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Abstract
Background  A discrepancy between the level of impairment at the upper extremity (UE) and its use in activities of 
daily life is frequently observed in individuals who have experienced a stroke. Wrist-worn accelerometers allow an 
objective and valid measure of UE use in everyday life. Accelerometer studies have shown that a wide range of factors 
beyond UE impairment can influence UE use. This scoping review aims to identify factors associated with UE use and 
to investigate the influence of different types of accelerometry metrics on these associations.

Method  A search using CINHAL, Embase, MEDLINE, Compendex, and Web of Science Core Collection databases was 
performed. Studies that assessed the association between UE use quantified with accelerometers and factors related 
to the person or their environment in individuals with stroke were included. Data related to study design, participants 
characteristics, accelerometry methodology (absolute vs. relative UE use metrics), and associations with personal and 
environmental factors were extracted.

Results  Fifty-four studies were included. Multiple studies consistently reported associations between relative UE use 
and stroke severity, UE motor impairment, unimanual capacity, bimanual capacity, and mobility. In contrast, there 
were inconsistent associations with factors such as neglect and concordance between dominance and side of paresis 
and a consistent lack of association between relative UE use and time since stroke, sex, and age. Metrics of absolute 
paretic UE use yielded different results regarding their association with personal and environmental factors, as they 
were more influenced by factors related to physical activity and less associated with factors related to UE capacity.

Conclusion  Healthcare providers should recognize the complexity of the relationship between UE use and 
impairment and consider additional factors when selecting assessments during rehabilitation to identify patients at 
risk of underutilizing their paretic arm in daily life. Future research in this domain should preconize relative UE use 
metrics or multi-sensors method to control for the effect of physical activity.
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Introduction
Between 35% and 69% of individuals who experience a 
stroke will develop paresis in one of their upper extremi-
ties (UE) [1, 2]. These UE impairments will impede the 
individual’s ability to use their UE in daily activities, lead-
ing to a decline in their level of independence and quality 
of life [3, 4]. Rehabilitation after stroke can significantly 
improve UE capacity (i.e., the ability to execute tasks 
with the UE under controlled conditions). However, 
recent studies have shown that improved UE capacity 
during rehabilitation does not necessarily translate into 
increased use of the paretic UE in daily activities [5, 6]. 
Given that improving the daily use of the paretic UE is 
of greater importance than simply improving its capacity 
[7], it is essential to specifically assess UE use in everyday 
life and to develop a more comprehensive understanding 
of the factors that may influence it.

Upper extremity use can be assessed in multiple ways, 
either using questionnaires or wearable sensors [8]. 
When using self-reported questionnaires, like the Motor 
Activity Log (MAL), individuals often overestimate or 
underestimate their performance [9]. This discrepan-
cies between self-reported and direct measures could be 
explained by the subjective nature of self-reported assess-
ments and their susceptibility to recall and social-desir-
ability bias [10, 11]. Moreover, using such questionnaires 
can be challenging in a population that frequently pres-
ents cognitive or language deficits [12, 13]. To overcome 
this challenge, the measure can be reported by a care-
giver, but this has been shown to be less reliable and often 
impractical in hospital settings [14, 15]. Wrist-worn sen-
sors, such as accelerometers, allow an ecological, objec-
tive, and valid measure of UE use in everyday life [8]. 
Accelerometers measure accelerations generated by arm 
movements and convert them into arbitrary units called 
activity counts over a predefined time epoch (generally 
1  s). Accelerometers can quantify UE use using either 
intensity or duration metrics. Intensity metrics represent 
the total activity counts across all epochs, where duration 
metrics represent the sum of all epochs during which the 
UE was moving, using a minimum activity count thresh-
old to determine the presence of movement during this 
period [16, 17]. As most studies use accelerometers on 
both wrists, accelerometry metric can also represent 
the use of the paretic UE alone, or the relative use of the 
paretic UE vs. the non-paretic UE (e.g., using a ratio). 
Thus, a large variety of accelerometry metrics have been 
used in the literature in order to quantify UE use in the 
stroke population, and each metric represents different 
aspects of UE use [18].

Recent reviews on UE use in the stroke population 
have focused on reporting the different methodological 
approaches employed or the validity of accelerometers 
[19–22]. A review with a clinical scope is needed, given 

the growing body of research exploring the relationship 
between paretic UE use and a myriad of factors ranging 
from neuroimaging markers to environmental factors. 
While a recent review did attempt to summarize the fac-
tors influencing UE use, it did not account for the differ-
ent types of accelerometry metrics [23]. This is important 
because the association between UE use and a given fac-
tor changes significantly depending on the accelerom-
etry metric that is used [24–26]. Some metrics have also 
demonstrated a better validity: for instance, the use ratio 
(duration of use of the paretic UE divided by duration of 
use of the non-paretic UE) shows better associations with 
UE impairment and capacity and is less influenced by the 
overall level of physical activity compared to unilateral 
metrics [17, 26, 27]. Finally, since many studies report 
multiple metrics simultaneously, it is crucial to extract 
each metric individually to draw accurate conclusions.

The first aim of this scoping review is to identify factors 
that are associated with UE use measured by accelerome-
try in the stroke survivors’ population. The second aim is 
to examine how these associations are influenced by the 
type of accelerometry metrics employed. This will guide 
future research by highlighting factors needing further 
investigation as well as informing methodological deci-
sions regarding accelerometry metrics. It will also sup-
port clinicians by summarizing important considerations 
for paretic UE use in rehabilitation.

Method
This scoping review followed the Preferred Reporting 
Items for Systematic reviews and Meta Analyses exten-
sion for Scoping Reviews (PRISMA-ScR) guidelines [28].

Research strategy
Five databases were consulted: CINHAL (EBSCO), 
Embase (ELSEVIER), MEDLINE (EBSCO), Compendex 
(Engineering Village), and Web of Science Core Collec-
tion (CLARIVATE). The research strategy was based on 
three main concepts: (1) stroke; (2) accelerometers; (3) 
upper extremity. The keywords derived from those main 
concepts and the thesauri adapted for each database were 
used. The specific search strategy used for each database 
can be found in Supplementary Material (Table S1). The 
initial search in each database was launched on February 
08, 2023, and updated on March 21, 2024. Articles were 
imported to EndNote (Clarivate Analytics, Philadelphia, 
PA) and then transferred to the Covidence online soft-
ware (https://www.covidence.org), which was used to 
remove duplicates.

Article selection was made following these inclusion 
criteria: (1) included individuals with stroke; (2) used 
accelerometers to quantify the amount of UE use; (3) 
assessed the association between UE use and any factor 
related to the person or his environment (or tested the 

https://www.covidence.org
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difference between two groups in the case of dichoto-
mous variables, e.g. influence of sex or hand domi-
nance)); (4) assessed all associated variables at a given 
point in time (i.e., transversal association); (5) reported 
univariate associations; (6) had a sample size ≥ 10; (7) 
were published through a peer-reviewed process; and (8) 
full text was available in English or French. Studies only 
assessing the relationship between two measures of UE 
use were not included. Therefore, association between 
UE use with accelerometry and the MAL, video annota-
tion, or behavioral mapping were not included. The selec-
tion process was carried out independently by two of the 
authors using Covidence (L.G. and I.P.). A first screening 
was made based on titles and abstracts, and a final selec-
tion was made based on the articles’ full text. Any dis-
agreement was resolved by a third person (C.M.).

Data extraction
Data extraction for the selected articles was conducted 
by a single author (L.G). Variables extracted were (1) 
study design (2), aims (3), sample size (4), level of UE 
impairment (5), recovery stage and time since stroke 
(recovery stage followed SRRR guidelines [29]) (6), 
accelerometer method (model used, number of axes, 
sampling frequency, epoch length, time of wear, accel-
erometer metrics); (7) personal and environmental fac-
tors studied (classified according to the ICF model), and 
(8) associations between the factors and accelerometer’s 
metrics. The results reported were correlations (Pearson 
and Spearman), univariate regression, machine learning 
predictive model or between-group differences in the 
case of dichotomous variables (i.e., gender, dominance). 
When both univariate and multivariate analyses were 
presented in the same article, only univariates analyses 
were extracted. When results were available as part of a 
clinical trial, only baseline associations were extracted. 
When raw results were available, but associations were 
not analysed or presented in the articles, correlation 
and between-group analyses were performed using IBM 
SPSS Statistics (IBM SPSS Statistics 29, IBM Corp., NY, 
USA). Pearson’s correlation and t-test were used when 
distributions were normal, Spearman’s correlation and 
Mann-Whitney U test were used when the normality 
assumption was not met.

Only associations with accelerometry metrics quan-
tifying UE use were extracted. Metrics related to move-
ment quality (i.e., jerk) or global physical activity were 
not extracted. Accelerometry data collected only during 
therapy were not extracted, as paretic UE use would be 
heavily influenced by this context and would not repre-
sent UE use in everyday life.

Data synthesis
The following benchmarks were used to determine the 
strength of the associations: perfect (r = 1.00), strong 
(r = 0.70–0.99), moderate (0.40–0.69), low (0.10–0.39), 
and no association (< 0.10) [30]. When an R2 from a 
regression was presented, the square root was applied 
to the result to compare the association with the same 
benchmarks. For differences between groups, as well as 
for the other types of analysis (i.e., machine learning pre-
dictive model), the presence or absence of an association 
was determined, but the strength of the association was 
not determined. When multiple associations were avail-
able for the same variable in a given study (i.e., results 
presented for different subgroups, different time points 
or multiple factors assessing the same construct), the 
average was selected for the synthesis. For example, if 
a study carried out three measurements over time and 
obtained two moderate associations and one strong asso-
ciation, a moderate association would be retained for the 
synthesis.

The International Classification of Functioning, Dis-
ability and Health (ICF) framework of the World Health 
Organization was used to classify the multiples factors 
that could potentially influence UE use. The ICF is a 
framework that provides a standardised way to describe 
and classify factors related to health and disability [31]. 
In order to reach a conclusion about the consistency of 
the association for a given variable across studies, the 
method described by Streber et al. was used [32]. Table 1 
presents the summary method employed.

Considering the great variability in the UE use met-
rics reported in the literature, they were divided into 
categories. First, it was determined whether the metric 
represented the utilization of the paretic UE alone (e.g., 
duration of use of the paretic MS) or the relative use 
of the paretic UE vs. the non-paretic UE. Examples of 

Table 1  Summary method
Summary code % of studies supporting an association Number of studies investigating the variable
0 = no association 0–33% < 4
00 = no association 0–33% ≥ 4
? = inconsistent association 34–59% < 4
?? = inconsistent association 34–59% ≥ 4
+ = consistent association 60–100% < 4
++ = consistent association 60–100% ≥ 4
*Table adapted from Abid et al. [33]
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common relative UE use metrics are the use ratio, where 
duration of use of the paretic UE is divided by duration of 
use of the non-paretic UE, or the laterality index, where 
activity of the paretic UE is subtracted from the activity 
of the non-paretic UE and then normalized by the total 
activity of both UE [17, 34]. Definitions and equations 
of common UE use metrics can be found in Supplemen-
tary Material (Table S2). Then, the metric was classified 
as representing the duration of use (i.e., number of hours 
of daily use) or the intensity of use (i.e., number of activ-
ity counts or vector magnitude). This led to the follow-
ing four categories: [1] absolute paretic UE use duration; 
[2] absolute paretic UE use intensity; [3] relative UE use 
duration; [4] relative UE use intensity.

Results
The database search identified 3401 studies. Of these, 
1499 were duplicates identified by Covidence and 119 
more duplicates were identified manually. After titles and 
abstract screening, 1597 studies were classified as irrel-
evant. The remaining 186 studies were screened based 
on full text, and 54 articles were finally included in the 
review. The PRISMA flowchart is presented in Fig. 1.

Studies characteristics
The characteristics of the studies included in the review 
are presented in Table  2. The time post-stroke ranged 
from acute to chronic stroke and arm impairment ranged 
from mild to severe deficits. Most studies collected accel-
erometry data in the community or in a stroke unit, and 
a few studies collected data in a laboratory setting (i.e., 
performing activities of daily living in a simulated liv-
ing environment). Most of the studies came from North 
American (44%), European (33%), and Asian countries 
(15%).

A wide range of UE use metrics were used through the 
studies, often with multiple metrics used within a given 
study. The most reported metrics were relative UE use 
intensity metrics, where activity counts were cumulated 
over each epoch for both arms and then compared using 
a ratio or a delta count. Of the 54 included studies, 30 
reported relative UE intensity metrics (56%), 21 reported 
relative UE duration metrics (39%), 19 reported abso-
lute paretic UE intensity metrics (35%), and 15 reported 
absolute paretic UE duration metrics (28%). A posteriori 
decision was made to combine the results of the two cat-
egories of relative UE use metrics (relative intensity and 

Fig. 1  PRISMA flow diagram
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Firstauthor 
(year)

N Time post 
stroke

Setting UE use 
metric

Factors studied

Almubark 
(2018)

45 Chronic Community Relative: I Body S&F: UE Kinematics, Compensatory movements, UE motricity
Activity: Unimanual capacity

AltMurphy 
(2019)

28 Subacute Stroke unit Relative: I
Absolute: I

Personal: Concordance
Environmental: Weekend vs. Weekday

Andersson 
(2021)

26 Subacute Stroke unit Relative: I
Absolute: I

Health condition: Stroke type, Time since stroke
Body S&F: UE motricity, UE spasticity, UE pain, UE sensory, LE motricity, LE 
non-motor
Activity: Mobility, General Autonomy
Personal: Sexe, Age, Concordance

Bailey (2015) 46 Chronic Community Relative: T
Absolute: T

Health condition: # comorbidities, time since stroke, # of stroke
Body S&F: Cognition, Depression
Activity: Unimanual capacity, General autonomy
Participation: Physical activity
Personal: Age, Concordance
Environmental: Living arrangement

Bailey (2015) 48 Chronic Community Relative: I Activity: Unimanual capacity
Personal: Concordance

Barth (2020) 25 Acute Stroke unit Relative: T
Absolute: T

Body S&F: UE motricity
Activity: Unimanual capacity

Barth (2020) 78 Chronic Community 
and labora-
tory setting

Relative: I, T
Absolute: I

Body S&F: Compensatory movements

Bezuiden-
hout (2022)

40 Chronic Community 
and labora-
tory setting

Relative: I Body S&F: UE motricity
Activity: Bimanual capacity
Personal: Concordance

Bhatnagar 
(2020)

21 Chronic Community Relative: I, T
Absolute: I, T

Body S&F: UE motricity
Activity: Unimanual capacity

Bochniewicz 
(2017)

10 Chronic Laboratory 
setting

Absolute: Tc Activity: Unimanual capacity

Chen (2023) 30 Chronic Community Absolute: Ta Body S&F: UE motricity
Chin (2021) 60 Subacute Stroke unit Absolute: T Health condition: Stroke severity, Time post-stroke

Body S&F: UE motricity, UE sensory, UE spasticity, UE pain, Balance, Cognition
Activity: General autonomy, Fall risk
Participation: Physical activity
Personal: Age, Sex, Knowledge on UE, Concordance, Self-efficacy
Environmental: Social support, Time spent in rehabilitation

Chin (2020) 60 Subacute Stroke unit Relative: I, T
Absolute: T

Body S&F: UE motricity
Environmental: Therapy 
Personal: Concordance

Demers 
(2024)

30 Chronic Community Relative: T Body S&F: UE motricity
Activity: Bimanual capacity
Personal: Self-efficacy

DeNiet 
(2007)

17 Subacute 
and chronic

Community 
or Stroke unit

Relative: I
Absolute: I

Body S&F: UE motricity

Doman 
(2016)

13 Subacute 
and chronic

Community 
(Outpatient)

Relative: I, T Health condition: Time since stroke
Activity: Unimanual capacity
Personal: Age, Sex, Concordance

Duff (2022) 20 Chronic Laboratory 
setting

Relative: I Body S&F: UE motricity
Activity: Bimanual capacity

Dusfour 
(2023)

19 Chronic Community Relative: T Body S&F: UE motricity

Narai (2016) 19 Acute to 
subacute

Stroke unit Relative: I
Absolute: I

Health condition: Stroke severity
Body S&F: UE motricity, LE motricity
Activity: Unimanual capacity, General autonomy
Participation: Physical activity

Table 2  Studies characteristics
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Firstauthor 
(year)

N Time post 
stroke

Setting UE use 
metric

Factors studied

Flury (2021) 15 Chronic Community 
(Outpatient)

Relative: Tb

Absolute: Tb
Health condition: Stroke severity
Body S&F: UE motricity, Balance
Activity: Unimanual capacity, General autonomy, Mobility
Participation: Physical activity

Gebruers 
(2013)

129 Acute Stroke unit Relative: I
Absolute: I

Health condition: Stroke severity
Body S&F: UE motricity
Personal: Concordance

Gebruers 
(2011)

130 Acute Stroke unit Relative: I
Absolute: I

Health condition: Stroke severity
Body S&F: UE motricity, UE oedema

Gebruers 
(2008)

39 Acute Stroke unit Relative: I
Absolute: I

Health condition: Stroke severity
Body S&F: UE motricity

Geed (2023) 31 Chronic Laboratory 
setting

Relative: Ta Body S&F: UE motricity
Activity: Unimanual capacity

Gulde (2024) 50 Subacute to 
chronic

Stroke unit Relative: I, T Body S&F: UE strength
Activity: Unimanual capacity
Personal: Concordance, Sex

Haaland 
(2012)

60 Chronic Laboratory 
setting

Absolute: Ta Personal: Concordance

Hyakutake 
(2019)

10 Chronic Community Relative: I Health condition: Time since stroke 
Body S&F: UE motricity
Activity: Unimanual capacity
Personal: Age, Gender, Concordance

Iacovelli 
(2019)

20 Acute Stroke unit Relative: I Health condition: Stroke severity
Body S&F: UE motricity
Personal: Age, Gender, Concordance

Kokotilo 
(2010)

10 Chronic Community Absolute: I Health condition: Ipsilesional fMRI biomarker, Contralesional fMRI biomarker

Lakhani 
(2017)

18 Chronic Community Relative: I Health condition: Lesion volume, Time since stroke, myelination asymmetry 
between sensorimotor regions
Body S&F: UE motricity
Activity: Unimanual capacity
Personal: Age, Concordance

Lang (2007) 34 Acute Stroke unit Absolute: T Body S&F: UE motricity, UE pain, UE spasticity, UE sensory
Activity: Unimanual capacity, General autonomy
Personal: Concordance

Lee (2011) 16 Subacute Stroke unit 
and commu-
nity (multiple 
time points)

Relative: I
Absolute: I

Body S&F: UE motricity

Lee (2020) 29 Chronic Community Relative: I Body S&F: UE motricity
Activity: Unimanual capacity
Personal: Concordance

Leuenberger 
(2017)

10 Subacute 
and chronic

Community Relative: 
Ib, Tb

Absolute: 
Ib, Tb

Activity: Unimanual capacity

Lum (2020) 10 Chronic Laboratory 
setting

Relative: T Activity: Unimanual capacity

Lundquist 
(2022)

87(T1)
67 (T2)

Subacute Community Relative: T Activity: Unimanual capacity

Michielsen 
(2009)

17 Subacute 
and chronic

Stroke 
unit and 
community

Relative: I Body S&F: UE motricity
Activity: Unimanual capacity, Bimanual capacity

Otaki (2022) 25 Subacute Stroke unit 
and Commu-
nity (multiple 
time point)

Relative: I Body S&F: Neglect, UE motricity
Activity: Unimanual capacity

Rand (2015) 32 Chronic Community Absolute: Ib Personal: Age, Gender, Concordance

Table 2  (continued) 
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relative duration) for the Results section, as the results 
obtained in both categories were similar. However, a 
comparison of results across the four different categories 
is available in Table S3 in the Supplementary Material. 
The result section will mostly focus on factors associated 
with relative UE use, as most of the studies presented 
relative UE use metrics. Also, it has been demonstrated 
that metrics of relative UE use have better validity than 
metrics of absolute UE use as they allow to control for 
the effect of physical activity (e.g., walking, whole-body-
movement) [17, 27]. Differences in associations between 
the different metric categories will be presented at the 
end of the Results section.

A wide range of personal and environmental factors 
were also studied. Factors relative to body structures 
and functions were the most studied (37 studies, 69%), 

followed by activity limitations (32 studies, 59%), health 
condition (20 studies, 37%), and personal factors (18 
studies, 33%). Only a few studies assessed factors relative 
to participation (5 studies, 9%) or environmental factors 
(4 studies, 7%).

Factors associated with UE use
Table  3 provides an overview of the factors associated 
with relative UE use. For each factor, it presents the 
number of studies that investigated it, the total number 
of participants across those studies, and the conclusions 
drawn regarding the presence of an association with 
relative UE use. A graphical summary based on the ICF 
framework is shown in Fig. 2.

Health condition. The only factor influencing relative 
UE use related to health condition was stroke severity 

Firstauthor 
(year)

N Time post 
stroke

Setting UE use 
metric

Factors studied

Reale (2023) 64 Acute Stroke unit Relative: I
Absolute: I

Health condition: Stroke severity
Body S&F: UE motricity

Reiterer 
(2008)

28 Acute and 
Subacute 
(Multiple 
time point)

Stroke unit 
and Commu-
nity (multiple 
time point)

Absolute: I Health condition: Stroke severity
Body S&F: UE motricity
Activity: General autonomy

Rinehart 
(2009)

29 Chronic Laboratory 
setting

Absolute: Ta Health condition: Concordance

Shim (2014) 40 Chronic Stroke unit Relative: I
Absolute: I

Body S&F: UE motricity

Thrane (2011) 31 Acute and 
subacute

Stroke unit 
(n = 23) or 
Community 
(n = 10)

Relative: T
Absolute: T

Body S&F: UE motricity
Activity: Mobility, General autonomy

Toba (2021) 35 Acute to 
chronic

Stroke unit or 
community

Relative: I Health condition: Time since stroke
Body S&F: UE motricity, Neglect, Somatosensory impairment, Visual field, 
Preferential gaze orientation, Anosognosia
Personal: Sex, Age, Concordance, Education

Urbin (2014) 19 Chronic Community Absolute: T Health condition: Homotopic rsFC, Heterotopic rsFC, Ipsilesional rsFC, 
Contralesional rsFC.

Urbin (2015) 27 Chronic Community Relative: I, T
Absolute: I

Activity: Unimanual capacity

Uswatte 
(2006)

169 Subacute Community Relative: T
Absolute: T

Activity: Mobility

VanderPas 
(2011)

45 Subacute 
and chronic

Community Relative: I
Absolute: I

Body S&F: Unimanual capacity, Mobility

Vier (2020) 31 Chronic Community Relative: T Activity: Unimanual capacity
Waddell 
(2019)

29 Subacute Stroke 
unit and 
Community

Relative: T Personal: Self-efficacy

Wallich 
(2023)

60 Subacute Community Relative: T Activity: Unimanual capacity

Wang (2011) 51 Chronic Community Relative: T Activity: Bimanual capacity
Yamamoto 
(2023)

20 Subacute Stroke unit Relative: I
Absolute: I

Body S&F: UE motricity
Activity: Unimanual capacity, General autonomy

a Unilateral movement, b Walking time removed, c Non-functional movements removed

Concordance concordance between the dominant UE and side of paresis, fMRI functional Magnetic Resonance Imaging, I Intensity, LE Lower Extremity, rsFC resting 
state functional connectivity, S&F Structure and Function, T time, UE Upper Extremity

Table 2  (continued) 
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Factor studied Assessment used Stroke stage # subjects Relation Conclusion
Health condition
Stroke type Subacute 26 1 No 0
Number of strokes Chronic 46 1 No 0
Lesion volume Chronic 18 1 No 0
Sensorimotor cortices 
myelination asymmetry

Sensorimotor cortex MWF Chronic 18 1 No 0

Time since stroke Acute to chronic 148 6 No 00
Stroke severity NIHSS Acute to subacute 401 6 Yes (M + S) ++

NIHSS Chronic 15 1 No
Number of comorbidities Chronic 46 1 No 0
Body structures and functions
UE motricity BRS Hand & UE, FMA-UE, NIHSS-UE, SAFE, 

MI, CMSA, Grip strength
Acute to chronic 982 26 Yes (M + S) ++

FMA-UE Chronic 59 3 No
UE Spasticity mAS Subacute 26 1 No 0
UE Pain FMA-UE Pain Subacute 26 1 Yes (M) +
UE Sensory FMA-UE sensory, Hand tactile detection Acute to chronic 61 2 No 0
UE Oedema Acute 130 1 No 0
UE Kinematics Motion capture system Chronic 45 1 Yes +
Compensatory movement Trunk motion capture system, Video 

analysis
Chronic 123 2 Yes (M) +

LE motricity FMA-LE, BRS LE Acute to subacute 45 2 Yes (M) +
LE non-motor FMA-LE sensory & pain, mAS Subacute 26 1 No 0
Balance Berg Balance Scale Chronic 15 1 No 0
Neglect CBS, GEREN, LeC, LiC, FT, C&R, Bisiach test Acute to chronic 35 1 Yes (M) ?

Dummy hand experimentation Sub-acute 25 1 No
Visual impairment Visual field, preferred gaze orientation Acute to chronic 35 1 No 0
Anosognosia CBS Acute to chronic 35 1 No 0
Cognition Short blessed test Chronic 46 1 No 0
Depression CESDS Chronic 46 1 No 0
Activity limitations
Unimanual UE ARAT, WMFT, SIS-Hand, STEF, BBT, TEMPA, 

NHPT
Acute to chronic 653 20 Y (S + M) ++

ARAT, SIS-Hand Chronic 49 3 No
Bimanual UE CAHAI, ABILHAND, Ad-AHA stroke Sub-acute to chronic 158 5 Yes (S + M) ++
Mobility 10mWT, FAC, Independent walking

5STS, SIS-Mobility
Acute to subacute 226 3 Yes (M + L) ++

TUG, 10mWT, SIS-Mobility Subacute & chronic 60 2 No
General autonomy Independence in ADLs, Sunnaas ADL-

Index, mRS
Acute to chronic 103 3 Yes (M) ??

mRS, FIM Acute to chronic 54 3 No
Participation
Physical activity Number of steps, PAS Acute to chronic 80 3 No 0
Personal factors
Concordance Acute to chronic 325 8 No ??

Subacute to chronic 199 5 Yes
Sex Acute to chronic 154 6 No 00
Age Acute to chronic 142 6 No 00

Subacute 26 1 Yes (L)
Education Acute to chronic 35 1 No 0
Self-efficacy CAHM, Self-perceived barriers Subacute to chronic 59 2 Yes (M) +
Environmental factors
Time of the week WE vs. WD Sub-acute 28 1 Yes (M) +

Table 3  Summary of associations between personal and environmental factors and relative UE use
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[26, 35–39] (6 strong to moderate associations, n = 401; 1 
no association, n = 15). Stroke severity was assessed with 
the National Institutes of Health Stroke Scale (NIHSS) in 
all seven studies. No significant association was found for 
the following factors: stroke type [40], number of strokes 
[41], lesion volume [42], myelination asymmetry between 
sensorimotor regions [42], and number of comorbidities 
[41]. Time since stroke was not associated with relative 
UE use [40–46] (6 no association), however it is notewor-
thy that most studies assessing this factor had a sample 
composed of stroke survivors at the same stage recovery, 
and thus with low variability across subjects. Only one 

study did assess the effect of time with a sample ranging 
from acute to chronic stroke, but also failed to demon-
strate an association with UE use [45]. The effect of time 
on UE use would be better assessed in longitudinal stud-
ies examining intra-individual changes over time, but this 
is beyond the scope of this review.

Body structures and functions. Upper extrem-
ity motor impairment was the most studied and the 
most consistently associated factor with relative UE use 
[24–26, 34–40, 42, 44–61] (26 strong to moderate asso-
ciations, n = 982; 3 no association, n = 59). The UE motor 
impairment category, which encompasses a wide range 

Fig. 2  Classification of factors associated with relative UE use according to the ICF

 

Factor studied Assessment used Stroke stage # subjects Relation Conclusion
Living arrangement Chronic 46 1 No 0
Time in therapy OT, PT Sub-acute 60 1 Yes +
+/++ consistent association in less or more than 4 study, -/-- no association in less or more than 4 study, ?/?? inconsistent association in less or more than 4 study, 
5STS Five times Sit To Stand, 10mWT Ten Meters Walking Test, Ad-AHA Adult Assisting Hand Assessment, ARAT Action Research Arm Test, BBT Box and Blocks Test, 
BRS Brunnstrom Recovery Stages, CAHAI Chedoke Arm and Hand Activity Inventory, CAHM Confidence in Arm and Hand Movement Scale, CBS Catherine Bergego 
Scale, CESD Center for Epidemiologic Studies Depression Scale, CMSA Chedoke-McMaster Stroke Assessment, C&R Comb and Razor test, FAC Functional Ambulation 
categorie, FIM Functional Independence Measure, FMA Fugl-Meyer Assessment, FT Fluff Test, mAS modified Ashworth Scale, L Low association, LE Lower Extremity, 
LeC Letter Cancellation test, LiC Line cancellation test, M Moderate association, MI Motricity Index, MRI Magnetic Resonance Imaging, mRS Modified Rankin Scale, 
MWF Myelin Water Fraction, NHPT Nine-Hole Peg Test,, NIHSS National Institutes of Health Stroke Scale, OT Occupational Therapy, PAS Physical Activity Scale, PT 
Physical Therapy, S Strong association SAFE Shoulder Abduction Finger Extension test, SIS Stroke Impact Scale, STEF Simple Test for Evaluating Hand Function, TEMPA 
Test d’Évaluation des Membres supérieurs des Personnes Âgées, TUG Timed Up and Go Test, UE Upper Extremity, WD Weekdays, WE Weekend, WMFT Wolf Motor 
Function Test

Table 3  (continued) 
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of assessments representing several components of UE 
motricity (i.e., strength, active range of motion, ataxia, 
synergies, etc.), considers both proximal and distal UE 
motricity. Some studies have assessed both proximal and 
distal joint motricity or active range of motion and have 
shown that both were significantly associated with UE 
use [25, 34, 35]. In contrast, one study did find that elbow 
and wrist active range of motion (AROM), but not shoul-
der AROM were associated with UE use and that elbow 
flexion and grip strength were better associated with UE 
use than wrist and shoulder strength, highlighting the 
importance of distal motricity for functional use of the 
UE [62].

Four other factors related to body structures and func-
tions were found to be significantly associated with rela-
tive UE use but have only been assessed in one or two 
studies: UE pain [40], UE kinematics quality [49], pres-
ence of compensatory movements [49, 63], and LE 
motricity [35, 40]. Conversely, seven other factors inves-
tigated in a single study showed no significant association 
with relative UE use: UE spasticity [40], sensory deficits 
[40], oedema [37], balance deficit [26], anosognosia [45], 
cognition [41], and depression [41]. Inconsistent associa-
tion was observed with neglect [45, 54] (1 moderate asso-
ciation, n = 35; 1 no association, n = 25).

Activity. Unimanual capacity was consistently asso-
ciated with relative UE use [6, 16, 24–26, 35, 41–44, 49, 
54, 55, 57, 59–61, 64–69] (20 strong to moderate asso-
ciations, n = 653; 3 no associations, n = 49). Bimanual 
capacity was less frequently studied, but also consis-
tently associated with relative UE use [47, 50, 55, 56, 70] 
(5 strong to moderate associations, n = 158). Unimanual 
capacity was mostly assessed with the Action Research 
Arm Test (ARAT). Bimanual capacity was assessed 
with the Chedoke Arm and Hand Activity Inventory 
(CAHAI), ABILHAND and the Adult Assisting Hand 
Assessment (Ad-AHA). Mobility was also consistently 
associated with UE relative use [8, 26, 40, 48, 65] (3 mod-
erate to low association, n = 226; 2 no association, n = 60), 
although to a lower extent. Mobility barely reached the 
threshold to be considered as consistently associated 
(i.e., 60%) and significant associations were only mod-
erate to low in strength, whereas associations with uni-
manual and bimanual capacity were substantially more 
consistent (i.e., 87% and 100%, respectively) with stronger 
associations. Mobility assessments encompass measures 
related to speed (e.g., ten meter walk test, five times sit to 
stand test) and independence (e.g., Functional Ambula-
tion Categories) in different activities related to mobility. 
An inconsistent association was observed with measures 
of general autonomy [26, 35, 40, 41, 48, 60] (3 moderate 
associations, n = 103; 3 no associations, n = 54).

Participation. Physical activity was not found to 
be associated with relative UE use [26, 35, 41] (3 no 

associations, n = 80). Physical activity was assessed with 
the Physical Activity Scale [41] or the daily number of 
steps assessed with lower extremity accelerometers [26, 
35].

Personal factors. Self-efficacy was the only personal 
factor associated with relative UE use [47, 71]. The con-
cordance between the dominant UE and side of paresis 
was inconsistently associated with relative UE use [16, 36, 
39–45, 50, 51, 59, 61] (8 no associations, n = 325; 5 associ-
ations, n = 259). Many studies assess the effect of age [39–
45] (6 no association, n = 142; 1 low association, n = 26) 
and sex [39, 40, 43–45, 61] (6 no association, n = 154) on 
UE use, but no associations with relative UE use were 
observed. The level of education was also not associated 
with relative UE use [45].

Environmental factors. Only a few studies assessed 
the influence of environmental factors on UE use. One 
study did report a significant effect of the time of the 
week, with higher use during weekdays then weekend 
[72]. Another study observed a higher relative UE use 
during rehabilitation therapy compared to the rest of the 
day [51]. Living arrangements (i.e., living with others ver-
sus alone) was not significantly associated with relative 
UE use [41].

Differences in associations between duration and intensity 
of relative UE use
Although the relative usage metrics were highly compa-
rable, a few discrepancies were identified. In regard to 
the association with stroke severity, a consistent associa-
tion was present with intensity of relative UE use [35–39] 
(6 strong to moderate associations), yet no association 
was observed with duration of relative UE use [26] (1 no 
association). This difference might be explained by the 
lack of studies assessing this factor with relative dura-
tion metrics. Differences in associations with mobility 
and general autonomy were also observed, where relative 
duration metrics were more consistently associated with 
both factors. Association with concordance between the 
dominant UE and side of paresis also differed, with an 
absence of association with intensity of relative use [16, 
36, 39, 40, 42–45, 50, 51, 59, 61] (4 associations and 8 no 
associations), but an inconsistent association with dura-
tion of relative use [41, 43, 51, 61] (2 associations and 2 
no associations).

Differences in associations between relative UE use and 
absolute paretic UE use
Associations with absolute paretic UE use duration were 
largely different from the associations with other use 
metrics. When compared with the relative UE use met-
rics, absolute paretic UE use duration was less associated 
with some factors related to the UE (inconsistent associa-
tion with unimanual capacity and UE pain, no association 
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with concordance between the dominant UE and side of 
paresis) and it was more often associated with factors not 
related to the UE (inconsistent association with balance, 
cognition, and physical activity; consistent association 
with general autonomy [26, 41, 62, 73]). However, while 
mobility was not associated with absolute paretic UE use 
duration [8, 26, 48], it was consistently associated with 
the other three metrics of UE use [8, 26, 40, 48, 65].

Although to a lesser extent, some differences were 
also observed with absolute paretic UE use intensity. 
As observed with the duration metric, absolute paretic 
UE use intensity was more consistently associated with 
general autonomy [35, 40, 60, 74] and physical activity 
[35], but less consistently associated with concordance 
between the dominant UE and side of paresis [36, 40, 72, 
75]. A consistent association was also observed with age 
[40, 75], which was not present with all the other UE use 
metrics.

Associations with absolute paretic UE use metrics 
were reported for new factors that were not assessed 
with relative UE use metrics, including knowledge about 
importance of UE recovery and exercises [73] and con-
tralesional and homotopic functional magnetic reso-
nance imaging biomarkers [76]. Social context and time 
spent in rehabilitation were also studied with this metric, 
yet no significant associations were identified [73].

Details about differences in associations between the 
different UE use metrics are showed in Table S3 in Sup-
plementary Material.

Discussion
The first aim of this scoping review was to identify fac-
tors that are associated with UE use measured by accel-
erometry in stroke survivors. Several studies consistently 
reported associations between relative UE use and stroke 
severity, UE motor impairment, unimanual capacity, 
bimanual capacity, and mobility. Despite being less inves-
tigated, other factors such as the presence of UE pain 
and compensatory movements, neglect, and level of self-
efficacy should also be considered in clinical reasoning 
regarding UE use. In contrast, there was a consistent lack 
of association between relative UE use and time since 
stroke, sex, and age.

The second aim of this review was to examine how 
these associations were influenced by the type of accel-
erometry metrics employed. Metrics of relative inten-
sity and duration yielded similar results, with few minor 
differences. However, important discrepancies in asso-
ciations with personal and environmental factors were 
observed between metrics of relative use and absolute 
paretic use. In this section, we will first discuss the core 
links between UE impairment, capacity and use and their 
implications for UE recovery. We will then discuss the 
factors that still require further investigation, and finally, 

the impact of the choice of different types of accelerom-
etry metrics.

Upper extremity impairment, capacity and use
Upper extremity impairment and unimanual capacity 
were the most studied factors and both were consistently 
associated with UE use. Studies conducting multivari-
ate analysis also consistently report UE impairment and 
capacity as the factor explaining most of the variance in 
UE use [40, 49, 77]. Given these findings, those factors 
should be the primary focus of rehabilitation to increase 
paretic UE use in everyday life. However, several longitu-
dinal studies failed to observe an increase in UE use when 
a decrease in impairment occurred [5, 6, 75, 78]. Look-
ing at the individual trajectories of a large cohort, we can 
see that an improvement in capacity is associated with 
an increase in use only for half of the individuals, while a 
third will see their use stagnate during rehabilitation [79]. 
One explanation could be that despite a strong associa-
tion between impairment and use, the association may be 
non-linear. Several studies corroborate this explanation 
by demonstrating a plateau in UE use when impairment 
is severe to moderate, and that beyond a certain thresh-
old of impairment, UE use begins to increase [55, 80–82]. 
Examples of thresholds identified in the literature are 
a Fugl-Meyer score > 45.3 [81] or 50.6 [82], or a Wolf 
Motor Function Test score > 3.44 [80]. Thus, an increase 
in capacity may not translate in an increase in UE use if 
these thresholds are not exceeded. A second explanation 
is that UE use reached a plateau early in the subacute 
phase and remain stable over time, even with subsequent 
improvements in capacity [83]. This is corroborated by 
longitudinal studies conducted early after stroke which 
observed an increase in both capacity and UE use [71, 
83]. The absence of an increase in UE use observed in the 
studies mentioned earlier may be attributed to the fact 
that measurements started after one-month post-stroke, 
when UE use may already have stabilised. This under-
lines the importance of interventions that directly tar-
get UE use, rather than focusing solely on impairments, 
to prevent this plateau in UE use. Interventions such as 
wrist-worn devices providing feedback on UE use or con-
straint-induced movement therapy have shown potential 
to improve UE use during later stages of stroke rehabili-
tation [84, 85]. A third explanation, that may co-exist 
with the two previous ones, is that other factors than 
mere UE impairment and capacity are implicated and 
could explain why some individuals do not improve UE 
use after stroke.

Factors needing further investigation
Associations between UE use and stroke severity, UE 
impairment or capacity have been extensively studied. 
However, our understanding of the myriads of other 
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factors that influence UE use after stroke remains incom-
plete. Many variables, such as neurological biomark-
ers, UE pain, neglect, and environmental factors, have 
only been investigated in one or two studies while other 
factors, such as dominance, have yielded inconsistent 
results. There is still a need to clarify the role of the fac-
tors that have been little studied or have generated het-
erogeneous results.

One such area in need of further exploration is the 
role of neuroanatomical and neurophysiological bio-
markers on UE use. While stroke severity at the level of 
observed symptoms (NIHSS) was consistently associ-
ated with UE use, the relationship between neurological 
biomarkers and UE use remains unclear. In this review, 
only one study investigated stroke severity with anatomi-
cal biomarkers and found no significant association [42]. 
However, a longitudinal study investigating predictors of 
UE use identified the integrity of the corticospinal tract 
as a significant predictor, even after controlling for UE 
impairment [86]. The absence of association in the afore-
mentioned study could be explained by evidence show-
ing an absence of association between lesion volume 
and UE impairment [87]. More specific indicators, such 
as the site of ischemic penumbra or the corticospinal 
tract integrity, have shown stronger correlations with UE 
impairment and should be further explored as potential 
biomarkers of UE use [88, 89].

Bimanual capacity is a relevant factor to consider 
when looking at UE use, as most everyday tasks require 
the coordinated use of both hands [16]. Moreover, indi-
viduals who have experienced a stroke seldom use their 
affected UE unimanually, opting instead for a bimanual 
approach (i.e., stabilisation with the paretic UE) [90]. It 
is thus conceivable that bimanual capabilities may offer 
a more accurate predictor of paretic UE use. This review 
identified a consistent association between bimanual 
capacity and relative use of the UE but provided no indi-
cation that bimanual capacity would be more closely 
associated than unimanual capacity. However, most 
articles reviewed assessed bimanual capacity using a 
questionnaire (ABILHAND), rather than an objective 
performance-based assessment [50, 55, 70], or only col-
lected accelerometry data in a laboratory setting [56]. 
The only remaining study, which used CAHAI and com-
pared it with use in everyday life, showed that they were 
highly correlated [47]. Further investigation of bimanual 
function to examine whether bimanual capacity is a more 
reliable indicator of everyday use than unimanual capac-
ity is warranted.

The effect of concordance between the dominant UE 
and side of paresis on relative UE use has been studied 
extensively (n = 14), but inconsistent results have been 
obtained across studies. One of the main limitations 
when assessing the effect of concordance is the difficulty 

to separate the effects of the lesioned hemisphere from 
the effect of hand dominance. There is a rationale for 
both effects, as hand dominance has a protective effect 
on impairment [91], and as lesion to the right hemisphere 
stroke is linked to neglect, which can affect paretic UE 
use [45]. In this review, only one study controlled for the 
effect of the affected hemisphere. Using a sample consist-
ing of half left-handed and right-handed participants, all 
with a right-hemisphere lesion, the study identified an 
effect of dominance on the relative UE use [59]. However, 
the observed effect in this study is counterintuitive and 
contrary to other findings in the literature [16, 40, 41, 
61], as a protective effect on use was observed when the 
non-dominant UE was affected. A statistical issue related 
to sample size may also explain the inconsistency of the 
results, as the effect of concordance is assessed by look-
ing at the difference between groups whereas most of 
other factors are assessed with correlation. Small sample 
sizes will have less statistical power to demonstrate an 
effect, while correlations tend to be overestimated due 
to higher variability. Further evidence is required from 
large-sample studies that control for either the effect of 
dominance or the lesioned hemisphere.

The inconsistent association between neglect and rela-
tive UE use identified in this review could be explained 
by the fact that neglect is a broad concept and that differ-
ent types of assessment were used. The literature on post-
stroke neglect suggests that personal and extra personal 
neglect are distinct subtypes, and that functional tests 
are more sensitive than pencil and paper tests [92–94]. 
In an in-depth study of neglect by Toba et al., functional 
tests and assessments of personal neglect (e.g., Catherine 
Bergego Scale, Comb & Razor test, Fluff test) were con-
sistently associated with UE use, where pencil and paper 
assessments of extra personal neglect were inconsistently 
associated (e.g., no association for Bells test, Line bisec-
tion and Landscape drawing vs. association for Letter 
cancelation and Clock drawing) [45]. Therefore, func-
tional assessments of personal neglect may be the most 
effective method to detect the potential influence of 
neglect on UE use. Considering that neglect is an impair-
ment that can be reduced through rehabilitation [95], 
additional research should be carried out on the relation-
ship between neglect and UE use.

Upper extremity pain after stroke is common, espe-
cially when impairment is present at the UE [96, 97]. 
One study did find an association between UE pain and 
use, although this association was no longer significant 
when controlling for UE impairment [40]. However, stud-
ies using wearable sensors to assess activity and move-
ments kinematics in populations with musculoskeletal 
pain, but without paresis, demonstrate associations with 
pain intensity and fear of movement (kinesiophobia) 
[98]. Further studies on pain and UE use are needed and 
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kinesiophobia assessment should be included to explore 
whether pain can lead to avoidance of UE use after stroke.

Environmental factors were the least studied level 
of the ICF. However, a temporal effect on UE use was 
observed during rehabilitation, with better UE use during 
therapy and weekdays. This reinforces the need to offer 
more occupational opportunities and an enriched care 
environment to facilitate better use of the paretic UE and 
promote recovery [99]. A limitation related to accelerom-
etry assessment when taking interest in environmental 
factors is that it is decontextualized. However, momen-
tary assessments using cellphones are increasingly used 
in accelerometry studies to allow a more holistic com-
prehension on how the UE is used. When using this 
approach, new associations can be observed, as an asso-
ciation between social support and UE use, that was not 
revealed by aggregated accelerometry assessments [82]. 
Further research on environmental factors is warranted, 
as they remain underexplored. Employing methods like 
momentary assessment is recommended when assess-
ing associations with environmental factors, as it enables 
better contextualization of the results.

Impacts of accelerometry metrics types
The second aim of this review was to examine how the 
associations between UE use and personal or environ-
mental factors were influenced by the type of accelerom-
etry metrics employed. The results of this review clearly 
demonstrated that different metrics yield different results 
regarding their association with these factors. This high-
lights some of the limitations of accelerometry for mea-
suring UE use, most particularly when using metrics of 
absolute paretic UE use. When compared with the rela-
tive UE use metrics, absolute paretic UE use was less 
often associated with some factors related to the UE 
(unimanual capacity, UE pain, concordance) and was 
more often associated with factors related to global func-
tion (i.e., balance, cognition, physical activity and general 
autonomy). Those results are congruent with validation 
studies that have shown that absolute paretic UE use 
metrics are more likely to be influenced by the level of 
physical activity compared to relative use metrics [17, 
27]. This can be explained by the fact that during activi-
ties that involve whole-body movement (e.g., walking, 
sit-to-stand), accelerations will be detected at the UE and 
will be classified as UE use. An increase in walking time 
while wearing the sensors could therefore falsely be inter-
preted as an improvement in the amount of UE use. The 
use of metrics of relative use allows to assess the symme-
try of the UE use, without being influenced by the over-
all volume of activity at the UE. However, the constant 
association between mobility measures with relative UE 
use metrics demonstrated in this review shows that rela-
tive UE use metrics could also be influenced by walking 

and level of physical activity, but to a lesser extent com-
pared to absolute UE metrics. This is demonstrated in a 
study showing that when removing the walking periods 
using a chest accelerometer, there is an absence of asso-
ciation between relative UE use and mobility assessment 
[26], supporting the hypothesis that walking time could 
explain the association between mobility and relative 
UE use. In this regard, future studies should preconize 
metrics that measure relative UE use, such as use ratio 
or magnitude ratio, or use a multi-sensor methodology 
to factorize the influence of walking. Studies only using 
metrics of absolute UE use without controlling walking 
should be interpreted cautiously because results may 
be influenced by factors as walking and level of physical 
activity.

Clinical implications
This review offers several insights for neurorehabilita-
tion after stroke. First, the multifactorial nature of UE 
use demonstrated in this review supports the relevance 
of using accelerometers in clinical settings, given that it 
is not possible to infer the level of UE use solely based 
on impairments. Furthermore, this review highlights 
that UE use differs when outside of therapy [51]. Con-
sequently, it becomes exceedingly difficult for clinicians 
to accurately assess UE use based on observations and 
assessments during rehabilitation. Accelerometry could 
allow clinicians to identify patients at risk of underuti-
lizing their UE in daily life by assessing discrepancies 
between capacity and actual use.

Second, the variety of personal and environmental fac-
tors associated with UE use suggests that factors other 
than UE impairments could be targeted in rehabilita-
tion to facilitate UE use in everyday life. Future research 
should investigate factors such as bimanual capacity, 
neglect, self-efficacy, and environment as potential inter-
vention targets to promote UE use.

Study limitations
A wide variety of accelerometry metrics were reported 
through the studies selected for this review, making 
comparison and synthesis of the results challenging. 
Although a categorization of metrics has been carried 
out to allow a certain homogeneity in the grouped met-
rics, notable discrepancies exist in calculation methods. 
For example, some studies removed walking period using 
a chest accelerometer [26, 67, 75], or used a machine 
learning algorithm to discard non-functional movements 
[57, 100]. Other studies using absolute paretic UE use 
duration metrics only measured UE use when the paretic 
UE was used unilaterally, discarding time when bimanual 
movements were made [82, 101, 102]. Even within the 
same calculation method, differences in sampling fre-
quency, epoch length or thresholding method have been 



Page 14 of 17Gagné-Pelletier et al. Journal of NeuroEngineering and Rehabilitation           (2025) 22:33 

observed from one study to another, when it has been 
shown that changes in those parameters influence the 
metric value [103, 104]. These differences in accelerome-
try methods may contribute to the observed inconsisten-
cies in the results.

This review is also limited to cross-sectional associa-
tions. Therefore, longitudinal studies assessing long term 
predictors of UE use have not been included. It is also 
important to consider that the results presented in this 
review are from univariate analyses and that associations 
have not been corrected for UE impairment. Some of the 
identified associations might be attributable to a mediat-
ing effect from UE impairment. For example, UE and LE 
motor impairment are moderately correlated and show 
similar recovery profiles [105, 106]. Consequently, the 
associations between UE use and LE motricity could be 
fully or partially mediated by UE impairment. The same 
phenomenon could be observed with stroke severity, UE 
quality of kinematic, UE pain or mobility as those fac-
tors are all associated with UE impairment [96, 107, 108]. 
Although multivariate analyses were not presented in 
this review, they allow to see the direct influence of those 
factors on UE use after controlling for UE impairment. 
Factors as concordance [77], UE spasticity [40], mobil-
ity [40, 48], type of stroke [77], physical activity [109] and 
compensatory movements [49] also explained a small but 
significant proportion of variance in UE use when added 
to UE impairment in multivariate analysis. However, in 
some studies, factors that were significant in univariate 
analyses, like concordance [6, 35, 40], pain [6, 40], LE 
motricity, mobility or general autonomy [40], were no 
longer significant when entered in multivariate analyses 
with UE impairment. In this regard, the results of this 
study should be interpreted accordingly, and future stud-
ies should preconize multivariate analysis approaches, 
allowing correction for the level of impairment.

An important methodological limitation of this study 
is that data extraction was conducted by a single author. 
The absence of a second reviewer for cross-verifica-
tion may have increased the risk of errors or bias in the 
extraction process.

Conclusion
Upper extremity use after stroke is mainly influenced by 
stroke severity, UE impairment, unimanual and bimanual 
capacity. Other factors such as UE pain, neglect, self-effi-
cacy and concordance need to be further investigated to 
better understand their impact on UE use. It is crucial for 
healthcare providers to recognize the complexity of the 
relationship between UE use and impairment, and that 
other factors can influence paretic UE use. Assessments 
during rehabilitation care should be selected accordingly 
to identify patients at risk of underutilizing their UE in 
daily life. It is recommended that future studies preconize 

accelerometry metrics of relative UE use and employ 
multilevel analysis to account for the potential mediating 
effect of UE impairment.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​8​4​-​0​2​5​-​0​1​5​6​8​-​1.

Supplementary Material 1

Acknowledgements
The authors would like to acknowledge Martine Gagnon, librarian at Laval 
University, for her support in developing the research strategy.

Author contributions
The conception of the search strategy and article selection were conducted 
by LGP and IP. Data extraction and manuscript drafting were performed 
by LGP. MR and CM contributed to the conception of the review, data 
interpretation, and manuscript revision. All authors read and approved the 
final manuscript.

Funding
This research was funded by a grant from the Fonds de recherche du Québec - 
Santé [FRQ-S; #251649]. CM holds the Canada Research Chair in Sensorimotor 
Rehabilitation and Pain. MR is supported by a Salary Award (Junior II) from 
Fonds de recherche du Québec - Santé. LGP is supported by a Doctoral 
scholarship from Fonds de recherche du Québec - Santé. IP is supported by a 
Doctoral fellowship from the Canadian Institutes of Health Research.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 18 November 2024 / Accepted: 3 February 2025

References
1.	 Dalton EJ, Jamwal R, Augoustakis L, Hill E, Johns H, Thijs V, et al. Prevalence 

of arm Weakness, Pre-stroke outcomes and other Post-stroke impairments 
using routinely collected Clinical Data on an Acute Stroke Unit. Neurorehabil 
Neural Repair. 2024;38(2):148–60.

2.	 Nakayama H, Jørgensen HS, Raaschou HO, Olsen TS. Recovery of upper 
extremity function in stroke patients: the Copenhagen Stroke Study. Arch 
Phys Med Rehabil. 1994;75(4):394–8.

3.	 Mercier L, Audet T, Hébert R, Rochette A, Dubois M-F. Impact of motor, cogni-
tive, and perceptual disorders on ability to perform activities of daily living 
after stroke. Stroke. 2001;32(11):2602–8.

4.	 Nichols-Larsen DS, Clark P, Zeringue A, Greenspan A, Blanton S. Factors 
influencing stroke survivors’ quality of life during subacute recovery. Stroke. 
2005;36(7):1480–4.

5.	 Rand D, Eng JJ. Disparity between functional recovery and daily use of the 
upper and lower extremities during subacute stroke rehabilitation. Neurore-
habil Neural Repair. 2012;26(1):76–84.

6.	 Lundquist CB, Nguyen BT, Hvidt TB, Stabel HH, Christensen JR, Brunner I. 
Changes in upper limb capacity and performance in the early and late 
subacute phase after stroke. J Stroke Cerebrovasc Dis. 2022;31(8):106590.

https://doi.org/10.1186/s12984-025-01568-1
https://doi.org/10.1186/s12984-025-01568-1


Page 15 of 17Gagné-Pelletier et al. Journal of NeuroEngineering and Rehabilitation           (2025) 22:33 

7.	 Kelly KM, Borstad AL, Kline D, Gauthier LV. Improved quality of life following 
constraint-induced movement therapy is associated with gains in arm use, 
but not motor improvement. Top Stroke Rehabil. 2018;25(7):467–74.

8.	 Uswatte G, Giuliani C, Winstein C, Zeringue A, Hobbs L, Wolf SL. Validity 
of accelerometry for monitoring real-world arm activity in patients with 
subacute stroke: evidence from the extremity constraint-induced therapy 
evaluation trial. Arch Phys Med Rehabil. 2006;87(10):1340–5.

9.	 Waddell KJ, Lang CE. Comparison of self-report versus sensor-based methods 
for measuring the amount of upper limb activity outside the clinic. Arch Phys 
Med Rehabil. 2018;99(9):1913–6.

10.	 Stone AA, Bachrach CA, Jobe JB, Kurtzman HS, Cain VS. The science of self-
report: implications for research and practice. Psychology; 1999.

11.	 Prince SA, Adamo KB, Hamel ME, Hardt J, Gorber SC, Tremblay M. A compari-
son of direct versus self-report measures for assessing physical activity in 
adults: a systematic review. Int J Behav Nutr Phys Act. 2008;5:1–24.

12.	 Sun J-H, Tan L, Yu J-T. Post-stroke cognitive impairment: epidemiology, 
mechanisms and management. Ann Transl Med. 2014;2(8).

13.	 Mitchell C, Gittins M, Tyson S, Vail A, Conroy P, Paley L, et al. Prevalence of 
aphasia and dysarthria among inpatient stroke survivors: describing the 
population, therapy provision and outcomes on discharge. Aphasiology. 
2021;35(7):950–60.

14.	 Uswatte G, Taub E, Morris D, Vignolo M, McCulloch K. Reliability and validity of 
the upper-extremity motor activity Log-14 for measuring real-world arm use. 
Stroke. 2005;36(11):2493–6.

15.	 Uswatte G, Taub E, Morris D, Light K, Thompson PA. The Motor Activity 
Log-28: assessing daily use of the hemiparetic arm after stroke. Neurology. 
2006;67(7):1189–94.

16.	 Bailey RR, Klaesner JW, Lang CE. Quantifying Real-World Upper-Limb activity 
in nondisabled adults and adults with chronic stroke. Neurorehabil Neural 
Repair. 2015;29(10):969–78.

17.	 Uswatte G, Foo WL, Olmstead H, Lopez K, Holand A, Simms LB. Ambulatory 
monitoring of arm movement using accelerometry: an objective measure of 
upper-extremity rehabilitation in persons with chronic stroke. Arch Phys Med 
Rehabil. 2005;86(7):1498–501.

18.	 Barth J, Lohse KR, Konrad JD, Bland MD, Lang CE. Sensor-based categoriza-
tion of upper limb performance in daily life of persons with and without 
neurological upper limb deficits. Front Rehabil Sci. 2021;2.

19.	 Heye A-L, Kersting C, Kneer M, Barzel A. Suitability of accelerometry as an 
objective measure for upper extremity use in stroke patients. BMC Neurol. 
2022;22(1):1–9.

20.	 Hayward KS, Eng JJ, Boyd LA, Lakhani B, Bernhardt J, Lang CE. Exploring the 
role of Accelerometers in the measurement of Real World Upper-Limb Use 
after Stroke. Brain Impair. 2015;17(1):16–33.

21.	 Noorkõiv M, Rodgers H, Price CI. Accelerometer measurement of upper 
extremity movement after stroke: a systematic review of clinical studies. J 
Neuroeng Rehabil. 2014;11(1):1–11.

22.	 Kim GJ, Parnandi A, Eva S, Schambra H. The use of wearable sensors to assess 
and treat the upper extremity after stroke: a scoping review. Disabil Rehabil. 
2022;44(20):6119–38.

23.	 Bayazeed A, Almalki G, Alnuaim A, Klem M, Sethi A. Factors influencing real-
world use of the more-affected Upper Limb after Stroke: a scoping review. 
Am J Occup Ther. 2024;78(2):7802180250.

24.	 Barth J, Geed S, Mitchell A, Lum PS, Edwards DF, Dromerick AW. Character-
izing upper extremity motor behavior in the first week after stroke. PLoS ONE. 
2020;15(8):e0221668.

25.	 Bhatnagar K, Bever CT, Tian J, Zhan M, Conroy SS. Comparing Home Upper 
Extremity activity with clinical evaluations of arm function in chronic stroke. 
Arch Rehabil Res Clin Transl. 2020;2(2).

26.	 Flury D, Massé F, Paraschiv-Ionescu A, Aminian K, Luft A, Gonzenbach R. 
Clinical value of assessing motor performance in postacute stroke patients. J 
Neuroeng Rehabil. 2021;18(1):1–10.

27.	 Regterschot GRH, Selles RW, Ribbers GM, Bussmann JBJ. Whole-body move-
ments increase arm use outcomes of wrist-worn accelerometers in Stroke 
patients. Sens (Basel). 2021;21(13).

28.	 Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA 
extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann 
Intern Med. 2018;169(7):467–73.

29.	 Bernhardt J, Hayward KS, Kwakkel G, Ward NS, Wolf SL, Borschmann K, et al. 
Agreed definitions and a shared vision for new standards in stroke recovery 
research: the stroke recovery and rehabilitation roundtable taskforce. Int J 
Stroke. 2017;12(5):444–50.

30.	 Akoglu H. User’s guide to correlation coefficients. Turk J Emerg Med. 
2018;18(3):91–3.

31.	 World Health Organization. International Classification of Functioning, Dis-
ability and Health (ICF). ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​w​h​​o​​.​i​​n​​t​/​s​​t​a​​n​d​a​​r​​d​s​​/​c​l​a​​s​s​​i​f​i​​c​a​t​​i​​o​n​​s​/​​i​n​t​​e​r​
n​a​​t​i​o​​​n​a​​l​-​c​​l​a​s​​s​i​f​i​​c​a​​​t​i​​o​​n​-​​o​f​-​f​​u​n​​c​t​i​​o​n​i​n​g​-​d​i​s​a​b​​i​l​i​​t​y​-​a​n​d​-​h​e​a​l​t​h. Accessed 16 july 
2024.

32.	 Streber R, Peters S, Pfeifer K. Systematic review of correlates and determinants 
of physical activity in persons with multiple sclerosis. Arch Phys Med Rehabil. 
2016;97(4):633–45.

33.	 Abid M, Cherni Y, Batcho CS, Traverse E, Lavoie MD, Mercier C. Facilita-
tors and barriers to participation in physical activities in children and 
adolescents living with cerebral palsy: a scoping review. Disabil Rehabil. 
2023;45(25):4322–37.

34.	 Lee B, Kurihara J, Tokuda K, Ogasawara E, Akiyoshi C, Shiihara Y. Evaluation of 
the motor recovery process in Stroke patients using a Laterality Index based 
on the paretic and non-paretic Upper limbs’ Actigraphic Activity. J Phys Ther 
Sci. 2011;23(3):361–3.

35.	 Narai E, Hagino H, Komatsu T, Togo F. Accelerometer-based monitoring of 
Upper Limb Movement in older adults with Acute and Subacute Stroke. J 
Geriatr Phys Ther. 2016;39(4):171–7.

36.	 Gebruers N, Truijen S, Engelborghs S, De Deyn PP. Predictive value of upper-
limb accelerometry in acute stroke with hemiparesis. J Rehabil Res Dev. 
2013;50(8):1099–106.

37.	 Gebruers N, Truijen S, Engelborghs S, De Deyn PP. Is activity loss predic-
tive for development of upper limb oedema after stroke? J Rehabil Med. 
2011;43(5):398–403.

38.	 Gebruers N, Truijen S, Engelborghs S, Nagels G, Brouns R, De Deyn PP. Acti-
graphic measurement of motor deficits in acute ischemic stroke. Cerebrovasc 
Dis. 2008;26(5):533–40.

39.	 Iacovelli C, Caliandro P, Rabuffetti M, Padua L, Simbolotti C, Reale G, et al. 
Actigraphic measurement of the upper limbs movements in acute stroke 
patients. J Neuroeng Rehabil. 2019;16(1):153.

40.	 Andersson SA, Danielsson A, Ohlsson F, Wipenmyr J, Alt Murphy M. Arm 
impairment and walking speed explain real-life activity of the affected arm 
and leg after stroke. J Rehabil Med. 2021;53(6).

41.	 Bailey RR, Birkenmeier RL, Lang CE. Real-world affected upper limb activity 
in chronic stroke: an examination of potential modifying factors. Top Stroke 
Rehabil. 2015;22(1):26–33.

42.	 Lakhani B, Hayward KS, Boyd LA. Hemispheric asymmetry in myelin after 
stroke is related to motor impairment and function. Neuroimage Clin. 
2017;14:344–53.

43.	 Doman CA, Waddell KJ, Bailey RR, Moore JL, Lang CE. Changes in Upper-
Extremity Functional Capacity and Daily Performance during Outpa-
tient Occupational Therapy for people with stroke. Am J Occup Ther. 
2016;70(3):p70032900401–11.

44.	 Hyakutake K, Morishita T, Saita K, Fukuda H, Shiota E, Higaki Y, et al. Effects 
of Home-based robotic therapy involving the single-joint hybrid assistive 
limb robotic suit in the chronic phase of stroke: a pilot study. BioMed Res Int. 
2019;2019:5462694.

45.	 Toba MN, Pagliari C, Rabuffetti M, Nighoghossian N, Rode G, Cotton F, et al. 
Quantitative Assessment of Motor Neglect. Stroke. 2021;52(5):1618–27.

46.	 Reale G, Iacovelli C, Rabuffetti M, Manganotti P, Marinelli L, Sacco S, et al. 
Actigraphic sensors describe stroke severity in the acute phase: implement-
ing multi-parametric monitoring in stroke unit. J Clin Med. 2023;12(3):1178.

47.	 Demers M, Bishop L, Cain A, Saba J, Rowe J, Zondervan DK, et al. Wearable 
Technology to capture arm use of people with stroke in Home and Commu-
nity settings: feasibility and early insights on Motor Performance. Phys Ther 
Rehabil J. 2024;104(2):1–10.

48.	 Thrane G, Emaus N, Askim T, Anke A. Arm use in patients with subacute 
stroke monitored by accelerometry: association with motor impairment and 
influence on self-dependence. J Rehabil Med. 2011;43(4):299–304.

49.	 Almubark I, Chang L-C, Holley R, Black I, Chen J, Chan E, Dromerick A, Lum P. 
Machine Learning Approaches to Predict Functional Upper Extremity Use in 
Individuals with Stroke. 2018 IEEE International Conference on Big Data (Big 
Data); 2018 December 10–13; Seattle, WA. IEEE; 2019. pp. 5291-4.

50.	 Bezuidenhout L, Joseph C, Einarsson U, Thurston C, Hagstromer M, Conrads-
son DM. Accelerometer assessed upper limb activity in people with stroke: 
a validation study considering ambulatory and non-ambulatory activities. 
Disabil Rehabil. 2022;44(26):8463–70.

51.	 Chin LF, Hayward KS, Brauer S. Upper limb use differs among people with 
varied upper limb impairment levels early post-stroke: a single-site, cross-
sectional, observational study. Top Stroke Rehabil. 2020;27(3):224–35.

https://www.who.int/standards/classifications/international-classification-of-functioning-disability-and-health
https://www.who.int/standards/classifications/international-classification-of-functioning-disability-and-health


Page 16 of 17Gagné-Pelletier et al. Journal of NeuroEngineering and Rehabilitation           (2025) 22:33 

52.	 de Niet M, Bussmann JB, Ribbers GM, Stam HJ. The stroke upper-limb activity 
monitor: its sensitivity to measure hemiplegic upper-limb activity during 
daily life. Arch Phys Med Rehabil. 2007;88(9):1121–6.

53.	 Shim S, Kim H, Jung J. Comparison of upper extremity motor recovery of 
stroke patients with actual physical activity in their daily lives measured with 
accelerometers. J Phys Ther Sci. 2014;26(7):1009–11.

54.	 Otaki R, Oouchida Y, Aizu N, Sudo T, Sasahara H, Saito Y, et al. Relationship 
between body-specific attention to a paretic limb and real-world arm use in 
Stroke patients: a longitudinal study. Front Syst Neurosci. 2022;15:806257.

55.	 Michielsen ME, de Niet M, Ribbers GM, Stam HJ, Bussman JB. Evidence 
of a logarithmic relationship between motor capacity and actual per-
formance in daily life of the paretic arm following stroke. J Rehabil Med. 
2009;41(5):327–31.

56.	 Duff SV, Miller A, Quinn L, Youdan G, Bishop L, Ruthrauff H, et al. Quantifying 
intra- and interlimb use during unimanual and bimanual tasks in persons 
with hemiparesis post-stroke. J Neuroeng Rehabil. 2022;19(1):10.

57.	 Geed S, Grainger ML, Mitchell A, Anderson CC, Schmaulfuss HL, Culp SA, et al. 
Concurrent validity of machine learning-classified functional upper extremity 
use from accelerometry in chronic stroke. Front Physiol. 2023;14:1116878.

58.	 Dusfour G, Mottet D, Muthalib M, Laffont I, Bakhti K. Comparison of wrist 
actimetry variables of paretic upper limb use in post stroke patients for 
ecological monitoring. J Neuroeng Rehabil. 2023;20(1):52.

59.	 Lee J-P, Chen S, Tsai C-T, Chung H-C, Chang W-D. Characteristics Associ-
ated with the Differential activity of Nondominant and Dominant affected 
hands in patients with Poststroke Right Hemiparesis. Occup Ther Int. 
2020;2020:2387378.

60.	 Yamamoto N, Matsumoto T, Sudo T, Miyashita M, Kondo T. Quantitative mea-
surement of finger usage in stroke hemiplegia using ring-shaped wearable 
devices. J Neuroeng Rehabil. 2023;20(1):73.

61.	 Gulde P, Vojta H, Schmidle S, Rieckmann P, Hermsdörfer J. Outside the 
Laboratory Assessment of Upper Limb laterality in patients with stroke: a 
cross-sectional study. Stroke. 2024;55(1):146–55.

62.	 Lang CE, Wagner JM, Edwards DF, Dromerick AW. Upper extremity use in 
people with hemiparesis in the first few weeks after stroke. J Neurol Phys 
Ther. 2007;31(2):56–63.

63.	 Barth J, Klaesner JW, Lang CE. Relationships between accelerometry and gen-
eral compensatory movements of the upper limb after stroke. J Neuroeng 
Rehabil. 2020;17(1):138.

64.	 Urbin MA, Waddell KJ, Lang CE. Acceleration metrics are responsive to 
change in upper extremity function of stroke survivors. Arch Phys Med Reha-
bil. 2015;96(5):854–61.

65.	 van der Pas SC, Verbunt JA, Breukelaar DE, van Woerden R, Seelen HA. Assess-
ment of arm activity using triaxial accelerometry in patients with a stroke. 
Arch Phys Med Rehabil. 2011;92(9):1437–42.

66.	 Vier C, Mochizuki L, Gomes RP, Rodrigues LC, Demartino AM, Michaelsen SM. 
Bilateral capacity is related to bilateral upper limb use after stroke: a study 
by behavioral maps, accelerometers and perceived amount of use. Disabil 
Rehabil. 2020:1–9.

67.	 Leuenberger K, Gonzenbach R, Wachter S, Luft A, Gassert R. A method to 
qualitatively assess arm use in stroke survivors in the home environment. 
Med Biol Eng Comput. 2017;55(1):141–50.

68.	 Wallich M, Lai K, Yanushkevich S. Assessing Upper Limb Motor Function in 
the Immediate Post-Stroke Period Using Accelerometry., Systems. Man, and 
Cybernetics; 2023 October 1–4; Oahu, HI. IEEE; 2024. pp. 215– 20.

69.	 Lum PS, Shu L, Bochniewicz EM, Tran T, Chang L-C, Barth J, et al. Improving 
accelerometry-based measurement of functional use of the Upper Extremity 
after Stroke: machine learning Versus counts threshold method. Neurorehabil 
Neural Repair. 2020;34(12):1078–87.

70.	 Wang T-n, Lin K-c, Wu C-y, Chung C-y, Pei Y-c. Teng Y-k. Validity, responsive-
ness, and clinically important difference of the ABILHAND Questionnaire in 
patients with stroke. Arch Phys Med Rehabil. 2011;92(7):1086–91.

71.	 Waddell KJ, Strube MJ, Tabak RG, Haire-Joshu D, Lang CE. Upper Limb perfor-
mance in Daily Life improves over the first 12 weeks Poststroke. Neurorehabil 
Neural Repair. 2019;33(10):836–47.

72.	 Alt Murphy M, Andersson S, Danielsson A, Wipenmyr J, Ohlsson F. Compari-
son of accelerometer-based arm, leg and trunk activity at weekdays and 
weekends during subacute inpatient rehabilitation after stroke. J Rehabil 
Med. 2019;51(6):426–33.

73.	 Chin LF, Hayward KS, Brauer SG. Factors influencing Paretic Upper Limb Use 
during First 4 weeks after stroke: a cross-sectional Accelerometry Study. Am J 
Phys Med Rehabil. 2021;100(2):153–60.

74.	 Reiterer V, Sauter C, Klösch G, Lalouschek W, Zeitlhofer J. Actigraphy–a 
useful tool for motor activity monitoring in stroke patients. Eur Neurol. 
2008;60(6):285–91.

75.	 Rand D, Eng JJ. Predicting daily use of the affected upper extremity 1 year 
after stroke. J Stroke Cerebrovasc Dis. 2015;24(2):274–83.

76.	 Urbin MA, Hong X, Lang CE, Carter AR. Resting-state functional connectivity 
and its association with multiple domains of upper-extremity function in 
chronic stroke. Neurorehabil Neural Repair. 2014;28(8):761–9.

77.	 Essers B, Lundquist CB, Verheyden G, Brunner I. Determinants of different 
aspects of upper-limb activity after stroke. Sens (Basel). 2022;22(6):2273.

78.	 Waddell KJ, Strube MJ, Bailey RR, Klaesner JW, Birkenmeier RL, Dromerick AW, 
et al. Does Task-Specific Training improve Upper Limb performance in Daily 
Life Poststroke? Neurorehabil Neural Repair. 2017;31(3):290–300.

79.	 Lang CE, Holleran CL, Strube MJ, Ellis TD, Newman CA, Fahey M, et al. 
Improvement in the capacity for activity Versus Improvement in performance 
of activity in Daily Life during Outpatient Rehabilitation. J Neurol Phys Ther. 
2023;47(1):16–25.

80.	 Schweighofer N, Han CE, Wolf SL, Arbib MA, Winstein CJ. A functional 
threshold for long-term use of hand and arm function can be determined: 
predictions from a computational model and supporting data from the 
Extremity Constraint-Induced Therapy evaluation (EXCITE) trial. Phys Ther. 
2009;89(12):1327–36.

81.	 Hirayama K, Matsuda M, Teruya M, Fuchigami T, Morioka S. Trends in amount 
of use to upper limb function in patients with subacute stroke: a cross-sec-
tional study using segmental regression analysis. BMC Neurol. 2023;23(1):429.

82.	 Chen YA, Lewthwaite R, Schweighofer N, Monterosso JR, Fisher BE, Winstein 
C. Essential role of Social Context and Self-Efficacy in Daily Paretic Arm/Hand 
Use after Stroke: an ecological momentary Assessment Study with Acceler-
ometry. Arch Phys Med Rehabil. 2023;104(3):390–402.

83.	 Lang CE, Waddell KJ, Barth J, Holleran CL, Strube MJ, Bland MD. Upper Limb 
performance in Daily Life Approaches Plateau around three to six weeks 
post-stroke. Neurorehabil Neural Repair. 2021;35(10):903–14.

84.	 Simpson LA, Barclay R, Bayley MT, Brasher PM, Dukelow SP, MacIntosh 
BJ et al. A Randomized Control Trial of a virtually delivered program for 
increasing Upper Limb Activity after Stroke. Neurorehabil Neural Repair. 
2024:15459683241303702.

85.	 Kwakkel G, Veerbeek JM, van Wegen EE, Wolf SL. Constraint-induced move-
ment therapy after stroke. Lancet Neurol. 2015;14(2):224–34.

86.	 Lundquist CB, Nielsen JF, Brunner IC. Prediction of Upper Limb use three 
months after stroke: a prospective longitudinal study. J Stroke Cerebrovasc 
Dis. 2021;30(11):106025.

87.	 Page SJ, Gauthier LV, White S. Size doesn’t matter: cortical stroke lesion vol-
ume is not associated with upper extremity motor impairment and function 
in mild, chronic hemiparesis. Arch Phys Med Rehabil. 2013;94(5):817–21.

88.	 Feng W, Wang J, Chhatbar PY, Doughty C, Landsittel D, Lioutas VA, et al. Corti-
cospinal tract lesion load: an imaging biomarker for stroke motor outcomes. 
Ann Neurol. 2015;78(6):860–70.

89.	 Boyd LA, Hayward KS, Ward NS, Stinear CM, Rosso C, Fisher RJ, et al. Biomark-
ers of stroke recovery: consensus-based core recommendations from the 
stroke recovery and rehabilitation roundtable. Int J Stroke. 2017;12(5):480–93.

90.	 Michielsen ME, Selles RW, Stam HJ, Ribbers GM, Bussmann JB. Quantify-
ing nonuse in chronic stroke patients: a study into paretic, nonparetic, 
and bimanual upper-limb use in daily life. Arch Phys Med Rehabil. 
2012;93(11):1975–81.

91.	 Harris JE, Eng JJ. Individuals with the dominant hand affected following 
stroke demonstrate less impairment than those with the nondominant hand 
affected. Neurorehabil Neural Repair. 2006;20(3):380–9.

92.	 Azouvi P, Samuel C, Louis-Dreyfus A, Bernati T, Bartolomeo P, Beis J, et al. 
Sensitivity of clinical and behavioural tests of spatial neglect after right hemi-
sphere stroke. J Neurol Neurosurg Psychiatry. 2002;73(2):160–6.

93.	 Beschin N, Robertson IH. Personal versus extrapersonal neglect: a 
group study of their dissociation using a reliable clinical test. Cortex. 
1997;33(2):379–84.

94.	 Caggiano P, Jehkonen M. The ‘Neglected’personal neglect. Neuropsychol Rev. 
2018;28:417–35.

95.	 Umeonwuka C, Roos R, Ntsiea V. Current trends in the treatment of patients 
with post-stroke unilateral spatial neglect: a scoping review. Disabil Rehabil. 
2022;44(11):2158–85.

96.	 Lindgren I, Jonsson A-C, Norrving B, Lindgren A. Shoulder pain after stroke: a 
prospective population-based study. Stroke. 2007;38(2):343–8.

97.	 Hansen AP, Marcussen NS, Klit H, Andersen G, Finnerup N, Jensen T. Pain fol-
lowing stroke: a prospective study. Eur J Pain. 2012;16(8):1128–36.



Page 17 of 17Gagné-Pelletier et al. Journal of NeuroEngineering and Rehabilitation           (2025) 22:33 

98.	 Vitali D, Olugbade T, Eccleston C, Keogh E, Bianchi-Berthouze N, de Williams 
C. Sensing behavior change in chronic pain: a scoping review of sensor 
technology for use in daily life. Pain. 2024;165(6):1348–60.

99.	 McDonald MW, Hayward KS, Rosbergen IC, Jeffers MS, Corbett D. Is envi-
ronmental enrichment ready for clinical application in human post-stroke 
rehabilitation? Front Behav Neurosci. 2018;12:135.

100.	 Bochniewicz EM, Emmer G, McLeod A, Barth J, Dromerick AW, Lum P. Measur-
ing functional Arm Movement after Stroke using a single wrist-worn Sensor 
and Machine Learning. J Stroke Cerebrovasc Dis. 2017;26(12):2880–7.

101.	 Haaland KY, Mutha PK, Rinehart JK, Daniels M, Cushnyr B, Adair JC. Relation-
ship between arm usage and instrumental activities of daily living after 
unilateral stroke. Arch Phys Med Rehabil. 2012;93(11):1957–62.

102.	 Rinehart JK, Singleton RD, Adair JC, Sadek JR, Haaland KY. Arm use 
after left or right hemiparesis is influenced by hand preference. Stroke. 
2009;40(2):545–50.

103.	 Poitras I, Gagné-Pelletier L, Clouâtre J, Flamand VH, Campeau-Lecours A, 
Mercier C. Optimizing epoch length and activity count threshold parameters 
in Accelerometry: enhancing Upper Extremity Use quantification in cerebral 
palsy. Sensors. 2024;24(4):13.

104.	 Brønd JC, Arvidsson D. Sampling frequency affects the processing 
of Actigraph raw acceleration data to activity counts. J Appl Physiol. 
2016;120(3):362–9.

105.	 Duncan PW, Goldstein LB, Horner RD, Landsman PB, Samsa GP, Matchar DB. 
Similar motor recovery of upper and lower extremities after stroke. Stroke. 
1994;25(6):1181–8.

106.	 Arya KN, Pandian S, Kumar D. Does an association exist between the hierar-
chical motor components of upper and lower limbs in stroke? J Bodyw Mov 
Ther. 2016;20(3):504–11.

107.	 Stinear CM, Byblow WD, Ackerley SJ, Smith MC, Borges VM, Barber PA. PREP2: 
a biomarker-based algorithm for predicting upper limb function after stroke. 
Ann Clin Transl Neurol. 2017;4(11):811–20.

108.	 Arya KN, Pandian S, Abhilasha C, Verma A. Does the motor level of the 
paretic extremities affect balance in poststroke subjects? Rehabil Res Pract. 
2014;2014(1):767859.

109.	 Gohlke J, Juul-Kristensen B, Brunner I. Are changes in upper extremity use 
during sub-acute rehabilitation after stroke associated with physical, cogni-
tive, and social activities? An observational cohort pilot study. Physiother Res 
Int. 2020;25(2):e1818.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Factors associated with upper extremity use after stroke: a scoping review of accelerometry studies
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Research strategy
	﻿Data extraction
	﻿Data synthesis

	﻿Results
	﻿Studies characteristics
	﻿Factors associated with UE use
	﻿Differences in associations between duration and intensity of relative UE use
	﻿Differences in associations between relative UE use and absolute paretic UE use

	﻿Discussion
	﻿Upper extremity impairment, capacity and use
	﻿Factors needing further investigation
	﻿Impacts of accelerometry metrics types
	﻿Clinical implications
	﻿Study limitations

	﻿Conclusion
	﻿References


