74
Walch (1998)76

rheumatology
orthopaedics
orthopaedics

-

MRI
surgical diagnosis
surgical diagnosis

60%
83%
79%

73%
61%
67%

2.22
2.13
2.39

0.55
0.28
0.31

4.1
7.6
7.6

Drop arm test
Calis (2000)63
Murrell (2001)77
Park (2005)65
Park (2005)65

rheumatology & orthopaedics
orthopaedics
orthopaedics & sports medicine
orthopaedics & sports medicine

FTT
FTT
PTT

MRI
surgical diagnosis
arthroscopy
arthroscopy

15%
10%
35%
14%

100%
98%
88%
78%

infinite
5.00
2.79
0.64

0.85
0.92
0.74
1.11

5.4
3.8
0.6

Rent test
Wolf (2001)78
Lyons (1992)79

orthopaedics
orthopaedics

-

surgical diagnosis
surgical diagnosis

96%
73%

97%
66%

32.00
2.15

0.04
0.41

776.0
5.2

orthopaedics

-

arthroscopy
21

63%

35%

0.97

1.06

0.9

BICEPS INJURY
Speed test
Leroux (1995)74

Ardic (2006)80
Park (2005)65
Kibler (2009)81

physical medicine & rehab
orthopaedics & sports medicine
sports medicine

PTT
-

ultrasound
arthroscopy
surgical diagnosis

69%
40%
54%

60%
75%
81%

1.73
1.60
2.77

0.52
0.80
0.58

3.3
2.0
4.8

Active compression
McFarland (2002)82
Myers (2005)83
McFarland (2002)82
Nakagawa (2005)66
O'Brien (1998)84
Parentis (2006)85
Stetson (2002)86
Guanche (2003)87

orthopaedics & sports medicine
sports medicine
orthopaedics & sports medicine
orthopaedics & sports medicine
orthopaedics & sports medicine
orthopaedics & sports medicine
orthopaedics & sports medicine
orthopaedics

-

arthroscopy
arthroscopy
arthroscopy
arthroscopy
radiography/surgery
arthroscopy
arthroscopy
arthroscopy

47%
78%
47%
54%
99%
65%
54%
63%

55%
11%
55%
60%
98%
49%
31%
73%

1.05
0.88
1.04
1.35
49.50
1.27
0.78
2.33

0.96
2.00
0.96
0.77
0.01
0.72
1.48
0.51

1.1
0.4
1.1
1.8
4851.0
1.8
0.5
4.6

Anterior slide
McFarland (2002)82
Nakagawa (2005)66
Parentis (2006)85
Kibler (1995)88
Kibler (2009)81

orthopaedics & sports medicine
orthopaedics & sports medicine
orthopaedics & sports medicine
sports medicine
sports medicine

-

arthroscopy
arthroscopy
arthroscopy
surgical diagnosis
surgical diagnosis

8%
5%
10%
78%
48%

84%
93%
82%
91%
82%

0.48
0.71
0.56
8.67
2.63

1.10
1.02
1.10
0.24
0.64

0.4
0.7
0.5
35.8
4.1

Biceps load
Kim (1999)89
Kim (2001)73

orthopaedics
orthopaedics & sports medicine

-

arthroscopy
arthroscopy

91%
90%

97%
97%

29.32
26.38

0.09
0.11

312.2
247.4

Compression rotation
McFarland (2002)82
Nakagawa (2005)66

orthopaedics & sports medicine
orthopaedics & sports medicine

-

arthroscopy
arthroscopy

24%
25%

76%
100%

0.98
infinite

1.01
0.75

1.0
-

Crank test
Mimori (1999)90
Myers (2005)83
Nakagawa (2005)66
Parentis (2006)85

orthopaedics
sports medicine
orthopaedics & sports medicine
orthopaedics & sports medicine

-

arthroscopy
arthroscopy
arthroscopy
arthroscopy
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83%
35%
58%
9%

100%
70%
72%
83%

infinite
1.15
2.07
0.50

0.17
0.93
0.58
1.11

1.2
3.6
0.5

SLAP LESIONS

Guanche (2003)87
Liu (1996)91
Stetson (2002)86

orthopaedics
orthopaedics & sports medicine
orthopaedics & sports medicine

-

arthroscopy
arthroscopy
arthroscopy

39%
91%
46%

67%
93%
56%

1.18
13.00
1.05

0.91
0.10
0.96

1.3
134.3
1.1

New pain provocation
Mimori (1999)90
orthopaedics
Parentis (2006)85
orthopaedics & sports medicine

-

arthroscopy
arthroscopy

100%
17%

90%
90%

10.00
1.72

0.00
0.92

1.9

Speed test
Guanche (2003)87
Nakagawa (2005)66

-

arthroscopy
arthroscopy

18%
4%

87%
99%

1.38
4.00

0.94
0.97

1.5
4.1

orthopaedics
orthopaedics & sports medicine

OTHER LABRAL TEARS
Active compression
Gaunche (2003)66
Stetson (2002)86
O'Brien (1998)84

orthopaedics
orthopaedics & sports medicine
orthopaedics & sports medicine

-

arthroscopy
arthroscopy
radiography/surgery

63%
54%
100%

73%
31%
99%

2.33
0.78
66.67

0.51
1.50
0.00

4.6
0.5
-

Crank test
Liu (1996)91
Guanche (2003)87
Stetson (2002)86

orthopaedics & sports medicine
orthopaedics
orthopaedics & sports medicine

-

arthroscopy
arthroscopy
arthroscopy

91%
40%
46%

93%
73%
56%

13.52
1.48
1.06

0.10
0.82
0.95

134.2
1.8
1.1

Yergason’s test
Parentis (2006)85
Nakagawa (2005)66
Holtby (2004)70
Guanche (2003)87
Kibler (2009)81

orthopaedics & sports medicine
orthopaedics & sports medicine
orthopaedics
orthopaedics
sports medicine

-

arthroscopy
arthroscopy
surgery or arthroscopy
arthroscopy
surgical diagnosis

13%
12%
43%
9%
26%

94%
98%
79%
93%
70%

2.17
6.00
2.05
1.29
0.88

0.93
0.90
0.72
0.98
1.05

2.3
6.7
2.8
1.3
0.8

Sen = sensitivity; spec = specificity; +LR = positive likelihood ratio; -LR = negative likelihood ratio; DoR = diagnostic odds ratio; PTT = partial thickness tear; FTT
= full-thickness tear
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In appraising the resulting Likelihood Ratios, we adopted the criteria of Jaeschke et al 199492,
which classify +LR>10 and –LR<0.1 as clinically definitive shifts in the post-test likelihood;
+LR 2 to 10 and –LR 0.1 to 0.5 as small to moderate in impact; and +LR <2 and –LR >0.5 as
rarely important. Table 8 records test performance in shoulder diagnosis, judged in this fashion;
and also presents median and interquartile range (IQR) LRs for tests evaluated in at least five
comparisons. In all, the table records 115 estimates of LR+ and 115 of LR-, among which 61%
and 68% respectively would be classified as unimportant by these criteria, and 28% and 25% of
small to moderate impact. In only 11% and 7% of comparisons were +LR and –LR values
classed as significant. Median LRs fell largely into the ‘rarely important’ category, although
median estimates for Yergason’s test (+LR) and the full can test (+LR and –LR) were in the
‘small to moderate’ category.
For CTS (Table 9), we found 11 studies which tested various symptom patterns, clinical
observations (Phalen’s test, Tinel’s test, carpal compression test, thenar wasting) and consulting
room-based tests (Semmes-Weinstein and tourniquet tests) against a reference standard
normally involving measurement of nerve conduction.59,93-102 As judged by the criteria of
Jaeschke et al, these tests seldom produced a ‘significant’ shift in the post-test likelihood (Table
10). Across 38 comparisons, 47% of those relating to +LRs were unimportant as were 79%
relating to –LRs; most of the remainder (42% and 21% respectively) fell into the ‘small to
moderate’ category. The tests studied were somewhat better at ruling in a diagnosis of CTS than
in ruling it out, such that median estimates of the +LR at least denoted small to moderate benefit
for Phalen’s test, Tinel’s test and the carpal compression test.
Collectively, Tables 7-10 do not make a strong case for adopting any of these clinical tests in
the populations studied. Moreover, it should be noted that the study populations evaluated came
mainly (CTS) or exclusively (shoulder disorders) from the secondary care setting where
sensitivity and specificity, and hence LRs, are likely to have been influenced beneficially by case
severity. Among the generally milder cases in workplaces and primary care, test performance is
likely, if anything, to be even less impressive. Finally, all this presupposes a credible gold
standard; but in practice the correlation between findings on imaging (and even at surgery) and
current symptoms is imperfect. Thus, for example, tears of the shoulder girdle can be found at
necropsy in patients who, in life, lacked obvious symptoms.

3.2.4 Diagnostic schemes
Table 11 summarises the diagnostic elements of five classification schemes19,29,44,103-106, four of
which are in use beyond the paper in which they were originally proposed. Van Eerd et al4 have
noted that classification schemes have tended to differ in their criteria and the conditions
covered; however, some commonality is also evident - for example the criteria for epicondylitis,
tenosynovitis and supraspinatus tendinitis appear similar.
The scheme proposed by Waris et al103 and then modified by Viikari-Juntura104 was developed
following a systematic literature review; that of Harrington et al,29 as modified by Palmer et al
(Southampton Examination Schedule),44 was based on the Delphi consensus criteria of a multidisciplinary expert workshop; and the criteria of Sluiter et al (the SALTSA criteria)19 derive
from a similar consensual process with shared participants, and considered the Harrington
criteria in preliminary drafting.
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Table 8

Diagnostic performance of clinical tests for shoulder pathology, as assessed by the criteria of Jaeschke et al 1994 92

Test (no of comparisons/no of
studies)

‘Significant’
+LR>10

“Rule in”
‘Small to
‘Rarely
moderate’
important’
+LR >2 to 10
+LR <2

Median + LR
(IQR)*

‘Significant’
-LR <0.1

“Rule out”
‘Small to
‘Rarely
moderate’
important’
-LR >0.1 to
-LR >0.5
<0.5

Median - LR
(IQR)*

IMPINGEMENT SYNDROME
Neer test (6/5)
Hawkins-Kennedy test (8/6)
Painful arc (9/7)
Jobe test (15/10)
External rotation (9/7)
Abduction pain (3/2)
Gerber’s lift-off test (4/4)
Horizontal adduction (4/3)
Full can test (6/3)
Patte’s test (3/3)
Drop arm test (4/3)
Rent test (2/2)

0
0
0
0
1
0
1
0
0
0
1
1

0
0
1
6
3
0
0
1
4
3
2
1

6
8
8
9
5
3
3
3
2
0
1
0

1.13 (0.69-1.59)
1.28 (1.18-1.40)
1.26 (0.94-1.74)
1.88 (1.20-2.66)
1.77 (0.89-2.47)
2.09 (1.24-2.84)
-

0
0
0
1
0
0
1
0
0
0
0
1

3
2
3
5
3
0
1
2
3
2
0
1

3
6
6
9
6
3
2
2
3
1
4
0

0.70 (0.35-2.02)
0.63 (0.50-0.72)
0.69 (0.39-1.08)
0.57 (0.34-0.86)
0.69 (0.48-1.14)
0.41 (0.32-0.79)
-

BICEPS INJURY
Speed test (4/4)

0

1

3

-

0

0

4

-

SLAP LESIONS
Active compression (7/7)
Anterior slide (5/4)
Biceps load (2/1)
Compression rotation (2/2)
Crank test (7/7)
New pain provocation (2/2)
Speed test (2/2)

1
0
2
1
2
1
0

1
2
0
0
1
0
1

5
3
0
1
4
1
1

1.27 (0.96-1.84)
0.71 (0.56-2.63)
1.17 (1.07-1.85)
-

1
0
2
0
0
1
0

0
1
0
0
2
0
0

6
4
0
2
5
1
2

0.77 (0.61-1.22)
1.02 (0.64-1.10)
0.91 (0.38-0.95)
-

OTHER LABRAL TEARS
Active compression (3/3)
Crank test (3/3)
Yergason’s test (5/5)

1
1
0

1
0
4

1
2
1

2.05 (1.29-2.17)

1
0
0

0
1
0

2
2
5

0.93 (0.90-0.98)

* Where number of tests >5
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Table 9

Properties of clinical diagnostic tests for Carpal Tunnel Syndrome

Study

Setting

Subgroup

Standard

Sen

Spec

+LR

-LR

DoR

Classical/probable hand diagram
Bonauto (2008)59
workplaces
59
Bonauto (2008)
workplaces
59
Bonauto (2008)
workplaces
93
Katz (1990)
neurophysiology outpts

all
current symptoms
current N, T, or P
-

nerve conduction
nerve conduction
nerve conduction
nerve conduction

11%
25%
32%
61%

94%
80%
71%
71%

1.83
1.25
1.10
2.10

0.95
0.94
0.96
0.55

1.9
1.3
1.2
3.8

Symptoms
Descatha (2010)94
Descatha (2010)94

workplaces
workplaces

any
classic/probable

nerve conduction + symptoms
nerve conduction + symptoms

85%
85%

91%
93%

9.10
11.75

0.17
0.17

53.6
70.8

Phalen’s test
Descatha (2010)94
Descatha (2010)94
Boland (2009)95
Boland (2009)95
Gellman (1986)96
Durkan (1991)97
de Krom (1990)98
Katz (1990)93
Heller (1986)99
Miedany (2008)100
Golding (1986)101

workplaces
workplaces
neurophysiology outpts
neurophysiology outpts
medical outpatient clinic
outpatients
general population
neurophysiology outpts
neurophysiology outpts
neurophysiology outpts
neurophysiology outpts

+ classic symptoms
no thenar sensory loss
night symptoms
-

nerve conduction + symptoms
nerve conduction + symptoms
nerve conduction
nerve conduction
nerve conduction
nerve conduction + symptoms
nerve conduction
nerve conduction
nerve conduction
nerve conduction or ultrasound
nerve conduction

18%
23%
64%
55%
71%
70%
48%
75%
67%
47%
10%

91%
98%
75%
75%
80%
84%
53%
45%
59%
17%
86%

2.00
11.55
2.56
2.20
3.55
4.38
1.02
1.36
1.63

0.90
0.78
0.49
0.60
0.36
0.36
0.98
0.56
0.56

2.2
14.7
5.2
3.7
9.8
12.3
1.0
2.5
2.9

1.36
0.73

0.56
1.04

2.5
0.7

Tinel’s test
Descatha (2010)94
Descatha (2010)94
Gellman (1986)96
Stewart (1978)102
Durkan (1991)97
de Krom (1990)98
Miedany (2008)100

workplaces
workplaces
medical outpatient clinic
neurology outpatients
outpatients
general population
neurophysiology outpts

+ classic symptoms
night symptoms
-

nerve conduction + symptoms
nerve conduction + symptoms
nerve conduction
nerve conduction
nerve conduction + symptoms
nerve conduction
nerve conduction or ultrasound

25%
15%
44%
45%
56%
32%
30%

89%
98%
94%
71%
80%
59%
65%

2.19
8.56
7.33
1.56
2.80
0.79

0.85
0.86
0.60
0.77
0.55
1.14

2.6
9.9
12.3
2.0
5.1
0.7

0.86

1.08

0.8

26

Tinel’s + Phalen’s
Katz (1990)93
Heller (1986)99
Golding (1986)101
Katz (1990)93
Heller (1986)99

-

nerve conduction
nerve conduction
nerve conduction
nerve conduction
nerve conduction

60%
60%
26%
46%
47%

67%
77%
80%
73%
91%

1.82
2.61
1.30
1.70
5.22

0.60
0.52
0.93
0.74
0.58

3.0
5.0
1.4
2.3
9.0

Semmes-Weinstein test
Descatha (2010)94 workplaces
Descatha (2010)94 workplaces
Gellman (1986)96 medical outpatient clinic

+ classic symptoms
-

nerve conduction + symptoms
nerve conduction + symptoms
nerve conduction

77%
62%
91%

69%
96%
80%

2.50
17.08
4.55

0.33
0.40
0.11

7.5
42.8
40.4

Carpal compression test
Boland (2009)95
neurology outpatients
Boland (2009)95
neurology outpatients
97
Durkan (1991)
outpatients
100
Miedany (2008)
neurophysiology outpts
98
de Krom (1990)
general population

no thenar sensory loss
night symptoms

nerve conduction
nerve conduction
nerve conduction + symptoms
nerve conduction or ultrasound
nerve conduction

14%
13%
87%
46%
5%

96%
96%
90%
25%
94%

3.50
3.25
8.70

0.90
0.91
0.14

3.9
3.6
60.2

0.61
0.74

2.16
1.02

0.3
0.7

Tourniquet test
Gellman (1986)96
de Krom (1990)98
Golding (1986)101

medical outpatient clinic
general population
neurophysiology outpts

night symptoms
-

nerve conduction
nerve conduction
nerve conduction

65%
70%
20%

60%
17%
87%

1.63
0.85
1.58

0.58
1.74
0.92

2.8
0.5
1.7

Thenar wasting
de Krom (1990)98
Golding (1986)101

general population
neurophysiology outpts

night symptoms
-

nerve conduction
nerve conduction

16%
3%

94%
100%

2.60
infinite

0.90
0.97

2.9
-

neurophysiology outpts
neurophysiology outpts
neurophysiology outpts
neurophysiology outpts
neurophysiology outpts

Sen = sensitivity; spec = specificity; +LR = positive likelihood ratio; -LR = negative likelihood ratio; DoR = diagnostic odds ratio
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Table 10

Diagnostic performance of tests for Carpal Tunnel Syndrome, as assessed by the criteria of Jaeschke et al 199492

Test (no of comparisons/no of
studies)

‘Significant’
+LR>10

“Rule in”
‘Small to
‘Rarely
moderate’
important’
+LR >2 to 10
+LR <2

Median + LR
(IQR)*

‘Significant’
-LR <0.1

“Rule out”
‘Small to
‘Rarely
moderate’
important’
-LR >0.1 to
-LR >0.5
<0.5

Median - LR
(IQR)*

Classical/probable hand diagram (4/2)
Classical symptoms (1/1)
Phalen’s test (11/9)
Tinel’s test (7/7)
Tinel’s + Phalen’s tests (2/2)

0
1
1
0
0

1
0
5
3
1

3
0
5
4
1

2.00 (1.19-3.06)
2.01 (1.37-2.75)
-

0
0
0
0
0

0
1
3
0
0

4
0
8
7
2

0.60 (0.52-0.94)
0.81 (0.60-0.91)
-

Semmes-Weinstein test (3/2)
Carpal tunnel compression test (5/4)
Tourniquet test (3/3)
Thenar wasting (2/2)

1
0
0
1

2
3
0
1

0
2
3
0

3.25 (0.74-3.50)
-

0
0
0
0

3
1
0
0

0
4
3
2

0.91 (0.90-1.02)
-

* Where number of tests >5
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Table 11

Classification schemes commonly used to diagnose soft tissue and musculoskeletal disorders of the upper limb
Waris et al (1979)103
Viikari-Juntura (1983)104

Disorder

Ohlsson et al (1994)105

Harrington et al (1998)29
Palmer et al (2000)44

Sluiter et al (2001)19*

Helliwell et al (2003)106

Rating†
Documentation

++

++

++

+++

++

Content validity

+ ++

+++

++

++

++

- within-observer

+/-

+/-

+++

+/-

+/-

-between-observers

+/-

+/-

+++

+/-

+/-

Agreement
with
external standard

+/-

+/-

+++

+/-

+/-

Finland

Sweden

Britain, Denmark, Finland, US,
Korea, Mexico

Netherlands, France, Finland,
US, Sweden

None

No

No

No

No

No

No

No

No

No

No

Pain in shoulder without
parasthesiae that is worsened by
active elevation of the upper arm
+ one or more of (1) pain on

Limitation of abduction of the
shoulder, painful arc on
abduction of the shoulder, pain
in the shoulder, sleep

Test-retest reliability:

Countries
used

where

Content
Tension neck
syndrome

Feeling of fatigue or stiffness in
the neck, neck pain or headache
radiating from the neck; at least
two tender spots or palpable
hardenings; muscle pain or
tightness upon neck movement
Cervical syndrome Pain radiating from the neck to
upper extremity +limited neck
movement + radiating pain
provoked by test movements
Thoracic outlet
Pain radiating to arm, positive
syndrome
Morley's sign, positive Adson's
test, or drooping shoulder

Supraspinous
tendinitis

Pain radiating to arm in ulnar
nerve distribution; paresthesia in
ulnar nerve distribution; positive
Roos' test (increase of the
No
subjective symptoms, not only
fatigue); intense tenderness over
the brachial plexus
Shoulder pain + local tenderness Shoulder pain + local tenderness Pain in deltoid region + pain on
+ pain during abduction, or
over the tendon insertion + pain resisted active abduction
painful arc + limited active
at resisted isometric abduction
abduction

29

Disorder

Bicipital tendinitis

Frozen shoulder
syndrome

Acromioclavicular
syndrome

Waris et al (1979)103
Viikari-Juntura (1983)104

Pain shoulder region + local
tenderness

Progressive pain and shoulder
stiffness during the last 3-4
months + active and passive
outward rotation limited
Pain in shoulder region + local
tenderness during palpation or
percussion of the joint

Ohlsson et al (1994)105

Shoulder pain + local tenderness
over the tendon(s) + pain at
resisted isometric elevation of
the arm (straight and elevated
90°) and/or resisted isometric
flexion of the elbow (flexed 90°
and hand supinated)
Shoulder pain + progressive
stiffness of the shoulder during
the last 3-4 months + limited
outward rotation, and abduction
Shoulder (epaulet) pain +
palpable tenderness of joint +
pain provoked by horizontal
adduction and/or by outward
rotation of the arm (90°
abducted, with flexed elbow)
Elbow pain + palpable
tenderness of epicondyle + pain
at resisted isometric wrist
extension/flexion; for the
diagnosis lateral epicondylitis,
pain and/or weakness in
gripping

Epicondylitis

Local pain during rest and/or
movement + local tenderness at
the lateral/medial epicondyle +
pain on resisted
extension/flexion of the wrist
and fingers

Tenosynovitis of
the wrist/forearm

Local ache, pain during
Wrist pain + palpable tenderness
movement, tenderness along the of the tendon(s) + local swelling,
course of the tendon or muscle- redness, or heat
tendon junction, swelling,
weakness in gripping

Harrington et al (1998)29
Palmer et al (2000)44

Sluiter et al (2001)19*

Helliwell et al (2003)106

resisted shoulder abduction,
external rotation or internal
rotation; or (2) resisted elbow
flexion; or (3) painful arc

disturbance. (Absence of a
finger joint pain or swelling,
pain in hand or wrist, dropping
things or clumsiness, and
difficulty with writing.)

Anterior shoulder pain + pain on
resisted active flexion or
supination of forearm
No

No

No

No

No

No

Epicondylar pain + epicondylar
tenderness + pain on resisted
wrist flexion/extension

Activity-dependent
pain
localised around epicondyle +
local pain on resisted wrist
extension or flexion

Lateral: Pain or tenderness or
pain on loading relevant
muscle at lateral epicondyle.
(Absence of shoulder pain.)

Pain on movement localised to
the tendon sheaths in the wrist +
reproduction of pain by resisted
active movement

Intermittent pain/ache in ventral
or dorsal forearm or wrist +
provocation of symptoms during
resisted movement of the
muscles + reproduction of pain
during palpation of the affected
tendons or palpable crepitus
under symptom area or visible

Pain on movement of tendon or
swelling of tendon sheath or
triggering/locking/nodule
on
tendon located in finger flexor
or extensor tendon, or thumb
flexor, extensor or abductor
tendon. (Absence of pain in the
neck or neurological symptoms

Pain in deltoid area + equal
restriction of active and passive
glenohumeral movement with
capsular pattern (external
rotation > abduction > internal
rotation)
Pain + tenderness over the
acromioclavicular joint + a
positive acromioclavicular joint
stress test
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Disorder

Waris et al (1979)103
Viikari-Juntura (1983)104

Ohlsson et al (1994)105

Harrington et al (1998)29
Palmer et al (2000)44

Sluiter et al (2001)19*
swelling
of
wrist/forearm

Infraspinous
tendinitis

Pain in shoulder region + local
tenderness + pain on resisted
isometric outward rotation of the
humerus; painful arc possible

De Quervain's
disease
No

Olecranon bursitis

Shoulder pain + local tenderness Pain in deltoid region + pain on
over tendon insertion + pain on resisted active external rotation
resisted isometric outward
rotation
Pain over the radial styloid +
tender swelling of first extensor
compartment + either pain
reproduced by resisted thumb
No
extension or positive
Finkelstein's test

Palpable painful olecranon bursa
No

Carpal tunnel
syndrome

Pain or paresthesia in the
median distribution of hand +
positive Tinel's sign at the carpal
tunnel or positive Phalen's wrist
flexion test; diminished
sensitivity to touch or pain in 3½
fingers on radial side of the hand
and diminished strength of the
short abductor of the thumb
possible

Pronator syndrome Pain in proximal volar forearm
or paresthesia or numbness on
volar side of the forearm;
paresthesia in 3½ fingers on
radial side of the hand possible;
symptoms increased by
resistance to pronation of the
forearm and flexion of wrist,

Pain + tenderness + fluid-filled
swelling over the posterior
elbow

Helliwell et al (2003)106
dorsum in median nerve distribution.)

No

No

Pain or tenderness localised over
the radial wrist, which may
radiate proximally to the
forearm or distally to the thumb,
and at least one of the following
tests positive: 1) Finkelstein's
test, 2) resisted thumb extension,
3) resisted thumb abduction

No

No

No

Nocturnal numbness of the
hand; paresthesia in the
distribution of the median nerve;
positive Tinel's sign over the
carpal tunnel; positive Phalen's
test; decreased sensibility in the
distribution of median nerve;
decreased strength in opposition
of the thumb

Pain or paraesthesia or sensory
loss in the median nerve
distribution
and one of: Tinel's test positive,
Phalen's test positive, nocturnal
exacerbation of symptoms,
motor loss with wasting of
abductor pollicis brevis,
abnormal nerve conduction

Parasthesiae or pain in at least
two of digits 1, 2 or 3, which
may be present at night as well
(allowing pain in the palm,
wrist, or radiation proximal to
the wrist) and at least one of the
following tests positive: 1)
flexion compression test, 2)
carpal compression test, 3)
Tinel's sign, 4) Phalen's sign, 5)
2-point discrimination test, 6)
resisted thumb abduction or
motor loss with wasting of
abductor pollicis brevis

Pain of the medial/proximal part
of the forearm; local tenderness
over the edge of m. pronator
teres; pain and decreased
strength in pronation; decreased
flexion strength in pronation;
decreased flexion strength of the
wrist and/or of the distal

No

No
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Paresthesiae or numbness in
median nerve distribution,
diminished power related to a
peripheral nerve at the wrist.
(Absence of depression, early
morning stiffness, finger joint
pain or swelling, rest pain and
neurological symptoms in the
ulnar nerve distribution.)

No

Disorder

Ulnar nerve
entrapment

Ulnar nerve
entrapment at
Guyon's tunnel

Painful first
carpometacarpal
joint /Osteoarthritis
of finger joints
Posterior
interosseus nerve
entrapment

Waris et al (1979)103
Viikari-Juntura (1983)104
forearm supination and elbow
flexion or flexion of the middle
finger at the proximal
interphalangeal joint; diminished
sensation in 3½ fingers on the
radial side of the hand, the
thenar eminence and weakness
of the short abductor of the
thumb possible
Pain, paresthesia or numbness in
4th and 5th fingers, tenderness
to palpation at the cubital tunnel,
Tinel's sign at the cubital tunnel
possibly present; diminished
sensation in 4th and 5th fingers
and weakness of interossei and
the 3rd and 4th lumbricales
possible

Ohlsson et al (1994)105

Harrington et al (1998)29
Palmer et al (2000)44

Elbow pain at rest, radiating
pain downward or upward and
tenderness at the edge of the

Helliwell et al (2003)106

phalanxes of the fingers 1 and 2.

Pain and paresthesia or
numbness in the distribution of
the ulnar nerve; decreased
sensibility of the 4th and 5th
fingers and of the ulnar part of
the back of the hand; positive
Tinel's sign over the cubital
tunnel; decreased strength in
spreading the fingers and in
flexion of the distal phalanx of
finger 5
Pain, paresthesia, numbness
Pain and paresthesia or
and/or weakness of the 5th
numbness in the distribution of
finger, tenderness to palpation at the ulnar nerve; decreased
the Guyon's tunnel possible;
sensibility of the fingers IV-V;
diminished sensation in 4th and positive Tinel's sign over
5th fingers or weak abduction of Guyon's tunnel (volar/ulnar at
5th finger
the wrist); decreased strength in
spreading the fingers

Painful joint at palpation, pain in
the joint when moved
Heberden's nodes noticed

Sluiter et al (2001)19*

No

No

No

Pain in joint + pain in joint
movement

Elbow pain at rest; tenderness
about 2-3 inches distally of the
lateral epicondyle; pain of the

No
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At least intermittent parasthesiae
in the 4th and/or 5th digit or the
ulnar border of the forearm,
wrist, or hand and a positive
combined pressure and flexion
test

No

Intermittent parasthesiae in the
palmar ulnar nerve distribution
of the hand, distal to wrist or
pain in the ulnar innervated area
of the hand, which may radiate
to the forearm and at least one of
the following tests positive: 1)
weakness or atrophy in the
ulnar-innervated intrinsic hand
muscles, 2) Tinel’s sign, 3)
reversed Phalen’s test, 4)
pressure test over the Guyon's
canal

No

No

No

No

No

Disorder
(Frohse's
syndrome)

Waris et al (1979)103
Viikari-Juntura (1983)104
superficial portion of the
supinator muscle (the arcade of
Frohse); extension force of the
middle finger possibly
diminished

Ohlsson et al (1994)105

Harrington et al (1998)29
Palmer et al (2000)44

Sluiter et al (2001)19*

Helliwell et al (2003)106

proximal, lateral part of the
forearm and pain and decreased
strength in supination; decreased
strength in ulnar deviation

Radial tunnel
syndrome

No

No

Non-specific
diffuse forearm
pain

No

No

Pain in the lateral elbow region
or forearm muscle mass of wrist
extensors/supinator or weakness
on extending the wrist and
fingers and tenderness in
supinator region on palpation
No
over the radial nerve 4-7 cm
distal to the lateral epicondyle
and at least 1 of the following
tests positive: 1) resisted
forearm supination, 2) resisted
middle finger extension
Pain in forearm in the absence of Diagnosis of exclusion
a specific diagnosis or pathology
(sometimes includes: loss of
function, weakness, cramp,
muscle tenderness, allodynia,
slowing of fine movements)

* for >4 days of last 7 days
† +/- = poorly met/not tested; ++ = partially met; +++ = fully met
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No

Non-specific upper limb
disorder: presence of pain in
hand or wrist, pain in neck,
discomfort and/or pain,
weakness of arms or hands,
dropping things or clumsiness.
(Absence of a painful arc of the
shoulder, pain at lateral
epicondyle on loading muscle,
finger joint pain or swelling,
sleep disturbance and
fibromyalgia tender points.)

Most of these schemes rate well in terms of face validity. In terms of documentation, each
scheme provides the elements of examination and case definition; and the SALTSA criteria go
further, being supported by an excellently illustrated and publicly available procedures
protocol, with photographs demonstrating the examination methodology.19 However, no single
account can be regarded as complete in all particulars of documentation. Thus, only the
Southampton Examination Schedule defines explicit cut points of abnormality in relation to
criteria based on measured joint movements, but the precise methods of eliciting signs and
performing manoeuvres – although existing, as perhaps for other schemes, in a research
procedures manual – have been available hitherto only on request.
The biggest difference between the schemes lies in their completeness of assessment. At the
time of searching, only the Southampton Examination Schedule had been evaluated in terms of
repeatability of diagnosis and concurrent validity of diagnosis with respect to an independent
reference standard. In the first of two linked studies, consecutive cases from rheumatology and
orthopaedic outpatients were examined by a research nurse blinded to diagnosis and then
independently examined according to the same scheme by a rheumatologist.44 The betweenobserver reliability of physical signs, was generally found to be good to excellent (κ = 0.66 1.0) for most categorical observations and in this setting the schedule was found to have a good
specificity (84% - 100%) and reasonable sensitivity (58% - 100%), assuming the clinic's
diagnosis to be a reference standard. In a follow-up investigation of 1,960 recently
symptomatic subjects from the general population, 97 consecutive participants were examined
twice, in random order, by a trained blinded research nurse and a rheumatologist, the latter
independently ascribing diagnosis according to usual care criteria.45 The median betweenobserver κ value for diagnosis was 0.66 (range 0.21 to 0.93), with good to excellent agreement
by Fleiss's criteria for most of the diagnoses. In a separate investigation, de Winter et al found
agreement on shoulder diagnosis between two physiotherapists to be ‘moderate’ (κ = 0.45
(95%CI 0.37-0.54)) in 201 referrals with varying severity and duration of complaint:
disagreement tended to be greater where complaints were bilateral, chronic or severe.107 Better
agreement over shoulder diagnosis was found in another study when two physiotherapists
applied classical textbook (Cyriax) criteria to assess 21 patients among whom 19 were placed in
the same diagnostic category (κ = 0.88).108
Further work on the Southampton Schedule has seen the criteria for CTS reviewed and
refined.109 Among the 1,960 subjects from the community survey, associations with putative
risk factors were explored according to different definitions of sensory involvement in the hand.
The strongest association with physical risk factors such as flexing and extending the wrist was
found for symptoms in a strictly classical median nerve distribution, whereas for non-median
patterns (including the involvement of all digits) stronger associations were found with
painfully restricted neck movement and low mood and vitality. Differential association with
risk factors was thus proposed as a basis for underpinning a more restrictive case definition of
CTS.10,109 And, in similar vein, the schedule was tested for its capacity to distinguish groups
receiving different treatments and with differing levels of disability. Subjects classified as
having a specific disorder of the shoulder, elbow or wrist/hand were most likely to report
disability for activities of daily living, more likely to have had an injection, and more likely to
be taking prescribed medication than those classed as having only non-specific pain.110
Employed subjects who worked with their hands above shoulder height were also more likely to
have non-specific shoulder pain than a specific shoulder disorder, and those who typed at work
were more likely to have a specific rather than a non-specific complaint at the hand-wrist.111
Such associations imply the potential, using the schedule, to identify subgroups that require
different preventive or management actions – that is, a practical utility or added value to case
classification – an approach taken up below.
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3.2.5 Search 2
The second search (on case definition and risk factors) yielded 15 studies (20 reports) in which
a total of 317 paired comparisons of RR could be identified104,109,111-127,145 Reports came mostly
from Northern Europe and the workplace setting. Studies were mostly cross-sectional in design,
and were fairly large (in 11 of the 20 reports, the numbers analysed exceeded 1,000) (Table 12).
Appendix 5 provides, separately for the shoulder, elbow, and distal upper limb, details of the
paired case definitions employed in reports; the occupational exposures analysed; the number of
comparisons of RRs provided by each report; and the frequency distribution of the ensuing
ratios. Some 81 paired comparisons were found at the shoulder, 74 at the elbow, and 162 in the
distal arm, with some reports contributing in excess of 40 comparisons. However, ratios of RRs
were seldom as high as 4 (2% of all comparisons), and mostly <1 (47%), the median ratio
overall and by anatomical site being close to unity (Table 13). In only 5% of comparisons were
RRs sufficiently divergent for the lower 95% confidence limit of the stricter case definition to
exceed the central estimate of that for the simpler one. Various patterns of hierarchical
comparison and estimates by anatomical site yielded rather similar estimates of the ratio,
although ratios above two were somewhat more common at the shoulder.
A sensitivity analysis excluded data from the influential NUDATA and Finland Health 2000
studies114-117,145, the four linked reports from which contributed all but 116 of the 317
comparisons. Among the remainder, median and IQR values were scarcely different. Finally,
the potential bias arising from a shifting baseline in comparison of RRs estimates was either
known and absent or calculable from the published data in 11 reports (45 comparisons). The
median bias was 0% (IQR 0% to 1.7%, range -4.9% to 14.6%) and in 87% of comparisons it
was <5%.
In summary, Table 13 and Appendix 5 indicate that hierarchical case definitions of increasing
sophistication involving confirmatory physical signs, more specific symptom patterns, or
additional investigations, yield remarkably similar associations with putative occupational risk
factors to those obtained using much simpler case definitions.
Limitations: Search 2 and the ensuing analysis had certain limitations. In particular, the search
strategy is unlikely to have discovered every occupational report over the inquiry period that
involved multiple case definitions. Specifying sensitive electronic search terms for this topic is
challenging. To make the task manageable, we focussed on systematic reviews of occupational
risk factors at each anatomical site; and to improve the detection rate we hand-searched five
leading peer-reviewed occupational journals. In the event, hand searching identified few papers
missed by the database screen, lending some validity to our search. More importantly, papers
were selected blinded to information on the ratios of interest, and there is no reason to suppose
that the reports retrieved were unrepresentative of the universe of such studies in the literature.
A second challenge lies in evaluating the role of chance in the ratio measures obtained. Scope to
estimate CIs for the ratios was limited by the nested nature of many observations and the
indeterminate extent of overlap in others. However, the relative infrequency of ratios of two and
above across all 317 comparisons, and of lower confidence limits of RRs for stricter definitions
exceeding the central estimates for more complex definitions, tend to argue against important
differences overlooked by chance. Additionally, most reports contributed several data points;
however, findings were relatively insensitive to the exclusion of the large NUDATA and Health
2000 studies, which contributed more than half the observations, suggesting that this source of
non-independence did not matter.
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Table 12

Characteristics of the studies arising from Search 2

First author

Date

Country

Setting

112

1999
2002
2003
2003
2004
2004
2004

Denmark
Denmark
Denmark
Denmark
Denmark
Denmark
Denmark

Workplace
Workplace
Workplace
Workplace
Workplace
Workplace
Workplace

X
X/C
X/C
X/C
X/C
X/C
X

576 current and 167 former slaughterhouse workers; 398 referent chemical workers
790 workers from various workplaces (e.g. postal centres, bank) – sub-population of the PRIM study
6,943 technical assistants (draftsmen) & machine technicians from the NUDATA study
As for Andersen 2003
As for Andersen 2003
As for Andersen 2003
1886 male machinists, car mechanics & housepainters from 258 local garages and workshops

1991
2006
2009
1995
1991
2007
1998
1993
2005
2003
2006
1991
2002

Finland
Finland
Finland
Germany
Italy
Italy
Japan
Taiwan
Finland
UK
UK
USA
USA

Workplace
Community
Community
Workplace
Workplace
Workplace
Workplace
Workplace
Community
Community
Community
Workplace
Workplace

X
X
X
X
X
X
X
X
X
X
X
X
C

102 meat-cutters, 125 sausage makers, 150 packers; 332 meat processers in non-strenuous jobs
4,784 30-64 yr olds sampled from Finnish residents during 2001-2 (the Health Survey 2000)
6,254 30-64 yr olds sampled in the Finnish Health Survey 2000
290 male gas and water work employees, classified by intensity of elbow straining work
65 chainsaw-using forestry operatives; 31 hospital maintenance workers with no vibration exposure
71 full time and 155 part time cashiers; 98 other office workers
209 nursery school cooks aged 40-59 yrs; 366 other social welfare workers
207 fish processing workers from 8 plants, classified by repetition and force in their job
4,071 participants of a population health survey aged 30-64 yrs who held a job in the past 12 months
2,142 adults aged 25-64 yrs from primary care registers, classified by pattern of hand symptoms
496 adults aged 25-64 yrs with upper limb pain and 2,248 without, from primary care registers
106 ski assembly workers in repetitive jobs; 67 other employees from the same workforce
632 newly hired computer users followed prospectively for neck-shoulder problems

Frost
Thomsen113
Andersen114
Kryger115
Brandt116
Lassen117
Svendsen118
Viikari
Juntura104
Shiri119
Shiri120
Ritz121
Bovenzi122
Bonfiglioni123
Ono124
Chiang125
Miranda145
Reading109
Walker-Bone111
Barnhart126
Marcus127

Design

Study population(s)

X = cross-sectional; C=cohort; X/C= including both baseline and follow-up analyses. PRIM = Project on Research and Intervention in Monotonous Work;
NUDATA = Neck and Upper Extremity Disorder Among Technical Assistants
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Table 13

Comparison of relative risks for alternative case definitions and occupational exposures in common, overall and by anatomical
site

Comparisons
Anatomical site:
Shoulder
Elbow
Wrist/hand/forearm
Hierarchical comparisons:
Symptoms + signs vs. symptoms
Specific vs. general symptoms
Specific symptoms + signs vs. less specific
symptoms + fewer signs
Clinical + investigation vs. clinical
Non hierarchical comparisons:
Examination 2 vs. examination 1

Ratio, median (IQR)

% (n)
Ratio <1

Ratio >2

Ratio >4

LCLE2> E1*

81
74
162

1.2 (0.8 to 2.4)
1.1 (0.9 to 1.4)
1.0 (0.8 to 1.3)

42
39
52

35
3
7

5
1
0

15
0
3

128
157

1.1 (0.8 to 2.0)
1.0 (0.8 to 1.5)

44
48

26
4

3
0

10
1

24
6

1.2 (1.0 to 1.5)
1.0 (0.9 to 1.4)

25
(3)

0
(3)

0
(0)

0
(0)

2

3.0 (-)

(0)

(1)

(1)

(0)

44

15

3

6

47%

13%

2%

5%

Sensitivity analysis:
Excluding the NUDATA & Finland Health
2000 results

116

1.1 (0.8 to 1.7)

All

317

1.05 (0.83 to 1.49)

* LCLE2>E1 = lower 95% confidence limit for case definition 2 > central estimate for case definition 1; this information was missing for 4 comparisons.
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A lack of detectable difference between case definitions could arise if the occupational
exposures studied were not risk factors for symptoms/disorders at the sites in question; but
many of the evaluated exposures were established or plausible risk factors, and RRs exceeded
1.0 for 81% of the 634 estimates of RR identified by review. True differences might also be
masked by confounding, but estimates were adjusted in the same statistical models and any
superiority in favour of the stricter definition could only be masked by systematic negative
confounding relative to the other group.
More plausibly, from the perspective of risk factors and prevention, little “added value” is
created by case definitions of increasing sophistication relative to simple ones. The implications
of this surprising observation are discussed in Section 5.

3.2.6 Search 3
This complex search yielded many exclusions. In particular, only two usable studies (three
reports128-130) were found from Table 5 which enabled a within-trial comparison of case
definitions – i.e. very few reported sub-analyses for alternative case definitions. Meaningful
comparison between trials was then possible only for studies employing comparable
interventions and with similar comparison groups, timing and type of outcome assessment.
Thus, among the 185 RCTs retrieved for inspection, 17 were excluded because there were fewer
than 10 subjects in a treatment arm, eight because they lacked any case definition, a further 75
because there was no comparable intervention and/or comparison group, eight because followup times were dissimilar, and 59 because their outcome measures were non-comparable. After
all exclusions, 16 RCT reports were retained, six of them relevant to treatments at the
shoulder128-133 and 10 at the elbow.134-143 No reports of interventions at the hand-wrist met all of
the specified criteria for inclusion.
Tables 14 and 15 compare estimates of treatment effect by intervention and case definition at
the shoulder and elbow respectively. For the most part, (and in contrast to the analysis on risk
factors), the compared case definitions were not nested subsets. However, it was possible,
usually, to designate one definition as more complex than the other. (Occasionally, there were
several such definitions in the simple or complex category and in one case the baseline was
arbitrary.) Relative to the simpler definition, six estimates of the ratio were available for withintrial comparisons at the shoulder (Table 14a) and two for between-trial comparisons (Table
14b). The former ranged from 0.6 to 2.3, the latter from 0.5 to 1.2. At the elbow (Table 15), 12
estimates of the ratio were available (all between-trial comparisons), covering various
treatments and follow-up intervals. Most ratios (9 of the 12) were <1, with a range of 0.3 to 1.6.
At neither site did the upper confidence limit of the more complex definition exceed the point
estimate of the simpler one. Across both sites and all 18 of the available estimates of the ratio
only two point estimates (1 in 9) exceeded two.
None of the case definitions explored appears to be strongly underpinned by a differential
association with treatment effect, although some (e.g. pain and tenderness) may be minimum
criteria for adopting and executing certain treatments that appear in themselves to be effective
(see discussion).
Limitations: Search 3, like search 2, is unlikely to have been fully comprehensive. It may not,
for example, have discovered every upper limb RCT containing more than a single case
definition. It proved taxing, also – despite a detailed search based around, and supplementing,
the Cochrane trials database – to find trials with sufficiently common features aside from case
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definition to support inferences about differential effects of treatment by case definition. The
material on which comparisons can be drawn is sparse, with 18 estimated ratios spread across
18 different definitions. This in itself limits the opportunity to draw strong conclusions.
A lack of detectable difference between case definitions could arise if the treatments themselves
lacked clinical effectiveness (in which case the RRs of trials would tend to unity, and the ratio
of RRs also to unity, any departures reflecting the play of chance and uncontrolled biases). The
ethical principle of equipoise demands that at a trial’s outset there is uncertainty about the
relative treatment benefit between comparison groups, so this concern is more pressing in
search 3 than in search 2, which dealt mainly with well-established risk factors.
Notwithstanding this, we have found little evidence from the RCTs reviewed that there could be
value in using more specific case definitions for MSDs at a particular site.
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Table 14

Impact of case definition on apparent size of treatment effects at the shoulder

a) Trials with two or more case definitions
Author

Intervention

Alternative placement of steroid injections
Hollingsworth, Steroid injection at
1983128
functional vs. trigger
point site

Manipulation vs. physiotherapy
Winters,
Mobilisation of cervical
1997,129
& upper thoracic spine,
Winters,
acromioclavicular and
1999130
glenohumeral joints vs.
exercise, massage and
physical applications

Outcome
comparison

Case definition

‘Success’ (pain
reduced from severe
to mild/nil with
clearing of physical
signs) vs. not

C1. Pain on active raising + resisted abduction of the
arm, + painful arc [supraspinatus tendinitis]
C2. Pain on active raising or resisted external rotation
of the arm, or both, + painful arc [infraspinatus
tendinitis]
C3. Pain on active raising , + painful arc, but no pain
on resisted movements [bursitis]
C4. Pain worse on passive adduction of the arm
flexed 900, with pain typically limited to the shoulder
tip [acromioclavicular joint sprain]

Feeling cured vs. not,
at 5 weeks

Feeling cured vs. not,
at 2-3 years
No current
complaints vs. some,
at 2-3 yrs

C1. ‘Pain or limited movement in one or several
directions of the glenohumeral joint ‘(deemed to arise
from the synovial structures) [synovial group]
C2. ‘Pain and sometimes limited range of active
movement of the glenohumeral joint’ (deemed to
originate from the cervical or upper thoracic spine or
upper ribs) [shoulder girdle group]
C1. As above
C2. As above
C1. As above
C2. As above
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RR (95%CI)

Ratio
(vs. C1)

2.1 (1.0 to 4.4)

1

1.8 (0.9 to 3.6)

0.8

4.4 (0.7 to 29.0)

2.0

5.0 (0.7 to 33.8)

2.3

3.8 (1.9 to 7.5)

1

6.7 (2.2 to 20.0)

1.8

0.9 (0.7 to 1.2)
1.2 (0.8 to 1.8)
1.0 (0.7 to 1.3)
1.6 (0.9 to 3.0)

1
0.7
1
0.6

b) Trials with only one case definition
Author

Intervention

Case definitions

Intra-articular vs. extra-articular steroid injection
White,
Intra- (posterior) vs.
C1. Pain + nocturnal
131
1996
extra-articular (anterior) exacerbation + restriction of 2
hydrocortisone
movements (external rotation
<50% + abduction <1000)
[restrictive capsulitis]
Rizk,
Intra-articular vs. intraC2. Pain + nocturnal
1991132
bursal
exacerbation + restriction of
methylprednisolone
total movements (total passive
ROM <50%) (<6 months)
[adhesive capsulitis]
Steroid injection vs. physiotherapy
Hay,
Subacromial injection
C1. Pain + exacerbation on
2003133
(methylprednisolone) vs. active or passive shoulder
shoulder exercises, +
movement [unilateral shoulder
ultrasound and manual
pain]
therapy
Winters,
Subacromial , glenoC2. Pain or limited movement
1997129
humeral and
in one or several directions of
acromioclavicular joint
the glenohumeral joint (deemed
injection (triamcinolone) to arise from the synovial
vs. shoulder exercises,
structures) [synovial group]
massage and physical
applications

Outcome comparison

RR (95%CI)
3 weeks

Good/moderate vs. poor
response

Some relief vs. none

1.0 (0.6 to 1.7)

Completed recovered vs.
not

Feeling cured vs. not

41

6 weeks
1.9 (0.7 to 5.3)

5 weeks

1

0.5

6 weeks

3.1(1.3 to 7.5)

3.7 (1.9 to 7.4)

Ratios
(vs.C1)

1

1.2

Table 15
Author

Impact of case definition on apparent size of treatment effects at the elbow
Intervention

Steroid injection vs. physiotherapy
Smidt,
Triamcinolone vs. muscle
2002134
conditioning + pulsed
ultrasound + deep friction
Verhaar,
Triamcinolone vs. deep
1996135
friction+ manipulation
Bisset,
2006136

Triamcinolone vs. muscle
conditioning

Case definitions
C1a. Pain + tenderness + pain
on resisted wrist extension (>6
weeks)
C1b. Pain + tenderness + pain
on resisted wrist extension
C2. Pain + tenderness + pain
on resisted wrist extension +
pain on gripping (>6 weeks)

Outcome comparison

Triamcinolone vs. care as
usual

Bisset,
2006136

Triamcinolone vs. care as
usual

C1. Pain + tenderness + pain
on resisted wrist extension (>6
weeks)
C2. Pain + tenderness + pain
on resisted wrist extension +
pain on gripping (>6 weeks)

12 months

Cured/much better vs. not

2.0 (1.5 to 2.6)

0.8 (0.6 to 0.9)

1

Pain never/seldom vs.
regularly/continuously

2.0 (1.3 to 3.0)

1.0 (0.8 to 1.4)

1

Cured/much better vs. not

1.2 (1.0 to 1.5)

0.7 (0.6 to 0.9)

0.6, 0.9 (vs. C1a)
0.6, 0.7 (vs. C1b)

6 weeks

12 months

Cured/much better vs. not

2.9 (2.0 to 4.2)

0.8 (0.7 to 1.0)

1

Cured/much better vs. not

2.9 (1.9 to 4.6)

0.7 (0.6 to 0.9)

1.0, 0.9

2 weeks

4 weeks

Steroid injection vs.NSAID
Hay,
1999137
Saartok,
1986138

Methylprednisolone vs.
oral naproxen
Betamethasone + oral
placebo vs. saline injection
+ oral naproxen
Physiotherapy vs. care as usual

C1. Pain + tenderness

Smidt,
2002134

C1. Pain + tenderness + pain
on resisted wrist extension (>6
weeks)
C2. Pain + tenderness + pain
on resisted wrist extension +
pain on gripping (>6 weeks)

Bisset,
2006136

Muscle conditioning +
pulsed ultrasound + deep
friction vs. care as usual
Muscle conditioning vs.
care as usual

C2. Pain + tenderness + pain
on wrist extension + pain on
wrist flexion

Ratios (vs. C1)

6 weeks

Steroid injection vs. care as usual
Smidt,
2002134

RR (95%CI)

Complete recovery/improved
vs. not
Cured/markedly or somewhat
improved vs. not

1.7 (1.3 to 2.1)
0.9 (0.4 to 1.9)

1
0.5

6 weeks

12 months

Cured/much better vs. not

1.5 (0.9 to 2.3)

1.1 (0.9 to 1.3)

1

Cured/much better vs. not

2.4 (1.5 to 3.9)

1.0 (0.9 to 1.2)

1.6, 0.9
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Author

Intervention

Low energy laser therapy vs. placebo
Krasheninnikoff,
Ga-Al-As pulsed laser vs.
1994139
placebo laser

Case definition

C1. Pain + 1 of: {tenderness, pain on
forced extension of the hand} (>4
weeks)
Haker 1991140
Mid-laser (mixed Ga-As
C2. Pain + 2 of: {tenderness, pain on
and He-Ne emitters) vs.
resisted wrist or middle finger
placebo laser
extension, pain on extensor stretching}
(>4 weeks)
Haker 1990141
Ga- As pulsed laser vs.
C2. Pain + 2 of: {tenderness, pain on
placebo laser
resisted wrist or middle finger
extension, pain on extensor stretching}
(>4 weeks)
Active vs. sham Extracorporeal Shockwave Therapy
Rompe,
Active ECSWT vs. minimal C1. Pain + 2 of: {tenderness, pain on
1996142
dose ECSWT
resisted wrist extension, , pain on
resisted middle finger extension, painful
chair test)
Haake,
Active ECSWT vs. sham
C2. Pain + tenderness + 2 of: {pain on
2002143
ECSWT
resisted wrist extension, pain on resisted
middle finger extension, pain on wrist
flexion} (>6 months)

Outcome comparison

RR (95%CI)

Ratios (vs. C1)

14-18 weeks
Pain free/better vs. unchanged
Excellent/good/improved
outcome vs. unchanged/worse
Excellent/good/improved
outcome vs. unchanged/worse

0.9 (0.5 to 1.6)

1

1.1 (0.9 to 1.5)

1.2

1.2 (0.9 to 1.6)

1.3

8 weeks
Excellent/good vs. fair/pair (on
Roles and Maudsley Pain Score)
Excellent/good vs. fair/pair (on
Roles and Maudsley Pain Score)
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4.3 (2.0 to 9.6)

1

1.2 (0.8 to 1.8)

0.3

4

EXTERNAL CONSULTATION
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Consultation on this draft report has been undertaken with various parties, the following
researchers kindly contributing their comments:
Canada – Dwayne Van Eerd and Dorcas Beaton, Institute for Work and Health, McMaster
University
Denmark – Sigurd Mikkelsen, Copenhagen University Hospital, Glostrup; Johan Hviid
Andersen, Danish Ramzzini Centre, Herning Hospital, Herning
France – Alexis Descatha and Annette Leclerc, INSERM (Institut National de la Santé et de
la Recherche Medicale), Villejuif
Finland – Eira Viikari Juntura, Director, Musculoskeletal Center, Finnish Institute of
Occupational Health, Helsinki
Netherlands – Alex Burdorf and Jolanda Luime, Erasmus MC, University Medical Center,
Rotterdam
Sweden – Mats Hagberg, Director, Department of Public Health & Community Medicine,
University of Gothenburg
USA – David Rempel, School of Medicine Division of Occupational and Environmental
Medicine, University of California; Barbara Silverstein, Safety & Health Assessment &
Research for Prevention (SHARP), Washington State Department of Labor & Industries
An abstract and oral presentation on a part of the work (Search 2 in Section 3) was delivered at
the Seventh International Scientific Conference on Prevention of Work-Related Musculoskeletal
Disorders (PREMUS) of ICOH in 2010 in Angers. Subsequently, we shared the report in draft
with consulted experts and invited them to complete a structured questionnaire.
Following review we drew several preliminary conclusions on which comments were invited
(see Box).
•

•
•

•
•

•

•

•

Five criteria are proposed for evaluation of classification schemes for ULDs: (1)
feasible, unambiguous definition; (2) face or content validity; (3) repeatability; (4)
satisfactory measurement properties relative to an adequate gold standard (where there
is one); (5) utility in the identification of avoidable risk factors or beneficial treatments.
The first three criteria are met in part by several diagnostic schemes.
Application of the fourth is often limited by the questionable validity of assumed
reference standards; and notwithstanding this by the modest shift in the post-test
diagnostic likelihood achieved by many favoured clinical tests.
A review of performance of the fifth criterion has found good evidence that case
definitions of varying complexity show similar associations with putative risk factors.
In systematic reviews, these findings provide a justification for pooling data on
associations with risk factors at a given anatomical site, even though there may be
differences in case definition between studies.
For the purpose of primary aetiological research and also for health surveillance, simple
case definitions will often be preferable to more complex ones: they will identify risk
factors as clearly but at lower cost and with greater ease of implementation. This in turn
may enable larger datasets to be collected and statistical power to be enhanced.
The evidence on differential associations with treatment is too limited to recommend a
change in clinical practice. No important differences in response to treatment were
found according to case definition. However, further research might reveal such
differences and some effective treatments may be predicated on the presence of specific
clinical features.
We recommend in future that, where feasible and as a routine, researchers conducting
treatment trials should publish secondary analyses for subgroups of trial entrants
according to their diagnostic features.
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Below we list the questions posed, and provide a digest of expert comments and (in italics) our
response to them. In some cases these led to iterative exchanges of correspondence and/or minor
editorial changes to the main text and two of the tables.
1. We propose five criteria for evaluation of classification schemes for ULDs: (1) feasible,
unambiguous definition; (2) face or content validity; (3) repeatability; (4) satisfactory
measurement properties relative to an adequate gold standard (where there is one); (5)
utility in the identification of avoidable risk factors or beneficial treatments.
a) Do you agree with these criteria? (If not, why not?)
“YES – AGREE.”
“Yes, I agree”
“Yes”
“In general I think that this is a sensible approach, in which item 5 is innovative.”
“Yes I agree.”
“Generally, yes, with largest concern for criteria (4). Ultimately, without (5) the whole process
has little purpose... Item (4) may have value if the gold standard is related to prognosis or
beneficial treatments. Otherwise [not]”
“I am a bit unsure about criteria 5. In principle, a diagnosis is most useful when it also holds
prognostic or treatment implications. However, to extend it towards avoidable risk factors
suggests that (i) there must be some kind of link between risk factors and prognosis or
treatment, or (ii) the diagnosis holds information about the cause. I doubt whether condition (i)
is very helpful since cause and treatment may be completely independent from each other. With
respect to condition (ii), this may contradict the use of diagnostic criteria for treatment.”
Response: The last chain of thoughts emphasises an important principle. The seeming
incongruities can be reconciled if optimal case definitions for prevention and for treatment are
not constrained to be identical, but allowed to vary. Thus, as has been suggested, cause and
treatment can be thought about independently of one another, while optimal case definitions for
prevention can remain those that show the sharpest associations with (i.e. pinpoint) risk factors.
“Utility: I am not quite comfortable with this criterion. If it implies a different case definition
for the same condition depending on the purpose, the result may become just as confusing as the
present state with many different definitions. ... Many upper limb pain conditions and upper
limb disorders may share physical risk factors and may be prevented by the same means.
However, this does not mean that they should all have the same diagnostic label... When do we
really know if they are so similar? Definitely, we will never know, if they at an early point in
time are lumped together on the assumption that distinctions are useless”.
Response: We feel that different case definitions can be chosen for different purposes provided
there is clarity as to purpose and the basis of selection. However, we agree that lumping carries
a potential danger in aetiological research where there is doubt at a fundamental level about
mechanisms and the interplay of confounders and effect modifiers and may be a strategy best
applied with hindsight (most fitted to data pooling). Researchers with additional resources, who
wish to explore more complex case definitions, should remain unfettered to deploy them.
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“Overall we wonder why Buchbinder’s criteria could not be used.”..[under 1b]..” Perhaps
consider whether the Buchbinder scheme could be used to “operationalize” your criteria list”.
Response: The criteria are not unique; their congruence with the framework championed by
Buchbinder et al is acknowledged and a direct comparison made on p7/8. In comparison,
Buchbinder’s framework is more elaborate and we favour a simpler exposition of the principles.
Moreover, the utility criterion, which we see as important and typically overlooked, is not
explicitly represented (it may be implicitly, but not in a way that has encouraged exploitation
hitherto by researchers and clinicians). The idea of using Table 4 as a checklist for research is
appealing in some respects – for example, what is ‘feasible’ is broken down into a series of
constructs (simplicity, ease of execution etc). Buchbinder et al proposed the criteria originally
to facilitate critical appraisal of classification schemes, and as such they take the form of a
series of questions (Is classification simple to understand? Is classification easy to perform?
Are special skills, tools, and/or training required? How long does it take to perform?). In
operationalizing this checklist, preferred answers will be needed (e.g. yes, yes, not much, not
long); these are likely to vary by context, while some items (e.g. “Does it rely on clinical
examination alone?”) do not have an intuitively preferred state.
It is worth noting that this review’s end objective was not simply to posit a framework of criteria
but to assess – as far as possible – the performance of classification schemes employing the
criteria. As such we do not feel all of the criteria (in our framework and Buchbinder’s) are
equally useful, and some are better supported than others.
b) Are there other criteria that we should also consider? c) Do you have any further
comments on the principles underlying the framework for classification?
“I am totally agree with the principle underlying the framework for classification”
“Classification should include some measure of “importance” or “seriousness” of ULDs.”
“You seem to have coverage of domains but not necessarily depth within domains – for
example: will you be able to identify mild cases?”
“..recommendations should be made for measuring functional decrement”
Response: We tend to agree that case severity is a relevant potential addition to the criteria,
although this is likely to depend upon purpose of classification and the outcome measure of
interest:
1) If the aim is to estimate the size of a problem (prevalence) – for example, to publicise
and accord it suitable priority –there is a good case for distinguishing trivial cases
(minor and transient symptoms, with no major functional consequence) from more
serious ones.
2) Similarly, if the aim is to compensate, then the resource of detailed evaluation should
be limited to cases of greater severity, including those with a worse prognosis.
3) However, our analysis indicates that case definitions of apparently greater severity
(worse symptoms, longer duration, and greater functional limitation) do not show
stronger associations with putative risk factors, and subgroups defined in this way do
not seem to show better response to treatment. Thus, if the purpose is to screen for
avoidable risk factors, or to identify subgroups of patients who would benefit more from
specific treatments, then there is little evidence that such markers “add value”.
“The discriminatory power to distinguish one ULD from another ULD is very important.”
Response: This depends on whether splitting can be justified or whether lumping is sufficient.
The utilitarian approach emphasises that 'diagnosis' is a means to an end – e.g. to treat,
manage, advise, prevent etc. Splitting (labelling differently) is only necessary where it prompts
different actions (prevention, treatment, advice on prognosis etc). Thus, a test of the value of
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discriminating is to compare strength of association with risk factors/treatments for competing
definitions; if big differences are found this offers an empirical basis for splitting and choosing;
if not (and ‘diagnosis’ provides no added information on prevention/treatment), then subclassification serves little purpose and groups can be safely lumped together - Table 3
illustrates the logic.
“A growing concern is that of function and criteria aimed to use ICF (international classification
of function). The role of ICF in the diagnoses of ULD should be addressed this would add
significantly value to the project....Not only prevention, prognosis and treatment are issues that
should be considered in improving diagnostic criteria but also the importance of diagnoses in
health economics and compensation.”
“[Other domains as well as pain include]...” Physical functioning, emotional functioning...
(http://www.immpact.org/publications/Turk%20et%20al.,%202003.pdf Table 1)...”
“Including function for work-related criteria is a good idea”
Response: We agree that functional impact, severity, and seriousness are relevant under some
circumstances – see our comments above in relation to estimating disease burden and
compensation. However, functional limitations (as an element of case definition), were not
discriminating in our searches on associations with risk factors and treatments.
“..modifiable prognostic factors... In page 9, you actually mentioned prognostic factors, and
don’t’ included it further.”
Response: We agree there are grounds for exploring whether alternative case definitions show
differential associations with prognostic outcome/natural history.
“Specialists from the various medical specialties who treat these disorders should be involved in
the process of developing these criteria so that they have their say.... It would be useful to have
a 1-2 day conference devoted to this issue.”
2. We conclude that case definitions of varying complexity show similar associations with
putative risk factors.
a) Do you agree with our analysis? (If not, why not?)
“Yes.”
“YES - however, this is different for prognostic factors”
“I think that the analysis is very good, and the consideration of hierarchical vs. non-hierarchical
comparison excellent.”
“The data seem convincing, - yet the result is somewhat surprising.”
“We have found that in case definitions not based on physical examinations: difference in case
definitions do make differences in terms of describing burden...[and]...lead to very different
course over time and lost time costs in our insurance system”
Response: As in our response to 1b we agree that different case definitions will generate
different estimates of prevalence (disease burden). We accept also that case definition may be
important to prognosis. (Note that this particular question relates to risk factors.)
“Yes, this is an important conclusion. It also shows the importance of case definitions that are
independent from causal factor (and thus may support my hesitation of criterion 5)”.
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Response: Note that we do not advocate case definitions that assume a cause (e.g. terms like
“work-related” shoulder pain). Rather, some case definitions might in principle have shown
stronger associations with a given risk factor than others – as in Table 3. In fact, they seldom
did.
“Yes with the limitation of used criteria. What if more functional criteria were used?”
Response: In terms of associations with risk factors and treatments, the described searches
should have captured functional criteria within a case definition, insofar as these were used.
“From the PRIM-studies there were some tendency for higher risk estimates for clinical
outcomes than for symptoms alone - Andersen et al. Spine 2002;27:660–667; Andersen et al.
Occup Environ Med 2003;60:649–654; Thomsen JF et al Occup Environ Med 2007 64: 527533 I don’t know why these studies were not included in your report?”
Response: The Thomsen paper is included (ref 113). The other two reports were considered and
excluded as the neck and shoulder were combined in analysis, However, if Table 5 of the 2003
paper were taken as an example, with column 2 as C2 and column 1 as C1, this would yield four
estimates of the C2/C1 ratio, for low/medium/high ‘combined physical exposure’ vs. reference
and ‘high job demands’ vs. reference. The four ratios that might be derived – 1.18, 1.64, 2.13,
and 1.33 – are similar to the main body of data in Table 13 and Appendix 5a, values <2 being
the norm.
“In one of the largest study populations with a high participation rate, in which about 4000
subjects were examined with a standardised clinical protocol by a physician - and nonoverlapping study groups - we found rather many differences between clinically defined chronic
rotator cuff tendinitis and shoulder pain: Physical load factors (especially working with hands
above shoulder level) were associated with clinically defined disorder, and not with shoulder
pain, whereas psychological factors were associated with shoulder pain (Miranda et al Am J
Epidemiol. 2005 May 1;161(9):847-55). I do not know whether this paper should be included in
or excluded from your analysis.”
Response: This report was considered: Table 2 provides data for “chronic rotator cuff
tendinitis” and Table 4 for non-specific shoulder pain. Thus, a comparison must be made
across tables. Table 2 contained different occupational exposures (work with arms elevated,
heavy lifting) from Table 4 (driving, high hand force). Since then, supplementary data supplied
by the researcher have allowed this paper to be added to the report and an additional 48 ratios
at the shoulder to be considered. Table 13 and Appendix 5 are updated accordingly. The
additional observations do not alter the overall conclusion on case definition for preventive
purposes, although somewhat stronger differences by case definition are now evident at the
shoulder.
3. We conclude that there is a case for pooling data on associations with risk factors at a
given anatomical site, despite differences in case definitions between studies. We suggest
that for the purposes of aetiological research and health surveillance, simple case
definitions will often be preferable to more complex ones.
a) Do you agree with this interpretation? (If not, why not?)
“Yes, under the assumption that simple definitions are more easy to replicate (but this must be
demonstrated!)”
“Yes, simple definitions are easier to explain, less expensive for research, and probably have
better reliability than complex measures. Some studies censor (drop) subjects after they meet a
specific case criteria – that approach would have to change.”
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“Yes”
“For health surveillance simple case definitions will suffice”
“Mostly agree.”
“This could be stated as a testable hypothesis.”
“In part. Yes for surveillance, not necessarily for etiological research.”
This is a logical conclusion based on the results .... However, I am not sure that etiological
research should resort to only one question: Do you have pain in your upper limb? as the only
outcome.”
Response: Researchers are not constrained to be so parsimonious, and there is a case for
checking our findings in other datasets. See also our response to 1a on fundamental aetiological
research. However, there are many practical and some scientific advantages in keeping
definitions simple (e.g. lower resource costs and time, greater likelihood of compliance) and ,
as judged by Table 13, no obvious downside in terms of underestimating important associations
with risk factors in most circumstances.
“Yes most often. However there might be studies (populations) where it may be important to
distinguish between case definitions... It may be important to distinguish between neuropathic
and musculoskeletal pain conditions.”
Response: We suggest this depends on purpose: if the aim is to control causal risk factors, and
the two pain conditions display very similar associations with those risk factors, then the
distinction serves little purpose. In the example given, separate case definitions may be helpful
in terms of allocating treatments or stating the prognosis, illustrating that case definitions for
different purposes may usefully differ.
b) Can you envisage these findings influencing your practice in this area? (e.g. systematic
review, data pooling, health surveillance)
“Yes, these findings would encourage me to pool data (with some reservations)”
“Yes, absolutely.”
“Absolutely, especially concerning health surveillance”
“Certainly”
“It would make the job for reviews and pooling easier. There is also a large problem concerning
the measurement of exposure, but that’s of course another story.”
“YES. I totally agree with your findings. In fact, we had performed for the French National
Society of Occupational Health and based recommendations for health surveillance on similar
principles (not yet published). Your findings reinforced our thought.”
“Definitely. Widely accepted, consensus criteria make our jobs doing research easier. It is
easier to write proposals, do power calculations, and present findings. The use of accepted
criteria makes it easier for other physicians to accept our study findings”.
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“Yes-international consensus and guidance is quite important in this area. Would help us
appraise things like heterogeneity of outcome (case definition) in systematic review. Pooling
allows general description and is serving different purpose than a working diagnosis.”
“yes, for pooling with other studies, for health obviously combined with exposure surveillance”
4. We conclude that there is insufficient evidence to recommend a change in clinical
practice in relation to the classification of upper limb disorders.
a) Do you agree with this conclusion? (If not, why not?)
“YES”
“Agree, the literature is too sparse”
“I agree however you should encourage researchers to explore other classifications of ULD s
using functional criteria.”
“I agree, but we can do better”
“I agree...Overall, the findings tend to minimize the added value of physical examination
manoeuvres relative to symptom history for selecting treatments or prognosis. [However,]
even if manoeuvres have relatively little prognostic value, they may be a useful endpoint to
follow to document the improvements or worsening in that patient.”
b) This part of the exercise proved to be challenging methodologically. Do you have any
thoughts as to other ways of approaching the problem?
(Several respondents answered ‘No’ or left this question blank)
“I think international transdisciplinary recommendations and guidelines could improve
methodology in reporting musculoskeletal disorders in general population.”
“We note that the lack of evidence does NOT mean support for status quo, just that there is no
evidence to change. Having said that, we do understand that reaching consensus is a big
challenge, we do not understand the resistance to a consensus here. Your work here is quite
substantive.”
Response: The last response highlights an ambiguity in our conclusion: we intended to say that
we had found insufficient evidence on how to optimise classification to direct better care of
patients (i.e. there were no grounds for advising clinicians to do something different). By
‘clinical practice’ we meant the assessment and treatment of patients. We believe that
consensus on classification for prevention and surveillance is more easily achievable with
current evidence.
“I am speculating whether an approach to the problem from different perspectives – diagnostic
criteria for prevention, for treatment, for prognosis, for health economics, for compensation, for
the patient, for the employer, for surveillance may have resulted in a different report”
Response: We feel this is the right perspective. Case definitions are “horses for courses. We see
prevention and surveillance as linked. Prognosis requires additional consideration and feeds
into compensation (see above).
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5) We recommend that in future, researchers conducting treatment trials should publish
secondary analyses for subgroups of trial entrants according to their diagnostic features.
a) Do you agree? (If not, why not?)
“Yes, definitively.”
“Yes, of course”
“Agree if the diagnostic features have been clearly defined from the beginning of the study”
“Depends...many trials will not be powered enough for meaningful analysis and, thus, i expect
many indicative associations that may be true or not..”
“Yes, but with cautions about the effects of small sample sizes. These post-hoc analyses tend to
be difficult to get published in reputable journals.”
“YES. It’s also true for prognosis studies!”
“Absolutely agree and would even encourage a consensus statement on how to do this
secondary analysis. This could help with generalizability and also provide evidence base for our
discussions on classification. Challenge will be power of study. Would also support a more
detailed description of clinical findings than is usually published in the main report.”
“Yes, such secondary analyses could contribute considerably to the discussion”
b) If you do agree, how should we publicise this recommendation?
“Perhaps as a targeted systematic review... Other possibilities could be an Editorial after having
published some of the material of the present review”
“As a commentary in some leading rheumatology journal”
“Editorials in reputable journals.”
“A workshop could be organized by the Musculoskeletal disorders of ICOH, to obtain
international transdisciplinary recommendations (with other Scientific Societies) on outcome,
diagnosis key elements, and factors associated with incidence (risk) and persistence/disability
(prognostic).”
“Publishing the work here and working toward a “statement” (in the vein of CONSORT etc)
that could indicate the above requirements. Challenge here would be to gain the support of
journals...”
“In the report, or approach the Consort group (http://www.consort-statement.org) and get them
to publish it in the consort statement”
6. And finally, please feel free to add any other comments on this topic, technical or
otherwise, in the box below.
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“ The approach to the report and the detailed analyses are extensive. This is an important
contribution to our field.”
“Great work. I am very pleased to be able to read and to [critique] it. In addition of the
prognosis comment, I wonder if cautions about application of this framework (research,
surveillance, compensation are different) should be mentioned.”
Response: We agree that the message that optimal definitions may vary by purpose requires
emphasis. We will amend the Executive summary and recommendations to emphasise this.
“Thank you for a great job. As can be seen from my remarks, my main concern is that of
importance and seriousness of ULD, when you refrain from clinical assessments. For a lot of
ULDs the clinical examinations are just continuations of subjective complaints, and do not
inform us much better, but I think that classification of ULD without clinical assessment is more
prone to bias from setting, cultural beliefs etc. than when some kind of clinical judgments are
included in the research. Despite this I agree in most of the recommendations.”
“Please publish the whole report open access.”
“We wish to commend you on this work, we feel it contributes to the ongoing debate about the
classification of upper limb MSDs. Our comments in the attached reflect a mix of specific
“picky” points as well as overall suggestions and thoughts about this work and future needs.”
“..this is wonderful and desperately needed.
inclusive.”

I am so glad you are doing it and being so
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5

DISCUSSION AND RECOMMENDATIONS
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5.1

DISCUSSION

Section 2 set out a possible framework for improved classification of ULDs, and posited five
requirements of a satisfactory scheme:
(1) feasible and unambiguous case definitions;
(2) ‘face’ or ‘content’ validity;
(3) repeatability;
(4) where an adequate gold standard exists, satisfactory measurement properties by
the measures in Table 1; and
(5) utility in distinguishing groups that have differing associations with potentially
avoidable risk factors or potentially beneficial treatments.
Of these it has been suggested that the first three are self-evident, the fourth, for want of an
agreed sufficient reference standard, is for the most part unachievable the fifth is a neglected but
interesting practical approach, focussed on the core purposes of diagnosis, and notwithstanding
these suggestions, Section 3 applied this framework to assess the current evidence underpinning
case definitions for ULDs.
Several schemes exist, with useful clarity of definition and face validity (Table 12); and there is
evidence of repeatability, both in terms of examination components and diagnostic conclusions
(Table 6). However, where a gold standard has been assumed (e.g. for shoulder disorders: MRI,
ultrasound, findings at surgery or arthroscopy – Table 7; for CTS: median nerve conduction –
Table 9), most clinical tests seem to produce only a modest shift in the post-test diagnostic
likelihood (i.e. rule in or rule out a diagnosis - see Tables 8 and 10). Moreover, the validity of
such gold standard case definitions is questionable.
Also in Section 3, two searches explored the potential advantages of lumping or splitting
according to differences in strength of association with risk factors or benefits from treatments.
Remarkably, hierarchical case definitions of increasing sophistication involving more specific
symptom patterns, confirmatory physical signs, or additional investigations, yielded remarkably
similar associations with occupational risk factors (Table 13 and Appendix 5). Although from a
substantially smaller and weaker evidence base, with many additional challenges of
methodology, the analysis by treatment effects found little evidence of added value in using
more specific case definitions for MSDs by anatomical site.
What implications follow from these observations? In research to aid prevention, we suggested
that a good case could be made for simplification. In planning field studies of ULDs and
occupational risk factors, or employers’ surveys of hazard and risk, resource expended on
additional physical examinations or investigations seems likely to yield marginal or no benefits;
whereas costs will be higher, with added problems of inconvenience and non-compliance.
Similarly, in health surveillance, a complex case definition will be more difficult to implement
uniformly across settings and over time, with no clear offsetting benefits.
This analysis of the problem does not identify a preferred set of case definitions for ULDs in the
context of prevention; rather, it suggests that variations make so little difference that simple case
definitions based on symptom presentation will normally suffice. Also, in appraising the
research literature, it suggests, reassuringly, that worries about heterogeneity of case mix and
disagreements over classification have less impact than might be supposed. Finally, in
systematic reviews, it is an encouragement to pool data on associations with risk factors at a
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given anatomical site between studies, even though such studies may have differences of case
definition. These seem to us, useful if unexpected messages for researchers and safety
practitioners.
Consultees lent strong support to our conclusions on surveillance and data pooling as an aid to
meta-analysis; but there were a few more reservations surrounding aetiological research. One
expert cautioned that researchers with additional resources, who wish to explore more complex
case definitions, should remain unfettered to do so, especially where there is doubt at a
fundamental level about mechanisms and the interplay of confounders and effect modifiers. The
timing of awareness about the similarity of risks is also relevant with new putative hazards in
view.
With these reservations in mind, we suggest that normally the preferred starting point for
aetiological investigation should be a broad case definition, which will be simpler to apply and
may give more cases and therefore greater statistical power. However, this would not preclude
additional exploratory analyses on subsets of cases defined according to more stringent
diagnostic criteria, if researchers wished to look for evidence of differential associations with
risk factors. Also, an exception could occur where cases were most easily identified according
to stricter criteria (e.g. if cases of CTS were readily identifiable from the records of a
neurophysiology department, all of whom meet certain criteria following nerve conduction
testing). In this situation, it might be more efficient to use the available stricter case definition.
Consultees also stressed (and we agree) that case definitions for other purposes may vary. For
example, some index of severity and functional impact seems necessary in assessing the case for
compensation, and desirable in gauging the burden of occupationally-related disease to assign
priorities for prevention.
As regards case definitions for treatment we found a more limited evidence base from which to
draw conclusions. At present, few RCTs include sub-analyses for alternative case definitions.
The information that is available does not indicate important differences in response to
treatment according to case definition for disorders at a given anatomical site. However, it is
possible that further research would reveal such differences.
To address current gaps in understanding, we suggested that it would be helpful if, in future,
researchers conducting treatment trials published secondary analyses for subgroups of patients
according to different diagnostic features within the specified criteria for entry to the study.
Many journals offer facilities to publish supplementary analyses of this type on their websites.
Consultees overwhelmingly endorsed this recommendation and proposed various means of
publicising it.
Doctors presently in the field, awaiting such details and trying to decide on their treatment
and/or referral policies, have Tables 14 and 15 to guide them as to the scope for better case
management through attention to case definition. The data provide insufficient evidence to
recommend an obvious change in practice. However, some treatments may be predicated on the
presence of specific clinical features. For example, steroid injections may only be considered
appropriate if an anatomical site for injection can be determined for the presence of localised
tenderness. If such treatments are known to be effective then that would be a justification for
making a diagnostic distinction between cases with and without the relevant clinical features.
In this context, the most recent Cochrane reviews have concluded that steroid injections,
ultrasound, and acupuncture are of uncertain benefit at the shoulder;30,32 and that acupuncture is
of unproven benefit31 and shockwaves ineffective36 for lateral elbow pain. By contrast, recent
non-Cochrane reviews favour steroid injections over placebo as a treatment for elbow pain with
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tenderness.40-42 Thus, while there is no strong encouragement to sub-classify shoulder disorders,
a case can be made for distinguishing between lateral elbow pain and lateral elbow pain with
tenderness, notwithstanding the findings in Table 15.

5.2

RECOMMENDATIONS

In light of our review and the feedback received from the experts we consulted, we draw the
following modified conclusions:
1. Five criteria may be useful in evaluating classification schemes for ULDs: (1) feasible,
unambiguous case definition; (2) face or content validity; (3) repeatability; (4)
satisfactory measurement properties relative to an adequate gold standard (where there
is one); and (5) utility, for example, in the identification of avoidable risk factors or
beneficial treatments.
2. The first three criteria are met in part by several diagnostic schemes.
3. Application of the fourth is generally limited by the questionable validity of assumed
reference standards; and notwithstanding this by the modest shift in the post-test
diagnostic likelihood achieved by many currently favoured clinical tests.
4. Optimal case definitions as defined by the fifth criterion, utility, may vary by purpose.
Those for prevention and treatment can differ, and yet other case definitions may show
optimal utility for advising on prognosis or compensation.
5. Additionally, in assessing the burden of disease and in compensation, some index of
severity or functional impact may usefully be added, as a sixth criterion.
Our review of performance of diagnostic classifications applying the fifth criterion considered
case definition for purposes of prevention and treatment:
6. We found good evidence that case definitions of varying complexity show similar
associations with putative risk factors.
7. These findings provide a justification in systematic reviews, for pooling data on
associations with risk factors at a given anatomical site, even though there may be
differences in case definition between studies.
8. It seems also that for purposes of health surveillance and workplace field studies, simple
case definitions will often be preferable to more complex ones: they will identify risk
factors as clearly but at lower cost and with greater ease of implementation. This in turn
may enable larger datasets to be collected and statistical power to be enhanced.
9. The same may be true for fundamental aetiological research, but with the caveat that
researchers with the resources, who wish to explore more complex case definitions,
should remain unfettered to do so, especially where there is doubt at a fundamental
level about mechanisms and the interplay of co-factors.
10. The evidence on optimal case definitions to support treatment decisions is too limited to
recommend an immediate change in clinical practice. No important differences in size
of treatment response were found according to case definition. However, further
research might reveal such differences.
11. Also, some apparently effective treatments are predicated on the presence of specific
clinical features. For example, on the balance of available evidence, it will be worth
distinguishing between lateral elbow pain with and without tenderness, as patients in the
first group are likely to benefit from steroid injection, delivered local to the site of
tenderness.
12. To expand the evidence base on case definitions to guide treatment, we recommend in
future that, where feasible, researchers conducting treatment trials should publish
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secondary analyses for subgroups of participants according to their diagnostic features
at trial entry.

58

6.

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Health and Safety Executive. Self-reported work-related illness (SWI) and workplace
injuries: Results from the Labour Force Survey (LFS. Index of tables.
http://www.hse.gov.uk/statistics/lfs/index.htm#msd (accessed 3/2/11).
Palmer K, Coggon D, Cooper C, Doherty M. Work-related upper limb disorders:
getting down to specifics. Ann Rheum Dis 1998;57:445-6.
Buchbinder R, Goel V, Bombardier C, Hogg-Johnson S. Classification systems of
soft tissue disorders of the neck and upper limb: Do they satisfy methodological
guidelines? J Clin Epidemiol 1996;49:141-149.
Van Eerd D, Beaton D, Cole D, Lucas J, Hogg-Johnson S, Bombardier C.
Classification systems for upper-limb musculoskeletal disorders in workers: a review
of the literature. J Clin Epidemiol 2003;56:925-936.
Boocock MG, Collier JMK, McNair PJ, Simmonds M, Larmer PJ, Armstrong B. A
framework for the classification and diagnosis of work-related extremity conditions:
systematic review. Semin Arthritis Rheum 2009; 38: 296-311.
Palmer KT. The Southampton Examination Schedule for the Diagnosis of
Musculoskeletal Disorders of the Upper Limb. La Medicina del Lavoro 2007; 98:
111-7.
Graham D, Dvali L, Regehr G, Wright JG. Variations in diagnostic criteria for carpal
tunnel syndrome among Ontario specialists. Am J Ind Med 2006; 49: 8-13.
NHS Plus, Royal College of Physicians, Faculty of Occupational Medicine. Upper
limb disorders: occupational aspects of management. A national guideline. London:
RCP, 2009.
Katz JN, Stock SR, Evanoff B, Rempel D, Moore JS, Franzblau A, Gray RH.
Classification criteria and severity assessment in work-associated upper extremity
disorders: Methods matter. Am J Ind Med 2000; 38: 369-372.
Coggon D, Martyn C, Palmer KT, Evanoff B. Assessing case definitions in the
absence of a diagnostic gold standard. Intl J Epidemiol 2005; 34: 949-952.
Palmer KT. Diagnosing soft tissue rheumatic disorders of the upper limb in
epidemiological studies of vibration-exposed populations. Int Arch Occup Environ
Health 2008; 81: 575-593.
Wulff H.R. What is understood by a disease entity? J Roy Coll Phys London.
1979;13:219-20.
Feinstein AR. Scientific methodology in clinical medicine II. Classification of
human disease by clinical behaviour. Ann Intern Med 1964;61:757-81.
Haynes RB, Sackett DL, Guyatt GH, Tugwell P. Clinical epidemiology: how to do
clinical practice research, 3rd edition. Philadelphia: Lippincott, Williams and
Wilkins, 2006. ISBN 0781745241.
Deeks JJ. Systematic reviews of evaluations of diagnostic and screening tests. BMJ
2001;323:157-62.
Glas AS, Lijmer JG, Prins MH, Bonsel GJ, Bossuyt PM. The diagnostic odds ratio: a
single indicator of test performance. J Clin Epidemiol 2003; 56: 1129-1135.
Palmer KT. Carpal tunnel syndrome: The role of occupational factors. Best Practice
and Research: Clinical Rheumatology (in press).
Katz JN, Stock SR, Evanoff BA et al. Classification criteria and severity assessment
in work-associated upper extremity disorders: Methods matter. Am J Ind Med
2000;38:369–72.
Sluiter JK, Rest KM, Frings-Dresen M. Criteria document for evaluating the workrelatedness of upper-extremity musculoskeletal disorders. Scand J Work Environ
Health 2001; 27 (Suppl 1):3-102.

59

20.
21.
22.

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

Stock SR. Workplace ergonomic factors and the development of musculoskeletal
disorders of the neck and upper limbs: a meta-analysis. Am J Ind Med 1990; 19:87107.
Walker-Bone KE, Palmer KT, Reading I, Cooper C. Criteria for assessing nonarticular soft tissue rheumatic disorders of the neck and upper limb. Seminars Arth
Rheum 2003; 33:168-184.
Bernard BP, Fine LJ (eds) (1997) National Institute for Occupational Health and
Safety. Musculoskeletal Disorders and Workplace Factors. A Critical Review of
Epidemiologic Evidence for Work-related Musculoskeletal Disorders of the Neck,
Upper Extremity, and Low Back.
US Department of Health and Human
Sciences/NIOSH, (Publication no. 97-141), Cincinnati, OH.
Croft P. Soft tissue rheumatism. In: Epidemiology of the rheumatic diseases. Silman
AJ, Hochberg MC, (eds), Oxford University Press, London, 1993, p 375-421.
Marx RG, Bombardier C, Wright JG. What do we know about the reliability and
validity of physical examination tests used to examine the upper extremity? J Hand
Surg 1999; 24A:185-193.
Massy-Westropp N, Grimmer K, Bain G. A systematic review of the clinical
diagnostic tests for carpal tunnel syndrome. J Hand Surg 2000; 25A:120-127.
Cyriax JH. Textbook of orthopaedic medicine: Diagnosis of soft tissue lesions,
Balliere Tindall, London. 1980.
Kuorinka I, Forcier L. (eds) Work-related Musculoskeletal Disorders (WMSDs): A
Reference Book for Prevention, Taylor & Francis, London, 1985.
Hadler NM. Neurovascular syndromes of the extremities. In: Occupational
Musculoskeletal Disorders (2nd edition), Lippincott, Williams & Wilkins,
Philadelphia, 1999, p186-213.
Harrington JM, Carter JT, Birrell L, Gompertz D. Surveillance case definitions for
work-related upper limb pain syndromes. Occup Environ Med 1998;55:264-271.
Buchbinder R, Green S, Youd JM. Corticosteroid injections for shoulder pain.
Cochrane Database of Systematic Reviews 2003, Issue 1. Art No.: CD004016. DOI:
10.1002/14651858. CD004016.
Green S, Buckbinder R, Hetrick SE. Acupuncture for shoulder pain. Cochrane
Database for Systematic Reviews 2005, Issue 2, Art No.: CD005319. DOI:
10.1002/14651858.CD005319.
Green S, Buchbinder R, Hetrick SE. Physiotherapy interventions for shoulder pain.
Cochrane Database of Systematic Reviews 2003, Issue 2. Art. No.: CD004528.
DOI:10.1002/14651858.CD004258.
Coghlan JA, Buchbinder R, Green S, Johnston RV, Bell SN. Surgery for rotator cuff
disease.
Cochrane Database of Systematic Reviews 2008, Issue 1 Art.
No.:CD005619. DOI:10.1002/14651858.CD005619.pub2.
Green S, Buchbinder R, Barnsley L, Hall S, Whate M, Smidt N, Assendelft WJJ.
Acupuncture for lateral elbow pain. Cochrane Databae of Systematic Reviews 2002,
Issue 1. Art. No.: CD003527. DOI: 10.1002/14651858.CD003527.
Buchbinder R, Green S, Bell SN, Barnsley L, Smidt N, Assendelft WJJ, Johnston RV.
Surgery for lateral elbow pain. Cochrane Database of Systematic Reviews 2002,
Issue 1. Art. No.: CD003525. DOI: 10.1002/14651858.CD003525
Buchbinder R, Green S, Youd JM, Assendelft WJJ, Barnsley L, Smidt N. Shock
wave therapy for lateral elbow pain. Cochrane Database of Systematic Reviews 2005,
Issue 4. Art. No.: CD003524. DOI: 10.1002/14651858.CD003524.pub2.
Marshall SC, Tardif G, Ashworth NL. Local corticosteroid injection for carpal tunnel
syndrome. Cochrane Database of Systematic Reviews 2007, Issue 2. Art. No.:
CD001554. DOI: 10.1002/14651858.CD001554.pub2.

60

38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.

50.
51.
52.
53.
54.
55.
56.

O’Connor D, Marshall SC, Massy-Westropp N. Non-surgical treatment (other than
steroid injection) for carpal tunnel syndrome. Cochrane Database of Systematic
Reviews 2003, Issue 1. Art. No.: CD003219. DOI: 10.1002/14651858.CD003219.
Verdugo RJ, Salinas RA, Castillo JL, Cea JG. Surgical versus non-surgical treatment
for carpal tunnel syndrome. Cochrane Database of Systematic Reviews 2008, Issue 4.
Art. No.: CD001552. DOI: 10.1002/14651858.CD001552.pub2.
Barr S, Cerisola FL, Blanchard V. Effectiveness of corticosteroid injections
compared with physiotherapeutic interventions for lateral epicondylitis: A systematic
review. Physiotherapy 2009;95:251-265.
Smidt N, Assendelft WJJ, van der Windt AWM, Hay EM, Buchbinder R, Bouter LM.
Corticosteroid injections for lateral epicondylitis: a systematic review. Pain
2002;96:23-40.
Assendelft WJJ, Hay EM, Adshead R, Bouter LM. Corticosteroid injections for
lateral epicondylitis: a systematic overview. Br J Gen Pract1996;46:209-216.
Smidt N, Assendelft WJJ, Arola H, Malmivaara A, Green S, Buchbinder R, van der
Windt DAWM, Bouter LM. Effectiveness of physiotherapy for lalteral epicondylitis:
a systematic review. Ann Med 2003;35:51-62.
Palmer K, Walker-Bone K, Linaker C, Reading I, Kellingray S, Coggon D, Cooper C.
The Southampton examination schedule for the diagnosis of musculoskeletal
disorders of the upper limb. Ann Rheum Dis 2000;59:5-11.
Walker-Bone K, Byng T, Linaker C, Reading I, Coggon D, Palmer KT, Cooper C.
Reliability of the Southampton examination schedule for the diagnosis of upper limb
disorders in the general population. Ann Rheum Dis 2002; 61:1103-1106
Boone DC, Azen SP, Lin CM, Spence C, Baron C, Lee L. Reliability of goniometric
measurements. Phys Ther 1978; 58:1355-90.
Boström C, Harms-Ringdahl K, Nordemar R. Clinical reliability of shoulder function
assessment in patients with rheumatoid arthritis. Scand J Rheumatol 1991; 20:36-48.
Croft P, Pope D, Boswell R, Rigby A, Silman A. Observer variability in measuring
elevation and external rotation of the shoulder. Br J Rheumatol 1994; 33:942-946.
Green G, Buchbinder R, Forbes A, Bellamy N. A standardized protocol for
measurement of range of movement of the shoulder using the Plurimeter-V
Inclinometer and assessment of its intrarater and interrater reliability. Arthritis Care
Res 1998;11:43-52.
Riddle DL, Rothstein JM, Lamb RL. Goniometric reliability in a clinical setting.
Shoulder measurements. Phys Ther 1987;67:668-673.
Hoving JL, Buchbinder R, Green S, Forbes A, Bellamy N, Brand C et al. How
reliably do rheumatologists measure shoulder movement? Ann Rheum Dis 2002;
61:612-6.
Ostor AJ, Richards CA, Prevost AT, Hazelman BL, Speed CA. Interrater
reproducibility of clinical tests for rotator cuff lesions. Ann Rheum Dis 2004;
63:1288-92.
Michener LA, Walsworth MK, Doukas WC, Murphy KP. Reliability and diagnostic
accuracy of 5 physical examination tests and combination of tests for subcromial
impingement. Arch Phys Med Rehabil 2009;90:1898-1903.
Nanda R, Gupta S, Kanapathipillai P, Liow RYL, Rangan A. An assessment of the
interexaminer reliability of clinical tests for subacromial impingement and rotator cuff
integrity. Eur J Orthop Surg Traumatol 2008;18:495-500.
Johansson K, Ivarson S.
Technical and Measurement Report.
Intra- and
interexaminer reliability of four manual shoulder maneuvers used to identify
subacromial pain. Manual Therapy 2009; 14:231-239.
Salerno DF, Franzblau A, Werner RA, Chung KC, Schultz JS, Becker MP et al.
Reliability of physical examination of the upper extremity among keyboard operators.
Am J Ind Med 2000; 37:423-30.
61

57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.

Jepsen JR, Laursen LH, Hagert C-G, Kreiner S, Larsen AI. Diagnostic accuracy of
the neurological upper limb examination 1: Inter-rater reproducibility of selected
findings and patterns. BMC Neurology 2006; 6:8. Doi: 10.1186/1471-2377-6-8.
Dale AM, Strickland J, Symanzik J, Franzblau A, Evanoff B. Reliability of hand
diagrams for the epidemiologic case definition of carpal tunnel syndrome. J Occup
Rehab 2008; 18: 233-248.
Bonauto DK, Silverstein BA, Fan ZJ, Smith CK, Wicox DN. Evaluation of a
symptom diagram for identifying carpal tunnel syndrome. Occup Med 2008; 58: 561566.
Palmer K, Cooper C. Repeated movements and repeated trauma affecting the
musculoskeletal system. In: Baxter, P. et al eds. Hunter’s Diseases of Occupations,
9th ed, London, Arnold Publishers Ltd, 2000, 453-475.
Sliva L, Andréu JL, Muñoz P, Pastrana M, Millán I, Sanz J, Barbadillo C, FernándezCastro M. Accuracy of physical examination in subacromial impingement syndrome.
Rheumatology 2008;47:670-683.
Kelly SM, Brittle N, Allen GM. The value of physical tests for subacromial
impingement syndrome: a study of diagnostic accuracy. Clinical Rehabilitation.
2010;24:149-158.
Calis M, Akgün K, Birtane M, Karacan I, Calis H, Tüzün F. Diagnostic values of
clinical diagnostic tests in subcromial impairment syndrome. Ann Rheum Dis
2000;59:44-47.
MacDonald PB, Clark P, Sutherland K. An analysis of the diagnostic accuracy of the
Hawkins and Neer subacromial impingement signs. J Shoulder Elbow Surg
2000;9:299-301.
Park HB, Yokota A, Gill HS et al. Diagnostic accuracy of clinical tests for the
different degrees of subacromial impingement syndrome. J Bone Joint Surg Am
2005;87:1446-55.
Nakagawa S, Yoneda M, Hayashida K, Obata M, Fukushima S, Miyazaki Y. Forced
shoulder abduction and elbow flexion tests: A new simple clinical test to detect
superior labral injury in the throwing shoulder. Arthroscopy 2005;21:1290-1295.
Litaker D, Pioro M, Bilbeisi HE, Brems J. Returning to the bedside: using the history
and physical examination to identify rotator cuff tears. J Am Geriatr Soc
2000;48:1633-1637.
Noël E, Walch G, Bochu M. La manoeuvre de Jobe. A propos de 227 cas. Rev
Rhum 1989;56:803-4.
Hertel R, Ballmer FT, Lambert SM, Gerber Ch. Lag signs in the diagnosis of rotator
cuff rupture. J Shoulder Elbow Surg 1996;5:307-313.
Holtby R, Razmjou H. Validity of the supraspinatus test as a single clinical test in
diagnosing patients with rotator cuff pathology. J Orthop Sports Phys Ther
2004;34:194-200.
Itoi E, Kido T, Sano A.et al. Which is more useful, the “full can test” or the “empty
can test”, in detecting the torn supraspinatus tendon? Am J Sports Med 1999;27:65-8.
Itoi E, Minagawa H, Yamamoto N, Seki N, Abe H. Are pain location and physical
examinations useful in locating a tear site of the ratator cuff? Am J Sports Med
2006;34:256-264.
Kim SH, Park JS, Jeong WK et al. The Kim test: a novel test for posteroinferior
labral lesion of the shoulder – a comparison to the jerk test. Am J Sports Med
2005;33:1188-92.
Leroux J-L, Thomas E, Bonnel F, Blotman F. Diagnostic value of clinical tests for
shoulder impingement syndrome. Revue du Rhumatism [Eng Ed] 1995;62:423-428.
Barth JRH, Burkhart SS, DeBeer JF. The bear-hug test: a new and sensitive test for
diagnosing a subscapularis tear. Arthroscopy: 2006;22:1076-1084.

62

76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.

Walch G, Boulahia A, Calderone S et al. The ‘dropping’ and ‘hornblower’s signs in
evaluation of rotator-cuff tears. J Bone Joint Surg Br 1998;80:624-8.
Murrell GA, Walton JR. Diagnosis of rotator cuff tears. Lancet 2001;357:769-70.
Wolf EM, Agrawal V. Transdeltoid palpatation (the rent test) in the diagnosis of
rotator cuff tears. J Shoulder Elbow Surg 2001;10:470-3.
Lyons AR, Tomlinson JE. Clinical diagnosis of tears of the rotator cuff. J Bone Joint
Surg Br 1992;74:414-5.
Ardic F, Kahraman Y, Kacar M, et al.
Shoulder impingement syndrome.
Relationships between clinical, functional and radiologic findings Am J Phys Med
Rehabil 2006;85:53-60.
Kibler WB, Sciascia AD, Hester P, Dome D, Jacobs C. Clinical utilities of traditional
and new tests in the diagnosis of biceps tendon injuries and superior labrum anterior
and posterior lesions in the shoulder. Am J Sports Med. 2009;37:1840-1847.
McFarland EG, Kim TK, Savio RM. Clinical assessment of three common tests for
superior labral anterior-posterior lesions. Am J Sports Med 2002;30:810-815.
Myers TH, Zemanovic JR, Andrews JR. The resisted supination external rotation
test: a new test for the diagnosis of superior labral anterior posterior lesions. Am J
Sports Med 2005;33:1315-1320.
O’Brien SJ, Pagnani MJ, Fealy S, et al. The active compression test: a new and
effective test for diagnosing labral tears and acromioclavicular joint abnormality. Am
J Sports Med 1998;26:610-3.
Parentis MA, Glousman RE, Mohr KS, et al. An evaluation of the provocation tests
for superior labral anterior posterior lesions. Am J Sports Med 2006;34:265-8.
Stetson WB, Templin K. The crank test, the O’Brien test, and routine magnetic
resonance imaging scans in the diagnosis of labral tears. Am J Sports Med
2002;30:806-9.
Gaunche CA, Jones DC. Clinical testing for tears of the glenoid labrum. Arthroscopy
2003;19:517-23.
Kibler WB. Specificity and sensitiviy of the anterior slide test in throwing athletes
with superior glenoid labral tears. Arthroscopy 1995;11:296-300.
Kim SH, Ha KI, Han KY. Biceps load t est: a clinical test for superior labrum
anterior and posterior lesions in shoulders with recurrent anterior dislocations. Am J
Sports Med 1999;27:300-303.
Mimori K, Muneta T, Nakagawa T, Shinomiya K. A new pain provocation test for
superior labral tears of the shoulder. Am J Sports Med 1999;27:137-142.
Liu SH, Henry MH, Nuccion SL. A prospective evaluation of a new physical
examination in predicting glenoid labral tears. Am J Sports Med 1996;24:721-5.
Jaeschke R, Guyatt GH, Sackett DL et al. Users’ guides to the medical literature. III.
How to use an article about a diagnostic test. B. What are the results and will they
help me in caring for my patients? JAMA 1994; 271: 703-707.
Katz JN, Stirrat CR. A self-administered hand diagram for the diagnosis of carpal
tunnel syndrome. J Hand Surg 1990; 15A:360-3.
Descatha A, Dale A-M, Franzblau A, Coomes G, Evanoff B. Diagnostic strategies
using physical examination are minimally useful in defining carpal tunnel syndrome
in population-based research studies. Occup Environ Med 2010;67:133-135.
Boland RA, Kiernan MC. Assessing the accuracy of a combination of clinical tests
for identifying carpal tunnel syndrome. J Clin Neuro 2009;16:929-933.
Gellman H, Gelberman RH, Tan AM, Botte MJ. Carpal tunnel syndrome. An
evaluation of the provocative diagnostic tests. J Bone d Joint Surg 1986;68:735-737.
Durkan JA. A new diagnostic test for carpal tunnel syndrome. J Bone d Joint Surg
1991;73:535-538.

63

98.
99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.

112.
113.
114.
115.
116.

de Krom MC, Knipschild PG, Kester AD, Thijs C, Boekkooi PF, Spaaris F. Carpal
tunnel syndrome:
prevalence in the general population. J Clin Epidemiol
1992;45:373-376.
Heller L, Ring H, Costeff H, Solzi P. Evaluation of Tinel’s and Phalen’s signs in
diagnosis of carpal tunnel syndrome. Eur Neurol 1986;35:40-42.
Miedany YE, Ashour S, Youssef S, Mehanna A, Meky FA. Clinical diagnosis of
carpal tunnel syndrome: Old tests – new concepts. Joint Bone Spine 2008;75:451457.
Golding DN, Rose DM, Selvarajah K. Clinical tests for carpal tunnel syndrome: an
evaluation. Br J Rheumatol 1986;25:388-390.
Stewart JD, Eisen A. Tinel’s sign and the carpal tunnel syndrome. BMJ 1978;2:11251126.
Waris P, Kuorinka I, Kurppa K, Luopajärvi T, Virolainen M, Pesonen K, Nummi J,
Kukkonen R. Epidemiologic screening of occupational neck and upper limb
disorders. Scand J Work Environ Health 1979;5:25-38.
Viikari-Juntura E. Neck and upper limb disorders among slaughterhouse workers: an
epidemiologic and clinical study. Scand J Work Environ Health 1983;9:283-290.
Ohlsson K, Attewell RG, Johnsson B, Ahlm A, Skerfving S. An assessment of neck
and upper limb upper extremity disorders by questionnaire and physical examination.
Ergonomics 1994;37:891-89.
Helliwell PS, Bennett RM, Littlejohn G, Muirden KD, Wigley RD. Towards
epidemiological criteria for soft-tissue disorders of the arm. Occup Med 2003;53:313319.
De Winter AF, Jans MP, Scholten RJPM, Deville W, Van Schaardenburg D, Bouter
LM. Diagnostic classification of shoulder disorders: Interobserver agreement and
determinants of disagreement. Ann Rheum Dis 1999;58: 272-7.
Pellecchia GL, Paolino J, Connell J. Intertester reliability of the cyriax evaluation in
assessing patients with shoulder pain. J Orthop Sports Phys Ther 1996;23:34-8.
Reading I, Walker-Bone K, Palmer KT, Cooper C, Coggon D. Anatomic distribution
of sensory symptoms in the hand and their relation to neck pain, psychosocial
variables and occupational activities. Am J Epidemiol 2003;157; 524-530.
Walker-Bone K, Palmer KT, Reading I, Coggon D, Cooper C. Prevalence and impact
of musculoskeletal disorders of the upper limb in the general population. Arth Rheum
2004;51:642-651.
Walker-Bone K, Reading, I, Coggon D, Cooper C, Palmer KT. Risk factors for
specific upper limb disorders as compared with non-specific upper limb pain:
assessing the utility of a structured examination schedule. Occ Med 2006;56:243250.
Frost P, Andersen JH. Shoulder impingement syndrome in relation to shoulder
intensive work. Occup Environ Med 1999;56:494-498.
Thomsen JF, Mikkelsen S, Andersen JH, Fallentin N, Loft IP, Frost P, Kaergaard A,
Bonde JP, Overgaard E. Risk factors for hand-wrist disorders in repetitive work.
Occup Environ Med 2007;64:527-533.
Andersen JH, Thomsen JF, Overgaard E, et al. Computer use and carpal tunnel
syndrome: a 1-year follow-up study. JAMA 2003;289:2963-2969.
Kryger AL, Andersen JH, Lassen CF, Brandt LPA, Vistrup I, Overgaard E, Thomsen
JF, Mikkelsen S. Does computer use pose an occupational hazard for forearm pain;
from the NUDATA study. Occup Environ Med 2003;60:e14.
Brandt LPA, Andersen JH, Lassen CF, Kryger A, Overgaard E, Vilstrup I, Mikkelsen
S. Neck and shoulder symptoms and disorders among Danish computer workers.
Scand J Work Environ Health 2004;30:399-409.

64

117. Lassen CF, Mikkelsen S, Kryger AI, Brandt LPA, Overgaard E, Thomsen JF, Vilstrup
I, Andersen JH. Elbow and wrist/hand symptoms among 6,943 computer operators:
A 1-year follow-up study (The NUDATA Study). Am J Ind Med 2004;46:521-33.
118. Svendsen SW, Bonde JP, Mathiassen SE, Stengaard-Pedersen K, Frich LH. Work
related shoulder disorders: quantitative exposure-response relations with reference to
arm posture. Occup Environ Med 2004;61:844-853.
119. Shiri R, Viikari-Juntura E, Varonen H, Heliövaara M. Prevalence and determinants
of lateral and medial epicondylitis: A population study.
Am J Epidemiol
2006;164:1065-74.
120. Shiri R, Miranda H, Heliövaara M, Viikari-Juntura E. Physical work load factors and
carpal tunnel syndrome: a population-based study. Occup Environ Med 2009;66:368373.
121. Ritz BR. Humeral epicondylitis among gas – and waterworks employees. Scand J
Work Environ Health 1995;21:478-86.
122. Bovenzi M, Zadini A, Franzinelli A, Borgogni F. Occupational musculoskeletal
disorders in the neck and upper limbs of forestry workers exposed to hand-arm
vibration. Ergonomics 1991;34:547-62.
123. Bonfiglioni R, Mattioli S, Fiorentini C, Graziosi F, Curti S, Violante FS.
Relationship between repetitive work and the prevalence of carpal tunnel syndrome in
part-time and full-time female supermarket cashiers: a quasi-experimental study. Int
Arch Occup Environ Health 2007;80:248-253.
124. Ono Y, Nakamura, R, Shimaoka M, Hiruta S, Hattori Y, Ichihara G, Kamijima M,
Takeuchi Y. Epicondylitis among cooks in nursery schools. Occup Environ Med
1998;55:172-179.
125. Chiang HC, Ko YC, Chen SS, Yu HS, Wu TN, Chang PY. Prevalence of shoulder
and upper-limb disorders among workers in the fish-processing industry. Scand J
Work Environ Health 1993;19:126-131.
126. Barnhart S, Demers PA, Miller M, Longstreth WTJ, Rosenstock L. Carpal tunnel
syndrome among ski manufacturing workers. Scand J Work, Environ Health
1991;17:46-52.
127. Marcus M, Gerr F, Monteilh C, Ortiz DJ, Gentry E, Cohen S, Edwards A, Ensor C,
Kleinbaum D. A prospective study of computer users: II Postural risk factors for
musculoskeletal symptoms and disorders. Am J Ind Med. 2002;41:236-249.
128. Hollingworth GR, Ellis RM, Hattersley TS. Comparison of injection techniques for
shoulder pain: results of a double blind, randomised study. BMJ 1983;287:13391341.
129. Winters JC, Sobel JS, Groenier KH, Arendzen JH, Meyboom-de Jong B. Comparison
of physiotherapy, manipulation, and corticosteroid injection for treating shoulder
complaints in general practice: randomised, single blind study. BMJ 1997; 314:
1320–1325.
130. Winters JC, Jorritsma W, Groenier KH, Sobel JS, Meyboom-de Jong B, Arendzen HJ.
Treatment of shoulder complaints in general practice: long term results of a
randomised, single blind study comparing physiotherapy, manipulation, and
corticosteroid injection. BMJ 1999;318:1395-1396.
131. White AET, Tuite JD. The accuracy and efficacy of shoulder injections in restrictive
capsulitis. J Orthopaed Rheumatol 1996;9:37-40.
132. Rizk TE, Pinals RS, Talaiver AS. Corticosteroid Injections in Adhesive Capsulitis:
Investigation of their value and site. Arch Phys Med Rehabil 1991;72:20-22.
133. Hay EM, Thomas E, Paterson SM, Dziedzic K, Croft PR. A pragmatic randomised
controlled trial of local corticosteroid injection and physiotherapy for the treatment of
new episodes of unilateral shoulder pain in primary care. Ann Rheum Dis
2003;62:394-399.

65

134. Smidt N, van der Windt DAWM, Assendelft WJJ, Devillé WLJM, Korthals-de Bos
IBC, Bouter LM. Corticosteroid injections, physiotherapy, or a wait-and-see policy
for lateral epicondylitis: a randomised controlled trial. Lancet 2002;359:657-662.
135. Verhaar JAN, Walenkamp GHIM, van Mameren H, Kester ADM, van der Linden AJ.
Local corticosteroid injection versus cyriax-type physiotherapy for tennis elbow. J
Bone Joint Surg 1996;78B:128-132.
136. Bisset L, Beller E, Jull G, Brooks P, Darnell R, Vicenzino B. Mobilisation with
movement and exercise, corticosteroid injection, or wait and see for tennis elbow:
randomised trial. BMJ 2006;333:939-941.
137. Hay EM, Paterson SM, Lewis M, Hoisie G, Croft P. Pragmatic randomised
controlled trial of local corticosteroid injection and naproxen for treatment of lateral
epicondylitis of elbow in primary care. BMJ 1999;319:964-968.
138. Saartok T, Eriksson E. Randomized trial of oral naproxen or local injection of
betamethasone in lateral epicondylitis of the humerus. Orthopedics 1986;9:191-194.
139. Krasheninnikoff M, Ellitsgaard N, Rogvi-Hansen B, Zeuthen A, Harder K, Larsen R,
Gaardbo H. No effect of low power laser in lateral epicondylitis. Scand J Rheumatol
1994;23:260-3.
140. Haker EHK, Thomas RPT, Lundeberg CM. Lateral Epicondylalgia: Report of
Noneffective Midlaser Treatment. Arch Phys Med Rehabil 1991;72:984-988.
141. Haker E, Lundeberg T. Laser treatment applied to acupuncture points in lateral
humeral epicondylalgia. A double-blind study. Pain 1990;43:243-247.
142. Rompe JD, Decking J, Schoellner C, Theis C. Repetitive low-energy shock wave
treatment for chronic lateral epicondylitis in tennis players. Am J Sports Med
2004;32:734-743.
143. Haake M, Konig IR, Decker T, Riedel C, Buch M, Műller H.H. Extracorporeal shock
wave therapy in the treatment of lateral epicondylitis. J Bone Joint Surg
2002;84A:1982-1991.
144. Gerr F, Marcus M, Ensor C, Kleinbaum D, Cohen S, Edwards A, Gentry E, Ortiz DJ,
Monteilh C. A prospective study of computer users: I. Study design and incidence of
musculoskeletal symptoms and disorders. Am J Ind Med 2002; 41: 221-235.
145. Miranda H, Viikari-Juntura E, Heistaro S, Heliovaara M, Riihimaki H. A population
study on differences in the determinants of a specific shoulder disorder versus nonspecific shoulder pain without clinical findings. Am J Epidemiol 2005; 161: 647-655.

66

APPENDIX 1

SOME DISORDERS OF THE UPPER LIMB THAT HAVE BEEN LINKED WITH
OCCUPATIONAL ACTIVITY

Shoulder
Neck
Elbow
Wrist, forearms, hands

•
•
•
•
•
•
•
•

shoulder tendinitis
rotator cuff tendinitis
cervical spondylosis
thoracic outlet syndrome
lateral epicondylitis
medial epicondylitis
tenosynovitis of the wrist
traumatic cellulitis (beat hand)

•
•
•

bicipital tendinitis
shoulder capsulitis (frozen shoulder)
tension-neck syndrome

•

olecranon bursitis

•
•

carpal tunnel syndrome
non-specific diffuse forearm pain

•
•
•
•
•
•
•

acromio-clavicular joint dysfunction
radial tunnel syndrome
pronator teres syndrome
Dupuytren's contracture
focal dystonia
fibromyositis
myalgia

•
•
•
•
•
•
•

subacromial bursitis
cubital tunnel syndrome
guyon tunnel syndrome
ganglion
trigger finger
myositis
synovitis

Also reported to be work-related:
Shoulder
Elbow/forearm/wrist
Hand/fingers
Various
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APPENDIX 2

CRITERIA FOR SEARCH 1

1. exp Carpal tunnel syndrome/ [classification, diagnosis]
2. exp Tenosynovitis/ [classification, diagnosis]
3. exp Tendinopathy/ [classification, diagnosis]
4. Capsulitis.mp.
5. exp Bursitis/ [classification, diagnosis]
6. exp Tennis elbow/ [classification, diagnosis]
7. epicondylitis.mp.
8. de Quervains.mp.
9. exp Ulnar nerve compression syndromes/ [classification, diagnosis]
10. exp Ulnar neuropathies/ [classification, diagnosis]
11. exp Cumulative trauma disorders/ [classification, diagnosis]
12. exp Neck Injuries/cl, di [Classification, Diagnosis]
13. exp Arm Injuries/cl, di [Classification, Diagnosis]
14. exp Shoulder Impingement Syndrome/cl, di [Classification, Diagnosis]
15. arm disease/cl, di or neck injury/cl, di or shoulder injury/cl, di
16. 2 or 3 or 4 or 5 or 11
17. exp Upper extremity/ or upper limb.mp.
18. 16 and 17
19. 1 or 6 or 7 or 8 or 9 or 10 or 12 or 13 or 14 or 15
20. 18 or 19
21. exp Musculoskeletal diseases/ [classification]
22. exp Occupational diseases/ [classification, diagnosis]
23. 21 or 22
24. 20 and 23
25. (Between-observer or within-observer or inter-observer or intra-observer or inter-rater or
intra-rater or reliability or repeatability or reproducibility or reliable or repeatable or
reproducible or kappa or coefficient or consistency or sensitivity or specificity or validity or
((predictive or prognostic) adj1 value) or standardised or standardized or standardisation or
standardization or (classification adj1 (scheme$ or system$ or criterion or criteria)) or (case adj1
definition) or (diagnostic adj1 (criteria or criterion)) or (consensus adj1 (criteria or criterion)) or
(evidence-based adj1 (criteria or criterion))).tw.
26. 24 and 25
27. ((upper adj1 (limb$ adj1 pain)) or ((arm or shoulder or elbow or wrist or hand or forearm)
adj pain$) or (shoulder adj1 (tendonitis or capsulitis)) or epicondylitis or tenosynovitis or
tendonitis or tendinitis).tw.
28. Carpal tunnel syndrome.mp.
29. 27 or 28
30. 25 and 29
31. diagnosis.mp.
32. classification.mp.
33. 31 or 32
34. 30 and 33
35. limit 34 to (human and english language and yr="2006 -Current")
36. limit 26 to (human and english language and yr="2006 -Current")
37. 35 or 36
38. remove duplicates from 37
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APPENDIX 3

DEFINITIONS OF CLINICAL TESTS USED FOR
SHOULDER EXAMINATION

Shoulder Impingement Syndrome
Neer Test - Examiner stands behind the patient. While scapular rotation is prevented with one
hand, the arm of the patient is passively forward flexed by the other hand in the plane of the
scapula until the patient reports pain or full flexion is reached. The test is positive if the patient
feels pain at the anterior edge of the acromion/lateral deltoid region before full flexion is
achieved. (Neer 1972)
Hawkins and Kennedy Test - While sitting with the elbow flexed to 90 degrees, the patients
shoulder is passively elevated to 90 degrees in the sagittal plane and then forced to internal
rotation. Pain indicates a positive test result. (Hawkins & Kennedy 1980)
Painful arc Test - While standing, with the shoulder in external rotation (palm facing up), the
patient is asked to abduct the arm and report the occurrence of pain. The test is considered
positive if pain is experienced between 60 and 120 degrees, above or below which movement is
pain free. (Hanchard 2004, Hermann 2000)
Jobes Test-(the empty can test) - The patient’s arm is abducted to 90 degrees in the
scapular plane and the shoulder internally rotated so that his/her thumb is pointing to the floor.
The examiner applies a downward force at the elbow or wrist while the patient attempts to
resist. The test is considered positive if pain or weakness is detected of the involved shoulder as
compared bilaterally. (Jobe 1983)
External rotation - With the patient’s arm at his side, the elbow is flexed to 90 degrees. The
patient is asked to externally rotate the shoulder by taking the hand away from the side of the
body. A medially-directed force is exerted on the distal forearm to resist shoulder external
rotation. The test is considered positive if weakness is detected of the involved shoulder as
compared bilaterally. (Park 2005)
Abduction pain - The patient pushes his elbow externally as hard as he can; the examiner
holds the elbow so strongly that the shoulder joint does not move. The test is considered
positive when the patients experiences pain. (Silva 2008)
Gerber’s (lift-off) Test - The patient is asked to place the hand against the back at the level of
the waist with the elbow in 90 degrees flexion. The examiner pulls the hand to about 5-10cm
from the back while maintaining the 90 degree bend in the elbow. The patient is then asked to
hold the position without the examiner’s help. The test is considered positive if the hand cannot
be lifted off the back without feeling pain. (Gerber 1991)
Horizontal Adduction - The arm is forced to adduction towards the other shoulder while the
elbow is flexed. The test is considered positive if pain occurs. (Warren 1993)
Full can Test - While standing, the patient is instructed to abduct the arm at 90 degrees in the
scapular plane and with the elbow in full extension rotate the shoulder by pointing the thumb
upward. The examiner then applies a uniform downward pressure to the arm just above the
elbow while the patients attempts to resist. The test is considered positive if pain or weakness
occurs. (Kelly 1996)
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Patte’s Test - The patient places his arm in the scapular plane with the elbow flexed in 90
degrees and, with the elbow supported by the examiner, is asked to push his hand to the back. It
allows the examiner to evaluate strength and pain in external rotation. Ability to resist despite
pain indicates simple tendonitis, and an inability to resist with gradual lowering of the arm
denotes tendon rupture. (Leroux 1995)
Drop arm Test - The patient is asked to abduct the shoulder to 90 degrees and then to let the
arm down slowly. If the patient is unable to do this and the arm drops immediately with pain,
the test is considered positive. (Magee 1992, Hermann 1996)
Rent Test -The patient is asked to relax, allowing the arm to dangle freely. While positioned
behind the patient, the examiner holds the patient’s forearm with the elbow flexed to allow
rotational control in order to manoeuvre the arm while the examiner’s other hand is used for
palpation. The arm is gently manoeuvred into full extension. Internal and external rotation is
used to palpate the rotator cuff tendons. In the presence of a tear, both an eminence and a rent
are palpable. The tear is palpated as the arm is brought in and out of full extension and
internally and externally rotated. The eminence represents the prominent greater tuberosity in
the presence of a full thickness rotator cuff tear. The rent is the soft tissue defect created by the
rotator cuff that avulsed from the tuberosity. The size of the tear is appreciated by palpating the
anterior and posterior margins of the cuff tear and the presence of an avulsed edge is indicative
of a significant retraction. The examination should be performed bilaterally to appreciate the
anatomy of the uninvolved shoulder and to compare it with the symptomatic side. (Codman
1984, Wolf 2001)

Biceps Injury
Speed Test - The patient forward flexes the shoulder to 60 degrees and the elbow is extended
with the forearm supinated. The examiner applies sudden force against the forearm. The test is
considered positive when pain occurs localised along the bicipital groove. (Crenshaw 1966)

SLAP lesions
O’Brien’s (active compression) Test - The standing patient forward flexes the arm to 90
degrees with the elbow in full extension and then adducts the arm 10- 15 degrees medial to the
sagittal plane of the body and internally rotates it so that the thumb points downward. The
examiner, standing behind the patient, places his hand over the patient’s elbow and applies a
uniform downward force to the arm. With the arm in the same position, the palm is then fully
supinated and the manoeuvre repeated. The test is considered positive if pain is elicited during
the first manoeuvre, and is reduced or eliminated with the second. Pain localized to the
acromioclavicular joint or “on top” is diagnostic of acromioclavicular joint abnormality,
whereas pain or painful clicking described as “inside” the shoulder is considered indicative of
labral abnormality. (O’Brien 1998)
Kibler’s (anterior slide) Test - The patient stands and the hand of the involved arm is placed
on the ipsilateral hip with the thumb pointing posteriorly. The examiner places one hand on the
glenohumeral joint line and places the other hand on the elbow. The examiner applies an axial
load in an anterosuperior direction from the elbow to the shoulder. The test is considered
positive if pain is experienced or a painful click occurs on the anterior or posterior joint line.
(Kibler 1995)
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Biceps load Tests
Biceps load test I - The test is performed with the patient in the supine position. The
examiner sits adjacent to the patient on the same side as the affected shoulder and gently grasps
the patient’s wrist and elbow. The arm to be examined is abducted at 90 degrees, with the
forearm in the supinated position. The patient is allowed to relax, and an anterior apprehension
test is performed. When the patient becomes apprehensive during the external rotation of the
shoulder, external rotation stopped. The patient is then asked to flex the elbow while the
examiner resists the flexion with one hand and asks how the apprehension has changed, if at all.
If the apprehension is lessened, or if the patient feels more comfortable than before the test, the
test is negative for a SLAP lesion. If the apprehension has not changed or if the shoulder
becomes more painful, the test is positive. The test is repeated and the patient is instructed not
to pull the whole upper extremity but to bend the elbow against the examiner’s resistance The
examiner should be sitting adjacent to the shoulder to be examined at the same height as the
patient, and he should also face the patient at a right angle. The direction of the examiner’s
resistance should be on the same side plane as the patient’s arm so as not to change the degree
of abduction and rotation of the shoulder. The forearm should be kept in the supinated position
during the test. (Kim 1999)
Biceps load test II - In the supine position, the arm is elevated to 120° and externally rotated
to its maximal point, with the elbow in the 90° flexion and the forearm in the supinated position.
The patient is asked to flex the elbow while resisting the elbow flexion by the examiner. The
test is considered positive if the patient complains of pain during the resisted elbow flexion. The
test is negative if pain is not elicited or if the pre-existing pain during the elevation and external
rotation of the arm is unchanged or diminished by the resisted elbow flexion. (Kim 2001)
Compression rotation Test - With the patient supine, a compression force is applied along
the axis of the humerus while the joint is being rotated in an attempt to trap the labral fragment
between the head and glenoid. An uncomfortable “clunk” may be associated with a labral tear.
(Snyder 1990)
Crank Test - The patient is upright with the arm elevated to 160 degrees in the scapular plane.
Joint load is applied along the axis of the humerus with one hand, whilst the other hand
performs humeral rotation externally and internally. The test is considered positive if pain is
elicited during the manoeuvre. A click may or may not be felt that reproduces the patient’s
symptoms of pain or catching. (Liu 1996)
New pain provocation - With the patient sitting and the upper arm abducted at 90-100
degrees, the shoulder is rotated externally by the examiner. The test is performed with the
forearm in two different positions: maximum pronation and maximum supination. The patient
is asked “in which position of the forearm do you feel more severe pain, in pronation or
supination?” If the patient is not clearly aware of a difference in the severity of pain, the
severity of provoked pain is considered the same for both positions. The test is considered
positive for a superior labral tear when pain is provoked only when the forearm is in the
pronated position or when pain is more severe in this position than with the forearm supinated.
(Mimori 1999)

Other labral tears
Yergason’s Test -The patients places his arm at the side with elbow flexed to 90 degrees and
the forearm pronated. The forearm is then supinated against resistance. The test is considered
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positive if pain over the bicipital groove and/or subluxation of the long head of biceps brachiiis
experienced. (Yergason 1931)
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APPENDIX 4

CRITERIA FOR SEARCH 2

1. exp Carpal Tunnel Syndrome/
2. exp Tenosynovitis/
3. exp Tendinopathy/
4. capsulitis.mp.
5. exp Bursitis/
6. exp Tennis Elbow/
7. epicondylitis.mp.
8. de Quervains.mp.
9. exp Ulnar Nerve Compression Syndromes/
10. exp Ulnar Neuropathies/
11. exp Cumulative Trauma Disorders/
12. exp arm injuries/
13. exp neck injuries/
14. exp shoulder impingement syndrome/
15. arm disease/cl, di or neck injury/cl, di or shoulder injury/cl, di
16. arm pain.mp.
17. shoulder pain.mp.
18. elbow pain.mp.
19. wrist pain.mp.
20. hand pain.mp.
21. 2 or 3 or 4 or 5 or 11
22. exp Upper Extremity/ or upper limb.mp.
23. 21 and 22
24. 1 or 6 or 7 or 8 or 9 or 10 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 23
25. exp musculoskeletal diseases/
26. exp occupational diseases/
27. 25 or 26
28. 24 and 27
29. occupation$.mp.
30. occupational risk factors.mp.
31. repetitive movement$.mp. [mp=ti, ab, sh, hw, tn, ot, dm, mf, nm, ui]
32. cumulative trauma.mp. [mp=ti, ab, sh, hw, tn, ot, dm, mf, nm, ui]
33. work related.mp. [mp=ti, ab, sh, hw, tn, ot, dm, mf, nm, ui]
34. keyboard.mp. [mp=ti, ab, sh, hw, tn, ot, dm, mf, nm, ui]
35. vibration.mp. [mp=ti, ab, sh, hw, tn, ot, dm, mf, nm, ui]
36. repeated movement$.mp. [mp=ti, ab, sh, hw, tn, ot, dm, mf, nm, ui]
37. lifting.mp. [mp=ti, ab, sh, hw, tn, ot, dm, mf, nm, ui]
38. computer mouse.mp. [mp=ti, ab, sh, hw, tn, ot, dm, mf, nm, ui]
39. hands above shoulder.mp.
40. lifting.mp.
41. 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40
42. 28 and 41
43. limit 42 to (english language and humans and yr="1990 -current")
44. Cochrane database of systematic reviews.jn.
45. meta?analysis.mp. or exp Meta-Analysis/
46. (systematic review or systematic literature review or literature review).mp.
47. "systematic review"/
48. Randomized Controlled Trials as Topic/
49. 44 or 45 or 46 or 47 or 48
50. limit 49 to (english language and humans and yr="1990 -current")
51. 43 and 50
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APPENDIX 5

CASE DEFINITIONS AT THE SHOULDER, ELBOW, AND DISTAL UPPER LIMB: COMPARISON OF
RELATIVE RISKS FOR VARIOUS OCCUPATIONAL EXPOSURES IN COMMON

(a) SHOULDER
Author
(comparisons)
Brant (2)
Frost (2)

Case definitions
(1)
Symptoms
At least moderate
pain, past 7 days

(2)
Symptoms + signs [“diagnosis”]
.... + substantial palpation tenderness in:
trapezius, levator, supraspinous or infraspinous
muscles
... + signs of impingement on examination
[supraspinatus tendinitis]
.... + pain in shoulder during resisted
supination with elbow flexed 900, tenderness
in bicipital tendon in palpation [bicipital
tendinitis]
... + unclear, but including tender points and/or
palpable hardenings in neck-shoulder region
[various unspecified diagnoses]
≥1 sign of indirect tenderness (painful arc test,
pain on isometric abduction, Jobe's test) + ≥1
sign of direct tenderness (Hawkin's test,
abduction internal rotation test) [supraspinatus
tendinitis]

Bovenzi (2)

Pain/discomfort for
>3/12, in past 12/12
Pain on most days
for 1 month, in past
12 months

Chiang (1)

Pain, past 30 days

Svendsen (10)

Troublesome
pain/discomfort, past
12 months

Svendsen (10)

As above + limited
daily activity
Shoulder pain in past
7 and 30 days

As above

Pain lasting >1 day
in past 7 days

Any of: rotator cuff tendonitis, adhesive
capsulitis, bicipital tendonitis, subacromial

Miranda (48)

Walker-Bone
(6)

Ratio (2)/(1)

LCLE2
> E1

Risk factors

Pain in the rotator cuff region for past 1 & 3
months + pain on resisted active movements
(abduction, external rotation, internal rotation,
painful arc)
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<1

>1 - <2

2 - <4

>4

Use of mouse (>30/wk)
Use of keyboard (>20 h/wk)

2

0

0

0

0

Slaughterhouse worker
(current/ past/never)
Hand-transmitted vibration
(two daily vibration dose
levels)

0

0

2

0

1

1

1

0

0

missing

Highly repetitive and sustained
forceful work vs. not

0

1

0

0

0

Upper arm elevation >900,
current % of working hours,
lifetime estimate for dominant
& non-dominant sides; high
job demands; low job control;
low support
As above

6

2

2

0

2

7

3

0

0

0

Driving a motor vehicle,
frequent and/or heavy lifting,
work with hands above
shoulder height, high hand
force, repeated hand or wrist
movements, hand-transmitted
vibration
Blue-collar worker; arm
elevated >1 h/day; carrying

14

12

20

2

8

4

0

0

2

1

bursitis, or acromioclavicular joint dysfunction
as defined in ref X and Table 8 [various
diagnoses]

weights on one side; high job
demands; low support; low job
control

All (n=81)

34

19

24

4

12

LCLE2>E1 = lower 95% confidence limit for case definition 2 > central estimate for case definition 1
(b) ELBOW
Author
(comparisons)

Case definitions

Bovenzi (2)

(1)
Symptoms
Epicondylar Pain on
most days for 1 month,
in past 12 months

Chiang (1)

Pain, past 30 days

ViikariJuntura (6)

Pain in past 7 days

Walker-Bone
(5)

Pain lasting >1 day in
past 7 days

Ono (2)
Ritz (4)

Shiri (2)

Examination 1
Lateral (medial)
epicondylar palpation
tenderness
Palpation tenderness at
epicondyle + pain on
extension/flexion of
wrist/fingers with
extended elbow
Epicondylar palpation
tenderness and/or pain

Ratio (2)/(1)

Risk factors

(2)
Symptoms + signs (“diagnosis”)
... + tenderness at lateral/medial epicondyle,
pain in resisted flexion/extension of fingers &
wrist with elbow flexed, epicondylar palpation
tenderness [epicondylitis]
Local tenderness, pain in resisted extension/
flexion of wrist and fingers, and decreased
hand grip vs. opposite hand [epicondylitis]
Epicondylar tenderness

LCLE2>
E1

<1

>1 to <2

2 to <4

>4

Hand-transmitted vibration
(two daily vibration dose
levels)

0

2

0

0

missing

Highly repetitive and sustained
forceful work vs. not

1

0

0

0

0

Packers, sausage makers, meat
cutters, strenuous jobs vs. nonstrenuous jobs (by sex)
Blue-collar worker; elbow
bending >1 h/day; high job
demands; low support; low job
control

2

4

0

0

0

3

2

0

0

0

Nursery school cooks (either
arm) vs. controls

0

1

0

1

0

+ .... pain on lifting a chair

10+ yrs of moderate or high
elbow-straining work,
separately for current &
former job

2

2

0

0

0

Epicondylar pain on resisted active wrist
extension (flexion)

Forceful activities; repetitive
movements of hands or wrists

0

2

0

0

0

... in lateral (medial) elbow + tenderness over
lateral (medial elbow) + pain over lateral
(medial) elbow region in resisted active
extension (flexion) of the wrist [epicondylitis]
Examination 2
Lateral (or medial) epicondylar pain on
resisted active extension (flexion) of the wrist
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Lassen (26)

Lassen (26)

on resisted active wrist
extension (flexion)
Symptoms 1
Any elbow discomfort/
pain in past 12 months

[‘definite’ vs. ‘possible’ epicondylitis]

New pain/discomfort ,
past 12 months, absent
at baseline

New pain/discomfort for >30 days + at least
'quite a lot of trouble' over past 12 months,
absent at baseline (incident ‘severe’ pain)

Symptoms 2
Any pain/discomfort for >30 days + at least
'quite a lot of trouble' in past 12 months
(‘severe’ pain)

Mouse use (h/wk); keyboard
use (h/wk); arm/wrist support
for mouse or keyboard use;
abnormal mouse/keyboard
position; work chair/desk not
adjusted; high strain index;
high job demands; low control;
low support; high time
pressure; dissatisfied with
work design
As above

All (n = 74)

8

18

0

0

0

13

12

1

0

0

29

43

1

1

0

>4

LCLE2>
E1

(c) DISTAL UPPER LIMB
Author
(comparisons)

Case definitions
(1)

WRIST/HAND
Bovenzi (2)

Symptoms
Pain on most days for
1 month, in past 12
months – hand

Bovenzi (2)
Chiang (1)

As above - wrist
Pain, past 30 days,
wrist

Chiang (1)

Pain, past 30 days,
hand
Discomfort on any day
in past 7 days with
severity ≥6 on visual

Marcus (13)

Risk factors

(2)
Symptoms + signs [“diagnosis”]
pain/numbness/ tingling, distribution of
median nerve + Tinel's/Phalen’s sign, reduced
sensitivity to touch/pain in 3 & a half fingers
on radial hand, weakness in pinch/grip [CTS]
As above
All of: 1) pain, numbness, or tingling in
median nerve innervated fingers; 2) +ve Tinel's
or Phalen's sign; 3) onset in current job; 4) not
due to systemic disease or injury [CTS]
As above
... + any of: medial or lateral epicondylitis,
flexor carpi radalis tendonitis, flexor carpi
ulnaris tendonitis, digital flexor tendonitis,
76

<1

Ratio (2)/(1)
>1 to <2
2 to
<4

Hand-transmitted vibration
(two daily vibration dose
levels)

0

2

0

0

missing

As above
Highly repetitive and sustained
forceful work vs. not

0
1

0
0

2
0

0
0

missing
0

As above

0

1

0

0

0

Prescribed degrees of
keyboard wrist ulnar deviation;
mouse wrist ulnar deviation;

8

5

0

0

0

analogue scale; or
discomfort of any
severity plus reported
use of medication

extensor tendonitis, intersection syndrome,
trigger finger, CTS, or ulnar neuritis, as
defined in reference 144 [various diagnoses]

Walker-Bone
(6)

Pain lasting >1 day in
past 7 days

Walker-Bone
(6)

As above

Barnhart (1)

Hand pain (right)

... + dorsal wrist pain on resisted extension of
fingers or palmar wrist pain on resisted
flexion of fingers or medial wrist pain on
resisted medial wrist movement or radial wrist
pain on resisted radial wrist movement
[tenosynovitis]; or ...radial pain + tenderness
over radial wrist + positive Finklestein’s test
[de Quervain’s]
.. in fingers, with Heberden’s nodes or
.. in thumb base with local tenderness
(osteoarthritis, DIP joints or thumb base)
...+ either Tinel’s or Phalens’s test positive
[CTS]

Barnhart (1)

Nocturnal hand pain
(right)
Clinical
Positive Tinel’s or
Phalens’s test
Tingling ≥1x/wk + >1
of 3 radial fingers
≥1/wk, alone or with
numbness or pain
consistent with CTS –
working hand
Nocturnal +/- diurnal
numbness, tingling,
burning, or pain in >1
of first 3 fingers, in
past 1 month (Katz
diagram)

Barnhart (1)
Thompsen (2)

Bonfiglioli (3)

As above
Clinical + investigation
.... + nerve conduction – distal sensory latency
of median minus ulnar nerve > 0.5 ms [CTS]
.... + distal sensory latency at digit II <50 m/s
or abnormal median distal motor latency, wrist
to APB vs. control group [CTS]

.... + reduction in sensory conduction velocity,
wrist to palm (according to Rempel) [CTS]

77

mouse wrist extension angle;
distance to J key from table
surface or table edge; keyboard
activation force. Also, wrist
rest; sharp leading edge on
table surface
Blue-collar worker; typing >1
h/day; repetitive movements >
4h/day; high job demands; low
support; low job control

5

0

1

0

0

As above

2

4

0

0

0

Repeated /sustained flexion,
extension or ulnar deviation of
wrist by 45°, radial deviation >
30°, or pinch type grip
As above

0

0

1

0

1

0

0

1

0

1

As above

0

0

1

0

0

Hrs/wk of repetitive work (e.g.
data entry, loading/opening
envelopes, sorting forms);
h/wk of forceful work (e.g.
emptying/sorting letter boxes)

0

2

0

0

0

Full-time or part-time work as
a cashier (classified as having
repetitive movements and
force) vs. not; previous ‘atrisk’ job vs. not

3

0

0

0

0

Andersen (24)

Lassen (26)
Lassen (26)
Reading (4)

Shiri (18)

FOREARM
Kryger (25)

Symptoms 1
Tingling/numbness at
least once/week within
last 3 months in the
right hand

Symptoms 2
Tingling/numbness at least once/week within
last 3 months in the right hand – in the median
nerve distribution and at night [CTS]

Any hand/wrist pain/
discomfort, past 12
months
Any new discomfort/
pain, past 12 months,
absent at baseline
Numbness/tingling in
‘limited’ median
distribution

Any pain/discomfort for >30 days + at least
'quite a lot of trouble' in past 12 months
(‘severe’ pain)
Any new pain/discomfort for >30 days + at
least 'quite a lot of trouble', past 12 months,
absent at baseline (incident ‘severe’ pain)
Numbness/tingling in ‘extensive’ median
distribution – for definitions see ref X [CTS]

Examination 1
‘Possible’ CTS – i.e.
symptoms in 1 of 3
radial digits + findings
in 1 of 4 tests and/or
‘Probable’ CTS (see
next column)

Examination 2
Probable’ CTS - symptoms (pain/tingling/
reduced sensation) in 2 of 3 radial digits +
findings in 2 of 4 tests (Tinel’s test, carpal
compression test, reduced sensation in median
nerve distribution, weakness of thumb
abduction/wasted thenar eminence)

Symptoms 1
At least moderate
forearm pain, past 7
days

Symptoms 2
Quite a lot of pain/discomfort for > 30 days in
past 12 months

All (n=162)

78

Mouse use (h/wk); keyboard
use (h/wk); arm/wrist support
for mouse or keyboard use;
abnormal mouse/keyboard
position; work chair/desk not
adjusted; high strain index;
high job demands; low control;
low support; high time
pressure; dissatisfied with
work design
As above for Andersen

15

9

0

0

0

12

14

0

0

0

As above for Andersen

13

11

2

0

2

Bending & straightening
elbow, >1 h/d; keyboard use
>4 h/d; carrying weights of >5
kg in one hand; repeated wrist
or finger movements, >4 h/d

1

0

3

0

0

In former or latest job or both:
hands above shoulder, >1 h/d;
handling loads; repeated
hand/wrist movements, >2h/d;
high hand grip forces, >1 h/d;
work with vibrating tools, >2
h/d

4

14

0

0

0

As above for Andersen

20

5

0

0

0

84

67

11

0

4

79

Published by the Health and Safety Executive

04/11

Health and Safety
Executive

Improving the diagnostic criteria for
work-related upper limb disorders for use
in prevention and patient care
Musculoskeletal disorders of the upper limb (ULDs)
may be caused or aggravated by work, and may limit
capacity to work. However, their optimal classification
remains controversial, with substantial disagreement
among experts.
We propose five requirements of a satisfactory
classification scheme: 1) definitions that are clear, well
documented, unambiguous and feasible to apply; 2)
relevant and credible coverage; 3) repeatable findings;
4) agreement with a good reference standard (where
there is one); and 5) practical utility in informing followon actions, such as risk control and better patient care.
The evidence on classification by these criteria
has been explored through literature searches and
consultation with research experts from Europe and
North America.
We conclude that several schemes fulfil criteria 1-3,
though the fourth is limited by questionable reference
standards. Regarding utility, simple case definitions
serve as well as complex ones for many preventive
applications, including surveillance; differences are
also sufficiently small to encourage data pooling.
Less is known about optimal case definitions to
guide patient care, and recommendations to improve
research reporting are offered.
Optimal case definitions may vary with purpose.
However, there is scope for moving towards a simpler,
more rational, and better harmonised approach to
classifying ULDs in many circumstances.
This report and the work it describes were funded by
the Health and Safety Executive (HSE). Its contents,
including any opinions and/or conclusions expressed,
are those of the authors alone and do not necessarily
reflect HSE policy.
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