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Abstract: Background: The objective of the study was to determine predictors for upper-limb
functional recovery trajectory after occupational therapy in a population with chronic stroke. Methods:
In this retrospective secondary analysis, Fugl-Meyer Assessment-Upper Extremity (FMA-UE) scores
before and after intervention and at the 3-month follow-up were used to divide 105 participants
with chronic stroke into three groups of recovery trajectories: fast (participants who reached an
improvement of 7 after intervention), extended (those who reached an improvement of 7 at follow-
up), and limited (those who did not reach an improvement of 7) recovery. Comparisons among the
three groups were made in demographics, stroke characteristics, and baseline assessment scores.
Logistic regression analyses were performed to determine predictors for group membership. Results:
Time after onset of stroke and the baseline scores of FMA-UE, Stroke Impact Scale-Hand (SIS-Hand),
Wolf Motor Function Test (WMFT)-Quality, WMFTI-Time scores, Motor Activity Log-Amount of Use
(MAL-AOU), and Motor Activity Log-Quality of Movement (MAL-QOM) scores were significantly
different among the three groups. Univariate logistic regressions confirmed that SIS-Hand, WMFT-
Quality, WMFT-Time, MAL-AOU, and MAL-QOM were significant predictors for both the fast
versus limited recovery group membership and the extended versus limited group membership.
Time after stroke onset and baseline FMA-UE were additional predictors for the fast versus limited
recovery group membership. Conclusion: These findings may assist healthcare professionals in
making optimal therapeutic decisions and in informing clients and caregivers about the outcomes of
stroke recovery.

Keywords: stroke; rehabilitation; prediction; recovery

1. Introduction

Stroke is a leading cause of death and disability worldwide, and the economic costs
of treatment and post-stroke care are substantial. The global estimated disability-adjusted
life-years due to stroke exceeds 116 million [1]. Multidisciplinary team-based rehabilitation
and supported discharge with home-based rehabilitation are effective interventions for
reducing the odds of death and functional dependency after stroke [2-4]. However, the
response to the rehabilitation of individuals with chronic stroke varies greatly from person
to person [5]. Personal factors and clinical predictors of these heterogeneous recovery
patterns over time are still being investigated.
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According to the proportional recovery rule, most stroke patients achieve 70% of avail-
able improvement in the Fugl-Meyer Assessment-Upper Extremity (FMA-UE) subscale
from the baseline score within 3 months [6]. Prediction studies to the proportional recovery
rule suggested that the baseline score of FMA-UE was a predictor [7-9]. In addition to
prediction studies of the recovery rule, predictors of minimal clinically important difference
(MCID) changes in the FMA-UE were determined in acute [7,9,10], subacute [11], and
chronic [5,11-14] phases. The baseline FMA-UE score and modified Rankin Scale were
reported as predictors of an improvement in FMA-UE in acute stroke [10]. The hand move-
ment scale and time since onset were reported as predictors in subacute stroke [11]. The
hand movement scale, time since onset, tactile sensory, hand function, baseline functional
independence measure (FIM), and baseline FMA-UE score were reported as predictors in
chronic stroke [5,11,12,14].

However, the limited accuracy of current prediction models in predicting stroke out-
come suggests more work is required to improve accuracy [15]. Recently, researchers
defined novel recovery trajectory groups (fast, extended, and limited recovery) and in-
vestigated the association between baseline characteristics and recovery trajectory groups
in a population with acute stroke [15]. The longitudinal cohort study demonstrated that
baseline scores of the FMA-UE, National Institutes of Health Stroke Scale (NIHSS), Barthel
Index, and total hours of physical and occupational therapy were significantly associated
with trajectory group membership in their group of 40 participants with subacute stroke.
The objective of this study was to apply the methods of predefined recovery trajectory in
individuals with chronic stroke and receiving occupational therapy to investigate predictors
for these recovery trajectories after occupational therapy.

2. Materials and Methods

This study was a retrospective secondary analysis of data collected for studies con-
ducted by our research laboratory. The original clinical trials were registered on https:
/ /clinicaltrials.gov (NCT03773653 and NCT04978311; accessed on 1 October 2022). Data an-
alyzed in this secondary analysis were from both projects. Available results and one of the
protocols were published [16,17]. The research designs and methods of the original studies
were approved by the Institutional Review Boards of all involved clinical settings. All
participants provided informed consent at the time of participating in the original studies.

2.1. Participants

Participants in this secondary analysis were individuals with hemiplegia after stroke
who were recruited to participate in the original studies from participating hospitals in
Taiwan between December 2018 and March 2022. The inclusion criteria for the original
studies were (1) at least 3 months after the onset of a first-ever unilateral cerebral stroke
and (2) a baseline FMA-UE score >10. The exclusion criteria were (1) Modified Ashworth
Scale score >3, (2) The Montreal Cognitive Assessment score <15, and (3) other neurologic
or orthopedic disorders.

In the original studies, sample sizes were estimated based on the results of previous
studies. Participants were recruited and randomized into one of the treatment groups
using computer-generated random-sequence tables by research assistants. The participants
received 18 sessions of occupational therapy for 90 min per day, 3 sessions per week, for
6 weeks in the hospital outpatient clinics. They received robot-assisted therapy, mirror
therapy, or conventional rehabilitation. The interventions were delivered by well-trained
and certified occupational therapists.

2.2. Outcome Measures and Potential Predictors

Trained raters (also certified occupational therapists) conducted outcome assessments
before and after the intervention and at the follow-up 3 months after the intervention
ended. During the study, the raters were blinded from the treatment group assignments
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and not allowed to discuss participants’ treatment allocation or procedures in any form
with therapists and participants, and vice versa.

The observed upper-limb (UL) motor function, as assessed with the reliable and
valid FMA-UE [18] was selected to define participants” recovery trajectory. Similar to
Kline et al. [15], we separated participants into three recovery groups. In their study,
the fast recovery group demonstrated achievement of the FMA-UE MCID score after the
6-week intervention, the extended recovery group achieved the MCID at the follow-up
measurement, and the limited recovery group achieved less than an FMA-UE MCID score
at all measurement assessments. We selected a seven-point MCID for the FMA-UE because
participants of this study were patients with chronic stroke [19].

To identify predictors of UL recovery trajectory in our participants, we compared
demographics, stroke-related characteristics, and baseline UL assessment scores among
the predefined recovery groups. The demographics collected were age, sex, and years
of education. Stroke-related characteristics were side of hemiplegia, stroke diagnosis
(hemorrhage or ischemia), and time after stroke onset. All participants of this study were
right-handed before onset of stroke; therefore, the variable of side-of-hand dominance was
excluded from the analysis. The baseline assessment scores included the NIHSS, FMA-
UE [18], Motor Assessment Scale (MAS) [20], The Wolf Motor Function Test (WMFT) [21],
Stroke Impact Scale Hand (SIS-Hand) subtest [22], Motor Activity Log (MAL)-Amount of
Use (AOU) and Quality of Movement (QOM) subscales [23], and the Nottingham Extended
Activities of Daily Living (NEADL) [24].

2.3. Statistical Analysis

Normality for all variables was checked with the Shapiro-Wilk test. Mean =+ stan-
dard deviation values are presented for normally distributed variables and median (first
quartile-third quartile) values are presented for non-normally distributed variables. Group
differences in continuous variables were assessed using one-way analysis of variance or
Kruskal-Wallis analysis. Categorical analyses are presented as number (%), and group
differences were calculated using x? tests. Post hoc analysis of paired comparisons was
conducted using Bonferroni tests or Wilcoxon rank sum tests. Univariate logistic regression
analyses were then conducted to identify predictors for group membership. The signifi-
cance («) level was set at 0.05. The analysis was conducted by using IBM SPSS Statistics
(RRID: SCR_019096) for Windows 26.0 software (IBM Corp, Armonk, NY, USA).

3. Results
3.1. Participant Characteristics

Of the 117 participants in the database, 12 were excluded due to missed FMA-UE
follow-up measurement (n = 11) or mild initial arm impairment with a baseline FMA-UE
score of >50 (n = 1). The 105 participants who met the study criteria were divided into
three recovery groups: fast recovery (n = 38 [36.19%]), extended recovery (n = 12 [11.43%]),
and limited recovery (n = 55 [52.38%]) (see Figure 1). Mean age was 55.67 £ 11.42 years,
male/female sex ratio was 70/35, median year of participant education was 12 (9-14) years,
percentage of right-side hemiplegia was 58.10% (61 of 105), percentage of hemorrhagic
stroke was 44.76% (47 of 105), and median time between stroke onset and study participa-
tion was 14 (7-31) months (Table 1).

3.2. Comparisons of Baseline Measurement Scores among Recovery Groups

Table 2 shows the results of group comparisons. Demographic variables were not
significantly different between the predefined recovery groups. Time after stroke was
significantly different across the three groups (H(2) = 10.48, p = 0.005) and was shorter in
the fast recovery group and the extended recovery groups. Pairwise tests of the mean rank
differences between groups showed that time after stroke onset was significantly shorter in
the fast recovery group compared to the limited recovery group (p = 0.002), and similar
between the extended recovery group and the limited recovery group (p = 0.072).
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Figure 1. Line plots showing recovery trajectories by group. The x-axis shows time and the y-axis

shows Fugl-Meyer Assessment-Upper Extremity subscale (FMA-UE) scores. The left plot shows the

fast recovery group (n = 38), the center plot shows the extended recovery group (n = 12), and the

right plot shows the limited recovery group (n = 55).

Table 1. Demographic and stroke-related characteristics.

Characteristics

Mean + SD, n (%), or Median (Q1-Q3)

Age at time of stroke (years)

Male sex
Years of educa

tion

Side of hemiplegia (right)
Type of stroke (hemorrhagic)
Time after stroke onset (month)
NIHSS score

55.68 £ 11.42

70 (66.67)
12 (9-14)
61 (58.10)
47 (44.76)
14 (7-31)
4 (3-6)

Abbreviation: NIHSS, National Institutes of Health Stroke Scale; Q1, quartile 1; Q3, quartile 3; SD, standard deviation.

Table 2. Descriptive and inferential statistics of baseline measurements among recovery groups.

Limited Recove Extended Recove Fast Recove
(n = 55) v (n=12) v (n =38) v p Value
Age at stroke (years) 54.11 +£10.97 55.81 £+ 11.98 57.90 £+ 11.83 0.29
Male sex 39 (70.91) 7 (58.33) 24 (63.16) 0.60
Educated years 12.00 (9.00-15.75) 12.00 (8.25-14.25) 12.00 (9.00-14.00) 0.37
Side of hemiplegia (right) 32 (58.18) 7 (58.33) 22 (57.89) 0.99
Stroke diagnosis (hemorrhagic) 28 (50.91) 2 (16.67) 17 (44.74) 0.09
Time after stroke (months) @ 20.00 (10.00-41.00) 11.00 (3.75-44.00) 11.50 (6.00-18.00) © 0.005 *
NIHSS 4.00 (3.00-6.75) 3.50 (2.00-4.50) 4.00 (3.00-6.00) 0.45
FMA-UE? 27.50 (25.00-31.75) 34.50 (28.25-38.25) b 34.00 (27.00-42.00) © 0.007 *
MAS 0.89 (0.63-1.14) 0.91 (0.62-1.01) 0.82 (0.50-1.04) 0.62
WMEFT (quality) ? 2.13 (1.88-2.38) 2.70 (2.22-3.00) 2.80 (2.07-3.07) © <0.001 *
WMEFT (time) ? 14.22 (10.31-18.01) 11.35 (6.66-13.42) b 10.05 (5.13-15.14) © 0.002 *
SIS-Hand @ 15.00 (5.00-35.00) 35.00 (7.50-51.25) 35.00 (15.00-55.00) © 0.007 *
MAL-AOU @ 0.80 (0.53-1.04) 1.40 (0.70-2.36) 1.11 (0.72-1.83) © 0.021 *
MAL-QOM 2 0.48 (0.25-0.77) 1.24 (5.00-2.24) b 0.81 (0.48-1.73) © 0.004 *
NEADL 28.00 (15.25-43.75) 35.00 (24.25-45.75) 28.00 (18.00-44.00) 0.69

Data are presented as n (%), mean =+ standard deviation, or as median (quartile 1-quartile 3). * p < 0.05 between
recovery groups by Kruskal-Wallis test. * p < 0.05 between groups by using logistic regression. ° p < 0.05
between limited and extended recovery groups by Wilcoxon rank sum tests. ¢ p < 0.05 between limited and
fast recovery groups by Wilcoxon rank sum tests. Abbreviations: AOU, Amount of use; FMA-UE, Fugl-Meyer
Assessment-Upper Extremity subscale; MAL, Motor Activity Log; MAS, Motor Assessment Scale; NEADL,
Nottingham Extended Activities of Daily Living; NIHSS, National Institutes of Health Stroke Scale; QOM, Quality
of Movement; SIS, Stroke Impact Scale; WMFT, Wolf Motor Function Test.
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The Kruskal-Wallis test showed group differences in baseline characteristics, includ-
ing FMA-UE (p = 0.007), WMFT-Quality (p < 0.001), WMFT-Time (p = 0.002), SIS-Hand
(p =0.007), MAL-AOU (p = 0.021), and MAL-QOM (p = 0.004). The pairwise test showed
pair group differences on those assessments, but the difference between the extended and
fast recovery groups on all assessments was not significant.

3.3. Results of Logistic Regression Analysis

After screening for association between baseline characteristics and recovery group
membership, we used univariate logistic regression analysis to confirm the associations
that were significantly related to each characteristic. Table 3 shows the analysis results.

Table 3. Results of logistic regression models.

Baseline Characteristics B p Value Odds Ratio (95% CI)
Fast vs extended recovery

Time after stroke onset —0.01 0.955 1.02 (0.96-1.02)
FMA-UE 0.01 0.806 1.01 (0.93-1.09)
WMFT-Quality —0.09 0.883 0.91 (0.28-3.03)
WMFT-Time 0.03 0.689 1.03 (0.90-1.17)
SIS-Hand 0.001 0.961 1.00 (0.98-1.03)
MAL-AOU —0.28 0.390 0.75 (0.39-1.44)
MAL-QOM —0.34 0.344 0.72 (0.36-1.43)

Fast vs limited recovery
Time after stroke onset —0.03 0.024 0.97 (0.95-1.00)
FMA-UE 0.08 0.003 1.09 (1.03-1.15)
WMFT-Quality 1.68 <0.001 5.37 (2.17-13.33)
WMFT-Time —0.11 0.007 0.90 (0.83-0.97)
SIS-Hand 0.03 0.002 1.03 (1.01-1.05)
MAL-AOU 0.62 0.027 1.86 (1.07-3.24)
MAL-QOM 0.84 0.006 2.32(1.28-4.21)

Extended vs. limited recovery

Time after stroke onset —0.01 0.37 0.99 (0.96-1.02)
FMA-UE 0.08 0.065 1.08 (1.00-1.12)
WMFT-Quality 1.77 0.006 5.88 (1.67-20.73)
WMFT-Time —0.13 0.035 0.88 (0.77-0.99)
SIS-Hand 0.03 0.034 1.03 (1.00-1.06)
MAL-AOU 0.91 0.013 2.48 (1.21-5.05)
MAL-QOM 1.18 0.003 3.24 (1.49-7.03)

Abbreviations: AOU, Amount of use; CI, confidence interval; FMA-UE, Fugl-Meyer Assessment-Upper Extremity
subscale; MAL, Motor Activity Log; QOM, Quality of Movement; SIS, Stroke Impact Scale; WMFT, Wolf Motor
Function Test.

There were no statistically significant predictors for the fast versus extended recovery
group membership. For the fast versus limited group membership, all examined predictors,
namely, time after stroke, FMA-UE, SIS-Hand, WMFT-Quality, WMFT-Time, MAL-QOM,
and MAL-AOU were statistically significant. For the extended versus limited group
membership, SIS-Hand, WMFT-Quality WMFT-Time, MAL-AOU, and MAL-QOM were
statistically significant.

4. Discussion

The Global Burden of Disease Study 2016 estimated the global disability-adjusted
life-years due to stroke exceeded 116 million [1]. Multidisciplinary team-based rehabili-
tation as well as early supported discharge with home-based rehabilitation are effective
interventions for increasing survival and functional independency after stroke [2—4]. No-
tably, mirror therapy and robotic therapy and their combinations with unilateral and
bilateral conventional therapy were reported as being effective after stroke [16]. In this
study, we used FMA-UE scores at pre-intervention, post-intervention, and follow-up to
divide participants into groups of UL functional recovery trajectory, as a previous study
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described [15] and identified predictors associated with the recovery-group membership
in our participants with chronic stroke receiving occupational therapy. WMFT, MAL, and
SIS-Hand were identified as predictors for the two groups that achieved MCID (fast and
extended recovery) versus the group that did not (limited recovery). FMA-UE was also a
significant predictor for fast versus limited group membership and approached statistical
significance for predicting extended versus limited recovery.

Kline and colleagues (2021) [15] defined their recovery trajectory groups by selecting
MCID change (>10) of the FMA-UE in acute stroke. Their sample distributions in the
fast, extended, and limited recovery groups were 19 (47.50%), 12 (30.00%), and 9 (22.50%),
respectively. The sample distributions in the current study were 38 (36.19%), 12 (11.43%),
and 55 (52.38%), respectively. Limited spontaneous recovery in chronic stroke may explain
the higher sample distribution in the limited recovery group of the database that included
individuals with chronic stroke. Nevertheless, a significant portion of our participants
achieved improvement in FMA-UE after the intervention or at follow-up, demonstrating
the recovery potential in the population with chronic stroke.

No differences were found in demographic variables, lesion side, and stroke diagnosis
among our recovery groups. Notably, ischemic and hemorrhagic stroke populations were
both included in the study, and stroke diagnosis was not significantly different across the
three groups of different recovery trajectories. This indicates that the prediction findings
were applicable to both stroke types. This was consistent with a study suggesting recovery
potential in ischemic and hemorrhagic stroke patients is similar, although the study in-
volved participants with acute stroke [25]. Interestingly, time after stroke was significantly
shorter in the fast recovery group compared with the limited recovery group, and time after
stroke was found to be a significant predictor of recovery group membership in the logistic
regression analysis. This finding was similar to that of previous works that mentioned that
the variable of time since onset can be a predictor of an improvement in FMA-UE [11,12,26].
The findings indicated that the principle that faster recovery occurs at a shorter duration
after a stroke may also apply to a certain extent to the chronic phase of stroke.

In the univariate logistic regression model, in addition to time after onset, the variables
of baseline FMA-UE, WMFT-Quality, WMFT-Time, SIS-Hand, MAL-AOU, and MAL-QOM
were significantly associated with recovery group membership. Interestingly, significance
powers of the quality scales were higher than those of the time or amount scale; for instance,
WMFT-Quality vs WMFT-Time and MAL-QOM vs MAL-AOU. This is consistent with the
WMFT-Quality score being more responsive than the WMFT-Time score [21].

Prabhakaran and colleagues found that acute FMA-UE was a predictor of A-FMA-
UE in 41 stroke survivors by using a linear regression model [7]. Another study used
a hierarchical cluster analysis and determined that finger extension, facial palsy, lower-
extremity motor function, and Bamford classification can be predictors of A-FMA-UE [8].
A study conducted in a stroke population of 93 individuals analyzed NIHSS, FMA-UE,
and the Action Research Arm Test as predictors and suggested that FMA-UE was the sole
predictor of A-FMA-UE. They did not analyze other assessments, such as WFEMT and MAL,
as predictors [9].

Previously, predictors of MCID changes in FMA-UE were determined in acute [7,9,10],
subacute [11], and chronic phases of stroke [5,11-14]. In the acute phase of stroke, base-
line FMA-UE was the best predictor for arm recovery and general disability [10]. In the
chronic phase, Semmes-Weinstein Monofilament Examination [5], FMA-UE [5,12,14,26]
Hand Movement Scale [11], time since onset [11,12], FIM [12], and the difference in motor
threshold between the affected and unaffected hemispheres [13] can be predictors of an
improvement in FMA-UE. Notably, Thakkar et al. [12] and Tozlu et al. [13] showed that
machine learning methods may enable clinicians to accurately predict an improvement
in FMA-UE in the chronic stroke population. Future research may use these methods for
outcome prediction studies based on a sufficient sample.

Several lines of evidence have suggested predictors for recovery after stroke reha-
bilitation [5,7,9-15]. We are among the first to analyze WMFT and MAL assessments as
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predictors of fast recovery in motor impairment (i.e., FMA-UE scores) in stroke rehabilita-
tion. The goal of previous research was to predict responders to particular rehabilitations.
In this study, we aimed to identify predictors of UL recovery trajectory in patients receiving
combinatory interventions based on contemporary approaches to stroke rehabilitation. Our
study findings may inform research and practice of contemporary stroke rehabilitation.

There are limitations to this retrospective study. Potentially relevant predictors (e.g.,
self-efficacy and proxy support) warrant future scrutiny. Second, our study findings need
to be validated in an independent, prospective cohort. In addition, the study sample in the
extended recovery group is limited. This may partially explain why there are no significant
predictors for fast versus extended group membership in this study. Further investigations
are needed to validate the present findings based on a larger sample.

5. Conclusions

In order to understand predictors for UL functional recovery trajectory in chronic
stroke, we applied the recovery trajectory model defined by Kline et al. [15] for acute stroke
and identified factors associated with group membership in this population. We found that
WMEFT, MAL, SIS-Hand, and FMA-UE were predictors for the two groups that achieved
MCID after intervention or at follow-up (fast and extended recovery) versus the group that
did not (limited recovery). These findings may assist healthcare professionals in making
optimal therapeutic decisions and in accurately informing clients and caregivers about the
UL functional recovery after stroke rehabilitation.

Author Contributions: Conceptualization, B.B. and K.-C.L.; methodology, B.B. and Y.-C.L.; software,
B.B. and Y.-W.C.; validation, Y.-C.L.; formal analysis, B.B.; investigation, C.-L.C., B.B. and Y.-C.L.;
data curation, Y.-C.L. and Y.-W.C.; writing—draft preparation, B.B. and Y.-W.C.; writing—review and
editing, K.-C.L. and C.-L.C; visualization, B.B. and C.-].L.; supervision, K.-C.L. and C.-L.C.; project
administration, K.-C.L. and C.-J.L,; funding acquisition, K.-C.L. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by grants from the Ministry of Science and Technology (grant
numbers MOST-104-2314-B-002-019-MY3, MOST-107-2314-B-002-052, MOST-108-2314-B-002-165-
MY3, and MOST-111-2314-B-002-168-MY3) and the National Health Research Institutes (grant
numbers NHRI-EX104-10403P1, NHRI-EX105-10403P1, NHRI-EX106-10403PI, NHRI-EX107-10403P],
NHRI-EX109-10929P1, NHRI-EX110-10929P1, and NHRI-EX111-10929PI) awarded to the correspond-
ing author, Keh-chung Lin.

Institutional Review Board Statement: The original studies from which the data of this study were
taken were conducted in accordance with the Declaration of Helsinki and approved by the Research
Ethics Committee of National Taiwan University Hospital (protocol code 201804087RINB and date
of approval 25 June 2018; protocol code 201812032RINB and date of approval 31 January 2019),
Feng Yuan Hospital (protocol code 108001 and date of approval 31 December 2018), Taipei Hospital
(protocol code TH-IRB-0018-0009 and date of approval 25 June 2018), and Taipei Tzuchi Hospital in
Taiwan (protocol code 07-M-027 and date of approval 1 January 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available because, according to the Personal Infor-
mation Protection Act enacted in Taiwan, individualized data cannot be released for the protection
of privacy.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.



Int. |. Environ. Res. Public Health 2022, 19, 16514 8of8

References

1. Collaborators GBDS. Global, regional, and national burden of stroke, 1990-2016: A systematic analysis for the Global Burden of
Disease Study 2016. Lancet Neurol. 2019, 18, 439-458. [CrossRef]

2. Clarke, D.J. The role of multidisciplinary team care in stroke rehabilitation. Progress in Neurology and Psychiatry. Prog. Neurol.
Psychiatry 2013, 17, 5-8. [CrossRef]

3. Langhorne, P; Baylan, S. Early Supported Discharge T. Early supported discharge services for people with acute stroke. Cochrane
Database Syst. Rev. 2017, 7, CD000443. [CrossRef] [PubMed]

4. Nylen, M.C; Persson, H.C.; Abzhandadze, T.; Sunnerhagen, K.S. A register-based study comparing planned rehabilitation
following acute stroke in 2011 and 2017. Sci. Rep. 2021, 11, 23001. [CrossRef] [PubMed]

5. Tsuzuki, K.; Kawakami, M.; Nakamura, T.; Oshima, O.; Hijikata, N.; Suda, M.; Yamada, Y.; Okuyama, K.; Tsuji, T. Do somatosen-
sory deficits predict efficacy of neurorehabilitation using neuromuscular electrical stimulation for moderate to severe motor
paralysis of the upper limb in chronic stroke? Ther. Adv. Neurol. Disord. 2021, 14, 17562864211039335. [CrossRef]

6. Hawe, R.L.; Scott, S.H.; Dukelow, S.P. Taking Proportional Out of Stroke Recovery. Stroke 2019, 50, 204-211. [CrossRef]

7.  Prabhakaran, S.; Zarahn, E.; Riley, C.; Speizer, A.; Chong, J.Y.; Lazar, R.M.; Marshall, R.S.; Krakauer, ].W. Inter-individual
variability in the capacity for motor recovery after ischemic stroke. Neurorehabil. Neural. Repair 2008, 22, 64-71. [CrossRef]

8.  Winters, C.; van Wegen, E.E.; Daffertshofer, A.; Kwakkel, G. Generalizability of the Proportional Recovery Model for the Upper
Extremity After an Ischemic Stroke. Neurorehabil. Neural. Repair 2015, 29, 614—622. [CrossRef]

9.  Byblow, W.D,; Stinear, C.M.; Barber, P.A.; Petoe, M.A.; Ackerley, S.J. Proportional recovery after stroke depends on corticomotor
integrity. Ann. Neurol. 2015, 78, 848-859. [CrossRef]

10. Gebruers, N.; Truijen, S.; Engelborghs, S.; De Deyn, P.P. Prediction of upper limb recovery, general disability, and rehabilitation
status by activity measurements assessed by accelerometers or the Fugl-Meyer score in acute stroke. Am. J. Phys. Med. Rehabil.
2014, 93, 245-252. [CrossRef]

11.  Lee, J.J.; Shin, J.H. Predicting Clinically Significant Improvement After Robot-Assisted Upper Limb Rehabilitation in Subacute
and Chronic Stroke. Front. Neurol. 2021, 12, 668923. [CrossRef] [PubMed]

12.  Thakkar, H.K,; Liao, W.W.; Wu, C.Y,; Hsieh, Y.W,; Lee, T.H. Predicting clinically significant motor function improvement after
contemporary task-oriented interventions using machine learning approaches. J. Neuroeng. Rehabil. 2020, 17, 131. [CrossRef]
[PubMed]

13. Tozlu, C,; Edwards, D.; Boes, A.; LaBar, D.; Tsagaris, K.Z.; Silverstein, J.; Lane, H.P.; Sabuncu, M.R.; Liu, C.; Kuceyeski, A. Machine
Learning Methods Predict Individual Upper-Limb Motor Impairment Following Therapy in Chronic Stroke. Neurorehabil. Neural.
Repair 2020, 34, 428-439. [CrossRef] [PubMed]

14. Hamaguchi, T.; Yamada, N.; Hada, T.; Abo, M. Prediction of Motor Recovery in the Upper Extremity for Repetitive Transcranial
Magnetic Stimulation and Occupational Therapy Goal Setting in Patients with Chronic Stroke: A Retrospective Analysis of
Prospectively Collected Data. Front. Neurol. 2020, 11, 581186. [CrossRef] [PubMed]

15. Kline, D.K;; Lin, D.J.; Cloutier, A ; Sloane, K.; Parlman, K.; Ranford, J.; Picard-Fraser, M.; Fox, A.B.; Hochberg, L.R.; Kimberley,
T.J. Arm Motor Recovery After Ischemic Stroke: A Focus on Clinically Distinct Trajectory Groups. J. Neurol. Phys. Ther. 2021,
45,70-78. [CrossRef]

16. Li, Y.C,; Lin, K.C,; Chen, C.L; Yao, G.; Chang, Y.-].; Lee, Y.-Y.; Liu, C.-T. A Comparative Efficacy Study of Robotic Priming of
Bilateral Approach in Stroke Rehabilitation. Front. Neurol. 2021, 12, 658567. [CrossRef]

17. Lee, Y.C.; Li, Y.C; Lin, K.C,; Yao, G.; Chang, Y.J.; Lee, Y.Y,; Liu, C.-T.; Hsu, W.-L.; Wu, Y.-H.; Chu, H.-T.; et al. Effects of robotic
priming of bilateral arm training, mirror therapy, and impairment-oriented training on sensorimotor and daily functions in
patients with chronic stroke: Study protocol of a single-blind, randomized controlled trial. Trials 2022, 23, 566. [CrossRef]
[PubMed]

18. Fugl-Meyer, A.R; Jaasko, L.; Leyman, I.; Olsson, S.; Steglind, S. The post-stroke hemiplegic patient. 1. a method for evaluation of
physical performance. Scand. J. Rehabil. Med. 1975, 7, 13-31.

19. Gladstone, D.J.; Danells, C.J.; Black, S.E. The fugl-meyer assessment of motor recovery after stroke: A critical review of its
measurement properties. Neurorehabil. Neural. Repair 2002, 16, 232-240. [CrossRef]

20. Sabari, ].S.; Woodbury, M.; Velozo, C.A. Rasch analysis of a new hierarchical scoring system for evaluating hand function on the
motor assessment scale for stroke. Stroke Res. Treat. 2014, 2014, 730298. [CrossRef]

21. Lin, K.C.; Hsieh, YW.,; Wu, C.Y,; Chen, C.L.; Jang, Y.; Liu, ].S. Minimal detectable change and clinically important difference of the
Wolf Motor Function Test in stroke patients. Neurorehabil. Neural. Repair. 2009, 23, 429-434. [CrossRef] [PubMed]

22. Duncan, PW,; Bode, R K.; Min Lai, S.; Perera, S. Glycine Antagonist in Neuroprotection Americans, I. Rasch analysis of a new
stroke-specific outcome scale: The Stroke Impact Scale. Arch. Phys. Med. Rehabil. 2003, 84, 950-963. [CrossRef] [PubMed]

23.  Taub, EM.; McCulloch, K.; Uswatte, G.; Morris, D.M. Motor Activity Log (MAL) Manual; UAB Training for CI Therapy: Birmingham,
AL, USA, 2011.

24. Nouri, F; Lincoln, N. An extended activities of daily living scale for stroke patients. Clin. Rehabil. 1987, 1, 301-305. [CrossRef]

25. Stinear, C.M.; Byblow, W.D.; Ackerley, S.J.; Barber, P.A.; Smith, M.C. Predicting Recovery Potential for Individual Stroke Patients
Increases Rehabilitation Efficiency. Stroke 2017, 48, 1011-1019. [CrossRef]

26. Hsieh, YW.,; Lin, K.C.; Wu, C.Y,; Lien, H.-Y.; Chen, J.-L.; Chen, C.-C.; Chang, W.-H. Predicting clinically significant changes in

motor and functional outcomes after robot-assisted stroke rehabilitation. Arch. Phys. Med. Rehabil. 2014, 95, 316-321. [CrossRef]


http://doi.org/10.1016/S1474-4422(19)30034-1
http://doi.org/10.1002/pnp.288
http://doi.org/10.1002/14651858.CD000443.pub4
http://www.ncbi.nlm.nih.gov/pubmed/28703869
http://doi.org/10.1038/s41598-021-02337-5
http://www.ncbi.nlm.nih.gov/pubmed/34836977
http://doi.org/10.1177/17562864211039335
http://doi.org/10.1161/STROKEAHA.118.023006
http://doi.org/10.1177/1545968307305302
http://doi.org/10.1177/1545968314562115
http://doi.org/10.1002/ana.24472
http://doi.org/10.1097/PHM.0000000000000045
http://doi.org/10.3389/fneur.2021.668923
http://www.ncbi.nlm.nih.gov/pubmed/34276535
http://doi.org/10.1186/s12984-020-00758-3
http://www.ncbi.nlm.nih.gov/pubmed/32993692
http://doi.org/10.1177/1545968320909796
http://www.ncbi.nlm.nih.gov/pubmed/32193984
http://doi.org/10.3389/fneur.2020.581186
http://www.ncbi.nlm.nih.gov/pubmed/33193036
http://doi.org/10.1097/NPT.0000000000000350
http://doi.org/10.3389/fneur.2021.658567
http://doi.org/10.1186/s13063-022-06498-0
http://www.ncbi.nlm.nih.gov/pubmed/35841056
http://doi.org/10.1177/154596802401105171
http://doi.org/10.1155/2014/730298
http://doi.org/10.1177/1545968308331144
http://www.ncbi.nlm.nih.gov/pubmed/19289487
http://doi.org/10.1016/S0003-9993(03)00035-2
http://www.ncbi.nlm.nih.gov/pubmed/12881816
http://doi.org/10.1177/026921558700100409
http://doi.org/10.1161/STROKEAHA.116.015790
http://doi.org/10.1016/j.apmr.2013.09.018

	Introduction 
	Materials and Methods 
	Participants 
	Outcome Measures and Potential Predictors 
	Statistical Analysis 

	Results 
	Participant Characteristics 
	Comparisons of Baseline Measurement Scores among Recovery Groups 
	Results of Logistic Regression Analysis 

	Discussion 
	Conclusions 
	References

