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Objectives

Patient-reported outcome measures (PROMs) are often used to evaluate the outcome of
treatment in patients with distal radial fractures. Which PROM to select is often based on
assessment of measurement properties, such as validity and reliability. Measurement prop-
erties are assessed in clinimetric studies, and results are often reviewed without considering
the methodological quality of these studies. Our aim was to systematically review the meth-
odological quality of clinimetric studies that evaluated measurement properties of PROMs
used in patients with distal radial fractures, and to make recommendations for the selection
of PROMs based on the level of evidence of each individual measurement property.

Methods

A systematic literature search was performed in PubMed, EMbase, CINAHL and PsycINFO
databases to identify relevant clinimetric studies. Two reviewers independently assessed the
methodological quality of the studies on measurement properties, using the COnsensus-
based Standards for the selection of health Measurement INstruments (COSMIN) checklist.
Level of evidence (strong / moderate / limited / lacking) for each measurement property
per PROM was determined by combining the methodological quality and the results of the
different clinimetric studies.

Results

In all, 19 out of 1508 identified unique studies were included, in which 12 PROMs were
rated. The Patient-rated wrist evaluation (PRWE) and the Disabilities of Arm, Shoulder and
Hand questionnaire (DASH) were evaluated on most measurement properties. The evidence
for the PRWE is moderate that its reliability, validity (content and hypothesis testing), and
responsiveness are good. The evidence is limited that its internal consistency and cross-cul-
tural validity are good, and its measurement error is acceptable. There is no evidence for its
structural and criterion validity. The evidence for the DASH is moderate that its responsive-
ness is good. The evidence is limited that its reliability and the validity on hypothesis testing
are good. There is no evidence for the other measurement properties.

Conclusion

According to this systematic review, there is, at best, moderate evidence that the respon-
siveness of the PRWE and DASH are good, as are the reliability and validity of the PRWE. We
recommend these PROMs in clinical studies in patients with distal radial fractures; however,
more clinimetric studies of higher methodological quality are needed to adequately deter-
mine the other measurement properties.
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Article focus

The aim of this systematic review was to evaluate the
methodological quality of the clinimetric studies that
evaluated measurement properties of the available
patient reported outcome measures (PROMs) used in
patients with distal radial fractures.

To determine which PROM, based on the level of evi-
dence of each individual measurement property, is
most appropriate for the evaluation of patients with
distal radial fractures.

Key findings

The two PROMs that were most extensively evaluated
were the patient rated wrist evaluation (PRWE) (with
seven of nine measurement properties investigated)
and the Disabilities of Arm, Shoulder and Hand
(DASH) (with four of nine investigated). The method-
ological quality of these studies ranged at best from
poor to good.

Key messages
Strong evidence supporting ‘good quality’ of any of
the current available PROMs in patients with distal
radial fractures is lacking.
The PRWE and DASH are the two most extensively
evaluated PROMs. Their measurement properties
were mainly good but the methodological quality of
the clinimetric studies was low; this does mean that
these results may be biased.
For now we recommend to use the PRWE or DASH,
but more clinimetric studies of higher methodological
quality are needed to select PROMs in patients with
distal radius fractures with greater confidence.

Strengths and limitations

Strength: This is the first study that has used the
COnsensus-based Standards for the Selection of
Health Measurement INstruments (COSMIN) checklist
to systematically review the methodological quality of
studies on the measurement properties of PROMs in
the evaluation of treatment of distal radial fractures.
Strength: Our search was not just limited to English
language studies, as both reviewers have a good
knowledge of German and Dutch.

Limitation: It was not possible to distinguish between
poor study reporting and poor methodological quality.

Introduction

Distal radial fractures account for approximately 17 % of all
fractures! and the distal radius is the most common fracture
site in the upper extremity.2# Despite its high incidence,
there is no treatment consensus for these fractures.> To con-
duct best evidence clinical trials in distal radial fracture treat-
ment, and to properly compare trial results, there must be
consensus on the use of outcome measures. Historically,

outcome assessment after distal radial fractures focused on
imaging and physical examination (e.g. grip strength and
range of motion). These assessments, however, do not rep-
resent the patients’ perspective as they do not take the
patients’ feelings, opinion or wellbeing into account, which
are likely to be more important for the patient.¢

In the last two decades, outcomes assessment has
shifted towards a patient-centred approach. This
approach assesses the outcome based directly on the
opinion of the patient. Outcomes such as pain and func-
tional ability, which are highly relevant for patients, can
be assessed by patient-reported outcome measures
(PROMs).”

Currently, a wide variety of PROMs are available and
are used to assess patient-reported functional outcomes
for upper limb and wrist disorders.820 Several (non-)-
systematic studies have reviewed the existing literature in
order to present available PROMs for assessing wrist and
hand function in general.2'-2> Over a period of 25 years,
the two most extensively used PROMs for evaluating the
treatment outcome of patients with distal radial frac-
tures.26 were the Disabilities of Arm, Shoulder and Hand
(DASH), and the (original or modified) Gartland and
Werley scoring system. However, the patient-rated wrist
evaluation (PRWE) was found to have the best measure-
ment properties, e.g. it was found to be the most reliable,
valid and responsive instrument for these patients. This
conclusion was based on the results of the available clini-
metric studies.?¢ Clinimetrics is a scientific discipline that
aims to develop methods of assessing the properties of
health measurementinstruments, with the aim of improv-
ing the quality of outcome measures. Although the meas-
urement properties were found to be good, the authors
did not incorporate the methodological quality of these
clinimetric studies.

It is important for the understanding of this systematic
review to distinguish between the ‘methodological qual-
ity” of clinimetric studies on PROMs and the ‘quality’ (e.g.
the measurement properties) of the PROMs themselves.
Evidently a PROM is only as good as the methodological
quality of its study. In order to assess the methodological
quality of clinimetric studies (i.e. studies on measurement
properties) on PROMs, the COnsensus-based Standards
for the selection of health Measurement INstruments
(COSMIN) group formulated a set of guidelines. First, the
COSMIN group reached consensus on terminology, defi-
nitions and a taxonomy of measurement properties of
PROMs in an international Delphi study. Next, the group
developed a checklist containing standards for evaluating
the methodological quality of studies on the measure-
ment properties (e.g., reliability) of measurement instru-
ments (e.g. DASH) (www.cosmin.nl).2” The best PROM
should have a high level of evidence (e.g. as evaluated in
high quality studies) supporting good quality on all meas-
urement properties. The definitions and a description of
the measurement properties are given in Table I.
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Table 1. Definitions of the measurement properties.

Definitions of the measurement properties

Internal consistency

The degree of the interrelatedness among the items
“Do the different questions in a PROM that are meant to measure the same general construct produce similar

scores?”
Reliability
“How close are repeated measurements?”
Measurement error
measured

The proportion of the total variance in the measurements which is because of “true” differences among patients

The systematic error and random error of a patient’s score that are not attributed to true changes in the construct to be

“What amount of change in a score cannot be considered a real or true change?”

Content validity
the construct to be measured

The degree to which the content of a health-related patient-reported outcomes (HR-PRO) instrument is an adequate reflection of

“Are all items relevant for the specific population and have important activities been missed?”

Structural validity
measured

The degree to which the scores of an HR-PRO instrument are an adequate reflection of the dimensionality of the construct to be

“Do all items in a PROM reflect single or multiple constructs?”

Hypotheses testing

The degree to which the scores of an HR-PRO instrument are consistent with hypotheses (for instance with regard to internal

relationships, relationships to scores of other instruments, or differences between relevant groups) based on the assumption that
the HR-PRO instrument validly measures the construct to be measured
“What is the expected relationship with other PROMs assessing comparable constructs?”

Cross-cultural validity

The degree to which the performance of the items on a translated or culturally adapted HR-PRO instrument is an adequate

reflection of the performance of the items of the original version of the HR-PRO instrument
“Has the PROM been correctly translated and retested in another language and cultural setting?”

Criterion validity

The degree to which the scores of an HR-PRO instrument are an adequate reflection of a “gold standard”

“Is the PROM tested against the benchmark PROM?”

Responsiveness

The ability of an HR-PRO instrument to detect change over time in the construct to be measured

“If patients improve or worsen over time does this change in the PROM accordingly?”

Interpretability”

The degree to which one can assign qualitative meaning—that is, clinical or commonly understood connotations—to an
instrument’s quantitative scores or change in scores

“What do the scores or change in scores of a PROM mean?”

Clarification in bold

*Is not a real measurement property, but nevertheless it is a meaningful requirement for the applicability of PROMs in research

PROM, patient-reported outcome measure

The aim of this systematic review was to evaluate the
methodological quality (using the COSMIN checklist) of
the clinimetric studies that evaluated measurement prop-
erties of the available PROMs used in patients with distal
radial fractures, and to make recommendations for the
selection of PROMs based on the level of evidence of each
individual measurement property. The results of this
study might help us to determine which PROM is most
appropriate for the evaluation of patients with distal
radial fractures.

Materials and Methods

Literature search. We performed a literature search on
November 13, 2015 to identify all published studies on
the measurement properties of PROMs in the evaluation
of treatment of distal radial fractures. The following data-
bases were searched with specific index terms and deriv-
atives of these terms: PubMed (1990 to 2015), EMbase
(1990 to 2015), CINAHL (1990 to 2015), and PsycINFO
(1990 to 2015). In PubMed we used a validated search fil-
ter for finding studies on measurement properties.2® We
also added the names of all PROMs that are described for
wrist disorders.?’ The full search strategy is provided in
the supplementary material. We restricted our search to
studies published in English, German and Dutch because
both reviewers are fluent in these languages. Reference
lists were hand-searched to identify additional relevant
studies.

Selection criteria. Two reviewers (YK and RN) indepen-
dently assessed all titles and abstracts. We included stud-
ies with a description of the measurement properties
of PROMs used in patients with a distal radial fracture.
When in doubt about the applicability of a study, the
full text article was retrieved and screened for eligibility.
Afterwards, the researchers discussed their assessments
and consensus was reached. In cases where consen-
sus couldn’t be obtained, a third reviewer (VS), was
employed to achieve consensus.
Assessment of the quality of the studies. The same
two reviewers independently rated the methodologi-
cal quality of the studies using the COSMIN checklist
(www.cosmin.nl).3°

The COSMIN checklist consists of 11 separate check-
lists, called “boxes”. In nine boxes the quality of nine
measurement properties is addressed: a) internal consist-
ency, b) reliability, ¢) measurement error, d) content
validity, e) structural validity, f) hypotheses testing,
g) cross-cultural validity, h) criterion validity and i) respon-
siveness. The last box, “j: interpretability”, is not a meas-
urement property, but nevertheless it is a meaningful
requirement for the applicability of PROMs in research.
The generalisability of the results is determined with a
final box. The definitions of the measurement properties
and interpretability are given in Table I.

In each box, the methodological quality can be evalu-
ated based on a variety of items addressing adequate study
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design and statistical analysis. Each question in any box
must be rated as ‘excellent’, ‘good’, ‘fair’, ‘poor’ or ‘not
applicable’. Scoring is then performed using the criteria set
by the COSMIN group. To obtain a total score for the meth-
odological quality of one of the boxes, “the worst score
counts” algorithm was applied as set out by the COSMIN
guidelines,?” meaning that the methodological quality of
that measurement property was only rated ‘excellent’ if all
relevant questions pertaining to that box (e.g. measure-
ment property) were scored as excellent. In all boxes, a
small sample size was considered poor methodological
quality. As a rule of thumb, a sample size of = 100 received
a rating of ‘excellent’, 50 to 100 received ‘good’, 30 to 50
was rated ‘fair’, and less than 30 was rated as ‘poor’.3!
Level of evidence of the measurement properties per
PROM. For each PROM, we determined the level of evi-
dence by combining the results of the different studies
for each measurement property, as described by Terwee
et al.3 The following factors were taken into account: the
number of studies (one or multiple), the methodologi-
cal quality of the studies (excellent/good/fair/poor/not
available), and consistency of the results (positive/nega-
tive). Based on these factors each measurement property
per PROM could be ranked as strong, moderate, limited
or conflicting evidence. Only when the methodological
quality of the clinimetric study/studies was poor was the
level of evidence rated as ‘unknown’.

Results

Included studies. A total of 2064 studies were retrieved
by the electronic search performed in PubMed (n = 720),
EMbase (n = 1075) and CINAHL/ PsycINFO (n = 269)
(Fig. 1). After removing duplicates, 1508 unique studies
were identified. The titles and abstracts were indepen-
dently screened by two researchers, after which 27 stud-
ies were deemed potentially eligible. After retrieving and
reading the full text, 19 studies were included. Reference
evaluation of these 19 articles did not yield any additional
relevant studies.

Overall results. In the 19 included studies, a total of 12
PROMs were evaluated (Table II). In three papers, mul-
tiple PROMs were evaluated: three,3? three33 and five,34
respectively. Most studies (80%) evaluated more than one
measurement property. None of the studies evaluated
structural validity. Criterion validity was also not evalu-
ated in any of the studies. However, this was expected
given that there are no measurement instruments that
can be used as a benchmark, which is a prerequisite of
this measurement property. A complete overview of the
study characteristics is shown in Table Ill.

Of all PROMs, the PRWE has been studied most
extensively, followed by the DASH. The eight studies
evaluating the PRWE assessed almost all measurement
properties: seven of the nine (Table IV). However, over-
all, the methodological quality of these studies was
low, varying from poor to fair for internal consistency,

reliability, measurement error, cross-cultural validity
and responsiveness, and varying from poor to good for
content validity and hypothesis testing. Interpretability
was also assessed, but these studies were of poor meth-
odological quality.

The four studies evaluating the DASH32:3436 assessed
less than half of the measurement properties: four of nine.
The methodological quality of these studies was generally
low, varying from persistently poor for internal consist-
ency, poor to fair for reliability, and consistently fair for
responsiveness. Measurement error, content validity,
hypothesis testing, cross-cultural validity and interpreta-
bility were not assessed in any of the studies (Table IV).

Of the other ten PROMs, one to three measurement
properties were assessed. These concerned mostly inter-
nal consistency, reliability and responsiveness. Overall,
the methodological quality of these clinimetric studies
was at best poor to fair (Table V). This is mainly due to the
low sample size in the majority of these studies but can
also be secondarily attributed to the high amount of
items that were scored as “not applicable”. Finally, the
lack of description surrounding the statistical methods
that were used also contributed to the poor rating.

Level of evidence of the measurement properties per
PROM. The synthesis of results per PROM and their
accompanying level of evidence are presented in Table VI.

The highest levels of evidence were found for the
measurement properties of the PRWE. Nevertheless, the
evidence is, at best, limited to moderate. For instance,
reliability (assessed in 78% of the studies) ranged from
0.81 to 0.97 (Table VI). Three studies were of poor meth-
odological quality, and four were of fair quality (Table IV).
Therefore, the synthesis of these results is that there is
moderate evidence supporting good reliability. There is
also moderate evidence that the validity (content and
hypothesis testing) and responsiveness are good. The
evidence is limited in that its internal consistency and
cross-cultural validity are good, and its measurement
error is acceptable. There is no evidence for its structural
and criterion validity. The evidence for the DASH is mod-
erate that its responsiveness is good. The evidence is lim-
ited that its reliability and the validity on hypotheses
testing are good. There is no evidence for the other meas-
urement properties. The evidence for the other ten
PROMs is mainly unknown, since the quality of the stud-
ies that evaluated some of the PROM measurement prop-
erties (mainly internal consistency, reliability and/or
responsiveness) was mainly poor methodologically.

Discussion

The aim of this systematic review was to evaluate the meth-
odological quality of the clinimetric studies that evaluated
measurement properties of the available PROMs used in
patients with distal radial fractures, and to make recommen-
dations for the selection of PROMs based on the level of evi-
dence of each individual measurement property.

BONE & JOINT RESEARCH
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2064* studies identified
PubMed: 720 studies
EMbase: 1075 studies
**CINAHL: 269 studies

Exclusion of duplicates: 556 studies )

EMbase: 426 studies
CINAHL: 130 studies

J

Unique articles retrieved
1508 studies

Exclusion by title and abstract review

1480 studies
Main reason: article not concerning

measurement properties of HR-PRO instrume

)
o

Articles selected from full
text review: 28 studies

Excluded by full text: 9 studies
Main reason: not specific on DRF

)

19 studies included
12 instruments included

Fig. 1

Search strategy and selection of articles. *Nov 13, 2015. **Cinahl search includes Psycinfo database. HR-PRO, health-related patient-reported
outcomes; DRF, distal radial fracture.

Table Il. Patient-related outcome instruments included in the review?$-4.16-20

Abbreviation Full name Original author
PRWE Patient-Rated Wrist Evaluation MacDermid?
DASH Disabilities of Arm, Shoulder and Hudak®
Hand
MHQ Michigan Hand Questionnaire Chung"
SF-36 Short Form-36 Ware'2
PEM Patient Evaluation Measure Macey'©
AIMS2 Arthritis Impact Measurement Scale Meenan'4
BWH-CTQ Brigham and Women’s Hospital Levine'?
Carpal Tunnel Questionnaire
IOF-WFQ International Osteoporosis Lips'®
Foundation Wrist Fracture
Questionnaire
PFW Patient Focused Wrist Outcome Bialocerkowski'”
Instrument
TSK Tampa Scale of Kinesophobia Kori'8
CAT Catastrophizing Subscale of the Rosenstiel'®
Coping Strategies Questionnaire
SES Self-Efficacy Scale Altmaier2°

Key findings. The two PROMs that were most extensively
evaluated were the PRWE (with seven of nine measure-
ment properties investigated) and the DASH (with four of
nine investigated). The methodological quality of these
studies ranged at best from poor to good. Therefore,
after synthesis of the scores and incorporating the levels

of evidence, the quality of these two PROMS is not sup-
ported with strong levels of evidence on any of the mea-
surement properties. For the PRWE, there is moderate
evidence supporting good reliability, content validity,
hypotheses testing and responsiveness. The evidence is
only limited in that the measurement error is acceptable
and the cross-cultural validity and internal consistency
are good. Structural validity and criterion validity were
never evaluated, so these lack in evidence. The evidence
for interpretability, which is not a measurement property,
is unknown, since this was only evaluated in three stud-
ies with poor methodological quality. The DASH showed
at best moderate evidence for good responsiveness and
limited evidence for good hypotheses testing and reliabil-
ity. All other measurement properties were found to be
lacking in evidence.

These findings do not mean that these and other
PROMs have poor measurement properties and thus are
of poor quality. Since we found that, overall, the measure-
ment properties were good but the methodological qual-
ity of the clinimetric studies was low, it does mean that
these results may be biased. Therefore, the results of our
review do imply that studies of higher methodological
quality are needed to properly assess their measurement
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Table Il1. Study characteristics3249

Mean age Gender
Measurement
Instrument Study n (range or sp) Male (%) Country Language
Patient-Rated Wrist Evaluation Gabl3” 133 62 (19 to 92) 27 Austria German®
Hemelaers3® 44 56 (15) 36 Switzerland German
MacDermid3® 36/101 45(10)/50(16) 33/31 Canada English”
MacDermid32 59 53 (18) 37 Canada English”
Wilcke3> 29 58 (18) 20 Sweden Swedish
Lovgren3* 16 52(12) 19 Sweden Swedish
Mehta0 50 46 (14) 56 India Hindi
Kim4! 63 56 (19 to 83) 27 Rep. Korea Korean
Schonnemann#2 60/29 55 (19 to 86) 27 Denmark Danish
Walenkamp#*3 102 59 (48 to 66) 30 Netherlands Dutch
Disabilities of Arm, Shoulder and Hand Macdermid32 59 53 (18) 37 Canada English”
Westphal36 107 59 (17 to 84) 27 Germany German
Westphal#4 72 60 (16) 29 Germany German
Lovgren3* 16 52(12) 19 Sweden Swedish
Michigan Hand Questionnaire Kotsis*> 47 /37 48(17)/51(16) 32/38 USA English
Shauver4é 51 50 (19 to 83) 37 USA English
Waljee#” 128 61(9) 27 USA/UK English*
Short Form-36 Amadio33 21 57 (14 to 84) 14 USA English”
MacDermid32 59 53 (18) 37 Canada English”
Patient Evaluation Measure Forward*8 200 54 (24 to 80) 36 UK English”
Arthritis Impact Measurement Scale2 Amadio33? 21 57 (14 to 84) 14 USA English”
Brigham and Women’s Hospital Carpal Tunnel Amadio33? 21 57 (14 to 84) 14 USA English”
Questionnaire
International Osteoporosis Foundation Wrist Lips'6 105 63 (8) 12 UK/NL/Ita/BE  English/Dutch/Italian*
Fracture Questionnaire
Patient Focused Wrist Outcome Instrument Bialocerkowski*? 26 62 (22 to 84) 15 Australia English
Tampa Scale of Kinesophobia Lovgren3* 16 52(12) 19 Sweden Swedish
Catastrophizing Subscale of the Coping Strategies ~ Lovgren3* 16 52(12) 19 Sweden Swedish
Questionnaire
Self-Efficacy Scale Lovgren3* 16 52(12) 19 Sweden Swedish

*It can be deduced as per the COnsensus-based Standards for the selection of health Measurement INstruments guidelines, often the country in which the
study is performed and the language version of the measurement instrument that was used are not mentioned explicitly, but can be deduced from the affilia-

tion of the authors

Table IV. Summary of methodological quality of the studies on measurement properties of the PRWE and DASH32-44

PRWE37 PRWE38 PRWE3° PRWE32 PRWE35 PRWE3*4 PRWE*° PRWE*2 PRWE+' PRWE*> DASH32 DASH3¢ DASH44 DASH34

Generalisability Fair Fair Fair Poor Fair Excel
Internal Consistency ~ Poor Poor Fair Poor
Reliability Fair Poor Fair Poor
Measurement Error

Content validity Fair

Structural validity

Hypotheses testing Fair Good
Cross-cultural Fair

Criterion validity

Responsiveness Fair Fair Fair
Interpretability Poor

Poor Fair Fair Fair Poor Fair Good Excel

Poor Poor Poor Poor Poor Poor Poor

Fair Poor Fair Fair Poor
Fair Poor

Good

Fair Fair Poor Fair

Poor Poor Poor

Fair Fair Poor Fair Fair
Poor Poor Poor

A full overview of all the scores are shown in the supplementary material

properties. For instance, many PROMs are translated into
multiple languages. The PRWE has been correctly trans-
lated into 14 languages, following the translation process
described by Beaton et al.>® Nevertheless, we only found
cross-cultural validity studies for the Swedish, Hindi,
Korean and Danish versions, because the other translated
versions were not adequately evaluated. However, our
search was limited to English, German and Dutch, so it
can be assumed that the cross-cultural validity was evalu-
ated but the results were not published in any of these
languages.

Comparison of results with previous literature. Previous
reviews described a variety of PROMS measuring wrist
and/or hand disorders in general, but not PROMs specific
to distal radial fractures. Goldhahn et al®® advise using
a combination of a disease-specific PROM (PRWE), an
extremity-specific PROM (DASH) and a generic PROM
(SF-36). Changulani et al?? compared the measurement
properties of four PROMs for wrist and hand disorders.
They concluded that the PRWE is the most responsive
instrument for evaluating outcomes in patients with
a distal radial fracture. These conclusions were drawn

BONE & JOINT RESEARCH
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Table V. Summary of methodological quality of the studies on measurement properties of the other measurement instruments. A full overview of all the scores

are shown in the supplementary material6:32:34:45,4648,49

MHQ** MHQ?* MHQ*5 SF-3632 SF-363* PEM“* 10F'¢ PFW+ AIMS233 BWH33 TSK34  CAT3*4  SES34
Generalisability Fair Fair Poor Poor Fair Poor Fair Fair Fair Fair Excellent Excellent Excellent
Internal Consistency Poor Poor Poor Poor Poor
Reliability Poor Poor Poor Poor
Measurement Error
Content validity
Structural validity
Hypotheses testing Poor Poor
Cross-cultural
Criterion validity
Responsiveness Fair Fair Fair Fair Poor Fair Poor Poor Poor
Interpretability Fair

MHQ, Michigan Hand Questionnaire; SF-36, Short Form-36; PEM, Patient Evaluation Measure; AIMS2, Arthritis Impact Measurement Scale; BWH-CTQ,
Brigham and Women’s Hospital Carpal Tunnel Questionnaire; IOF-WFQ International Osteoporosis Foundation Wrist Fracture Questionnaire; PFW, Patient
Focused Wrist Outcome Instrument; TSK, Tampa Scale of Kinesophobia; CAT, Catastrophizing Subscale of the Coping Strategies Questionnaire; SES Self-

Efficacy Scale

Table VI. Ratings of measurement properties and interpretability of measurement instruments with level of evidence3s>49

PRWE32,34,35,37-43 DASH32,34,36,44 MHQ4S-47 SF_363Z,33 PEM438 AlMszB! BWH?33 |°F33 PFW42 TSK34 CAT34 SESS4
Reliability
Internal consistency + ? ? ? ? ? ?
Cronbach’s alpha 0.89 to 0.97 0.93 t0 0.98 0,94 0.96 0.68to 0.88to 0.79 to
0.82 0.97 0.95
Reliability ++ + ? ? ? ?
Intraclass correlation 0.81t00.97 0.78 t0 0.95 NA 0.81to 0.85to 0.57 to
cofficient 0.84 0.89 0.86
Measurement error +
Smallest detectable change 4.4 to 11.0
Validity
Content validity ++
Structural validity
Hypotheses testing ++ + ? +
Comparator instrument DASH Gartland NA NA
Cross-cultural +
Criterion validity
Responsiveness
Responsiveness ++ ++ ++ + ? ? + ?
Standardised response NA NA NA NA NA NA NA  NA
mean
INTERPRETABILITY
Interpretability ? -
Minimal important change 11.5
+ ++ or — — — multiple studies of good quality OR 1 study of excellent quality: strong evidence positive/negative result

+ + or — — multiple studies of fair quality OR 1 study of good quality: moderate evidence positive/negative result

+ or — 1 study of fair quality: limited evidence positive/negative result

+ / = conflicting findings

? only studies of poor quality: unknown, due to poor methodological quality
NA, not available (not performed or described)

PRWE, Patient-Rated Wrist Evaluation; DASH, Disabilities of Arm, Shoulder and Hand; MHQ, Michigan Hand Questionnaire; SF-36, Short Form-36; PEM, Patient
Evaluation Measure; AIMS2, Arthritis Impact Measurement Scale; BWH-CTQ, Brigham and Women’s Hospital Carpal Tunnel Questionnaire; IOF-WFQ Inter-
national Osteoporosis Foundation Wrist Fracture Questionnaire; PFW, Patient Focused Wrist Outcome Instrument; TSK, Tampa Scale of Kinesophobia; CAT,
Catastrophizing Subscale of the Coping Strategies Questionnaire; SES Self-Efficacy Scale

before the COSMIN checklist was available. The method-
ological quality of the clinimetric studies was not taken
into account and therefore these results may be biased,
especially since in the current review we found that the
methodological quality of these studies was, at best, fair.
Therefore, we can only conclude that the good respon-
siveness of the DASH and PRWE is supported by moder-
ate evidence.

Hoang-Kim et al?! assessed the quality of reviews pub-
lished on currently used PROMs for assessing function of

the hand and wrist joints. Although they used COSMIN’s
taxonomy, terminology and definitions to define the dif-
ferent measurement properties, they did not systemati-
cally review the methodological quality of these studies.
Nevertheless, they concluded that the PRWE has good
construct validity and responsiveness, and found this to
be only slightly better than the DASH for assessing patients
with wrist injuries. Based on the results of our review we
agree that the PRWE is slightly better investigated than the
DASH, but disagree with their rating of “good” on some
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measurement properties. This difference may be due to
the fact that we incorporated the methodological quality
of these studies by using the COSMIN checklist instead of
only using the COSMIN taxonomy.

Study strengths. To our knowledge, this is the first study
that has used the COSMIN checklist to systematically
review the methodological quality of studies on the mea-
surement properties of PROMs in the evaluation of treat-
ment of distal radial fractures. Furthermore, the quality
of each study was assessed by two independent review-
ers, as recommended by the COSMIN group, and a third
reviewer in cases of disagreement. Using these methods,
we were able to minimise subjective judgement on the
outcome. We searched for relevant articles from 1990
onwards, so we consider it unlikely that any relevant
PROMs were missed. This is especially true since most
PROMs were developed after 1990. Since we found 19
studies eligible from a possible 1508, this shows that our
search strategy was very broad and inclusive. Yet, it also
demonstrates that the literature on this topic is somewhat
lacking. Our search was not just limited to the English
language, as both reviewers have a good knowledge of
German and Dutch.

Study weaknesses. There were some limitations to this
review. As in all reviews, publication bias from unpub-
lished studies may threaten the internal validity as
unpublished studies are more likely to report negative
or unfavourable results.>” Another limitation of this study
was that it was not always clear to the reviewers if spe-
cific methodological aspects were not reported or not
performed, making it impossible to distinguish between
poor study reporting and poor methodological quality.
We did not contact the authors of the studies to clarify
these issues. It can be assumed that some studies have
been executed properly but are not sufficiently well
described according to the COSMIN criteria. This may
have affected the quality ratings.

The shortcomings of outcome measurement research
in distal radial fractures exposed by this review should not
be generalised to all clinimetric research in orthopaedic
surgery. However, it is known that strong evidence sup-
porting good quality of multiple PROMs for various pathol-
ogy is lacking®#>4 so we advise the reader to be cautious
when choosing a PROM based on the results of clinimetric
studies without considering their methodological quality.

For future research, we believe that it is especially
important to further evaluate the measurement proper-
ties and interpretability of the PRWE and DASH outcome
measures in higher quality studies. Based on the results of
the available clinimetric studies, there is no evidence that
these PROMs are not useful in evaluating the treatment of
distal radial fractures, and therefore we do not believe
thatitis necessary to develop new instruments. Currently,
based on best available evidence, we recommend using
the PRWE or DASH to evaluate the outcome of treatment
in patients with distal radial fractures but we cannot

stress strongly enough that more clinimetric studies of
higher methodological quality are needed in order to
more confidently select appropriate PROMs.

According to this systematic review, strong evidence
supporting ‘good quality’ of any of the current available
PROMs in patients with distal radial fractures is lacking.
The evidence that the responsiveness of the PRWE and
DASH is good is moderate, as is the evidence for good
validity and reliability of the PRWE. We therefore recom-
mend these PROMs in clinical studies in patients with distal
radial fractures; however, more clinimetric studies of
higher methodological quality are needed to adequately
determine their other measurement properties. If the
methodological quality of clinimetric studies continues to
increase, PROMs can be selected with greater confidence.

Supplementary material
The full search strategy is provided in supplementary
material 1. A full overview of the scores of methodo-
logical quality of the studies on measurement properties
of all PROMs are shown in Supplementary Tables i to iv.
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