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Classification of Evidence
This study provides Class III evidence that for patients >90 days poststroke with persistent arm motor deficits, intensive arm
motor therapy improved mRS in a substantial fraction (31.2%) of patients.

US Food and Drug Administration (FDA) approval of a new
therapy requires evidence for clinical benefit to the patient,1

using a clinical end point that measures how a patient feels,
functions, or survives,2,3 where function is ability to perform
daily activities.4 Trials of acute stroke therapies often assess
benefit using the modified Rankin Scale (mRS), which covers
functional outcomes,5 is categorized by the WHO In-
ternational Classification of Function (ICF) as a measure of
activities limitations6,7 (previously called “disability”8), and is
accepted by the FDA as the primary end point for acute stroke
trials.5 Indeed, the mRS is included with the definition of
stroke disability codeveloped by the FDA.9

In contrast, trials of stroke recovery therapies often assess
benefit using measures categorized as loss of body structure/
function (previously called “impairment”8), such as the Fugl-
Meyer (FM) motor scale, and often do not even measure the
mRS.10–13 The relationship between improved body structure/
function (e.g., FM scale) and gains in measures of activities
limitations (e.g., mRS) is not always evident,6,14–17 but a better
understanding of the relationship between these 2 dimensions
could be useful to emerging stroke recovery therapeutics.18

This issue was addressed by examining results from a trial of
intensive rehabilitation therapy targeting the arm that
reported body structure/function gains (FM score),19 here
hypothesizing that intensive rehabilitation therapy also im-
proves activities limitations (mRS scores). To further probe
this issue, mRS gains were explored in relation to improve-
ments in body structure/function, both at the summary level
(change in total FM score) and at the level of specific motor
impairments.

Methods
Study Summary
This report provides a novel post hoc analysis of outcomes data
from a prior 11-site, assessor-blind study,19 conducted in the
NIH StrokeNet clinical trials network,20,21 which provided
intensive arm motor therapy to 124 adult patients who had a
stroke 4 36 weeks prior to enrollment and had persistence of

arm motor deficits, a common22 and often devastating6,23,24

consequence of stroke.

Participants were serially evaluated over 1 week at baseline,
then approximately 1 week later were randomized to receive 6
weeks of intensive therapy, either in the home using tele-
rehabilitation or in the clinic, 70 min/d, 6 d/wk. The therapy
approach was based on an upper-extremity task-specific
training manual25 and the Accelerated Skill Acquisition Pro-
gram.26 Therapy was supervised by a licensed occupational
therapist or physical therapist, included arm exercises and
functional training, and was matched in intensity, duration,
and frequency across the 2 treatment groups. Therapists
performing outcome assessments underwent online training
and formal certification on the FM27 and mRS28 scales. Both
patient groups had a stable motor examination over 1 week at
baseline and showed clinically and statistically significant
gains on the primary endpoint: change in FM score from
baseline to 30 days posttreatment (7.9 8.4 points on this 66-
point scale, for which the minimal clinically important dif-
ference is 5.25 points).29 Telerehabilitation was found to be
noninferior compared to in-clinic therapy. Given that be-
havioral gains were near-identical across groups, data from the
2 groups are combined in the current analysis.

Standard Protocol Approvals, Registrations,
and Patient Consents
Ethics approval was obtained from the local institutional re-
view board and written informed consent was obtained from
all enrollees. Data from this study are listed on Clinicaltrials.
gov (NCT02360488).

Statistics
The purpose of the current analysis is to examine treatment
effects on a secondary outcome measure, the mRS, and to
determine whether patients who showed a treatment-related
change in mRS differ from those who did not with respect to
changes in body structure/function, both at the summary level
(change in total FM score) and at the level of specific motor
impairments (individual FM subscores). The population of
interest consists of patients who were enrolled >90 days
poststroke, a time when spontaneous motor recovery after

Glossary
FDA = US Food and Drug Administration; FM = Fugl-Meyer; mRS = modified Rankin Scale; NIHSS = NIH Stroke Scale;
NINDS = National Institute of Neurological Disorders and Stroke; tPA = tissue plasminogen activator.
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stroke is largely complete,30–32 and so observed behavioral
gains aremore likely attributable to the intervention rather than
spontaneous motor recovery.

Analyses were 2-tailed, used α = 0.05, did not adjust for cova-
riates, and were calculated using JMP v13.2.0 (SAS, Cary, NC).
To examine within-patient changes over time, paired t tests
were used when data were normally distributed or could be
transformed; otherwise, the Wilcoxon signed rank test was
used; nonparametric statistics were used for analyses of FM
scores. When comparing differences between those who had
improvements on mRS and those who did not, the t test was
used for continuous variables when data were normally dis-
tributed or could be transformed; otherwise, theWilcoxon rank

sum test was used. χ2 testing was used to compare categorical
variables. Logistic regression was used whenmRS score change
status (changed or not) was the dependent variable and linear
regression was used when the change in mRS score was the
dependent variable. The de-identified publicly available Na-
tional Institute ofNeurological Disorders and Stroke (NINDS)
tissue plasminogen activator (tPA) trial33 mRS outcome data
were downloaded and evaluated for comparison with current
findings.34

The FMmotor score for the arm is the sum of 33 assessments
of specific motor impairment, each scored as 0 (not done at
all), 1 (partly done), or 2 (faultless performance),27,35 with
higher values indicating better arm motor status. After ex-
amining mRS score change status in relation to change in the
total FM score, mRS change status was then examined in
relation to each of the 33 specific motor impairments assessed
by the FM; no correction was made for multiple comparisons,
as the goal was to identify which specific impairment im-
provements are most related to gains in global function from
baseline to 30 days posttherapy.

Classification of Evidence
The 2 primary research questions were (1) What is the effect
of intensive rehabilitation on the mRS, a measure of activities
limitation? and (2) What are the specific changes in body
structure/function (motor impairment) that are most related
to mRS gains? This study provides level III evidence because
these questions were addressed analyzing data from a con-
trolled trial, where the control was an active comparator: in-
home telerehabilitation vs in-clinic therapy, matched in in-
tensity, duration, and frequency across the 2 randomly
assigned treatment groups.

Data Availability
The complete de-identified study data, as well as the study
protocol and statistical analysis plan, are available indefinitely
through the NINDS Archived Clinical Research Datasets
website.

Results
Patients
Of the 124 patients in the clinical trial of intensive re-
habilitation therapy, 85 were enrolled >90 days (range
93 252) after stroke onset. Of these, 8 dropped out prior to
measurement of mRS score change; the main reasons were
the patient was lost to follow-up, was removed from the study
by local physician, or withdrew consent. This left 77 patients
who are the primary focus of this report (table 1) and who did
not differ (p > 0.05) from the 8 who dropped out in age, days
from stroke to randomization, baseline Geriatric Depression
Scale score, Montreal Cognitive Assessment score, FMmotor
score, NIHSS score, or mRS score. These 77 patients were on
average 5.3 months poststroke at study entry, mostly had
stroke that was ischemic in origin, had mild cognitive and

Table 1 Patient Characteristics

Characteristics Values

N 77

Age, y 62.0 ± 13.1

Percent right-handed 90.9

Days poststroke at study entry (range) 160 ± 48
(93 252)

Stroke subtype

Ischemic 85.7

Intracerebral hemorrhage 14.3

Percent female 29.9

Race/ethnicity

Asian 10.4

Black 23.4

White 64.9

Unknown 1.3

Hispanic 2.6

Geriatric Depression Scale 3.6 ± 3.0

Montreal Cognitive Assessment 26 (22 27.5)

Paretic side R 50.6

Baseline NIHSS score 3 (2 4)

Baseline motor Fugl-Meyer score 40.6 ± 8.3

Change in motor Fugl-Meyer score from baseline to
30 days posttherapy

7.5 ± 5.8

Modified Rankin Scale score, baseline 3 (2 3)

Modified Rankin Scale score, 30 days posttherapy 2 (2 3)

Modified Rankin Scale score ≤2 at baseline 46.8

Modified Rankin Scale score ≤2 at 30 days
posttherapy

66.2

Values are mean ± SD, median (interquartile range), or %.
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moderate motor deficits, and were compliant with 97.2% of
the assigned therapy sessions. There were 3 serious adverse
events, all unrelated to study procedures. Nonserious adverse
events considered reasonably or definitely related to study
procedures occurred in 9 patients and consisted of fatigue or
arm/shoulder pain; none interrupted study therapy. Weight
did not change from baseline to 30 days posttherapy (median
change, 0 pounds, p = 0.75). Baseline FM score was 40.6 ± 8.3
points (mean ± SD) and increased by 7.5 ± 5.8 points at 30
days posttherapy (p < 0.0001).

Does Intense Rehabilitation Therapy Improve
Activities Limitations, Measured as a Decrease
in mRS Score?
At baseline (160 ± 48 days poststroke), median mRS score was
3 (interquartile range, 2 3), with scores ranging from 1 to 4. At
30 days posttherapy (approximately 12 weeks postbaseline),
median mRS decreased to 2 (2 3) (range 1 4), a significant
change (p < 0.0001, figure 1A). Similarly, the proportion of
patients with mRS score ≤2, a metric commonly used in acute
stroke studies,5 increased from 46.8% at baseline to 66.2% at 30
days posttherapy (p = 0.015, figure 1B). These findings (table
2) are accounted for by 24 patients (31.2%) with an mRS score
decrease (5 with a 2-point drop and 19 with a 1-point drop), 50
patients (64.9%) with no change, and 3 (3.9%) patients with an
mRS score increase (all 1 point). The proportion of patients
showing an mRS score decrease was similar (p = 0.07) in the
telerehabilitation group (17/43, 39.5%) and the in-clinic
therapy group (7/34, 20.6%). Also, the proportion of patients
showing an mRS score decrease was similar (p = 0.73) in
patients with ischemic stroke (20/66, 30.3%) compared to
patients with intracerebral hemorrhage (4/11, 36.4%).

HowDoPatientsWhoDidShowImprovement in
Activities Limitations (mRS) Differ From Those
Who Did Not?
The 24 patients who had an mRS score decrease from baseline to
30 days posttherapy, compared with the 53 patients who did not,
had higher baseline mRS score (3 [3 3.75] vs 2 [2 3], p =
0.0002). The 2 groups did not differ, however, in the number of
study-provided treatment sessions (p = 0.70) or number of hours
of any rehabilitation therapy received outside of study procedures
(p = 0.92). In addition, the likelihood of an mRS score decrease
was not related to the number of days poststroke at study entry
(range odds ratio 1.49, 95% confidence interval 0.3 7.3, p= 0.62).

When patients with mRS gains, vs those without, were ex-
amined in relation to improvements in body structure/
function, the 2 groups did not differ in the change in the total
FM motor score over the same period (7.9 ± 6.4 vs 7.3 ± 5.6
points, p = 0.63). Furthermore, change in total FM score was
not related to change in mRS score (p = 0.25) or to the
likelihood of an mRS score decrease (p = 0.70).

Specific Motor Impairments That Improved in
Relation to mRS Score Decrease
Although the change in total FM score change did not differ
when comparing patients with mRS gains vs those without,
there were nonetheless differences between these 2 groups in
the specific motor impairments that improved over time.

Change in the specific motor impairments measured by each
of the 33 FM subscores is listed for the 24 patients who had an
mRS score decrease from baseline to 30 days posttherapy
(table 3) and for the 53 patients who did not (table 4). Some

Figure 1 Intensive Arm Therapy Improves Modified Rankin Scale (mRS) Scores

The number of patients at each mRS level is shown at baseline (at study entry, 160 ± 48 days poststroke) and 30 days after end of a 6 week course of intense
rehabilitation therapy (approximately 12 weeks postbaseline). Intense rehabilitation therapy targeting the arm was associated with activities gains as
measured by the mRS. (A) At baseline, median mRS score was 3 (2 3), decreasing to 2 (2 3) at 30 days posttherapy (p < 0.0001). This decrease reflects 24
patients (31.2%) with an mRS score decrease, 50 patients (64.9%) with no change, and 3 (3.9%) patients with an mRS score increase. (B) The proportion of
patients with mRS score ≤2 increased from 46.8% at baseline to 66.2% at 30 days posttherapy (*p 0.015).
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of these specific motor impairments improved in more than a
third of patients, while others improved in fewer than 10% of
patients. The motor impairments that improved most often
were not the same in the 2 groups.

None of the 33 specific impairments measured by FM sub-
scores improved to an extent that it could, as a single in-
dependent variable in bivariate analysis, predict the likelihood
of mRS score decrease from baseline to 30 days posttherapy:
figure 2 presents the odds ratio relating gains in the 33 specific
motor impairments to likelihood of mRS improvement, and
in each case, the 95% confidence interval crosses 1, indicating
prediction of likelihood of mRS improvement was not sig-
nificant. However, examining the 4 specific motor impair-
ments with the highest odds ratio (figure 2) in a multiple
logistic regression analysis did predict the likelihood of mRS

improvement (p = 0.034). These 4 are (1) flexing all fingers at
the metacarpophalangeal and interphalangeal joints, (2) full
shoulder girdle elevation, (3) no reflex hyperactivity in the
arm, and (4) circumduction of the wrist through full range of
motion in a smooth manner.

Discussion
Acute stroke trials often rely on the mRS, a measure of ac-
tivities limitations that covers functional outcomes.5 How-
ever, stroke recovery trials typically do not measure the
mRS10–13 and instead focus on measures capturing loss of
body structure/function (such as the FM scale that covers
motor impairments), which have an uncertain relationship to
measure of activities limitations.6,14–17 The current report
therefore examined change in mRS scores in patients re-
ceiving intense rehabilitation therapy targeting the arm >90
days poststroke, hypothesizing that significant improvements
in mRS scores would be seen, and exploring how such im-
provements are related to improvements in body structure/
function. Intense therapy was associated with a significant (p
< 0.0001) drop in mRS score. In an exploratory analysis, these
gains were explained in part by improvement in several spe-
cific motor impairments such as finger flexion and wrist cir-
cumduction. The results indicate that a 6-week course of
intense rehabilitation can improve activities limitations (mRS
score) in a substantial fraction of patients with stroke, and
suggest that there may be specific motor impairments that
underlie mRS improvement that may be evaluated as optimal
targets for rehabilitation therapies aiming to improve function
in hemiparetic patients.

Table 2 Change in Modified Rankin Scale (mRS) Score
From Baseline to 30 Days Posttherapy

mRS at baseline

mRS 30 days posttherapy

1 2 3 4

1 2 1 0 0

2 4 28 1 0

3 3 11 17 1

4 0 2 4 3

For eachmRS score level at baseline (160 ± 48 days poststroke), the number
of patients is presented at each mRS score level 30 days posttherapy (ap
proximately 12 weeks after baseline).

Table 3 Change in the Specific Motor Impairments Measured by the 33 Fugl-Meyer (FM) Subscores Among the 24
Patients Whose Modified Rankin Scale (mRS) Score Decreased

FM subscore (specific motor impairment)

Number of patients in whom change in score
was:

Patients in whom subscore
increased, n (%)

2
points

1
point 0 points

+1
point

+2
points

13. Pure shoulder flexion 0–90 degrees while maintaining
full elbow extension

0 1 10 12 1 13 (54.2)

33. Speed of hand movements 0 0 11 11 2 13 (54.2)

16. Pure shoulder flexion 90–180 degrees while
maintaining full elbow extension

0 1 12 9 2 11 (45.8)

20. Repeated dorsiflex/volarflex wrist, elbow at 90 degrees
flexion

0 1 12 11 0 11 (45.8)

28. Oppose thumb pad to index finger pad 0 2 11 9 2 11 (45.8)

24. Flex all fingers 0 0 14 10 0 10 (41.7)

30. Grasp with 5 fingers 1 2 11 8 2 10 (41.7)

22. Repeated dorsiflex/volarflex wrist while maintaining
full elbow extension

0 1 14 9 0 9 (37.5)

23. Circumduct wrist while maintaining full elbow
extension

0 0 15 9 0 9 (37.5)

Continued
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In patients an average of 5.3 months poststroke, 6 weeks of
intensive arm rehabilitation was associated with a decrease in
median mRS score, from 3 to 2 (p < 0.0001; figure 1A), and an
increase in the proportion of patients with final mRS score ≤2
from 46.8% to 66.2% (figure 1B). The absence of an inactive
comparator group makes it difficult to know whether some
component of the observed mRS change is due to spontaneous
recovery rather than study-provided therapy. That the main

driver of mRS gains was study therapy, rather than spontaneous
recovery, is suggested by the absence of a relationship between
likelihood of mRS gain and time poststroke (p = 0.62); a sig-
nificant negative relationship might be expected if spontaneous
recovery was a substantial contributor to mRS gains given that
spontaneous recovery declines with time poststroke. Also, an
mRS improvement in 31.2% of patients compares favorably with
literature reports of patient trajectories during similar time

Table 3 Change in the Specific Motor Impairments Measured by the 33 Fugl-Meyer (FM) Subscores Among the 24 Patients
Whose Modified Rankin Scale (mRS) Score Decreased (continued)

FM subscore (specific motor impairment)

Number of patients in whom change in score
was:

Patients in whom subscore
increased, n (%)

2
points

1
point 0 points

+1
point

+2
points

4. Shoulder girdle elevation 0 1 15 8 0 8 (33.3)

14. Forearm supination/pronation, elbow at 90 degrees
flexion

0 0 16 8 0 8 (33.3)

15. Abduct shoulder to 90 degrees while maintaining full
elbow extension

0 1 15 8 0 8 (33.3)

26. Grasp while extending MCP joints and flexing IP joints 0 3 13 4 4 8 (33.3)

27. Graspwith thumbabduction and full extensionof CMC,
MCP, and IP joints

1 2 13 5 3 8 (33.3)

3. Shoulder girdle retraction 0 1 16 7 0 7 (29.2)

21. Dorsiflex wrist while maintaining full elbow extension 0 1 16 5 2 7 (29.2)

25. Extend all fingers 0 1 16 7 0 7 (29.2)

29. Grasp with volar surface of thumb and index finger 1 2 14 6 1 7 (29.2)

32. Dysmetria of hand movements 0 0 17 7 0 7 (29.2)

8. Forearm supination 0 1 17 6 0 6 (25)

17. Forearm supination/pronation while maintaining full
elbow extension

1 3 14 5 1 6 (25)

19. Dorsiflex wrist, elbow at 90 degrees flexion 0 0 18 5 1 6 (25)

5. Shoulder abduction 0 1 18 5 0 5 (20.8)

12. Position hand on lumbar spine 0 0 19 5 0 5 (20.8)

31. Tremor in hand 0 3 16 5 0 5 (20.8)

6. Shoulder external rotation 0 3 17 4 0 4 (16.7)

18. Biceps, triceps, finger flexor reflexes 1 0 19 1 3 4 (16.7)

7. Elbow flexion 0 2 19 3 0 3 (12.5)

9. Shoulder adduction/internal rotation 0 2 19 3 0 3 (12.5)

10. Elbow extension 0 0 21 3 0 3 (12.5)

1. Biceps/finger flexor reflex 0 0 22 0 2 2 (8.3)

11. Forearm pronation 0 2 20 2 0 2 (8.3)

2. Triceps reflex 0 0 24 0 0 0 (0)

Abbreviations: CMC carpometacarpal; IP interphalangeal; MCP metacarpophalangeal.
For the 24 patients whose mRS score decreased from baseline to 30 days posttherapy, the change for each of the specific motor impairments measured by
the 33 FM subscores is presented. The specific motor impairments are presented in rank order according to percentage of patients showing improvement.
The number in front of the specific impairment reflects the order of testing in the FM scale.
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Table 4 Change in the Specific Motor Impairments Measured by the 33 Fugl-Meyer (FM) Subscores Among the 53
Patients Whose Modified Rankin Scale (mRS) Score Did Not Decrease

FM subscore (specific motor impairment)

Number of patients in whom change in score
was:

Patients in whom subscore
increased, n (%)

2
points

1
point 0 points

+1
point

+2
points

13. Pure shoulder flexion 0–90 degrees while maintaining
full elbow extension

0 0 29 22 2 24 (45.3)

21. Dorsiflex wrist while maintaining full elbow extension 1 1 27 19 5 24 (45.3)

33. Speed of hand movements 1 2 26 22 2 24 (45.3)

30. Grasp with 5 fingers 0 3 28 20 2 22 (41.5)

22. Repeated dorsiflex/volarflex wrist while maintaining
full elbow extension

0 4 28 20 1 21 (39.6)

27. Graspwith thumbabduction and full extension of CMC,
MCP, and IP joints

0 3 29 16 5 21 (39.6)

28. Oppose thumb pad to index finger pad 0 3 29 19 2 21 (39.6)

29. Grasp with volar surface of thumb and index finger 0 0 32 17 4 21 (39.6)

15. Abduct shoulder to 90 degrees while maintaining full
elbow extension

0 4 29 15 5 20 (37.7)

26. Grasp while extending MCP joints and flexing IP joints 1 5 27 15 5 20 (37.7)

12. Position hand on lumbar spine 0 2 32 17 2 19 (35.8)

16. Pure shoulder flexion 90–180 degrees while
maintaining full elbow extension

0 2 33 17 1 18 (34)

20. Repeated dorsiflex/volarflex wrist, elbow at 90 degrees
flexion

0 1 34 18 0 18 (34)

3. Shoulder girdle retraction 0 4 32 17 0 17 (32.1)

8. Forearm supination 0 4 32 17 0 17 (32.1)

11. Forearm pronation 0 5 33 14 1 15 (28.3)

10. Elbow extension 0 2 37 14 0 14 (26.4)

23. Circumduct wrist while maintaining full elbow
extension

0 6 33 13 1 14 (26.4)

5. Shoulder abduction 0 1 39 13 0 13 (24.5)

14. Forearm supination/pronation, elbow at 90 degrees
flexion

0 2 38 13 0 13 (24.5)

19. Dorsiflex wrist, elbow at 90 degrees flexion 0 1 40 11 1 12 (22.6)

24. Flex all fingers 0 0 41 12 0 12 (22.6)

32. Dysmetria of hand movements 0 9 32 11 1 12 (22.6)

7. Elbow flexion 0 2 40 11 0 11 (20.8)

9. Shoulder adduction/internal rotation 0 3 39 11 0 11 (20.8)

31. Tremor in hand 0 3 29 11 0 11 (20.8)

4. Shoulder girdle elevation 0 4 39 10 0 10 (18.9)

6. Shoulder external rotation 1 3 39 10 0 10 (18.9)

25. Extend all fingers 0 3 40 10 0 10 (18.9)

17. Forearm supination/pronation while maintaining full
elbow extension

0 2 42 8 1 9 (17)

2. Triceps reflex 0 0 50 0 3 3 (5.7)

Continued
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periods: most data suggest that spontaneous functional im-
provement is uncommon after 3 months poststroke.32 For ex-
ample, functional recovery was completed ≤12.5 weeks
poststroke in 95% of Copenhagen Study enrollees31 and mRS
score improved from day 90 tomonth 6 poststroke in only 18.0%
of 471 surviving NINDS tPA study enrollees,34 although 25% of
Oxford Vascular Study enrollees with 3-month mRS ≥1 showed
mRS improvement by 1 year.36 Moreover, in the current study,
only 3.9% of enrollees experienced mRS score worsening, which
also compares favorably with literature reports: 11.5% declined in
the NINDS tPA study,34 20.2% declined in the Oxford Vascular

Study, and Ullberg et al.37 found that 16.3% of 28,683 patients
who were activities of daily living independent at 3 months de-
teriorated to activities of daily living dependency at 12 months
poststroke. A patient-levelmeta-analysis of 1,822 patients38 found
that from 3 to 12 months poststroke, the number of mRS im-
provements was counterbalanced with the number of mRS de-
clines. Whether 6 weeks of intense rehabilitation therapy initiated
>90 days poststroke contributes to functional improvement or
prevents functional decline, or both, can be more clearly un-
derstood in future studies that include an inactive comparator
group.

Table 4 Change in the Specific Motor Impairments Measured by the 33 Fugl-Meyer (FM) Subscores Among the 53 Patients
Whose Modified Rankin Scale (mRS) Score Did Not Decrease (continued)

FM subscore (specific motor impairment)

Number of patients in whom change in score
was:

Patients in whom subscore
increased, n (%)

2
points

1
point 0 points

+1
point

+2
points

1. Biceps/finger flexor reflex 0 0 51 0 2 2 (3.8)

18. Biceps, triceps, finger flexor reflexes 1 0 51 0 1 1 (1.9)

Abbreviations: CMC carpometacarpal; IP interphalangeal; MCP metacarpophalangeal.
For the 53 patients whosemRS score did not decrease frombaseline to 30 days posttherapy, the change for each of the specificmotor impairmentsmeasured
by the 33 FM subscores is presented. The specificmotor impairments are presented in rank order according to percentage of patients showing improvement.
The number in front of the specific impairment reflects the order of testing in the FM scale.

Figure 2 Odds Ratio for Modified Rankin Scale (mRS) Score Improvement in Relation to Gains in Specific Motor
Impairments

The forest plot displays the odds ratio (95% confidence interval) for mRS decrease in relation to improvement in each of the specific motor impairments
measured by the 33 FM subscores; no data are presented for the second subscore (triceps reflex) because calculation of the odds ratio was unstable due to 74
of 77 patients showing no change over time. CMC carpometacarpal; IP interphalangeal; MCP metacarpophalangeal.
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To understand the finding that mRS improved in 31.2% of
patients, patients who showed a treatment-related change in
mRS were contrasted with those who did not. Patients with, vs
those without, an mRS score decrease from baseline to 30 days
posttherapy did not differ in the change in total FM score over
the same time period. In addition, change in total FM score was
not related to change in mRS score or to the likelihood of an
mRS score decrease. On the one hand, degree of weakness is a
key influence on functional outcomes after stroke,39–41 with
cross-sectional mRS scores showing a significant albeit in-
complete relationship with motor status.23,42 On the other
hand, a limited relationship exists acrossWHO ICF dimensions,
such as loss of body function/structure (here measured using
change in total FM score) and activities limitations (here
measured using change in mRS score),6,14–17 although excep-
tions have been suggested.43 The absence of a relationship be-
tween change in total FM score and change in mRS score in the
current study may reflect the fact that numerous factors have a
greater influence on outcome as one moves from body
function/structure to activity limitations,6 or that the FM cap-
tures numerous arm impairments and only some of these are
relevant to functional gains as measured by the mRS.

The latter possibility was explored by comparing specific motor
impairments between patients who showed a treatment-related
change in mRS and patients who did not. Thus while change in
total FM score was not related to likelihood of mRS score
decrease, change in specific motor impairments did show a link
to likelihood of mRS score decrease. Whereas no single specific
motor impairment improved to an extent that significantly
predicted likelihood of mRS improvement, combining the 4
strongest predictors did. Although based on an exploratory
analysis, these findings suggest that certain specific motor im-
pairments might be optimal targets of therapies that aim to
improve the mRS in hemiparetic patients who are >90 days
poststroke. For example, therapies that target finger flexion or
wrist circumduction might be evaluated to see if they increase
the likelihood of functional gains; lack of hyperactive deep
tendon reflexes is a marker of a healthy nervous system and not
likely a treatment target per se.

This report has several limitations. The sample size of 77
patients is modest. Evaluation of the 33 specific motor im-
pairments from the FM scale did not correct for multiple
comparisons and is an exploratory analysis. Across 11 US
sites, only 29.9% of enrollees were female. Six of the patients
with mRS improvement had a baseline mRS score of 4 (table
2), indicating inability to walk without assistance, and so the
contribution of gait improvement is unclear for a therapy that
targeted the arm.

Among patients >90 days poststroke, intensive arm re-
habilitation was associated with mRS improvement in 31% of
patients. In patients with, vs those without, a treatment-
related mRS gain, the change in total FM score change was
not different. However, patients with a treatment-related mRS
gain were more likely to show improvement in specific motor

impairments, such as finger flexion and wrist circumduction.
This suggests that not all motor impairments have the same
effect on functional outcome, and therefore improvement in
motor impairments that have a stronger link to function could
be targeted as a useful component of a broader rehabilitation
therapy strategy. These findings emphasize the importance of
understanding the relationship between changes in activities
limitations and loss of body structure/function after stroke.
This would be aided by including both types of measures in
acute stroke trials and in stroke recovery trials, as has been
recommended.44 Such knowledge would foster a more co-
hesive system for understanding the benefit of stroke thera-
peutics, from acute to recovery targets.
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