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Abstract

Objective—To investigate the measurement properties of the Functional Test of the Hemiparetic
Upper Extremity (FTHUE) and examine how its score may or may not inform design of a
rehabilitation program.

Design—The FTHUE was recently used in the Interdisciplinary Comprehensive Arm
Rehabilitation Evaluation Stroke (ICARE) Randomized Clinical Trial (RCT). This circumstance
provided the opportunity to examine the psychometric properties of the FTHUE as it pertains to
contemporary post-stroke rehabilitation and recovery models.

Setting—Outpatient rehabilitation clinic

Participants—109 participants, aged 61.2 + 13.5 years and 46 * 20.3 days post-stroke with
resultant hemiparesis in the upper extremity

Interventions—Not applicable
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Main Outcome Measures—Dimensionality was examined with confirmatory factor analysis
(CFA) and person and item measures were derived with Rasch item response analysis. Therapists’
notes were also reviewed.

Results—The CFA results support unidimensionality and 16/17 items fit the Rasch model. The
Rasch person separation (2.17) and item separation (4.50) indices, ability strata (3.22), person
reliability (0.82) and item reliability (0.95) indicate good measurement properties. Item difficulties
ranked from —6.46 to 3.43 logits, however there was a substantial ceiling effect of person
measures. Post-hoc examination of therapists’ written observations indicated that the scoring
criteria are not sensitive to the movement strategy used for task completion.

Conclusions—The FTHUE’s item difficulty hierarchy indicated that scores adequately
distinguished the ability to perform simple vs complex motor movements of functional tasks.
However, the FTHUE scoring method did not allow inclusion of the type of movement strategy
used to accomplish task items. Therefore, we suggest modifications to the FTHUE that would
allow it to be used for collaborative treatment planning and align well with more contemporary
perspectives on treatment theory.
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The Functional Test of the Hemiparetic Upper Extremity (FTHUE) is a performance test to
measure functional limitations of upper extremity impairments consisting of 17 graded
activities each scored on a pass/fail basis.! Each item is scored as pass/fail with a “pass”
defined as the ability to complete the task. The score is reported as the number of passes out
of the total 17 items22 and/or the average time to complete items. A “pass” indicates that
the subject successfully completes the task within the prescribed three minutes; a “fail”
indicates that the participant could not complete the activity or exceeded the allowed time.
The tasks are arranged so that each successive item requires a more complex motion. It takes
approximately 30 minutes (or less) to administer the FTHUE and items required are mostly
common objects such as a pillow, zippered shirt, sheet, and rubber bands.

The FTHUE was developed based on Brunnstrom’s recovery theory® which is associated
with traditional motor control perspectives of neurorehabilitation. The FTHUE has shown
strong content validity and inter-rater reliability.5~8 Content validity was established with a
stepwise regression! and a high correlation between the Fugl-Meyer Assessment and the
FTHUE.S Interrater reliability was found to be statistically significant.® The FTHUE has
also been used as a baseline and outcome measure for stroke rehabilitation studies? utilizing
interventions such as robotics,%19 sensory cuing,! virtual environments,# and action
observation.3

The FTHUE has some advantages over other commonly used assessments of the hemiparetic
upper extremity. The functional nature of the tasks allows the therapist and the participant to
better assess functioning with everyday tasks, unlike the movements performed during the
FuglMeyer Assessment.12 In addition, the FTHUE takes less time to administer than the
Wolf Motor Function Test.13
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The FTHUE score could be interpreted based on Brunnstrom’s Hemiplegic Record®
indicating the patient’s location along the stages of recovery.14 However, in contemporary
rehabilitation practice, ideally, the score should inform design of repetitive and progressively
more challenging task-practice sessions to engage behavioral and neural-cognitive motor
learning processes.1® It would be advantageous if the mapping of the FTHUE to stages of
recoveryl4 were aligned with contemporary treatment theory. For example, within the
Rehabilitation Treatment Taxonomy (RTT) framework, treatment or ingredients exert forces
of change on a treatment target through a known or hypothesized mechanism of actionl6. A
treatment must contain the defined essential ingredients pertinent to the specific treatment
theory and may contain other active ingredients, each of which contributes to the effects on
the treatment target through the specific mechanism of action (e.g., motor learning). Within
the RTT framework, the FTHUE could be used to identify the active ingredients or
movement strategies needed to contribute to the aspects of functioning directly targeted for
changel’. To that end, there is a need to understand the relationship between the FTHUE and
more contemporary treatment/recovery frameworks.

The overall purposes of this study were to explore the measurement properties of the
FTHUE and determine if it could be used to inform a rehabilitation plan consistent with
contemporary motor learning and treatment theories.2®17 The Interdisciplinary
Comprehensive Arm Rehabilitation Evaluation (ICARE) Stroke Initiative which
implemented the Accelerated Skill Acquisition Program (ASAP)!8 provided an opportunity
to examine the FTHUE in the context of a contemporary intervention program. ASAP is a
task-oriented, principle-based approach intended to improve functional skills and is
consistent with current evidence-based rehabilitation guidelines.1518:19 The approach aims
to improve upper extremity coordination during performance of meaningful tasks while
reducing reach-to-grasp impairments and the need for movement compensations.

Interdisciplinary Comprehensive Arm Rehabilitation Evaluation (ICARE)

Secondary analyses were performed on data obtained from the ICARE Stroke Initiative,
randomized, controlled, upper extremity rehabilitation trial assessing post-stroke arm and
hand recovery.1® This study was approved by the administrative university and all
participating clinical facility institutional review boards.

Inclusion and exclusion criteria

Inclusion criteria included either an ischemic or intraparenchymal hemorrhagic stroke that
occurred within the previous 106 days. Participants exhibited resultant hemiparesis
(weakness) in an arm or hand, had some active finger extension movement, were at least age
21, were able to communicate in English (or Spanish at one approved site), and were willing
to attend outpatient therapy and all study evaluations for one year. Full inclusion/exclusion
criteria are detailed elsewhere.18
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Data Collection

The FTHUE was administered by trained therapists in a standardized manner during the
orientation and evaluation session for 109 out of 119 participants. Data from 10 participants
were not included; 9 participants did not participate in any ASAP sessions and therefore no
assessments were performed, and 1 participant received ASAP treatment but the FTHUE
data were missing. In the ICARE study, the FTHUE was not used as an outcome measure,
but instead, it was used to provide study therapists with a baseline understanding of the
participant’s capabilities in order to plan subsequent intervention sessions in collaboration
with the participant. The administration of the FTHUE deviated from its standard use in that
all 17 items were attempted instead of stopping the test after an item could not be completed.
The sample was not designed to analyze the FTHUE as an outcome measure, but instead the
ICARE data set provided a unique opportunity to elicit a critical conversation between the
patient and clinician for treatment planning. The therapist also wrote qualitative notes based
on his/her observation of the participant’s quality of movement/movement strategies during
item performance.

Data Analysis

Demographics—Demographic differences and level of impairment (as defined by the
upper extremity Fugl-Meyer assessment2) were assessed between participants with and
without FTHUE data with t-tests.

Dimensionality—A 1-factor confirmatory factor analysis (CFA, M-Plus v. 6)20 weighted
least-squares means and variance adjusted (WLSMV) model2! was applied to test the
hypothesis that the FTHUE items measured a single construct. Adequacy of model fit was
defined by the standard indices; comparative fit index (CF1) = 0.95,22 Tucker Lewis index
(TLI) = 0.95,22 and Root Mean Square Error of Approximation (RMSEA) < 0.06.21

Rasch Analysis—After factor analysis, the Dichotomous Rasch Model?3 was applied
(Winsteps v.3.90.224) to examine item fit, sensitivity and precision, person reliability, item
reproducibility, and the person-item match.

Item fit—Acceptable model fit was defined as mean square (MnSq) values < 1.7 and
concurrent standardized z score (z-std) values < 2.0.2°

Sensitivity and Precision—Sensitivity was quantified with a person separation variable,
which if <2.00 implied that the assessment was not sensitive enough to differentiate high
versus low performers.28 Precision was quantified using the number of statistically distinct
person ability strata (according to the following equation: strata = (4* person separation
index + 1)/3).26 A higher value indicated greater measurement precision. Strata > 3.0 was
considered adequate for the purposes of this study.

Reliability of person measures—The trustworthiness of the person-ability measures
was tested with the person reliability estimate. High person reliability (= 0.80) suggested
that there is a high probability that a high person measure reflects a high level of ability and
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visa-versa. In Winsteps, this value is conceptually similar to the traditional Cronbach’s
alpha.2”

Reliability of item difficulty measures—The item reliability value examined, with
high item reliability (= 0.80) suggesting that the item difficulty hierarchy is reproducible.

Person-ltem Match—The relationship between the sample’s ability measures and the
item difficulty measures was plotted on the same linear continuum and illustrated on a
Wright personitem map.28:2° The Wright map was examined for ceiling and floor effects.

Ceiling/Floor Effects—In Winsteps, people with extreme scores were dropped (casewise)
during the calibrations of person and item measures. After the measures for non-extreme
persons were estimated, then the extreme scores were reinstated and person-ability measures
imputed using a Bayesian approach.2’

Therapists’ Qualitative Comments—To gain a deeper understanding of the sample’s
performance, participants who scored perfect, or near perfect, on the FTHUE were further
assessed with a review of the ASAP therapists’ comments by the first author. This summary
assisted in describing the lack of movement quality into generalized themes.

Results

Participants

Demographics—Table 1 describes the demographics of all of the ICARE ASAP
participants. There were no statistically significant differences in age or between genders,
dominant side, affected side, stroke type, or stroke location for the level of impairment (as
defined by the upper extremity Fugl-Meyer assessment) for the 109 participants with
FTHUE data and the total sample. There was also no statistically significant difference
between the 109 participants with FTHUE data and the 10 participants without FTHUE data
with respect to upper extremity FuglMeyer assessment level of impairment.

Dimensionality

The 1-factor model CFA yielded the following fit indices: CFI = 0.99, TLI = 0.98, and
RMSEA = 0.04 indicating adequate model fit for all 17 items.

Rasch Analysis

Item Fit—Table 2 presents the item infit and outfit mean square and Z standard statistics.
One item, Shirt tuck, exhibited poor infit and outfit statistics (infit MnSq = 2.50, Z std 3.50
and outfit MnSq = 9.90, Z std 3.80). Two items, Hand to lap and Associated reaction,
exhibited infit and outfit statistics = 0.00 indicating that the analysis could not determine a
fit value because all subjects received maximal scores on the items.

Sensitivity and Precision—The person and item separation indices both exceeded 2.0
(person separation = 2.17, item separation = 4.50) thus indicating that the assessment was
sensitively able to differentiate between high and low performers. The person ability
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indicated that the FTHUE separated the sample into 3.22 statistically distinct ability strata,
thus indicating that the assessment had adequate measurement precision.

Reliability of person measures—The person reliability was high (0.82) thus supporting
the trustworthiness of the person ability measures.

Reliability of item measures—The item reliability was high (0.95) thus supporting the
reproducibility of the item difficulty measures.

Person-ltem Match—The item difficulty measures are presented in Table 2. Items
requiring undifferentiated arm motions such as Hand to lap, Associated reaction, and Hold
pouch were the easiest to perform, and items requiring differentiated motor control including
dexterity such as Remove rubber band, Screw in light bulb and Cat’s cradle were the most
difficult to perform. There were some items that were not consistent with the item order
proposed by the original FTHUE designers. For example, Stabilizing a pillow was easier
than Stabilizing a package and Blocks in box was easier than Holding a pan lid. Several
items exhibited similar difficulty levels; Zip zipperand Fold sheet exhibit item difficulty
measures of 0.92 + 0.35 and 0.90 £ 0.36 logits, respectively. Similarly, Wring rag and
Blocks into box exhibited difficulty measures of —1.01 + 0.45 and —1.14 + 0.47 logits,
respectively.

The person-to-item relationship is visualized on the Wright Person-ltem Map shown in
Figure 1. Person locations are plotted so that the person has a 50% probability of
accomplishing items located at that same point on the logit scale, a > 50% probability of
accomplishing items located lower on the logit scale (easy items), and a < 50% probability
of accomplishing items located higher on the logit scale (difficult items).

Ceiling Effect—Comparing the people to the items shows that the person distribution
exhibited a ceiling effect. Thirty-three people (30% of the sample) received maximal
FTHUE scores of 17 points indicating that the assessment did not yield any information
about the actual ability of these subjects because all FTHUE items were “too easy” for them.
Mathematically, Rasch analysis does not include perfect (extreme) scores in calculations of
sensitivity, precision, and reliability. However, because of this ceiling effect, we assessed
how inclusion of these subjects in the analysis would impact the assessment’s measurement
properties. Results show that including all data (extreme and non-extreme measures) in the
analysis reduced the assessment’s sensitivity (person separation index = 1.60) precision
(2.46 strata), and reliability (person reliability = 0.72,) in estimating person-ability measures,
but did not impact the sensitivity and reliability of the item difficulty measures (item
separation index = 3.41, item reliability = 0.92).

Therapists’ qualitative comments—Evaluator comments of the 33 participants with
maximal scores were reviewed by the first author. A total of 115 comments addressed 3
themes; use of atypical movement strategies to complete the task (86% of all comments),
multiple attempts required (10%), and motor planning deficits (4%). For example, regarding
the item Hold pillow, an evaluator wrote “decreased shoulder adduction required shoulder
compensation/elevation when manipulating pillow.” Regarding the item Coin in gauge, an
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evaluator wrote “Dropped the dime twice as attempting to place in the slot.” And regarding
the item Cat’s cradlle, an evaluator wrote “Could not problem solve which fingers to put
around the string - difficulty coordinating the thumb and 5th finger to hold the string.”

Discussion

The overall purpose of this study was to explore the measurement properties of the FTHUE
and determine if it could be used to inform a rehabilitation treatment plan consistent with
contemporary motor learning and treatment theories. Analysis was applied to existing data
obtained from participants with stroke-related mild to moderate upper extremity impairment
who participated in a national multi-site randomized clinical trial. The results provide
information about how the FTHUE score can be interpreted in the context of contemporary
theories and suggests ways in which it could be modified.

Measurement Properties of FTHUE Items

The FTHUE items exhibited good measurement properties. Both the CFA results and Rasch
fit statistics support the assessment’s unidimensionality. These findings give confidence that
the FTHUE score meaningfully indicated a single construct (UE function).

Most the items fit the Rasch model’s expectations that the subjects with low ability had less
successful item performance than subjects with high ability. One item, “shirt tuck” exhibited
poor fit statistics suggesting that subjects demonstrated erratic responses to it, i.e., it was not
always easy/hard across the sample. Perhaps this item tests a unique functional upper
extremity skill such as a proximal motion (i.e., shoulder abduction/internal rotation) while
the other items test a proximal-distal coordinated motion. This item could be eliminated if
there was a need to shorten the assessment.

Item Difficulty Hierarchy

An advantage of Rasch analysis is that person-ability and item-difficulty measures are
plotted on the same metric.23 The Wright map illustrates the person-to-item relationship,
showecasing items (functional tasks) that are easy enough for people with low ability, and
hard enough for people with higher ability. For example, individuals with low FTHUE
scores successfully performed easy functional tasks that require use of the paretic arm as a
stabilizer, while individuals with higher FTHUE scores successfully performed difficult
functional tasks that require use of the paretic arm to perform individual finger movements
embedded in dexterous manipulation.

The Wright map showed a gap between item 14 (“Coin in gauge”) and item 15 (“Cat’s
cradle™), suggesting that some individuals exhibited more motor skill than is required to
insert a coin into a gauge, but less motor skill than is required to accomplish Cat’s cradle,
and these individuals will not be assessed by this measure. In other assessments, gaps in the
measurement metric have been addressed by the addition of items39 and that could be done
in the case of the FTHUE. Perhaps new items could be added to reflect more current real-
world tasks, such as mobile phone use.
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The Wright map also indicated several items having similar item difficulty calibrations. For
example, items 10 (“Zip zipper”) and 11 (“Fold sheet™) exhibit nearly identical difficulty
measures. Similarly, items 12 (“Blocks into box™) and 8 (“Wring rag”) exhibited difficulty
measures within 1 SE of each other. This finding suggests that no additional information
about the patient’s skill level is gained by using items with similar difficulty calibrations.
Therefore, the assessment could be shortened by removing one of two items with similar
difficulty calibrations without losing any information. Similarly, Woodbury, et al, 2007,31
used the same psychometrics to determine the dimensionality and construct validity of the
Fugl-Meyer Assessment. Three reflex items were found to be disconnected from other
assessment items, and when removed, the Fugl-Meyer Assessment showed a unidimensional
structure.

In its original design the FTHUE was intended to locate a patient along Brunnstrom’s 6
stages of recovery to assist a therapist in understanding the outcome of a therapy program
designed to reintegrate motor synergies and basic reflexes. However, today, post-stroke
rehabilitation emphasizes behavioral re-learning, challenging practice, and improved
capacity to accomplish increasingly more difficult movement tasks.1® Ideally, the FTHUE
score would specify exactly where the patient is located on the measurement metric thereby
clarifying which functional tasks are easy, difficult, and “just-right”.1®> The FTHUE
measured UE function by whether or not a task was performed but does not detail skilled
behavior. A revision of the FTHUE’s scoring method could help better inform a treatment
program consistent with contemporary perspectives of motor control and learning. In a
similar way, Woodbury, et al, 2010,32 investigated the theoretical framework of the Wolf
Motor Function Test and found that the assessment does measure a single construct related
to motor learning theory. In particular, the relationship between a stroke survivor’s ability
and the task difficulty is important.

Ceiling Effect

Post-hoc analysis showed that the 33 subjects with perfect FTHUE scores had an average
UEFM score of 49/66, compared to the 76 subjects without perfect FTHUE scores who had
an average UEFM score of 39/66. Thus, the subjects with maximal FTHUE scores had less
motor impairment compared to the rest of the sample. Overall, this subsample (h = 109)
exhibited mild stroke severity and demonstrated moderate33 upper extremity impairment
(UEFM = 41.7), and so the ceiling effect of the FTHUE was not unexpected. However, as
reported by Edwards and colleagues for a similar dataset, our sample likely experienced
persistent disability, difficulty with complex activities, and reduced life satisfaction despite
having mild stroke severity and moderate arm motor impairment.34 So, despite the finding of
so many people with a maximum FTHUE score, they may still exhibit important functional
limitations that were not detected by the FTHUE.

A review of the therapist’s qualitative comments confirmed that the FTHUE scores were not
always congruent with the therapist’s observations. As the participants with perfect FTHUE
scores performed each item, therapists observed and noted poor movement quality and/or
altered movement strategies. Although the therapists rated successful task completion, they
also noted motor impairments. Importantly, these qualitative comments were more useful for
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the treatment plan than the FTHUE score. Future studies should consider use of the FTHUE
in treatment planning as it was for ICARE and in contrast to its use as simply an outcome
measure.

For studies in which the FTHUE is used to inform a personalized treatment plan, we
recommend a revision to the scoring method with the addition of an ordinal rating scale.
This scale could be similar to the Wolf Motor Function Test’s Functional Ability Scale!3 or
the Reaching Performance Scale3® both of which utilize ordinal ratings to highlight aspects
of movement quality critical to task performance.

Study Limitations

The FTHUE was administered in ICARE for the purpose to inform the therapist and patient
about UE function and not as it was intended as an outcome measure. For our purposes, this
is considered to be a unique opportunity for this secondary analysis, that could not otherwise
have been possible. We do acknowledge that we traded this unique opportunity to assess the
FTHUE in the context of the ICARE trial for the limitation on generalizability of our
findings. The sample size and makeup of mostly moderately affected stroke patients does
limit generalizability.

Conclusion

In a sample of moderately impaired stroke patients with relatively pure motor hemiparesis,
the FTHUE was found to contain most tasks that measure the same construct of post-stroke
upper extremity functional ability. The Rasch item difficulty hierarchy indicates that this
sample could easily complete functional tasks requiring use of the paretic arm to hold or
stabilize objects but were more challenged by functional tasks requiring dexterous individual
finger movements for manipulation. Hence, the FTHUE can add some information about
post-stroke functional ability and, in conjunction with other assessments, the FTHUE could
aid in informing treatment decisions for patients with mild to moderate levels of motor
impairment. Specifically, the FTHUE could be used as a tool to facilitate the patient-
therapist collaboration pertaining to development of a personalized treatment plan to solve
the movement problem.
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Figure 1. Rasch Analysis Wright Person-Item Map
The center vertical column is the measurement metric in logit units ranging from —6.00 to

5.00. Relative to this column, people are to the left and items are to the right. People are
located along the metric according to their measures of person ability so that lower ability
people (low person measures) are at the bottom of the map, and higher ability people (high
person measures) are at the top of the map. Each item is located along the metric according
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to its measure of item difficulty. The easiest items are located at the bottom of the map and
the more difficult items are located at the top of the map.
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Table 1
Participant demographics
Total With FTHUE | Without FTHUE
(N=119) (N = 109) (N = 10)
Gender, No. (%)

Male 64 (53.8) 56 (51.4) 8 (80.0)
Female 55 (46.2) 53 (48.6) 2(20.0)
Age (Mean * SD) 60.9 +13.7 61.2+13.5 58.0 + 16.1
Time since stroke to randomization (days) (Mean + SD) | 45.2 +20.3 46.0 £ 20.3 37.0+19.7

Dominant side, No. (%)
Right 103 (86.6) 94 (86.2) 9 (90.0)
Left 16 (15.5) 15 (13.8) 1(10.0)
Affected side, No. (%)
Right 51 (42.9) 49 (45.0) 2(20.0)
Left 68 (57.1) 60 (55.1) 8 (80.0)
Stroke type, No. (%)
Ischemic (w/o hemorrhagic conversion) 100 (84.0) 90 (82.6) 10 (100.0)
Ischemic (w/hemorrhagic conversion) 3(2.5) 3(2.8) 0 (0)
Intraparenchymal hemorrhagic 16 (13.5) 16 (14.7) 0(0)
Stroke location, No. (%)
Right hemisphere 57 (47.9) 50 (45.9) 7 (70.0)
Left hemisphere 49 (41.2) 47 (43.1) 2(20.0)
Brainstem 11 (9.2) 11 (10.1) 0 (0)
Cerebellar 0(0) 0(0) 0(0)
Other 2(1.7) 1(0.9) 1 (10.0)
Upper Extremity Fugl-Meyer (Mean + SD) 41.7+95 41.4+93 446+11.0

*
Percentages may not add up to 100% due to rounding.
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FTHUE Rasch Analysis (n = 109)

Table 2

Item Item Difficulty Measure (error) | Infit MnSq (z-std) | Outfit MnSq (z-std)
Remove rubber band 3.43(0.30) 1.12 (1.00) 0.98 (0.20)
Screw in light bulb 3.24 (0.30) 0.84 (-1.20) 0.63 (~0.60)
Cat’s cradle 2.74 (0.30) 1.03 (0.30) 0.96 (0.10)
Coin into gauge 1.05(0.34) 0.74 (-1.30) 0.52 (-1.20)
Zip zipper 0.92 (0.35) 0.81 (-0.90) 0.76 (-0.50)
Fold sheet 0.90 (0.36) 0.70 (-1.50) 0.40 (-1.60)
Box to shelf 0.51 (0.38) 0.87 (—0.50) 0.64 (-0.70)
Hold pan lid 0.03 (0.39) 0.89 (~0.40) 0.61 (~.60)
Stabilize jar -0.96 (0.45) 1.20 (0.80) 2.96 (1.70)
Wring rag -1.01 (0.45) 0.72 (-1.00) 1.03 (0.30)
Blocks into box -1.14 (0.47) 0.68 (-1.10) 0.23 (-0.80)
Shirt tuck -1.66 (0.50) 2.50 (3.50)* 9.90 (3.80)*
Stabilize package -1.97 (0.53) 0.90 (-0.20) 0.30 (-0.40)
Stabilize pillow -2.85 (0.60) 0.73 (=0.70) 0.14 (-0.80)
Hold pouch -3.24 (0.65) 0.95 (0.00) 0.17 (-0.70)
Associated reaction -5.61 (1.92) 0.00 (0.00) 0.00 (0.00)
Hand to lap -6.46 (1.84) 0.00 (0.00) 0.00 (0.00)
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