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Abstract

There is a need for time-efficient, valid measures of distal paretic upper extremity (UE)
movement. The purposes of this study were to: (a) determine the psychometric properties of the
wrist stability and mobility and hand items of the upper extremity scale of the Fugl-Meyer (w/h
UE FM) as a “stand alone” measure of distal UE movement; and (b) provide detailed instructions
on w/h UE FM administration and scoring. The UE FM and Action Research Arm Test (ARAT)
were administered on 2 separate occasions to each of 29 subjects exhibiting stable, mild, UE
hemiparesis (23 males; age (mean (sd)) 60.8 (12.3) years; mean time since stroke onset for
subjects in the sample: 36.0 months). Fifty-eight observations were collected on each measure. w/
h UE FM internal consistency levels (measured by Cronbach’s alpha) were high (0.90 and 0.88 for
first and second testing sessions, respectively). The intraclass correlation coefficients for the UE
FM was 0.98, while the intraclass correlation coefficient for the w/h UE FM was 0.97. Concurrent
validity measured by Spearman’s correlation was moderately high between the w/h UE FM and
ARAT (.72 p<.0001). From these data, it appears that the w/h UE FM is a promising tool to
measure distal UE movement in minimally impaired stroke, although more research with a larger
sample is needed. A standardized approach to UE test administration is critical to accurate score
interpretation across patients and trials. Thus, the article also provides instructions and pictures for
w/h UE FM administration and scoring.

Upper extremity (UE) hemiparesis constitutes a common stroke-induced impairment. To
measure UE hemiparesis, researchers have frequently administered the UE section of the
Fugl-Meyer Assessment (UE FM).1 Developed in 1975, the UE FM is the most established
stroke motor measure, is recommended for use in stroke rehabilitative trials,? and, unlike
other measures of paretic UE dysfunction,34:5 only requires a few household items to
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administer. Thus, because no special equipment is needed, the UE_FM is relatively easy to
administer.

UE FM items are hierarchically organized in proximal to distal fashion (i.e., shoulder items
are followed by elbow, wrist, and then finger items), while their sequencing is based on the
principle that recovery of reflexes is followed by paretic UE movement recovery within and
then outside of flexor and extensor synergies.®’ However, these premises have recently
been challenged,8 and this item sequencing can make administration of the initial UE FM
scales superfluous in patients exhibiting minimal UE impairment. This is because
individuals with this level of movement usually exhibit intact reflexes, and can usually
perform proximal UE movements outside of synergy. Additionally, several therapy
regimens have been developed that are most efficacious in patients with stroke exhibiting
minimal UE impairment.2:10.11.12 These facets make a quickly-performed, distal paretic UE
motor measure an unmet need, especially given the time required to properly set up and
administer other UE measures.3->

To address these shortfalls, we wondered whether the UE FM wrist stability and mobility
and hand scale could be viably used as a brief, “stand-alone,” outcome measure of distal
movement in minimally impaired stroke. We also recognized the need for formalized UE
FM scoring rules, due to: (a) the diverse UE movement abilities and sequelae exhibited by
patients with stroke. These presentations often make outcome measure item scoring more
challenging; (b) a paucity of detailed UE FM administration and scoring instructions in the
literature. Such sparse descriptions allow for multiple interpretations. This may cause only
minor scoring variances, yet a slight score change may significantly affect the outcome of a
clinical intervention or research trial; (c) because no formalized instructions have been
available, it has been our experience that researchers and clinicians have used divergent UE
FM testing and scoring methods in stroke rehabilitative clinical trials. Such inconsistencies
challenge the ability to interpret and compare the outcomes of clinical interventions and
research reports using the UE FM. A recent attempt to address some of the above challenges
was made,3 by suggesting standardized instructions for the UE FM, as well as providing
psychometrics for the measure when using these instructions. However, that study only
included 15 subjects who were heterogenous in their UE impairment levels (UE FM scores
ranged from 5 to 63). Pictorial depictions of UE FM positions and verbal instructions that
enable consistent directions to the client have also not been provided in previous papers,13.14
with the latter paper* only providing a UE FM description and review of its psychometric
properties. Thus, several gaps remain unmet in regards to assuring consistent UE FM
administration, and facilitating its clinical use.

This paper addresses the above challenges through the following actions: (a) This study
determined the psychometric properties of the wrist stability and mobility and hand items of
the upper extremity scale of the Fugl-Meyer (w/h UE FM) as a “stand alone” measure of
distal UE movement. This study also reports the intra-rater reliability and the concurrent
validity of the w/h UE FM with an established, stroke-specific measure of distal paretic UE
movement (i.e., the Action Research Arm Test), which constitutes an advancement over
previous work.13 (b) This paper provides detailed instructions on w/h UE FM administration
and scoring. Data were collected in a well-defined cohort of chronic subjects with stable,
minimal UE impairment. To our knowledge, this was the first study assessing the
psychometric characteristics of the w/h UE FM.
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Study Design and Subjects

Instruments

Subjects had been recruited for an outpatient, randomized, controlled, multiple baseline trial
approved by the local ethics board. They were recruited from local, outpatient rehabilitation
clinics and stroke support groups in the Midwestern United States, and met the following
inclusion criteria: (1) 10° of active flexion in the paretic wrist, as well as 2 digits in the more
affected hand; (2) stroke experienced > 12 months prior to study enroliment; (3) a score = 70
on the Modified Mini Mental Status Examination;1® (4) age > 18 < 75; (5) only had
experienced one stroke; (6) discharged from all forms of physical rehabilitation. Exclusion
criteria were: (1) excessive spasticity in the paretic UE, as defined as a score of = 3 in the
paretic elbow, wrist, or fingers as determined by the Modified Ashworth Spasticity Scale;16
(2) excessive pain in the paretic UE, as measured by a score = 5 on a 10-point visual analog
scale; and (3) participating in any experimental rehabilitation or drug studies.

The current study was a secondary analysis of pre-intervention scores from the
aforementioned trial. Information on the study’s power considerations, the interventions
administered, and study outcomes are published elsewhere.1”

For over three decades, the UE FM! has been used to assess changes in upper extremity
impairment. UE FM items are organized into scales that discern isolated movements at
increasingly distal UE regions. Data arise from 33 items that are scored using a 3-point
ordinal scale (O=cannot perform; 1= partially performed; 2=can perform fully), for a total
score of 66. The UE FM has been shown to have high intra-rater reliability, interrater
reliability, and construct validity.18:19 As stated earlier, the w/ UE FM was comprised of
the 12 most distal UE FM items, and collectively made up the UE FM wrist stability and
mobility and hand scales for a total possible score of 24. Greater description on these items —
including their scoring and administration - is provided in Table 2. The w/h UE FM requires
no more than 8-10 minutes to administer.

To discern concurrent validity of the w/h UE FM, we also administered the Action Research
Arm Test, (ARAT);3 a measure of paretic UE functional limitation, and the second-oldest,
stroke-specific, motor outcome measure (second only to the UE FM). It is a 19-item test
divided into four categories (grasp, grip, pinch, and gross movement), with 16 of the
nineteen ARAT items measuring distal regions of the arm (e.g., pinching a ball bearing or
marble between the thumb and each finger of the affected hand), making it an ideal
comparator to the wrist/hand scale of the UE FM. Each ARAT item is graded on a 4-point
ordinal scale (0=can perform no part of the test; 1=performs test partially; 2=completes test
but takes abnormally long time or has great difficulty; 3=performs test normally) for a total
possible score of 57. For this test, subjects were seated in a comfortable chair with a straight
back, while the ARAT items that they had to grasp were placed on an adjustable table in
front of them. Table height was adjusted according to the needs of each subject. The ARAT
has high intrarater (r=.99) and retest (r=.98) reliability and validity,2%-21 all in stroke-
induced hemiparesis.

Each of the above measures was administered to each subject on two occasions prior to the
study intervention phase by a single rater with > 8 years experience with the measures. He
was blinded in that he had no knowledge of the intent of the current study. The tests were
administered approximately 2 weeks and one week before study intervention, respectively.
As noted in the study criteria, subjects were chronic (i.e., past the point of spontaneous
neurological recovery), and stable as verified by medical records and clinicians.

Arch Phys Med Rehabil. Author manuscript; available in PMC 2013 January 01.
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Statistical Analyses

Results

Intra-rater reliability of the ARAT, UE FM, and w/h UE FM was assessed using the
intraclass correlation coefficient (ICC). High reliability was indicated by a test ICC greater
than 0.80.22 Minimal detectable change, the minimum amount of change not due to
measurement error, was calculated based on the intrarater reliability (ICC) as: 1.96 *
Opretest 1 * (2*(1-1CC))2, where opretest 1 is the standard deviation at the first pretest.?3
Cronbach’s alpha and the associated bootstrap confidence intervals (CI) were calculated to
determine the internal consistency of items comprising the w/h UE FM at each
administration. A Cronbach’s alpha between 0.70 and 0.95 was considered satisfactory.24
Concurrent validity was established between the w/h UE FM and ARAT using the
Spearman’s rank correlation coefficient. A value > 0.70 represented a high association
between the measures. Analyses were performed in Stata (StataCorp. 2007. Stata Statistical
Software: Release 10. College Station, TX: StataCorp LP) and R software.2>

Data were collected from 29 subjects (23 males; mean age of subjects in sample = 60.8 (sd:
12.3) years, age range of subjects in sample = 21 — 76 years; mean time since stroke onset
for subjects in sample = 36.0 months, range of time since stroke = 12 — 169 months; 23
subjects with ischemic stroke; 15 subjects with hemiparesis affecting their right arms; 22
were White;; 7 were black), with a total of 58 test administrations collected on the sample (2
per subject). Average ARAT, UE FM and w/h UE FM scores were 22.1 (sd: 15.5), 29.7 (sd:
11.4), and 7.2 (sd: 5.7) respectively.

ICC’s for the w/h UE FM and ARAT were 0.97 and 0.71, respectively (Table 1). w/h UE
FM intra-rater reliability and internal consistency (measured by Cronbach’s alpha) were
each high (Table 1). Concurrent validity was also above the aforementioned 0.70 criterion,
with w/h UE FM and ARAT scores showing a high correlation (Table 1).

Discussion

Commonly-used stroke scales that quantify disability (e.g., Barthel Index2) or the global
picture of neurologic status (e.g., National Institutes of Health Stroke Scale {NIHSS}27)
insufficiently quantify a patient’s degree of motor recovery. For example, a patient may be
considered “recovered” by scoring a “0” on the NIHSS, yet may still exhibit a sizable
paretic UE motor deficit. Additionally, since minimally-impaired individuals are most likely
to respond to paretic UE regimens,28:29 subtle motor changes in these patients may not be
detected by the above measures. Such challenges with conventionally-used stroke measures
and the UE FM’s specificity to paretic limb recovery underscore its utility and importance.
Thus, the current paper focused on the psychometric properties of the w/h UE FM as well as
providing detailed instructions on its clinical use.

Based on its high intrarater reliability, item consistency, and concurrent validity values
(Table 1), the w/h UE FM appears to be appropriate for use as a “stand alone” scale. Indeed,
the values reported herein compare favorably with values obtained on the scale when it was
administered as part of the entire UE FM in terms of reliability (e.g., reliability coefficients
between 0.96 and 0.99 reported by Duncan and colleagues;8:0.97 when administered by
Sanford and colleagues3). Our results also compare somewhat favorably with evidence of
concurrent validity between the UE FM and ARAT reported by others. For example,
DeWeerdt and colleagues3! found that the UE FM and ARAT were highly correlated both at
2 weeks (r=0.91) and at 8 weeks poststroke (7= 0.94). Moreover, comparison between the
entire UE FM and the w/h UE FM in the present study revealed no detriment to reliability
when using the shortened test, as evidenced by similar ICC’s. Given aforementioned
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shortfalls of existing stroke measures, we encourage w/h UE FM use as a bedside measure
of paretic limb movement. Since deployment of many UE therapies hinges on active distal
UE movement,®-11 use of such a measure would assist clinicians in identifying candidates
for these regimens.

As with other medical sub-disciplines, stroke motor rehabilitation stands to benefit from use
of standardized measures and procedures to discern the efficacy of its techniques. For
example, such standardization is important given the variety of UE pathologies and patient
heterogeneity that can obfuscate paretic UE testing.32 Standardized, consistent measurement
is also fundamental to cost-effective, appropriate rehabilitative care. Despite these needs, the
original UE FM report! offered no detailed procedures on how to administer its items. Since
UE FM administration and scoring is human rater-based, consistent procedures are needed,
and are expected to reduce variability among raters. Such consistency is of particular
importance given the proliferation of stroke clinical trials using the UE FM as an outcome
measure. To address this need, Table 2 is a “clinical reference tool” that can be used by the
therapist to administer the w/h UE FM. Both are based on our extensive experiences with
the measure, which include over a decade of research and clinically-based experiences. The
instructions are the first of which we are aware that provide pictoral representations of each
position, descriptions of the position that the subject is trying to attain, and verbal
instructions to be used by the rater. This is important for standardization, and is expected to
facilitate straightforward w/h UE FM clinical use and measurement for individuals
exhibiting active distal movement.

Limitations and Future Directions

Study limitations and next steps underway in this line of research include: (a) The current
study enrolled 29 subjects. While findings are likely valid, verifying the current findings
with larger numbers of patients exhibiting minimal UE impairment is desirable; (b) The
current study measured psychometrics of the w/h UE FM in people with active paretic wrist
and finger flexion. An important next step is determining psychometrics of the w/h UE FM
in patients exhibiting higher degrees of paretic UE impairment, but still with some
measurable degree of active distal movement.®-11 This is important since some clinical
interventions use these criteria as entry criteria. (c) Finally, given that this article suggests a
standardized method for administering the w/h UE FM, there remains a need to determine
inter-rater reliability. Such research would allow researchers to determine whether the use of
such instructions results in high reliability scores among different raters, as would be the
intention of the current work.

Conclusions

The w/h UE FM appears to be valid and reliable when administered as a “stand alone”
measure to stroke survivors exhibiting minimal UE impairment. Next steps include its
testing in a larger sample, and with individuals exhibiting moderate levels of impairment,
and testing its inter-rater reliability and its concurrent validity with other UE measures.
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ABBREVIATIONS
UE Upper extremity
UE FM upper extremity Fugl Meyer
w/h UE FM wrist hand scale of the upper extremity Fugl Meyer
ARAT Action Research Arm Test
ICC Interclass correlation coefficient
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Table 1
Psychometrics of w/h UE FM
Intra-rater Reliability
M ean(sd) ICC (95% ClI)  MDCgs
PreTest1  PreTest 2
ARAT 22.4(15.1) 21.9(16.1) 0.71(0.53-0.89) 22.54
UE FM 29.8(12.1) 29.7(10.8) 0.98(0.96-0.99) 4.74

WhUEFM 7.1(5.9) 7.2(55)  0.97(0.95-0.99) 1.64

w/h UE FM Internal Consistency

Cronbach’sAlpha  95% CI
Pre test 1 0.90 0.84-0.94
Pre test 2 0.88 0.81-0.92

Concurrent Validity: ARAT and w/h UE FM

0.72 (p<0.001)
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