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Measurement Scales in Clinical Research of the Upper Extremity,
Part 2: Outcome Measures in Studies of the Hand/Wrist and
Shoulder/Elbow
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Warren Hammert, MD, Jerry Huang, MD, Lisa Lattanza, MD, Joy Macdermid, PhD, Greg
Merrell, MD, David Netscher, MD, Zubin Panthaki, MD, Greg Rafijah, MD, Douglas Trczinski,
MD, and Brent Graham, MD [Chair] for the American Society for Surgery of the Hand
Clinical Trials and Outcomes Committee

American Society for Surgery of the Hand, Chicago, IL

Abstract

Part 1 of this article outlined the basic characteristics of useful clinical measurement instruments
and described scales used to measure general health, pain, and patient satisfaction. Part 2 describes
the features of some of the scales most commonly used in clinical research in the hand, wrist,
elbow, and shoulder.
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HAND AND WRIST

The scales that dominate the measurement of outcomes related to the hand and wrist are the
Disabilities of the Arm, Shoulder, and Hand (DASH)? and the Michigan Hand Outcomes
Questionnaire (MHQ).2 The Upper Extremity Function Scale3 is also a region-specific
instrument. The Patient-Related Wrist Evaluation (PRWE)* focuses solely on wrist function.
A number of disease-specific scales are relevant to the hand, including the Boston Carpal
Tunnel Questionnaire,® the Health Assessment Questionnaire (HAQ)® and the Arthritis
Impact Measurement Scale (AIMS),” the latter 2 of which measure outcomes related to
rheumatoid arthritis,® and the Australian/Canadian Hand Osteoarthritis Index® which focuses
on osteoarthritis.

Disabilities of the Arm, Shoulder, and Hand, and Hand/Upper Extremity Function Scale

The performance characteristics of the DASH were reviewed in Part 1. Briefly restated, the
scale is reliable, valid for a wide variety of conditions and treatments affecting the hand and
wrist, and has a known minimally clinically importance difference. The responsiveness of
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the instrument varies with the condition under evaluation, and this is related both to its focus
on disability and the fact that the hand and wrist are components of the entire upper
extremity.

The distinction between the constructs of “disability” and “function” is important. Disability
is reported by patients and can vary substantially for a given amount of clinician-measured
impairment in domains such as strength or movement. There has been a substantial and
growing body of evidence linking patient-perceived disability to psychosocial factors such as
catastrophization. As a result, disability might correlate poorly with impairment and with the
idea of function. Functionis a general term that implicitly includes dimensions of
movement, strength, joint stability, pain, and, in the hand, even cosmetic appearance. The
multifaceted nature of the term function is not usually acknowledged, and because most of
these constructs are not actually measured when function is used a result, the report of
function as a concept actually has limited usefulness. Disability and function might be
related, but they are by no means equated with one another.

The DASH will be responsive when the changes being measured are due to changes in
patient-reported disability and when these changes are reflected in the upper extremity as a
whole. Conditions that are not, in general, associated with much disability for most patients
or that have an impact on only a small aspect of overall upper extremity health should not be
evaluated using the DASH because it is unlikely to be sufficiently responsive.

A shorter form of the DASH, the QuickDASH has also been developed and found to have
the same psychometric characteristics as the longer instrument.19 This scale might be more
appropriate in some clinical research settings.

The Michigan Hand Outcomes Questionnaire

The MHQ is in wide use in the evaluation of outcomes related to the hand. It seeks to
measure 6 domains of hand function: overall hand function, activities of daily living, pain,
work performance, hand appearance, and patient satisfaction. It represents a status
instrument that can be used to evaluate the condition of the hand and its related functions
and the impact of treatment. The separation of items into a variety of domains is a
particularly useful feature that improves the sensibility of the instrument. The MHQ has
excellent reliability and has been shown to be valid and responsivell for a wide spectrum of
conditions affecting the hand, including rheumatoid arthritis and other inflammatory
arthropathies, and also for hand injuries. The internal consistency of the instrument is high,
meaning that multiple, closely related facets of hand performance are being measured. This
probably accounts for its reliability. The minimally clinically important difference has also
been established.1? The instrument has also been translated into a number of languages.

The inclusion in the MHQ of a scale that measures the aesthetic status of the hand is a
unique and interesting component because this is often overlooked in patients with injuries
and diseases in the hand, but this domain has clear importance. This substantially broadens
the scope of the MHQ and increases its appeal and usefulness as a summation of hand status.
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The satisfaction scale of the MHQ involves 3 questions that relate to satisfaction with overall
functioning of the hand. There have been no studies specifically testing the validity of this
set of questions, but it is likely that, as an aggregate, they are more useful than a single item
simply asking about satisfaction in general. An abbreviated version of the MHQ, the Brief
MHQ has been developed primarily for clinical use.13 The full instrument is recommended
for research purposes.

Patient-Related Wrist Evaluation or Patient-Rated Wrist/Hand Evaluation

The PRWE is a 15-item scale that has been used in more than 70 published wrist/hand
studies. The items are scored ona0 to 10 numeric rating scale and include 3 subscales: a 5-
item pain scale, 6 specific functional tasks, and 4 items that address usual activity/role in the
areas of self care, household work, occupation, and recreation. The Patient-Rated Wrist/
Hand Evaluation (PRWHE) is identical to the PRWE except that “wrist” is replaced with
“wrist/hand.” The PRWHE also includes a question relating to hand appearance.14 The
reliability of both of these scales has been established for the full instrument, as well as for
the individual subscales.1® This is an important feature because it suggests that the
individual subscales can provide useful and reproducible data if they are used outside the
full instrument. The scale has been validated for use in a number of languages.

Reports of the minimally clinically important difference have varied somewhat but appear to
be clustered around a difference of approximately 10 points. The responsiveness of both the
PRWE and PRWHE is similar to that of the MHQ.

Upper Extremity Function Scale

The Upper Extremity Function Scale also seeks to evaluate integrated upper extremity
function.? It is a brief, 8-item scale that has been shown to be valid for the evaluation of
carpal tunnel syndrome. The scale has not been shown to be well correlated with impairment
measures in the hand, suggesting that, like the DASH, it measures a construct that reflects
some integrated facet of function that is only partly related to physician-measured
impairment.

Boston Carpal Tunnel Syndrome Scale

The Boston Carpal Tunnel Syndrome Scale represents a status instrument for a single
condition, carpal tunnel syndrome, although it could conceivably be used in the same
capacity for the evaluation of a similar condition such as cubital tunnel syndrome. The
instrument comprises 2 subscales, one that evaluates symptoms and one that assesses
function. Both subscales comprise a series of questions scored on a Likert scale. Although
this instrument is not intended to be a diagnostic instrument, it is often used in this way,
presumably on the assumption that a low score indicates little or no symptoms or functional
impairment attributable to carpal tunnel syndrome. Conversely, higher scores indicate
symptoms and functional limitations related to this diagnosis. The main use of the
instrument is in measuring change in status, usually as a result of treatment. The scale is
reliable, valid, and responsive.16 The minimally clinically important difference has been
established.1’
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Arthritis Impact Measurement Scale; Health Assessment Questionnaire

Both the AIMS and the HAQ were developed as measures of disease activity in rheumatoid
arthritis. The HAQ has also been used as a measure of disease impact in osteoarthritis. Both
evaluate the overall impact of the condition and do not focus on hand function specifically.
They are patient-reported measures that reflect disability more than impairment. There are
abbreviated versions of both instruments that have been shown to be valid. The use of the
AIMS or HAQ in clinical research related to the upper extremity should probably be limited
to a complementary role reflecting overall disease impact when the topic is rheumatoid
arthritis. In many instances, general health is better measured using a generic health measure
such as the SF-36.

Australian/Canadian Hand Osteoarthritis Index

The Australian/Canadian Hand Osteoarthritis Index is similar to the Boston Carpal Tunnel
Syndrome Scale in its focus on a single disease, osteoarthritis. The focus on hand symptoms
and function makes it an attractive alternative to the AIMS or HAQ. It comprises 15 scored
questions that measure symptoms and function. It correlates well with impairment measures
in the hand, such as grip and pinch strength, and has been found to be both valid and
reliable.1® The minimally clinically important difference has been established.1?

SHOULDER

Roy et al20 have published an extensive review of the 4 main outcome measures used to
measure shoulder function, the DASH, the Shoulder Pain and Disability Index (SPADI), the
American Shoulder and Elbow Surgeons score (ASES) and the Simple Shoulder Test (SST).
They noted that these 4 instruments were the most extensively studied and, as a result, had
the most clearly understood psychometric properties among the large number of instruments
that have been developed for the study of shoulder function.

Overall, all 4 instruments have similar performance characteristics in the main areas of
validity, reliability, and responsiveness. They are approximately equivalent with respect to
the burden placed on patients to complete the instrument, requiring 5 or fewer minutes for
each scale. They are also highly correlated with one another because they more or less
measure the same, or closely related, constructs. In some measure, this might make the
choice of instrument somewhat easier because their overall performance is similar. The best
choice for a specific study might be the instrument that other studies in the field have used,
for example, for the evaluation of a particular intervention. Many papers report the outcomes
on more than one of these scales. The usefulness of this approach is dubious, but there is a
burden placed on patients in having them complete more than one scale, especially when the
additional information relating to outcome is likely to be minimal. All 4 of instruments have
been found to have relatively low responsiveness in studies of patients with shoulder
instability.2122 The minimally clinically important difference has been established for the
DASH, SPADI, and ASES.20

J Hand Surg Am. Author manuscript; available in PMC 2018 February 22.
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Disabilities of the Arm, Shoulder, and Hand

The DASH has been found to have excellent reliability in multiple studies of a variety of
shoulder conditions. Reliability has been found to exceed that of the SPADI and ASES in the
assessment of shoulder arthroplasty results.22 The DASH has also been shown to have better
reliability than SPADI for the assessment of conditions such as rotator cuff impingement.
The DASH has also been found to have excellent construct validity for shoulder-related
disability. Although responsiveness of the DASH is satisfactory, it is somewhat less than that
of the other 3 instruments commonly used to assess the shoulder. As is true for the
assessment of outcomes in the hand and wrist, this might be due to its measurement of a less
sharply focused construct, disability, as well as its evaluation of the entire extremity rather
than on the shoulder alone. Floor and ceiling effects are less with the DASH than with
generic health measures such as the SF-36, consistent with its greater responsiveness to
shoulder problems.

Simple Shoulder Test

The SST is a 12-item patient report that has been shown to cover 2 constructs, functional
capacity of the shoulder and shoulder comfort at rest.24 The reliability of the SST has been
found to be excellent and has marginally exceeded the other instruments in this property in
most studies. This might be related to the fact that all the items are answered with a yes/no
dichotomous response. Like the other instruments, the SST has been shown to be valid and
strongly correlated not only to the other heavily used scales but as also to a variety of other,
less commonly used shoulder scales.20 The responsiveness of the SST has been less studied
than the other instruments have. When it has been studied, its best responsiveness has been
in the evaluation of rotator cuff surgery outcomes, in which it outperformed the DASH for
this particular parameter.25 It has also been found to be responsive in evaluating outcomes
after shoulder arthroplasty.20

Shoulder Pain and Disability Index

The SPADI is a 13-item patient report of shoulder pain and disability. The responses are
made on a visual analog scale, combined, and then scaled to a 100 point sum, where 0 is the
best score possible. Like the other instruments, the SPADI has been shown to have excellent
reliability and construct validity.28 The SPADI has been shown to have its best
responsiveness in the evaluation outcomes of rotator cuff surgery. It is less responsive than
both the ASES and the DASH in the evaluation of results after shoulder arthroplasty.

American Shoulder and Elbow Surgeons Score

The main constructs evaluated by the ASES are pain, which is assessed on a visual analog
scale, and function, which is surveyed on 10 items, each of which are responded to on a 4-
point ordinal scale. The ASES also has been shown to have excellent reliability in a number
of studies.27-28 Highly correlated as it is with the other instruments, ASES also has excellent
validity. The responsiveness of the ASES has been found to exceed that of the other scales in
the evaluation of outcomes from shoulder arthroplasty.23

In addition to these 4 instruments the Constant-Murley score is also in wide use in the
evaluation of outcomes from the treatment of shoulder conditions.2® It combines elements of

J Hand Surg Am. Author manuscript; available in PMC 2018 February 22.
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patient reports, such as conduct of activities of daily living and pain, as well as impairment
measures, such as strength and range of motion. Although it has not been as fully evaluated
as the other 4 commonly used measures, it has been validated for a wide spectrum of
conditions and treatments, including shoulder arthroplasty, rotator cuff repair, and fractures
of the proximal humerus. The scale has good reliability and is strongly correlated with other
instruments, including the 4 most heavily studied scales. The Constant-Murley score has
also been found to be responsive, especially for the evaluation of results of rotator cuff
surgery and shoulder arthroplasty. The minimal clinically important difference has not been
established. The combination of both patient report elements and impairment measures
might make an overall summation of results difficult to evaluate if this is the only outcome
measured; however, in instances in which this is the goal, the Constant-Murley score may be
especially useful.

Given that all the measures are relatively highly correlated, the choice of one instrument
over another should be dictated by the specific needs of the research question.

Mayo Elbow Performance Score

The Mayo Performance Elbow Score (MEPS) was developed from the anecdotal experience
of one surgeon.3% The MEPS evaluates 4 domains: pain, range of motion, stability, and
function. The function component evaluates activities of daily living that involve elbow
function. The successful completion of these activities of daily living requires a combination
of motion, strength, and stability and, as such, represents an internal validity test of the
constructs directly aimed at measuring these constituent domains. The scoring system
involves an ad hoc weighting of the various components so that a maximum score of 100
points is possible. The scores have been assigned arbitrary categorical rankings of excellent,
good, fair, and poor.

Although it was not created using the standard principles of measurement instrument
development, the MEPS has become one of the most widely used scales for assessing
outcomes related to the elbow in the literature. De Boer3! reported that the intra-rater
reliability of the MEPS was good to excellent. However, the MEPS suffered from poor
internal consistency and poor inter-rater agreement, especially for the physician-reported
subscale of stability. De Boer noted that the poor internal agreement of the MEPS was the
result of its nature as a clinical outcome tool that seeks to produce the greatest predictive
power. Therefore, each item of the scale adds a distinctive contribution to the assessment
that is not redundant; hence, its relatively poor internal consistency. This is probably the
main factor contributing to its good intra-rater reliability but poor inter-rater reliability.

Several studies have attempted to evaluate the validity of the MEPS, the most comprehensive
of which was reported by Turchin.32 This study compared the validity of 5 elbow scoring
systems, including the MEPS. The main conclusion was that the raw scores of the various
measures were relatively well correlated; however, the categorical rankings were poorly
correlated because the operational definitions for these were arbitrarily set. This study noted
that the MEPS had good sensibility and did not require special equipment. The MEPS was

J Hand Surg Am. Author manuscript; available in PMC 2018 February 22.
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found to be highly discriminating for patient-rated pain severity and demonstrated excellent
discriminant validity on the physician-rated variables. The MEPS is valid for the assessment
of outcomes for treatment of the elbow, but raw scores rather than the clinical
categorizations of excellent, good, fair, and poor are recommended.

In contrast, De Boer3! demonstrated moderate correlation with radiographic findings and no
statistical correlation to isolated measures of impairment, including range of motion. Range
of motion was found to be a poor indicator of elbow function in general. The MEPS also
demonstrated poor validity when used to assess the nondominant elbow. In many instances,
a comparison to the opposite elbow or to radiographs would be important, and thus, for these
uses, the MEPS has impaired criterion validity. The MEPS has also been found to be less
responsive than other similarly designed outcome measures, such as the Elbow Function
Assessment (EFA).

Floor and ceiling effects have not been identified, suggesting that the MEPS represents a
good overall assessment of the elbow across many different clinical settings. As a clinically
derived scale, it also has good sensibility. Several studies have suggested that pain is the
strongest predictor of physician-related or patient-related scores. Objective factors are more
poorly correlated with overall outcome than is pain. The evaluation of the MEPS by
Doornberg33 found that pain alone accounted for up to 66% of the variance in the final
score. They concluded that all the scales measure function consistently, but the dominant
factor that is being measured and weighted is pain.

Oxford Elbow Score

The Oxford Elbow Score (OES) is a 12-item, patient-centered outcome questionnaire.3* The
OES has demonstrated excellent internal consistency and reliability. In addition, the scale
correlates well with the MEPS, DASH, and SF-36, suggesting satisfactory overall
convergent validity. The responsiveness of the OES is comparable to that of the DASH and
the SF-36.3% Most of the questions on the OES relate to disability in upper extremity
function secondary to impairment of elbow function, so it would be expected that the
performance of the OES would parallel that of the DASH. The OES should be used in the
same way as the DASH, in the measurement of self-reported disability, and might be more
useful in isolating overall upper extremity disability to the elbow specifically.

Liverpool Elbow Score

The Liverpool Elbow Score (LES) has 2 major components, a physician-derived clinical
assessment and patient-centered questions regarding functional outcome.36 The developers
of the scale also report that it has excellent internal consistency and reliability. Like the OES,
the LES is well correlated with the DASH, suggesting good construct validity for the
measurement of disability. The scale has been found to have good responsiveness to change
over time, independent of diagnosis, suggesting that the scale might be applicable across a
broad range of clinical scenarios. The developers of the scale report that pain accounts for
only 11% of the score compared to other systems that weight pain as 40% to 60% of the
total score. It is unclear whether this should be seen as an advantage or disadvantage of this
instrument.

J Hand Surg Am. Author manuscript; available in PMC 2018 February 22.
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When used as a mailed questionnaire, the LES correlated well with the MEPS, a potentially
useful attribute for some study designs.

Elbow Function Assessment

The EFA measures a combination of patient and physician-reported outcomes across 3 main
domains: pain, ability to perform activities of daily living, and a motion assessment. The
developers of the scale3! report that the EFA demonstrated better validity than the MEPS for
comparisons between dominant and nondominant elbows, a substantial consideration for
some study designs. Internal consistency is high. The correlation between EFA scores and
radiographic findings was rated as fair.

Later studies3” have shown that the EFA is more responsive to change than the MEPS and
better able to detect clinically meaningful difference. Among the tested instruments, which
included the MEPS, the EFA had the best discriminative ability to distinguish improved
from unchanged patients.

In conclusion, the choice of an outcome measurement scale should always be dictated by the
needs of the research question. In many instances, the use of a series of scales is appropriate.
For conditions that have an impact on overall health, generic health measures are
informative as a reflection of general health status. Among these, the SF-36 has been the
most widely tested. When disability is the focus, the DASH might be the best choice
whether the condition of interest most impacts the shoulder or wrist/hand. Disability
specifically related to the elbow might be better evaluated with a region-specific instrument
such as the OES or LES.

Region-specific scales such as the MHQ and PRWE or any of the well-established shoulder
scales are the best choices for studies that are not necessarily focused on the construct of
disability. The best instrument for evaluation of the elbow appears to be more dependent on
the specific research question because the various scales perform differently for various
conditions. This is probably a reflection of the content of each individual scale.

A disease-specific scale might be most sensitive to changes related to treatment for the
condition for which the instrument was designed. The best example of this would be the
Boston Carpal Tunnel Syndrome Scale for the assessment of outcomes after treatment of
carpal tunnel syndrome.
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