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ABSTRACT

Purpose: To examine the reliability, validity, and sensitivity to change of the 20-item version and the Rasch-refined 15-item version of the Upper Extremity
Functional Index (UEFI-20 and UEFI-15, respectively) and to determine the impact of arm dominance on the positive minimal clinically important difference
(PMCID). Methods: Adults with upper-extremity (UE) dysfunction completed the UEFI-20, Upper Extremity Functional Scale (UEFS), Pain Limitation Scale,
and Pain Intensity Scale at their initial physiotherapy assessment (Time 1); 24—48 hours later (Time 2); and 3 weeks into treatment or at discharge, which-
ever came first (Time 3). Demographics, including working status, were obtained at Time 1. Global ratings of change (GRC) were provided by the treating
physiotherapist and patient at Time 3. The UEFI-15 was calculated from relevant items in the UEFI-20. The intra-class correlation coefficient (ICC) and
minimal detectable change (MDC) quantified test—retest reliability (Time 1-Time 2). Cross-sectional convergent validity was determined by the association
(Pearson’s n) between Time 1 measures of function and pain. Known-groups validity was evaluated with a one-way ANOVA across three levels of working
status. Longitudinal validity was determined by the association (Pearson’s ) between function and pain change scores (Time 1-Time 3). Receiver operat-
ing characteristic (ROC) curves estimated the pMCID using Time 1-Time 3 change scores and average patient/therapist GRC. Results: Reliability for the
UEFI-20 and UEFI-15 was the same (ICC = 0.94 for both measures). MDC values were 9.4/80 for the UEFI-20 and 8.8/100 for the UEFI-15. Cross-
sectional, known-groups, and longitudinal validity were confirmed for both UEFI measures. pMCID values were 8/80 for the UEFI-20 and 6.7/100 for the
UEFI-15; pMCID was higher for people whose non-dominant arm was affected. Conclusions: Both UEFI measures show acceptable reliability and validity.
Arm dominance affects pMCID. The UEFI-15 is recommended because it measures only one dimension: UE function.
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RESUME

Objectif : Etudier la fiabilité, la validité et la sensibilité au changement des versions a 20 questions et a 15 questions raffinées par Rasch de I'Indice
fonctionnel des membres supérieurs (IFMS-20 et IFMS-15, respectivement) et déterminer I'effet du bras dominant sur la différence minimale positive
cliniquement importante (pDMCI). Méthodes : Les adultes ayant une dysfonction des membres supérieurs (MS) ont répondu au questionnaire IFMS-20,
aux questionnaires de I'Echelle fonctionnelle des membres supérieurs (EFMS), de I'Echelle de limitation de la douleur et de I'Echelle de I'intensité de la
douleur au cours de leurs premiéres évaluations en physiothérapie (moment 1); de 24 a 48 heures plus tard (moment 2) et 3 semaines apres le début du
traitement ou le congé, selon I'échéance la plus rapprochée (moment 3). On a réuni des données démographiques, y compris sur leur état de travailleur,
au cours du moment 1. Le physiothérapeute traitant et le patient ont fourni des évolutions globales du changement (EGC) au moment 3. On a calculé le
résultat du questionnaire IFMS-15 a partir de questions pertinentes contenues dans la version IFMS-20. Le coefficient de corrélation intracatégorie (CCI) et
le changement détectable minimal (CDM) ont quantifié la fiabilité de test-retest (moment 1-moment 2). La validité convergente transversale a été
déterminée par le lien (r de Pearson) entre les mesures de fonction et de douleur prises au moment 1. On a évalué la validité des groupes connus
au moyen d’une analyse bidirectionnelle des écarts (ANOVA) entre trois niveaux d’état de fonctionnement. La validité longitudinale a été déterminée en
fonction du lien (r de Pearson) entre les scores de changement de la fonction et de la douleur (moment 1—-moment 3). Des courbes des caractéristiques
opérationnelles du récepteur (COR) ont estimé la pDMCI a partir des scores de changement entre le moment 1 et le moment 3 et les EGC moyennes
patient/thérapeute. Résultats : La fiabilité des questionnaires IFMS-20 et IFMS-15 a été la méme (CCl = 0,94 pour les deux mesures). Les valeurs du
CDM se sont établies a 9,4/80 pour le questionnaire IFMS-20 et a 8,8/100 pour le questionnaire IFMS-15. La validité transversale, de groupes connus et
longitudinale a été confirmée pour les deux mesures de I'lFMS. Les valeurs de la pDMCI s’établissaient & 8/80 pour le questionnaire IFMS-20 et a 6,7/100
pour le questionnaire IFMS-15; la pDMCI était plus élevée chez les personnes dont le bras non dominant était atteint. Conclusions : Les deux mesures de
I'IFMS montrent une fiabilité et une validité acceptables. Le bras dominant a un effet sur la pDMCI. On recommande le questionnaire IFMS-15 parce qu'il

mesure une dimension seulement: la fonction des membres supérieurs.

Physiotherapists are commonly consulted by people
with musculoskeletal upper-extremity (UE) problems.
These disorders may affect any part of the upper limb or
neck, causing numbness, tingling, swelling, pain, loss of
coordination or strength, and UE dysfunction that affects
work or recreational activities.! In 2006, a systematic re-
view of worldwide rates of UE musculoskeletal disorders
reported point prevalence as high as 53% (31.9% in
Canada) and 12-month prevalence as high as 41% (19.8%
in Canada).2

The Upper Extremity Functional Index (UEFI) is a
patient-reported outcome measure (PROM) for quantify-
ing UE function? that has been used in several studies of
people with musculoskeletal UE problems.*-# Recently,
we performed a Rasch analysis of the tool that informed
its modification to a 15-item interval-level PROM (UEFI-
15).° Psychometric properties of the UEFI-15 have not
been compared to the original version, nor has the
positive minimal clinically important difference (pMCID)
been determined for either measure.

Lang and colleagues have suggested that arm domi-
nance may influence the pMCID.'° Briefly, they suggest
that limited function may trouble patients more when it
affects the dominant limb than when the non-dominant
limb is involved, because the dominant arm is used for
more skilled movements; therefore, a smaller improve-
ment in ability to use the affected arm may be more sig-
nificant for the patient. The literature on arm dominance
and the pMCID is limited and inconclusive.'-12 The
impact of limb dominance on the pMCID has not been
determined for the original UEFI or for the UEFI-15.

The main objective of our study was to estimate the
reliability, validity, sensitivity to change, and pMCID of
the original UEFI and the UEFI-15; a secondary objective
was to determine the impact of limb dominance on the
pMCID.

METHODS

Design

We used a prospective longitudinal study design. Data
were collected at the initial physiotherapy assessment
(Time 1) for convergent and known-groups validity, 24—
48 hours later (Time 2) for test-retest reliability, and at 3
weeks or discharge, whichever came first (Time 3), for
longitudinal validity and calculation of the pMCID.

Participants

From October 2007 through March 2010, participants
were recruited from 17 physiotherapy clinics across four
Canadian provinces. Clients with a UE problem attend-
ing their first physiotherapy visit were invited to partici-
pate in the study. Inclusion criteria were (1) attendance
at physiotherapy treatment for UE dysfunction deemed
by the treating physiotherapist to be musculoskeletal in
origin and (2) the ability to read and speak English flu-
ently. The study received ethics approval from Western
University’s Health Sciences Research Ethics Board, and
all participants gave informed consent.

Data collection

Time 1 descriptive data were captured by self-admin-
istered questionnaire and included age, gender, educa-
tion, limb dominance, affected limb, symptom location,
duration of problem, surgery status (did/did not have
surgery), and working status (work not affected, work
affected but continuing to work, off work because of
problems). At all three time points, the UEFI,? the Upper
Extremity Functional Scale (UEFS),'3 the Pain Limitation
Scale (PLS), and the Pain Intensity Scale (PIS) were
administered.”* Time 3 global ratings of change (GRC)
were provided by the treating physiotherapist and the
patient: one for function (GRC-function) and one for
pain (GRC-pain).?
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Outcome measures

20-item Upper Extremity Functional Index (UEFI-20)

The UEF]I, a region-specific PROM of functional status
for people with UE dysfunction of musculoskeletal origin,?
was originally developed by creating 105 items from a re-
view of existing questionnaires, responses to the Patient
Specific Functional Scale from patients with musculos-
keletal UE problems,'* and input from physiotherapists
with experience treating patients with UE dysfunc-
tion. The index was reduced to 32 items by combining
similar items. A formal item analysis, including factor
analysis, generated the 20-item questionnaire as a single
domain quantifying UE functional status. Each item
uses a 5-point adjectival response scale to rate difficulty
in performing UE activities: 0 = extreme difficulty or
unable to perform activity, 1 = quite a bit of difficulty,
2 = moderate difficulty, 3 = a little bit of difficulty, and
4 = no difficulty. Summing the items yields a total score
from 0 (worst) to 80 (best) points. Before we began our
study, the UEFI developer suggested minor changes to
the original wording of two items to reflect feedback
from clinicians (Stratford PW, 2007, personal communi-
cation). The item “lifting a bag of groceries above your
head” was changed to “placing an object onto, or re-
moving it from an overhead shelf,” since typically people
do not lift groceries as originally described; the item
“grooming your hair” was changed to “washing your hair
or scalp” to take hair loss from medical or non-medical
causes into account. Our study used this updated word-
ing (hereafter UEFI-20).

15-item Upper Extremity Functional Index (UEFI-15)

We used the cohort in this study to produce the UEFI-
15 through Rasch analysis of the UEFI-20.° The UEFI-15
retains the UEFI-20 rating scale described above for all
items except “doing up buttons,” which was modified to
a scale from 0 to 3 points based on Rasch analysis. Its
lowest anchor, extreme difficulty or unable to perform
activity, has the same weight as the other items (=0),
but the next two adjacent response options are weighted
equally: quite a bit of difficulty (=1) and moderate diffi-
culty (=1). The last two response options are weighted as
follows: a little bit of difficulty (=2) and no difficulty
(=3). Raw total scores (0 = worst state; 59 = best state),
are transformed to generate an interval-level total score
(0 = worst state; 100 = best state). In the current analysis,
we extracted the UEFI-15 items from the UEFI-20 and
used the interval-level total score. The UEFI-15 is repro-
duced in the Appendix.

Upper Extremity Functional Scale (UEFS)

The UEFS is an 8-item region-specific PROM of UE
function.’® Each item is scored from 1 (no problem) to
10 (major problem), for a total score ranging from 8
(best state) to 80 (worst state). We chose the UEFS be-
cause it was the comparator used in the original UEFI
study.?

Pain scales

Two pain scales originally developed for the Patient-
Specific Functional Scale were also included: the Pain
Limitation Scale (PLS) and the Pain Intensity Scale
(PIS).'* The initial creation of these two pain scales was
guided by the pain questions in the Short-Form 36 (SF-
36);'¢ both pain scales were intended for use with any
patient, regardless of their health condition. The PLS
asks, “Over the past 24 hours, has the pain limited you
from performing any of your normal daily activities?”
Responses vary from 0 (activities have been severely
limited) to 10 (activities have not been limited). The PIS
asks, “Over the past 24 hours, how bad has your pain
been?” Responses vary from 0 (no pain) to 10 (pain as
bad as it can be). We chose these two pain scales be-
cause they were also comparators used in the original
UEFI study.?

Global ratings of change

GRCs were determined using the retrospective transi-
tion rating scale method.'> At Time 3, the participant
and physiotherapist were asked whether UE function
was the same as, better than, or worse than at Time 1. A
response of “no change” was assigned a value of 0; other
responses were scored as follows: a tiny bit better/worse,
almost the same = 1; a little bit better/worse = 2; some-
what better/worse = 3; moderately better/worse = 4; quite
a bit better/worse = 5; a great deal better/worse = 6; a
very great deal better/worse = 7. Improvement/deterio-
ration ratings were assigned a positive or negative value,
respectively. The result was two GRC-function 15-point
scales that documented change in function, from —7 (a
very great deal worse) to +7 (a very great deal better).
Two similar GRC-pain scales were also created.

Analysis

We summarized sample characteristics by means and
frequencies, and calculated all change scores so that
positive values represent improvement.

Reliability

For reliability, we calculated a minimum required
sample size of 35, based on the following a priori criteria:
two test sessions, parameter estimation of an intra-class
correlation coefficient (ICC) = 0.85, 95% CI width of 0.20,
and 10% loss to follow-up.'” For test-retest reliability, we
believed that clinical status should not change appre-
ciably within 24-48 hours after the first physiotherapy
assessment. To test this assumption, we compared the
PROMs at these two time points using paired t-tests.'®
We calculated the test-retest ICC, ,'® the standard error
of measurement (SEM),'® and the minimal detectable
change at the 90% CI (MDCgp) with their 95% ClIs.18-20
We also determined the 95% limits of agreement be-
tween the test-retest values.?! We used the Shapiro-Wilk
test and visual inspection of the test-retest difference
scores and their probability plots to determine whether
or not they were normally distributed.??23
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Table 1 Sample Characteristics at Initial Assessment (n = 298)

Characteristic No. (%) of participants*

Mean (SD), min—max age, y (n = 288) 48.2 (14.3), 20-83

Female sex 152 (51)
Education (n = 279)
Elementary 2(1)
Some high school 28 (10)
High school 38 (14)
Some university or college 93 (33)
University 118 (42)
Affected limb (n = 296)
Right 170 (57)
Left 109 (37)
Both 17 (6)
Dominant limb (n = 296)
Right 257 (87)
Left 33 (11)
Ambidextrous 6(2)
Work affected (n = 292)
No 115 (39)
Yes, but continuing to work 139 (48)
Yes, off work because of problems 38 (13)
Had surgery 52 (18)
Duration of problem (n = 295)
<1 wk 19 (6)
1-3 wk 62 (21)
4-8 wk 90 (31)
9-12wk 29 (10)
>12 wk 95 (32)
Symptom location (n = 295)
Shoulder 154 (52)
Elbow 29 (10)
Wrist/hand 26 (9)
Multiple locationst 86 (29)

*Unless otherwise indicated.
+Multiple patterns of symptom location throughout the neck, shoulder or upper
extremity.

Validity and sensitivity to change

Our validity analyses required a minimum sample
size of 241 based on a Pearson’s product-moment corre-
lation coefficient (r) of 0.50,'8 a 95% CI width of 0.20, and
10% loss to follow-up over time.?* To determine known-
groups validity, we compared the function PROMs across
three subgroups of working status with a one-way ANOVA
and Tukey’s test post hoc.'® A significant difference indi-
cated that a measure could differentiate across known
groups of working status. We used Pearson’s r to examine
concurrent validity among the pain and function mea-
sures. A series of hypotheses were established a priori to
evaluate evidence of validity: given the direction of the
scales and constructs measured, we expected a strong
negative correlation (r > —0.70) between the two UEFI
versions and the UEFS, a moderate to strong positive
correlation (r > 0.50) between the UEFI versions and the
PLS, and a moderate negative correlation (r > —0.40) be-
tween the UEFI and the PIS.

For our analysis of longitudinal validity we assumed
that clinical status would improve over 3 weeks of physio-
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therapy treatment. We used Pearson’s r to evaluate the
relationship among change scores for the pain and func-
tion measures. We hypothesized that better UEFI change
scores would be associated with better UEFS and pain
change scores; moderate (r > 0.40) positive correlations
were expected, since positive change reflects improve-
ment. To analyze sensitivity to change, we used the
approach for a heterogeneous sample of individuals,
most of whom were expected to change by different
amounts.?> We used Spearman’s rank correlation co-
efficient (r;)'® to examine the relationship between the
change score for each function PROM and the average
of the patient’s and physiotherapist’'s GRC-function. A
moderate (r > 0.40) positive correlation was anticipated.

Positive minimal clinically important difference (pMCID)

We defined the pMCID as an average GRC-function
of “somewhat better” or more (>+3/47), which we felt
reflected a minimally important change over 3 weeks
of physiotherapy treatment. We used receiver operating
characteristic (ROC) curve analyses to identify the change
score that best discriminated between those who attained
the pMCID and those who did not.?® Pre-measurement
chance of important change was set at 50%. We repeated
the analyses with participants stratified into dominant
and non-dominant affected arm groups, excluding both
ambidextrous participants and those with bilateral symp-
toms, as neither could be assigned to a single affected or
dominant limb group. To determine the impact of using
the average GRC-function as our reference standard, we
repeated the analyses with the pMCID defined only by
the patient’s GRC-function.

To evaluate the reliability of average GRC-function,
we calculated the average GRC-pain the same way and
used Cronbach’s alpha?’ to quantify their internal con-
sistency. For validity, we used Spearman’s r; to quantify
their association and to evaluate the relationship between
average GRC-function and the function PROMs’ Time 3
and change score values.

Sensitivity analyses

Using multiple imputation,?® we created five data sets
with no missing UEFI, UEFS, or GRC-function values.
We visually compared the study findings with the mean
of five imputed reliability and validity coefficients and
with the unstratified pMCID for each function PROM.
All analyses were performed using SAS software, version
9.2 (Cary, NC, USA), except the ROC curve analyses,
which were performed using MedCalc software, version
12.5.0 (Ostend, Belgium).

RESULTS

We recruited a total of 298 participants (see Table 1).
After removal of 43 participants with missing Time 1 or 2
function PROM scores, 255 participants were available
for reliability and cross-sectional validity analyses. An
additional 25 participants with missing Time 1 or Time
3 function PROM scores were also removed, leaving
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Testing occasion; mean (SD)

Time 1 Time 2* Time 3 Change scoref

initial assessment 24-48 hr later 3 wk later or discharget Time 3 — Time 1
Measure (n = 255) (n= 255) (n=230) (n=230) p-value
UEFI-20 (0-80) 51.2 (16.9) 52.7 (17.1) 61.4 (16.1) 10.7 (13.1) < 0.001
UEFI-15 (0-100) 59.8 (15.3) 60.8 (15.3) 69.4 (16.1) 101 (11.7) < 0.001
UEFS (8-80) 26 4 (15.1) 25.8 (15.2) 20.1 (13.2) .0(11.2) < 0.001
PLS (0-10) § .8 (2.8 6.1 (2.7) 7.2 (2.6) .6 (3.1) < 0.001
PIS (0-10) § 7(2.4) 4.6 (2.4 3.0(2.3 .8 (2.5 < 0.001

* Difference between Time 1 and Time 2: UEFI-20: ty54 = 4.13, p < 0.001. UEFI-15: t,54 = 3.31, p = 0.001. UEFS: 1,5, = 1.65, p = 0.10. Pain Limitation Scale:

53 = —2.86, p = 0.005. Pain Intensity Scale: t,53 = 1.57, p = 0.12.

+ 3 wk after initial assessment or discharge from physiotherapy, whichever came first.

1 Positive change score indicates improvement for all measures.
§Time 1 and 2 (n = 254); Time 3 (n = 229); Change (n = 228).

UEFI-20 = 20-item Upper Extremity Functional Index (higher scores indicate better function); UEFI-15 = Rasch-reduced 15-item Upper Extremity Functional Index
(higher scores indicate better function); UEFS = Upper Extremity Functional Scale (lower scores indicate better function); PLS = Pain Limitation Scale (higher scores
indicate less pain-related limitation); PIS = Pain Intensity Scale (lower scores indicate less pain intensity).

Table 3 Test-retest Reliability and Agreement Findings (n = 255)

Measure of upper extremity function

Findings

UEFI-20

UEFI-15 UEFS

Difference between test-retest scores, mean (SD)*
Reliability Parameters
ICC (95% CI)

1.4 (5.5)

0.94 (0.93-0.96)

1.1(5.2) 0.6 (6.0)

0.94 (0.92-0.95) 0.92 (0.90-0.94)

SEM (95% Cl) 4.0 (3.7-4.4) 3.8 (3.5-4.1) 4.2 (3.9-4.6)

MDCyo (95% CI) 9.4 (8.6-10.2) 8.8 (8.1-9.5) 9.8 (9.1-10.7)
Agreement Parameter

95% limits of agreement —-12.3,9.4 —11.3, 9.1 —-11.1,12.3

*Positive values indicate improvement for all three measures. Shapiro-Wilk test results: UEFI-20, W = 0.79; UEFI-15, W = 0.81; UEFS, W = 0.63; all p < 0.001.
UEFI-20 = 20-item Upper Extremity Functional Index (0—80, higher scores indicate better function); UEFI-15 = Rasch-reduced 15-item Upper Extremity Functional

Index (0—100, higher scores indicate better function); UEFS = Upper Extremity Functional Scale (8—80, lower scores indicate better function); ICC =
minimal detectable change at the 90% CI.

correlation coefficient; SEM = standard error of measurement; MDCqq =

a sample of 230 for longitudinal validity. Mean PROM
values by time are shown in Table 2.

A total of 19 participants were missing a GRC-func-
tion, leaving 211 for the determination of the pMCID; of
these, 14 were ambidextrous or presented with bilateral
symptoms, leaving 197 participants for determination of
the pMCID by arm dominance.

Reliability

All ICC,,; values were >0.9 (see Table 3). Shapiro-
Wilk tests rejected the null hypothesis of normally dis-
tributed test-retest difference scores. On visual inspec-
tion, difference scores for the UEFI-20 and UEFI-15 were
symmetric, with many observations clustered near the
mean (i.e., leptokurtic) and probability plots approximat-
ing a normal distribution. The UEFS difference scores
were skewed left.

Validity and sensitivity to change
For known-groups validity (see Table 4), the UEFI-20,
UEFI-15, and UEEFS scores differed among work status

intra-class

categories; all post hoc pairwise comparisons reached
statistical significance. For cross-sectional and longitu-
dinal validity (see Table 5), the absolute values of all
function correlations were >0.6 (p < 0.001) and >0.4
(p < 0.001) for the relationship between the function
and pain measures. For sensitivity to change, correla-
tions between change scores and the average GRC-func-
tion are given in Table 5.

pMCID

For change thresholds up to three units larger than
the pMCID, the UEFI-20 post-measure chance of im-
provement increased, whereas the UEFI-15 values were
stable (see Table 6). The pMCID decreased by 1 and 0.4
units for the UEFI-20 and UEFI-15, respectively, when the
patient GRC-function alone defined important change.

For both measures of function, the pMCID was higher
for patients whose non-dominant arm was affected (see
Table 7). Post-measure probabilities for important change
were generally higher for those with an affected non-
dominant arm.
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Table 4 Patient-reported Outcome Measures by Working Status: Known-groups Validity (n = 250)

Working status; mean (SD)*

Measure Work not affected Work affected — continuing work 0ff work because of problems
UEFI-20 (0-80) 58.3 (14.4) 49.9 (15.8) 35.1 (15.7)
UEFI-15 (0-100) 66.6 (14.8) 57.7 (13.3) 46.8 (13.6)
UEFS (8—-80) 21.6 (13.4) 27.0 (14.1) 38.3 (16.4)

*ANOVA (F,,247) for UEFI-20 (27.34), UEFI-15 (25.71), and UEFS (16.25), all p < 0.001. All post hoc pairwise comparisons p < 0.05.
UEFI-20 = 20-item Upper Extremity Functional Index (higher scores indicate better function); UEFI-15 = Rasch-reduced 15-item Upper Extremity Functional Index
(higher scores indicate better function); UEFS = Upper Extremity Functional Scale (lower scores indicate better function).

Table 5 Association among Upper Extremity Measures of Function and Pain

Measures of upper extremity function; Pearson correlation coefficient (95% Cl)*

Type of validity UEFI-20 UEFI-15 UEFS
Cross-sectional
UEFI-20 - 0.95 —0.81
(0.94-0.96) (—0.85 to —0.77)
UEFI-15 - - —0.79
(—0.83 to —0.74)
PLSE 0.54 0.51 —0.44
(0.45-0.62) (0.41-0.60) (—0.53 to —0.33)
PISE —0.44 —0.42 0.42
(—0.54 to —0.34) (—0.52 to —0.32) (0.31-0.52)
Longitudinal§
UEFI-20 - 0.86 0.67
(0.83-0.89) (0.59-0.73)
UEFI-15 - - 0.57
(0.48-0.65)
PLSY 0.51 0.46 0.39
(0.40-0.60) (0.35-0.56) (0.28-0.50)
PISY 0.50 0.45 0.46
(0.40-0.59) (0.34-0.55) (0.35-0.56)
Sensitivity to change** 0.57 0.58 0.43
(0.47-0.65) (0.48-0.66) (0.31-0.53)

*Unless otherwise indicated, all p < 0.001.

+ Correlation between Time 1 values (n = 255).
in=254.

§Correlation between change scores (n = 230).
9in = 228.

**Spearman correlation coefficient between change scores and average Time 3 patient and physiotherapist global ratings of change in function (n = 211).

All p < 0.001.

UEFI-20 = 20-item Upper Extremity Functional Index (0—80, higher scores indicate better function); UEFI-15 = Rasch-reduced 15-item Upper Extremity Functional
Index (0—100, higher scores indicate better function); UEFS = Upper Extremity Functional Scale (8—80, lower scores indicate better function); PLS = Pain Limitation
Scale (0-10, higher scores indicate less pain-related limitation); PIS = Pain Intensity Scale (0—10, lower scores indicate less pain intensity).

For GRC reliability, Cronbach’s alpha for the average
GRC-function and GRC-pain was 0.97. For GRC validity,
Spearman’s s, for their association was 0.93. Spearman’s
s, for the association between the average GRC-function
and Time 3 function PROMs were 0.40, 0.36, and —0.37
for the UEFI-20, UEFI-15, and UEFS, respectively. Table
5 shows correlations between average GRC-function and
the function PROMs’ change scores.

Sensitivity analyses

Mean imputed reliability coefficients were 1% higher
than the values given in Table 3. Mean imputed correla-
tion coefficients were +2% of Table 5 values and up to
4% higher for sensitivity to change correlations. Mean
imputed pMCIDs for the UEFI-20 and UEFI-15 were 7
and 6.3, respectively; their mean imputed post-measure
chance of improvement was 2% less than Table 6 values.
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Table 6 Results of Receiver Operating Characteristic (ROC) Curve Analys
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is, Adjusted for 50% Pre-measure Chance of Improvement (n = 211)

pMCID +/— change units

Post-measure chance

(alternate threshold) Sensitivity, % Specificity, % PLR NLR PPV, % NPV, % of improvement,* %
UEFI-20
-3 (5) 80 68 2.5 0.3 72 77 72
—2 (6) 78 78 35 0.3 78 78 78
-1 (@) 76 80 3.8 0.3 79 77 79
pMCID = 87} 72 (64-79) 84 (71-93) 45(2.4-86) 0.3(0.3-04) 82(72-89) 75 (66-83) 82 (71-90)
+1(9) 66 86 4.8 0.4 83 72 83
+2 (10) 60 92 7.5 0.4 88 70 88
+3 (11) 58 92 7.2 0.5 88 69 88
UEFI-15
-3(3.7) 83 56 1.9 0.3 65 77 65
—2(4.7) 82 64 2.3 0.3 70 78 70
-1(5.7) 76 72 2.7 0.3 73 75 73
pMCID = 6.7+ 73 (66-80) 80 (66-90) 3.7(1-6.4) 0.3(0.2-04) 79 (69-86) 75 (66—-83) 79 (71-86)
+1(7.7) 70 80 35 0.4 78 73 78
+2 (8.7) 65 82 3.6 0.4 78 70 78
+3(9.7) 58 84 3.7 0.5 79 67 79

*Chance that patients with change > the pMCID would report improvement of
+point estimate (95% Cl).

‘somewhat better’ or more (>-+3/+7).

pMCID = positive minimal clinically important difference defined by average patient and physiotherapist global rating of change in function of “somewhat better” or
more (>+3/+7); PLR = positive likelihood ratio (no units); NLR = negative likelihood ratio (no units); PPR = positive predictive value; NPR = negative predictive
value; UEFI-20 = 20-item Upper Extremity Functional Index (0—80, higher scores indicate better function). Area under ROC curve (95% Cl): 0.83 (0.77-0.88),

p < 0.001; UEFI-15 = Rasch-reduced 15-item Upper Extremity Functional Index (0—100, higher scores indicate better function). Area under ROC curve (95% Cl):

0.79 (0.72-0.84), p < 0.001.

Table 7 Results of ROC Curve Analysis, Stratified by Dominance of Affected Limb, Adjusted for 50% Pre-measure Chance of Improvement (n = 197)

Affected limb Post measure chance
dominance* pMCID AUCT Sensitivity, % Specificity, % PLR PPV, % of improvement,} %
UEFI-20§
Dominant 7 0.85 (0.78-0.91) 76 (66—84) 83 (66-93) 44 (21-9.2) 82 (70-90) 81 (68-90)
Non-dominant 10 0.74 (0.61-0.84) 62 (48-75) 90 (56-99) 6.2 (1.0-40.0) 86 (65-97) 86 (50-98)
UEFI-15§
Dominant 5.7 0.78 (0.70-0.85) 77 (67-85) 74 (57-88) 3.0 (1.7-5.3) 75 (63-85) 75 (63-84)
Non-dominant 9.1 0.80 (0.68-0.89) 64 (50-77) 100 (69-100)  64.09 (1.6-77.0) 100 (83-100) 989 (62—99)

*Number (n) attaining a pMCID: Dominant affected, n = 99/134; Non-dominant affected, n = 53/63.

+All p < 0.001.
1 Chance that patients with change > the pMCID would report improvement of
§point estimate (95% Cl).

‘somewhat better’ or more (>+3/+7).

4IPLR cannot be calculated when specificity = 100%.To estimate this PLR and post-measure chance of improvement, specificity was set to 99% for point estimate
and upper confidence limit.

pMCID = positive minimal clinically important difference defined by average patient and physiotherapist global rating of change in function of “somewhat better”
or more (>-+3/+7); AUC = area under receiver operator characteristic curve (no units); PLR = positive likelihood ratio (no units); PPV = positive predictive value;
UEFI-20 = 20-item Upper Extremity Functional Index (0—80, higher scores indicate better function); UEFI-15 = Rasch-reduced 15-item Upper Extremity Functional

Index (0—100, higher scores indicate better function).

Note: negative likelihood ratios/predictive values not included because they were unchanged from Table 6.

DISCUSSION

Our study found that the UEFI-20 and UEFI-15 dem-
onstrated comparable reliability, validity, and sensitivity
to change. The pMCID analyses were also comparable;
both measures required more change to define im-
portant improvements in people with an affected non-
dominant arm.

Reliability

Our test-retest reliability results are consistent with
those published in the original UEFI study.? We believe
that our evaluation of the test-retest scores supports the
two key assumptions for calculating the MDC—no sys-
tematic change between test occasions and consistency
with a normal distribution?*—because the UEFI-20 test—
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retest difference score (1.4) was similar to the mean
change (1.8) of patients with a shoulder problem who
rated their response to physiotherapy as unchanged.?
With respect to the distribution of the test-retest scores,
we note that the Shapiro-Wilks test was intended to sup-
plement rather than replace visual inspection of normal
probability plots??; the test statistic is a summary of the
data, whereas the visual plot shows all the data.3® Given
that our normal probability plots were symmetric and
that the requirement of a normal distribution may be
less critical for test statistics derived from F tests,3° we
conclude that the test-retest scores sufficiently approxi-
mated a normal distribution.

Validity

Cross-sectional and longitudinal validity of both UEFI
measures was supported by their correlation with the
UEFS: all relationships were as strong as or stronger
than our a priori hypotheses. While the directions of
some of our scales were opposite to those reported by
Stratford and colleagues,? the absolute values of all our
correlation CIs overlapped theirs, and our point esti-
mates were either equal to or within 0.2 points of their
reported values.

External validity of our UEFI findings is supported by
the external validity of the UEFI values obtained in our
study. Our mean UEFI-20 scores at Time 1 (51.2) reveal
a sample of participants whose dysfunction was less
severe than those of participants in Stratford and collea-
gues’ study (43.2).3 However, our mean 3-week change
score differs from theirs by only 0.1 UEFI-20 units, which
may reflect the similarity in study design. Furthermore,
our Time 1 UEFI-20 score compares favourably to the
value (54.2) obtained from patients with a shoulder
problem on their first visit to physiotherapy.® Our mean
Time 3 UEFI-20 score (61.4) compares favourably to
the mean UEFI value obtained from patients attending
physiotherapy for rotator cuff disease (65.2).>

pMCID

The UEFI-20 and the UEFI-15 pMCID estimates
possess similar post-measure chances of improvement
(see Table 6). While there may be differences between
these measures when a different threshold value for the
pMCID is used, it is important to keep in mind that
the reason for these differences may be that the UEFI-20
is measuring other constructs in addition to UE function,
such as the effects of sleeping on the affected shoulder—
one of the items removed during the Rasch analysis.?

Our study found that pMCID was smaller for partici-
pants whose dominant arm was affected than for those
whose non-dominant arm was affected. This finding
is similar to pMCID findings reported for a pain visual
analogue scale (VAS) among people with rotator cuff dis-
ease,!! although in the same sample, arm dominance
showed no impact on the pMCID for two shoulder
PROMs.!? Our finding is also similar to preliminary pMCID
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findings reported for selected performance-based UE
measures among people with hemiparesis following
stroke.1® Different pMCID values for participants with
non-dominant and dominant affected arms support the
view that the pMCID value is context-specific.3! Inde-
pendent verification of the current findings is recom-
mended in the future.

To address concerns about the validity and reliability
of GRC transition ratings,3> we chose a conservative
strategy for calculating the pMCID by averaging patients’
and physiotherapists’ GRC. The fact that these average
GRCs had a stronger association with the UEFI change
scores than with the Time 3 UEFI values supports their
validity. The internal consistency of the pain and func-
tion GRCs support the reliability of GRC-function, be-
cause Cronbach’s alpha was in the range of expected
values when two items have an inter-item correlation
coefficient of the magnitude found in our study.?”

pMCID versus MDC

A reasonable question after reviewing our study results
is whether the UEFI measures will identify meaningful
change if the margin for variation in measurement (i.e.,
MDCy) is larger than what patients perceive to be an
important improvement (i.e., pMCID). In other words,
can the UEFI-20 identify an important improvement of
8 units if 90% of patients whose UE function is truly un-
changed over repeated testing exhibit random variation
greater than this (i.e., 9.4 units)? Can the UEFI-15 iden-
tify an important improvement of 6.7 units if 90% of
patients whose UE function is truly unchanged over
repeated testing show random variation greater than
this (i.e., 8.8 units)? Stratford and Riddle have provided
insight into this apparent paradox by reminding us that
the MDCgqy, is calculated from patients whose condition
has not changed over repeated testing and therefore
cannot provide accurate information about the chance
that a patient who has attained a given change score has
actually improved.?® Table 6 shows alternative change-
score thresholds for the pMCID; note that the higher
threshold values do not negatively affect post-measure
chances of improvement. Alternative pMCID values that
are greater than or about equal to the MDCgq, are 10 or
11 for the UEFI-20 and 8.7 or 9.7 for the UEFI-15. Clini-
cians may feel more comfortable using these alterna-
tive thresholds for the pMCID because, combined with
the MDCgy, value, they address the concern that a key
threshold for defining important change lies within the
bounds of random variation among patients who have
truly shown no change.

Clinical implications

The implications of our study for clinicians are two-
fold. First, although both UEFI versions have similar
measurement characteristics of reliability, validity, and
sensitivity to change, the UEFI-15 may be a sounder
measure because of its unidimensionality. Sick has ex-
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pressed the importance of this measurement quality in a
manner that clinicians can readily appreciate: “Clear
unidimensional variables help us to form conclusions
and make decisions free of confounding interpreta-
tions.”33(P-23) Because the UEFI-15 does not include spe-
cific items related to symptom intensity,® an additional
symptom-specific scale, such as the P4 pain instrument,3*
is recommended for a more complete picture of the dys-
function. Given that pain can also impact UE function,
the takeaway message is that the UEFI-15 should always
be used in conjunction with a separate measure of pain.
The second implication is that clinicians can use our
results when interpreting the importance of change
scores in their patients. Considering the caveats outlined
in the previous section, clinicians can confidently use
these scores as a proxy for patient improvement.

Our study has several limitations. First, the findings
are generalizable only to adults with UE problems of
musculoskeletal origin and who present to physiotherapy
clinics. Second, data were missing for the primary mea-
sures of interest: while sensitivity analyses confirmed
our findings, they may have been influenced by the
exclusion of patients with missing data. Third, missing
values for our known-groups validity analysis may have
resulted from the restricted response options for working
status: participants who were not workers (i.e., retired,
students, homemakers) may have been excluded from
this analysis, which would limit the generalizability of
these findings. Fourth, our mean UEFI and UEFS values
suggest that severely affected people were underrepre-
sented in our sample, which prevented us from evaluating
the impact of baseline severity on the pMCID. Finally, the
cohort used in our analysis was also used to generate the
Rasch-reduced UEFI-15.° While this allowed comparison
of the two UEFI versions under similar circumstances,
the fitting process that generated the UEFI-15 ensured
that the accuracy of the fit to the Rasch model was as
high as possible. The subsequent comparison of reliability
and validity of the two UEFI versions with the same par-
ticipant cohort may have produced an overly optimistic
view of the performance of the newly developed UEFI-
15. Therefore, a future reliability and validity study is
warranted in which both UEFI versions are administered
to an independent sample.

CONCLUSIONS

The UEFI-20 and the UEFI-15 have comparable relia-
bility and validity. Overall, we believe that clinicians can
confidently use the shorter UEFI-15 in routine clinical
practice to evaluate functional change in people with
UE musculoskeletal disorders. The UEFI-15 is recom-
mended for measuring UE function because of its uni-
dimensionality.

Future research should consider including participants
with more severe functional limitations, perhaps drawn
from populations outside of visiting physiotherapy clinics.
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Given our finding that change-score thresholds vary by
affected arm (dominant vs. non-dominant) and in light
of the Rasch-transformed scores (available on the UEFI-
15 in the Appendix), it is logical to consider that the
magnitude of important change will vary by baseline
score.

KEY MESSAGES

What is already known on this topic

The original Upper Extremity Functional Index (UEFI)
is reliable and valid. A shortened version, the UEFI-15,
has been shown to be unidimensional, measuring only
UE function. The psychometric properties of these mea-
sures have not been compared, and the positive minimal
clinically important difference (pMCID) has not been
ascertained. The impact of arm dominance on pMCID
has not been investigated.

What this study adds

The UEFI-15 has comparable measurement properties
to the original questionnaire. Its pMCID is 6.7 / 100 units.
An approach to reconciling differences between the
minimal detectable change and the pMCID is provided.
The UEFI-15 pMCID is larger (9.1) for patients with a
non-dominant affected arm, and smaller (5.7) for those
with a dominant affected arm. The UEFI-15 is recom-
mended for use in clinical and research settings.
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APPENDIX
Upper Extremity Functional Index-15

Patient’s name (or ID#) Date

We are interested in knowing whether you are having any difficulty at all with the activities listed below because of
your upper limb problem for which you are currently seeking attention. Please provide an answer for each activity.
Today, do you or would you have any difficulty at all with: (Circle one number on each line)

ooy /| ot | Mot | gy e

Activities Unable to Do | Difficulty Difficulty

1 Any of your usual work, housework, or school activities 0 1 2 3 4
2 Lifting a bag of groceries to waist level 0 1 2 4
3 Placing an object onto, or removing it from, an overhead shelf | 0 1 2 3 4
4 Washing your hair or scalp 0 1 2 3 4
5 Pushing up on your hands (e.g., from bathtub or chair) 0 1 2 3 4
6 Preparing food (e.g., peeling, cutting) 0 1 2 3 4
7 Driving 0 1 2 3 4
8 Vacuuming, sweeping, or raking 0 1 2 3 4
9 Doing up buttons (Note: response numbering is correct) 0 1 1 2 3
10 | Using tools or appliances 0 1 2 3 4
11 | Opening doors 0 1 2 3 4
12 | Cleaning 0 1 2 3 4
13 | Laundering clothes (e.g., washing, ironing, folding) 0 1 2 3 4
14 | Opening a jar 0 1 2 3 4
15 | Carrying a small suitcase with your affected limb 0 1 2 3 4
Column Totals:

Clinician: sum column totals for raw score: / 59, then use table below for a final score / 100.
Raw Final Raw Final Raw Final Raw Final Raw Final Raw Final
Score Score Score Score Score Score Score Score Score Score Score Score
0 0.0 10 331 20 43.5 30 51.5 40 59.4 50 69.9
1 8.5 11 34.4 21 44.4 31 52.3 41 60.2 51 71.3
2 144 12 35.6 22 45.2 32 53.0 42 61.1 52 729
3 18.6 13 36.7 23 46.0 33 53.8 43 62.0 53 74.8
4 21.7 14 37.8 24 46.9 34 54.6 44 63.0 54 76.8
5 243 15 38.9 25 47.6 35 55.3 45 64.0 55 79.3
6 26.5 16 39.9 26 48.4 36 56.1 46 65.0 56 82.3
7 28.4 17 40.8 27 49.2 37 56.9 47 66.1 57 86.2
8 30.1 18 41.8 28 50.0 38 57.7 48 67.3 58 91.8
9 31.7 19 42.7 29 50.7 39 58.5 49 68.5 59 100.0
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