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Abstract

Background: Stroke is a leading cause of chronic neurological disability resulting in dysfunction of upper limbs and limitation
in activity performance among survivors. Substantial constraint in accessing rehabilitation resources necessitate the need to
provide alternative scalable home-based treatment options that can complement or where necessary, substitute hospital-based
rehabilitation. The study reports findings from the feasibility testing of a context-specific home-based Action Observation
Therapy (AOT) programme developed to improve upper limb functions among Nigerian stroke survivors (SSVs). Methods: A
quasi-experimental study was conducted with ten SSVs recruited from the Medical Rehabilitation Department at the Awolowo
University Teaching Hospitals Complex (OAUTHC), lle-1fe. The SSVs participated in a six-week home-based AOT programme,
consisting of five sessions per week, which included observation and imitation of goal-directed activities involving the upper
limbs. Evaluations of motor and sensory function, hand dexterity and basic activities of daily living (BADL) were conducted
using the Fugl-Meyer Assessment of Upper Extremity (FMA-UE), Box and Block Test (BBT) and Barthel Index (BI)
respectively at baseline, 3rd, and 6th weeks. A repeated-measures ANOVA was applied to analyze the data, with a significance
level of p < 0.05. Findings: The results showed a significant improvement in upper extremity motor function (F=58.22; p=0.001),
indicating progressive motor gains during the six-week intervention. However, no significant differences were identified in upper
limb sensation, hand dexterity and BADL (p > 0.05). Conclusion: The context-specific home-based AOT programme
significantly improved UE motor function among Nigerian SSVs with no significant recovery of sensory function, hand dexterity
and BADL. Future study involving larger sample that employ a randomized control trial design is suggested to determine the
functional and clinical relevance of this motor recovery.
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1. Introduction

Stroke is among the leading cause of long-term neurological
disability in the world, and its burden is ever-increasing, espe-
cially in developing countries, where efforts to access good re-
habilitation are few [1]. Upper limb dysfunction has been doc-
umented as one of the most devastating effects of stroke among
survivors as it does not only limits performing of basic daily
tasks like eating, dressing, and personal hygiene but impacts in-
volvement in important roles and responsibilities of SSVs [2].
While conventional hospital-based rehabilitation tends to focus
on recovery of mobility, these are not the only indicators of
complete recovery or reintegration into society [3]. Functional
recovery of upper limbs is necessary so that SSVs would regain
their independence and enhance their quality of life. Over the
years, conventional hospital-based rehabilitation has demon-
strated clinical effectiveness on upper limb function, however,
its impact in sub-Saharan Africa is substantially constrained by
systemic barriers, including shortages of rehabilitation profes-
sionals, high healthcare costs, and the geographical inaccessi-
bility of rehabilitation facilities for stroke survivors, all of which
limit meaningful improvements in long-term stroke rehabilita-
tion outcomes. Thus, underscoring the need to have more viable
and accessible treatment solutions [4].

Action Observation Therapy has emerged as a promising
intervention in neurorehabilitation, it aims to improve motor
learning and functional recovery by having patients observe
and imitate goal-directed behaviors. The principle of AOT re-
lies on the theory of the mirror neuron system, this is a neural
mechanism that occurs when a person performs an action and
observes someone else doing the same action [5]. Through in-
tentional movements, patients activate the brain areas related
to motor control, thus promoting neuroplastic modifications
and enhancement of motor skills. AOT provides a unique way
to retrain the brain and recover lost motor skills, especially in
stroke survivors.

The inclusion of AOT into home-based rehabilitation is a
novel and feasible approach to stroke management, particu-
larly in under-resourced environments [6]. The home-based
rehabilitation will enable patients to perform structured exer-
cises in the comfort of their own homes, which enhances con-
sistency, convenience, and cost-effectiveness [7]. It lowers fi-
nancial and logistical restrictions that are mostly linked with
visiting a hospital, and a patient becomes motivated and self-
reliant. Additionally, home-based interventions are highly
adaptable to the individual's progress, clinical status, and daily
activities, allowing for continuous and personalized therapy.
Considering the lack of rehabilitation centers and professional
staff in most communities within Nigeria, home programmes
that complement hospital-based intervention are viable ways
of enhancing recovery post-stroke.

Despite the accumulating evidence supporting the applica-
tion of AOT in stroke rehabilitation in other parts of the world,
a knowledge gap remains regarding its application and effec-
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tiveness in Nigeria. Limited access to sustained stroke rehabili-
tation services in sub-Sharan African, Nigeria inclusive, has
been associated with suboptimal recovery of upper limb func-
tion among SSVs [8]. There is a need of identifying rehabilita-
tion interventions that are cost-effective and widely accessible,
and effective. Home-based AOT presents an effective alterna-
tive as it integrates modern principles of neuro-rehabilitation
with a delivery model that is appropriate to the socio-economic
context of SSVs in low- and middle-income nations.

This study, therefore, reports the feasibility of a context-
specific home-based AOT programme developed for improv-
ing upper limb function among SSVs receiving care at
OAUTHC, lle-Ife.

2. Methods

2.1. Research Design

This study utilized a pre-test post-test quasi-experimental
research design to assess the feasibility of a context-specific
home-based AOT intervention among Nigerian SSVs.

2.2. Procedure

The Ethics and Research Committee of the, OAUTHC, pro-
vided ethical approval (Ethics number: IRB/IEC/0004553).
The initial steps toward the development of the context-spe-
cific AOT intervention entailed identification and synthesiz-
ing of evidence-informed AOT activities described in litera-
ture for improving upper extremity (UE) functions for neuro-
logical conditions, stroke inclusive. A desk review of litera-
ture was carried out in four databases that included CINAHL,
Pubmed, Web of Sciences and Scopus using keywords rele-
vant to the study. AOT activities and interventions were ex-
tracted from the review subsequently form the initial pool of
evidence-based AOT activities for succeeding a Delph survey.
The AOT activities were refined through a modified e-Delphi
consensus method involving 6 panel of experts with experi-
ence in stroke rehabilitation within the Nigerian healthcare
setting. The expert included 4 occupational therapists and 2
physiotherapists. A list of AOT activities that consisted of 21
items from the desk review were presented to the experts for
rating based on its relevance, practicability, contextual suita-
bility and therapeutic value. Items with content validity index
score (CVI) greater than 0.79 were accepted, those with CVI
score between 0.6 - 0.79 were revised and pulled a subsequent
round of Delphi while CVI of < 0.6 were discarded/rejected.

Afterwards, AOT activities from the second round of Delphi
survey were developed into a video in the form of storyboarding
and script making using a video production methodology [9, 10].
Storyboards for each action video, outlining camera angles, par-
ticipant’s positioning, and key movements with onscreen text
cues, were emphasized in development. Each of the activities in
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the intervention video were demonstrated, with the onscreen
subtitle being displayed intermittently. Each video was devel-
oped in MP4 format and lasted about 2 minutes. Video record-
ing demonstrating each item were presented to the expert panel
for rating. Consensus was achieved on the AOT activities at the
third round of Delphi.

The final stage of the study which is reported in this study
examined the feasibility of the context-specific home-based
AOT intervention using a quasi-experimental pretest—posttest
design. SSVs with upper limb impairment were recruited from
department of medical rehabilitation, OAUTHC, lle-Ife, using
predefined inclusion criteria. Eligibility criteria included: be-
ing an adult aged 18 years and above with a medical diagnosis
of stroke, having sufficient cognitive capacity to understand
and adhere to the training instructions as evidenced by a Mini-
Mental State Examination score greater than 19. Conversely,
SSVs with a Modified Rankin Scale score greater than 3, those
with severe ideomotor apraxia as well as those with serious
orthopaedic complications in the upper extremity were ex-
cluded. Additionally, individuals without access to the neces-
sary device to watch videos at home were excluded, as the
AOT intervention was home-based. The sample size of 10 was
determined using a feasibility-based statistical approach, with
adjustments to account for variability, dropout, and to ensure
reliable data for future trials. Informed consent was obtained
from eligible participants The AOT intervention programme

lasted 6 weeks and consisted of five sessions per week, includ-
ing two daily sessions in a calm environment at home. The
sessions began with participants watching short video clips of
specific upper limb actions, such as grasping objects, pouring
water, or using a remote control. Upon viewing every motor
activity, the participants repeated the actions after three
minutes with similar objects as they were supposed to imitate
in real life. There were sessions that were supervised by care-
givers to ensure concentration on the videos and appropriate
imitation. The participants were advised to focus on active use
rather than mastering the movement in order to encourage the
use of the affected limb. UE motor and sensory function were
assessed with the FMA-UE [11], hand dexterity was assessed
using BBT [12], and BADL was assessed using Bl [13] at
baseline, third- and sixth-week post-intervention. Data was
collected consecutively over a 4-month period at the Medical
Rehabilitation Clinic, OAUTHC, lle-Ife.

2.3. Intervention

There were 10 home-based activities: understanding and
moving objects in horizontal and vertical levels, transferring a
cup, washing a table top, pouring and drinking water, eating
fruit or food with utensils, throwing paper balls, and using a
remote control. The activities were also divided into basic sub-
tasks to facilitate the progressive learning of motor skills and
activation of the mirror neuron system (Table 1).

Table 1. Description of Activities within the Action Observation Therapy Intervention.

WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK5 WEEK 6
DAY  Grasp and move an object Grf:\sp z?md move _an Cleaning the Drink from .. Throw paper balls
. . object in the vertical Eat an apple/fruit .
1 in a horizontal plane plane tabletop acup (waste) into the trash
DAY  Grasp and move an object Transfer the cup from  Cleaning the tab-  Drink from Eat with a fork Throw paper balls
2 in a horizontal plane the table to the tray letop acup (Yam/Carrot) (waste) into the trash
DAY  Grasp and move an object Transfer the cup from  Pour water from the Drink from Eat with a fork Use a remote control
3 in a horizontal plane the table to the tray bottle into the cup  a cup (Yam/Carrot) (ACITV)
DAY  Grasp and move an object Transfer the cup from  Pour water from the Eatanap-  Eat with a fork Use a remote control
4 in the vertical plane the table to the tray bottle into the cup  ple/fruit (Yam/Carrot) (ACITV)
DAY  Grasp and move an object Cleaning the tableto Pour water from the Eat an ap- (Twh;;):’:)ﬂfﬁsrﬂ?:"s Use a remote control
5 in the vertical plane g P bottle into the cup  pleffruit trash (ACITV)
2.4. Data Analysis 3 Results

Data was analysed using descriptive statistics, such as mean,
standard deviation, frequencies, and percentages as well as in-
ferential statistics of Repeated-measures ANOVA with signif-
icance level of p <0.05.
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The results showed that the mean age of the participants
49.049.3 years with a range of 28.0-60.0 years, Majority of
participants were male (70%), had experiences ischemic
stroke (80%) and had moderate disability (mRS=3). The time
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since stroke onset among participants varied, with more than
half of the participants having post-stroke duration of over one
year (60%) (Table 2). The result further showed a statistically
significant improvement in UE motor function among partic-
ipants across AOT intervention time. (F = 58.22, p = 0.001).
However, UE sensory function, remained constant throughout
the treatment. In the same vein, the slight difference observed
in BADL, right- and left-hand dexterity across AOT interven-
tion period was found not to be statistically significant (F>
0.05). Although action observation therapy was shown to have
a significant impact on motor functioning, it did not have a
quantifiable effect on sensory functioning, BADL perfor-
mance as well as right- and left-hand dexterity among the
SSVs. The summary of the repeated measure ANOVA results
and post-hoc analysis is shown in Table 3.

Table 2. Sociodemographic and clinical characteristics of partici-
pants.

Characteristic E’:g:ig% / (Po;)r)centage
Age 49.0 (9.26)

<40 years 2 200

41-50 years 3 30.0

> 50 years 5 500
Gender

Male 7 20.0

Characteristic ';Arsg:e(g% / E’Oir)centage
Female 3 30.0
Stroke Type

Ischemic 8 80.0
Hemorrhagic 2 20.0
Side Affected

Right 6 60.0
Left 4 40.0
Handedness

Right-handed 9 90.0
Left-handed 1 10.0
Modified Rankin Scale

2 1 10.0
3 9 90.0
Time Since Stroke Onset

3- 6 months 2 20.0
7-12 months 2 20.0
13-24 months 5 50.0
> 24 months 1 10.0

Table 3. Comparison of Motor Function, Sensation, Hand dexterity and Basic Activities of Daily Living across Intervention Periods.

Intervention point

Outcome Measure F p-value
Baseline Mid Post

FMAE-UE motor 37.70 £10.142 42.70 £9.02° 48.30 +8.81° 58.22 0.001*

FMAE-UE sensation 11.60 11.60 11.60 - -

Bl 87.0048.23 87.5048.58 88.0049.19 1.00 0.343

Box and Block Test (Left) 20.90 +23.142 22.50 +24.11° 32.90 +22.82° 3.88 0.080

Box and Block Test (Right) 31.60+23.06 32.40423.03 25.80+23.42 1.18 0.304

*Significant at p < 0.05.

4. Discussion

This novel study assessed the feasibility of a six-week
home-based AOT intervention that was contextually devel-
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oped to improve upper extremity function among stroke sur-
vivors in Nigeria. The findings revealed a significant improve-
ment in UE motor function after AOT with no concomitant
significant changes in sensory function, hand dexterity and
BADL. These findings provide vital insight knowledge on the
role of home-based AOT in post-stroke recovery within re-
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source-constraint rehabilitation healthcare settings such as Ni-
geria.

4.1. Motor and Sensory Function Recovery
After Home-based AOT

Across the intervention period, the motor function improve-
ment that was observed among SSVs shows the therapeutic
potential of home-based AOT in stroke rehabilitation. Our
findings support existing literature on motor relearning that
occur during AOT. AOT is documented to activate brain neu-
ral networks through the mirror neuron system thereby im-

proving SSVs’ motor planning, control and execution [14, 15].

As SSVs watch and imitate the videos of performing a con-
textual, real and relatable activity, excitation of the corticospi-
nal tracts might have occurred resulting in use -dependent
neuroplasticity. The findings of related literature indicate that
improvement in motor control is usually more significant and
long-lasting when AOT is used in conjunction with physical
task practice [16]. The sense of accomplishment and mastery
that comes when any step of the AOT is completed could serve
as a form of motivation thereby increasing adherence to the
home-based treatment programme. Remarkably, majority of
the SSVs were in the chronic phase of recovery, with limited
spontaneous neurological recovery opportunities. As such, it
can be stated that the increase in motor function observed in
our study supports previous literature findings that AOT en-
hance motor recovery among chronic SSVs. Accordingly, this
home-based AOT programme could serve as pragmatic alter-
native to conventional hospital-based rehabilitation in a re-
source limited context like Nigeria where there may be short-
age of rehabilitation professional such as occupational thera-
pist.

On the contrary, throughout the AOT intervention, UE sen-
sory function did not change. This finding is similar to results
from previous literature that reported minimal gains in sensory
function after AOT intervention. AOT do not directly engage
the somatosensory pathway but rather targets motor neural
networks that mediate motor planning, intention, and imita-
tion [17]. Thus, in addition, it is plausible that the sensory do-
main of the FMA-UE may be insensitive to recognize minimal
changes in sensory function in small pilot samples [18]. As
such, specific interventions directed towards sensory and pro-
prioceptive processing should be included with AOT to ad-
dress sensory impairment post-stroke.

4.2. Hand Dexterity and Basic Activities of
Daily Living After AOT

Despite significant motor recovery, the hand dexterity out-
come, as measured by the BBT, showed a more complex and
fluctuating trend. In the case of the left hand, a single post-hoc
comparison was statistically significant, indicating some level
of improvement in dexterity compared to the majority of the
pair and contrast comparisons. In the case of the right hand,
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the scores actually decreased during the sixth week, suggest-
ing that the measurements were unstable, the right hand was
tired, or the right hand was not always fully engaged. Such
fluctuations are not surprising, considering the small sample
size and large standard deviations. Although the BBT is a
well-established instrument for measuring gross manual dex-
terity, its minimum detectable change (MDC) and minimum
clinically important difference (MCIDs) are known to be ap-
proximately 57 blocks in adults [19]. Hence, observed differ-
ences below this level of statistical significance, even in cases
where statistical significance is observed, could be within the
margin of measurement error or normal day-to-day variability.
The large variability among participants in this study mini-
mized statistical power and undermined confidence in the sig-
nificance of the observed changes. The irregularity in the left
and right hands could also mirror personal aspects, such as le-
sion laterality, pre-morbid hand dominance, or post-stroke
motor asymmetry. As the majority of participants were right-
hand dominant, the more affected or weaker limb might have
exhibited proportionally higher apparent improvements due to
its initially low base level of functioning, sometimes referred
to as proportionate recovery. Notably, the gains in dexterity
are typically evidenced when AOT is coupled with active ma-
nipulation activities that closely resemble the functional uses
of a hand package, such as grasping or object transfer activi-
ties [20]. The limited dexterity development observed might
thus indicate a need for more task-specific training between
videos and real practice exercises. A further stimulation of
hand dexterity recovery could also be achieved by the addition
of bilateral or constraint components, as proposed by the pre-
vious motor learning models based on repetitive, goal-ori-
ented, and feedback-intensive situations [21, 22].

In the same vein, the BI, a measure of independence in ac-
tivities of daily living, showed an insignificant, trivial differ-
ence between baseline and week six, this finding suggests that
gains in motor impairment did not translate directly into im-
proved self-care performance and independence within the
six-week period. This trend has been replicated in systematic
reviews: AOT may bring quantifiable benefits to body func-
tioning, but the extrapolation of these benefits to functional
performance and improved quality of life remains modest and
inconsistent [23]. This association can be attributed to the fact
that ADL performance is a multifactorial phenomenon requir-
ing the involvement of motor competence, as well as endur-
ance, cognitive, motivational, and environmental assistance
[24]. Moreover, the time duration of the intervention might
likely have limited the level of behavioral integration required
to perform complex tasks, there is evidence to show that
longer-term AOT and repetitive task-specific training of
longer periods of time (usually eight to twelve weeks) are
more likely to have much stronger ADL improvements [25].
Another plausible reason may be the relatively high BADL
score of SSVs at baseline, that could have resulted in a ceiling
effect, thereby limiting the outcome measure’s sensitivity to
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detect change. Accordingly, it is suggested that future pro-
grams consider a longer treatment period and incorporate mul-
timodal approaches, task-based practice, and strength condi-
tioning, to enhance the generalization of motor gains to profi-
ciency in daily activities.

4.3. Rehabilitation Insight and Clinical Utility

The overall findings of this feasibility study indicate that
upper limb motor recovery following stroke through home-
based AOT has a positive effect; however, sensory and func-
tional outcomes are limited. The motor gains as observed on
the FMA-UE are a sign that even without intensive supervi-
sion by therapists, the mirror neuron-mediated visual-motor
priming can allow cortex reorganization and relearning of
motor skills. This result has practical implications for low-
resource environments, such as Nigeria, where hospital-
based neurorehabilitation is not readily accessible over a
prolonged period. The capacity to provide AOT in basic
playback equipment enables SSVs and their caregivers to
participate in formal home-based therapy with minimal ex-
pense or professional supervision [26]. Nonetheless, the
non-significant sensory or ADL improvement indicates the
need to implement multimodal rehabilitation approaches.
Functional independence does not always result when a per-
son improves their motor performance, so home-based AOT
should be viewed as a complementary treatment programme,
rather than an independent one [27]. The AOT should be
combined with active task practice, sensory re-education, or
telerehabilitation monitoring in future research to increase
engagement and guarantee treatment adherence. Moreover,
stratification based on the duration of stroke chronicity and
initial severity is necessary to establish which subgroups
would benefit the most [28].

5. Limitations

Some limitations are identified in this study, and they
should be considered when interpreting the results. To begin
with, the small, non-controlled feasibility sample (n = 10) lim-
its the statistical specificity, rendering the results susceptible

to Type I and Type Il errors, as well as the influence of outliers.

A lack of a control group in the quasi-experimental design also
restricts causal inference, as spontaneous recovery, regression
to the mean, or placebo effects cannot be excluded. The heter-
ogeneity of the participants in terms of time since the stroke
and at the baseline impairment introduces additional variabil-
ity, making it harder to interpret MCID. Additionally, large
standard deviations in the measures of the BBT and FMA-UE
diminish the statistical strength and certainty of the observed
alterations. This six-week follow-up may be too short to detect
a significant transfer to ADL or sensory outcomes, and de-
pendence on caregivers or devices may have introduced bias
in participation.
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6. Implications of the Study

Despite these drawbacks, the study suggests that this con-
text-specific home-based AOT is practical and presents an in-
itial indication of efficacy, which warrants advancement to a
larger randomized controlled trial. The research conducted in
the future should include a sufficiently large sample to iden-
tify clinically significant changes in the FMA-UE scores and
BBT scores, utilizing population-specific MCID thresholds.
AQOT can be combined with task-oriented training, constraint-
based training, or adjunctive therapies, to reveal more signifi-
cant results, especially in motor and sensory functions. This
can be aided by stratifying the participants in terms of chro-
nicity and baseline impairment so as to reach subgroups most
likely to benefit. Furthermore, the increase in follow-up days
and the use of patient-reported outcomes will help evaluate
long-term improvement and functional improvement. Relia-
bility will be enhanced by methodological refinements (re-
peated baseline testing, blinded assessment, and the interpre-
tation using the MDC. Lastly, remote monitoring, facilitated
by the implementation of telerehabilitation tools, may be more
effective in terms of adherence, personalized feedback, and
recording of practice intensity [29-31].

7. Conclusion

The context-specific home-based AOT programme signifi-
cantly improved UE motor function among Nigerian SSVs
with no significant recovery of sensory function, hand dexter-
ity and BADL. Future study involving larger sample that em-
ploy a randomized control trial design is suggested to deter-
mine the functional and clinical relevance of this motor recov-

ery.
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