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Abstract
Background: Task-oriented training (TOT) is a commonly used intervention to improve upper extremity function

after stroke. However, predictors of response to rehabilitation for performance and participation remain poorly

understood.

Aim: To identify baseline predictors of clinically significant upper extremity (UE) recovery across impairment, perform-

ance, and participation in individuals post-stroke following TOT.

Methods: This is a retrospective study. Sixty-four individuals with stroke were enrolled and received five weeks of

inpatient TOT for UE. Baseline characteristics and outcome measures were assessed using the Fugl-Meyer

Assessment-Upper Extremity (FMA-UE) for impairment, the Action Research Arm Test (ARAT-15) for performance,

and the QuickDASH-9 for participation. Participants were classified as responders and non-responders to the interven-

tion, and binary logistic regression models were developed to predict responsiveness to impairment, performance, and

participation measures.

Results: All outcome measures showed significant improvement post-intervention. The baseline FMA-UE score, chron-

icity, and dominance of the involved UE predicted responsiveness for impairment. The FMA-UE score was the main pre-

dictor of responsiveness in performance, while no predictors were identified for participation.

Conclusions: TOT improved UE impairment and performance in stroke patients, particularly those with moderate base-

line impairment. Baseline UE function, chronicity, and dominance were key predictors of responsiveness in impairment

and performance.

This study highlights the importance of personalized TOTafter a stroke. It demonstrates that baseline function, chron-

icity, and affected limb dominance predict impairment and performance responsiveness to TOT while emphasizing the

need to incorporate strategies that facilitate real-world skill transfer and address personal and environmental factors

to maximize participation.
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Introduction
Stroke is the leading cause of disability in adults in Western
countries, with an annual incidence in Europe of 191.9/
100,000 cases per year (Soto et al., 2022). The literature
reports that 35–40%of stroke survivors experience impairment
of the upper extremities (UE) (Dalton et al., 2024), causing per-
formance and participation restrictions (Faria-Fortini et al.,
2011). Limitations in reaching and grasping play a crucial
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role in determining a person’s independence in daily activities
and their subsequent impact on quality of life (Anwer et al.,
2022). Overcoming such limitations represents one of the prin-
cipal goals of rehabilitation interventions. Various rehabilita-
tion approaches have been proposed to promote UE
functioning recovery after stroke, including constraint-induced
movement therapy (CIMT) (de Azevedo et al., 2022),
action-observation (Borges et al., 2022), task-oriented training
(TOT) (Hussain et al., 2022), and TOT combined with func-
tional electrical stimulation (FES) (Jonsdottir et al., 2017).

TOT is a therapeutic approach grounded in the principles
of motor learning and neural plasticity, commonly used in
stroke rehabilitation to enhance motor skills and daily activity
performance (Favetta et al., 2023). TOT tasks for UE motor
rehabilitation after stroke endorse the massive active practice
of finalized activities like reaching and grasping to promote
brain reorganization, maximize functional performance, and
restore UE function. TOT has been reported as effective in
promoting UE strength and functional recovery (Hussain
et al., 2022) with at least comparable effects to usual care
(Alashram et al., 2019), while little is known about TOT’s
impact on the participation component.

Since many interacting factors may affect stroke rehabili-
tation outcomes, the American Stroke Association recom-
mends developing predictor models for identifying
responders and non-responders at the impairment, perform-
ance, and participation levels (Winstein et al., 2016).
Thakkar et al. (2020) studied the predictors of significant
UE function recovery as assessed with the Fugl-Meyer
assessment (FMA) after 30 h of TOT in 239 patients with
stroke. The authors identified the time since the stroke, the
initial functional ability of the participants (evaluated with
the Functional Independence Measures), and the baseline
residual motor function of the paretic arm assessed through
the FMA. However, while the FMA has been related to the
impairment (Schiefelbein et al., 2019), the baseline patients’
characteristics associated with responsiveness to UE TOT at
the performance and participation level remain less studied.
Identifying predictors for performance and participation
may help tailor treatment plans and more accurately stratify
patients toward a better overall outcome.

The current retrospective analysis evaluates the predic-
tors associated with significant response to rehabilitation
measured with outcome measures of impairment, perform-
ance, and participation restrictions. Candidate predictors
were identified from the relevant literature and include: a)
age, b) sex, c) dominance of affected body side, d) the
time since stroke, e) the injury typology (ischemic; hemor-
rhagic), and f) localization (cortical; sub-cortical), and the
baseline scores of g) impairment (Fugl-Meyer Upper
Extremity Assessment - FMA-UE), h) performance
(15-item Action Research Arm Test - ARAT-15), and i)
participation (Quick version of the Disability of the Arm,
Shoulder, and Hand questionnaire - 9 items - Q-DASH-9).

Materials and Methods
For the current study, a retrospective analysis was con-
ducted on data collected on UE rehabilitation for post-acute
people with stroke conducted at the IRCCS Fondazione
Don Carlo Gnocchi (Milan, Italy) between 2011 and
2015. The study was conducted following the Declaration
of Helsinki. All participants provided written informed
consent for data publication before data collection.

Participants were required to be at least one-month post-
stroke and participate fully in the study. Minimum criteria
included voluntary activation of shoulder flexor activation
and a passive range of motion exceeding 90° in the shoulder
and elbow, with no severe upper limb spasticity, and having
a MiniMental State Examination higher than 23, as a score
of <24 is the generally an accepted cutoff indicating the
presence of cognitive impairment (Dick et al., 1984).
Exclusion criteria were the presence of epilepsy, respiratory
insufficiency, pregnancy, and peripheral neuropathies. All
participants received a TOT applied following the compo-
nents reported by Timmermans et al. (2010). TOT involved
practicing functional tasks directed towards a clear func-
tional goal to acquire or reacquire specific skills. The inter-
vention was progressively adapted to the patient,
encompassing reaching for and manipulating real-life
objects. The intervention protocol comprised 25 sessions,
each lasting 45 min, conducted five days a week throughout
five to six weeks.

Data Collection and Outcome Measures
The enrolled participants were assessed before (pre-
intervention) and after (post-intervention) five to six
weeks of UE rehabilitation by the same physical therapist
experienced in the functional evaluation of people with
stroke. Candidate predictors for the current analysis
included anamnestic information and outcome measures
assessed pre-intervention. Specifically, participants’ anam-
nestic information comprised age (years), sex (male;
female), dominance of affected body side (dominant; non-
dominant), the time between the stroke and the evaluation
(months), and the injury typology (ischemic; hemorrhagic)
and localization (cortical; sub-cortical). The participants’
lesions were categorized as sub-acute if the stroke occurred
between one and six months before the first evaluation and
as chronic if the accident happened more than six months
before the pre-intervention assessment. The outcome mea-
sures were selected to assess UE impairment and perform-
ance, as well as participation restriction.

The Fugl-Meyer Assessment – Upper Extremity. The FMA-UE
(Fugl-Meyer et al., 2011) is a widely used evaluation tool
for measuring upper limb impairment following a stroke.
The scale measures the impairment of proximal and distal
synergic and isolated voluntary movements. It includes
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four sub-sections: i) shoulder-arm, ii) wrist, iii) hand, and
iv) coordination and speed. The FMA-UE comprises 33
items, from the most to the least complex. Each item is
scored on a 3-point ordinal scale with a maximum score
of 66 points. A higher score indicates higher upper extrem-
ity functionality. The FMA-UE was used to assess impair-
ment (Schiefelbein et al., 2019). It has shown high
interrater and test-retest reliability (Lin et al., 2009).

The 15-item Action Research Arm Test (ARAT-15). The ARAT
assesses the proximal and distal UE function, performance,
and dexterity. It is commonly used to evaluate the effective-
ness of changes in the UE performance following stroke
rehabilitation treatment (Murphy et al., 2015). Mokken ana-
lysis was used to investigate the dimensionality of the
ARAT, identifying a subset of 15 items that showed invari-
ant hierarchical items’ ordering and responsiveness ratio
(van der Lee et al., 2002) compared with the 19-item ori-
ginal ARAT (Lyle, 1981). Each item is scored on a discrete
scale ranging from 0 (indicating no movements) to 3 (repre-
senting normal movement). The ARAT-15 allows a
maximum score of 45 points, with a higher score indicating
better upper extremity functionality.

The Quick Version of the Disability of the Arm, Shoulder, and
Hand Questionnaire - 9 Items (Q-DASH-9). The Disabilities
of the Arm, Shoulder, and Hand (DASH) (Hudak et al.,
1996) is a 30-item self-report questionnaire that inquires
on the use of the UE in the daily life of the last week.
The Q-DASH-9 is a unidimensional measure consisting
of 9 items scored on a 0–4 Likert scale, utilizes the
DASH scoring method, and allows for one missing
response. The scale provides a normalized total score
ranging from 0% to 100%, whereas a lower score corre-
sponds to milder disability. It showed a high test-retest reli-
ability coefficient, internal consistency, and responsiveness
(Gabel et al., 2009). The Q-DASH-9 was selected as a
measure of participation limitation (Metcalf et al., 2007).

Data Analysis
The statistical analysis was conducted using the RStudio
software (version 2023.12.0+ 369 “Ocean Storm” release).
The data were presented using descriptive statistics.
Categorical variables were described using counts and per-
centages, while quantitative variables were described using
the median and range. The Shapiro-Wilk test assessed the
normality of quantitative variable distributions.

Wilcoxon signed-rank test compared outcome measures
at before and after TOT. Effect sizes (ES) were calculated
using matched-pairs rank-biserial correlation (King et al.,
2018; Tomczak & Tomczak, 2014). ES was considered
small (0.1–0.3), medium (0.3–0.6), or large (>0.6) follow-
ing previous recommendations (Kinney et al., 2020).

Participants were divided into Responders and
Non-responders for each outcome measure (FMA-UE,
ARAT-15, and Q-DASH-9). Responders showed a
change (pre- vs. post-treatment) exceeding the minimally
clinically important difference (MCID): five points for
FMA-UE (Page et al., 2012) and ARAT-15 and 10 points
for Q-DASH-9 (Van der Lee et al., 2001). Participants
were excluded if their baseline scores were too high to dem-
onstrate the MCID, at least in one outcome measure.

A stepwise binary logistic regression model was devel-
oped to anticipate whether participants would be
Responders or Non-responders based on T0 characteristics.
The Akaike information criterion (AIC) guided variable
selection, balancing model fit and complexity. A bidirec-
tional (forward and backward) approach was used,
adding/removing predictors based on AIC improvement.

Due to the high correlation with other baseline scores
(ARAT-15 and Q-DASH-9), only the FMA-UE baseline
score was included in the stepwise analysis, reducing the
number of candidate predictors to seven. If all seven candi-
date predictors were included in the model, a sample size of
75 was required based on a statistical power of 80%, a sig-
nificance level of 5%, and an ES of 0.4.

The data scatterplots were visually analyzed to identify
meaningful relation patterns and interactions between
outcome measures’ deltas and candidate predictor variables
that may be missed using the stepwise analysis (Moore
et al., 2015). If a relation pattern was observable in the scat-
terplots, it was added as a predictor to the model identified
by the stepwise analysis to evaluate its potential improve-
ment. If the model alignment with the original data
improved, the newly added variable was kept. Otherwise,
it was removed from the model.

McFadden’s index of explained variance (pseudo-R2) and
theScaledBrier Score (sBS)were calculated tomeasure the pro-
portion of explained variance and assess the overall prediction
accuracy, respectively (Hair et al., 2019; Steyerberg et al.,
2010). Moreover, the Receiver Operating Characteristic curve
wasconstructed, and theAreaUnder theCurve (AUC)waseval-
uated to summarize the model’s discriminatory power (Hair
et al., 2019). Finally, the Hosmer–Lemeshow test assessed the
fit between expected and estimated frequencies (Hosmer et al.,
2013). The regression model was considered aligned with the
original data under specific conditions: (i) The closer the
pseudo-R2 is to 1, the more satisfactory the model is; (ii) The
closer the sBS is to 0, the more informative the model is; (iii)
AUC values>0.70 indicate a moderately accurate model; (iv)
a non-significant Hosmer-Lemeshow value (> 0.05) suggests
acceptable model fit.

Furthermore, the identified predictors of each model were
evaluated by analyzing their estimated coefficient values
(slopes), standard errors, z-value, andodds ratio.Bonferroni cor-
rection formultiple comparisonswas applied to the significance
threshold for the z-values’ p-values, which was therefore set for
each model at α< (0.05 / model’s predictors number).
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Finally, a subgroup sensitivity analysis (Thabane et al.,
2013) was conducted to assess how changes in the input
variables or model assumptions affect the models’ output.
The dataset was divided into subgroups based on the dichot-
omous variables not included in the evaluated model. Then,
the model was tested on the obtained subgroups, and the
directions (sign) of the predictors’ estimated coefficients
were compared with those obtained with the entire
dataset. Model sensitivity was considered confirmed if the
direction of the predictors’ estimated coefficients remained
stable in all the sensitivity analysis conditions.

Results
Sixty-four individualswere included in the predictionmodels.
No participants have missing data for any predictor variable.
Table 1 presents descriptive statistics of quantitative variables
and results of comparisons between outcome measures col-
lected before and after TOT. Statistically significant improve-
ment with large ESs was achieved in all outcome measure
scores. The average change in the FMA-UE and ARAT-15
exceeded the scales’ MCID (Table 2). At the FMA-UE, 35
subjects (54.7%) were classified as “Responders,” at the
ARAT-15, 32 (50.0%), and at the Q-DASH-9, 23 (35.9%).

Binary Logistic Regression Models
The stepwise analysis identified predictors for each logistic
regression model. Table 2 presents the delta of each
outcome measure in each subgroup obtained by dividing
the sample based on the collected categorical variable
before and after TOT.

Scatterplot visual inspection has suggested exploring the
square FMA-UE as candidate predictors to be added to the

FMA-UE and ARAT-15 models. Since the model fit
improved, it was kept as a predictor variable. Table 3 sum-
marizes the evaluation of the models’ fitting of the original
data, along with the estimated coefficients of related
predictors.

FMA-UE Model. The model to anticipate the responsiveness
to TOT at the FMA-UE (impairment) showed an overall
accuracy of 73.4% (specificity= 69.0%; sensitivity= 77.1)
and explained 25.4% of the variance. Subjects with sub-
acute stroke were 6.4 times more likely to be Responders
compared to subjects with chronic stroke. Subjects with a
dominant UE affected were 8.6 times more likely to be
Responders than subjects with their non-dominant limb
affected. Moreover, the baseline FMA-UE score showed
an inverted U-shaped relation to the probability of being a
Responder to the treatment. The highest probability of
being a Responder was found when the FMA-UE score at
T0 was around 32.7. Figure 1 presents the probability of
being a Responder at the FMA-UE at T1, calculated by
the model as the predictor variables change.

ARAT-15 Model. The model to anticipate the responsiveness
to TOT at the ARAT-15 (performance) showed a general
accuracy of 78.1% (specificity= 75.0%; sensitivity=
81.3%) and explained 37.4% of the variance. The variables
“Sex” and “Chronicity” were found to reduce the model’s
AIC and improve the model’s explained variance, accuracy,
and AUC. However, they do not seem to provide significant
information on the subjects’ potential for recovery. Male
subjects showed 3.5 times the probability of being respon-
ders than females. Subjects categorized as sub-acute had
about 4.7 times the likelihood of responding positively to
the treatment compared to those with chronic lesions.
These probabilities did not reach statistical significance
due to the wide standard errors in the estimated values.
Finally, the FMA-UE score at T0 showed an inverted-U
shape relation with the probability of being a Responder
to the treatment. The greatest likelihood of being a
Responder was identified when the FMA-UE score at T0
was 38.2. The variation in the probability of being a
Responder at the ARAT-15 at T1, as determined by the
model in response to changes in the incorporated variables,
is depicted in Figure 2.

Q-DASH-9 Model. The model identified by the stepwise ana-
lysis for anticipating the responsiveness to TOT at the
Q-DASH-9 (participation) approached without reaching
the statistical significance. The model accuracy was
70.3% (specificity= 90.2%; sensitivity= 34.8%), and the
AUC indicates a moderately accurate model. However,
the model explains only 8.7% of the distribution variance,
and none of the predictors improved the fit of the data com-
pared to a model without predictors.

Table 1. Descriptive Statistics of Collected Quantitative

Variables and Results of Comparisons Between Outcome

Measures Collected at T0 and T1.

Media (SD) Median (Range)

T0 vs T1

P-value (ES)

Age at T0 (years) 65.3 (15.0) 68.2 (25.0–88.7) /

Time from

stroke

(months)

15.4 (32.9) 3.5 (0.8–190.1) /

FMA-UE at T0 28.4 (17.8) 28.5 (2.0–61.0) <0.001*

(0.946)FMA-UE at T1 35.7 (17.8) 39.0 (5.0–66.0)
ARAT-15 at T0 14.7 (14.9) 11.0 (0.0–46.0) <0.001*

(0.968)ARAT-15 at T1 21.3 (16.9) 22.0 (0.0–51.0)
Q-DASH-9 at T0 55.2 (18.1) 59.1 (14.0–84.1) <0.001*

(0.647)Q-DASH-9 at T1 49.0 (19.7) 54.3 (7.0–79.8)

*: p-value < 0.05.

/: no data for the cell.

Abbreviation list: SD= Standard Deviation; ES= Effect size; FMA-UE=
Fugl-Meyer Assessment – Upper Extremity; ARAT-15= 15-item Action

Research Arm Test; Q-DASH-9=Quick version of the Disability of the

Arm, Shoulder, and Hand questionnaire – 9 items.
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Sensitivity Analysis
The robustness of the developed models was evaluated with
subgroups created by dividing the initial sample based on
variables not included in the model. Detailed sensitivity
analysis results are available in Supplemental Material 1
(https://doi.org/10.6084/m9.figshare.27222834.v3).

The directions shown by the estimated coefficients of the
predictors included in the models to anticipate the signifi-
cant change at the FMA-UE, and ARAT-15 did not
change in any conducted analysis. Conversely, the direction
of the estimated coefficients of predictors identified to
anticipate a significant change in the Q-DASH-9 changed
in all the subgroup analyses.

Discussion
To the authors’ knowledge, this study is the first attempt to
explore predictors associated with responsiveness to TOT
applied to UE rehabilitation for people post-stroke at
impairment, performance, and participation levels.
Significant recovery was recorded with all the investigated
outcome measures at the post-intervention evaluation with a
large ES, particularly on FMA-UE and ARAT, where
average score changes exceeded MCIDs, supporting the
potential of such rehabilitative interventions in promoting
UE functioning (Lee & Howe, 2024). However, clinically
significant recovery in the participation component assessed
using the Q-DASH-9 was seen only in a minority of sub-
jects (35.9%), suggesting TOT impacted the impairment
and performance more. Consistently, previous studies on
TOT and CIMT emphasized the importance of integrating

elements aimed at translating the practice done in the
clinic to the daily living environment by experiencing arm
and hand use in tasks and roles meaningful for the partici-
pant (Lewthwaite et al., 2018). Moreover, individual vari-
ability in response underlines the need to explore all
predictors associated with functional recovery to better
support intervention tailoring.

The stepwise analysis identified predictors related to
responsiveness to TOT. Concerning the impairment
assessed with the FMA-UE, the identified model had high
discriminatory power, explaining 25.4% of the variance
with chronicity, arm affected, and FMA baseline score as
best predictors. Participants with sub-acute lesions
showed a fivefold greater potential to be Responders than
those with chronic injuries, also accounting for spontaneous
recovery after stroke, which occurs in the first six months
after the lesion (Grefkes et al., 2020). Although the prob-
ability of being a Responder is lower for people with
chronic stroke, the literature highlights that training may
bring functional recovery even in the chronic stroke phase
(Cramer, 2008). Furthermore, when the non-dominant
limb was affected, the probability of being a Responder
was dramatically reduced (see Figure 1) compared to
when the stroke affected the dominant limb (Lima et al.,
2014). This may be due to motivational issues. If the dom-
inant hand is affected, individuals may be more motivated
to use it during recovery because they are not familiar
with using their non-dominant hand for daily tasks (Harris
& Eng, 2006). Therefore, providing the patient with oppor-
tunities to integrate the affected arm into daily activities
during TOT is even more crucial for people with non-
dominant paresis to achieve functional recovery. The pre-

Table 2. Descriptive Statistics of Changes in the Participants’ Outcome Measure Scores (Deltas – Δ) Divided into Subgroups Based on

Collected Categorical Variables.

Variable Subgroup no. (%)

ΔFMA-UE ΔARAT-15 ΔQ-DASH-9

Median

(IQR)

% Resp/%

Non-Resp

Median

(IQR)

% Resp/%

Non-Resp

Median

(IQR)

% Resp/%

Non-Resp

Sex Males 27 (42.2%) 5.0 (13.5) 51.9 / 48.1% 7.0 (7.5) 59.3 / 40.7% -2.3 (11.3) 25.9 / 74.1%

Females 37 (57.8%) 5.0 (8.0) 56.8 / 43.2% 2.0 (13.0) 43.2 / 56.8% -6.8 (12.6) 43.2 / 56.8%

Injury typology Ischemic 50 (78.1%) 5.0 (12.0) 56.0 / 44.0% 4.5 (11.0) 50.0 / 50.0% -4.8 (13.4) 38.0 / 62.0%

Hemorragic 14

(21.9%)

5.5 (7.2) 50.0 / 50.0% 6.5 (8.0) 50.0 / 50.0% -2.0 (9.5) 28.6 / 71.4%

Chronicity Chronic 24 (37.5%) 3.5 (6.2) 37.5 / 62.5% 2.0 (9.0) 41.7 / 58.3% -4.5 (11.6) 33.3 / 66.7%

Subacute 40 (62.5%) 6.5 (11.0) 65.0 / 35.0% 7.0 (13.0) 55.0 / 45.0% -4.8 (13.6) 37.5 / 62.5%

Injury Localization Subcortical 22

(34.4%)

7.5 (14.3) 63.6 / 36.4% 6.5 (11.8) 59.1 / 40.9% -5.9 (15.4) 45.5 / 54.5%

Cortical 42 (65.6%) 4.5 (6.5) 50.0 / 50.0% 2.5 (9.7) 45.2 / 54.8% -3.4 (11.2) 30.9 / 69.1%

Dominance of

affected bodyside

Non-Dominant 32

(50.0%)

4.0 (7.2) 40.6 / 59.4% 8.0 (11.0) 53.1 / 46.9% -3.4 (11.1) 28.1 / 71.9%

Dominant 32

(50.0%)

6.0 (11.3) 68.7 / 31.3% 3.5 (10.0) 46.9 / 53.1% -5.9 (13.0) 43.7 / 56.3%

Total 64 (100%) 5.0 (11.3) 54.7 / 45.3% 4.5 (11.0) 50.0 / 50.0% -4.5 (13.6) 35.9 / 64.1%

Abbreviation list: FMA-UE= Fugl-Meyer Assessment – Upper Extremity; ARAT-15= 15-item Action Research Arm Test; Q-DASH-9=Quick version of

the Disability of the Arm, Shoulder, and Hand questionnaire – 9 items; IQR= Inter Quartile Range; Resp=Responders; Non-Resp=Non-Responders.
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intervention level of UE functionality was a critical deter-
minant of the potential for recovery after the intervention,
echoing the existing literature (Corrado et al., 2015; Park
& Kim, 2023). The current findings highlight a significantly
broader probability of being a Responder when the patient
presents a moderate UE impairment, which aligns with
the existing literature (Coupar et al., 2012). Due to insuffi-
cient residual movement to actively perform a motor task,
people with severe UE impairment were historically
excluded from TOT (Barker & Brauer, 2005). Stroke survi-
vors with a severe impairment may benefit more from TOT
when it is applied in association with other techniques (e.g.,
robot-assisted rehabilitation) (Perini et al., 2021). When
such combined treatments are not feasible, intervention
for severely affected UE should focus on maintaining arm
mobility and tissue elasticity, combined with compensatory
training of the non-affected arm to maximize activity

performance, participation, and independence (Anwer
et al., 2022). Moreover, because only four patients had a
mild impairment (as defined by Woytowicz et al. (2017)),
no reliable conclusions can be drawn about the likelihood
of these subjects being Responders.

Regarding responsiveness at the performance level assessed
with the ARAT-15, the model presented high discriminatory
power, explaining about 37% of the variance. The baseline
FMA-UE score was the most influential predictor for anticipat-
ing significant recovery,which alignswith the existing literature
(Coupar et al., 2012). In the current sample, people withmoder-
ate impairment showed the highest potential of recovering their
performance. Performance tasks require good UE functioning
and personal satisfaction with activities has been reported as
being related to upper-limb functioning (along with individual
and environmental factors) (Coupar et al., 2012). These ele-
ments suggest that similar treatments to the proposed

Table 3. Summary of the Conducted Regression Models and Evaluation of Coefficients of Related Predictors.

Dependent variable

(model’s accuracy;
p-value)

FMA-UE (0.734; <

0.001*)

Model’s fitting
indexes

R2
McF sBS pH-L AUC

0.254 0.170 0.382 0.830

Predictors’
coefficients

Predictor β±SE Z-value (p-value) Odds-Ratio (95% CI)
Intercept −4.9± 1.4 −3.4 (<0.001§) <0.1 (<0.1–0.1)
Chronicity 1.9± 0.7 2.6 (0.008§) 6.4 (1.6–25.5)
Dominance of

affected

bodyside

2.2± 0.7 2.9 (0.003§) 8.6 (2.0–36.3)

FMA-UE at T0 0.3± 0.1 2.9 (0.003§) 1.3 (1.1–1.6)
(FMA-UE at T0)2 ←0.01±<0.01 -2.8 (0.005§) 1.0 (1.0–1.0)

ARAT-15 (0.781;

<0.001*)

Model’s fitting
indexes

R2
McF sBS pH-L AUC

0.374 0.145 0.740 0.886

Predictors’
coefficients

Predictor β±SE Z-value (p-value) Odds-Ratio (95% CI)
Intercept -6.9± 1.6 -3.9 (<0.001§) <0.1 (<0.1 – <0.1)

Sex 1.3± 0.7 1.7 (0.088) 3.5 (0.8–14.9)
Chronicity 1.6± 0.8 2.0 (0.042) 4.7 (1.1–20.8)
FMA-UE at T0 0.4± 0.1 3.8 (<0.001§) 1.5 (1.2–1.8)
(FMA-UE at T0)2 ←0.01±<0.01 -3.3 (<0.001§) 1.0 (1.0–1.0)

Q-DASH-9 (0.703;

0.065)

Model’s fitting
indexes

R2
McF sBS pH-L AUC

0.087 0.203 0.757 0.717

Predictors’
coefficients

Predictor β±SE Z-value (p-value) Odds-Ratio (95% CI)
Intercept 1.6± 1.2 1.3 (0.190) 5.0 (0.4–56.5)
Sex -0.9± 0.6 -1.5 (0.141) 0.4 (0.1–1.3)
Injury Localization 0.9± 0.6 -1.5 (0.137) 2.4 (0.8–7.5)
Age at T0 -0.03± 0.02 -1.8 (0.074) 1.0 (0.9–1.0)

*: p < 0.050.

§: p < (0.050/model’s predictors number).

The reference levels selected for each outcome measure and categorical predictor are the following (Outcome/Predictor variable – Reference level):

FMA-UE – Non-responders; ARAT-15 – Non-responders; Q-DASH-9 – Non-responders; Sex – Female; Chronicity – Chronic; Dominance of affected

bodyside – Non-Dominant; Injury localization – Cortical.

Abbreviation list: R2McF=McFadden’s pseudo-R2; sBS= Scaled Brier Score; pH-L=Hosmer-Lemeshow test’s p-value; AUC=Area Under the Curve; β
±SE= Estimate of regression coefficient with Standard Error; CI=Confidence Interval; FMA-UE= Fugl-Meyer Upper Extremity Assessment; ARAT-15=
15-item Action Research Arms Test; Q-DASH-9=Quick version of the Disability of the Arm, Shoulder, and Hand questionnaire – 9 items.
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intervention may not enhance the patient’s UE performance
when the baseline impairment of UE is severe. In such cases,
recovering the performance level of the affected arm may
require preliminary interventions to ameliorate the UE impair-
ment (Kwakkel & Kollen, 2015). Furthermore, sex emerged
as a predictor that enhances the model’s accuracy without sig-
nificantly informing on the person’s responsiveness potential.
The literature reports that males appear to achieve better recov-
ery, although conflicting findings were reported concerning sex
differences in rehabilitation efficacy (Coupar et al., 2012). It has
to be considered that sex relevance may hide other biological,
social, or psychological differences between men and women
accounting for different activity outcomes (Carcel et al.,
2020). Finally, the “chronicity” variable enhances the model’s
accuracy but is not informative on the person’s potential of
being a Responder when kept alone. This suggests that chron-
icity status was not highly relevant when considering imple-
menting TOT-based intervention to enhance performance.
Post-intervention responsiveness in performance seems more
linked to the underlying impairment, which is highly impacted
by the spontaneous recovery occurring in the first six months
after stroke (Kwakkel & Kollen, 2013).

None of the candidate predictors was informative on
the participants’ responsiveness potential in the

participation measured with the Q-DASH-9, leading to a
non-significant model. The potential for participation
recovery may be linked to factors not included in the
current retrospective analysis. Participation is the com-
bined consequence of a person’s impairments, perform-
ance limitations, and personal and environmental
factors. These factors are frequently independent of clin-
ical variables and may promote or restrain participation
(Della Vecchia et al., 2023). The anticipatory potential
of these factors for participation responsiveness is still
to be explored. Coherently, age and sex variables were
selected as predictors by the stepwise analysis. These
variables are linked to personal and social characteristics,
such as additional disabilities or comorbidities and level
of assistance (Phan et al., 2018), which may be important
for participation recovery.

We recognize three limitations of this study. First, retro-
spective design limited the available candidate predictors to
be included in the models. This and the absence of a
control group did not allow exploring cause-effect solid rela-
tionships. Second, the small sample size challenges the find-
ings’ external validity. However, although 75 subjects were
required if seven candidate predictors were included in the
models, no more than four predictors were included in

Figure 1. Probability of being responders to the FMA-UE at T1 as calculated by the model when the included variables change. The

black curves refer to sub-acute lesions, and the grey ones to chronic lesions. Squares indicate a dominant UE affected and asterisk a

non-dominant limb affected.
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each model. A model with four predictors requires a sample
size of 63 subjects based on a statistical power of 80%, a sig-
nificance level of 5%, and an ES of 0.4, which was reached in
the current study. Furthermore, only four subjects presented
an FMA-UE at T0 above 53, reported as a cut-off score for a
mild UE impairment in people with stroke (Woytowicz et al.,
2017). This limits the validity of inferences related to this
group of stroke survivors. Third, the considered outcome
measures’ MCID was the same for participants with
chronic and sub-acute lesions, leading to possible overesti-
mation of the “Chronicity” variable.

Conclusion
The UE impairment and performance significantly recovered
at the post-intervention evaluation, but the effect on participa-
tion was less pronounced. The study’s findings highlight the
importance of baseline UE function, chronicity, and domin-
ance of involved UE as critical predictors for a response to
TOT at the impairment and performance levels. However,
no predictors of responsiveness at the participation level
were identified, suggesting the need for further exploration
of personal and environmental factors. Results indicate that
individuals with moderate-mild to moderate-severe UE

impairments were more likely to respond to the treatment
than those severely affected. These findings underscore the
importance of tailored interventions to interindividual needs
and functional levels, emphasizing the importance of a com-
prehensive approach incorporating physical, personal, and
environmental factors to promote positive outcomes after
stroke rehabilitation. This study provides further evidence
supporting the effectiveness of TOT in post-stroke UE
rehabilitation. It gives valuable insights for clinicians to
implement personalized treatment plans based on individual
characteristics and needs. Future research should focus on
identifying additional predictors linked to participation recov-
ery and exploring the long-term effects of TOT-based inter-
ventions on UE impairment, performance, and participation.
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