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Abstract

Background: Upper limb apraxia is a common disorder associated with stroke that can reduce patients’
independence levels in activities of daily living and increase levels of disability. Traditional rehabilitation programs
designed to promote the recovery of upper limb function have mainly focused on restorative or compensatory
approaches. However, no previous studies have been completed that evaluate a combined intervention method
approach, where patients concurrently receive cognitive training and learn compensatory strategies for enhancing
daily living activities.

Methods/Design: This study will use a two-arm, assessor-blinded, parallel, randomized controlled trial design,
involving 40 patients who present a left- or right-sided unilateral vascular lesion poststroke and a clinical diagnosis
of upper limb apraxia. Participants will be randomized to either a combined functional rehabilitation or a traditional
health education group. The experimental group will receive an 8-week combined functional program at home,
including physical and occupational therapy focused on restorative and compensatory techniques for upper limb
apraxia, 3 days per week in 30-min intervention periods. The control group will receive a conventional health
education program once a month over 8 weeks, based on improving awareness of physical and functional
limitations and facilitating the adaptation of patients to the home. Study outcomes will be assessed immediately
postintervention and at the 2-month follow-up. The primary outcome measure will be basic activities of daily living
skills as assessed with the Barthel Index. Secondary outcome measures will include the following: 1) the Lawton
and Brody Instrumental Activities of Daily Living Scale, 2) the Observation and Scoring of ADL-Activities, 3) the De
Renzi Test for Ideational Apraxia, 4) the De Renzi Test for Ideomotor Apraxia, 5) Recognition of Gestures, 6) the Test
of Upper Limb Apraxia (TULIA), and 7) the Quality of Life Scale For Stroke (ECVI-38).

Discussion: This trial is expected to clarify the effectiveness of a combined functional rehabilitation approach
compared to a conservative intervention for improving upper limb movement and function in poststroke patients.

Trial registration: Clinical Trial Gov number NCT02199093. The protocol registration was received 23 July 2014.
Participant enrollment began on 1 May 2014. The trial is expected to be completed in March 2016.
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Background
Apraxia is considered the inability to carry out learned
skilled motor acts despite the motor and sensory systems
being intact with respect to coordination, comprehen-
sion, and cooperation [1, 2]. Specifically, this disorder is
viewed as any motor ability problem acquired in the ab-
sence of motor impairments, such as weakness, akinesia,
loss of sensory input, abnormal tone or posture, or
movement disorder [3], which occurs as the result of a
neurological dysfunction [4].
Apraxic impairments are classified as higher motor

deficits since they may manifest in the absence of pri-
mary sensory and motor deficits, disturbed communica-
tion or lack of motivation. As the disorder appears when
patients are processing goal-directed actions [5, 6], it has
been characterized as a reduction in the patient’s ability
to voluntarily perform goal-directed movements [7].
Limb apraxia (LA) is a subtype of apraxia covering a

wide spectrum of higher motor disorders caused by ac-
quired brain disease or injury and affecting the perform-
ance of skilled learned movements carried out by the
upper limbs [8]. It cannot be explained by intellectual
deterioration, poor comprehension, uncooperativeness
or a deficit in the elemental motor or sensory system [9].
Frequently observed clinical symptoms of LA are an in-
ability to perform purposeful movements with one’s
arms or hands, errors when asked to demonstrate how
to use an object or how to carry out actions involving a
single or series of components of movements, and prob-
lems imitating abstract and symbolic gestures [5, 10].
Thus, with LA, performance is characterized by a series
of errors leading to an incomplete, inaccurate or incor-
rect gesture [5, 10].
Limb apraxia subtypes are based on the classification

of Hugo Liepmann [11]. The subtypes of this syndrome
are usually multimodal because they do not depend on
the modality of perceptual visual, verbal, or tactile stim-
uli that the person receives [12]. The two subtypes of
apraxia that have been described in the most detail in
scientific literature are ideational apraxia (IA) and ideo-
motor apraxia (IMA). IA occurs when patients have
problems performing a sequence of actions requiring the
use of various objects in the correct manner and order
necessary to complete an intended goal. IMA is the in-
ability to properly perform gesture pantomimes and imi-
tations, whereas the use of real tools is less affected.
Patients that present with IMA know cognitively what to
do but do not know how to execute the movement. The
idea or plan for the action is not damaged, but imple-
mentation of the motor plan for turning gestures into
actions is impaired [12].
The deficits linked to apraxia are typically associ-

ated with brain damage of vascular etiology, especially
after left hemispheric stroke [13–15]. Studies report

prevalence rates varying from 10 % to 50 % for the
traditional clinical classification of IA and IMA defi-
cits after lesions in the left parietal and premotor cor-
tical areas [6, 14, 15]. Patients with right-brain
damage and IMA have also been reported, with
prevalence rates from 20 % to 54 % [16, 17].
Apraxia is therefore one of the common cognitive def-

icits that occur after a stroke. It can have negative im-
pacts on a patient’s independence in activities of daily
living (ADLs) [14] due to reduced levels of patient au-
tonomy [18–20]. The disorder not only appears in clin-
ical settings but also in many natural, day-to-day
environments [10] where patients commonly perform
ADLs, that is, the daily activities required to live safely
and independently at home. The ecological relevance of
apraxia has been reported in the ability of patients to
perform various ADLs, for example, feeding, bathing,
toileting, and grooming, as well as dressing and brushing
one’s teeth. Moreover, gesture deficits impact negatively
on patients’ nonverbal communication and the quality of
communicative gestures. For this reason, patients who
have apraxia rarely use spontaneous communicative ges-
tures in daily living settings [5, 19–24].
To promote the independence and safety of apraxia

patients’ daily functional performance, efficient cost-
effective and evidence-based intervention strategies for
LA are needed. The most important interventions re-
ported in the scientific literature that are currently used
for upper limb apraxia can be divided into two ap-
proaches: restorative and compensatory. With the re-
storative method, damaged systems/processes are
treated directly, the objective being to bring the partially
affected abilities back to their functional level prior to
illness. It focuses on the training of transitive and in-
transitive gestures, with the aim of restoring the patient’s
pre-morbid level of function. ADL training is most suc-
cessful where patients have practiced the activities
during their daily routines in natural everyday environ-
ments. This gesture execution treatment regimen was
developed by Smania and collaborators [6, 10, 25].
Compensatory methods are based on providing strat-

egies for patients to compensate for deficits associated
with apraxia. By definition, a compensatory treatment
does not lead to the recovery of specific abilities but re-
quires the damaged system to generate compensatory
mechanisms. This approach was developed, with specific
training strategies, by the Dutch group of Van Heugten
and collaborators [6, 12, 26, 27].
Previous studies have reported that rehabilitative treat-

ment of the cognitive functioning of patients with LA
after a stroke can bring about significant improvements
in the performance and recognition of both transitive
and intransitive gestures. Regaining praxis skills often
generalizes to improvements in ADL functioning as well.

Pérez-Mármol et al. Trials  (2015) 16:508 Page 2 of 10



Furthermore, follow-up evaluations indicate that it could
have long-term treatment benefits [10, 25].
Evidence of the effectiveness of compensatory strat-

egies through ADL training has also been found in
this client group. Results after an eight-week treat-
ment period indicate that integrating specific strategy
training into the usual occupational therapy was more
effective in improving ADL functioning than usual oc-
cupational therapy alone [14]. The results of a similar
strategy training approach demonstrated clinically
large and statistically significant impacts on all mea-
sures of ADL functioning, although small significant
improvements were found in tests on apraxia and
motor functioning. In the same study, 71 % of the pa-
tients had improved Barthel Index scores. These re-
sults suggest that the training appears to be
successful in teaching patients compensatory strat-
egies that enable them to function more independ-
ently, despite the residual impacts of apraxia [26].
However, as this study did not include a control
group, these findings could have been affected by
other factors. Although previous research has shown
that the effective management and treatment of LA
has the potential to have a marked impact on patient
outcomes, more rigorous empirical evidence is needed
to demonstrate the effectiveness of rehabilitation ap-
proaches for upper limb apraxia [10]. Only a few
studies have been published that have a suitably rigor-
ous study design and a sufficiently large sample size.
Also, the efficacy of different apraxia treatments has
only been investigated in a few randomized controlled
studies [5].
There is some debate as to whether teaching compen-

satory strategies reduces the likelihood that restorative
approaches will be successful because, once learned,
compensation is very difficult to modify; that is, it may
be difficult to unlearn compensated movement, and this
may frustrate any efforts to improve movement with re-
storative strategies [28, 29]. However, other authors
claim that teaching compensatory and restorative frame-
works should be combined to determine whether this is
in fact true or whether, on the contrary, greater positive
effects are achieved with a combined approach.
To our knowledge, no studies have been completed

using a combined intervention approach, where patients
receive cognitive training on apraxia in conjunction with
a method that focuses on the strategies needed to pro-
mote ADL functional performance. Moreover, we are
not aware of any studies that incorporate an apraxia
intervention at home, in other words, in a natural day-
to-day context. Hence, a more rigorously designed large
scale randomized trial is needed to evaluate the effect-
iveness of a combined treatment approach to functional
rehabilitation at home that integrates both intervention

approaches to LA function (restorative and compensa-
tory) with autonomy in ADLs and quality of life (QoL)
in poststroke patients.
For these reasons, the overall objective of this random-

ized control trial is to evaluate the immediate and
medium-term effects of a combined functional rehabili-
tation intervention aimed at improving mild to moderate
upper limb apraxia in poststroke patients, using a com-
bination of restorative and compensatory approaches in
the patients’ home environments, in comparison with a
control group who undergo a traditional health educa-
tion protocol. The specific research aims are (a) to inves-
tigate the impact of a combined functional rehabilitation
intervention approach on the independence of patients
presenting with an upper limb apraxia that affects the
performance of their basic/instrumental activities of
daily living, (b) to compare the neuropsychological func-
tional status of patients’ LA, and (c) to assess the impact
of this combined intervention in upper limb apraxia on
the patient’s quality of life.
Our study hypothesis is that changes induced by the

restorative approach in combination with the compensa-
tory approach could have positive effects on the per-
formance of transitive/intransitive gestures, ADLs and
QoL in patients with upper limb apraxia.

Methods/Design
Research design
This study will be conducted as a two-arm patient and
therapist-blinded, parallel, randomized controlled trial
design, following the recommendations of the SPIRIT
guidelines (Additional file 1) [30]. The experimental
group will receive a combined functional rehabilitation
program at home and will be compared to a control
group receiving a conventional health education pro-
gram. The main outcome measures will be collected at
three time points over a 16-week period: (1) at baseline,
(2) at posttreatment (that is, 8 weeks after baseline), and
(3) at follow-up (16 weeks after baseline). The study as-
sessment schedule is shown in Table 1. The study was
approved on 26 May 2014 by the Investigation Ethics
Committee of Granada province-CEI (Andalusian Health
Service, Granada, Spain, 180SP) and complies with the
2013 modification of the Helsinki Declaration [31] and
with current Spanish legislation for clinical trials [32].

Participants
Forty patients with clinical evidence of left and right-
sided unilateral vascular lesions poststroke and upper
limb apraxia will be recruited from the Neurology Unit
of San Cecilio Hospital in Granada, Spain. Initial contact
with the patients will be made by telephone 2 months
after they sustained the stroke. Participants will be asked
to talk face-to-face with the coordinators to discuss the
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study and obtain information regarding the objectives
and characteristics of the research. Those who give their
voluntary consent for participating in the study will be
interviewed and assessed by a neurologist to determine
whether they meet the study inclusion criteria. Written
informed consent will then be obtained from all those
taking part in the study. Figure 1 shows the flow dia-
gram of the study participants.

Eligibility criteria
The criteria for inclusion in the study will be as follows:
(a) age between 25 and 95 years; (b) presenting with
mild to moderate effects of a stroke 2 months after a
cerebrovascular attack (this will be determined from a
neurological examination and completion of the NIH
stroke scale [33, 34]; (c) the presence of upper limb
apraxia lasting at least 2 months; (d) voluntary participa-
tion; (e) intervention judged to be necessary by the neur-
ologist, occupational therapist. and patient; and (f )
patients presenting with apraxia, determined by a score
of less than or equal to nine points on the validated tool
for apraxia screening (Apraxia screen TULIA) [35].
The exclusion criteria have been established as follows:

(a) a history of apraxia predating the current stroke; (b)
having had a stroke less than 2 months or more than 24
months previously; (c) cognitive impairment (<23 points
in the normal school population and <20 points with a
low level of education or illiteracy, in accordance with
the Spanish version of the Mini-Mental State Examin-
ation) [36]; (d) severe aphasia (when the patients do not

understand the commands or are unable to complete
the screening tests); (e) a previous brain tumor; (f ) a
previous history of other neurological disorders; (g) hav-
ing a mother tongue other than Spanish; (h) a history of
known drug addiction; (i) a known intellectual or learn-
ing disorder; (j) brain damage from a traumatic or neu-
rodegenerative process (k) a history of serious
impairment of awareness; (l) the presence of orthopedic
or other disabling conditions; and (m) the patient with-
holding consent to take part in the study.

Randomization and blinding
The patients who volunteer to take part in the study will
be randomly allocated into two groups (the experimental
and control groups), using a computational random
number generator (EPIDAT 3.1, Xunta de Galicia) with
randomization codes created by MCGR. This will assign
patients to a combined functional apraxia rehabilitation
group or a control group with an allocation ratio (1:1).
During the randomization process, patients will be
blinded to their treatment allocation. The neurologist
will examine the patients for eligibility criteria and col-
lect all the baseline demographic variables but will not
be involved in the rest of the study or preparation of the
randomization codes. Treatment allocation will be con-
cealed and patients and study personnel will be blinded
to the treatment assignments until after the database has
been locked. During the trial, all the outcome measures
will be collected by three therapists, who will be blinded
to the group allocation. Treatment interventions will all

Table 1 Schedule of enrollment, interventions, and assessments of the study

Enrollment Allocation Post-allocation

Time point Pre-treatment Time 0 Baseline 8-weeks posttreatment 2-month follow-up

Enrollment:

Eligibility screen X

Informed consent X

Allocation X

Interventions:

Combined functional rehabilitation of apraxia group X X

Traditional health educative protocol group X X

Assessments:

Sociodemographic and clinical data X

Barthel index X X X

Instrumental Activities of Daily Living Scale X X X

Observation and scoring of ADL-Activities X X X

De Renzi Test for ideational apraxia X X X

De Renzi Test for ideomotor apraxia X X X

Recognition of gestures X X X

Test of upper limb apraxia (TULIA) X X X

Quality of life scale for stroke (ECVI-38) X X X
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be carried out by an occupational therapist with wide
clinical experience, who will be blinded to the out-
come measures and baseline examination findings but
not to the patients’ treatment allocation, although this
allocation will not be revealed to the therapists who
gather the outcome measure data. Criteria for receiv-
ing discontinued intervention will be as follows: 1)
the participant requests voluntarily to miss any ses-
sion, or 2) the interventions produce a significant im-
provement or worsening of apraxia disease. As part of
the strategy to improve adherence to intervention, pa-
tients will be informed about the relevance of the
treatment in each session, and they will be telephoned
weekly to remind the date of the sessions. The final
result of the study will be reported to the patients in
both groups.

Combined functional rehabilitation approach to apraxia
(experimental group)
The functional rehabilitation approach for upper limb
apraxia consists of occupational therapy intervention
based on two complementary approaches. Information
about these approaches has been published separately,
and there is evidence that both approaches are effective
[6, 10, 26]. The experimental group will receive an 8-
week combined functional rehabilitation program at
home with an occupational therapist on 3 days per week
in 30-min intervention periods, focusing on restorative
and compensatory techniques for upper limb apraxia.
Once the occupational therapist has identified the pa-
tient’s needs, the restorative program will be used in the
first two of the weekly sessions, and the compensatory
methods in the last session of the week. Both methods

Fig. 1 Flow diagram of study design
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will be used to improve the patients’ functional perform-
ance, allowing them to be more independent in different
daily living contexts, especially in the home.
In the restorative approach, developed by Smania et al.

[6, 10], treatment is designed in three sections, directed
towards transitive, intransitive-symbolic and intransitive-
nonsymbolic gestures, respectively. Transitive gesture
training is subdivided into three phases: A, B, and C. In
phase A, the patient is required to demonstrate the use
of common tools. In phase B, the patient is shown a pic-
ture illustrating a transitive gesture and is then required
to mime or imitate that gesture. In phase C, the patient
is presented with a picture showing a common tool and
is then asked to demonstrate how it is used by panto-
miming. Each phase contains 20 items. When the pa-
tient is able to correctly perform at least 17 of the 20
items, that phase is concluded and the following phase is
initiated [6, 10].
Intransitive-symbolic gesture training is also subdi-

vided into phases A, B, and C, depending on the number
of contextual cues used under the different conditions.
In intransitive-nonsymbolic gesture training, the patient
is asked to imitate meaningless intransitive gestures pre-
viously shown by the examiner. Twelve gestures, involv-
ing six proximal and six distal joints, are delivered. Half
of the gestures are static, and the rest are dynamic. Pa-
tients who are unable to perform the gesture properly
are assisted by the examiner with verbal or other appro-
priate facilitation [6, 10].
The compensatory approach is based on the work of

Van Heugten et al. [6, 26]. The treatment consists of
therapy sessions that focus on teaching patients strat-
egies to compensate for deficits linked to apraxia.
Greater improvement in ADL functioning is typically ex-
pected from implementation of the compensatory ap-
proach, rather than the recovery of motor impairments.
Patients become more independent in performing every-
day activities when they are taught internal and external
strategies, such as the use of oral and written instruc-
tions, or picture sequences that can compensate for any
functional deficits caused by apraxia during the execu-
tion of their everyday activities. Compensation can be
provided in two ways: externally (by the therapist), using
materials that help the patient to perform an action (for
example, photographs depicting the correct sequence of
an action), and internally (generated by the patients
themselves) by relying on intact cognitive functions (for
example, verbalizing the sequence of distinct actions the
patient is supposed to complete) [6, 26].
The decision about which activity to work on will be

made collaboratively with the patient and the occupa-
tional therapist. The therapist will take into account the
decision tree and principles used by Van Heugten et al.
to guide the selection of a specific activity and apply a

checklist of activities. The checklist will consist of an as-
sessment of the activities the patient performed prior to
the stroke and those activities that are relevant to the
patient for future performance. The interventions imple-
mented during the compensatory sessions are based on
specific difficulties noted during standardized ADL ob-
servations [6, 26].
ADL activities are conceived as three successive

phases, conforming to the information processing frame-
work: initiation, execution, and control. For example, a
patient with apraxia who cannot use objects appropri-
ately may have a deficit at any one of the stages of the
activity being performed. By evaluating the different
components of the activity, the structure of the deficit
can be recognized, and the design of the treatment can
be formulated accordingly [6, 26].

Traditional health education protocol (control group)
The control group patients will receive a health educa-
tion program only. They and their caregivers will attend
a series of education workshops where they will be given
information about what having a stroke involves, the
meaning of upper limb apraxia, the implications of
upper limb apraxia on daily living at home, and the
common types of challenges arising from apraxia with
respect to the daily use of a person’s upper limb. The
workshops will take place at the patient’s home once a
month over a 2-month period. After completion of the
study, this group will be offered the opportunity to par-
ticipate in the combined approach intervention, al-
though the data from this will not be used in the
statistical analysis.

Assessment
Primary outcome measure

Barthel Index The Barthel Index (BI) for ADLs is a
widely used standardized scale for assessing functional
disability in basic ADLs. It scores ten basic activities:
bowel control, bladder control, grooming, toilet use,
feeding, transfer, mobility, dressing, using the stairs and
bathing. The score generated varies from zero (totally
dependent) to a maximum score of 20 (totally independ-
ent). It has good interobserver reliability, with a Kappa
statistic between 0.47 and 1.00, and good intra-observer
reliability, with a Kappa statistic between 0.84 and 0.97
[37]. In a study involving a poststroke participant group,
the internal consistency of the BI was a Cronbach’s alpha
of 0.92 [38].

Secondary outcome measures
General functionality and autonomy
The Lawton and Brody Instrumental Activities of Daily
Living Scale is a questionnaire used to assess the ability
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to develop the instrumental activities necessary for living
independently in the community. It is a self-
administered scale validated for the Spanish population
[39]. The maximum score of 8 points indicates complete
independence, a score of 6 to 7 mild dependence, 4 to 5
moderate dependence, 2 to 3 severe dependence, and 0
to 1 total dependence. It has high inter- and intra-
observer coefficients of reliability (0.94) and high test-
retest reliability (0.95) [39, 40].
The Observation and Scoring of ADL Activities is a

test that consists of observing the performance of activ-
ities of daily living with a system of standardized obser-
vations specially developed for assessing disability
caused by apraxia. The overall score varies from totally
dependent (0) to fully independent (3). The Kappa statis-
tic shows values higher than 0.70, indicating consider-
able agreement [38]. The inter-observer reliability of
each assessed activity varies with the intraclass correl-
ation coefficients from 0.62 to 0.98 [41].

Neuropsychological tests
The De Renzi Test for Ideational Apraxia assesses idea-
tional apraxia in the upper limbs and requires the use of
real objects. Patients are asked with words and gestures
to take an object in their hands and demonstrate how
they would use it. Two points are assigned for an imme-
diate correct response, and one point is assigned if a cor-
rect performance is preceded by hesitation or a
protracted latency period during which wrong or unsuc-
cessful movements are presented or if the performance
is conceptually correct but the actual movements are
somewhat inaccurate or awkward. For any other type of
error, no points are given. The score varies from zero to
14 points [16].
The De Renzi Test for Ideomotor Apraxia requires pa-

tients to reproduce a wide variety of intransitive ges-
tures, that is, gestures that do not require the use of
objects. The gestures may be symbolic (for example, the
OK sign) or nonsymbolic (hand under the chin). Patients
are assigned a maximum of three points if they perform
the gestures correctly after the first demonstration, and
two or one points, depending on whether they need a
second or third demonstration. If all the demonstrations
are unsatisfactory, no points are given. The test consists
of 24 items and the total test score varies from zero to
72 points [42].
Recognition of Gestures tests both transitive and

intransitive-symbolic gestures, following the recommen-
dations of Smania et al. [10]. For transitive gestures, the
patient is given three pictures showing an action per-
formed a) with an object, b) with a semantically related
but inappropriate object, or c) with a semantically unre-
lated inappropriate object. Patients are required to indi-
cate the picture in which the correct transitive gesture is

reproduced. As for intransitive symbolic gestures, the
patient is given three pictures showing different sym-
bolic gestures, one of which is related to a context repre-
sented in another picture. The remaining two pictures
show gestures with or without postural affinities with
the correct gesture. The patient is requested to indicate
the picture showing the gesture related to the context.
The test includes five transitive and five intransitive ges-
ture recognition trials. One point is given for each cor-
rect response, with the resultant scores varying from
zero to ten points [10].
The Test of Upper Limb Apraxia (TULIA) for Com-

prehensive Assessment of Gesture Production has a total
of 48 items, grouped into six subtests, for imitating ges-
tures and simulating gestures that are nonsymbolic
(meaningless), intransitive (communicative), and transi-
tive (related-objects). It has a Likert scale from zero to
five points per item, with a total score varying from zero
to 240 points [43]. Evidence shows that this test is a reli-
able and valid assessment of gesture production. It can
therefore be easily applied for the purposes of research
and clinical practice. It has a good to excellent internal
consistency and test-retest reliability at both the level of
the six subtests and the individual level of the items. For
test-retest reliability at item level in patients examined
three times within 24 hours, it has been shown that
most items (n = 39) had a good-to-perfect degree of
agreement (varying from 0.66 to 1.0) [43].

Overall quality of life
The Quality of Life Scale for Stroke (ECVI-38) is a self-
administered questionnaire, but in cases where the pa-
tient is unable to read or understand the questions, it
can be completed by a relative or the primary caregiver.
It has 38 items grouped into eight subscales: physical,
communication, cognition, emotions, feelings, basic ac-
tivities of daily living, common activities of daily living,
and social and family functioning, plus two additional
questions about involvement in sexual relationships and
occupational activity. Responses are categorized depend-
ing on the percentage obtained of the total maximum
score of 100 points. Less than 25 % means unaffected,
between 25 and 50 % indicates mild disease, between 50
and 75 % shows moderate impairment, and 75 % or
more means severely affected. This test showed a test-
retest reliability varying from 0.81 to 0.96, calculated
with intraclass correlation coefficients examined at 1
and 2 weeks [44, 45].

Incidence of adverse events Although no previous ad-
verse effects have been reported for this intervention,
participants will be asked to provide information about
any potential adverse events. These will be recorded by
the researcher during the trial and follow-up. Adverse
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events might include upper limb pain an hour after
treatment, musculoskeletal impairments, and swelling or
increased muscle tone in the upper limb. The researcher
will collect data on these events, such as time and date
of occurrence, severity, measurements related to the
treatment and causal relationship with the intervention.
Severe adverse events will be reported immediately to
the principal investigator (MEAF).

Sample size
Based on previously published findings on the use of re-
habilitation treatments by poststroke patients with upper
limb apraxia [14], a clinically important difference pre-
post treatment of 2.44 points on the Barthel Index for
ADLs (primary outcome) was used to calculate the sam-
ple size required to detect the increase in patients’ func-
tional ability with combined functional rehabilitation
(experimental group) versus the traditional health educa-
tive protocol (control group), using the PASS 13 (Power
Analysis and Sample Size) program (http://
www.ncss.com/). A sample size of 15 patients per arm
was estimated to provide a 95 % confidence interval (CI)
with a power of 80 %, assuming a standard deviation of
3.10 points for this difference and a two-sided test (α) of
0.05. The sample size has been increased to a total of 40
to allow for a loss to follow-up of up to 22 %.

Statistical analysis
The data obtained in this study will be analyzed with
SPSS software, version 20.0. The reliability of the model
and validity of the hypothesis will be checked and the
normal distribution of variables, residuals values and
homogeneity of the variances will be studied. The nor-
mal distribution of variables will be verified by the
Kolgomorov-Smirnov test for continuous variables and
the Chi-Square Goodness of Fit test for categorical vari-
ables. Residuals will be analyzed using the residuals
graph to compare observed values against the residuals
values, distribution and tendency. Linearity will be ex-
amined using bivariate scatter plots of observed residual
values against expected values.
Descriptive statistics will be used first to characterize

the study group. The outcomes will be reported with the
mean and standard deviation of scores at baseline, post-
treatment and follow-up time. To evaluate the main
effect of the independent variable (interventions) on out-
comes and potential time-by-treatment interactions, re-
peated measures analysis of variance (RM ANOVA) will
be conducted. To check for sphericity, the variances of
the differences between all combinations of groups of
within-subjects factors will be analyzed with the
Mauchly test and verified by the local invariant test.
Although the Mauchly test is the most widely used, both
tests will be performed because some authors have

reported that the local invariant test produces fewer
Type II errors than the Mauchly test with small sample
sizes and a large number of variables. The Levene test
will be used to assess the equality of variances at the
0.05 significance level. Post hoc analyses of significant
group x time interaction effects will be carried out using
the Tukey multiple comparison procedure to examine
pairwise comparisons of the groups’ means for all out-
come measures and across the three data collection
times.
To complete the analysis, the effect size and level of

significance for interacting effects (group × time) will be
shown, using Cohen’s d (standardized difference between
two means). The interpretation of effect size will be
made following the guidelines of ≥ 0.2 as small effect, ≥
0.5 as medium effect, and 0.8 and above as large effect,
in accordance with Cohen. If normality and homosce-
dasticity assumptions are violated, data transformation
and non-parametric procedures will be considered. Data
from drop-outs and patients who discontinued interven-
tion will be analyzed following an intention-to-treat
principle. A P value of 0.05 will be used for statistical
significance.

Discussion
This study on the functional rehabilitation of upper
limb apraxia will analyze the effects on post-stroke
patients of an 8-week integrative and innovative inter-
vention program, focused on two different but com-
plementary approaches for improving the functional
performance, autonomy and cognitive function of pa-
tients presenting with apraxia. The intervention will
take place in the context of the patients’ homes,
which provide a natural day-to-day living environment
for the study participants.
Apraxia rehabilitation has been researched and re-

ported on in the peer-reviewed literature [2, 5, 6, 46], es-
pecially with respect to stroke patients [6, 14], and has
been shown to be effective in clinical settings immedi-
ately after treatment and on for a longer term. LA has
an irrefutable impact on patients’ ADL independence.
Although spontaneous recovery of upper limb apraxia is
common, it typically does not occur in apraxia patients
with ADL abilities; hence, an adequate training can en-
hance independence and accelerate the natural recovery
process [19]. Compensatory and restorative approaches
have independently been shown to be effective in im-
proving patients’ ADL function [10, 19, 26, 47]. Both
frameworks can be joined together to combine the single
effects of each approach, resulting in an effective recov-
ery of the patients. In other words, it is expected that a
combination of both approaches will produce better
functional outcomes and a better overall patient QoL.
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Limitations
The first limitation involves the methodology. If it were
feasible, a three-arm study including a restorative, a
compensatory and a combined intervention group might
provide greater insights. However, we have designed a
study for investigation purposes in which a combined
intervention is compared with a control group, since we
could find no previous studies that have used this inter-
vention approach with apraxia disorders.
Since the two groups receive different amounts of

intervention, there is also potential for attention bias.
However, the authors are required to comply with the
protocol for upper limb apraxia at the hospital from
which the patients are recruited, and it is not possible to
change the control group.
The second limitation is that not all the original valid-

ation articles of the measures used in the present study,
such as the De Renzi test for ideomotor apraxia, the rec-
ognition of gestures tests and the Barthel test, reported
test-retest reliability. This is a critical aspect when po-
tential clinical changes over time are being measured.
Despite this, we have opted to use these tools because of
the frequency with which they have been utilized in pre-
vious apraxia research.
The third limitation is that we could find no previous

reports that show the effect size of the combined inter-
vention; therefore, our sample size may not be adequate.
However, in a clinical context, we hope that the com-
bined approach achieves at least the minimum clinically
important difference shown for other apraxia treatments.
It is for this reason that the sample size has been calcu-
lated based on this value. In addition, recruiting patients
with upper limb apraxia is difficult. As a result, previous
research on this issue has used a smaller or similar sam-
ple size.

Trial status
Participant enrollment began on 1 May 2014. The trial is
expected to be completed in March 2016.
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