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Study Design: Systematic review.
Introduction: The Patient-Rated Elbow Evaluation (PREE) and the self-report section of the American
Shoulder and Elbow Surgeonsdelbow form (pASES-e) are 2 patient-reported outcome measures
(PROMs) commonly used to assess pain and disability arising from elbow disorders.
Purpose of the Study: To systematically review and summarize the quality and content of the evidence
that is available on the psychometric properties of the PREE and pASES-e.
Methods: We systematically searched the online databases PubMed, EMBASE, ProQuest, Scopus, Cumu-
lative Index to Nursing and Allied Health Literature, UptoDate, ProQuest Dissertations & Theses, and
Google Scholar. Ninety-one articles were retrieved, and after screening, 9 were included in the final
analysis. Data extraction and quality appraisal was performed by 2 independent raters. Descriptive
synthesis of the reviewed studies was completed.
Results: Seven of the 9 studies had a quality score of 75% or higher. Agreement between the raters was good
(kappa, 0.81). Both the PROMs did not demonstrate any floor and ceiling effects except for the satisfaction
subscale of the pASES-e. Factor analysis revealedmultidimensionality in the function subscale for both the
PROMs. Construct validity was goodwith correlations above 0.70. Bothwere highly reliablewith interclass
correlation coefficient of >0.90. They were also highly responsive with an effect size and standardized
response mean above 1. The minimal clinical important difference was not estimated for either measures.
Discussion: This study concluded that strong clinical measurement properties exist for both the PREE and
the pASES-e. We identified gaps in the current evidence for both the ASES-e and the PREE. Future studies
need to calculate clinically important estimates like MCID, SEM, and others; and provide clear and
specific conclusions.
Conclusion: The PREE and pASES-e have been established to be valid, reliable, and sensitive to change in
both clinical and research settings based on high-quality evidence.
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Patient-reported outcome measures (PROMs) are commonly used
to measure pain and disability. This is consistent with the policy of
patient-centered care where patients are empowered to make
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informed decisions regarding their health status and its manage-
ment.1,2 PROMs should be able to accurately assess a person’s health
status and detect change in the state of health as it evolves. Hence,
these measures require rigorous evaluation of their measurement
properties. It is important for the clinicians to ensure that the PROMs
they use are valid and reliable, so that they can be confident about the
results they obtain and the inferences they make.3 Clinical utility is
another issue to consider with the use of PROMs. Administrative
burden (ie, time, cost, and ease of calculating final scores) and patient
burden (ie, reading level, ease of completion, time required) are
important factors that determine the clinical utility of a PROM.

Evidence about the clinical measurement properties of a PROM
requires testing of different clinical measurement properties, patient
populations, and contexts; hence it is rarely accomplished in a single
study. Therefore, it is important to identify, evaluate, and synthesize
the pool of evidence that establishes a greater understanding of
measurement performance of different tools. Systematic reviews of
clinical measurement studies should provide an unbiased synthesis
of the body of literature supporting specific applications of different
PROMs and thereby assist clinicians by accessing the best evidence
for selection and application of PROMs for their practice.

Two joint-specific PROMs that are commonly used to assess pain
and disability that follow elbow disorders are the Patient-Rated
Elbow Evaluation (PREE)4,5 and the self-report section of the
American Shoulder and Elbow Surgeonsdelbow form (pASES-e).6

Recently, the PREE has been recommended as one of the mea-
sures in the score set to assess patients with elbow disorders.7 This
score set was established for the purpose of measuring quality of
life and objective and subjective functions in general elbow pa-
thologies.7 Cross-cultural adaptations of these tools are also
emerging.8-10 For the aforementioned reasons, we have included
the PREE and pASES-e in the current systematic review.

A previous systematic review has focused on evaluating several
rating systems of the elbow.11 There were some potential pitfalls in
that study. First, they had a broad research question with a strict
inclusion and exclusion criteria, which may have resulted in
exclusion of studies that could have potentially driven the
conclusion of the review.11 Furthermore, the authors of this review
only searched 1 database (PubMed).11 This created the potential for
selection bias and missing evidence that might have been obtained
through other electronic databases (ie, Scopus, ProQuest). Previous
studies have shown that a search of PubMed alone does not identify
all relevant articles.12,13 The et al11 did not include studies from
languages other than English or non-English versions of the PROMs.
This may have led to language bias. Some of the articles that were
missed in this systematic review had the potential to change the
conclusions on the quality of the PREE. The pASES-e was not
included in the review. Hence, the purpose of the present studywas
to perform a comprehensive systematic review of the literature and
summarize the quality and content of the evidence that is available
on the psychometric properties of the PREE and pASES-e.

Materials and methods

Description of the measures

Patient-rated elbow evaluation
The PREE was developed in the year 2000. It is a 20-item PROM

that evaluates pain and disability arising from elbow disorders.4,5 It
has 2 sections, namely, pain and function. The pain section (5 items)
is scored on an 11-point ordinal scale where 0 represents did not
have any pain and 10 represents the worst pain you have ever
experienced. The function section has 15 items. The function section
is further subdivided into specific activities (11 items) and usual
activities subscales (4 items). Each of the items is scored on an 11-
point ordinal scale where 0 represents no difficulty and 10 repre-
sents unable to do. The total score is calculated out of 100, where
pain and disability are equally weighted. The higher the PREE total
score, the greater the pain and disability.14

American shoulder and elbow surgeonsdelbow form (self-report
section)

The pASES-e is an 18-item PROM with 3 sectionsdpain, func-
tion, and satisfaction.6 The pain section (5 items) is scored on an 11-
point ordinal scale, where 0 is no pain and 10 is the worst pain ever.
The function section (12 items) evaluates both the affected and
unaffected arms and is scored on a 4-point ordinal scale with
0 (unable to do) and 3 (not difficult). The greater the total score, the
greater the disability. The satisfaction section has 1 item asking
patients to rate their satisfaction from treatment on an 11-point
ordinal scale where 0 represents not at all satisfied and 10 very
satisfied. There is no total score for the pASES-e.

Search strategy
Literature searchwas completed by one of the authors (JIV); search

yield was verified with another author (JCM). Electronic databases
PubMed, EMBASE, Scopus, ProQuest, Cumulative Index to Nursing and
Allied Health Literature, UptoDate, ProQuest Dissertations & Theses,
and Google Scholar along with specific journals like Hand, Journal of
Orthopaedic & Sports Physical Therapy, and the Journal of Hand Therapy
were searched; also reference lists were retrieved from articles and
used to identify potential articles that could have been missed during
the regular search. Because these questionnaireswere developed after
1995, these databases were searched from January 1995 to May 2015,
in all languages. Three groups of search terms were used in various
combinations using ANDs and ORs (Appendix A). The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guide-
lines15 were followed in reporting the search strategy (Fig. 1).

Selection criteria
Articles were included in the review if they met the following

inclusion criteria: (1) measurement of at least 1 psychometric
property of either the PREE or the pASES-e (clinical measurement
properties are listed in Table 1) and (2) inclusion of subjects with any
elbow disorders. Studies were excluded if there were no statistical
values mentioned to verify the results. The title/abstracts from the
search yieldwere screened by 2 independent reviewers based on the
inclusion criteria. Full articles were retrieved for the selected articles.
After this, the final set of articles that met the inclusion criteria were
selected by the 2 reviewers and subjected to quality appraisal. There
was no discrepancy among the reviewers in study selection.

Quality appraisal
A pair of raters independently conducted a quality appraisal of

the articles retrieved based on the inclusion criteria. The quality
appraisal of the included studies was assessed using a previously
developed quality appraisal tool developed by MacDermiddthe
Quality Appraisal for Clinical Measurement Studies (QA-CMS)
(Appendix A).16 The QA-CMS has demonstrated high inter-rater
reliability (interclass correlation coefficient [ICC], >0.90).17,18 Once
the quality was appraised, data were extracted using a data extrac-
tion form.16 The reviewers met with the developer of the quality
appraisal tool (JCM) and performed a calibration review. Every item
of the appraisal tool was briefed to the reviewers to clarify the
intended meaning and interpretation. Then the articles were inde-
pendently appraised by the 2 reviewers. Once this process was
complete, both the reviewers met for discussion to achieve
consensus on individual items of appraisal. When consensuswas not
achieved, a third reviewer helped to resolve the disagreement. The
studies were arranged in the descending order of quality scores. The
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Fig. 1. Systematic review evidence flowchart based on Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. CINAHL ¼ Cumulative Index to Nursing and
Allied Health Literature; PREE ¼ Patient-Rated Elbow Evaluation; pASES-e ¼ self-report section of the American Shoulder and Elbow Surgeonsdelbow form.
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kappa value was calculated to assess the overall inter-rater agree-
ment before consensus was achieved.19,20 The inter-rater reliability
of the quality assessment tool was measured using ICC.21-24

Results

Search yield

The search of the aforementioned sources yielded 91 articles. After
the removal of duplicates and irrelevant articles, 32 articles remained
for screening using the inclusion and exclusion criteria. Seventeen of
the 32 articles did not meet the selection criteria. Full text was
retrieved for 15 articles. After reviewing the full text, 6 additional
articles were excluded. Finally, 9 articles were then included for
quality appraisal (Fig. 1). The PREE was studied more frequently than
the pASES-e. Of these 9 articles, 4 focused specifically on the
PREE7,8,10,25; only 1 was specific to pASES-e9; and the remaining 4
included both the PROMs.5,26-28 The synthesis of individual studies
and psychometric properties measured are described in Table 2. All
studies included patients who underwent surgical intervention.

Quality rating

The quality score for the included articles ranged from 54%27

to 96%,7 with 78% (7 of 9) of articles having a score of 75% or
higher (Table 3). The quality assessment tool exhibited excellent
inter-rater reliability (ICC, 0.94; 95% confidence interval [95%
CI], 0.91-0.96). The overall agreement between the raters was
good (kappa, 0.81; P < .001). The common design flaws
observed with the reviewed articles were that none of the
studies completed a proper sample size calculation. Only 5 of
the 9 studies explicitly reported their hypotheses.7-9,16,26 The
studies also lack clarity in reporting the type and subtype of the
psychometric properties being measured. For example, most of
the studies mentioned that they were assessing validity and
reliability in their objective but did not explicitly mention the
type of validity or reliability they were intending to measure
except for 2 studies.16,26 In addition, most studies did not report
the estimates of measurement error like the standard error of
measurement (SEM) or use CIs. Except for the study by John
et al,9 none of the studies reported SEM. As well, conclusions
were vague and nonspecific.
Readability, language, and cross-cultural translation/adaptation

Both the PREE and pASES-e have been reported to be easy to
read and understand (Table 4). The reading level for any
outcome measure is measured based on the Flesch-Kincaid
grade level of readability.29 PREE was equivalent to that of
grade 6 (Flesch-Kincaid grade level of readability, 6.3).30 With



Table 1
Definitions of clinical measurement properties reviewed in this systematic review

Clinical measurement
property

Definition

Test-retest reliability The degree to which an instrument is stable based on repeated administrations of the test to the same individual during a specified time
interval

SEM A reliability measure of response stability, estimating the standard error in a set of repeated scores
MDC It is the statistical estimate of the smallest amount of change that can be detected by an outcome measure
Internal consistency A form of reliability; assessing the degree to which a set of items in an instrument all measure the same trait
Construct validity A type of measurement validity; the degree to which a theoretical construct is measured by an instrument
Convergent validity An approach of construct validation, assessing the degree to which 2 different instruments or methods are able to measure the same

construct
Discriminant or

divergent validity
An approach in construct validation assessing the degree to which an instrument yields different results when measuring 2 different
constructs; that is, the ability to differentiate between the constructs

Known group validity A technique for construct validation, in which validity is determined by the degree to which an instrument can demonstrate different scores
for groups known to vary on the variable being measured

Responsiveness The ability of a test to demonstrate change
Factor validity An exploratory multivariate statistical technique used to examine the structure within a large set of variables and to determine the

underlying dimensions that exist within that set of variables
Floor and ceiling effects A ceiling effect occurs when a high proportion of subjects in a study have maximum scores on the observed variable. A floor effect occurs

when a large concentration of participant scores are at the lower limit of the scale

SEM ¼ standard error of measurement; MDC ¼ minimal detectable change.
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regard to missing responses to items, a minimal completion
criterion of 65% was set for the PREE.10 There was no specific
pattern of missing responses to items.8,10 For the pASES-e, 1
study reported that items 18 and 19 (do usual work or sport)
(27.5%-33%) were missing.9 The PREE has been translated into
German10 and Japanese8 and has been reported to have
exhibited psychometric properties that were equivalent to the
English version. The pASES-e has also been translated into
German exhibiting psychometric properties equivalent to that
of the original English version.9
Table 2
Summary table describing the studies included in the systematic review

Study Quality
score

PRO Population

Angst et al27 95.83 ASES-e, PREE Total elbow arthroplasty (RA and
post-trauma cases)
M:F ¼ 19:46
Age; mean (SD) ¼ 61.9 (13.0)

Vincent et al26 87.5 PREE, ASES-e Various elbow surgeries
M:F ¼ 84:44
Age; mean (SD) ¼ 46.5 (12.8)

Hanyu et al8 83.33 PREE Various elbow pathologies
M:F ¼ 39:35
Age; mean (SD) ¼ 46.7 (20.7)

MacDermid et al5 79.17 PREE, ASES-e Elbow trauma (operative and
nonoperative cases); infection;
OA; RA; lateral epicondylitis
M:F ¼ 33:37
Age; mean (SD) ¼ 49 (16)

John et al9 79.17 ASES-e Total elbow arthroplasty (RA and
post-trauma cases)
M:F ¼ 22:53
Age; mean (SD) ¼ 64.1 (13.3)

Angst et al28 75 PREE, ASES-e Total elbow arthroplasty (RA and
post-trauma cases)
M:F ¼ 23:56
Age; mean (SD) ¼ 64.1 (13.3)

John et al10 75 PREE Elbow prosthesis
M:F ¼ 19:37
Age; mean (SD) ¼ 63.7 (11.4)

Schimdt and
Stangl25

70.83 PREE Various elbow pathologies
M:F ¼ 39:16
Age; mean (range) ¼ 46 (13-71)

Liem et al7 54.16 PREE Various elbow pathologies
M:F ¼ 33:33
Age; mean (range) ¼ 49.99 (19.4-72.5)

PRO ¼ patient-reported outcome; ASES-e ¼ American Shoulder and Elbow Surgeonsdel
male; F ¼ female; SD ¼ standard deviation; SRM ¼ standardized response mean; ES ¼ e
Administrative burden

Administrative burden was reported in only 1 study. Angst
et al28 reported that it took only 3 minutes each to complete the
PREE and pASES-e.

Floor and ceiling effects

The floor and ceiling effects of the 2 questionnaires have been
reported. Angst et al28 observed a ceiling of 15%, 4%, and 4% for
n Clinical measurement properties measured

65 Responsiveness (SRM and ES), ROC curve analysis, test-retest
reliability, sensitivity and specificity

128 Internal consistency, construct validity, longitudinal validity,
responsiveness (SRM and ES), factor analysis

74 Translation and cross-cultural adaptation, test-retest reliability,
internal consistency, construct validity, responsiveness, factor analysis

70 Test-retest reliability, construct validity, divergent validity

75 Translation and cross-cultural adaptation, test-retest reliability,
internal consistency, construct validity, divergent validity, floor and ceiling

79 Construct validity, exploratory factor analysis, known group validity

56 Translation and cross-cultural adaptation, test-retest reliability,
internal consistency, construct validity, divergent validity

55 Construct validity

66 Construct validity

bow form; PREE ¼ Patient-Rated Elbow Evaluation; RA ¼ rheumatoid arthritis; M ¼
ffect size; ROC ¼ receiver operating characteristic; OA ¼ osteoarthritis.



Table 3
Quality of studies included in the systematic review (arranged according to study quality)

Study Item evaluation score for each criteria on the MacDermid quality assessment tool (minimum ¼ 0;
maximum ¼ 2)

Total score Quality score (%)

1 2 3 4 5 6 7 8 9 10 11 12

Angst et al27 2 2 2 2 2 1 2 2 2 2 2 2 23 95.83
Vincent et al26 2 2 2 2 1 2 2 1 2 2 2 1 21 87.50
Hanyu et al8 2 2 2 2 0 1 2 2 2 2 2 1 20 83.33
MacDermid et al5 2 1 2 2 0 1 2 2 2 2 2 1 19 79.17
John et al9 2 1 2 2 0 1 2 2 2 2 2 1 19 79.17
Angst et al28 2 1 2 2 0 N/A 2 2 2 2 1 2 18 75.00
John et al10 2 1 1 2 0 1 2 2 2 2 2 1 18 75.00
Schimdt & Stangl25 1 2 2 1 0 N/A 2 2 2 2 2 1 17 70.83
Liem et al7 1 2 2 0 0 N/A 1 1 2 2 1 1 13 54.16

N/A ¼ not applicable to the study.
Disagreement in 30 instances: 78/108 �; 100 ¼ 72.22 before consensus.
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the pain subscale, function subscale, and total PREE score,
respectively, whereas observing a ceiling of 14% for the pain
subscale, 4% for function-affected subscale, and 43% for satis-
faction subscale. For the Japanese version of the PREE, no or very
low (4%) floor and ceiling effects were observed,8 whereas for the
German version of the PREE, the ceiling ranged from 5.3% to
14.3%.10

Factorial validity

The PREE pain scale has been reported to be unidimensional
both in the English version26 and the Japanese version.8 But the
function subscale of the English version loaded onto 3 factors,
whereas its Japanese counterpart loaded onto 2 factors.8,26 For the
pASES-e, the principle component analysis with varimax rotation
revealed that the pASES-e loaded onto 4 different factors.26

Construct validity

Construct convergent validity has been established for the
PREE and pASES-e. Their strength of relationship with the Dis-
abilities of the Arm, Shoulder and Hand (DASH) questionnaire,
QuickDASH, and the 36-Item Short Form Health Survey (SF-36)
was consistently studied. For the PREE, high correlations
(r > 0.70) were reported with the QuickDASH, DASH, pASES-e
pain subscale, pASES-e total score, PREE pain subscale, and
PREE function subscale.5,7,8,10,25,26,28 Moderate correlations
(r ¼ 0.30-0.70) have been established with the clinician section
of the ASES-e, pASES-e function subscale, and SF-36 physical
component subscale.5,10,26,28 The pASES-e total score correlated
highly with the DASH, PREE function score, PREE total score,9 and
moderately with the clinician part of the ASES and SF-36 physical
component subscale.5,9,28 Construct divergent validity for both
the PROMs has been established with the mental component
summary score of the SF-36.5,7-10,26,28 The strength of correla-
tions of individual subscales with various constructs is shown in
Table 4.

Reliability

Internal consistency
The internal consistency of the PREE has been shown to be

slightly higher with the pASES-e. For the PREE, Vincent et al26 re-
ported a Cronbach alpha of 0.95 (95% CI, 0.94-0.96), whereas Hanyu
et al8 and John et al10 reported 0.97 and 0.96, respectively, for the
Japanese and German versions. For the pASES-e, the Cronbach
alpha value was reported to be 0.93 (95% CI, 0.91-0.94)26 for the
English version and 0.90 for the German version9 (Table 5).

Test-retest reliability
Relative reliability of the PREE has been well established and

shown to have excellent reliability coefficients.5,8,10 ICCs of 0.95
(95% CI, 0.86-0.98) for the total score and 0.88-0.89 for the in-
dividual subscales have been reported for the English version of
the PREE.5 For the Japanese and German versions, the ICCs
varied from 0.73 to 0.948,10 for the different subscales and the
total score (Table 5). The pASES-e has also demonstrated
acceptable levels of relative reliability.5,9 The ICCs for the
various subscales of the English version ranged from 0.64 to
0.90,5 whereas for the German version, higher ICCs were re-
ported (0.74-0.93) (Table 5).9

Minimal detectable change and SEM
Absolute reliability has been reported only for the German

version of the pASES-e (Table 5). The SEM for the satisfaction
subscale was 1.62 (95% CI, �2.05 to 3.05); the function-affected
subscale was 6.23 (95% CI, �15.8 to 9.88) and function-unaffected
subscale was 11.62 (95% CI, �23.74 to 23.28).9 Minimal detectable
change (MDC) 95% for the pASES-e was 16.05 points.9

Responsiveness
Both the PREE and ASES-e have been reported to be highly

sensitive to change. Usually for a scale to be sensitive to change,
a score of 0.8 or above for both standardized response mean
(SRM) and effect size (ES) is expected. The PREE demonstrated
slightly higher ES and SRM when compared with the pASES-e
(Table 6). The ES and SRM for the PREE, as reported in 3
studies, ranged from 1.7 to 1.1 and 1.3 to 1.6, respectively.8,26,27

The ES and SRM for the pASES-e total score were 1.32 and 1.17,
respectively.27

Only 1 study has established the longitudinal construct validity
of the PREE and pASES-e.26 The change scores of the 2 measures
and DASH was used in the analysis (Table 6). For the PREE, the
correlations ranged from 0.77 with the pASES-e pain scale to 0.33
with the pASES-e function scale and demonstrated a moderate
correlation (r ¼ 0.62) with the DASH. For the pASES-e, the pain
subscale exhibited high tomoderate correlations with the PREE and
DASH (0.41-0.85). The function subscale correlated the least with
correlations ranging from 0.23 to 0.40.

Angst et al27 have studied the sensitivity and specificity of the 2
measures. The PREE and pASES-e demonstrated almost the same
sensitivity indices (Table 6). The PREE discriminated betweenmuch
better and the other categories with an area under the curve of 0.68



Table 4
Summary of validity properties, cross-cultural adaptations, and administrative and responder burden of the PREE and pASES-e

Clinical measurement property Data extracted

PREE pASES-e

Content validity (includes
analysis of questions,
floor and ceiling
effects, missing items)

� All questions were easily understood and completed by all patients28

� No patients had difficulty completing the questionnaire (Japanese version)8

Floor and ceiling effects
Pain subscale:
Floor ¼ 0%; ceiling ¼ 15%28

Floor ¼ 1%; ceiling ¼ 3% (Japanese version)8

Floor ¼ 0%; ceiling ¼ 14.3% (German version)10

Function subscale:
Floor ¼ 0%; ceiling ¼ 4%28

Floor ¼ 1%; ceiling ¼ 4% (Japanese version)8

Floor ¼ 0%; ceiling ¼ 5.3% (German version)10

Total score:
Floor ¼ 0%; ceiling ¼ 4%28

Floor ¼ 1%; ceiling ¼ 0% (Japanese version)8

Floor ¼ 0%; ceiling ¼ 5.3% (German version)10

� All questions were easily understood
and completed by all patients28

Floor and ceiling effects
Pain subscale:
Floor ¼ 0%; ceiling ¼ 14%28

Function-affected subscale:
Floor ¼ 0%; ceiling ¼ 4%28

Satisfaction subscale:
Floor ¼ 3%; ceiling ¼ 43%28

Total score:
Floor ¼ 0%; ceiling ¼ 3%28

Factorial validity � Principal component analysis with varimax rotation
supported a 4-factor model with only 1 crossloading26

� PREE pain has a unidimensional structure; PREE function
has a bidimensional structure (Japanese version)8

Principal component analysis with
varimax rotation supported a
4-factor model with 2 crossloadings26

Construct convergent
validity

Reported high correlations (>0.70):
Pain subscale:

PREE function score7,8

PREE total score7,8,26 pASES-e pain subscale5,26

QuickDASH25

DASH total (Japanese version)8

Function subscale:
PREE pain score7,8

PREE total score7,26

DASH total score8,10,26

QuickDASH7,25

DASH5

Total score:
PREE pain7,8,26

PREE function7,8,26

pASES-e pain26

DASH total5,8,10,26

QuickDASH7,25

pASES-e total score28

Reported moderate correlations (0.30-0.70):
Pain subscale:

PREE function26

pASES-e function affected26

DASH total10,26

SF-36 PCS score5,10

QuickDASH7

Function subscale:
PREE pain26

pASES-e pain26

pASES-e function affected26

SF-36 PCS score5,8,10,26,28

cmASES10

Total score:
pASES-e function affected26

SF-36 PCS score5,8,10,26

cmASES28

Reported high correlations (>0.70):
Pain subscale:

PREE pain subscale5,26

PREE total score9,26

DASH5

Function-affected subscale:
DASH9

SF-36 PCS9

PREE function score9

PREE total score9

Satisfaction subscale:
None

Total score:
DASH9

PREE function score9

PREE total score9

Reported moderate correlations (0.30-0.70):
Pain subscale:

PREE function subscale26

pASES-e function affected26

DASH total score9,26

SF-36 PCS score5,9

cmASES10

Function-affected subscale:
PREE pain26

PREE function26

PREE total score26

pASES-e pain26

DASH total score26

SF-36 PCS score5,26

cmASES10

Satisfaction subscale:
SF-36 PCS score5,10

DASH total score10

Total score:
cmASES10,28

SF-36 PCS score5,10,28

Construct divergent
validity

Pain subscale:
SF-36 mental component summary8

Function subscale with:
SF-36 mental component summary8,26,28

Total score with:
SF-36 mental component summary5,7,8,10,26

Pain subscale:
SF-36 mental component summary10

Function affected subscale with:
SF-36 mental component summary10,26

Satisfaction subscale with:
SF-36 mental component summary10

Total score with:
SF-36 mental component summary10,28

Cross-cultural
adaptation

� German version 10 translated with inputs from the developer and
found psychometric properties that was equivalent to the original
English version

� Japanese version 8 found the adapted version to exhibit clinical
measurement properties equivalent to the original English version

� German version9 found
clinical measurement properties
that were equivalent to the original
English version

(continued on next page)
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Table 4 (continued )

Clinical measurement property Data extracted

PREE pASES-e

Response burden � Time to complete: 3 min28

� Clarity of items: Was easily understood27

� Reading level: Flesch level of 6.3 that is equivalent to grade 6 reading level29

� Time to complete: 3 min28

� Clarity of items: Was easily understood27

PREE ¼ Patient-Rated Elbow Evaluation; pASES-e ¼ self-report section of the American Shoulder and Elbow Surgeonsdelbow form; DASH ¼ Disabilities of the Arm, Shoulder
and Hand; SF-36 ¼ 36-Item Short Form Health Survey; PCS ¼ physical component summary; cmASES ¼ clinical modified American Shoulder and Elbow Surgeons.
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(95% CI, 0.57-0.81), and it was 0.67 (95% CI, 0.53-0.80) for the
pASES-e, which supports the power of discrimination of the mea-
sure. The PREE was more specific (0.71 vs 0.69) and the pASES-e
(0.65 vs 0.63) was more sensitive.27
Table 5
Summary of reliability indices for the PREE and pASES-e

Clinical measurement property Data extracted

PREE

Test-retest reliability (ICC) Pain subscale:
0.92 (Japanese version)8

0.90 in RA cases (Japanese
0.88 (95% CI, 0.78-0.94)5

0.73 (German version)10

Function subscale:
0.93 (Japanese version)8

0.86 in RA cases (Japanese
0.89 (95% CI, 0.79-0.94)5

0.82 (German version)10

Total score:
0.94 (Japanese version)8

0.90 in RA cases (Japanese
0.95 (95% CI, 0.86-0.98)5

0.80 (German version)10

SEM None

MDC95% None

Mean retest difference (Bland and Altman plot) None

Internal consistency (Cronbach alpha) Pain subscale:
0.92 (95% CI, 0.88-0.93) (Ja
0.93 (German version)10

Function subscale:
0.97 (95% CI, 0.97-0.97) (Ja
0.95 (German version)10

Total score:
0.95 (95% CI, 0.94-0.96)26

0.97 (95% CI, 0.97-0.97) (Ja
0.96 (German version)10

PREE ¼ Patient-Rated Elbow Evaluation; pASES-e ¼ self-report section of the American S
RA ¼ rheumatoid arthritis; 95% CI, 95% confidence interval; SEM ¼ standard error of me
Discussion

This study from its review of 9 articles concluded that strong
clinical measurement properties exist for both the PREE and the
pASES-e

version)8

version)8

version)8

Pain subscale:
0.90 (95% CI, 0.82-0.94) (German version)9

0.89 (95% CI, 0.80-0.94)5

Function subscale (affected):
0.87 (95% CI, 0.78-0.92) (German version)9

0.79 (95% CI, 0.66-0.88)5

Function subscale (unaffected):
0.74 (95% CI, 0.53-0.87) (German version)9

0.64 (95% CI, 0.42-0.78)5

Satisfaction subscale:
0.84 (95% CI, 0.71-0.91)5

Total score (affected):
0.93 (95% CI, 0.88-0.96) (German version)9

Total score (unaffected):
0.92 (95% CI, 0.84-0.96) (German version)9

Pain subscale:
8.94 (95% CI, �21.23 to 14.74) (German version)9

Function subscale (affected):
9.04 (95% CI, �20.83 to 15.40) (German version)9

Function subscale (unaffected):
11.62 (95% CI, �23.74 to 23.28) (German version)9

Satisfaction subscale:
1.32 (95% CI, �2.05 to 3.25) (German version)9

Total score (affected):
6.23 (95% CI, �15.8 to 9.88) (German version)9

Total score (unaffected):
6.61 (95% CI, �14.70 to 12.02) (German version)9

Pain subscale:
23.51 (German version)9

Function subscale (affected):
23.42 (German version)9

Function subscale (unaffected):
31.43 (German version)9

Satisfaction subscale:
3.85 (German version)9

Total score (affected):
16.05 (German version)9

Total score (unaffected):
18.27 (German version)9

Total score: affected side mean difference and narrowest
95% CI �2.6 � 16.05 (German version)9

panese version)8

panese version)8

panese version)8

Pain subscale:
0.91 (German version)9

Function subscale (affected):
0.93 (German version)9

Function subscale (unaffected):
0.94 (German version)9

Total score (affected):
0.93 (95% CI, 0.91-0.94)26

0.90 (German version)9

Total score (unaffected):
0.90 (German version)9

houlder and Elbow Surgeonsdelbow form; ICC ¼ intraclass correlation coefficient;
asurement; MDC95% ¼ minimal detectable change.



Table 6
Summary of responsiveness properties of the PREE and pASES-e

Clinical measurement property Data extracted

PREE pASES-e

ES Pain subscale:
1.727

1.4 (95% CI, 1.2-1.6)26

1.32 (Japanese version)8

Function subscale:
0.9927

1.4 (95% CI, 1.3-1.6)26

0.86 (Japanese version)8

PREE total:
1.527

1.7 (95% CI, 1.5-1.8)26

1.12 (Japanese version)8

Pain subscale:
1.5527

1.4 (95% CI, 1.2-1.6)26

Function subscale:
0.7727

1.3 (95% CI, 1.1-1.5)26

Total score:
1.3227

SRM Pain subscale:
1.2727

1.3 (95% CI, 1.0-1.4)26

1.31 (Japanese version)8

Function subscale:
0.9727

1.5 (95% CI, 1.4-1.7)26

1.02 (Japanese version)8

PREE total:
1.3727

1.6 (95% CI, 1.4-1.8)26

1.28 (Japanese version)8

Pain subscale:
1.1527

1.2 (95% CI, 1.0-1.4)26

Function subscale:
0.7527

1.1 (95% CI, 0.9-1.3)26

Total score:
1.1727

Longitudinal validity
correlation with
other change scores

Pain subscale change score:
With pASES-e pain: 0.85 (P < .01)26

With pASES-e function: 0.24 (P < .01)26

With DASH: 0.41 (P < .01)26

Function subscale change score:
With pASES-e pain: 0.41 (P < .01)26

With pASES-e function: 0.40 (P < .01)26

With DASH: 0.62 (P < .01)26

PREE total change score:
With pASES-e pain: 0.74 (P < .01)26

With pASES-e function: 0.33 (P < .01)26

With DASH: 0.62 (P < .01)26

Pain subscale change score:
With PREE pain: 0.85 (P < .01)26

With PREE function: 0.41 (P < .01)26

With PREE total score: 0.74 (P < .01)26

With DASH: 0.46 (P < .01)26

Function subscale change score:
With PREE pain: 0.24 (P < .01)26

With PREE function: 0.40 (P < .01)26

With PREE total score: 0.33 (P < .01)26

With DASH: 0.23 (P < .01)26

AUC Pain subscale:
0.65 (95% CI, 0.51-0.78); sensitivity ¼ 0.67; specificity ¼ 0.7127

Function subscale:
0.62 (95% CI, 0.48-0.75); sensitivity ¼ 0.83a; specificity ¼ 0.4727,a

Total score:
0.68 (95% CI, 0.57-0.81); sensitivity ¼ 0.63; specificity ¼ 0.7127

Pain subscale:
0.64 (95% CI, 0.51-0.78); sensitivity ¼ 0.64;

specificity ¼ 0.7127

Function subscale:
0.62 (95% CI, 0.47-0.78); sensitivity ¼ 0.58a;

specificity ¼ 0.6327,a

Total score:
0.67 (95% CI, 0.53-0.80); sensitivity ¼ 0.65;

specificity ¼ 0.6927

PREE ¼ Patient-Rated Elbow Evaluation; pASES-e ¼ self-report section of the American Shoulder and Elbow Surgeonsdelbow form; ES¼ effect size; 94% CI ¼ 95% confidence
interval; SRM ¼ standardized response mean; DASH ¼ Disabilities of the Arm, Shoulder and Hand questionnaire; AUC ¼ area under the curve.

a Not significant.
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pASES-e and that one cannot be recommended over the other.
Despite the strong measurement properties reported, we identified
gaps in the current evidence for both the ASES-e and the PREE. The
studies reviewed were of high quality, which indicates that the
recommendations that are generated from this review are based on
high-quality clinical measurement research.

Content validity was reported as being acceptable for both
PROMs as multiple studies suggested that all items were easy to
understand. However, the content of these PROMs has not been
adequately analyzed using formal content analyses strategies. This
is not unexpected becausemany PROMs have not used rigorous and
structured content analysis during development or evaluation.
However, the content of these questionnaires has been analyzed
against the international standard setup by the World Health Or-
ganization called the International Classification of Functioning,
Disability and Health.31-33 Other methods that can provide a
structured approach to evaluating content such as cognitive in-
terviews, qualitative studies, concept mapping, and others have
also not been reported as ways of analyzing the content of either
measure. Despite this lack of formal evaluation of content, face
validity suggests that they both measure pain and disability in
patients with elbow conditions.

Floor and ceiling effects in a questionnaire can pose potential
problems because when patients score at the extremes of a scale,
further worsening or improvement may not be detected. A floor or
ceiling effect has been defined as being problematic if more than
15% of the participants are at either ends of the spectrum34; how-
ever, this was not a problem for the PREE and pASES-e, except for
the satisfaction section for the pASES-e. It has been previously
argued that satisfaction is a concept that is more irrelevant to the
constructs of pain and disability35,36 and should be considered as a
separate section, and efforts should not be made to include the
score from the satisfaction section when total score calculation is
attempted for pASES-e.26

Unidimensionality is another important clinical measurement
property of outcome measures because measures are typically
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defined as measuring a specific construct and should be able to
measure that as a single trait.37 Exploratory factor analyses of both
the PREE and the pASES-e suggested that they were not unidi-
mensional. However, internal consistency was high (>0.90) for
both the PREE and the pASES-e supporting unidimensionality.
These findings need to be explored further using powerful statis-
tical methods like confirmatory factor analysis, structural equation
modeling, or Rasch analysis.38-41 These confirmatory analyses will
determine the dimensionality of these measures and may suggest
amendments that may render these measures unidimensional if
they are not.37,40

The PREE and pASES-e have demonstrated expected correla-
tions (>0.70) with other measures measuring a similar construct
like the DASH, QuickDASH, and between themselves. This indicates
that these scales are measuring similar constructs and can be used
solely based on the clinical need and ease of use. Both these mea-
sures have demonstrated moderate correlations with the physical
component summary score of the SF-36, underlining the effect of
disability on overall physical health status. There is little evidence
in the literature surrounding the known group validity of these 2
measures making it difficult to make interpretations in specific
populations. Future studies are needed to assess the validity of
these measures on using additional clinical populations.

Both thesemeasures have been deemed to be fit for use in either
individual assessments or in a group as they have demonstrated
high test-retest reliability (ICC >0.90). However, these indices are
measures of relative reliability and not absolute reliability. For a
measure to be clinically useful, measures of absolute reliability such
as SEM and MDC should be provided.21 These indices create esti-
mates that are free of measurement error and capture changes that
are important clinically and for the patients themselves. SEM and
MDC have been calculated only for the German version of the
pASES-e.9 Another measure of reliability that was reported for both
the PROMS is the Bland and Altman technique; it is used to assess
reliability and can detect bias between assessments.42 Future
studies should focus on deriving these measures to enhance clinical
applicability by being able to detect and quantify change as it
occurs.

The PREE and pASES-e are sensitive to change established by
large ES and SRM from multiple studies.8,26,27 Therefore, these 2
measures can detect true change in the patient’s status as it
happens.43 SRM and ES are distribution-based methods and can
only capture real change.44,45 To capture the clinically important
change, future studies need to be conducted that use anchor-
based methods, such as the global rating of change to calculate
minimal clinically important difference (MCID).21,43,45 This is a
vital characteristic of any measure that would help increase the
clinical utility of tools by increasing the confidence of the clini-
cian or researcher when interpreting the results of an outcome
measure.

A report on the quality assessment tools used to evaluate the
quality of systematic reviews identified 86 different tools; they
recommend that these tools should be developed using rigorous
processes, based on evidence, and should be reliable.46 A funda-
mental component of systematic reviews is that they assess quality
of the study or risk of bias. The 2 most commonly used appraisal
tools in clinical measurement research are the QA-CMS16 and the
COnsensus-based Standards for the selection of health Measure-
ment INstruments criteria. Previous studies have found that the
QA-CMS has demonstrated excellent test-retest reliability (ICC
>0.90), and this is consistent with the findings of this study.17,18,47

The COnsensus-based Standards for the selection of health Mea-
surement INstruments was developed with an international com-
mittee and has gained acceptance for use in measurement reviews,
although reliability has not been consistently good.48 The QA-CMS
was selected for its ease of use and track record of reliability and
flexibility to deal with different types of measurement studies.

The strengths of the present study are the inclusion of articles
from any language; to reduce the potential for bias because mea-
suresmay perform differently across contexts. Given that one of our
main findings was that there is insufficient volume of clinical
measurement evidence to fully define all the measurement prop-
erties of these tools, it was critical that we did not miss relevant
studies. Our review had limitations that limit the recommendations
arising from this work, and it should be considered when inter-
preting our findings. We could not calculate a pooled estimate for
key psychometric properties because of the small number of
studies and the heterogeneity in the studies. One of the coauthors
of the article is the developer of the PREE and our critical appraisal
tool that may have affected our reliability. However, this author was
secondarily involved, and primary data extraction was performed
by the first and last authors. Because our findings were equally
supportive of the PREE and pASES-e, there does not appear to be a
bias in our findings or recommendations.

Future studies investigating the clinical measurement proper-
ties of the PREE and pASES-e may consider the following recom-
mendations in their design and reporting: use powerful statistical
methods that are part of modern psychometric methods such as
Rasch analysis to analyze the fit of the PROMs to the model re-
quirements; provide clear justification of the sample size used;
state clear hypotheses of what is expected for the properties being
tested; calculate clinically important estimates like MCID, SEM, and
others; and provide clear and specific conclusions that reflect the
purpose of the review.

In conclusion, the PREE and pASES-e have been shown to be
valid, reliable, and sensitive to change in both clinical and research
settings based on high-quality evidence. However, to improve the
clinical utility, clinically important measurement estimates such as
the SEM and MCID should be established. Future studies should
focus on using modern psychometric methods to evaluate these 2
PROMs against rigorous statistical models.

Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jht.2018.07.004.
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#1. The study design is

a. qualitative
b. a case series
c. a systematic review
d. RCTs
#2. The two elbow PROMs which were considered were the
_________ and the ___________

a. pAES-e, PREE
b. DASH, short DASH
c. EES, SEE
d. MMT, UES
#3. Both PROMs were shown to be

a. valid
b. sensitive to change
c. reliable
d. all of the above
#4. A report on the quality assessment tools used to evaluate the
quality of systematic reviews identified approximately
_________ different tools

a. 25
b. 75
c. 85
d. 105
#5. The SEM of both PROMs has been firmly established

a. true
b. false
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