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Background: Rehabilitation is important in the
first months after a stroke for recovery of functio-
nal ability, but it is also challenging, since distinct
recovery trajectories are seen. Therefore, stud-
ying the early changes in muscle characteristics
over time (e.g. muscle strength, muscle mass and
muscle volume), which are known to be associated
with functional abilities, may deepen our under-
standing of underlying recovery mechanisms of
stroke survivors.

Objective: This systematic review aims to describe
the longitudinal changes in skeletal muscles, inclu-
ding muscle strength, muscle mass and muscle
volume, during the first 3 months post-stroke.
Methods: Electronic searches were conducted in
Medline, Scopus and CENTRAL. Longitudinal cohort
studies or controlled interventional trials that
report data about patients in the first 3 months
after stroke were identified. Skeletal muscle cha-
racteristics should be measured at least twice
within 3 months post-stroke by objective, quanti-
tative assessment methods (e.g. dynamometry,
ultrasound, computed tomography). Effect sizes
were calculated as Hedges’ g using standardized
mean differences.

Results: A total of 38 studies (1,097 subjects) were
found eligible. Results revealed an mean increase
on the paretic side for upper and lower limb muscle
strength (small to moderate effect sizes), whereas
muscle thickness decreased (moderate to large
effect sizes). Similar, but smaller, effects were found
on the non-paretic side. There were insufficient data
available to draw conclusions about lean muscle
mass and muscle cross-sectional area. No studies
aimed at investigating distinct trajectories of the
muscle changes.

Conclusion: Muscle strength and thickness changes
during the first 3 months after stroke in both the
paretic and non-paretic side. Future studies should

(LAY ABSTRACT A
After a stroke, it is important to restore functional ability
as much as possible. Studying changes in the mus-
cles (e.g. muscle strength, muscle thickness, muscle
volume) during the first months post-stroke can help
to elucidate individual variations and the underlying
repair mechanisms. A systematic search of the litera-
ture was performed for studies of objective quantifiable
measurements of muscles at least 2 times during the
first 3 months after stroke. A total of 38 studies (with
in total 1,097 patients) met these criteria. Overall, an
improvement in strength was measured on the pare-
tic side for both the upper and lower limbs, but muscle
thickness decreased. Similar, but smaller, effects were
found on the non-paretic side. For other muscle para-
meters insufficient data were found to draw conclusions.
Because understanding the underlying mechanism of
muscle changes post-stroke can improve rehabilitation
programmes, further studies should focus on why these
Qﬂuscle strength changes occur. )

aim to understand “how"” the stroke-induced mus-
cle strength changes are achieved. Exploring exis-
ting data from longitudinal studies, by using cluster
analyses, such as pattern recognition, could add to
the current knowledge-base.
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Stroke is one of the leading causes of acquired
physical disability in the adult population (1).
Rehabilitation is the most effective way to limit the
amount of disability and improve patients’ functio-
nality (2). However, despite continuously improving
and innovating interventions, distinct trajectories of
recovery are seen. For example, two-third of patients
after stroke have residual hemiparesis, resulting in
chronic, long-term disability (3). This emphasizes
the complex stroke recovery process and highlights
the possibility of distinct underlying recovery me-
chanisms that support the functional ability of stroke
survivors. Gaining insight into the mechanisms that
contribute to the heterogeneous treatment response in
stroke survivors could help us to better understand the
complex recovery process and to optimize functional
rehabilitation (4).

Skeletal muscle is suggested to be the main effector
organ accountable for physical disability in the stroke
population (5). This disability traditionally contributed
to the neurological insult itself, primarily causing mo-
tor symptoms, with muscle weakness, altered muscle
tone and decreased muscle control being the most
common motor manifestations post-stroke (6). More
recently, the functional aspects, structural adaptations
and metabolic integrity of peripheral muscle tissue,
which remained unrecognized until the past decades,
have become an important focus in the evaluation
and treatment of the stroke population (7, 8). The
relevance of this changing approach is noticeable in
the literature, with several reviews synthesizing the
available evidence about post-stroke skeletal muscle
changes (9-11).

Previous studies have shown that chronic stroke sur-
vivors (>6 months post-stroke) experience a loss in
muscle mass and a decrease in muscle strength in both
the paretic and non-paretic limbs (9, 10). According
to research by Miller and colleagues (12), a decreased
central activation can only partly explain bilateral
muscle weakness, which might implicate that skeletal
muscle changes after stroke can be considered as a mul-
tifactorial syndrome depending on various underlying
mechanisms besides the brain lesion itself (e.g. neurod-
egeneration, loss of motor neurones, local muscle meta-
bolic alterations) (8). This assumption is supported by
recent research exploring changes after stroke directly
at the level of the skeletal muscle (13). Muscle tissue of
chronic stroke patients shows an increased intramuscu-
lar fat deposition (7) and a major shift from slow-twitch
towards fast-twitch fibres in the hemiparetic muscles
(14). In addition, the muscle’s architecture, defined
as the geometric arrangements of muscle fibres (15),
appears to be altered in chronic stroke survivors with a
shorter fascicle length on the paretic side. Reports about

pennation angle measurements (i.e. fibre orientation)
have been less consistent (16).

From a clinical point of view, these (mal-)adaptive
skeletal muscle changes have an impact on the recovery
process. Muscular atrophy is moderately correlated with
decreased gait speed and reduced fitness levels in indi-
viduals following stroke in the chronic stage (7). Also,
increased severity of gait impairments have been obser-
ved as a result of hemiparetic muscle phenotype changes
(14), a decline in muscle mass and muscle strength (17).
Furthermore, the muscle’s architecture has a profound
influence on muscle function, and therefore, structural
changes might negatively affect the force-generating
process and impact functional recovery (13).

Despite the growing body of evidence about the con-
tribution of underlying skeletal muscle changes to phy-
sical disability after stroke, none of the clinical stroke
guidelines address these peripheral muscle changes
(18, 19). Most of the conventional physiotherapy in
stroke rehabilitation includes intensive task-specific
exercises aimed at improving motor performance (20).
To maximize functional recovery, additional therapy
strategies that address alterations of the skeletal muscle
are warranted. Since most significant improvements
in stroke recovery occur in the first 3 months after
stroke onset (21), restorative interventions should
be commenced within this critical time window, as
suggested by the Stroke Roundtable Consortium (4).
Unfortunately, most of the existing evidence about
skeletal muscle changes have explored long-term al-
terations post-stroke (> 6 months), leaving a paucity of
knowledge regarding acute and early subacute muscle
changes as an important deficiency in literature that
needs to be addressed before optimal gains in neurore-
habilitation can be achieved.

One way to improve our understanding of how stroke
recovery is achieved in the first 3 months following
stroke onset is to evaluate changes in the skeletal mus-
cle over time. Although clinical assessment scales are
an essential tool in the measurement and evaluation of
motor impairments (22), they often have limitations,
such as ceiling effects and a lack of sensitivity to detect
small, but relevant, changes (23). Therefore, to accura-
tely evaluate peripheral muscle changes, measurements
are preferably performed by objective, quantitative
assessment methods. Medical imaging techniques,
such as ultrasound, medical resonance imaging (MRI)
and computed tomography (CT), but also hand-held
dynamometers are just a number of the widely used
objective tools in research and clinical practice to add-
ress changes in function, structure and consistency of
the peripheral muscles (23, 24). However, an overview
of these measurements representing skeletal muscle
changes early after stroke is still lacking.
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Therefore, the purpose of this systematic review
is to synthesize available evidence describing the
time-course of peripheral muscle changes in skeletal
muscles (e.g. muscle strength, muscle mass, muscle
volume) measured by objective, quantitative assess-
ment methods (e.g. dynamometry, ultrasound, CT) in
the first 3 months post-stroke.

METHODS

The PRISMA guidelines were used as a general fram-
ework for transparent reporting of this systematic re-
view. Protocol details were registered prospectively on
PROSPERO (registration number: CRD42020157647).

Studies were included if they met following inclusion
criteria.

Type of participants

Studies involved adult (>18 years) stroke patients, as
defined by the World Health Organization (WHO) (25),
in the acute (0—7 days) and/or early subacute (>7 days
to 3 months) stages. The framework of these critical
time points post-stroke was defined by the Stroke
Roundtable Consortium (4).

Type of outcome

Studies evaluated changes in upper and/or lower
extremity skeletal muscle characteristics (i.e. function,
structure and composition) (e.g. changes in muscle
strength, muscle mass, muscle fibres) measured by
objective, quantitative assessment methods (e.g.
dynamometer, CT, ultrasound) were included. The
muscle characteristics of the subjects needed to be
measured at least twice within 3 months post-stroke.
Changes in muscle characteristics assessed by clinical
measurements (e.g. Medical Research Council Scale,
Fugl-Meyer assessment, Modified Ashworth Scale)
were excluded.

Type of study design

Longitudinal cohort studies or controlled interven-
tional trials were included. Concerning the latter, in
these studies the data of the groups receiving usual
care or conventional physiotherapy were considered
as longitudinal data, and were included at baseline,
post-intervention and follow-up. Data from the experi-
mental groups were excluded. Clinical trial protocols,
systematic reviews, narrative reviews, meta-analysis
or case reports were excluded.

Type of publication
Peer-reviewed journal articles were included, confe-
rence abstracts and proceedings were excluded.

Language
Studies had to be published in English, French or
Dutch.

Data sources and searches

A systematic search was undertaken in 3 electronic
databases (MEDLINE, Scopus and CENTRAL) from
inception until July 2019 and updated in May 2020.
The search strategy was structured according to the
Population, Intervention, Comparison, Outcome
(PICO) method, and combined key words related
to stroke and skeletal muscle characteristics. Full
electronic search strategies are shown in Appendix 1.
Reference lists of related systematic reviews (9, 10)
and the citations of included studies were screened for
missing studies.

Study selection

To identify eligible studies, titles and abstracts were
screened by 2 independent reviewers (LC, NL) with the
use of the web application Rayyan (26). If studies were
considered relevant, full-text copies were obtained and
checked for eligibility by the same independent revie-
wers. Disagreements between authors were resolved
by consensus. If no agreement was reached, additional
authors (DB, ES) were consulted.

Data extraction

A data extraction sheet was developed to collect data
outcomes of interest. The data extraction sheet was
pilot-tested on 3 randomly selected study trials and
refined accordingly. One author (LC) collected data
from the included studies.

Quality assessment

To critically evaluate the quality of the individual
studies, a customized risk of bias tool was created.
Key domains and judgement criteria, that had the
most potential to introduce bias, were compiled
from existing tools (i.e. Cochrane Collaboration’s
tool for randomized trials (27), the Methods Guide
for Comparative Effectiveness Reviews (28) and
the Newcastle-Ottawa Quality Assessment Scale for
cohort studies (29)) and adapted into a specified check-
list based on the research question of this systematic
review. The applicable domains included sampling,
confounding, performance, detection, attrition and
reporting bias and were rated as “high”, “low” or
“unclear”. An overview of the pre-specified judgement
criteria is shown in Table SIV in Appendix 2. Two
reviewers (LC, WVH) independently evaluated risk
of bias for each study. Disagreements were discussed
and settled by consensus. If no agreement was reached,
an additional author (ES) was consulted.
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Data synthesis and analysis

Means, standard deviations (SDs) and significance
values of the paretic and non-paretic side were prima-
rily extracted for each evaluation time-point of every
outcome measure of interest.

The effect sizes were calculated as Hedges’ g (g,,), a
bias-adjusted estimate of standardized mean difference
between 2 evaluation time-points with an additional
correction for small sample sizes (30). Effect sizes
were interpreted as small (<0.2), moderate (0.5), or
large (>0.8), representing an increase (positive values)
or decrease (negative values) over time. If the required
data was absent or insufficiently reported, the authors
were contacted individually by e-mail. When possible,
researchers calculated means and SDs themselves
or extracted these data from available figures in the
included studies. In cases where the desired data was
unobtainable, despite the aforementioned methods, a
quantitative analysis via effect size calculation was not
possible. Nevertheless, these studies were included in
the systematic review to avoid reporting bias. For those
studies, other available measures of central tendency
and dispersion were extracted and reported.

RESULTS

Study selection

The database search yielded 2,843 unique records, of
which a final total of 38 studies was included in this
systematic review (31-68). Fig. 1 illustrates a flow
diagram of the entire selection process.

Characteristics of included studies
Tables I and II list detailed information about the
study characteristics.

Study design

Of'the 38 included studies, 24 were longitudinal cohort
studies in which muscle characteristics were measured
at least twice within 3 months post-stroke (31, 33-36,
39, 41, 42, 44, 46, 48, 50, 52-55, 57, 58, 60-62, 64,
65, 67). The remaining eligible studies represent 13
randomized controlled trials (RCTs) (32, 37, 38, 40, 43,
45,47,49,51,59, 63, 66, 68) and 1 clinical controlled
trial (CCT) (56). Participants in the control groups of
these interventional trials were considered as longitu-
dinal data as they received conventional physiotherapy

o
- Records identified through UPDATE: Records identified
.g database searching from inception through database searching from
8 until July 2019 July 2019 until May 2020
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Wrong study design (n = 52)
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Fig. 1. Flow chart.

J Rehabil Med 54, 2022


https://medicaljournalssweden.se/index.php/jrm/index

Skeletal muscle changes in the first 3 months of stroke recovery p. 5 of 19

(£'62) 1°29 (+'81) 6'5€ pez :'L obess mpwuwm_w M%w
%0 (50°0<) 80°0 (.10°0) 95°0 fLsn°L (€°¥2) 8'%9 (611) v'L2 p6 L SJ0OX3) 93U ¥6 110z :Sd
(1°05) 0°991 (1°17) 8411 pez :'L AN 26y (€9) 1102
%0 (so'0<) 210 (.10°0) 0£°0 f1sAL (0'18) 6°6ST (8'65) £L'T6 p6 :°L  slosudix 29Uy (WN) 9bneb ulens 47T ‘W8T 6C 10 enodojos
. abe3s aynoeqns Apeg
. (672) 8°€T (90) o€t pos 'L HZ ‘16T :odAL
(4/6) ¥6 “T 1Sd
: . , 19)2WowWeuAp A S'0TF0°8S by (29) s102
%0 (¥N) 6T°0 (.800°0) 55°0 1SAL (ee)zer (s'¥) 91T POz L S40Su)xo d9UH play-pueH 4TT ‘W21 €2 ‘buo  us|pep-edideys
(ev2) T'Ly (b°92) 9's€ pLS 'L abe3s anoeqns Ajieg
w 16 :odA
%zT (95°0) 900 (tz'0) TZ°0 "LsA’L (9°52) L'sp (£°6T) £'0€ P6T :°L S10X3) BB LBwEoEmew_w ﬂm w_.uoﬂ nmw
(brog) 8°4L (b°52) 8'9¢ pLS 'L J12UIXOS] AY TTFL€9 by
%2C (zz0) 91°0 (£0°0) 1€°0 "1sA°L (028) 8'1L (622) T'6€ P6Z :°L  SI0SUIXD IBUY WUION 2ewnH 48 ‘WOT 8T 10y (6v) 8107 291
%8 (SN) WN (SN) WN fLSA°L wmwum Shumn:m
%8T (SN) ¥N (SN) WN SLsACL L (z6Eb-T'2ee) €692 (L'8bb-0'8LT) bETT P8z L Hes n,“z T
%0 (SN) VN (SN) WN ‘LSATL L (b'0L€-0°65T) §'22T  (€'vbE-t'pLT) 6°€8T PTZ L N :Sd
%9 (SN) N (SN) ¥N MF SA T L (€90v-5"84T) ¥'T2e  (8'€6£-0'8LT) 6'+8C pyT "MF (N) @bneb A S TTF0°99 by (9€) 9002
%¢TT (SN) YN (SN) ¥N 1sA°L ,(Lv0p-6'SET) €02 (6°09€-0°9ST) +'8ST pL L SI0SUD)XD dBUY ules3s 2L3dWOST 4L 'WTIT 8T ‘buot Ans7-ued
(¥01) ueipap (¥01) ueipap
(0°£9) 6°'18T (£'€8) 9'66 PLT 'L
%0 (.,coo's)9z'0  (.200°S) S€°0 '1sAL (v'04) £°€9T (0'89) 52z pZT :°L  sloxapisiop apjuy Bers samoeans AL
(1'v6) T'zhe (£'68) 6'SST LT L S oy odhy
%0  (.200’s) 610  (.200'S) 0¥'0 LAl (0001) vrgTET (+'¥8) 1121 PZT L SIOSUIXD d3UH ) 9EZ M2E 1Sd
(b"Lb) b'v0T (1°8€) 865 PLT 'L J919WoweuAp play AT'€TF8'29 oby (b€) €102
%0 (.,coo's) ve'o  (.200's) €v°0 "1sA°L (¢ey) L€6 (1'8¢) T'ev pzT :°L sdoxaly diH -puey uojneyd 492 ‘W6Z  SS ‘buo uouueyog
(9'59) 5°s8T (£'98) +'20T P6z :'L
%0 (,100°0>) T€'0 (.T00°0>) ¥€'0 "1sACL (1°89) £¥9T (€22) 952 pTT :°L  sloxapisiop apjuy Bers s15eans ALe
(1°€6) ¥'LbT (€'16) 5161 P6z i'L 1S 93 M_z _a_am
%0 (.100'0>) 82'0 (,100°0>) 890 LsA’L (s'101) 8'67C (668) 0°6CT PZT ©°L  SI0SUIIXD DU (N) Wzz 1187 :Sd
: , (+'9%) ¥°S0T (T'v¥) 159 p6C “M._. J3jaWwoweuAp play A £'2TF9'T9 by (1€) €002
%0 (,100'0>) S2'0 (.T00°0>) T+'0 LsAL (€€p) T'v6 (T'v¥) 0°LY pPzT L sdoxay dij -pueH uojjneyd 4¥C 'W9T 0§ "buon SMa.lpuy
dWI1 ¥IMO1
onel (anjea-d) (anjea-d) 3juiod swiy eSdN eSd awin dnoub apsnw (31un) saJnjesy 3algns u ubisop (4e3h)
no-douag SdN S3 Sd s3 uonen|eny passassy 921Aap bulinsesy Apnmis Joyine 3sui4

awn ul abuey)

At=1p

NIl

yybuauis spsny I a|qeL

Nl

J Rehabil Med 54, 2022


https://medicaljournalssweden.se/index.php/jrm/index

Skeletal muscle changes in the first 3 months of stroke recovery p. 6 of 19

%8T (SN) N (SN) WN fLsA’L abeys :noeqns
%8 (SN) VN (SN) WN CLSACL L (T'8bE-L'LTT) T'SPT (6'L2z-¥'€8) €01 P8z ‘L Aned c,“m wmum
%0 (SN) VN (SN) WN ‘LsA%L . (Tv6T-6'£0T) 9'22T (z'svz-0) £°88 PTZ L ) N :Sd
%9 (SN) VN (SN) N MF SA T +(9'S¥E-1"60T) 8°¥9C (£'981-5"15) T'€6 pyT "MF J919WoweuAp pay A S TTF0°99 by (9€) 9002
%22C (SN) ¥N (SN) ¥N 1SA°L . (£'8T€-0"€0T) 9'TLT (£'881-0) §'8Z pL L ybuans duo -pueHandAeje] 4L 'WIT 8T ‘buot Ana-uned
(¥01) ueipap (¥01) ueipap
%0 N (4N) 6v°0 "LsA’L
%0 UN (¥N) 9v'0 fLsA°L
%0 UN (dN) €£70 ‘Lsa’L N (€701) T'6T prL 'L 5 R
%0 AN (¥N) €0°0 lsAfL N (8°01) 8'8T pE9 L obes B:umm_ﬂm.o_%w
%0 N (aN) zT°0 LAl N (go1) 51 P6b L ¥ZT 101 :Sd
%0 UN (dN) 0T°0 M._. sA T N (8'01) ¥'9T1 pSE "MF S10SUBIXD A 9'9F $'89 aby (5€) $002
%0 VN (dN) zz'o 1SA°L (4N) 6'92 (7°6) T'¥T pTZ :°L pue sioxal Moq|3 (WN) 1190 peot 4TT ‘WTT  2¢ ‘buo Buiuued
1913WOWRUA|
N (1'09T-0) 0°2S PTT 'L ) u_wc-ucmm
%0 N (£1£°0) YN "1sACL N (5'¥91-0) 0°vb P9 :°L Wbusns dug Jewer wﬂwm oum:o%uum
AN (+'58-0'0) 6'2€ PTT i'L ! ﬂ__z _Mam
%0 N (60T°0) VN "LsA’L N (9'29-0°0) 0'8T P9 "Mﬁ SI0X3Y MOGIT () JoyawoweUAp ¥8 “1z :Sd
. . N (4'€6-0°0) £'bE PTT "o._. sJ03onpqe abneb 20104 A 1799 aby (€€) s66T
%0 N (081°0) WN 1sA°L uN (2'06-0°0) 9°£¢C P9 'L Jap|noys 19peD YPPuwy 49 'Wy 0T ‘buo uouueyog
(abueu) uesp (abueu) uesp
abeys aynoegns
. . .1 Ajea pue a3ndy
0, A : Av . T1sa® " MN.NW N.H Pee “o._. Bbuauys youl, Amv_u ._ww>_mc< HO ‘112 BdAL
%07 N 50'0<) £9°0 1SA°L UN €71)S0 pT .m Ybuans Wuld 5y /duo (evbiq ¥6 12T :Sd
. AN (L) 9's p6T 'L I939WwoWweuAp A 6'6Fp'89 9by (z€) p10T
%0€ UN (s0'0<) 60 1sA°L UN (22) 60 pT :°L yibuass duo 21U0J329|3 40T ‘WIT T2 10Y BunaA-ny
abeys ayndeqgns
. . .1 Ajea pue a3ndy
. . . o UN AN.: 80 p6z : L 5 (6) 105ARUY HO ‘167 “adAL
%0T UN (50'0<) 80°0 1SA°L UN 1) 20 PL:L WbUaAs WUId  54/d1is [e3BIg NZT 1T :Sd
. , uN (0v) 1€ p6C “o._. “13joWwoweuAp A9'6F0°2L 9bY (z€) v102
%0€ uN (s0'0<) 810 1SA°L uN (9v) €C pPT 'L ybuans dug 21U04393|3 42T ‘WIT €2 10y Bunax-ny
(128) 1°56 (9'0v) T'0F P6Z :'L
%0 (,100°0>) €2°0 (,T00°0>) 9€'0 fLsn’L (8£€) 5798 (£'5€) €92 PZT :°L  SI0SUDIX® ISHM
(8'vv) 6°€CT (£'15) 999 p6Z :'L
%0 (100°0<) 800 (.100°0>) £Z'0 "1sACL (9'ev) z'0zT (0'zs) 'zs pzT °L  SI0SULIX® MOq|3 615 Jym5eans ALie
(8¢S) 6'65T (9'v9) 8'S8 P62z i'L 1S 93 M_z _a_am
%0  (100°0<) 0T'0 (,100°0>) O¥'0 LsA’L (0°£8) T'vsT (009) 0°'19 pzT L sioxaly mod|3 (N) Wzz 1187 :Sd
: , (e6b) T°L2T (5'¥S) T°L9 p6C “M._. S1010Npge  I919WOWeRUAp play A £'2TF9°19 9by (1€) €002
%0  (100°0<)91°'0 (,100°0>) 820 1sA°L (8'08) T°'6TT (v'18) €25 peT L Jap|noys -pueH uojineyd 42 ‘W9z 0§ ‘buo SMalpuy
dWI1 ¥3ddn
onel (anjea-d) (anjea-d) 3juiod swiy eSdN eSd awn dnoub apsnw (31un) saJnjesy 3a[gns u ubissp (4e3h)
no-douag SdN S3 Sd S3 uonen|eny passassy 921Aap bulinsesy Apnmis Joyine 3sui4

aw ul abueyd

At=1p

NIl

yibuaiis appsn|y *(panuiauo)) I ajqel

NIl

J Rehabil Med 54, 2022


https://medicaljournalssweden.se/index.php/jrm/index

Skeletal muscle changes in the first 3 months of stroke recovery p. 7 of 19

abejs ayndeqns Ale3

HO ‘1€ :adAL
. (63) “s3ewWwoweuAp ¥OT “1ET :Sd
(85°0T) 09'v€ (06°01) 82°1C poy i L play-pueH A 0°65 9By (s¥) 8102
%9€  (b6+°0) S0°0- (109°0) £0°0 "1sACL (ep'1T) TT'SE (95°€1) v¥'0C P8z :°L ybuans duo Jewer 4L 'W9T €T 10 yjolysuaney
%0 (88£°0) SO0 (££0°0) ¥T'0 fLsA°L obeys eynoeqns Apie3
%0 (¥N) 90°0~ (¥N) 10 CLSACL (8'6) 8'9¢ (98)e'8  PpL:fL He ;._mﬁ "m_eﬁ
%0 (dN) TT0 (dN) T0°0 fLsACL (¢'6) L'sT (68) 2’8 PLS L WET 18 1Sd
%0 (¥N) £0°0- (dN) S0°0 ‘LsatL (£'6) ¥'92 (+'8) 82 POS 'L A G 2T FZ'€9 9By (€v)
%0 (¥N) 100 (¥N) 80°0 "1sACL (9°6) €792 (98) 12 pSt %L ybuans duo (63) YN @01n8@ 48 'WET 1T 10Y 9T0C IWOSOH
abejs ayndeqgns
>_\_mw pue a3ndy
YN :2dAL
payads (6H ww) 48T “1ST :Sd
uN uN jou 'l J919WoweuAp A$' TTFT1°89 9by (z¥)
N UN N "1sACL N N py L wbusns duo play-pueH 42€ ‘Wbz 95 "Buot £86T J42|12H
23ndeqgns
Ajea pue 23ndy
UN :2dAL
. (aN ¥z “18 :Sd
N 68'8 P09 'L }uN) JajWwoweuAp A 9'§F9'zg aby (1¥) v102
%0 uN (.100°0>) YN "1sA°L UN 00 pL L ybuans dug |exbia 45 ‘WS 0T ‘buo Jassioln
puey 1D ueipap % puey 1D ueipap %
abeys aynoegns
Ajea pue a3ndy
HZT ‘1£€ 2dAL
YN :Sd
UN (8¢1) 591 P8z :'L A Q'L 9By (ot) 8102
%8 YN (,T000°0>) SE°0 "1sA°L UN (o'er) o'zt pL L y3buans duo (63) ¥N 201n8@ 4vC ‘WST 6% 10y lueizeys
abejs ayndeqgns Aleg
HO ‘18T :2dAL
. (N) YN :Sd
N (z0) 1€~ psze *'L J93owoweuAp pjay A 62T F0°SS by (6€)
%9 UN (.800°0) YN fLsn’L N (#°0) L€~ PTT :°L SI0Xdy MOQI3  -pueH Z1340DIW 46 ‘W6 8T ‘buo £T0T S9H0D
(3S) 84005-7 (3S) 84005-7
abe3s aynoeqns Apeg
Hp ‘19 :adAL
. v “19 :Sd
UN (b's) Tzt PIS 'L (63) J239WOoWeUAp AESTTF£'S9 o9by (8€)
%0 uN (.500°0) 9T°'T "1sACL uN (2:€) 99 pez L y3buans duo pIay-pueH 45 ‘WS 0T 104 102 104D
%0 N (.S0°0>) ZT'T “LsA’L
%0 YN (.50°0>) €6°0 "LsACL
%0 UN (s0°2) 6470 fLsA’L
%0 N (50°=) 59°0 ‘LsA°L N (89°'1) £6'0 PLY L
%0 UN (dN) 12°0 “Lsa’L N (s€'1) 59'0 pov 'L oBe3s s3oeqns ALies
%0 N (4N) TT°0 "LsnfL N (€2°'1) 05°0 pee L Ho ‘18 0dAL
%0 N (dN) 020 fLsACL dN (98°0) 62°0 poc L (63) J232WowWeuip ¥9 “18 :Sd
%0 UN (dN) 90 ‘LsntL UN (0'0) 00 P6T 'L play-puey A0'ZTF9°6S by (2€)
%0 UN (50°=) 00°0 "1sA°L UN (0'0) 00 pzT °L y3buans duo Jewe( 4% ‘WOT  PT 10y 5002 Uayd
(panunuo)) awIl ¥addn
onel (anjea-d) (anjea-d) 3juiod awi] «SdN «Sd awn dnoub apsnw (3un) saJanjeay 103[gns u ubisap (4edh)
no-douag SdN S3 Sd S3 uonen|eny passassy 921Aap bulinsesy Apnmis Joyine 3sui4

aw ul abueyd

At=1p

NIl

yibuaiis appsn|y *(panuiauo)) I ajqel

Nl

J Rehabil Med 54, 2022


https://medicaljournalssweden.se/index.php/jrm/index

Skeletal muscle changes in the first 3 months of stroke recovery p. 8 of 19

abejs a3ndeqns Ale3
HOZ ‘Itz :adAL

. ¥LT T iSd
UN N pg8z 'L 159} J232WOoWRUAp A Q' €ET¥5°69 by (09) L66T
%0 UN UN "1sA°L AN AN pLT °L yibuass duo puey bu3L03s 42z ‘W6z 1S ‘buo ouejebld
%L N UN “sn°L (dN) UN (dN) UN p8L :°L (6>1)
Z T T Ja3awoweuAp
%0 N N 1AL (¥N) ¥N (¥N) ¥N pPoS :'L play-puen
%L N (dN) WN "1sACL (4N) dN (5'8-0'0) 00 pzz :°L Wbuss dug Jewer
abejs ayndeqns Aleg
%l UN (uN) YN fLsACL (dN) ¥N (uN) 60 P8L L moﬁw_m_/_o.mmmmw
%0 UN (4N) VN ‘LsntL (dN) ¥N (¥N) 60 POS :'L A SZTF4°99 9by (65)
%L N (4N) ¥N f1sACL (dN) UN (0'¢-00) 20 pez :°L SJosud3xd IsUM (W) abneb ulens 49T ‘WPT  0€ 104 666T [I9MOd
(¥01) ueipap (¥01) ueipap
abejs ayndeqgns
Aldes pue synoy
UN :2dAL
. YT 18T Sd
9¢- 01— pPL L (6>) 4932WOWERUAP AQ'TTF029 aby (€9)
%LT (4N) YN (¥N) YN "1sA°L T~ T1- pz :°L yibuass duo pIay-pueH 48T ‘WZT  0€ ‘buo (£002) unisoN
21025-7 21025-7
abejs ayndeqgns Aleg
HO ‘10T :2dAL
. ¥S “15 'Sd
(9°0) T°€T (s'2) 6'ST pPYT 'L (63) Jo19WOoWeUAp AL ZTFb bl 9By (15)
%0 (4N) N (dN) 6€°0 fLsn’L (dN) v'ze (T'2) o'st p6 L ybuans duo pIay-pueH 45 ‘WS 0T 10d  ST0T ednnsiep
%0 (dN) s0'0-  (.50°0>) Tv'0 fLsA’L abe3s synoeqns
%0 (¥N) 90°0- (UN) 6T°0 TIsACL (T°€T) §'pE bor)e6c  Peb cL Aues PN Sk
%0 (aN) T0°0 (aN) €2°0 LAl (872 vve (+'s1) §'sT PL L ¥S 19 :Sd
%0 (dN) 80°0 (dN) 0T°0 ‘Lsa’L (e€1) €€ (1's1) 6'€C pe :'1L (65) Jo19WOWRUAP A0’ F7'c9 aby (0s)
%0 (4N) ST°0- (4N) 60°0 "1sACL (£°6) T°5€ (es1) S5°CT pT L yibuans duo puey sjoym 4 ‘Wz 1T ‘buo 102 122NN
abeys aynoegns
Ajea pue a3ndy
HO ‘IGT :2dAL
u8 1L 1Sd
UN (ov1) 0°'0F psE 'L (N) A0'STF0°65 2by (8¥)
%ET UN (.#0'0) 2¥'0 "1sA°L UN (0'vT) 0'vE pe :°L y3buans yould 1190 peo 42 'WET ST ‘buo’ £10T ussJe]
abeys aynoeqgns
potT Ajea pue a3ndy
N (62°0) 8%°0 +00:7L (1eg) N :9dAL
payiads J913WoweuAp ¥TIZ “16T :Sd
jou ‘abeys pIay-pueH A9'€TF0'2L 9by (£t) 6002
%ET uN (dN) 62°0 f1sACL uN (9z°0) Tv'0  @wde %L y3buans du  I232WLOBIA UIHen 48T ‘WZZ  OF 109 Jowweybue
(panunuo)) awIl ¥addn
onel (anjea-d) (anjea-d) 3juiod awi] «SdN «Sd awn dnoub apsnw (3un) saJanjeay 103[gns u ubisap (4edh)
no-douag SdN S3 Sd S3 uonen|eny passassy 921Aap bulinsesy Apnmis Joyine 3sui4

aw ul abueyd

At=1p

NIl

yabuaiis appsn|y *(panuiuo)) I ajqel

NIl

J Rehabil Med 54, 2022


https://medicaljournalssweden.se/index.php/jrm/index

Skeletal muscle changes in the first 3 months of stroke recovery p. 9 of 19

%0 N (s0'0<) ¥S'0 "LsA°L
%0 WN  (50°0<) 0Z°0 f1sA°L
%0 N (s0'0<) 0v'0 ‘Lsa’L N (8's1) 0°LT psy 'L
%0 N (s0'0<) 0c'0 "LsAfL N (8's1) 02T PTY ‘L
%0 UN  (S0°0<) 8T°0- fLsatL N (8'sT) 0'ST PYE ‘L
%0 UN (50'0<) 9£°0 ‘LsntL N (5'6) 0'ST pLZ 'L S10SUIXT
%0 UN  (50°0<) s€°0- 'Lsn’L UN (9¢1) 0'6T POz :°L Japinoys
%0 dN - (S0°0<) ST'O- "LsA°L
%0 UN (50'0<) 80°0 fLsA’L
%0 UN (50'0<) 80°0 ‘Lsa’L N (8's1) 0°'cT pSt 'L 6 ‘
%0 N (S00<)90°0-  LSAL uN (@sDove  PIv L Wwaer o e adk
%0 N (50°0<) 2T°0- AsntL N (8's1) 0'92 pre 'L Wie/I9PINOYS Z.LIT ¥S 1S :Sd
%0 N (s0'0<) £T°0 1SA L N (0'6T) 0°€C psz L ‘901A3p 2130q0J A0'v¥0°'89 oby (59)
%0 UN - (S0°0<) €T°0- "1sACL UN (s°6) 0'5C POz :°L  sioxay Jap|noys >onsAol pueH 45 ‘WS 0T ‘buo 210T 43u4nL
%0 (,1000°0>) €'0  (.500°0) ¥Z'0 fLsA’L
%0 (.T000°0>) ¥€'0 (.z10'0) 220 “LsA’L (1'6) T°0T (901) 0'0T psZ ‘L
%0 (4N) 60°0 (dN) 200 fLsA‘L (0°6) ¥'6T (¥'01) 86 pTZ L (651) JoeWioWeuAp
%0 (dN) €070 (4N) 0T°0 ‘Lsa’yL (s'6) T'6T (+'6) 8'8 PYT :'L play-pueH
%0 (.1oo’0) 0’0 (S0°0<) £T'0 f1sACL (£'8) €91 (z6) 9L ps L Wbusas dug Jewer
%0 (.00'0) ££'0  (.9¥0°0) bZ'0 fLsA’L
%0 (.£20°0) 1€°0 (,800°0) 62°0 ‘Lsa’L (e€1) p'ee (1) gern P8z ‘L
%0 (dN) 80°0 (4N) 90°0- fLsAtL (6'01) v'1Z (breT) TET PTZ :‘L
%0 (dN) 1070 (dN) T0°0 ‘LsatL (8'11) €12 (Tv1) €T PYT :'L
%0 (,.8€0°0) 62°0 (.900°0) 62°0 "1sA°L (£6) T°8T (tT'o1) 9'6 psz:°L  slosusixe mog|3
%0 (.T000°0>) £¥°0 (.100°0) 82°0 f1sA°L
%0 (.600°0) ££°0 (.T0000>)€E0  “LSAL (v'21) v0E (ssDeor  psz L 20es anonans Al
%0 (uN) 0T°0 (dN) 50°0- fLsACL (r'91) £'82 (g'9m) T'L1 PTZ L (wN) 42T M Sd
%0 (¥N) 200 (4N) £T°0 ‘Lsa’L (£'81) 6'6C (b'pT) S'¥T PPT :'L J339WowWweuAp pjay AS TTFS €L 9by (+9)
%0 (,T00°0) 8€°0 (s00<) £T°0 "1sACL (Tv1) S5°€C (zen) ten pL L sioxaly moq|3  -pueH T-LW Sv.LA 4TT ‘WOT  T¢ ‘buo 110Z Pinzns
%0 dN (4N) YN ‘Lsa’L UN (zz1)eLo PTL :°L
%0 N (4N) N ‘Lsa’L N (06°0) 29°0 POS 'L (N) J919WoAw
%0 N (dN) WN "1sACL P6Z :°L Wbusns duo -ninw [eybig
%0 UN (¥N) VN ‘Lsn’L N (£9°1) 06°0 PTL :°L
%0 AN (4N) VN ‘LsntL N (€8°0) 8v°0 POS 'L
%0 N (dN) WN "1sACL P6z :°L  SIOSUDIXD ISLIM
%0 N (4N) N ‘Lsa’L N (£9°1) 06°0 PTL ‘L
%0 UN (4N) VN ‘LsntL N (€8°0) 8v°0 POS 'L
%0 N (4N) WN f1sACL P6z :°L  SI0SUIXS MOQ|T
abejs ayndeqgns Aleg
. o . . 2 HO ‘19T :2dAL
%0 N (dIN) ¥N Lsn'L N (66°0) 820 PTL L oy 12T :Sd
%0 N (4N) UN ‘LsntL N (¥8°0) 8%°0 pPoS :'L (WN) Josuas A $°0T F0°59 9by (19)
%0 N (4N) N "1sA°L P6Z :°L SI0X3l) MOQ|3 90404 D1133[0Z31d 46 ‘W. 9T Buo] 6002 Jauuay
(as) °1/(°1-"1) (as) °1/(°1-"1)
(penunuo)) gWI1 ¥3ddn
onel (anjea-d) (anjea-d) 3juiod swiy eSdN eSd awn dnoub apsnw (31un) saJnjesy 3a[gns u ubisap (4e3h)
1no-douqg SdN s3 Sd S3 uofjen|eng passassy 921Aap bulinsesy Apnis Joyine 3s.i4

aw ul abueyd

At=1p

NIl

yibuaiis appsn|y *(panuiauo)) I ajqel

Nl

J Rehabil Med 54, 2022


https://medicaljournalssweden.se/index.php/jrm/index

Skeletal muscle changes in the first 3 months of stroke recovery p. 10 of 19

*((50°0>d) sapis yjoq usamiaq aoua.aylp Juedyiubis) , 1o ((50°0<d) SapIS Yjoq Usamiaq adUaIa4Ip OU) , UIM payJew ale apis dialed-uou pue di3aled ayy usamiaq saoualaylp buiuodal saipnms
uesyiubis Ajjeonsnels,
*pPaUOIUBL BSIMIBYIO SSI|UN SUOIIRIASP pJepueR)S pue suesaw se payodal ale apis di3aied-uou pue di3aied ay3 JO SN|RA.
*92404/weibo|y| :3/63 {AindJaw jo saupwi|iw BHww
{1939W UOIMBN :WN ‘Xapul ssew Apoq :INg ‘welbo|y 163 ‘uoymaN :N ‘uoneiAsp plepuels :gs ‘abued ajiuenbiaiul 1yOI {pasAjeue jou :yN ‘Juedyiubis jou :SN {papodal Jou YN {9x043S Jaye sAep ueaw :p ‘uonen|eas Jo
julod-aw 1] ‘o1beyiiowsey tH 1wLeyds| 1 YBL Y Y| 17 {9ewWay 14 BjewW |y {|el) Pa||0Jluod paziwopued 10y {jeuipniibuol *buoT {azis 10ay9 1S3 ‘apIs dialed-uou 1SdN ‘apis onaded :Sq ‘syuedpiued Jo saquinu tu

abe3s aynoeqns Apeg

(1wa/6x) HO9 ‘16 :adAL
. J932WoweuAp S 10T :Sd
uN (60°0) S0°0 P6S L play-puenH AQvTF0EL 9bY (89)
%ET uN (£80°0) 21°0 "1sACL UN (£0°0) v0'0 pLT °L y3buans youid +sn|d Jewer 48 ‘Wz ST 10y 9710z oljbouep
abejs ayndeqns Aleg
(1Ing/6>) H9 ‘16 :adAL
. J93aWwoweuAp ys “10T :sd
(8%°0) ¢Z'0 p6sS i 'L play-puey AO'PTF0EL obY (89)
%ET dN (s80°0) 90°0 f1sAL UN (€¥°0) 6T°0 pLT :°L yibuass duo +sn|d Jewer 48 ‘WL ST 10d 910z oljbouep
abe3s aynoeqns Apeg
HTZ ‘119 :adAL
. (63) J232WoWeuAp ¥z8 10 :Sd
N (€01) s'2e Pry i L play-pueH A8€TF6°L9 °bY (£9) L102
%0 YN (,T000°0>) S2°0 "1sACL uN (1°11) £'6T PTT :°L y3buans dug Jewer 45€ ‘WY 28 ‘buo uabui|laquen
abeys aynoegns
Ajea pue a3ndy
HTT ‘IpT :2dAL
T UPT 11T :Sd
UN (9°¢1) v'6T poT i1 (6) J39WoWeUAp A T'pTFEG9 oby (99)
%0 UN (s0'0<) 210 "1sA°L UN (6°€1) £°LT P9 :°L ybuasys duo pueH 13eL 41T 'WPT ST 1Y 6T0C PPWN
%0 N (S0°0<) 9Z°0 "LsA°L
%0 N (S0°0<) 19°0 fLsA’L
%0 N (50°0<) 250 ‘Lsa’L N (s'6) 0°€T pSt 'L
%0 UN  (S0°0<) €4°0- "LsAfL N (9:21) 0°8T PTH L
%0 N (S0°0<) ZT°0 fLsA’L N (s'6) 09T PYE ‘L
%0 AN (50°0<) 0£°0 ‘Lsn’L N (s'6) 0°€T pLT 'L s1030NppY
%0 N (so'0<) 920 "1sA°L UN (9z1) 0'0T poZ :°L Jap|noys
%0 UN  (S0°0<) £ZT'0- "LsA°L
%0 UN  (S0°0<) £T0- fLsA°L
%0 dN (S0°0<) 920 ‘Lsa’L N (9'21) 0°0T pSt 'L 615 Jym5eans ALie
%0 N (50°0<) 000 LSACL UN (971) 0'0c  PTH :L (N) 10901 T ok
%0 N (50°0<) 8€°0- W sA W N (9°21) 0'ST pYE "W WLIB/IBPINOYS ZLWI W6 16 154
%0 UN (soro<) €10 1SA L UN (8'sT) 0°€C prz L 5103oNpay ‘321A3p 2130q0. A 0'PF0°89 aby (59)
%0 dN (S0°0<) 800 "1sACL N (s'6) 0'2z POz :°L JspInoys »nsAol puey 45 ‘WS OT "Buo] 210z JauinL
(penunuo)) aWIl Y3addn
onel (anjea-d) (anjea-d) 3juiod swiy eSdN eSd awn dnoub apsnw (31un) saJnjesy 3a[gns u ubisap (4e3h)
ujonao\_ﬁ_ SdN S3 Sd S3 uonenjean3 pPosSsassy  22IAap mc_\_:wmwz >U:um Joyine isdi4

aw ul abueyd

At=1p

NIl

yibuaiis appsn|y *(panuiauo)) I ajqel

NIl

J Rehabil Med 54, 2022


https://medicaljournalssweden.se/index.php/jrm/index

Skeletal muscle changes in the first 3 months of stroke recovery p. 11 of 19

%0 (.50'0>) €z’0- (.100°0>) 09°0- "LsA’L
%0 (.50'0>) 0z'0- (.7100°0>) 8+'0- fLsA’L
%0  (.50'0>)81°0- (.,T00°0>) 0¥'0- ‘LsA’L (8'9) £'€T (T°2) €12 P8z 'L abers
%0 (uN) £0°0- (uN) TT°0- FLSACL (6'9) 5°€C (€0 1Tee  PreL T @Mw My cadhy
%0 (4N) T0°0- (4N) 2070~ MF SA MF (9°2) 9€e (92) 92z PYT _MF 19oNpSUE) ZHIW 8 u8Z 1162 :Sd
%0 (4N) TT°0- (¥N) €1°0- LsA L (¢20) vve (£72) 9°€e pPL: L ‘apow-g ‘Buibew) A9/ F1°78 9by (9%) 0202
%0 (s0'0<)800- (.100°0>) £Z'0- f1sA°L (1) 0'sT (z1) 9'se PT :°L  Slosusixa aauy| punosesn 4b€ ‘WET LS ‘Buot eINX0Y
(dWIT ¥3IMOT) SSANIDIHL ITISNKW
abe3s
93ndeqns Ajes pue ajndy
(wo) AN :odAL
. J30npsued} ZHW 0T YN :Sd
N (ov'0) 82°T PTT 1 ‘apowl-|y ‘buibew AQ'TTF0'T9 2by (zs) zooz
%0 YN (L100°0>) TO'T- f1sA°L UN (ev°0) T2°C PT :°L siosusxe moq|3 punoselyn 48 ‘W8 91  ‘buo] sexnop
(aWI1 ¥3ddn) SSANMDIHL I1OSNW
%8¢ (SN) N (SN) VN fLsA°L
z 0 € UMum
%82 (SN) ¥N (SN) WN Lsn’l . (566-7'T£) 9°S6 (S'10T-£'92) L'¥6 P8z 'L 33n0eqNS Aes pue a3noy
%0 (SN) ¥N (SN) N fLsA‘l L, (S'TOT-T'09) 0'Z8 (00T-1°19) 2'08 PTZ ‘L WUN :odAL
z T ' (zwo) YN :Sd
%9 (SN) VN (SN) N 1SA 'L +(£26-08L) L'96 (8'107-9°€8) ¢'¥6 PYT L sjuswWaINseaW A S TTF0'99 by (9€) 9002
%¢T (SN) YN (SN) N f1sACL +(5'50T-6'19) G'69 (£°901-0°€9) 959 pL:°L ssjsnw jled ploj unis 4L 'WTT 8T ‘buot  AAST-uneD
%82 (SN) WN (SN) N fLsA’L
%8¢ (SN) VN (SN) VN ‘LsA’L . (£'65T-9'02T) 8'2ST  (2'89T-S'STT) T'8¥T P8z L
beys aynoeqgns
Ajea pue a3ndy
m . 2 N :9dAL
%0 (SN) WN (SN) WN LSA®L .(£'0LT-220T) S'€€T (T'LST-P'ETT) £'SST PTCT 'L (u) N :Sd
%9 (SN) VN (SN) YN CLsATL L (£°0LT-€79€T) T€9T (L' TLT-Y'EET) L7297 PPT 'L sjusWaINseaW A S TTF0'99 by (9€) 9002
%¢T (SN) VN (SN) YN '1sA°L (T°£81-9°€2T) +'SST  (0°69T-7'8TT) 9°EHT pL:°L sapsnw ybiyL ploj upis 4L 'WTT 8T ‘buot  Ans7-uned
(¥01) veipap (¥01) ueipap
(gWIT ¥3IMO1T) VIUV TVNOILIIS-SSOUD
%8¢ (SN) WN (SN) ¥N fLsA°L
%82 (SN) ¥N (SN) ¥N ‘LsA’L (L'6V-8'TP) 6'St (5'05-0"2v) T'Lb P8z ‘L
%0 (SN) WN (SN) WN fLsAtL (b 15-6'v€) 8T (1°05-2'v€) €v PTZ ‘L
%9 (SN) VN (SN) YN ‘Lsa’yL (T'8v-€'€b) 6'Sh (6'8v-v'Tt) T'Lb PPT :'L
%2¢ (SN) ¥N (SN) N f1sA°L LLv-vLE) €°5p (5'8e-£€€) 6'S€E P, :°L S9pPsSNW wiealod
(401) ueipap (¥01) ueipaw
%82 (SN) N (SN) N fLsA’L be3s
%8T (SN) WN (SN) WN Lsa’L .(0°7L-'6S) SS9 (9'5£-€'85) €'09 P8z L aindeqns Anes Unm wm&
%0 (SN) wN (SN) WN fLsAtL +(8'SL-6"vY) 109 (8'9£-0"v¥) 209 PTZ L (;uo) N :Sd
%9 (SN) ¥N (SN) ¥N ‘Lsa’yL . (£'89-7'29) 0°99 (9'z-£'85) £°59 PpT :'L sapsnw SsjusWaINSEaW A S TTF0°99 96y (9€) 9002
%22 (SN) YN (SN) YN "1sA°L (8'¥9-1'19) 6'29 (8'29-1°8S) S'09 pL:°L we saddn ploj upis 4L 'WTT 8T ‘buo  AnsT-uLed
(¥01) ueipap (¥01) ueipap
(dWIT ¥3ddNn) VIV TVNOILDIS-SSOUD
onel (anjea-d) (anjea-d) 3juiod swil ¢SdN «Sd awn dnoub apsnw (31un) 201A8p saanieay 103[gns u ubisep (4edA)
no-doag SdN Ss3 Sd s3 uoljen|eng passassy bulinses|y Apnis Joyiny

awn ul abueyd

At=1p

NIl

9zIs 3|2sn|y "II @|qel

Nl

J Rehabil Med 54, 2022


https://medicaljournalssweden.se/index.php/jrm/index

Skeletal muscle changes in the first 3 months of stroke recovery p. 12 of 19

*((50°0>d) sopis y30q usamiaq ouatayIp Juedylubis) ., 10 ((§0°0=Zd) SOpPIS Yl0q USaMIDQ SDUDIBHIP OU) | YIM paxJew
3Je apis onaJled-uou pue d3aJed 3y} usamlaq sduaLRYIp buiuodad saIpnisS Juedylubis Ajjed13SIIelS, pauUOIIUSLL SSIMIBYIO SSI|UN SUOIIRIASP pJepue)s pue sueaw se pajiodad ale apis diaJed-uou pue d3a4ed ayj JO SoN|eAe

*UOIIRIASP pJepuUR)S : QS ‘ddoualaylp ueaw QW ‘ebues ajuenbiajul 1YOI ‘Sat3wi|iw ww ‘saupwuad 1w ‘welb :ub !pasAjeue jou :yN ‘uedyiubis Jou SN {pajiodad Jou YN ‘S9X041S 19} SABp uesw :p ‘uonen|ead
Jo jujod-awny 1 ‘o1beyaiowsey H o1waeyds i1 ybu iy ‘Y3 i Bjewsy 4 BjeW (W {|eu3 pajo43uod |ediuld 110D ‘leulpnyibuo *buo (9z1s 1090 1S3 ‘apis d13aJded-uou (SdN ‘apis onaled :Sd ‘sjuedpied jo saquinu iu

abe3s
9jnoeqns Ajes pue a3ndy
(TO'€9€T) 8€°T£89 (18'68€T) £2°T€69 p9s :'L syjuow
%TT (s0'0<) s0°0- (s0'0<) 010~ f1sA°L (88°02+T) 69°5769 (16°28%T) TE€HL0L pL:°L quiip Jomo  (46) Jsuueds yx3aa Z Ag>jjem 0y 319y €1
abe3s
(59°282T) 85°8159 (82°¥STT) 26'v629 pos 'L 23noeqgns Allea pue 23ndy
syjuowl (b¥) TTO0C
%It (.50'0>) €z°0-  (.S0°0>) 9€'0- f1sA°L (S9°STET) £€8'2€89 (46°62ST) 2v'96L9 pL:°L qui| JamoT  (46) Jouueds yxaa ZAg>emoyaigeloN 2T ‘buo  ussuabuor
(dWI1 ¥aAMOT) SSYIW I1OSNIW NV3I1
23noeqns Ajes pue 23ndy
: (wo) H8 ‘10T :2dAL
s(r'1)6'C ¥1)oe poT 'L J90npsuely ZHW 8 bTT “12 :Sd
‘apow-g ‘Buibeuw! A €'0TF€£99 aby (85) qozoz
%0 (.£00°) ¥N (.#70°) YN f1sA°L (pT1)Sse (z1)1e pz :°L  SI0SUSIXa d8UY punosesn El 8T ‘Buo’ 20ZON
(401) ueipap (401) uveipaw
93noeqns Ajes pue a3ndy
(%) H8T ‘14T :2dAL
: J20npsuel) ZHIW 8 bz 1€ 1Sd
PTCZ L ‘apow-g ‘Buibew AQ0TF0°59 26y (£5) eozoz
%0 (dN) YN (4N) YN "1sA°L (zzr)eti- (2'v1) 6°9T- ps:°L  SI0SUSIX3 S8UY punose.yn 4PT ‘WIY SS ‘Buot 90ZON
(@s)’1-"1 aw (@s)’1-"1 aw
93noeqns Apea pue a3ndy
(wo) YN :2dAL
Jaonpsued) ZHW 8 N :Sd
uN (v£'0) £9°C pLT 'L ‘apow-g ‘buibew AO'TTF0'99 2by (ss) 8102
%0 UN (.T00°) TH'0- f1sA°L UN (2£70) 86'C pe :°L  SIosusIxa IvU punoselyn 4ET Wy LT ‘buo 20Z0N
abeys
93noeqns Apea pue a3ndy
(wd) YN :2dAL
. J20npsuel) ZHIW 8 Ay 19 :Sd
(z6'0) 29°C (89'0) 0T'C potT 'L ‘apow-g ‘Buibew AV TTFT°€9 o9by (95) 2102
%0 (.500°) §8°0- (.500°) 0€' 1~ F1sACL (65°0) 62°€ (09°0) £0°€ pz :°L  Slosudixe aduy| punosesn 4€ ‘WL ot 100 20ZON
abejs
93noeqns Apes pue a3ndy
(ww) HET ‘18T :2dAL
J20npsuel) ZHIW 8 dPT 14T 1Sd
NOAVARS 74 (8'9) 1'2C PoT 'L ‘apow-g ‘Buibew A8 ZTFE 0L by (¥S) 9102
%0 (.100°0>) 65°0- (,700°0>) #8°'0— F1sA°L (€2) 9'8¢ (172) 0'8C pz :°L  Slosusxe avuyf punosenn 46 'WzT 1€ ‘buot 90ZON
%0 (.100°'0>) ¥5'0- (,700°0>) 80— "LsA %L
%0 (,100'0>) 6£°0-  (.T00°0>) 6£°0- fLsA°L
%0 (.100°0>) 0€0-  (.100°0>) 6t°0- “sA°L (+'9) 922 (z9) v'1e P8z : noeans Au wmsﬁm
%0 (¥N) ST°0- (N) S00-  "LsAfL (69) 9'€2 (89)c1e PITL wwy e e AL
%0 (dN) 60°0~ (uN) 220~ sl (o) zve (29) ez PYT L 130npSURL} ZHIW 8 ¥/T 122 iSd
%0 (¥N) 60°0- (¥N) ST°0- 1LSA L (89) 8'C (89) 't pL: L ‘apow-g ‘Buibew A 8'6F8°08 96y
%0  (.50'0>)zz'0-  (.50°0>) pE'0- "1sA°L (CWARA T4 (£9) L9T PT :°L  Slosusixe ssuyf punoselyn 402 ‘W6T 6€
(panunuo)) (aWIT1 YIMOT) SSANMIIHL IT1OSNKW
oneJ (anjea-d) (anjea-d) 3julod awil °SdN °Sd swn  dnoub apsnw (31un) 221A8p saJiniesy 10algnsg u ubisep (1e2A)
no-douq SdN S3 Sd S3 uopen|eAs passassy Bulinses Apms Joyny

aw ul abueyd

At=1p

NIl

az|s 3psn|y *(panunuo)) II d|qeL

NIl

J Rehabil Med 54, 2022


https://medicaljournalssweden.se/index.php/jrm/index

JRM

JRM

JRM

Skeletal muscle changes in the first 3 months of stroke recovery p. 13 of 19

(32,37, 38,40,47,49, 56, 59, 63, 66, 68) or a placebo
intervention combined with usual care (32, 43, 45, 51).

Patient characteristics

In total, 1,097 stroke survivors (598 males, 499 fema-
les; mean age 67 years) participated in the included
studies. Muscle characteristics of the subjects were
assessed in the acute and early subacute stage post-
stroke (32, 33, 36,4042, 44,4648, 50, 5254, 5658,
66) or exclusively measured in the acute (55) or early
subacute stage (Tables I and IT) (31, 34, 35, 37-39, 43,
45, 49, 51, 59-65, 67, 68).

Outcome measure characteristics

Data extraction revealed 4 outcome measures of interest:
muscle strength (i.e. lower limb (31, 34, 36, 49, 62, 63),
upper limb (31, 33, 35, 39, 59, 61, 64, 65), grip (32, 33,
36-38,40-43,45,47,50,51, 53, 59-61, 64, 66—68) and
pinch strength (32, 48, 68)), muscle thickness (46, 52,
54-58), muscle cross-sectional area (CSA) (36) and lean
muscle mass (44). No data on muscle fibre characteristics
were reported. The preferred assessment tool to objecti-
vely quantify muscle strength was a hand-held dynamo-
meter, which was used in the majority of the included
studies (73%) (31-34, 36-39, 41,42, 45,47,49-51, 53,
59, 62, 64, 66-68). Muscle CSA was determined via
anthropometric skin fold measurements (36), whereas a
Dual Energy Xray absorptiometry (DEXA) scanner and
an ultrasound system were used to respectively measure
lean muscle mass (44) and muscle thickness (46, 52,
54-58). The assessed muscle groups in the lower limb
were hip flexors (31, 34), knee extensors (31, 34, 36,
46, 49, 54-58, 62, 63), knee flexors (49, 63) and ankle
dorsiflexors (31, 34). The muscles of the upper extremity
being evaluated were the shoulder abductors (31, 33, 65),
adductors (65), flexors (65) and extensors (65), elbow
flexors (31, 33, 35, 39, 61, 64) and extensors (31, 35, 52,
61, 64), and wrist extensors (31, 59, 61). Studies focused
mainly on the evaluation of the muscle groups on the

paretic side. Data of the non-paretic side were reported
in less than half of the included trials (45%) (31, 34, 36,
43-46,49-51, 53, 54, 56-58, 62—64).

Quality assessment

Fig. 2 represents a summary of the authors’ judgement
about each risk of bias item. Sampling bias was rated
“high” in 30 studies because recruitment of the target
population took place in only 1 centre or because a spe-
cific target population was recruited for the study (31,
32,3646, 48-52, 54-59, 61, 62, 64, 65, 67, 68). The
remaining 8 studies were rated “unclear” (33-35, 47,
53, 60, 63, 66). Due to insufficiently reported informa-
tion about 1 of the pre-specified confounding variables,
confounding bias was rated “unclear” in 26 studies
(32,33,35-40,43, 44, 46,47, 49, 50, 52, 54-60, 62, 64,
66, 68), whereas the remaining 12 studies were rated
“high” because of the large age differences at study
onset (31, 34, 41, 42, 45, 48, 51, 53, 61, 63, 65, 67).
Performance bias was unclear in every study because
there was insufficient information about the timing of
the assessments during the day. Detection bias was low
in 27 studies (31-34, 37-39, 41, 42, 4447, 49-52,
54-58, 61, 64, 66—68) and unclear in the remaining
11 studies because information about the measurement
device was insufficiently reported (35, 36, 40, 43, 48,
53, 59, 60, 62, 63, 65). Attrition bias was rated “low”
in 15 studies (38, 40, 43,46-51, 54,57, 59, 60, 65, 68),
“unclear” in 16 (31-35, 41, 42, 45, 52, 55, 61-64, 66,
67) and “high” in the other 7 studies (36, 37, 39, 44,
53, 56, 58). Only 6 of the included studies reported a
pre-specified protocol and therefore reporting bias was
rated “low” (40, 43, 45, 51, 66, 68), whereas reporting
bias of the other 32 studies was rated “unclear” (31-39,
41, 42, 44, 46-50, 52-65, 67).

Synthesis of the results
The means, SDs, significance values and effect sizes
of all included studies are shown in Tables I and II.

Sampling bias

Confounding bias

Performance bias

Detection bias

Attrition bias

Reporting bias

0% 25% 50%

75% 100%

. Low risk of bias |:| Unclear risk of bias

Il High risk of bias

Fig. 2. Risk of bias assessment.
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Twelve studies did not report mean values and SDs
and were excluded from quantitative data-analysis
and therefore will not be discussed in the following
paragraphs (33, 35, 36, 39, 41, 42, 53, 57-61).
Detailed information about these studies is reported
in Tables I and 11.

Muscle strength

The examined muscle groups of the lower limbs
(i.e. hip flexors, knee flexors, knee extensors and
ankle dorsiflexors), measured within the early suba-
cute stage, showed a significant increase in muscle
strength on the paretic side with moderate, positive
effect sizes (p<0.05, g,: 0.34-0.70) (31, 34, 62, 63).
A single study did not report significant changes in
knee flexors and extensors, but did find a similar trend
towards an increase in muscle strength over time with
positive, small effect sizes (knee extensors: p=0.07,
g,: 0.31; knee flexors: p=0.27, g: 0.21) (49).
Concerning the non-paretic side, muscle strength
of the lower limbs significantly increased in the hip
flexors (p<0.05, g,;: 0.24-0.25) and ankle dorsiflexors
(»<0.05, g,: 0.26-0.31) (31, 34), whilst studies that
investigated the knee extensors and flexors reported
mixed results (p<0.001 to p>0.05, g: 0.06-0.28)
(31, 34,49, 62, 63).

The muscle groups of the upper limbs were assessed in
the early subacute stage after stroke. Studies reported a
significant increase over time for elbow flexors, elbow
extensors and wrist extensors on the paretic side with
small to moderate effect sizes (p<0.001 to p=0.046,
g,: 0.17-0.40) (31, 64). Changes in muscle strength
of the shoulder abductors were inconsistent between
studies (»<0.001 to p>0.05, g: —0.15 to 0.28) (31,
65). The muscle groups of the shoulder flexors, ex-
tensors and adductors were examined only in a single
study which showed non-significant changes over time
(p>0.05, g,: —0.43 to 0.76) (65). Regarding the non-
paretic side, studies reported a significant increase for
the wrist extensors (p<0.001, g,: 0.23) (31), a non-
significant change over time for the shoulder abductors
(p>0.001, g.: 0.16) (31) and mixed results for the
elbow flexors and extensors (p<0.05 to p>0.001, g, :
—0.05 t0 0.43) (31, 64).

Studies that measured grip strength within the early
subacute stage demonstrated positive effect sizes
representing an increase over time. However, signifi-
cance values and the size of the effects showed large
discrepancies between studies measuring grip strength
on the paretic side, with non-significant changes and
small effect sizes being reported on the paretic side
(»p>0.05, g,: 0.01-0.14) (43, 45, 68), whilst other
studies showed a significant increase with small to
large effect sizes (p<0.05, g,;: 0.25-1.16) (37, 38, 64,

67). This variability is also presented in studies eva-
luating grip strength changes between the acute and
early subacute stage with effect sizes ranging from
small to large (g,;: 0.12-0.97) and both significant (40,
50) and non-significant (32, 66) changes are found.
Studies investigating grip strength on the non-paretic
side showed an overall non-significant change over
time, with only 1 study reporting significant changes
with moderate, positive effect sizes (p<0.05, g:
0.33-0.38) (64).

Pinch strength was examined in 1 study within the
early subacute stage, which showed a non-significant
change over time on the paretic side with a small ef-
fect size (p=0.087, g,=0.12) (68). Two other studies
reported pinch strength data assessed between the
acute and early subacute stage with small to moderate
positive effect sizes (g,: 0.08-0.67) representing an
increase on the paretic side (p=0.04 and p>0.05)
(32, 48). No studies examined pinch strength on the
non-paretic side.

Muscle thickness

Muscle thickness was measured in the muscle groups
of the knee extensors (46, 54—57) and elbow extensors
(52). Studies assessing stroke survivors between the
acute and early subacute stage found a significant
decrease in muscle thickness of the knee extensors
on the paretic side with moderate to large effect sizes
(p<0.001 to p<0.05, g,: —0.40 to —1.30), whereas
small to large effects were observed on the non-paretic
side (p<0.001 to p<0.05; g,: —0.18 to —0.85). One
study reported changes in the knee extensors’ muscle
thickness within the acute and early subacute stage,
showing a significant decrease on both sides (» <0.05,
g,.—0.01t0-0.34) (46). Although the elbow extensors
were only addressed in a single study, a large nega-
tive effect size was found representing a significant
decrease in muscle thickness between the acute and
early subacute stage (p<0.001, g, =-1.01) (52).

Lean muscle mass

Jorgensen et al.’s study was the only one investigating
lean muscle mass in the early stage post-stroke (44).
They divided the stroke population into 2 subgroups
based on the subjects ambulation type. Results sho-
wed a significant decrease in lean muscle mass on
the paretic and non-paretic side for patients who were
not able to walk 2 months post-stroke with small to
moderate effect sizes (paretic side: p<0.05, g, =-0.36;
non-paretic side: p <0.05, g ,=-0.23). In contrast,
subjects who were ambulant after 2 months showed
no significant decrease in lean muscle mass on both
sides (paretic side: p>0.05, g, =-0.10; non-paretic
side: p>0.05, g, =-0.05).
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Cross-sectional area

Only 1 study investigated the cross-sectional area in
the acute and subacute phase after stroke, using skin-
fold measurements (cm?) of the upper arm muscles,
forearm muscles, tight muscles and calf muscles. No
significant changes were reported between the different
time-points for the paretic and the non-paretic side.

DISCUSSION

Summary of the evidence

The aim of this systematic review was to synthe-
size available evidence describing the time-course
of peripheral skeletal muscle changes measured by
objective, quantitative assessment methods in the first
3 months post-stroke.

Atotal of 38 studies investigating time-related changes
in muscle characteristics in 4 different outcome mea-
sures were identified. In general, the results revealed
an overall mean increase in muscle strength on the
paretic side, whereas muscle thickness in the upper and
lower limb decreased. Lean muscle mass and muscle
CSA were only examined in a single study, but results
showed a trend towards a decrease in lean muscle mass
in the lower limbs of non-ambulant stroke survivors,
whereas muscle CSA seemed to remain unchanged in
the early subacute stages post-stroke. Similar results
were found on the non-paretic side, but these changes
were smaller compared with the paretic side.

The general increase in muscle strength in the first 3
months of stroke recovery is probably due to inpatient
rehabilitation, where clinicians nowadays are using a
broad range of evidence-based interventions to im-
prove motor recovery (2). In addition, spontaneous
recovery mechanisms will contribute to this early gain
in muscle strength (21). Despite the overall increase in
muscle strength, which might indicate early recovery,
results should be interpreted with caution.

The benefits of early stroke rehabilitation are bey-
ond doubt, yet the calculated effect sizes for muscle
strength were generally small to moderate, indicating
that there is still room for improvement. Moreover,
an early decrease in muscle thickness was found
despite participants receiving conventional therapy.
This finding is in line with previous research that
reported stroke-induced muscle wasting (7, 8). More-
over, it seems that this phenomenon is not only due to
sarcopaenia (i.e. age-related loss of muscle mass and
muscle strength) since stroke survivors show higher
prevalence rates of muscle wasting compared with
healthy people, even after controlling for age, sex and
race (69). These results might indicate that more atten-
tion for specific therapy regimens, directly aimed at

the level of the skeletal muscle, is warranted to prevent
loss of function and to optimize recovery (70).

One might question if the observed changes in muscle
strength are the result of true changes in the underlying
physiology and mechanical properties of the skeletal
muscle or due to neural adaptation. Understanding of
“how” muscle strength changes are achieved early after
stroke is essential to better understand the complex
stroke recovery process. Besides the increase in muscle
strength, the results of this review revealed a concomi-
tant decrease in muscle thickness, which might seem
contradictory at first sight. Yet, previous research has
shown that there is no one-to-one relationship between
those 2 parameters, suggesting that other factors contri-
bute to the recovery of muscle strength (71). One such
factor, besides neuromuscular changes, may be the
architectural properties of the skeletal muscle, which
play an integer role in the force-generation process.
Muscle fibre length, pennation angle and physiologi-
cal CSA are deemed the most important architectural
parameters and therefore, structural changes of these
properties might influence force production (15). Ho-
wever, to the best of our knowledge, the impact of such
changes on force production has not been investiga-
ted in (sub)acute stroke patients, and, therefore, this
should be considered speculative and warrants further
investigation. Nevertheless, previous research in ch-
ronic stroke survivors has already presented evidence
that changes in the architecture of the muscle occur
(i.e. decreased fibre length) and contribute to strength
deficits (16), but no information for (sub)acute stroke
patients is available. Only a single study measuring
muscle CSA was included in this systematic review,
which made it difficult to draw uniform conclusions
towards its influence on recovery (36). Therefore, the
structure-function relationship in the early recovery
process after stroke remains unclear because no other
studies investigating the architectural properties were
found during the systematic search of this review.

Furthermore, the results reported by the included
studies were highly variable, with effect sizes ranging
from small to large and noticeable discrepancies in the
significance values. This heterogeneity is likely due to
researchers using different measurement tools, units,
and procedures to address their outcome measure and
variable time-windows to assess muscle changes. In
addition, stroke research has shown that recovery
profiles vary greatly between individual stroke sur-
vivors (72). This might raise the question of whether
different processes underlie recovery for subjects
recovering better and faster compared with others.
Indeed, the results reported by all of the included
studies are summarized values (e.g. means) which
represent stroke recovery at group level. However,
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with the different recovery profiles in mind, it might
be interesting to closely observe individual muscle
changes rather than focusing on the group level.
Although none of the trials in this systematic review
statistically established these individual muscle tra-
jectories, some of the authors plotted individual data
in figures (39, 55) or additional tables (50). Cortes et
al., for example, illustrated the time-course of biceps
muscle strength for each individual stroke participant
(39). This figure shows a clear diversity in the recovery
patterns of stroke survivors and confirms that not every
patient has the same potential to recover after a stroke
incident. Knowledge of the underlying mechanisms
contributing to this large recovery variability within
the stroke population is fundamental for both research
and clinical practice. The possibility to distinguish
subgroups within a certain population would make
it easier to select a specific group for testing a given
treatment or personalize therapeutic stroke interven-
tions (4, 73).

Study limitations

This systematic review has a number of limitations. An
important key issue was the large variability between
the included studies, which made it difficult to compare
results. By dividing the time after stroke into clear
cut-off phases, as suggested by the Stroke Consortium
(4), we tried to facilitate comparison. However, timing
of the measurements regarding stroke onset differed
greatly between the included studies. Research has
shown that most recovery occurs in the first 3 months
post-stroke, but knowledge about the exact time-
window during which muscle-related recovery takes
place remains unclear.

Another constraint was the sources of bias in the
included trials. The overall high risk of sampling
bias is important to consider, since most studies
recruited participants in only 1 centre or recruiting
a specific target population (e.g. subjects with low
baseline strength). Although the patient’s baseline
level of functioning and stroke severity were not
taken into account in this systematic review, it might
be noticed that this will probably have clinical im-
plications towards the reported muscle changes. In
stroke recovery, a rule of thumb is that subjects with
initially more severe deficits are less likely to make
a good recovery. However, not every patient seems
to fit this proportional recovery rule (74). This once
again highlights the importance of reporting indivi-
dual changes over time and the need to specify clear
subgroups in stroke survivors.

Furthermore, the pre-specified confounding variables
were insufficiently reported in most studies, especially
nutrition, smoking and physical activity status, which

could result in a potential bias as these confounding
factors might have an influence on muscle changes
post-stroke.

Finally, studies that used surface electromyography
as a measuring device to assess muscle activity were
excluded from this systematic review because data
are likely to be influenced by the position of the
electrodes, the analysis methods, rapportage of the
results, which would complicate comparison between
studies (75). However, the results of these measure-
ments could be of important clinical relevance and
might therefore be an interesting topic for future
research.

Future research

This review gathered all information about skeletal
muscle changes in the acute and early subacute stroke
population, yet it also uncovered important shortco-
mings in the existing stroke literature that should be
considered in future research about this topic.

First, this review identified a lack of studies investi-
gating architectural properties in the first 3 months
after stroke. Future studies addressing these outcome
measures are recommended, as they might help to
better understand the recovery process.

Secondly, standardized time-intervals to assess post-
stroke muscle changes are lacking and causing a large
heterogeneity between studies. Although the time
after stroke was divided into phases in this review, the
evaluation time-points did not entirely fit into these
clear-cut sequences. Defining critical time-points in
stroke rehabilitation to explore muscle trajectories in
a uniform matter and to determine the optimal timing
to implement interventions is recommended.

Thirdly, muscle changes are only reported at group
level. Since stroke patients show an individual reco-
very pattern, it seems advisable to report individual
muscle trajectories rather than trajectories at group
level. Research into those individual trajectories
would make it possible to define subgroups within
the stroke population for research or clinical pur-
pose and might permit future research to investigate
the effects of interventions tailored to these specific
patient profiles.

Finally, potential confounding factors, which might
have an influence on peripheral muscle changes, were
only taken into account to a limited extent. A number
of these confounding factors are already proposed in
this review within the context of confounding bias and
based on experts’ advice (e.g. age, nutrition, physical
activity) (Appendix 2). These suggested confounding
factors are not exhaustive and should be further explo-
red in future research.
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CONCLUSION

Skeletal muscle changes in the first 3 months of stroke
recovery show a clear trajectory at the group level on
the paretic side, with an increase in strength (muscle
strength, grip strength and pinch strength) and a de-
crease in muscle thickness, whereas lean muscle mass
and muscle CSA were insufficiently investigated to
draw firm conclusions. More attention on specific th-
erapy regimens, directly aimed at the skeletal muscle,
is warranted to prevent loss of function and to optimize
recovery post-stroke. Understanding of “how” muscle
strength changes are achieved early after stroke could
lay important foundations for advances in future stroke
rehabilitation interventions.
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