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Abstract Objective: To determine whether chronicity influences outcomes of somatosensory
stimulation paired with task-orientedmotor training for participants with severe-to-moderate upper
extremity hemiparesis.
Design: Spearman correlations were used to retrospectively analyze outcomes of a randomized
trial.
Setting: University research laboratory at a rehabilitation hospital.
Participants: Adults, ranging between 3 and 12 months poststroke (NZ55).
Interventions: About 18 sessions pairing either 2 hours of active (nZ33) or sham (nZ22) somatosen-
sory stimulation with 4 hours of intensive task-oriented motor training.
MainOutcomeMeasures: TheWolfMotor FunctionTest (primary), Action Research ArmTest, Stroke
Impact Scale, and Fugl-Meyer Assessmentwere collected as outcomemeasures. Analyses evaluated
whether within-group chronicity correlated with pre-post changes on primary and secondary
outcome measures of motor performance.
Results: Both groups exhibited improvements on all outcome measures. No significant correlations
between chronicity poststroke and the amount of motor recovery were found.
esearch Arm Test; FMA, Fugl-Meyer Assessment; SIS, Stroke Impact Scale; SS, somatosensory stimu-
olf Motor Function Test.
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Conclusion: Somatosensory stimulation improvedmotor recovery comparedwith shamtreatment in
cases of severe-to-moderate hemiparesis between 3 and 12 months poststroke; and the extent of
recoverydidnot correlatewithbaseline levels of stroke chronicity. Future studies should investigate
a wider period of inclusion, patterns of corticospinal reorganization, differences between cortical
and subcortical strokes, and include long-term follow-up periods.
ª 2019 The Authors. Published by Elsevier Inc. on behalf of the American Congress of Rehabilitation
Medicine. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Neuroplasticity is the capacity for change in the central
nervous system and has been shown to play a crucial role in
recovery of function poststroke.1,2 Motor cortical neuro-
plasticity can be modulated with sustained sensory activa-
tion.3-5 Sensory activation via somatosensory stimulation
(SS) is a therapeutic intervention that applies repetitive,
transcutaneous electrical currents to peripheral nerves
with the intent of activating large cutaneous and proprio-
ceptive sensory fibers,6 thereby enhancing motor cortical
neuroplasticity.5 Stroke studies have shown that SS can
improve upper extremity (UE) motor performance, partic-
ularly when delivered as an adjunct to task-oriented motor
training.7-14 Although studies pairing SS with motor training
have primarily been conducted in mild to moderately
motor-impaired subjects,7 a randomized controlled study
showed that a 10-day course of SS paired with motor
training can significantly improve motor function in
severely motor-impaired subjects (ie, patients with almost
no voluntary active UE movement poststroke).13

Recovery of motor function poststroke has long been
believed to occur predominantly in the first 6 months pos-
tictus.15 More recently, however, Teasell et al’s16 system-
atic review of randomized controlled trials indicated that
further recovery can occur later than 6 months after a
stroke. A recent study examining the effects of SS paired
with intensive task-oriented motor training for participants
with moderate to severely impaired UE motor function 3-12
months postictus found that SS paired with motor training
led to greater motor improvement than sham SS paired with
motor training.14 The present study was a retrospective
analysis of whether chronicity played a role in this
outcome. In other words, the purpose of the present study
was to evaluate if SS paired with task-oriented motor
training had more benefit in early stages of recovery
compared with later stages. We hypothesized that SS paired
with task-oriented motor training would lead to similar
improvement in outcomes regardless of the time elapsed
poststroke.
Methods

This study was conducted as a retrospective subanalysis of
an institutional review boardeapproved randomized
controlled parallel group superiority trial (NZ55).14 The
main trial had the following inclusion criteria: (1) sustained
a single ischemic or hemorrhagic stroke during the 3- to 12-
month period preceding enrollment; (2) inability at the
time of screening to demonstrate active extension of the
paretic metacarpophalangeal and interphalangeal joints at
least 10� and the wrist, 20�; (3) baseline score of 47 or
lower on the modified 30-item Fugl-Meyer Assessment
(FMA) of UE motor function17; and (4) 18 years of age or
older. Exclusion criteria included (1) history of carpal tun-
nel syndrome and/or documented peripheral neuropathy;
(2) addition or change in the dosage of drugs known to exert
detrimental effects on motor recovery within 3 months of
recruitment18; and (3) aphasia or cognitive deficit severe
enough to preclude informed consent. Outcome measures
for the main trial included standardized evaluations of UE
movement function at baseline and after completion of the
intervention period (for further details, see Carrico et al14).
Specifically, the primary outcome measure for the main
trial was the Wolf Motor Function Test (WMFT), which en-
compasses a battery of simulated functional tasks.19

Scoring calculates the mean time for completion of 15
tasks and values are denoted as log10 (mean WMFT). A
logarithmic transform is used in this case due to the
skewness of the data. By transforming the data, a more
normal distribution is achieved. The WMFT has established
reliability and validity and has been extensively applied in
research to evaluate UE motor capacity poststroke.19,20

Secondary outcome measures included the UE motor
score of the 30-item FMA, the Action Research Arm Test
(ARAT), and the Stroke Impact Scale (SIS). The FMA has an
extensive history of clinical and research application in
stroke populations21 as well as high interrater reliability
(0.89w0.98 depending on the subset for lower or upper
extremity) and test-retest reliability (0.99).22 The FMA is a
quantitative measure of motor recovery17 that does not
take deep tendon reflexes into account and is a unidimen-
sional measure of volitional movement in which the highest
possible motor score for a tested UE is 60.23 The ARAT
measures grasp, grip, pinch, and other indices of
rehabilitation-related change in UE motor capacity, for
which the highest possible score for a tested UE is 57.20,24

The SIS is a 59-item subjective measure that assesses
strength, hand function, activities of daily living, mobility,
communication, emotion, memory and thinking, and
participation and role function. Each item is rated on a 5-
point Likert scale and scores range from 0 to 100. Several
studies have proven its reliable psychometric attributes,
including reliability, validity, and sensitivity to change.25,26

After baseline evaluation of motor function in the main
trial, participants were randomly assigned into 2 groups,
either receiving SS paired with intensive task-oriented
training (experimental group) or sham SS paired with
intensive task-oriented training (control group). Each
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Table 1 Baseline demographics and outcome measures

Demographics and Outcome Measures All Participants Experimental Group Control Group

Age (y) 59.3�13.3 (20-86) 57.5�14.8 (20-80) 62.4�10.2 (44-86)
Time since stroke (mo) 7.4�2.4 (3-11) 7.8�2.4 (3-11) 6.7�2.3 (3-11)
Baseline WMFT 1.81�0.34 (0.96-2.08) 1.83�0.32 (0.96-2.08) 1.77�0.37 (0.98�2.08)
Baseline ARAT 13.4�13.7 (0-47) 12.2�13.0 (0-46) 15.3�14.9 (3-47)
Baseline SIS 57�11.4 (31-76) 57.3�11.7 (31-76) 56.4�11.4 (32-71)
Baseline FMA 23.7�12.5 (5-47) 23.2�12.6 (5-47) 24.6�12.7 (8-45)

NOTE. Values are mean � SD (range).
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intervention session took place 3 times per week for 6
weeks (18 total sessions) and consisted of either active or
sham SS (2h duration) immediately followed by intensive
task-oriented motor training (4h duration). Participants,
care providers, and evaluators of movement function were
blinded to group assignment. See Carrico et al14 for further
details of the main trial. The subanalysis reported in the
present article used a Spearman correlation model, as well
as Pearson correlation model, in which the pre-post
changes in motor performance on WMFT, FMA, ARAT, and
SIS were the dependent outcomes and chronicity (time
since stroke in months) was the independent variable.
Partial correlations were used to adjust for the potential
confounders of severity and age. Statistical significance was
prespecified as P<.05. Analyses were conducted in SAS
version 9.4.a
Results

The date range defining the periods of data analysis for the
main trial was July 2008 to February 2015. The date range
defining the period of data subanalysis was May 2017 to
June 2018. Table 1 shows baseline demographics and
outcome measures. Improvements were observed for both
groups on all outcome measures, shown in table 2. Indi-
vidual changes on outcome measures as a function of time
since stroke is shown in fig 1. Table 3 shows the Spearman
correlation coefficients between chronicity and changes in
outcome measures. Table 4 shows the Spearman partial
correlation coefficients between chronicity and changes in
outcome measures that have been adjusted for the po-
tential confounders of severity and age. Pearson correla-
tion coefficients were found to be similar to the Spearman
correlation coefficients, though were deemed less appro-
priate due to outliers in the data. Therefore, the Pearson
correlation coefficients are not reported. No statistically
significant correlations between chronicity and changes in
Table 2 Changes in outcome measures

Outcome Measure All Participants Experi

DWMFT �0.06�0.11 (�0.09 to �0.02) �0.07�
DARAT 4.4�5.8 (2.8-6.1) 5.0
DSIS 4.1�5.7 (2.4-5.8) 3.3
DFMA 6.3�5.5 (4.8-7.9) 6.6

NOTE. Values are mean � SD (95% confidence interval).
motor function were found, whether with or without
adjustment for severity and age.

Discussion

The present study extends the evidence base about how SS
paired with task-oriented motor training can drive motor
recovery poststroke. Past evidence has shown that SS
paired with motor training has benefit in later recovery
after severe stroke. Specifically, a study of 36 participants
at 12 or more months postictus showed significant
improvement in UE motor function in response to 10 daily 2-
hour sessions of either active or sham SS paired with 4 hours
of intensive task-oriented training.27 The present study
extends these findings to participants at earlier stages of
recoverydspecifically, results of the present study showed
that chronicity did not significantly predict response to SS
paired with task-oriented motor training for participants
with moderate-to-severe impairment in 3-12 months post-
stroke. That is to say, participants enrolled close to a year
poststroke had similar responses to SS paired with motor
training compared with participants enrolled 3 months
poststroke.

These findings can be considered in light of other studies
of stroke chronicity as related to motor recovery. Stinear
et al28 conducted a retrospective analysis of longitudinal
data collected from 46 participants during the first 6
months poststroke. At baseline, participants had predomi-
nantly subcortical damage and mild-to-severe motor
impairment based on National Institutes of Health Stroke
Scale. Within 2 weeks poststroke occurrence, UE motor
performance was assessed using FMA and ARAT, and trans-
cranial magnetic stimulation was used to measure neuro-
plasticity in cortical UE areas. Participants completed a
standardized course of 30-minute sessions of UE therapy
each weekday for 4 weeks and had follow-up assessments
at 6, 12, and 26 weeks poststroke. Contrary to the present
subanalyses, results revealed significant correlations
mental Group Control Group

0.13 (�0.12 to �0.02) �0.03�0.07 (�0.06 to �0.0002)
�6.1 (2.8-7.2) 3.5�5.2 (1.0-6.0)
�5.3 (1.3-5.3) 5.5�6.2 (2.3-8.7)
�6.0 (4.4-8.8) 5.9�4.5 (3.8-8.1)



Fig 1 Scatterplots of outcome measures. No clear correlations are visible for any of the 4 outcome measures.
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between chronicity and recovery of UE motor function.28

More specifically, the greatest improvement in clinical
function occurred within 6 weeks poststroke. However,
attributing this improvement solely to intervention would
be difficult, because this time period is also when sponta-
neous recovery is a significant determinant of change in
motor performance.28,29 On the other hand, and similar to
findings from the present study, a separate meta-analysis of
3 studies showed that chronicity poststroke did not signifi-
cantly predict response to constraint-induced movement
therapy as measured with WMFT in 43 participants more
than 10 months poststroke (mean chronicity: 4.3�3.9y
post) with mild to moderate UE motor impairment at
baseline.30 Our study adds to the body of evidence that fails
to find a significant correlation between stroke chronicity
and recovery in moderate to severely impaired
participants.

It is also important to understand clinical improvement in
the context of neuroplastic changes, because neuroplasticity
Table 3 Spearman correlation coefficients for changes in outco

Outcome Measure All Participants Experi

Spearman
Coefficient

P Value Sample
Size (n)

Spearm
Coeffi

DWMFT vs chronicity �0.083 .57 49 �0.05
DARAT vs chronicity 0.244 .09 50 �0.32
DSIS vs chronicity �0.061 .69 46 �0.03
DFMA vs chronicity �0.128 .36 50 �0.15

NOTE. No statistically significant correlations were demonstrated betw
for all participants, for participants in the experimental group, or fo
is the mechanism by which motor recovery occurs.31-33

Although the present subanalysis revealed comparable pat-
terns of motor recovery regardless of chronicity, it is still
conceivable that motor cortical activation patterns may vary
with chronicity. Most of the relevant studies on this topic have
enrolled subjects with mild-to-moderate motor impairment.
For example, Kokotilo et al34 conducted a systematic review
to evaluate differences in brain activation patterns in acute
and chronic phases poststroke. They found that there is
increased activation of secondary motor areas such as con-
tralesional hemisphere in early stages postrecovery, but
recruitment of these areas decreases as functional improve-
ment occurs. On the other hand, a separate study by Sawaki
et al33 evaluated 26 participants with mild-to-moderate UE
motor impairment at baseline. About 17 participantswere 3-9
months poststroke (early group) and 9 were more than 12
months poststroke (late group). Intervention consisted of 10
consecutive weekdays of constraint-induced movement
therapy. Findings demonstrated no statistical differences in
me measures and chronicity

mental Group Control Group

an
cient

P Value Sample
Size (n)

Spearman
Coefficient

P Value Sample
Size (n)

1 .79 30 �0.123 .62 19
6 .07 31 �0.215 .38 19
9 .84 29 0.214 .41 17
6 .40 31 �0.165 .50 19

een stroke chronicity and pre-post changes in UE motor function
r participants in the control group.



Table 4 Spearman partial correlation coefficients for changes in outcome measures and chronicity

Outcome Measure All Participants Experimental Group Control Group

Spearman
Coefficient

P Value Spearman
Coefficient

P Value Spearman
Coefficient

P Value

DWMFT vs chronicity �0.12 .46 �0.07 .71 �0.12 .66
DARAT vs chronicity �0.19 .23 �0.30 .13 �0.25 .37
DSIS vs chronicity �0.07 .64 �0.08 .70 0.22 .42
DFMA vs chronicity �0.06 .69 �0.13 .53 �0.05 .87

NOTE. These coefficients have adjusted for the potential confounding factors severity and age. No statistically significant correlations
were found for any outcome measures.
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motor map volume evoked by transcranial magnetic stimula-
tion in early compared to late groups. On the other hand, a
case study by Chelette et al35 documented neuroplastic
change for an individual with severe poststroke motor
impairment at baseline. This individual had a variable course
of intervention over several neuromodulation studies as well
as standard-of-care clinical rehabilitation and continued to
display significant ipsilesional cortical reorganization as long
as 21 months postictus.
Study limitations

The primary limitation of this study is a lack of statistical
power. It is possible that the lack of significant correlations is
due to the relatively small sample sizes. In light of limitations
of the present study, future studies should include a larger
sample size, long-term follow ups, and measurement of
indices of neuroplasticity. In addition, research on the ef-
fects of SS intervention before 3months postictus could shed
particular light on how to accelerate the effect of early
spontaneous recovery. Finally, future research should focus
on participants with the most severe motor impairments to
address the population segment with highest need.
Conclusions

Chronicity did not significantly predict pre-post response to
SS paired with task-oriented motor training for participants
with moderate-to-severe motor impairment in the 3- to 12-
month period poststroke.
Supplier

a. SAS version 9.4; SAS Institute.
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