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Improvement in the Capacity for Activity Versus
Improvement in Performance of Activity in Daily Life

During Outpatient Rehabilitation
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Background and Purpose: We addressed questions about the po-
tential discrepancy between improvements in activity capacity and
improvements in activity performance in daily life. We asked whether
this discrepancy is:

1. Common in routine, outpatient care, or an artifact of intervention
studies?

2. Unique to upper limb (UL) rehabilitation, or is it seen in walking
rehabilitation too?

3. Only seen in persons with stroke, or a broader neurorehabilitation
problem?

Methods: A longitudinal, observational cohort of 156 participants
with stroke or Parkinson disease (PD) receiving outpatient reha-
bilitation at 5 clinics was assessed around admission and monthly
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during their episode of care. Individual, longitudinal capacity (Action
Research Arm Test or walking speed) and performance (wearable
sensor measurements of use ratio or steps/day) data were modeled
to extract predicted change scores. Simulation methods were used to
determine whether an individual’s change was greater than 1 standard
error. Participants were classified into categories based on whether or
not they improved in capacity (C+ or C−) and/or performance (P+
or P−).
Results: A majority (59%) were classified as C+P−. Smaller por-
tions of the sample were classified as C+P+ (20%) and C−P−
(21%), with 1 participant (<1%) classified as C−P+. The propor-
tions in the C+P− category were significantly larger in the stroke
(χ 2 = 48.7, P < 0.0001) and PD (χ 2 = 24.3, P < 0.0001) walking
subgroups than in the stroke UL subgroup.
Discussion and Conclusions: The discrepancy between improve-
ments in capacity and performance is a problem in routine, outpatient
neurorehabilitation. If performance information were available,
patients and clinicians could act to address it.
Video Abstract available for more insights from the authors (see the
Video, Supplemental Digital Content 1, available at: http://links.lww.
com/JNPT/A396).
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INTRODUCTION

T he World Health Organization separates the activity do-
main into the capacity for activity versus performance of

activity in daily life.1 Capacity (or functional capacity) is what
someone is capable of doing, assessed by standardized tests
in structured, clinical, or laboratory settings. Performance is
the activity that someone actually does in the unstructured,
free-living environment. Capacity and performance of activ-
ity are separate from participation, defined as an individual’s
involvement in life situations, which requires someone to
perform a collection of activities in daily life.2 Despite reha-
bilitation professional efforts focused on capacity measures,3

patients are referred to and seek out rehabilitation services to
improve performance of activity in daily life, as indicated by
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self-reported rehabilitation goals.4 Advancements in wearable
motion sensors now allow for direct measurement of move-
ment performance in daily life. Sensor-derived variables can
provide relevant information specific to patient goals that can
be used for clinical decision-making.5

Clinicians measuring improvements in the capacity
for activity generally infer that performance of activity in
daily life also improves. We previously found, however, that
moderate capacity gains (average improvement >6 points
on the Action Research Arm Test [ARAT]6) in a random-
ized controlled trial designed to improve upper limb (UL)
capacity post-stroke did not translate to improved UL per-
formance in daily life, as measured by bilateral, wrist-worn
accelerometers.7 This was true for all accelerometer-derived
performance variables and for all participants, regardless
of the magnitude of capacity change.7 Data suggesting
that UL capacity improvements may not readily translate
to performance improvements7-9 are largely from research
studies where interventions were delivered by specialized
research teams, separate from routine clinical care. The
data generate critical questions about whether the discrep-
ancies between improvements in capacity and improvements
in performance are a function of research interventions, the
type of rehabilitation (ie, UL services), and/or the patient
population (ie, stroke), or whether the discrepancies are a
general phenomenon of routine, clinical neurorehabilitation
service.

Using a longitudinal, prospective, observational co-
hort of persons receiving physical and occupational therapy
services at multiple sites, this study asked 3 key questions:

1. Is the discrepancy common in routine outpatient care, not
just in research studies?

2. Is the discrepancy unique to UL rehabilitation post-stroke,
or is it present in walking rehabilitation too?

3. Is this discrepancy only seen in persons with stroke, or is it
a broader problem across neurorehabilitation?

To address the first question, we examined data from all
persons recruited into the cohort. To address the second ques-
tion, we compared capacity and performance outcomes in per-
sons with stroke undergoing UL versus walking rehabilitation.
We hypothesized that the discrepancy would be greater for the
UL, since activities of daily living can be completed unilat-
erally in daily life, but walking requires the use of 2 limbs.
To address the third question, we compared capacity and per-
formance outcomes in persons with stroke versus Parkinson
disease (PD) undergoing walking interventions. PD was cho-
sen as the comparator group because it is the second-largest
population seen for motor neurorehabilitation, behind stroke.
Both stroke and PD populations regularly demonstrate im-
provements in capacity over the course of neurorehabilitation
research studies, despite the fact the PD is a neurodegener-
ative disease.10,11 While the neurobiological underpinnings
of the 2 conditions are very different, common factors that
may hamper translation of in-clinic, capacity gains to gains in
performance in daily life are most likely to be multifactorial
with personal and environmental contributions.12 Given that
people are referred to or seek out rehabilitation services to
improve performance of activities in daily life, the answers

to these questions are important for evaluating the effec-
tiveness of current services and potentially improving future
services.

METHODS
The study design was a prospective, longitudinal co-

hort of people participating in outpatient services at 5 clinics
in the United States. Outpatient service delivery was chosen
over inpatient service delivery as the study recruitment en-
vironment because people receiving outpatient care are, or
have returned to, living in their own homes. This provides
the opportunity for motor skills gained in therapy sessions
to be applied throughout the day at home. Outpatient ser-
vices also see a broad range of neurorehabilitation conditions
over a longer time span than is possible during inpatient re-
habilitation, at least in the United States. Participants were
recruited from 5 clinics initially: (1) 2 academic physical ther-
apy clinics (St Louis, Missouri, and Boston, Massachusetts);
(2) 2 rehabilitation clinics that provide physical, occupa-
tional, and speech therapy services affiliated with but not
directly considered academic clinics (St Louis, Missouri, and
Chicago Illinois); and (3) 1 community outpatient rehabili-
tation clinic that provides physical, occupational, and speech
therapy services (St Louis, Missouri). Midway through the
data collection period, 1 academic physical therapy clinic
merged with one of the academic-affiliated clinics, such that
data collection was coming from only 4 clinics. The study was
approved by the local institutional review boards at each site
and all participants provided written informed consent.

Participants
Persons with stroke or PD were recruited if they met all

of the following inclusion criteria: (1) neurologist diagnosis of
stroke or idiopathic PD (Hoehn-Yahr score 2-3), but not both
diagnoses in the same individual; (2) referral for outpatient
physical or occupational therapy; (3) anticipated to receive
rehabilitation services for at least 1 month; (4) documented
therapy goal(s) to improve UL limb function or walking mo-
bility; (5) able to follow 2-step commands and participate in
testing; and (6) for persons with PD, stable dose of PD medica-
tion more than 2 weeks prior to enrollment and no medication
changes anticipated during the time of therapy services. Po-
tential participants were excluded if they met one or more
of the following criteria: (1) other neurological or psychi-
atric conditions, including deep brain stimulator implants; (2)
other orthopedic conditions that limit UL capacity or mobil-
ity (eg, amputation, severe arthritis, and significant pain); (3)
other comorbid conditions such that the physician or therapy
documentation indicates minimal chance for improvement in
function (eg, end-stage cancer diagnosis); (4) UL or walking
capacity that is already near normal (as indicated by ARAT
scores ≥52 or self-selected gait speeds ≥1.2 m/s). Participants
were enrolled in 1 of 3 subgroups—stroke UL, stroke walking,
or PD walking—such that each subgroup could be considered
statistically independent from one another. If a participant met
criteria for more than one subgroup, they were assigned to the
subgroup that had the smallest number of participants at the
time.
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Prior to data collection, a power analysis employing a
2-group comparison for each hypothesis, a Wald test with 1
degree of freedom, a 15% dropout rate, a 2-tailed α of 0.05,
and a power of 0.8 to detect differences between subgroups
of 10% to 15% indicated that we would need a target sample
ranging from 132 to 231 participants. This size sample would
detect 10% to 15% differences in frequency of outcome classi-
fication (see the Data Management and Analyses subsection)
between the 3 subgroups. Enrollment in the cohort was paused
in March 2020 and then restarted in September 2020 due to
the COVID-19 global pandemic.

Measures
Study measures were collected within 1 week of start-

ing therapy and monthly (±10 days) thereafter for the duration
of services. Monthly assessments allowed ample time for
change and matched most insurer reporting requirements. De-
mographic and descriptive data collected at the initial visit
included age, gender, race, ethnicity, comorbidities, current
medications, time since injury and type (stroke) or time since
diagnosis (PD), concordance (dominant limb = paretic limb,
for UL subgroup only), and self-report of rehabilitation ser-
vices to date (eg, did or did not go to inpatient rehabilitation).
PD severity was assessed with the Movement Disorders So-
ciety Unified Parkinson’s Disease Rating Scale (UPDRS).13

The Montreal Cognitive Assessment (MoCA)14-16 screened
general cognitive abilities. Participants received medical and
rehabilitation services in accordance with their overall plan
of care. We recorded information about but did not interact
nor interfere with the routine rehabilitation services delivered
to participants. Information from the study measures was not
fed back to the treating clinicians or patients at 4 of the 5 sites.
At the fifth site, the personnel doing the assessments were the
treating clinicians. Performance data from the previous assess-
ment were therefore accessible in the research database, but
not in the clinical record. From the therapy service records, we
collected type of therapy, goals for therapy, and the duration
and frequency of therapy services. Initial training, periodic
study team meetings, and video-taping and rescoring across
sites ensured that administration of study assessments was
uniform over the 4-year duration of data collection.

Capacity Measures
UL capacity was quantified by the ARAT, a test that

quantifies the ability to reach, grasp, manipulate, and release a
variety of everyday objects (higher scores are better, range =
0-57). The ARAT was chosen because: (1) it is an established
clinical measure; (2) it has consistently strong psychomet-
ric properties, including sensitivity to change in people with
stroke17-25; (3) the time to administer is short compared with
other, similar measures26; and 4) it is widely used in UL
rehabilitation research and clinical practice around the world.

Walking capacity was quantified by gait speed on the
10-m walk test. This test is valid, reliable, sensitive to change,
and quick to administer and is the current gold standard for
measuring walking capacity for stroke, PD, and older adults
in research and clinical practice.27-31 Gait speed was collected
with instructions to walk at a “comfortable” speed (3 trials)
and “as fast as possible” (3 trials). The average of the fast

trials was used as the primary measure to indicate walking
capacity. Fast walk speed was chosen over self-selected walk
speed because it is the most rigorous way to quantify what the
individual was capable of achieving. Within this sample, fast
and self-selected speeds were highly correlated (r = 0.91, P <
0.0001), and produced similar overall statistical conclusions.

Performance Measures
UL performance was captured with accelerometers, an

established, valid, and reliable methodology in nondisabled
adults and adults with stroke.32-35 Consistent with previous
work,9,36-41 GT9X Link accelerometers (Actigraph Inc, Pen-
sacola, Florida) were worn on both wrists for 3 days (including
sleep and bathing/showering) while people went about their
normal, daily routines. Data were collected at 30 Hz, down-
loaded, and then processed in Actigraph software and in
MATLAB to calculate numerous variables. The use ratio was
chosen as the primary measure of UL performance because
it is the most highly consistent of the accelerometer variables
in healthy adults and children, it is responsive to change in
people with stroke, and it is highly correlated with other ac-
celerometer variables.41,42 The use ratio is the hours of paretic
limb activity divided by the hours of nonparetic limb activity
and quantifies the contribution of the paretic limb relative to
the nonparetic limb over the course of the wearing period.39

Healthy, neurologically intact adults have a use ratio of 0.95
± 0.06, indicating nearly equal durations of UL movement
during daily activity.39

Walking performance was captured by StepWatch Ac-
tivity Monitors (SW1002, Modus Health). Step activity
monitors provide valid and reliable measures of walking per-
formance in daily life, and are easy to use with adults from
a variety of patient populations.43-50 Step detection accu-
racy exceeds 98%, even for shuffling, dyskinetic PD gait.51,52

Step activity monitors were worn on the less affected leg
for 7 days,46 and calibrated per standard procedures.44,45 The
longer wearing period for walking was due to the fact that
day-to-day walking performance can be highly variable.53 The
primary variable for walking performance was steps per day
because it the most common variable used across populations,
with established psychometric properties.5,45

Data Management and Analyses
Data were collected and managed via a REDCap

database.28 Data across sites were checked on entry and au-
dited quarterly. Analyses were done in R version 4.1.2,54

employing nonlinear, longitudinal, multilevel modeling with
the lme4 package.55 Longitudinal, multilevel analyses (mea-
sures nested within people) are the preferred method for these
data, given it does not require the same number of assess-
ments across participants, can account for missing data, and
can minimize noise in the clinical measures.55-57

Determination of whether or not change occurred is
difficult in rehabilitation research and clinical practice. We re-
jected the option of individual change scores greater than a
published minimal detectable change (MDC) or minimal clin-
ically important difference (MCID) because: (1) MDC and
MCID values are estimates from research samples with spe-
cific inclusion/exclusion criteria that may not be a good match
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with patients seen in routine outpatient services; (2) studies
of MDC and MCID use a variety of anchors (including ar-
bitrary percentage of a scale) to determine whether change
occurred58-60; (3) MCID values may change with time21,61

or severity, which would differentially affect individual par-
ticipants in our heterogeneous sample; and (4) several of
our measures (use ratio, steps/day) have minimal information
available to make MCID estimates.5 Additionally, individu-
als exhibit varying amounts of stability in their measures over
time; individually determined standard errors provide a better
basis of classifying change than a single standard error that
is applied to all participants. We therefore employed simu-
lation methods to obtain individual-level standard errors and
used those to generate model-based probabilistic estimates of
improvement over time for each individual, as follows.

First, individual participant trajectories for the capacity
and performance data were modeled (Figure 1A) using poly-
nomial curve fitting with time (centered on baseline). While
both linear and quadratic models were adequate fits with the
data, the quadratic model was chosen to obtain the most accu-
rate fit possible for the subsequent analytic steps. The random
effects part of this model was as complex as the fitting al-
gorithm allowed (a random intercept and typically a random
slope).

Second, this base model was used to generate a new set
of model-consistent outcome values. A new set of regression
coefficients was created, sampled from the multivariate nor-
mal distribution with the original model coefficients as the
mean vector and a variance-covariance matrix equal to the
original coefficient variance-covariance matrix. New level 2
random effects were generated from a multivariate normal
distribution with mean vector corresponding to the individual-
specific random effect vector from the original analysis and
variance-covariance matrix equal to the individual-specific

uncertainty from the original analysis. New level 1 resid-
uals were generated from a normal distribution with mean
of 0 and standard deviation equal to level 1 residual stan-
dard error from the original analysis. These new vectors were
then used along with the original model fixed effect design
matrix and random effect design matrix, z, to produce a
new vector of model-consistent outcome values. These out-
come values, along with the original predictor values, were
then analyzed to get new model-predicted outcome values
from which a new change score was calculated for each
participant.

Third, the previous step was repeated 1000 times to cre-
ate, for each person, a distribution of model-consistent change
scores, from which an individual-level change standard error
was calculated. At the individual level, the predicted change
scores from the original model were transformed into z scores
using the individual-specific standard error from the simu-
lated distributions, allowing for comparison of changes across
measurements and measurement levels with different metrics
(Figure 1B).

Fourth, each person was categorized into 1 of 4 groups
(Figure 1C) based on their z scores: (1) improved capacity and
improved performance (C+P+); (2) improved capacity and
unimproved performance (C+P−); (3) unimproved capacity
and improved performance (C−P+); and (4) unimproved ca-
pacity and unimproved performance (C−P−). We considered
several thresholds for z scores. A z-score threshold of 1.0 was
chosen as the cut-off for classification into the improved cate-
gory, such that an individual was considered to have improved
if their change score was more than 1 standard error of their
change score distribution (corresponds to a 1-tailed P ∼ 0.15
relative to 0). A threshold of 1.0 was selected over the more
rigorous z = 1.645 (corresponds to a 1-tailed P < 0.05 rela-
tive to 0) because these were individual, not group estimates.

Figure 1. Illustration of analytic process to determine whether improvement occurred. (A) Participant in the stroke UL
subgroup capacity (top) and performance (bottom) measurements from onset to discharge from outpatient rehabilitation
services. Symbols are the measurements and the thick lines are the individual models from those measurements. (B) Individual
models were used to simulate distributions of change scores using model coefficients, uncertainties, and covariance estimates.
The gray bar = +1 SE in the simulated z distribution. The black bar marks the predicted change z score from the actual model
coefficients. (C) Capacity (top) is judged as improved because the z score is larger than 1 SE, while performance (bottom) is
judged as unchanged because the z score is smaller than 1 SE. This participant was classified as C+P−. ARAT, Action Research
Arm Test; SE, standard error; UL, upper limb.
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Thus, these procedures resulted in probabilistic decisions
(85% probability) that an improvement is real for each per-
son for each measurement level (Figure 1C). The probabilistic
decisions provide no information about whether or not any im-
provement was meaningful to the patient or treating clinician.

Descriptive statistics on demographics and other char-
acteristics were compared via analyses of variance (ANOVAs)
to evaluate differences between subgroups. Statistical signif-
icance for this and subsequent analyses was set at α < 0.05.
To address the first question regarding improvements in rou-
tine outpatient care, we report the classification distribution
from the entire sample. To address the second question regard-
ing a unique problem of UL rehabilitation, we compared the
classification distributions from the stroke UL versus stroke
walking subgroups. To address the third question regarding a
unique stroke rehabilitation problem, we compared classifica-
tion distributions from the stroke walking versus PD walking
subgroups. Comparisons between distributions were done via
χ2 tests. Additionally, we explored how age, number of as-
sessments (a proxy for duration of services), time since stroke
or PD diagnosis, MoCA score (cognition), and concordance
(within stroke UL group only) might differ across the classi-
fications using ANOVAs in the full sample. Numbers in each
cell were too small to do this within the subgroups. We ran the
entire analyses twice, first with the participants who enrolled
and completed data collection before the global pandemic (n
= 138), and then with everyone enrolled (n = 156), because
the pandemic could have influenced performance data from
daily life. These 2 analyses produced the same statistical con-
clusions; we therefore report data from all 156 participants.

RESULTS
The flow diagram for recruitment and enrollment from

outpatient physical and occupational therapy services is
shown in Figure 2. Overall, the sample (Table 1) was a hetero-

Figure 2. Flow diagram of participants into the
observational cohort. Mercy: Mercy Outpatient Therapy
Services, St Louis, Missouri; SRAL: Shirley Ryan Ability Lab,
Chicago, Illinois; TRISL: The Rehabilitation Institute of Saint
Louis, St Louis, Missouri.

geneous group of individuals with stroke or PD that resembles
the population seen in outpatient rehabilitation services. As
expected, the PD walking subgroup was older, capable of
walking faster, and took more steps/day than the stroke mobil-
ity subgroup (P < 0.05). Examples of classifications for each
of the 3 subgroups are provided in Figure 3 to show the variety
in the participants and how individual trajectories resulted in

Table 1. Sample Characteristicsa

Stroke UL Stroke Walking PD Walking
n = 51 n = 48 n = 57

Age, y 60 ± 12 62 ± 12 71 ± 7b

Sex, female 37% 40% 44%
Race

White 56% 58% 92%
Black 42% 40% 4%
Asian 2% 2% 4%

Ethnicity, Hispanic/Latinx 2% 0% 0%
Time post-stroke, mo 1.7 (1.3, 15) 2.3 (1, 7) . . .

Time since PD diagnosis, y . . . . . . 5 (2, 8)
Number of assessments 3.5 ± 1.5 2.8 ± 1.0 3.1 ± 1.1
MoCA 23 (20, 26.5) 23 (21, 26) 24 (20, 27)
Upper limb concordance 51% . . . . . .

UPDRS (iii_total) . . . . . . 37 (26, 44)
UL capacity (ARAT) 23 (4, 45) . . . . . .

UL performance (use ratio) 0.53 (0.35, 0.71) . . . . . .

Walking capacity (fast walk speed) . . . 0.83 (0.67, 1.05) 1.26 (1.05, 1.51)c

Walking performance, steps/d . . . 4996 (3330, 7888) 7220 (4476, 10264)c

Abbreviations: ARAT, Action Research Arm Test; MoCA, Montreal Cognitive Assessment; PD, Parkinson disease; UL, upper limb; UPDRS, United Parkinson’s Disease Rating
Scale.

aValues are mean ± SD, percentage, or median (first quarter, third quarter). Concordance = dominant upper limb = paretic limb, reported just for stroke UL subgroup.
bSignificantly different from the stroke UL and stroke walking subgroups.
cSignificantly different from the stroke walking subgroup.
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Figure 3. Example participants. Capacity measures are black and scaled by the left y-axis. Performance measures are blue and
scaled by the right y-axis. In the left column, symbols are the measurements and the thick, solid lines are the modeled data. In
the middle column, SE = 1 standard error from the individual simulated distributions, shown in units of the original scale and
change = model predicted change scores, also shown in units of the original scale. (A) Participant from the stroke UL subgroup,
classified as C+P+. (B) Participant from the stroke walking subgroup, classified as C+P−. (C) Participant from the Parkinson
disease (PD) walking subgroup, classified as C−P−. This figure isavailable in color online (www.jnpt.org).

model predicted change scores, standard errors in units of the
measurement scales, and eventual classifications.

With respect to question 1, discrepancies between im-
provements in capacity and improvements in performance
appear to be common in routine outpatient rehabilitation
services. The classification distribution for the full sam-
ple is shown in the top part of Table 2. The majority
(59%) of the sample improved capacity for activity but
did not improve on performance of activity in daily life.
Exploration of potential factors influencing classifications
revealed that the classification groups had wide ranges
for each of the 3 significant variables, with the C+P+
group being slightly younger, and the C−P− group being

more chronic and having more assessments (middle part of
Table 2).

With respect to question 2, the discrepancy between ca-
pacity and performance improvements is not an issue isolated
to UL limb stroke rehabilitation. Classification distributions
for the subgroups are shown in the bottom part of Table 2.
To facilitate pairwise comparisons among groups, the C−P+
classification (containing only 1 participant) was eliminated.
More persons improved in both capacity and performance in
the stroke UL group compared with the stroke walking group
(χ2 = 48.7, P < 0.0001). Likewise with respect to question 3,
this issue is not isolated to stroke, as indicated by the PD
walking subgroup distribution (different from UL subgroup,

© 2022 The Authors. Published by Wolters Kluwer Health, Inc. on behalf of Academy of Neurologic Physical Therapy, APTA 21

www.jnpt.org


Lang et al JNPT • Volume 47, January 2023

Table 2. Classification Distribution for the Full Sample, Factors Influencing Classifications, and Classification
Distributions of the 3 Subgroupsa

Full sample (n = 156) Improved Performance, P+ Unimproved Performance, P−
Improved capacity, C+ 20% (31) 59% (92)
Unimproved capacity, C− <1% (1) 21% (32)

Factors significantly influencing classifications in
the full sample (n = 155)b

C+P+ C+P− C−P−
Age, y 60 (28, 87) 65 (29, 86) 70 (45, 88)
Time since stroke or diagnosis, mo 1.6 (<1, 76) 4.1 (<1, 212) 38 (1.4, 263)
Number of assessments 2 (2, 7) 2.5 (2, 7) 4 (2, 7)

Stroke upper limb (n = 51) Improved Performance, P+ Unimproved Performance, P−
Improved capacity, C+ 51% (26) 33% (17)
Unimproved capacity, C− 0% (0) 16% (8)

Stroke walking (n = 48)
Improved capacity, C+ 0% (0) 100% (48)
Unimproved capacity, C− 0% (0) 0% (0)

PD walking (n = 57)
Improved capacity, C+ 9% (5) 47% (27)
Unimproved capacity, C− 2% (1) 42% (24)

aValues are % (n), or medians (min, max). Values are rounded to the nearest whole percentage; totals may not equal 100% are due to rounding.
bAnalyses exclude the C−P+ group since it had only 1 participant. Significant differences between the 3 groups as indicated by P = 0.007 for age and P < 0.0001 for time and

number of assessments.

χ2 = 24.3, P < 0.0001; different from stroke walking sub-
group, χ2 = 34.5, P < 0.0001). The statistics of the change
scores (in units of the measurement scales) are provided in the
top of Table 3, confirming that the method of individual prob-
abilistic change judgments was adequate to detect whether a
change did or did not occur. Data were further examined to see
whether ceiling effects at the time of initial assessment could
account for the lack of improvement over time in capacity or
performance measures, with this information provided in the
bottom of Table 3.

DISCUSSION
In this longitudinal cohort, discrepancies between im-

provements in capacity for activity and improvements in

performance of activity in daily life occurred in the majority
of people receiving outpatient rehabilitation services. Con-
trary to our hypothesis, the discrepancy was larger for walking
rehabilitation than for UL rehabilitation. The discrepancy in
outcomes was not restricted to stroke rehabilitation, but was
also present in people with PD. These novel results come from
5 outpatient clinics in United States, making them more gener-
alizable than if they had come from a single clinic or a single
region. Overall, these data suggest that measuring effective-
ness of rehabilitation services with only capacity measures
may be insufficient.

The majority of participants in the overall sample im-
proved on capacity but not performance measures over the
course of their rehabilitation episode. Episodes of care often

Table 3. Model Predicted Change Scores According to Improvement Versus No Improvement for Each of the
Subgroups, in Units of the Measurement Scales (Means ± SDs) and Participants Meeting All Study Inclusion Criteria With
Initial Assessment Scores at or Near Ceiling by Classification (n)

Model Predicted Change Scores

C+ C− P+ P−
Stroke UL 6.8 ± 5.5 points 1.0 ± 1.0 points 0.05 ± 0.05a 0.0 ± 0.03a

Stroke walking 0.12 ± 0.04 m/s . . . . . . 8 ± 120 steps/d
PD walking 0.06 ± 0.03 m/s 0.03 ± 0.05 m/s 2476 ± 2049 steps/d −505 ± 1187 steps/d

Numbers of Participants Meeting Study Inclusion Criteria With Initial
Scores at a Level That Could Be a Potential Ceiling Effectb

C+ C− P+ P−
Stroke UL 2 0 3 2
Stroke walking 8 . . . . . . 3
PD walking 15 22 1 11

Abbreviations: C+, improved capacity; C−, no capacity improvement; P+, improved performance; P−, no performance improvement; PD, Parkinson disease; UL, upper limb.
aRatio scale.
bSelected cut-offs for potential ceiling effects (ie, a score that a participant might not be able to improve much beyond or a value that is already sufficient for community mobility

and/or maintaining overall health status) were: Action Research Arm Test > 50/56 points; use ratio > 0.91 (1 SD below referent value); fast walking speed > 1.2 m/s (estimated speed
to cross a busy street68) and steps/day > 10 000 (recommended daily stepping activity69).
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extended for multiple months, with the median episode of care
being around 2 months (3 assessments) and the longest be-
ing 6 months (7 assessments). In the UL at least, performance
tends to change on approximately the same time scale as ca-
pacity, or perhaps even slightly earlier, as individuals recover
from stroke.62 Thus, it would be hard to argue that lack of
time is a cause of lack of performance change in this cohort.
Given the current rehabilitation focus primarily on capacity
measures,3 our data show that patients are improving on what
is being measured by clinicians (ie, the capability to execute
activity within the clinical setting). These data, along with a
few previous reports,7-9 now make it clear that one cannot as-
sume that improvements observed in a clinical setting carry
over to improvements outside the clinic. Further, these data
do not say that performance cannot change, just that perfor-
mance often did not change in the current delivery model.
Measures of performance in daily life are not currently a rou-
tine part of clinical care.63 These data open up the opportunity
that if performance information were available, then patients
and clinicians could act to address and improve it.

The proportion of persons who improved capacity for
activity but failed to improve performance of activity in daily
life was greater in walking rehabilitation than in UL reha-
bilitation. This result is likely not a function of the walking
subgroups being more severely affected by their stroke or by
PD (see values at bottom of Table 1). One possibility for this
result is that participants may have been more self-limiting
due to fear of serious consequences (eg, fall and fracture)
when trying to increase walking outside the clinic compared
with trying to increase UL activity (eg, minor consequences
such as slower to complete tasks or spills). Another possi-
bility is that people undergoing outpatient therapy may have
felt they were getting sufficient walking practice in therapy
sessions and did not need to engage in extra walking activity
outside of the services. This would be consistent with findings
suggesting people compensate for their structured physical ac-
tivity by doing less activity during the unstructured time.64,65

A third possibility is that the daily environment in which peo-
ple live may place more restrictions on walking performance
than UL performance. Larger amounts of UL activity can oc-
cur easily indoors, whereas larger amounts of walking activity
are influenced by a range of social and environmental factors
in the outside environment.66 A fourth possibility is that oc-
cupational therapists (the primary profession delivering UL
rehabilitation services in the United States) may be better at
facilitating carryover of gains outside the clinic than physi-
cal therapists. This could stem from the professional training
programs, where occupational therapy educational programs
may be more focused on improving performance of activ-
ity in daily life, as that facilitates participation in important
life roles. Regardless of which or how much these 4 possi-
bilities contributed to the result, the data make it clear that
it is time to reexamine the content of and how outpatient
neurorehabilitation services are delivered.67

These data are applicable to a range of severities and pe-
riods post-stroke. The sample included participants with broad
ranges of capacity (ARAT scores 0-51 points, fast walking
speed 0-1.3 m/s, self-selected walking speed 0-1.0 m/s) and
broad ranges of time post-stroke (<1 month out to 212 months

[>17 years]) at the start of their rehabilitation episodes of
care. As can be seen in the middle portion of Table 2, time
post-stroke did influence the likelihood of improving perfor-
mance. Those who did not improve (C−P− category) were,
on average, more chronic. While this was statistically signifi-
cant, it is clear from the minimum and maximum values that
each classification included participants from a wide range of
times post-stroke. Based on the wide ranges here, one cannot
predict who will or will not improve performance based on
time post-stroke or PD diagnosis.

Limitations
Several limitations influence the interpretation of our

data. First, the capacity and performance-level measures used
here are not perfect. Each one is a sample of the underly-
ing construct, not a complete picture. Thus, there may have
been changes (for better or worse) in capacity and/or perfor-
mance that were not captured by the measures chosen here.
Second, a small portion of the classifications (primarily PD
walking subgroup participants who initially walked more than
10 000 steps/day) could have been influenced by a potential
ceiling effect based on initial assessment values. These par-
ticipants, however, met all study inclusion criteria, including
self-selected walking speeds of less than 1.2 m/s, duration of
outpatient therapy services for more than 1 month, and doc-
umented goals to improve walking. And third, classification
frequencies were determined from probabilistic decisions of
improvement versus no improvement. We have no knowledge
of whether or not improvements were meaningful to the pa-
tients who experienced them, making it possible that we have
overestimated the proportion of people who were classified as
C+ and/or P+.

CONCLUSIONS
Improvements in capacity for activity measured in the

clinic setting during outpatient neurorehabilitation episodes of
care often do not translate into improvements in activity per-
formance in daily life. Future research is critically needed to:
(1) develop more clinically feasible devices and methods to
measure and track performance in routine rehabilitation care
and (2) determine how best to modify, restructure, or supple-
ment rehabilitation interventions so that the benefits gained
during therapy services are realized in the daily life of people
who seek those services.
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