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Abstract: Background: Upper limb apraxia (ULA) is a neurological syndrome characterized by the
inability to perform purposeful movements. ULA could impact individuals’ perceptions, including
perceived self-efficacy. The aim of this study is to investigate whether ULA is related to general self-
efficacy and self-efficacy for managing symptoms in post-stroke patients. Methods: A cross-sectional
study was conducted involving 82 post-stroke patients. Regression analyses were implemented
using a stepwise model including seven dimensions of ULA: imitation (non-symbolic, intransitive,
and transitive), pantomime (non-symbolic, intransitive, and transitive), and dimension of apraxic
performance in activities of daily living. These dimensions were independent variables, while general
self-efficacy and symptom management self-efficacy dimensions were dependent variables. Results:
The findings revealed that intransitive imitation accounted for 14% of the variance in general self-
efficacy and 10% of self-efficacy for managing emotional symptoms. Transitive imitation explained
10% of the variance in self-efficacy for managing global symptoms and 5% for social–home integration
symptoms. The combination of intransitive imitation, non-symbolic pantomime, and alterations
in activities of daily living performance associated with ULA explained 24% of the variance in
cognitive self-efficacy. Conclusions: Hence, ULA dimensions seem to be related to the levels of
general perceived self-efficacy and self-efficacy for managing symptoms among post-stroke patients.

Keywords: self-efficacy; self-efficacy for managing symptoms; apraxia; upper limb apraxia; stroke

1. Introduction

Upper limb apraxia (ULA) is a neurological syndrome that has a substantial impact
on the functional interaction between individuals and their environment. The main clinical
symptom of ULA is the incapacity to perform deliberated movements upon a request
from a person or the context, especially in hands. ULA is usually considered a heteroge-
neous syndrome historically defined by the exclusion of several health parameters, ordered
by frequency in the literature: (i) motor and sensory impairments, (ii) comprehension
deficits, (iii) weakness, (iv) coordination impairments, (v) intellectual deterioration, (vi) un-
cooperativeness, (vii) lack in motivation, (viii) cognitive deficits (memory and attention),
(ix) movement alteration (tremors, chorea, athetosis, myoclonus, and dystonia), (x) disorder
of tone or posture, and (xi) object recognition difficulties [1–3]. ULA is caused by differ-
ent types of brain damage, but vascular aetiology seems to have the most prevalence [4].
Apraxia is closely linked to damage in key regions such as the parietal lobe, premotor
cortex, and underlying white matter [2,5,6]. Approximately 25% of stroke survivors also
have ULA [7], and 50% of the individuals with left stroke exhibit apraxia that persists
following illness onset [7,8].

The primary clinical manifestation of ULA is the inability to execute deliberated,
voluntary, and purposeful movements in response to a request from an individual or the
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environment. These movements may be classified based on the nature of the action per-
formed. Transitive movements involve manipulating objects, while intransitive movements
are performed without using objects. Symbolic movements are those that have social or
cultural significance, whereas non-symbolic movements do not have any such significance.
The main sensory pathways through which information required to configure a movement
is typically received include the auditory and visual modalities [9]. On the other hand, the
completion of a movement involves the integration of all relevant internal and external
information, including the physical characteristics of objects in the real world. This infor-
mation is commonly stored within memory, whether consciously or unconsciously, and is
referred to as action semantic knowledge. This knowledge in ULA is related to the ability
to use stored knowledge of tool manipulation and the properties of objects to perform
purposeful movements. Additionally, it is important to consider the quality of movements
exhibited during the performance of daily activities in a natural or real-life context. ULA
can have an impact on daily living, causing difficulty in performing skilled movements
necessary for tasks, such as buttoning clothes or brushing teeth. These difficulties could
decrease functioning independence [10,11].

The classification of apraxia has historically been divided into two main groups,
ideomotor and ideational apraxia; however, contemporary research understands this
syndrome in a broader and more complex manner. A deeper comprehension of ULA
requires an analysis that integrates the assessment of apraxic errors with a diverse range
of gestures that represent a wide spectrum of upper limb movements [12]. These gestures
encompass a range of features, such as the distinction between symbolic and non-symbolic
gestures, transitive and intransitive movements, as well as imitation and pantomime.
Pantomime is regarded as the capacity to execute a gesture in a simulated context, that is, a
context different from the one in which the gesture is normally performed, without having
access to sensory information specifically related to that gesture. Moreover, they also differ
in terms of the location of the movement (proximal or distal) and the complexity of the
movement (simple or repetitive) [13]. The main errors that define ULA include errors in
movement content (e.g., making the ‘stop’ gesture when asked for the ‘military salute’),
spatial (e.g., bringing a spoon to the nose instead of the mouth), timing (e.g., making the
gesture slower than expected), or unrecognizable actions [12]. Generally, the prevalent
errors arising from ULA are those associated with the content of actions in both transitive
and intransitive gestures [14].

General self-efficacy is commonly defined as the comprehensive belief in one’s capa-
bility to effectively perform actions aimed at managing personal and everyday life goals.
Bandura characterized self-efficacy by four primary sources: direct mastery experiences, vi-
carious experiences, verbal persuasion, and physiological state [15]. These primary sources
can have an impact on emotions, thoughts, and behaviours. This impact is directly related
to the health concept and performance in health. Self-efficacy modulates the effort in achiev-
ing health goals, treatment adherence, and resilience in difficult contexts [16]. In people
who have suffered a stroke, self-efficacy can significantly impact the recuperation process.
Heightened levels of self-efficacy are correlated with increased initiation and engagement
in activity performance, leading to the achievement of clinical goals [17]. This association
may be attributed to the relationship between self-efficacy with improvements in mobility,
balance and fall risk, community reintegration [18], activities of daily living, perceived
health status, depression [16,19], frailty progression [19], and quality of life [20]. Individuals
diagnosed with stroke may encounter inconsistencies or incongruence in their sense of self,
both pre-and post-lesion. This incongruence can impact their levels of self-efficacy, which
may not be included in their rehabilitation plans [21].

Domain-specific self-efficacy for managing symptoms is the ability to perform actions
to achieve specific goals related to different types of symptoms. These goals could be
recognizing and adapting to the symptoms, evaluating risk situations, and preventing
health complications [22]. Domain-specific self-efficacy is helpful to the active role of
people who have suffered a stroke [23]. The World Health Organization supports the
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patient’s autonomy in plans for symptom management. The treatment of domain-specific
self-efficacy could facilitate autonomy and decision making in illness control [22]. Studies in
the last few years have found that self-efficacy influences health status, as well as physical
and psychological symptoms in chronic illness [24–27]. In people with stroke, higher levels
of domain-specific self-efficacy could predict better results in health [27]. Self-efficacy levels
are tightly related to behaviour, affecting self-management [28].

The presence of ULA often leads to difficulties in performing activities of daily living,
which can result in perceptions of dependence and limitation [29,30]. Furthermore, ULA
can also affect non-verbal communication, leading to deficits in social skills and a reduced
ability to interact with the environment [31]. The conscious and unconscious identification
of these handicaps when engaging in environmental interaction can have an impact on an
individual’s self-concept. When self-concept is affected, it is common for individuals to
perceive frustration, inefficiency, and decreased self-esteem [32,33]. The combination of
this perception as well as reduced environmental interaction may decrease the ability of
the individual to confront daily stressors [34]. The perception of how an individual faces
daily challenges, demands, and stressors is determined by levels of general self-efficacy
and self-efficacy for managing symptoms in people with health conditions [25]. Since post-
stroke patients manifest ULA, it is plausible to hypothesize that higher levels of ULA are
associated with lower levels of self-efficacy. Therefore, the aim of this study is to investigate
whether ULA is related to the levels of general self-efficacy and self-efficacy for managing
symptoms in post-stroke patients.

2. Materials and Methods
2.1. Study Design

A cross-sectional, observational, and descriptive study was conducted. The partici-
pants were post-stroke patients recruited from the Andalusia public health system.

2.2. Participants Selection and Sample Size Estimation

The inclusion criteria for the participants were (i) having mild to moderate sequelae
assessed using the National Institutes of Health Stroke Scale (NIHSS) [35], (ii) being older
than 18 years old, and (iii) having native or fluent proficiency in Spanish to understand
the assessment instructions. The exclusion criteria were (i) individuals with a history of
non-vascular brain damage, (ii) neurodegenerative disease, (iii) moderate–severe cognitive
decline [36], (iv) severe intellectual disability, (v) diagnosis of a severe mental disorder,
(vi) a musculoskeletal disorder, (vii) peripheral nervous system injuries, (viii) uncorrected
sensory impairments, and (ix) impairments in communication.

The sample size for this study was determined using G*power. A priori computed
required sample size estimation was conducted using a t test family and a linear multiple
regression fixed model single regression coefficient including seven predictors, one-tailed.
Considering a moderate effect size of f2 = 0.15 [37,38], a desired statistical power of 95%,
and a significance level of 0.05, the calculated sample size was 74 participants. To account
for potential losses during the study, a 10% increase in the sample size was implemented,
resulting in a total sample of 82 post-stroke patients.

A total of 189 post-stroke patients met the criteria for suitability and agreed to par-
ticipate in the study. From this group, 82 participants were selected, with 41 individuals
having ULA and 41 without ULA. ULA was evaluated using the Apraxia Screen of TULIA
(AST) test, where a score of <9 points indicates the presence of apraxia [39]. A matching
process was implemented to ensure that the 82 participants of the study represented a
balanced distribution of people with and without ULA. The post-stroke patients labelled as
‘non-ULA’ usually exhibited apraxic errors, even if they did not exceed the established test
cut-off point. The errors committed by the whole sample of post-stroke patients included in
the study are representative of the variability in the praxis function continuum registered in
the ULA tests [40]. The flowchart of the study participants’ selection is depicted in Figure 1.
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2.3. Study Procedures

Patients were gathered from randomly selected primary care centres during the period
of April 2022 and June 2023. Prior to their appointments, they were provided with detailed
information about the study. Individuals who expressed interest in participating were given
an informed consent form and a participant information sheet. Afterwards, the evaluation
of ULA and self-efficacy was implemented during a one-and-a-half-hour session. The
evaluation system was applied by a researcher who has specific training in evaluations of
post-stroke patients and upper limb apraxia and more than ten years of clinical expertise
in upper limb apraxia. The data collection and evaluation process was implemented
in the following order: first, sociodemographic and clinical information was collected;
second, the general self-efficacy and the self-efficacy in symptom management scales were
administered; and finally, the TULIA test and the ADL observation scale were implemented.
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The Ethics Committee for Biomedical Research CEI-Granada in the Province of
Granada (Andalusia, Spain) approved this study with reference: 1503-N-21. The research
study adhered to the ethical guidelines outlined in the Declaration of Helsinki throughout
the entire research process, including data collection.

2.4. Evaluation System
2.4.1. Socio-Demographic, Lifestyle Behaviour, and Clinical Data

Researchers gathered information on socio-demographic data (age, gender, marital
status, occupation, and educational level), self-reported lifestyle behaviours (smoking,
alcohol and caffeine consumption, hours of sleep, and physical activity), clinical information
(dominant hand, body mass index, occupational therapy rehabilitation, and hemiplegia),
and stroke characteristics (stroke type, hemispheric stroke, and time since stroke).

2.4.2. Self-Efficacy Dimensions
General Self-Efficacy

The general self-efficacy scale was utilized to assess general self-efficacy in the study.
This scale consists of 10 items that measure an individual’s self-perceived ability to cope
with stressful situations. Each item is rated on a 10-point Likert scale, ranging from 0
(indicating ‘completely disagree’) to 10 (indicating ‘completely agree’). Higher scores on
the scale indicate higher levels of self-efficacy. The psychometric properties of the scale in
the Spanish population demonstrate significant internal consistency, with alpha coefficients
ranging from 0.79 to 0.93, indicating a reliable measure of self-efficacy. Additionally, the
scale exhibits strong correlation with other measures of self-efficacy, with a correlation
coefficient of 0.88 [41]. The study participants exhibited a strong level of internal consistency,
with a Cronbach’s alpha coefficient of 0.86, indicating high reliability.

Domain-Specific Self-Efficacy for Managing Symptoms

Self-efficacy for managing symptoms was evaluated using the self-efficacy in symptom
management scale after the traumatic brain injury. This is a specific questionnaire that eval-
uates self-efficacy after brain damage. It contains 13 items divided into three dimensions:
perception of self-efficacy for managing social and community situations (social–home
integration self-efficacy), management of physical or cognitive symptoms (cognitive self-
efficacy), and management of emotional symptoms (emotional self-efficacy). The internal
consistency of the scale for the Spanish population showed notable internal consistency.
Social–home integration, cognitive and emotional dimensions, and the total score of the
scale showed a Cronbach’s alpha coefficient of 0.66, 0.93, 0.89, and 0.89, respectively [42].

2.4.3. Construct of Upper Limb Apraxia
Domains of Imitation and Pantomime

The Comprehensive Assessment of Gesture Production (TULIA) test was used to
evaluate the imitation and pantomime dimensions. The TULIA comprises 48 items that are
categorized into six differentiated dimensions (sub-constructs of apraxia): non-symbolic
imitation (meaningless); intransitive imitation (communicative); transitive imitation (tool
related); non-symbolic pantomime; intransitive pantomime; and transitive pantomime.
These items assess various kinematic features, including proximal and distal movements,
as well as simple and repetitive actions. Each item is scored on a scale ranging from 0 to
5, with a score of 5 indicating normal movement. The total score ranges from 0 to 240,
with lower scores indicating a greater presence of ULA. For stroke patients, the authors
established a cut-off score of 194 points to identify the presence of ULA. The TULIA test has
shown adequate psychometric properties, including internal consistency (with Cronbach
alpha values ranging from 0.67 to 0.92), and high intraclass correlation (0.96 for imitation
and 0.99 for pantomime) [13].
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Domains of Apraxic Performance in Activities of Daily Living (ADL)

The ADL observation scale is a validated unidimensional tool specifically designed
to assess the ADL performance associated with ULA. The evaluation is based on the
observation of the performance of four daily activities, three of which are previously
established, and the other is chosen by the evaluator. The scoring method consists of four
aspects: independence, initiation, execution, and control. Higher scores indicate greater
dependence on these activities, reflecting the impact of ULA. The individual scores for each
activity can be summed to obtain a total score, providing a comprehensive measure of ULA-
related disability. The ADL observation scale demonstrates strong internal consistency,
with a Loevinger’s H-coefficient of 0.58 and a rho-value of 0.94, indicating its reliability in
measuring ULA. Moreover, the tool exhibits high inter-observer reliability, as evidenced
by strong agreement between observers, with an intra-class correlation coefficient of 0.98,
particularly for the total score of the assessment [10].

2.5. Statistical Analyses

The collected data were analysed using SPSS version 26.0. To gain insights into the
dataset, descriptive statistics were employed to summarize the key variables, including
means, standard deviations, frequencies, percentages, ranges, minimums and maximums,
and percentiles), To perform a between-group comparison, the independent t-test and
Chi-Square test were run for continuous and categorical variables, respectively. To identify
if ULA dimensions are associated with self-efficacy dimensions, five separate multiple
linear regression analyses were performed with the total sample of post-stroke patients
(n = 82). The stepwise regression approach was used to select the significant predictors for
each self-efficacy dimension, considering the seven ULA dimensions as potential predictors.
Specifically, dependent variables were general self-efficacy and self-efficacy for managing
symptoms dimensions: social–home self-efficacy, cognitive self-efficacy, emotional self-
efficacy, and the total score of self-efficacy for managing symptoms. The independent
variables comprised the seven dimensions of ULA, that is, the six dimensions of the TULIA
test (non-symbolic imitation, intransitive imitation, transitive imitation, non-symbolic
pantomime, intransitive pantomime, and transitive pantomime), and the total score of
the ADL observation scale. Before conducting the regression analyses, the normality
of the variable distributions and the presence of multicollinearity were assessed. The
variance inflation factor (VIF) was utilized as an indicator of collinearity, and normality
was evaluated using appropriate statistical tests. Statistical significance was determined
using a p-value threshold of less than 0.05.

3. Results
3.1. Sample Description

Table 1 shows the descriptive statistics of the 82 participants selected in the study,
with and without ULA. No significant differences were found between the groups in
any sociodemographic, clinical, or lifestyle behaviour data. The findings indicate that a
significant proportion of participants were men, accounting for 73% of the total sample,
with a mean age of 62 years. The most frequent dominant hand was the right, and only 5%
of the sample had hemiplegia. Ischemic stroke accounted for 87% of the cases and occurred,
on average, 31 months prior to the study.

Table 1. Comparison of sample descriptive data between participants with and without ULA (n = 82).

Sample Descriptive Data ULA
(n = 41)

Non-ULA
(n = 41) p-Value

Socio-demographic characteristics

Age, mean (years) 64.62 ± 12.30 60.60 ± 10.45 0.381

Gender, male, n 32 (78%) 28 (68%) 0.319
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Table 1. Cont.

Sample Descriptive Data ULA
(n = 41)

Non-ULA
(n = 41) p-Value

Marital status
Single, n 6 (14.6%) 3 (7.3%) 0.678

Married, n 30 (73.2%) 31 (75.6%)
Divorced, n 3 (7.3%) 5 (12.2%)
Widower, n 2 (4.9%) 2 (4.9%)

Occupation
Employee, n 26 (63.4%) 33 (80.5%) 0.177

Retiree, n 14 (34.1%) 8 (19.5%)
Student, n 1 (2.4%) 0

Educational Level
Primary education, n 20 (48.8%) 12 (29.3%) 0.205

Secondary education, n 8 (19.5%) 13 (31.7%)
Vocational training, n 4 (9.8%) 8 (19.5%)

University education, n 9 (22%) 8 (19.5%)

Self-reported lifestyle behaviours

Smoking, n 6 (15%) 9 (22%) 0.391

Alcohol consumption, n 11 (26.8%) 11 (26.8%) 0.947

Caffeine consumption, n 11 (26.8%) 17 (41.5%) 0.286

Hours of sleep, mean 6.71 ± 1.95 6.78 ± 1.40 0.044

Physical activity, mean (minutes per day) 42.41 ± 51.62 61 ± 59.44 0.889

Clinical characteristics

Dominant hand, right, n 36 (87.8%) 37 (90.2%) 0.545

BMI, mean (kg/m2) 27.50 ± 4.92 28.73 ± 4.98 0.910

OT received after stroke, n 4 (9.8%) 6 (14.6%) 0.500
OT rehabilitation, mean (days) 18.56 ± 86.69 35.05 ± 172.39 0.357

Hemiplegia, n 2 (4.9%) 2 (4.9%) 1.000

Stroke characteristics

Stroke type
Ischemic stroke, n 37 (90.2%) 34 (82.9%) 0.331

Haemorrhagic stroke, n 4 (9.8%) 7 (17.1%)

Stroke hemisphere
Right, n 17 (41.5%) 14 (34.1%) 0.421
Left, n 17 (41.5%) 15 (36.6%)

Indeterminate, n 7 (17.1%) 12 (29.3%)

Months since stroke, mean 29.54 ± 9.62 32.76 ± 21.12 0.132

Note. ULA = upper limb apraxia; BMI = body mass index; OT = occupational therapy.

The descriptive statistics for the seven dimensions of ULA are shown in Table 2.
The mean scores ranged from 29.55 to 36.68 points across different dimensions. The
dimension of ‘transitive imitation’ shows the lowest mean score. The percentiles exhibit
information about the distribution of scores within each dimension, reflecting variations in
the performance test within the continuum of praxic function.
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Table 2. Descriptive statistics for ULA dimensions (n = 82).

Dimensions of ULA Mean SD Range Minimum Maximum Percentiles

TULIA test 25th 50th 75th

Non-symbolic imitation 35.96 3.14 16 24 40 35.00 37.00 38.00

Intransitive imitation 36.38 3.23 14 26 40 35.00 37.00 39.00

Transitive imitation 29.55 5.55 26 14 40 27.00 30.00 33.00

Non-symbolic pantomime 35.16 3.70 16 24 40 33.00 36.00 38.00

Intransitive pantomime 36.68 3.11 13 27 40 35.00 38.00 39.00

Transitive pantomime 32.74 4.62 20 20 40 30.75 33.00 36.00

ADL observation scale

Total scale score 2.32 4.36 26 0 26 0.00 0.00 3.00

Note. ULA = upper limb apraxia; SD = standard deviation; ADL = activities of daily living.

3.2. The Influence of ULA Dimensions on Self-Efficacy Dimensions

Regarding self-efficacy dimensions, results after linear regression analyses have shown
that intransitive imitation dimension was significantly associated with general and emo-
tional self-efficacy, explaining 14% (p < 0.001) and 10% (p = 0.003) of its variance, respectively.
Transitive imitation explains 10% (p < 0.001) and 5.2% (p = 0.035) of the variance in self-
efficacy for managing symptoms and social–home integration. Intransitive imitation, the
total score of the ADL observation scale, and non-symbolic pantomime explained 24%
(p = 0.001; p = 0.009; p = 0.028, respectively) of the cognitive self-efficacy variance. These
results are shown in Table 3.

Table 3. Multiple linear regression models for each self-efficacy dimension (n = 82).

General Self-Efficacy (R2 = 0.138)

Independent Variable B 95% CI β SE p-Value

Lower
Bound

Upper
Bound

Intransitive imitation 1.743 0.782 2.704 0.372 0.483 <0.001

Social–Home Integration Self-Efficacy (R2 = 0.052)

Independent Variable B 95% CI β SE p-Value

Lower
Bound

Upper
Bound

Transitive imitation 0.263 0.014 0.512 0.229 0.125 0.035

Cognitive Self-Efficacy (R2 = 0.248)

Independent Variable B 95% CI β SE p-Value

Lower
Bound

Upper
Bound

Intransitive imitation 1.469 0.660 2.278 0.420 0.406 0.001

ADL total −0.722 −1.261 −0.183 −0.279 0.271 0.009

Non-symbolic pantomime −0.783 −1.480 −0.086 −0.256 0.350 0.028

Emotional Self-Efficacy (R2 = 0.104)

Independent Variable B 95% CI β SE p-Value

Lower
Bound

Upper
Bound

Intransitive imitation 0.865 0.301 1.429 0.323 0.283 0.003
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Table 3. Cont.

Total Score of Self-Efficacy for Managing Symptoms (R2 = 0.124)

Independent Variable B 95% CI β SE p-Value

Lower
Bound

Upper
Bound

Transitive imitation 1.282 0.524 2.039 0.352 0.381 0.001

Note. R2 = regression coefficient of determination; B = regression coefficient; CI = confidence interval; β = adjusted
coefficient from multiple linear regression analysis; SE = coefficient standard error; ADL = activities of daily living.

4. Discussion

This study examines if upper limb apraxia dimensions are related to the levels of
general perceived self-efficacy and self-efficacy for managing symptoms among post-stroke
patients. The results indicated that the intransitive imitation was associated with general
self-efficacy and self-efficacy for managing emotional symptoms. The transitive imitation
was related to self-efficacy for managing global, social, and home integration symptoms. Fi-
nally, the intransitive imitation, non-symbolic pantomime, and ULA-associated alterations
in ADL performance explained the dimension of cognitive self-efficacy.

The imitation of intransitive gestures, that is, the capacity for gesture replication
without using an object, was shown to be related to several aspects of perceived self-
efficacy in the sample of post-stroke patients. This finding may be explained because
the loss of control and ability to manage daily activities can present challenges related to
self-efficacy [43]. Self-efficacy, in turn, plays a mediating role in influencing occupational
performance and occupational performance satisfaction [44]. Apraxic errors in gesture
execution independent of objects may contribute to these challenges. This type of gesture
is involved in communication tasks, interaction with the environment, and daily routines.
Intransitive gestures possess a strong social component as they are commonly used while
communicating and are highly influenced by contextual factors [45]. These errors in
imitating intransitive gestures may be associated with the individuals’ perception of their
own ability to respond to external demands [46].

The imitation of transitive gestures, that is, the ability for gesture imitation using an
object, was associated with self-efficacy for managing global, social, and home integration
symptoms, probably due to several reasons. Imitation allows for the replication and
learning of movements that can be useful in daily life [47]. When imitation involves objects,
individuals focus their attention on how the objects are used rather than the specific details
of the movements themselves [48]. Transitive imitation leads individuals to execute the
most effective movements to achieve the final goal in a real context where the use of
instruments, objects, or materials has to be used [49]. The person must transform sensory
information into motor responses, ensuring that their movements align with external
demands. Individuals can adapt to the context even if the movement is not sufficiently
accurate but it meets the external requirements. The ability to imitate transitive movements
leads to greater daily functioning [50], thereby contributing to improving the perception of
domain-specific self-efficacy for managing symptoms.

Several dimensions of the ULA explained the self-efficacy for managing cognitive
symptoms; that is, showing a lower number of apraxic errors in imitation and ADL perfor-
mance may lead to a better perception of self-efficacy when facing cognitive alterations due
to stroke. Moreover, worse performance in the pantomime of gestures seems to be related
to an increase in cognitive self-efficacy perception. These controversial findings between
dimensions can be explained because imitation and pantomime involve different sensory
pathways in the reception of the information from the external context [51]. In imitation, the
patient must observe and replicate a movement precisely, while in pantomime, the patient
is asked verbally to perform a gesture. When a gesture is asked for verbally, the patient
must mentally imagine it. If a post-stroke patient experiences difficulties in imitation, this
fact can lead to feelings of frustration or incompetence. Nevertheless, if apraxic errors occur
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when the individual performs a pantomime, it may indicate that the mental representation
of the movement is imprecise. This cognitive process may generate a greater awareness of
deficits compared to imitation. If individuals are aware of these difficulties, it can enhance
their perception of self-efficacy in controlling cognitive symptoms.

The association of ULA with self-efficacy perception can be translated into various
potential applications in both clinical and research areas. From the clinical setting, these
applications may include the need for (i) incorporating self-efficacy assessment in indi-
viduals with stroke and apraxia; (ii) implementing strategies to improve stroke symptom
management abilities; and (iii) guiding healthcare professionals in designing personalized
management of self-efficacy perception in this population. On the other hand, from the
research area, the practical application may involve (i) a better understanding of the rela-
tionship between praxic function and self-efficacy; (ii) the opening of future research in
the early identification of the perceptual sphere regarding the patient’s interaction with
the environment through movements after a stroke; and (iii) the importance of including
ULA as a relevant construct in the design of studies involving patients with low levels of
self-efficacy.

Some limitations may be identified in this study: first, the sample was limited to
patients from a single Spanish province, which could reduce the generalizability of the
findings to a broader population; second, data about the professional work of the study
participants were not collected, which could have provided valuable insights into character-
izing the sample; third, the study was based on a cross-sectional design, which restricted the
ability to observe changes over time and identify longitudinal patterns in the relationship
between ULA and self-efficacy.

5. Conclusions

The findings of this study identified significant associations between self-efficacy
dimensions and the ULA dimensions. Specifically, general self-efficacy and self-efficacy for
emotional symptoms were positively associated with apraxic errors in objectless gesture
imitation. Self-efficacy for managing global and social interaction symptoms was influenced
by the alteration of transitive gesture imitation. Additionally, self-efficacy for cognitive
symptoms was related to apraxic error performance in activities of daily living performance,
intransitive imitation, and meaningless pantomime. These results highlight the importance
of considering the dimensions of apraxia when approaching perceived self-efficacy in
post-stroke patients.

Author Contributions: Conceptualization, J.M.P.-M.; Methodology, L.S.-B. and J.M.P.-M.; Validation,
J.M.P.-M.; Formal analysis, L.S.-B.; Investigation, L.S.-B. and P.J.M.-O.; Resources, P.J.M.-O.; Data
curation, P.J.M.-O.; Writing—original draft, L.S.-B.; Writing—review & editing, L.S.-B. and J.M.P.-
M.; Visualization, J.M.P.-M.; Supervision, J.M.P.-M.; Project administration, J.M.P.-M.; Funding
acquisition, L.S.-B., P.J.M.-O. and J.M.P.-M. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by two funders: Colegio Profesional de Terapeutas Ocupacionales
de Extremadura (COPTOEX). “Ayuda a proyectos de investigación en Terapia Ocupacional. Reference
number: 2022”. Fundación Progreso y Salud. Consejería de Salud y Consumo. Junta de Andalucía.
FPS 2020—“Proyectos de I+i en Atención Primaria, Hospitales Comarcales y Centros Hospitalarios
de Alta Resolución del Sistema Sanitario Público de Andalucía (CHARES)”. Reference number:
AP-0325-2022.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of CEI-Granada from Granada province, Spain
(protocol code: 1503-N-21, approved: 5 October 2021) for studies involving humans.

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

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.



Healthcare 2023, 11, 2252 11 of 12

Acknowledgments: The authors sincerely acknowledge all participants who generously dedicated
their time and effort to participate in this research study. This study is part of Laura Sánchez-Bermejo’s
doctoral thesis.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Buxbaum, L.J.; Randerath, J. Limb apraxia and the left parietal lobe. Handb. Clin. Neurol. 2018, 151, 349–363. [CrossRef] [PubMed]
2. Tessari, A.; Mengotti, P.; Faccioli, L.; Tuozzi, G.; Boscarato, S.; Taricco, M.; Rumiati, R.I. Effect of body-part specificity and meaning

in gesture imitation in left hemisphere stroke patients. Neuropsychologia 2020, 151, 107720. [CrossRef] [PubMed]
3. Buchmann, I.; Dangel, M.; Finkel, L.; Jung, R.; Makhkamova, I.; Binder, A.; Dettmers, C.; Herrmann, L.; Liepert, J.;

Möller, J.C.; et al. Limb apraxia profiles in different clinical samples. Clin. Neuropsychol. 2019, 34, 217–242. [CrossRef] [PubMed]
4. Rounis, E.; Binkofski, F. Limb Apraxias: The Influence of Higher Order Perceptual and Semantic Deficits in Motor Recovery After

Stroke. Stroke 2023, 54, 30–43. [CrossRef]
5. Dressing, A.; Nitschke, K.; Kümmerer, D.; Bormann, T.; Beume, L.; Schmidt, C.S.M.; Ludwig, V.M.; Mader, I.; Willmes, K.; Rijntjes,

M.; et al. Distinct Contributions of Dorsal and Ventral Streams to Imitation of Tool-Use and Communicative Gestures. Cereb.
Cortex 2016, 28, 474–492. [CrossRef]

6. Dressing, A.; Kaller, C.P.; Nitschke, K.; Beume, L.-A.; Kuemmerer, D.; Schmidt, C.S.; Bormann, T.; Umarova, R.M.; Egger, K.;
Rijntjes, M.; et al. Neural correlates of acute apraxia: Evidence from lesion data and functional MRI in stroke patients. Cortex
2019, 120, 1–21. [CrossRef]

7. Zwinkels, A.; Geusgens, C.; van de Sande, P.; van Heugten, C. Assessment of apraxia: Inter-rater reliability of a new apraxia test,
association between apraxia and other cognitive deficits and prevalence of apraxia in a rehabilitation setting. Clin. Rehabil. 2004,
18, 819–827. [CrossRef]

8. Latarnik, S.; Wirth, K.; Held, A.; Kalbe, E.; Kessler, J.; Saliger, J.; Karbe, H.; Fink, G.R.; Weiss, P.H. Prävalenz und Charakteristika
apraktischer Defizite bei links- und rechtshemisphärischen Schlaganfällen. Fortschritte Neurol. Psychiatr. 2020, 88, 232–240.
[CrossRef]

9. Spinelli, G.; Pezzetta, R.; Canzano, L.; Tidoni, E.; Aglioti, S.M. Brain Dynamics of Action Monitoring in Higher-Order Motor
Control Disorders: The Case of Apraxia. Eneuro 2022, 9, ENEURO.0334-20.2021. [CrossRef] [PubMed]

10. van Heugten, C.M.; Dekker, J.; Deelman, B.G.; van Dijk, A.J.; Stehmann-Saris, F.C.; Kinebanian, A. Measuring disabilities in stroke
patients with apraxia: A validation study of an observational method. Neuropsychol. Rehabil. 2000, 10, 401–414. [CrossRef]

11. Ji, E.K.; Kwon, J.S. Effects of limb apraxia intervention in patients with stroke: A meta-analysis of randomized controlled trials.
J. Stroke Cerebrovasc. Dis. 2022, 32, 106921. [CrossRef] [PubMed]

12. Scandola, M.; Gobbetto, V.; Bertagnoli, S.; Bulgarelli, C.; Canzano, L.; Aglioti, S.M.; Moro, V. Gesture errors in left and right
hemisphere damaged patients: A behavioural and anatomical study. Neuropsychologia 2021, 162, 108027. [CrossRef] [PubMed]

13. Vanbellingen, T.; Kersten, B.; Van Hemelrijk, B.; Van de Winckel, A.; Bertschi, M.; Müri, R.; De Weerdt, W.; Bohlhalter, S.
Comprehensive assessment of gesture production: A new test of upper limb apraxia (TULIA). Eur. J. Neurol. 2010, 17, 59–66.
[CrossRef] [PubMed]

14. Bartolo, A.; Cubelli, R.; Della Sala, S. Cognitive Approach to the Assessment of Limb Apraxia. Clin. Neuropsychol. 2008, 22, 27–45.
[CrossRef]

15. Bandura, A. Self-Efficacy: The Exercise of Control; W.H Freeman and Company: New York, NY, USA, 1997; ISBN 9780716726265.
16. Jones, F.; Riazi, A. Self-efficacy and self-management after stroke: A systematic review. Disabil. Rehabil. 2010, 33, 797–810.

[CrossRef]
17. Chung, B.P.H.; Chiang, W.K.H.; Lau, H.; Lau, T.F.O.; Lai, C.W.K.; Sit, C.S.Y.; Chan, K.Y.; Yeung, C.Y.; Lo, T.M.; Hui, E.; et al.

Pilot study on comparisons between the effectiveness of mobile video-guided and paper-based home exercise programs on
improving exercise adherence, self-efficacy for exercise and functional outcomes of patients with stroke with 3-month follow-up:
A single-blind randomized controlled trial. Hong Kong Physiother. J. 2020, 40, 63–73. [CrossRef]

18. Gudina, E.K.; Teklu, A.M.; Berhan, A.; Gebreegziabhier, A.; Seyoum, T.; Nega, A.; Medhin, G.; Kebede, A.; Assefa, Y. Magnitude
of Antiretroviral Drug toxicity in adult HIV patients in Ethiopia: A cohort study at seven teaching hospitals. Ethiop. J. Health Sci.
2017, 27, 39–52. [CrossRef]

19. Aminu, A.Q.; Wondergem, R.; Van Zaalen, Y.; Pisters, M. Self-Efficacy Is a Modifiable Factor Associated with Frailty in Those
with Minor Stroke: Secondary Analysis of 200 Cohort Respondents. Cerebrovasc. Dis. Extra 2021, 11, 99–105. [CrossRef]

20. Korpershoek, C.; van der Bijl, J.; Hafsteinsdóttir, T.B. Self-efficacy and its influence on recovery of patients with stroke: A
systematic review. J. Adv. Nurs. 2011, 67, 1876–1894. [CrossRef]

21. Satink, T.; Cup, E.H.; Ilott, I.; Prins, J.; de Swart, B.J.; der Sanden, M.W.N.-V. Patients’ Views on the Impact of Stroke on Their
Roles and Self: A Thematic Synthesis of Qualitative Studies. Arch. Phys. Med. Rehabil. 2013, 94, 1171–1183. [CrossRef]

22. Hoffman, A.J. Enhancing Self-efficacy for Optimized Patient Outcomes Through the Theory of Symptom Self-management.
Cancer Nurs. 2013, 36, E16–E26. [CrossRef] [PubMed]

23. Bandura, A. Social Cognitive Theory: An Agentic Perspective. Annu. Rev. Psychol. 2001, 52, 1–26. [CrossRef]

https://doi.org/10.1016/b978-0-444-63622-5.00017-6
https://www.ncbi.nlm.nih.gov/pubmed/29519468
https://doi.org/10.1016/j.neuropsychologia.2020.107720
https://www.ncbi.nlm.nih.gov/pubmed/33309676
https://doi.org/10.1080/13854046.2019.1585575
https://www.ncbi.nlm.nih.gov/pubmed/31002018
https://doi.org/10.1161/STROKEAHA.122.037948
https://doi.org/10.1093/cercor/bhw383
https://doi.org/10.1016/j.cortex.2019.05.005
https://doi.org/10.1191/0269215504cr816oa
https://doi.org/10.1055/a-1082-6501
https://doi.org/10.1523/ENEURO.0334-20.2021
https://www.ncbi.nlm.nih.gov/pubmed/35105660
https://doi.org/10.1080/096020100411989
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106921
https://www.ncbi.nlm.nih.gov/pubmed/36512886
https://doi.org/10.1016/j.neuropsychologia.2021.108027
https://www.ncbi.nlm.nih.gov/pubmed/34560143
https://doi.org/10.1111/j.1468-1331.2009.02741.x
https://www.ncbi.nlm.nih.gov/pubmed/19614961
https://doi.org/10.1080/13854040601139310
https://doi.org/10.3109/09638288.2010.511415
https://doi.org/10.1142/s1013702520500079
https://doi.org/10.4314/ejhs.v27i1.5S
https://doi.org/10.1159/000519311
https://doi.org/10.1111/j.1365-2648.2011.05659.x
https://doi.org/10.1016/j.apmr.2013.01.011
https://doi.org/10.1097/NCC.0b013e31824a730a
https://www.ncbi.nlm.nih.gov/pubmed/22495550
https://doi.org/10.1146/annurev.psych.52.1.1


Healthcare 2023, 11, 2252 12 of 12

24. Lorig, K.R.; Holman, H.R. Self-management education: History, definition, outcomes, and mechanisms. Ann. Behav. Med. 2003,
26, 1–7. [CrossRef] [PubMed]

25. White, L.; Cohen, M.; Berger, A.; Kupzyk, K.; Swore-Fletcher, B.; Bierman, P. Perceived Self-Efficacy: A Concept Analysis for
Symptom Management in Patients with Cancer. Clin. J. Oncol. Nurs. 2017, 21, E272–E279. [CrossRef] [PubMed]

26. Cicerone, K.D.; Azulay, J. Perceived Self-Efficacy and Life Satisfaction After Traumatic Brain Injury. J. Head Trauma Rehabil. 2007,
22, 257–266. [CrossRef]

27. Brands, I.; Köhler, S.; Stapert, S.; Wade, D.; van Heugten, C. Influence of Self-Efficacy and Coping on Quality of Life and Social
Participation After Acquired Brain Injury: A 1-Year Follow-Up Study. Arch. Phys. Med. Rehabil. 2014, 95, 2327–2334. [CrossRef]

28. Satink, T.; Cup, E.H.C.; de Swart, B.J.M.; der Sanden, M.W.G.N.-V. Self-management: Challenges for allied healthcare professionals
in stroke rehabilitation–A focus group study. Disabil. Rehabil. 2014, 37, 1745–1752. [CrossRef]
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