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Preface to ”Neurorehabilitation: Looking Back and
Moving Forward”

Neurorehabilitation is a complex, medically driven set of therapeutic-targeted actions applied

to people who live with neurological diseases in order to restore and/or compensate for their

disabilities. Progress in neurorehabilitation has been impressive over the years, but mainly in the

last two decades. It follows the progress of clinical neuroscience in general, which is accelerated

by a number of factors, with technology being a major one. Looking back, we are satisfied by the

transition from experience-based, empirical neurorehabilitation to an era of evidence-based practice,

in which multidisciplinary approaches and translational research are applied even from the acute

phase through the disease course to an increasing number of people who need them worldwide.

However, despite this progress, there are still many limitations and restrictions. Nervous system

damage frequently poses difficult recovery issues, and research still has a lot to clarify about the

system’s neuroplasticity and reorganization dynamics. Additionally, more treatment approaches

and combinations of therapeutic interventions need to be standardized, offered on a widespread

basis, and individualized by a new generation of potent, skilled clinical neuroscientists, physicians,

neuroradiologists, neuropsychologists, and other therapists. Furthermore, these interventions must

be organized under a fresh “patient-centric” approach, with home-based and tele-rehabilitation

protocols replacing long stays in medical centers. In other words, we have to move forward to a new

era where medical, basic research, engineering, and high-tech advances can develop more efficacious

approaches that can be widely applied to all people that need them.

In this Special Issue reprint, we present a collection of 11 empirical, clinical, basic research, and

review papers covering the whole range of neurorehabilitation.

Grigorios Nasios, Lambros Messinis, Efthimios Dardiotis, and Markos Sgantzos

Editors
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Rehabilitation is “a set of interventions designed to optimize functioning and reduce
disability in individuals with health conditions in interaction with their environment”,
according to the recent report from the World Health Organization (WHO), released in
January 2023 [1]. As was pointed out in this report, rehabilitation is not “a luxury health
service”, but rather an “investment, with cost benefits for both the individuals and society”,
and potentially all of us need it, or will need it. As it is estimated, globally, about 2.4 billion
people are currently living with a health condition that may benefit from rehabilitation [1],
many of them with neurological diseases, to whom neurorehabilitation services should
be offered. As was stated in our proposal, when releasing this Special Issue, progress in
neurorehabilitation has been impressive over the years, but mainly in the last two decades.
It follows the progress of clinical neurosciences in general, which is accelerated by several
factors, technology being a major factor. Moving forward from empirical approaches, to an
era of evidence-based practice, in which multidisciplinary approaches and translational
research are applied even from the acute phase, through the disease course, numerous
institutes and research groups have attempted to illuminate how nervous system plasticity
and reorganization dynamics can be manipulated to offer better treatments, mainly non-
pharmacological and neurobehavioral treatments. The lack of pharmaceutical remedies for
the management of such disorders and the importance of cognitive or neuropsychological
rehabilitation, neuromodulation, and multidisciplinary approaches were the focus of our
attention in another recent Special Issue [2]. This fast-changing landscape of neurological
rehabilitation, posing the need for a close follow up of the literature, and updated guidelines,
was underlined via numerous examples and three of them are briefly reported below.

In 2019, we published a review article entitled “From Broca and Wernicke to the
Neuromodulation Era. . . ”, focusing on “methods for coupling new knowledge regarding
the functional reorganization of the brain with sophisticated techniques capable of activat-
ing the available supportive networks in order to provide improved neurorehabilitation
strategies” for recovery from aphasia [3]. Since then, low frequency repetitive transcra-
nial stimulation (LF-rTMS) of the right inferior frontal gyrus (IFG) holds level B evidence
for use in chronic poststroke non-fluent aphasia [4]. Furthermore, many investigators
worldwide have published and currently are running protocols applying non-invasive
transcranial magnetic or electrical stimulation, under different scenarios, regarding the
brain region(s) targeted, the nature of lesions (vascular or neurodegenerative), and the time
after aphasia onset.

A second example is rehabilitation of cognitive impairment in people living with
multiple sclerosis (pwMS). While “no evidence” to support cognitive rehabilitation was
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the conclusion of a review of the literature in 2012 [5], there was a turn to “some evidence”
in 2016 [6], with the “U-turn” completed in 2021, when the same authors changed their
recommendation to “there is evidence” to support the rehabilitation of memory in pwMS [7].
It must be noted here that within “only” ten years of research progress, clinical practice
was revolutionized.

A third example is neglect; even though it is a frequent consequence of right hemi-
spheric damage [8], with a heavy impact on prognosis, and despite the existing evidence
supporting its rehabilitation [4], it seems that many of us “neglect” it, being highly under-
diagnosed and untreated [9]. In this case, it appears that the research has failed to “inform”
clinical practice, at least not widely.

In this Special Issue of Healthcare, we present eleven novel articles from international
groups of colleagues, including five clinical studies, five review articles, and one brief report.

Mariacristina Siotto et al. studied gender differences in 61 subacute stroke patients
in terms of oxidative stress status, and the possible correlation between biomarkers of
oxidative stress status and motor impairment, disability, and pain [10]. Measurements of
hydroperoxide levels (d-ROMS), antioxidant activity (BAP test) and relative antioxidant
capacity (OSI index) glucose levels and the lipid profile of the patients were performed.
High levels of d-ROMS were recorded in all the patients, independently of gender, while
BAP levels were in the normal range. Statistically significant gender differences were noted
in the BAP and OSI values, with women having lower values, while in the male group,
there was a negative correlation between oxidative stress status and motor impairment.
On the other hand, a completely different trend of correlation was observed in the female
group, maybe due to unbalanced systemic oxidative stress. These gender differences in
terms of oxidative stress status should trigger further research in post-stroke patients in
rehabilitation settings.

The second article, hosted in this Special Issue, is an elegant research study by Wohno
Choi, investigating the effectiveness of cognitive exercise therapy on upper extremity senso-
rimotor function and daily functioning in 30 patients with chronic stroke, randomly divided
into an experimental group (n = 15) and control group (n = 15) [11]. The experimental
group received a combination of cognitive exercise therapy and conventional occupational
therapy, while the control group received conventional occupational therapy exclusively.
The authors found that only the experimental group improved significantly in sensory
function, motor function and activities of daily living, in contrast to the control group,
which improved only in the domain of daily activity. They concluded that the combined
application of cognitive exercise therapy and conventional occupational therapy seems to
have stronger results in terms of improving sensory and motor functions in patients with
chronic stroke.

Daniel Fernandez-Sanchis and his colleagues from Spain studied the cost-effectiveness
of a single dry needling (DN) session in 23 patients with stroke in the chronic phase,
divided into the intervention group (IG) and the sham group (SG) [12]. The two variables
used for the cost-effectiveness study were the values of the EuroQol-5D questionnaire and
the Modified Asworth Scale (MMAS) to obtain the percentage of treatment responders
and the quality-adjusted life years (QALYs) for each alternative. The evaluation of costs
was carried out from the prospective of the hospital, clinic, or health center. A favorable
cost-effectiveness ratio of both the EUR/QALYs and EUR/responder for IG emerged from
the data analysis. However, the sensitivity analysis did not confirm the dominance of
dry needling (higher effectiveness with less cost) over sham dry needling. Through this
study, the application of DN to the upper limb was highlighted as an affordable alternative
method in patients with chronic stroke.

In a randomized controlled trial, Choi et al. investigated the clinical effectiveness
of Backward or Forward Walking Training programs combined with motor tasks on the
balance and gait function of children diagnosed with spastic hemiplegic cerebral palsy [13].
Twelve children were randomly assigned to the Forward Walking Training Group (FWT)
(n = 6) and the Backward Walking Training Group (BWT) (n = 6). The exercise programs

2
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were conducted 3 times per week for 4 weeks with a duration of 40 min per session. After six
weeks from the completion of the first intervention, crossover training was also conducted.
There was a statistically significant improvement in the spatiotemporal gait parameters (ve-
locity, step, and stride) in both groups. Additionally, statistically significant improvement
was found in walking speed, and balance function; however, the improvement was more
significant in the BWT group. The authors concluded the importance of including the BWT
program to improve balance, and thus prevent fall injuries in this population.

Christos Bakirtzis and his colleagues from Greece performed a validation study eval-
uating the psychometric properties of the Greek version of the Multiple Sclerosis Work
Difficulties Questionnaire-23 (MSWDQ-23) [14]. The study involved 196 patients with
multiple sclerosis (MS), all full-time or part-time employees. In addition to completing the
MSWDQ-23, participants also completed self-reported questionnaires on fatigue, mood,
daily functioning, and quality of life. The study verified the three-factor structure of the
Greek version of the MSWDQ-23. In addition, the convergent validity of the questionnaire
was good, as greater difficulties in the work environment were associated with higher EDSS,
lower performance in cognitive tests, more fatigue, anxiety, stress and depression, and
worse quality of life. The internal consistency of the questionnaire was excellent. Through
this study, the Greek version of the MSWDQ-23 was proven to be a valid tool, which can be
used in the context of interventions aimed at improving the occupational status of people
with multiple sclerosis.

In a review article, Polychronis et al. critically approached the relevant literature of
drooling in patients with Parkinson’s disease (PD), and the possible relationship between
excessive drooling and other clinical manifestations of PD, such as cognitive impairment,
sleep difficulties, autonomic dysfunction, constipation, and orthostatic hypotension [15].
The study concluded that excessive drooling in PD patients is due to a wide range of factors.
In parallel, excessive drooling was linked with a decrease in DAT binding in the striatum
following DaTSCAN imaging.

Another review by Alexandratou et al. investigated the long-term neuropsychological
effects following temporal lobe epilepsy surgery (a mean/median > 5 years post-surgery
follow-up), according to the results of eleven included studies, based on the inclusion
criteria defined in [16]. Interestingly, although one of the immediate consequences of
surgery was a decline in cognitive functions, at the long-term follow-up, most studies
demonstrated cognitive stability. Successful control of seizures leads mainly to the recovery
of cognitive functions rather than a continued decline. The potential role of more selective
surgery procedures in limiting cognitive side effects after surgery was also highlighted in
this review.

Aloizou et al. reviewed the available studies that have used repetitive transcranial
magnetic stimulation (rTMS) for the treatment of the most common types of dementia [17].
It has been argued that the application of this method, either alone or in combination
with pharmaceutical therapy and cognitive training, appears to produce positive results
in terms of improving cognitive functions. Although most protocols mostly involve the
dorsolateral prefrontal cortex (DLPFC), it is a matter of further investigation. At the same
time, the application of rTMS seems to benefit patients with mild cognitive impairment
(MCI). Through this review, it can be perceived that rTMS is a promising method to
improve the clinical picture of dementia, especially in Alzheimer’s disease. At the same
time, this review will be a trigger for further research, which will investigate the potential
effectiveness of rTMS not only in Alzheimer’s disease, but also in other types of dementia
(vascular dementia—VD, Lewy body dementia—LBD; frontotemporal dementia—FTD).

Paulina Magdalena Ostroska and her colleagues from Poland reviewed the telereha-
bilitation of post-stroke patients in the era of the COVID-19 pandemic [18]. Their review
evaluated the effectiveness of telerehabilitation on the functional status of post-stroke
patients according to the results of 10 studies published from 2019 to 2021. Based on the
studies that have investigated the feasibility and effectiveness of telerehabilitation pro-
grams in post-stroke patients, it has been argued that teletherapy appears to be effective

3
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not only in terms of functional recovery, but also in terms of mental and cognitive status,
thereby improving the quality of life of patients. Through this review, the positive effects
of telerehabilitation have been highlighted, which appear to be comparable to those of
hospital treatment. Teletherapy appears to be an alternative method to traditional treatment
and its applicability is particularly important in times of constraints, such as those caused
by the SARS-CoV-2 pandemic.

In an observational study, Poveda-Garcia et al. investigated the ability to visualize
mental motor images and the relationship between mental imagery and motor deficits of
the upper limbs after stroke [19]. The study involved 39 patients, in whom upper limb
movement and function, cognitive functions, and the ability to visualize mental images
and functionality in daily life were assessed. The ability to visualize mental motor images
of the upper limbs was highly significantly correlated with movement, functionality, and
strength. In addition, visuospatial skills showed a correlation with the ability to visualize
mental images, as well as with upper limb movement. Through this study, the particularly
important role of the development of mental motor imagery in rehabilitation contexts
is highlighted.

Finally, Agost-Gozalez et al. conducted a systematic review comparing the efficacy
of percutaneous electrical stimulation (PTNS) and transcutaneous electrical stimulation
(TTNS) procedures on the posterior tibial nerve in adults with idiopathic overactive bladder
syndrome (OAB) who present with urinary incontinence (UI) [20]. A total of 19 studies
published from 2015 to 2020 were included based on the inclusion criteria defined. The
combined application of TTNS or PTNS procedures with other methods, such as pharma-
ceutical therapy or exercise, appears to be highly effective in reducing urinary incontinence
(UI), and seems to contribute to a significant improvement in patients’ perception of quality
of life. Regarding the comparison of the two treatments, PTNS and TTNS, both procedures
seem to be equally effective, but TTNS is mainly preferred, as it is more comfortable for
the patient. Through this review, not only two globally recognized treatment methods
were compared but also possible combinations of these treatments with other methods
were highlighted, which may bring about the best results in terms of treating adult OAB
individuals with UI.

As is apparent to the reader, the articles published in this Special Issue cover a wide
range of neurorehabilitation modalities, although they only represent a small proportion
of the whole scene. We trust that they will assist clinicians to perform evidence-based
interventions and illuminate the necessity of multidisciplinary collaboration. Furthermore,
they share an important motivational drive, that is, the inspiration to move forward to a new
era, where medical, basic research, engineering and high technology advances can develop
more efficacious approaches, combining neuromodulation techniques under sophisticated
neuroimaging guidance. These can be widely and remotely applied to all people that
need them, organized under a fresh “patient-centric” approach, with home-based and
tele-rehabilitation protocols replacing long stays in medical centers.

Of course, there are many issues that still need to be addressed and fulfilled. A major
issue is the priority that nations in the world must give to rehabilitation; in the 2030 initia-
tive, released in 2017, the WHO emphasized the largely unmet need for rehabilitation, since
most people still have no access to such services, although they need them [21]. The initia-
tive highlights the importance of strengthening health systems to provide rehabilitation,
marking a new strategic approach for the global rehabilitation community, with ageing
populations, and an increase in the number of people living with chronic disease [21].

Another major issue is the convincing results of both basic and clinical research; as
we can clarify the underlying mechanisms of brain dysfunction during disease, we will
also be able to understand the mechanisms under which interventions such as cognitive
training, exercise, music, or neuromodulation can change the brain [22]. This could be a
key factor in conducting clinical trials that test innovative rehabilitation treatments and
result in convincing evidence to translate research into clinical practice, since the lack of
empirical evidence remains one of the main limitations of this translation [23].
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Closing this editorial, we would like to inform the reader of the new series of articles
already published in the second edition of this Special Issue, and hope to provide our
readers with further empirical evidence and points for discussion, once this new Special
Issue is complete.
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Abstract: After a cerebral stroke insult, there is an overproduction of Reactive Oxygen Species (ROS),
which overcome the antioxidant defenses, causing further tissues damage. The status of oxidative
stress in stroke patients over time, particularly in those undergoing rehabilitation treatments, has
been poorly investigated. We analyzed the oxidative stress status in 61 subacute stroke patients
(33 females and 28 males) admitted to our rehabilitation center by measuring, in serum: hydroper-
oxides levels (d-ROMs), antioxidant activity (BAP test), and the relative antioxidant capacity (OSI
index). We also analyzed patients for glucose levels and lipid profile. In addition, we analyzed the
correlation between oxidative stress status biomarkers and motor deficits, disability, and pain. Almost
all patients showed high or very high levels of d-ROMs, while BAP levels were apparently in the
reference range of normality. Females had lower BAP values (females: 2478 ± 379; males: 2765 ± 590;
p = 0.034) and lower OSI index (females: 5.7 ± 1.9; males: 6.8 ± 1.9; p = 0.043). Moreover, in the male
group, the correlation with motor impairment and disability showed a worsened motor performance
when oxidative stress is higher. Female group, on the other hand, had an unexpected different trend
of correlation, probably due to an unbalanced systemic oxidative stress. Further research is needed to
see if sex differences in oxidative stress status in subacute stroke patients persist after rehabilitation.

Keywords: oxidative stress; antioxidant defense; Oxidative Status Index (OSI); hydroperoxides;
stroke; rehabilitation

1. Introduction

Stroke is the principal cause of disability [1,2] and the second major cause of death
worldwide, with a high burden on patients, their families, and health-care systems [3].
Patients after stroke have a very heterogeneous clinical spectrum, with variable and often
partial recovery of motor function after a rehabilitation treatment [4]. Indeed, from 30 to 60%
of patients present functional deficits of the paretic arm after a rehabilitation program,
resulting in impaired activities of daily living [5].

During an ischemic insult, the brain–blood flow interruption causes multiple inflam-
matory immune responses and a general oxidative stress, which can damage the brain cells
due to a secondary free radicals’ formation and lipid peroxidation [6]. This means that the
brain is especially exposed to oxidative stress.

Oxidative stress is defined as the imbalance between oxidant and antioxidant species,
in favor of oxidants [7]. The most abundant free radicals are reactive oxygen species (ROS)
and reactive nitrogen species (RNS), which are very highly reactive molecules, due to
their unpaired electron(s) in their external shell. The source of free radicals can be en-
dogenous (nicotinamide adenine dinucleotide phosphate, myeloperoxidase, lypoxigenase,
angiotensin II, imbalance in essential metal homeostasis) or exogenous (pollution, alcohol,
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tobacco, heavy or transition metals, drugs, cooking radiation, etc.) [8,9]. Our antioxidant
system counteracts the free radical toxicity and consists of endogenous antioxidants (en-
zymes: SOD, catalase, glutathione peroxidase; and non-enzymatic molecules: bilirubin,
vitamin E, beta carotene, albumin, and uric acid) and exogenous antioxidants (Vitamin C,
Vitamin E, phenolic antioxidants, oil lecithin, selenium, and zinc). Thus, oxidative stress
status can be defined as the individual equilibrium between pro- and antioxidants [10].
This equilibrium varies with the general health status, specific disease condition, aging, or
physical activity.

Very few studies examined oxidative stress status in survivors of stroke who are
undergoing rehabilitation [11–13] respect to stroke patients in the acute phase [14–16].
Thus, the aims of this study were to examine (i) the oxidative stress status in subacute
stroke patients admitted to our rehabilitation center and (ii) the relationship between the
oxidative stress status and motor impairment, disability, and pain, dividing subjects by sex.

2. Materials and Methods
2.1. Sample

In this study, 61 patients with first stroke (33 females and 28 males), with a mean age
of 68 ± 15 years, admitted to our rehabilitation department between 2019 and 2020 were
consecutively enrolled.

The inclusion criteria were as follows: (i) first ischemic or hemorrhagic stroke, doc-
umented by magnetic resonance imaging (MRI) or computed tomography (CT); (ii) age
between 55 and 85 years; (iii) time latency (within 6 months from stroke).

The exclusion criteria were as follows: (i) a previous stroke; (ii) behavioral and cogni-
tive disorders and/or reduced compliance interfering with active therapy.

The study design was approved by the Ethical Committee of Don Carlo Gnocchi Foun-
dation, Milan, Italy on 13 March 2019 (FDG_6_13/3/19). Written informed consent was
obtained from all patients after a detailed explanation of the study’s aims and rehabilitation
protocols (clinical trials identifier: NCT04223180).

2.2. Biochemical Analyses

The blood samples of patients were collected in the early morning (7:30–9:00 a.m.)
after an overnight fast to standardize the assessment of those biochemical variables that
are affected by the circadian cycle and food intake. Sera samples were separated by
centrifugation (3000 rpm, 10 min, and 4 ◦C). They were then divided into 0.5 mL aliquots
and rapidly stored at −80 ◦C. Subjects’ samples and reference samples were thawed just
before the assay. All the analyses of the serum were performed in duplicate.

The colorimetric determination of Hydro-peroxides content (ROOH, principally) was
assessed by d-ROMs test (Diacron, Grosseto, Italy) on an integrated analytical photometer
(Free Carpe Diem, Diacron, Grosseto, Italy). This test measures the photometric variation
between the byproduct of hydroperoxides with iron (RO· and ROO·, as for Fenton reaction)
and a substituted aromatic amine (solubilized in a chromogenic mixture). The values are
expressed in arbitrary units (UCARR), with 1 UCARR corresponding to 0.08 mg/100 mL of
hydrogen peroxide [17]. Reference values are between 250–300 UCARR, while 301–320 UCARR
is considered borderline range, 321–340 UCARR low level oxidative stress, 341–400 UCARR
middle level of oxidative stress, 401–500 UCARR high level of oxidative stress, and >500 UCARR
very high level of oxidative stress (Diacron, Grosseto, Italy).

In the blood, the defense against noxious attack of reactive species, such as free radicals,
is guaranteed by the antioxidant barrier, which includes exogenous (ascorbate, tocopherols,
carotenoids, bioflavonoids, etc.) or endogenous (proteins, bilirubin, uric acid, cholesterol,
GSH, etc.) compounds. Each mentioned antioxidant compounds possessed its action
power to oppose, depending on reduction-oxidation potential, to the oxidant action of
ROS. Such power is associated to the ability of plasma barrier components to give reducing
equivalent (electrons or hydrogen atoms) to reactive species, avoiding the abstraction of
hydrogen atoms from biomolecules and the generation of dangerous radical chains. It

8



Healthcare 2022, 10, 869

allows to measure the chemically active antioxidant capacity (scavengers) of the plasma
barrier. In particular, it includes antioxidants of both exogenous nature (ascorbic acid and
tocopherols) and endogenous nature (uric acid, bilirubin and albumin) [18]. The state of
global antioxidant defenses and/or the effectiveness of specific antioxidant treatments in
plasma was measured by a BAP test (Diacron, Grosseto, Italy) measured on an integrated
analytical photometer (Free Carpe Diem, Diacron, Grosseto, Italy). This test is based on the
capacity of a colored solution of ferric ions (Fe3+, R2 reagent) complexed to a chromogen
to decolor when the ferric ions Fe3+ are reduced to ferrous ions (Fe2+). This reduction is
generated by an adequate reducing system, that is, antioxidant as is plasma. Reference
values in µmol/L of antioxidants is >2200, 2200–2000 is a borderline status, 2000–1800 is
considered slight deficiency status, 1800–1600 deficiency status, and 1600–1400 high deficiency
status, while <1400 is a very high deficiency status condition (Diacron, Grosseto, Italy).

The antioxidative/oxidative stress ratio was also calculated using the ratio equation:
BAP/d-ROMs. In accordance with literature, we named this ratio the OSI index, which is
an index of potential antioxidant capacity [19]. The criterion value for the BAP/d-ROMs
ratio was set at 7.3. Accordingly, a value lower than 7.3 was defined as an oxidized type and
a higher or equal one as a reduced type. A higher BAP/d-ROMs was considered preferable.
For an extensive and elucidative review on oxidative stress indexes for the diagnosis of
health or disease in humans, see the work of Sanchez-Rodriguez [20].

The glucose levels and lipid profile included Glucose, Cholesterol, HDL Choles-
terol and triglycerides analyses (Diacron, Grosseto, Italy). Glucose was measured by
an oxidase/peroxidase system; reference value: 70–105 mg/dL [21]. Total cholesterol
was measured by means of oxidation from a cholesteroxidase to cholest-4-en-3-one; nor-
mal values are <200 mg/dL, borderline values are 200–240 mg/dL, and high value are
>240 mg/dL [21]. Triglycerides was measured by a peroxidase-coupled method; reference
value 40–165 mg/dL [21]. Direct HDL Cholesterol was measured with a new method of
elimination, in which after an oxidative reaction eliminating VLDL and LDL, the HDL
portion was transformed into a quinone derivative read at 600 nm [22]. The reference
values are differentiated by sex for this assay: for males, normal levels are >55 mg/dL
(females: >656 mg/dL); for males, levels of 35–55 mg/dL indicate a moderate risk (females:
45–65 mg/dL); and for males, values of 35 mg/dL indicate a high risk (females: 45 mg/dL).
Finally, we calculated the ratio total cholesterol and HDL cholesterol ([Cholesterol]/[HDL
cholesterol]) (normal reference range: for male < 5, for female < 4.5).

2.3. Motor, Disability, and Pain Assessment

Patients were evaluated at admission in our rehabilitation center by means of: (i) the
modified Barthel Index (BI), an ordinal scale used to measure performance in activities of
daily living (ADL), ranging from 0 to 100, with lower scores indicating increased disabil-
ity [23]; (ii) the Fugl-Meyer Assessment for upper extremity (FMA-UE) [24] to evaluate
motor function; (iii) the upper-extremity subscale of the Motricity index (MI) [25] to eval-
uate limb strength; (iv) the Deambulation Index (DI), adapted form (eight-point scale) of
the physical therapy part of the Patient Evaluation Conference System. The eight-point
scale ranges from 0 (not assessed) to 7 [26]; (v) the Numerical Rating Scale (NRS), a uni-
dimensional measure of pain intensity to diagnose and quantify pain in adults, in which
a respondent selects a number from 0 (no pain) to 10 (extreme pain) that best reflects the
intensity of their pain [27].

2.4. Statistical Analysis

Data were not normally distributed, according to the Shapiro–Wilk test, and therefore,
non-parametric analysis was performed.

The values of d-ROMs and BAP of the sample group were compared using t-test with
the identical test values measured in an Italian sample of 322 healthy volunteers (190 males
and 132 females) subjected to a “health check” obtained from information on health status,
physical measurements, and blood test [28].
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To examine the relationship between biochemical data and demographic and clinical
data, the Spearman rho correlation coefficients or the Mann–Whitney U test were used, as
appropriate. This analysis was carried out in the whole sample, and for men and women,
separately. Similarly, differences between men and women in biochemical, demographic,
and clinical data were investigated using the Mann–Whitney U test or the chi-squared test.

For all the statistical analysis, a p value lower than 0.05 was deemed significant.
Statistical analysis was performed using SPSS (IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY, USA).

3. Results
3.1. Participants and Baseline Characteristics

For the study, 61 patients were enrolled and evaluated at admission to our rehabilita-
tion center. Table 1 reports, in the whole group, and for females and males separately, the
demographic and clinical characteristics of the sample.

Table 1. Baseline characteristics of the whole group (n = 61) and of females (n = 33) or males (n = 28).
Data are reported in mean ± standard deviation or number and percentage (%).

Baseline Characteristics Whole Group (n = 61) Females (n = 33) Males (n = 28) p Value

Age (years) 68 ± 15 72 ± 13 65 ± 17 0.176

Index stroke type
Ischemic 48 (78.7%) 29 (87.9%) 19 (67.9%)

0.057Hemorrhagic 13 (21.3%) 4 (12.1%) 9 (32.1%)

Affected side
Right 24 (39.3%) 9 (27.3%) 15 (53.6%)

0.036 *Left 37 (60.7%) 24 (72.7%) 13 (46.4%)

Smoking 9 (14.8%) 5 (15.1%) 4 (14.3%) 0.9243

Comorbidities
Hypertension 42 (68.9%) 19 (57.6%) 23 (82.1%) 0.039 *

Type 2 Diabetes 16 (19.7%) 6 (18.2%) 6 (35.7%) 0.7506
Dyslipidemia 10 (16.4%) 6 (18.2%) 4 (14.3%) 0.6821
Heart disease 23 (37.7%) 15 (45.5%) 8 (28.6%) 0.1752

Time from stroke onset (days) 110 ± 37 110 ± 40 110 ± 33 0.745

Numerical Rating Scale (pain) 3 ± 3 4 ± 3 3 ± 2 0.093

Motor Assessment
Modified Barthel Index (0–100) 47.0 ± 20.4 46.2 ± 20.4 48.0 ± 20.7 0.592

Deambulation Index 2.0 ± 1.7 1.8 ± 1.7 2.1 ± 1.8 0.400
Motricity Index 39.2 ± 26.6 39.8 ± 26.8 38.2 ± 27.1 0.881

Fugl-Meyer Assessment 20.3 ± 17.0 23.4 ± 17.4 15.5 ± 15.7 0.222

* p value < 0.05.

Comparing the two groups, the only differences were in terms of affected side (females
had a larger proportion of left hemiplegia, while in males right and left hemiplegia had
similar percentages) and hypertension (with a higher percentage in males).

3.2. Oxidative Stress Biochemical Analyses

Oxidative stress serum analyses for the whole group, and divided between females
and males, are reported in Table 2. A significative difference in BAP and OSI values were
found between females and males, with antioxidant defense and OSI index lower in females
(p = 0.034 and p = 0.043, respectively). On the contrary, no differences were found in terms
of d-ROMs (p = 0.176).

From the comparison with a group of Italian Healthy controls [28], we found that post
stroke patients (Table 2) had higher values of d-ROMs (healthy females: 364.70 ± 85.90 UCARR;
healthy males: 312.0 ± 52.30 UCARR; Figure 1). The BAP test resulted also higher in
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post stroke patients (healthy females: 2035.74 ± 412.28 µmol/L, while healthy males:
1945.03 ± 406.64 µmol/L), but our female group had lower BAP values compared to
males (Table 2).

Table 2. Oxidative stress biochemical analyses.

Biochemical Analyses Whole Group (n = 61) Female (n = 33) Male (n = 28) p Value

d-ROMs (UCARR) 448 ± 119 474 ± 144 417 ± 73 0.176

BAP (µmol/L) 2610 ± 504 2478 ± 379 2765 ± 590 0.034 *

OSI = BAP/d-ROMs ratio 6.2 ± 2.0 5.7 ± 1.9 6.8 ± 1.9 0.043 *

Data are reported as mean ± standard deviation; * p value < 0.05.
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A descriptive analysis of the oxidative stress severity ranges, measured by d-ROMs
serum test, are reported in Figure 2; a significative percentage of patients had high (28%)
and very high (28%) percentages of oxidative stress severity. In particular, 43% of females
had a very high oxidative stress level, while a similar percentage of males (43%) showed a
high oxidative stress. The descriptive analysis of the antioxidant status ranges analyzed
with BAP serum test are depicted in Figure 3, and revealed that most of the patients (79%)
had an optimum power of counteracting oxidative stress (86% of males and 73% of females).
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level (401–500 UCARR); Very High level (>500 UCARR).
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The OSI index values was below the cut-off of 7.3 in 74% of patients (76% of females
and 71% of males), indicating an insufficient antioxidant power with respect to hydroper-
oxide circulation.

3.3. Glucose Level and Lipid Profile Biochemical Analysis

Table 3 shows the biochemical analysis of the glucose levels and lipid profiles for
the whole group, and divided by female and male. At the moment of admission in our
structure, all of the patients had normal glucose, cholesterol, and triglyceride levels, with
no sex differences. Only HDL cholesterol levels were different between males and females;
while both were within normal reference ranges, males HDL cholesterol was lower and
near the borderline value of 55 mg/dL, but the cholesterol ratio was normal.

Table 3. Glucose levels and lipid profile.

Biochemical Analyses Whole Group (n = 61) Female (n = 33) Male (n = 28) p Value

Glucose (mg/dL) 97.8 ± 42.2 95.1 ± 46.5 100.9 ± 37.2 0.473

Cholesterol (mg/dL) 119.0 ± 30.0 124.3 ± 28.3 113.0 ± 31.4 0.119

HDL Cholesterol (mg/dL) 64.4 ± 19.8 70.3 ± 19.7 57.5 ± 17.8 0.016 *

Cholesterol ratio
(Cholesterol/HDL Cholesterol) 2.0 ± 0.7 1.9 ± 0.6 2.1 ± 0.7 0.300

Triglycerides (mg/dL) 113.7 ± 37.5 108.3 ± 36.4 119.9 ± 38.4 0.293

Data are reported as mean ± standard deviation; * p value < 0.05.

3.4. Correlation between d-ROMs, BAP, and OSI with Glucose Levels and Lipid Profile, Days from
Index Stroke to Enrollment, and Motor, Disability, and Pain Assessment

The analysis of correlations between the hydroperoxides levels measured by means of
d-ROMs levels is reported in Table 4. d-ROMs showed a positive correlation with glucose
in the whole group and in female group. Moreover, a negative correlation with days from
index stroke to enrollment, in the whole sample and in males. No correlations were found
with the glucose levels and lipid profile, nor with pain, as measured by the NRS scale. In
the whole group, a positive correlation was found between d-ROMs values and MI and
FMA-UE; in females, d-ROMs values correlated positively with DI, MI, and FMA-UE; in
males, a negative correlation was found between d-ROMs and BI and DI.

The analysis of correlations between antioxidant capacity by means of BAP levels
(Table 5) showed in the male group a negative correlation with triglycerides and a positive
correlation with the NRS. Correlation with motor assessment: in the whole group, BAP was
found to be negatively correlated with the FMA-UE, while in the female group, a negative
correlation was found with BI and DI.

Table 4. Correlation between the systemic hydroperoxides, measured by d-ROMs, and the glucose
levels and lipid profile, days from index stroke to enrollment, pain scale, and motor and disability
assessment in the whole group, and in female and male separately.

d-ROMs

Whole Group (n = 61) Female (n = 33) Male (n = 28)

Spearman Rho p Value Spearman Rho p Value Spearman Rho p Value

Glucose (mg/dL) 0.403 * 0.002 0.486 * 0.006 0.312 0.113

Cholesterol (mg/dL) 0.193 0.146 0.275 0.134 −0.059 0.770

HDL Cholesterol (mg/dL) −0.054 0.689 −0.266 0.148 0.168 0.403

Triglycerides (mg/dL) 0.157 0.238 0.174 0.350 0.304 0.124

Time from Stroke onset (days) −0.305 * 0.017 −0.258 0.147 −0.439 * 0.019
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Table 4. Cont.

d-ROMs

Whole Group (n = 61) Female (n = 33) Male (n = 28)

Spearman Rho p Value Spearman Rho p Value Spearman Rho p Value

Numerical Rating Scale (pain) −0.055 0.705 −0.226 0.258 0.049 0.827

Motor/disability Assessment
Barthel Index −0.004 0.975 0.254 0.154 −0.485 * 0.009
Deambulation Index 0.112 0.393 0.493 ** 0.004 −0.505 * 0.006
Motricity Index 0.351 * 0.021 0.458 * 0.019 −0.009 0.974
Fugl-Meyer Assessment 0.379 * 0.016 0.495 * 0.014 −0.054 0.843

* p value < 0.05; ** p value < 0.005.

Table 5. Correlation between the total antioxidant capacity, measured by BAP, and the glucose
levels and lipid profile, days from index stroke to enrollment, pain scale, and cognitive and motor
assessment in the whole group, in females, and in males.

BAP

Whole Group (n = 61) Females (n = 33) Males (n = 28)

Spearman Rho p Value Spearman Rho p Value Spearman Rho p Value

Glucose (mg/dL) −0.040 0.763 0.137 0.463 −0.245 0.217

Cholesterol (mg/dL) −0.012 0.930 −0.071 0.703 −0.115 0.570

HDL Cholesterol (mg/dL) 0.050 0.712 0.202 0.274 0.120 0.550

Triglycerides (mg/dL) −0.247 0.062 0.073 0.695 −0.569 ** 0.002

Time from stroke onset (days) 0.042 0.749 −0.088 0.627 0.167 0.395

Numerical Rating Scale (pain) 0.008 0.957 −0.066 0.745 0.436 * 0.043

Motor Assessment
Barthel Index −0.121 0.353 −0.416 * 0.016 0.076 0.700
Deambulation Index −0.088 0.505 −0.391 * 0.027 0.125 0.527
Motricity Index −0.111 0.480 −0.261 0.197 0.140 0.591
Fugl-Meyer Assessment −0.317 * 0.046 −0.379 0.068 −0.252 0.347

* p value < 0.05; ** p value < 0.005.

The OSI index correlated negatively with glucose and triglycerides in the whole group
and in the male group. Moreover, in the whole group, a negative correlation was found
with FMA-UE; in the female group, negative correlations were found with BI, DI, and MI,
while positive correlations were found with BI and DI in the male group (Table 6).

Table 6. Correlation between the OSI index and glucose levels and lipid profile, days from index
stroke to enrollment, pain scale, and cognitive and motor assessment in the whole group, in females,
and in males.

OSI Index

Whole Group (n = 61) Females (n = 33) Males (n = 28)

Spearman Rho p Value Spearman Rho p Value Spearman Rho p Value

Glucose (mg/dL) −0.277 * 0.035 −0.237 0.198 −0.415* 0.031

Cholesterol (mg/dL) −0.082 0.538 −0.242 0.189 0.200 0.318

HDL Cholesterol (mg/dL) 0.078 0.560 0.306 0.094 0.001 0.997

Triglycerides (mg/dL) −0.303 * 0.021 −0.153 0.410 −0.609 ** 0.001

Time from Stroke onset (days) 0.211 0.102 0.140 0.436 0.295 0.128

Numerical Rating Scale (pain) 0.072 0.624 0.188 0.347 0.167 0.458
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Table 6. Cont.

OSI Index

Whole Group (n = 61) Females (n = 33) Males (n = 28)

Spearman Rho p Value Spearman Rho p Value Spearman Rho p Value

Motor Assessment
Barthel Index −0.015 0.912 −0.392 * 0.024 0.422 * 0.025
Deambulation Index −0.090 0.493 −0.581 ** 0.000 0.475 * 0.011
Motricity Index −0.288 0.061 −0.458 * 0.019 0.128 0.624
Fugl-Meyer Assessment −0.460 ** 0.003 −0.494 * 0.014 −0.267 0.318

* p value < 0.05; ** p value < 0.005.

No differences were found between smokers and no-smokers in oxidative stress
markers. A negative correlation between d-ROMs and time from stroke onset was seen in
the whole group and in the male group, showing that the further the distance from insult
the lower the hydroperoxides levels.

4. Discussion

The analysis of oxidative stress status in the subacute stroke patients enrolled for this
study revealed that systemic hydroperoxides levels were altered, as expected: 56% of the
subjects had high and very high d-ROMs serum content (Figure 2, Table 2).

After an ischemia or a hemorrhagic brain injury, there is a massive production of
ROS—as revealed by hydroperoxides in circulation—which can produce multiple reactions
of radicals damaging the cells; lipid content of membrane cells is particularly susceptible to
ROS attacks, because lipid peroxidation involves the inactivation of membrane enzyme
and the destruction of the structural protein [29,30]. Several studies showed that acute
and subacute ischemic stroke patients had increased levels of oxidative stress [11,12,31]
and clinical severity of stroke was demonstrated to be correlated with increased serum
hydroperoxide concentrations, measured with the d-ROMs test [16]. Moreover, free radicals
also prevent recovery, which makes them an important post stroke therapeutic target [32].

Patients were admitted to our center after a certain time since stroke insult and we
found negative correlation between d-ROMs and time from stroke onset in the whole group
and in the male group, showing that the further the distance from insult the lower the
hydroperoxides levels, as described in the literature [33]. Moreover, we found unexpectedly
that the antioxidant levels were optimum (Table 2). In the whole group under study, in
fact, the BAP test revealed a good antioxidant capacity in 79% of subjects (Figure 3). This
result appears to point to a “counter-balanced oxidative stress” status, in which patients
tend to neutralize the oxidative stress generated by stroke insult with an apparently good
biological antioxidant capacity.

To investigate the redox balance more thoroughly, we calculated the OSI index for
each patient; this index showed that the relative antioxidant capacity was not so effective,
since 71% of the whole group had OSI under the cut-off (Table 2). Thus, the oxidant insult
it is probably not sufficiently opposed by endogenous antioxidant capacity of patients.
This scenario, however, is potentially harmful, because the oxidative stress could worsen
if ROS production is not promptly removed or reduced [29]. There was no difference
between smokers and no-smokers in oxidative stress biomarkers, and smokers were a very
small percentage of patients, so we can exclude that hydroperoxides increase is related
to smoking. It is also worth noting that the high mean age of our sample (68 ± 15 years;
Table 1) can be a cause of worse antioxidant capacity.

We then compared our data to those of 322 Italian controls [28] and we found that our
group had higher d-ROMs and BAP measurements (Figure 1). This “comparison group”
was well defined in terms of age and gender, with no differences in d-ROMs values for age,
and females having higher d-ROMs values. Antioxidant defenses decreased with age in
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the BAP test, with higher BAP values in females. The authors also divided females into
premenopausal and postmenopausal groups but found no statistical differences [28].

Similarly, d-ROMs values were significantly different between 105 males and
185 females in another group of 290 “apparently healthy” Italians over 60, while PAT,
which is an evolution of the BAP test, did not show significant differences [34].

In our patients, no differences were found in d-ROMs between males and females, but
42% of females had very high values of d-ROMs with respect to 11% of males (Figure 2).
Females showed, instead, a lower level of BAP respect to males, with a lower percentage
of normal levels of systemic antioxidants (Table 2, Figure 3). These findings show that
oxidative stress status is different in the male and female group, but differently respect
to healthy subjects. The higher systemic hydroperoxides levels measured with d-ROMs
are most likely due to the stroke insult in both sexes, maintaining the same pattern of
healthy subjects (with higher values in female), but our female group’s antioxidant defense
reservoirs appear lower to be lower.

Stroke incidence has long been known to be higher in males than females around
the world; this sexually dimorphic epidemiology persists well past menopause until it
is overshadowed by the effects of age [35,36]. Males have a higher age-adjusted stroke
incidence than females [37], but females have not seen the same reduction in stroke rates
as males, according to recent research [38]. Women’s higher stroke rates may be due to
longer life expectancies, but sex differences in stroke incidence rates may also play a role.
A recent study on the X and Y chromosomes suggested that the second X chromosome has
a negative effect that is only visible after reproductive senescence [39,40]. This suggests
a complex interaction between aging, ischemia, and the sex chromosome, and that sex
should be considered in the prevention and treatment of stroke [35,38,41].

The analysis of glucose levels and lipid profile, at the admission to our rehabilitation
center, showed that all subjects had normal glucose, cholesterol, and triglyceride levels
(Table 3), with no sex differences and no statistical differences between sex. Only HDL
cholesterol levels differed between males and females being both within normal reference
ranges; male HDL cholesterol was lower and near the borderline value of 55 mg/dL,
but the total cholesterol/HDL cholesterol ratio remained within normal reference ranges.
Brunelli et al. [42] analyzed sex differences in biomarkers in 195 Italian healthy volunteers,
and found that males had lower HDL cholesterol values at the baseline, although the
differences were not significant (males: 48.69 ± 14.10 mg/dL; female: 61.06 ± 11.78 mg/dL).
In a more recent epidemiological study by Menotti [43], the analysis of 25,272 males (with
median age of 51) and 21,895 females (median age 49) revealed higher levels in females.

The analysis of correlations with oxidative stress indices showed a positive correla-
tion between d-ROMS and glucose in females and a negative correlation between BAP
and triglycerides in males. These findings deserve further study to investigate better the
relationship between glucose and lipid profile, as well as oxidative stress biomarkers, in
subacute stroke male and female patients admitted to rehabilitation centers, considering
that subjects after a stroke insult are often treated pharmacologically for hypercholes-
terolemia and diabetes. Note that among the comorbidities the hypertension is significantly
more present in males than females and we do not able to exclude that this disease or the
anti-hypertension drug assumption can have an influence on the oxidant stress status.

Another result of our study is that the analysis of correlation of d-ROMs and OSI index
with motor assessment outcome showed very singular results: a substantial difference
was observed between the female and male group. In the male group, the Barthel Index
and Deambulation Index negatively correlated with d-ROMs and positively with the OSI
index, showing that the higher the oxidative stress status was, the worse the motor function
(Tables 3 and 5). Females had a totally different trend: the higher the d-ROMs values were,
the better the ability to walk (measured using the Deambulation index) and the better the
upper limb muscle strength performance (measured using the Motricity Index and Fugl-
Meyer Assessment); the lower the antioxidant capacity was, the better the ability in daily
activities and the better the deambulation (higher score in Barthel index and Deambulation
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index); the lower the OSI index was, which accounts for the antioxidant capacity index, the
higher all the motor assessment outcomes were, i.e., Barthel index, Deambulation index,
Motricity index, and the Fugl-Meyer Assessment (Tables 3–5). Males seem less distressed,
and the oxidative stress status showed a significant correlation with motor ability. This
particular behavior of the oxidative stress status in female is not associated with a higher
disability or worse performance with respect to males because we found no significant
differences in the relative outcomes. In our opinion, it is possible that females, after
a certain level of oxidative stress, are no longer able to balance it, having an inadequate
antioxidant capacity, and this implies that there is no correlation with motor assessment
outcomes. This hypothesis has to be confirmed by measuring oxidative stress before
and after rehabilitation, in order to clarify this point. In fact, the rehabilitation programs
have been proven to be crucial in diminishing oxidative stress, lowering oxidative stress
biomarkers in plasma [11,13,44,45]. In particular, a study on 29 subacute-phase post stroke
patients reported levels of d-ROMs and BAP in plasma immediately before and after the
exercises at admission and after a rehabilitation program, comparing an exercise group with
a control one [12]. D-ROMs levels were significantly decreased and BAP levels significantly
increased at rest only in the exercise group. It is interesting to notice that the levels of
d-ROMs, measured immediately after the 1-h exercise, were always higher than before
exercise. It is well known that high-intensity physical exercise is associated with increased
production of reactive oxygen species, able to consume endogenous antioxidants and
eventually able to damage biological molecules and key cellular components. Therefore,
the balance between beneficial and potentially harmful effects of exercise might be of
particular importance in the elderly, in which nutritional deficiencies, sedentary lifestyle,
and comorbidity commonly concur with a depletion of the antioxidant reservoir of the
organism and increased susceptibility to oxidative stress [46]. On the other hand, at rest,
levels tend to diminish, showing the very positive effect of antioxidant activity exerted by
exercise training. In this context, rehabilitation should be considered crucial not only for
functional improvement and functional maintenance after stroke, but also for improving
antioxidant capacity and attenuating systemic oxidative stress.

One limitation of this study is that we did not measure inflammation biomarkers or
hormonal biomarker such as estrogen, which deserves future investigation for its correlation
with oxidative stress. Another important limitation is that we tested only d-ROMs and
BAP: the analysis of other biomarkers and an analysis on iron dysmetabolism need to
be performed to extend and improve the study on oxidative status imbalance in post
stroke patients. Furthermore, this study was carried out on a limited number of subjects
and without an internal healthy control group; a study with a wider sample including
a control group is planned to confirm these data. Moreover, we had no information about
the cerebral area affected from the stroke, and this could be a critical point to evaluate the
differences existing in oxidative stress among males and females.

From these preliminary data it is clear that further research is necessary to investigate
the role of rehabilitation on oxidative stress status in post stroke patients and to evaluate
if sex is a distinguishing factor of the response of the antioxidant ability to treatment. It
is important to underline that the clinical picture after stroke can be heterogeneous and
its evolution as well as the response to rehabilitation treatments can be very different in
individuals, and in males and females, despite similar clinical status at the onset [47–49].
Reducing oxidative stress generated by free radicals is an important issue to consider in
order to limit subsequent stroke insults. Moreover, further research is necessary to investi-
gate the potential role of a specific diet or of antioxidant supplementation to overcome the
oxidative imbalance reported in this study.
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Abstract: Drooling can present in patients with Parkinson’s disease (PD), and it is manifested as an
excessive pooling of saliva inside the oral cavity. Currently, the exact pathophysiological mechanism
of drooling in PD is not yet fully explicated. Thus, it becomes crucial to understand if some clinical
characteristics may emphasize drooling or if they are just concomitant. In PD, excessive drooling has
been associated with a higher burden of non-motor symptoms, such as cognitive impairment, sleep
problems, autonomic dysfunction, constipation and orthostatic hypotension, and of worse severity of
motor fluctuations and bradykinesia. PD patients with excessive drooling also showed a reduction
of striatal DAT availability at DaTSCAN imaging. Excessive drooling in patients with Parkinson’s
cannot be attributed to a single factor but to a mixture of factors, including but not limited to impaired
nigrostriatal pathways.

Keywords: Parkinson’s disease; salivation; clinical features; non-motor; motor; sialorrhea; drooling

1. Introduction

Drooling is commonly manifested among patients with Parkinson’s disease, and
it can be caused by the excess production of saliva, inability to retain saliva within the
mouth (incontinence of saliva), or problems with swallowing (dysphagia) [1]. It can be
caused due to a hyper-production of saliva inside the oral cavity or a change in salivary
clearance as a result of swallowing impairments or difficulty in containing saliva inside
the oral cavity [1]. Research studies have examined the pathophysiology of drooling in
PD [2–16] in order to better understand the relationship between drooling and the clin-
ical symptoms in PD. Over the course of the disease, the prevalence of drooling varied
between 9.26% and 70% [17–21], it is higher in males [19,22–24] than in females and the
longer the disease duration [17,18,24,25] and progression, the higher the risk of drool-
ing [14,17,18,22,24–26]. Moreover, the higher the age and the severity of Levodopa-induced
dyskinesia, the more prevalent the drooling is. A single work reported that drooling
might, in some cases, be a prodromal PD symptom [20]. Even though inconsistent findings
have been suggested regarding the association between the cognitive performance and
drooling [17,22,23,25,27–30], it appears that drooling is related to sleeping disorders [22,23],
dysautonomic symptoms [22,23,31], speech difficulties [23], dysphagia [17,23,25,32–35],
hypomimia [24,26,36], bradykinesia [26], and a more symmetric pattern of PD presenta-
tion [24,37]. Neuroimaging research studies have suggested that de novo PD patients
present with reduced functional connectivity in putamen, indicating that drooling is a
symptom of a widespread pathology [38], which is challenging to treat [2]. Future research
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should further examine the relationship between drooling and other aspects of the PD
symptomatology [39,40], as well as the influence of other treatments commonly used in PD
and to analyze their consequences on drooling [41].

2. Pathophysiology of Drooling

The processes of salivation are controlled by both sympathetic and parasympathetic
nervous systems [42]. The process of salivary gland secretion involves primarily cholinergic
signaling by the parasympathetic nerves and signaling by neuropeptides, such as substance
P, but also adrenergic signaling by sympathetic nerves. Parasympathetic stimulation will
activate acetylcholine receptors, and sympathetic stimulation will increase alpha-receptor
stimulation, which causes smooth muscle contraction and increases volume flow [42].

Drooling is more pronounced in periods where patients are “off” medication [2]. The
abnormality of salivary production and maintenance inside the oral cavity and inadequate
salivary clearance are considered the two main major domains that impact the patho-
physiology of drooling [2]. Saliva’s overproduction, by definition, can result in drooling.
However, it has been found that PD patients produce less saliva compared to healthy con-
trols [3–5], and the dopamine deficiency might explain why. However, the exact mechanism
causing reduced salivary production has not been fully elucidated [4]. Studies using animal
models have shown that saliva secretion is modulated by dopamine [6,7]. Specifically, the
results of studies performed in rats have suggested that salivary secretion is a result of the
activation of central and peripheral receptors of dopamine [7]. Lesion studies also support
this claim, as a significant decrease in salivary secretion was identified when lesions in
globus pallidus or its output pathway (lateral mesencephalic reticular formation) and the
striatum were identified [8]. Aligned to this, a pathological study identified Lewy bodies in
the superior cervical ganglion, the cervical sympathetic trunk, the peripheral vagus nerve,
and the submandibular glands [9]. Another study by Costa et al. (2008) measured and
compared the salivary production activity and velocity of salivary excretion of the parotic
gland in healthy controls and PD patients, reporting the same production of saliva in both
groups, but the parotic salivary excretion velocity to a distinct stimulus in the PD patients’
group was significantly higher when compared to the group of the healthy controls [43].
Therefore, the increased velocity of saliva excretion should not be the main contributor of
drooling in patients with PD, but it might partially contribute to its pathophysiology.

The other major domain that can contribute to drooling is swallowing dysfunction
during the oral and/or pharyngeal phase of swallowing. In PD patients, bradykinesia
can lead to oropharyngeal dysphagia. A study in animal models found a slower tongue
protrusion in the rat group injected with 6-hydroxydopamine (6-OHDA) when compared to
healthy controls [10]. In addition, the parkinsonian rat group in another 6-OHDA videoflu-
orographic study had higher rates of aberrant food bolus movement compared to healthy
controls [11]. Furthermore, a study using videofluoroscopy (VFSS) suggested that the sever-
ity of dysphagia in drooling PD patients is directly correlated with drooling [12]. Therefore,
impairment in the oropharyngeal phage of swallowing might be a main contributor to
drooling’s pathophysiology. Furthermore, Kikuta T. et al. (2011) suggested that advanced
PD patients present with lower maximum tongue pressure when compared to PD patients
in early or moderate stages of their disease and that there is a negative correlation between
the oropharyngeal transit time and the tongue movement [13]. Therefore, poor muscle
control of the tongue and bradykinesia can contribute to the dysphagia’s pathophysiology
and possibly to drooling itself. Hypomimia, involuntary mouth opening, stooped posture
of the upper body, and dropped head can affect the patients’ ability to maintain saliva
inside their oral cavity, and, therefore, cause drooling in PD [14]. Finally, studies using
manometry suggested that impaired upper oesophageal sphincter (UES) mobility might
also have an effect on dysphagia and drooling in PD patients. However, this cannot be
the sole cause of dysphagia in patients who have adequate clearance mechanisms and
pharyngeal propelling forces [15,16].
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3. PD-Associated Symptomatology and Drooling

Drooling in PD patients correlates with other general clinical features, non-motor, and
motor symptoms.

3.1. General Clinical Features

The prevalence of drooling ranges between 9.26% and 70% due to the disease hetero-
geneity and the different instrument measures used in every study [17–25,44–46]. It can
manifest very early during the disease [20], but it is not considered a prodromal symptom
in Parkinson’s according to the current MDS research criteria. Based on Braak’s staging of
brain pathology in PD and the model of the hypothesized spread of alpha-synuclein (aSyn)
in PD, aSyn accumulation begins in the gut and then progresses up to the brain via the
vagus nerve [47]. Therefore, it can be suggested that gastrointestinal tract features should
be a prominent early manifestation of PD. However, more scientific studies are required to
better investigate whether drooling can contribute to the diagnosis of Parkinson’s.

The prevalence of drooling is higher in males [19,22–24] than females since women
with PD showed a less malignant phenotype [48], with the estrogen activity in females
probably delaying the development of the PD symptoms [49].

Moreover, the longer the disease duration [17,18,24,25] and progression, the higher the
risk of drooling [14,17,18,22,24–26]. As drooling is mainly a result of a decreased frequency
of saliva clearance inside the oral cavity, problems with posture [5], and oral motors, as
well as facial impairment [31] (e.g., bradykinesia, rigidity, hypomimia), it is considered that
all these deficits are more common and severe as the disease progresses.

Age is another crucial factor when it comes to prevalence. Drooling becomes more
prevalent with age [17,22,24,25]. Any age-related changes can impact saliva control as
we grow older. With aging, a natural progressive brain tissue loss that links up with
neurological skills worsening and muscle-mass reduction occurs [50]. Therefore, the
decreased muscle strength of the orofacial muscles (e.g., buccinator, tongue, and orbicularis
oris) [50] can result in the accumulation of saliva inside the oral cavity and increase the
possibility of anterior and posterior spillage of saliva. However, given that these studies did
not include a control group, more scientific studies are required for more reliable results.

The prevalence of drooling is higher in PD patients with higher severity of Levodopa-
induced dyskinesia (LID) [22,23]. This is shown in more advanced patients, where generally
higher levodopa doses are used [14,17,18,22,24–27,51,52].

3.2. Non-Motor, Motor Symptoms, and Drooling

It has been suggested that a variety of non-motor and motor symptoms can occur
during the course of Parkinson’s disease [53].

In regard to cognitive function, there have been inconsistent findings around the role
of cognitive performance in drooling [17,22,23,25,28,29]; however, some studies suggested
that drooling is linked to cognitive decline [27,30]. Specifically, Reynold et al. (2018)
suggested that cognition has a role beyond the automatic process of drooling and saliva
control [28]. They showed that divided attention impairment aggravates drooling in PD
patients, using a paradigm where the vigilance of saliva control and frequency of saliva
swallowing decreased during a distracting cognitive task [28]. Nevertheless, more studies
are required to better understand if a closer link between cognition and drooling exists.

Sleeping disorders are associated with the appearance of drooling [22,23]. Good
sleep quality in patients with PD was correlated with less motor symptoms in the morn-
ing [54]. Therefore, poor sleeping patterns can influence motors symptoms and promote
drooling [22].

Dysautonomias, namely urinary disorders, sexual dysfunction [23], obstipation [22],
other gastrointestinal manifestations, and orthostatic hypotension, were found to relate to
drooling. The autonomic system is affected due to the alterations of the vagus nerve [31]
and, therefore, it can result in several concomitant dysfunctions, such as drooling, gastroin-
testinal problems, and obstipation.
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Speech difficulties [23] and dysphagia [17,23,25] are associated with drooling. Speech,
swallowing, and saliva control share many organs and anatomical structures. Thus, impair-
ment in one of them can result in dysfunction in all these areas. Muscles inside the oral
cavity, as well as lips, tongue, jaw, cheeks, larynx, and pharynx, are impacted by rigidity,
bradykinesia, and hypokinesia, usually present in PD [32,33]. A delayed swallowing re-
flux [34], lingual tremor, lingual pumping, prolonged lingual elevation, and mandibular
excursion are observed changes in patients with PD and can contribute to reduced saliva
control [35].

Hypomimia was also associated with drooling [24,26], and, therefore, lip closure
reduction is noted in some of the PD patients affecting saliva control [36].

Bradykinesia was found to be linked to drooling [26], as it can impact the orofacial
muscles [33]. As a result, the reduction of movements velocity of the lips, tongue, jaw, and
cheeks, among others, can affect the control of saliva inside the oral cavity and its transport
from the oral cavity to the oropharynx.

Patients with a PD dominant tremor did not present with a higher prevalence of
drooling [22]. Nevertheless, according to one study, patients with PD non-dominant tremor
presented with a higher prevalence of drooling [22]. These results can be attributed to
the fact that non-dominant tremor patients exhibit a higher decrease in grey matter and
neural functional connectivity related to motor regions [55], as well as an extensive Lewy
bodies pathology in the cortical areas [56]. They also present with greater lingual control
dysfunction and increased rigidity in the oropharynx [13].

Drooling was related to a more symmetric pattern PD presentation [24]. Patients with
a higher burden of motor symptoms present with a more symmetric pattern [37], and,
therefore, we can anticipate that drooling will also be more prevalent in such patients.

Interestingly, de novo PD patients with drooling have not been extensively inves-
tigated, and, therefore, drug treatment (e.g., Levodopa) might have affected the results.
Levodopa is the main drug used in PD treatment; however, its long-term use can lead
to dyskinesia and motor fluctuations [57]. Dyskinesia is generally progressive and can
impact different areas of the body, including the orofacial muscles, the neck, the tongue,
and the jaw [58]. Motor deficits resulting from dyskinesia in the aforementioned areas can
enhance drooling.

In addition, the relation of DAT binding in the striatum has not been extensively inves-
tigated. Tajima et al. (2020) suggested that the severity of motor symptoms, especially axial
symptoms (components of akinetic-rigid PD) and bradykinesia, but no tremor and specific
binding ratio (SBR), in de novo PD may relate to drooling [59]. Therefore, it can be hypoth-
esized that the mechanism of the drooling aggravation is similar to that of bradykinesia
and axial symptoms since previous studies have shown that DAT binding correlates with
bradykinesia and axial symptoms, but not with parkinsonian tremor [38,60,61]. However,
the effects of Levodopa remain unclear [2,39], indicating that other mechanisms, in addition
to the nigrostriatal dopamine system, play a role in drooling. An fMRI study (Hou et al.,
2016) examined the functional connectivity in the basal ganglia of de novo PD patients
with and without drooling. The drooling patients had significantly decreased functional
connectivity in the putamen within sensorimotor cortices (bilaterally), the parietal (inferior
and superior) lobules, and other areas in the occipital (right) and temporal (right) lobes [40].
Therefore, it can be inferred that drooling is a symptom of a widespread pathology, and it
cannot be attributed to a single causing factor. As a result, the management of drooling
is complex, as identifying treatment options to target such a widespread pathology can
be challenging.

There have been suggested pharmacological and non-pharmacological treatments to
tackle drooling in PD [2]. First, PD patients should withdraw cholinesterase inhibitors,
namely quetiapine and clozapine, because they aggravate drooling [2]. Next, they should
attempt to improve their motor symptoms (e.g., by using dopaminergic medication or
performing deep brain stimulation (DBS)) [2]; nevertheless, it is important to highlight that
there is no study that has specifically investigated the effect of DBS on PD patients with
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drooling. Behavioral modification and radiotherapy might also be used as complementary
therapies [2]. However, all these treatments only partially contribute to the management of
drooling and more specific treatment options are still required.

4. Limitations and Future Directions

It is eminent that future studies will use drooling-specific rating scales (e.g., Drool-
ing Severity and Frequency Scale (DSFS), Sialorrhea Clinical Scale for PD (SCS-PD), and
Drooling Rating Scale (DRS)) [2] as opposed to subjective data and patients’ complaints to
evaluate drooling in PD. They should also include the examination of biochemical proper-
ties of saliva, its appearance, viscosity, flow, and volume, as well as the association between
the degree of drooling severity and patients’ clinical characteristics. Interestingly, a study
found that the Radboud Oral Motor inventory for Parkinson’s disease—Saliva (ROMP-
saliva) scale is the only scale with data on patients with PD and clinimetric properties
adequacy [62].

Moreover, other important aspects need further research. It would be interesting to
examine the association between saliva production and smell, given that saliva secretion
rate can be affected by smell [41] since the smell of food usually increases saliva produc-
tion [63], and hyposmia is commonly observed in patients with PD. In addition to this,
the association drooling has with fatigue and sensory deficits (i.e., vision abnormalities),
as PD patients usually complain about those during the course of their disease [53]. It
is essential to better understand whether drooling affects early PD patients so that we
assess whether a correlation with a worse PD phenotype at the later disease stages occurs.
Furthermore, more specific guidance is required around the pharmacological treatment of
drooling and how the administration of botulinum toxin as the standard pharmacological
treatment in drooling can have positive or negative impacts on other clinical features. Thus
far, it is known that anticholinergic drugs to reduce drooling can have side effects, such as
hallucinations or delirium [64]. Finally, including a control group would allow for more
reliable results and safer conclusions.

5. Conclusions

The exact pathophysiology of drooling in patients with PD has not yet been fully expli-
cated. More knowledge regarding how drooling is associated with clinical characteristics
will help us understand whether such factors worsen drooling or are just concomitant.
Excessive drooling has been associated with greater burdens of non-motor symptoms and
increased severity of motor fluctuations and bradykinesia. A decrease of DAT binding in
the striatum at DaTSCAN imaging has also been shown. All in all, excessive drooling in
patients with Parkinson’s cannot be attributed to a single factor, but to a mixture of factors,
as part of a widespread pathology that is complex to treat.
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Sensorimotor Function and Activities of Daily Living in
Patients with Chronic Stroke: A Randomized Controlled Trial
Wonho Choi

Department of Physical Therapy, Gachon University, Incheon 21936, Korea; whchoi@gachon.ac.kr;
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Abstract: This study investigated the effects of cognitive exercise therapy on upper extremity sen-
sorimotor function and daily activity in patients with chronic stroke and compared these effects
to those of conventional occupational therapy. The 30 patients with chronic stroke (mean age:
63.6 ± 12.7 years; height: 162.8 ± 8.1 cm; weight: 60.6 ± 7.6 kg; body mass index: 22.8 ± 1.9 kg/m2)
were divided into two treatment groups with 15 patients in each. The respective interventions were
provided for 30 min per day, five times weekly for 4 weeks. Manual and sensory function tests were
conducted to evaluate the sensorimotor function, while the Korean-Modified Barthel Index was used
to assess daily activities. All outcome variables were assessed before and after the interventions. A
significant interaction was observed in sensory function (p = 0.001) but not motor function or daily
activities (p > 0.05). No significant main group effects were found for any outcome variables (p > 0.05).
The experimental group showed significant improvements in motor function (p < 0.001), sensory
function (p < 0.001), and daily life activities (p = 0.001) after cognitive exercise therapy, whereas
the control group showed significant improvement only in daily life activities post-intervention
(p = 0.012). These results demonstrated the positive effects of cognitive exercise therapy on upper
extremity sensorimotor function and daily life activities and the lack of improvement in motor and
sensory function following conventional occupational therapy in patients with chronic stroke. Thus,
the combination of cognitive exercise and conventional occupational therapies may be an effective
way to improve sensory function and upper extremity motor function in patients with chronic stroke.

Keywords: cognitive exercise therapy; stroke; sensorimotor; activity of daily living

1. Introduction

A stroke, a sudden impairment of body function caused by a blockage of blood flow
to the brain, has the third-highest mortality rate after cancer and heart disease [1,2]. More
than 85% of patients with stroke experience hemiplegia, and 55–75% of these patients
have upper extremity impairment [3]. Impaired upper extremity function may result in
decreased mobility of the shoulder joint, muscle weakness, sensory impairment, spasticity,
and lack of coordination [4]. Subsequently, these lead to sequelae such as limited joint
movement and limited upper extremity function [5]. Sensory impairment occurs in at least
50% of stroke patients and is expected to be higher with accurate examinations [6]. Sensory
impairment interferes with correct movement and sharply reduces movement based on
sensory input or feedback [7]. Patients with sensory impairment avoid movement, and their
movements are dull and uncoordinated [7,8]. Thus, for patients with sensory impairment,
proprioception, tactile sensation, pressure sensation, and stereoscopic sensation are essential
for smooth movement by activating natural movements [9]. As these sensations are closely
related to functional recovery after stroke, the impaired sensory function is one of the
most significant factors hindering rehabilitation in patients with stroke. Additionally,
impairment of upper extremity and sensory functions reduce the performance of basic
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daily activities. Therefore, patients cannot perform these activities independently and rely
on the help of their caregivers [10].

Many interventions have been applied to address upper extremity function in patients
with stroke. Among these, task-oriented upper extremity training improved the function
of affected upper extremities [11–13]. The complex interaction between the left and right
brains during bilateral tasks of the upper extremities enhanced the function of the affected
upper extremity [11,12]. Moreover, constraint-induced movement therapy in the affected
upper extremity of patients with stroke improved upper extremity function [13]. However,
these interventions are therapeutically accessible only to patients with at least minimal
voluntary motor skills. Another intervention is mirror therapy, which reorganizes brain
areas along with physical rehabilitation. Based on the theoretical mirror neuron system, this
intervention method promotes functional recovery of the upper extremities by inducing
the recovery of motor function and movement on the affected side [14]. Another invention
is mental practice, which allows patients to acquire and improve motor skills through
thoughts of certain movements rather than actual body movements [15]. When a certain
level of sensory recovery can be expected, repeated stimulation may provide necessary
sensory feedback; moreover, the senses may be improved to a conscious level by focusing
on a given sense [16].

Cognitive exercise therapy is a therapeutic intervention that aims to reorganize the
central nervous system through learning motor function recovery [17,18]. This therapy
emphasizes the close relationship of motor function to the activation of cognitive processes
in the brain, such as perception, attention, memory, judgment, and language. The quality
of recovery depends on the correct identification of the cognitive factors [19]. Cognitive
exercise therapy allows various movements or actions to be performed through cogni-
tive training processes, rather than movement training through interaction between the
body and environment, to build a brain schema with four principles. The first principle
is ‘attention’, which focuses on enhancing the effectiveness of treatment and reorganiz-
ing exercises in the treatment process. Second, patient treatment requires attention to
somatosensory information with the eyes closed. Third, specific treatment instruments
or tools are used to treat cognitive problems through interactions between the body and
the environment. Finally, cognitive exercise does not force patients to conduct muscle
contractions to accurately mobilize motor units. As such, the purpose of cognitive exercise
therapy is not to teach patient-specific body postures but rather to develop and maximize
the ability to organize the spatial, temporal, and intensity factors of the exercise sequence
in the interaction between the body and environment [20].

Studies on cognitive exercise therapy in patients with stroke have shown improved
upper extremity functions such as motor function, manual skills, and strength through
image training of cognitive exercise therapy [21]. A comparison of cognitive exercise
profiles showed improvements in sensory recognition and movement in the paralyzed
arm [22]. In another study, activities of daily living (ADL) and motor function of the
upper extremity improved after cognitive exercise therapy through contact tasks using a
sponge on the paralyzed arm and spatial tasks using a graphic panel in patients with acute
stroke. In addition, cognitive exercise profiling improved joint angle, spatiality, and shape
recognition in recognition patterns [23].

However, most studies on cognitive exercise therapy were single-case or single-group
studies with non-randomized groups and without a control group. Thus, these effects
have not been directly compared. In addition, while various assessments have been
conducted on upper extremity functions and daily activities, changes in cognitive patterns
and pathological characteristics were described rather than used to directly assess sensory
function recovery, which is a key factor in cognitive exercise therapy. While this approach
is suitable for a single case study or qualitative research with a small number of subjects,
it is difficult to quantify the objective results. Therefore, this study evaluated the effects
of cognitive exercise therapy and compared them to conventional occupational therapy
on upper extremity motor function, sensory function, and daily activities in patients
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with chronic stroke. We hypothesized that cognitive exercise therapy would improve
upper extremity motor and sensory function and daily activities compared to conventional
occupational therapy.

2. Materials and Methods
2.1. Ethical Approval

The study was conducted according to the guidelines of the Declaration of Helsinki
and was approved by the Gachon University Institutional Review Board (IRB, 1044396-
201804-HR-097-01). All participants signed a statement providing their informed consent
before beginning the study. This trial was not registered. All procedures were conducted as
approved by the IRB, and there was no selective outcome reporting.

2.2. Participants

A total of 37 patients with chronic stroke voluntarily participated in the study; among
these, seven patients who did not meet the inclusion criteria were excluded. Thus, this
study included 30 patients.

The inclusion criteria of the study participants were: patients diagnosed with hemiple-
gia due to stroke at 6 months after onset. The following types of patients were excluded:
patients with cognitive impairment or dementia with a Korean version of mini-mental
state examination (K-MMSE) score of 19 or higher who could understand and follow the
instructions of the therapist; patients with Brunnstrom upper limb recovery stage 2 or
higher; patients with a modified Ashworth scale stiffness level of 1+ or lower; patients with
auditory and visual impairment or visual field defects; and patients with severe contracture
due to orthopedic disease of the shoulder, elbow, and wrist joints.

2.3. Procedure

The 30 patients were randomly assigned to the control, and experimental groups
administered conventional occupational and cognitive exercise therapies, respectively, with
15 patients assigned to each group using simple randomization methods that were inde-
pendently conducted. Concealed allocation was performed using a computer-generated
randomized table of numbers before data collection.

All participants in both groups underwent a manual function test (MFT), sensory
function test (SFT), and Korean version of the modified Bathel index (K-MBI) evaluation
for baseline assessment. The control group underwent conventional occupational therapy
for 30 min twice daily, five times weekly, for 4 weeks (a total of 20 times) with the help
of an experienced occupational therapist. The experimental group received conventional
occupational therapy for 30 min per session, five times weekly, as well as cognitive exercise
therapy for 30 min per session, five times a week, for 4 weeks (a total of 20 sessions). Both
groups underwent their respective interventions for 30 min each in the morning and 30 min
in the afternoon to minimize the physical fatigue (Figure 1).
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Figure 1. Flow diagram.

2.4. Measurements
2.4.1. Manual Function Test

The MFT was developed to measure the motor function of the affected upper limb
in patients with a stroke [24]. The MFT comprises 32 test items that reflect the recovery of
upper limb motor function and functional level of daily life activities. The reliability of
the MFT was consistently above 0.95, and the validity of the MFT was good for both the
Brunnstrom stage and the Stroke Impairment Assessment Set [25].

2.4.2. Sensory Function Test

The SFT examined seven sensations (pain, tactile, pressure, temperature, kinesthetic,
stereognostic, and discriminative senses) in the hemiplegic upper limbs. The total score is
14 points for a total of seven sensations, with participants receiving 0 points they did not
recognize both the sensory type and location of stimulation, 1 point for only one of the two,
and 2 points for both sensation type and location. A preliminary test was performed three
times on the unaffected upper limb before conducting the test for patients to understand
the test. Ten tests were conducted on each item, and if more than seven of them were
successful, the sensation was considered intact.

2.4.3. Korean-Modified Barthel Index

The K-MBI, which consists of 10 items describing activities of daily living (ADL) and
mobility, was scored to measure the degree of assistance required by an individual and
was used to assess ADL in patients with stroke [26]. Each item is rated 5-Likert scale, with
weights added according to the item. The higher the total score, the more independent on
performing ADLs [26]. The reported reliability of the K-MBI was 0.994, with a range of
discriminative index of 0.783–0.909 [27].

32



Healthcare 2022, 10, 429

2.5. Intervention
2.5.1. Cognitive Exercise Therapy

Cognitive exercise therapy involves two types of tasks: spatial and tactile. Spatial
cognitive tasks involve perceiving elements as direction and distance, while tactile cognitive
tasks involve perceiving properties from contact with an object, such as the surface, pressure,
friction, and weight. Each participant in this study performed five spatial and tactile tasks.
Two or three tasks were selected based on the participants’ recovery levels.

Shoulder joint recognition training by motor imagery [28]: the spatial task in shoulder
joint recognition training is to control the shoulder joint through sensory images of the joint
during spatial tasks. The images help improve recognition movements during bending and
opening the shoulder joint. The participants were asked to sit upright on a chair without
touching the backrest. After bending and opening the shoulder joint on the unaffected side,
the participants were asked to describe the sensation. The therapist passively moved the
participant’s shoulder joint on the affected side and asked the participants to describe the
sensation again. Then, motor imagery of the unaffected side was used to induce movement
of the unaffected side. The participants were asked to describe the sensation of the shoulder
joint on the affected side. The feeling of bending and opening of the shoulder joint on
the affected side was expressed with active assistance from the therapist. The feelings of
the shoulder joint’s movement on the affected and unaffected sides were compared. The
participants were then asked to express their sensory images during the movement of the
shoulder joint on the unaffected and affected sides. The images were compared, and the
differences were expressed in words. This training increased participant awareness of the
shoulder joint using the movement image of the shoulder joint (Figure 2A).

Shoulder and elbow joint recognition training using a circular track plate [19]: shoul-
der and elbow joint recognition training, a cognitive task that uses special senses, was
conducted using a circular track plate to distinguish the movement angle of the shoulder
joint. In this task, the participants distinguished the distance of each circle of the track place
to improve recognition of shoulder joint movement. The participants were asked to sit on a
chair without touching the backrest in front of the track plate on a table. The size of each
track plate was analyzed visually. After blinding the participant, the therapist supported
the participant’s arm to provide passive movement, which provided information on the
circle distances and locations. Each participant was given a cognitive task to identify the dis-
tance and describe the response in words. After unblinding, the participants’ descriptions
were compared to the results of the visual analysis. The participants perceived cognitive
tasks to identify distance through movements of the shoulder joint in space (Figure 2B).

Elbow and wrist joint angle awareness training using a Bogen [19]: among spatial
tasks, this training on distance identified the movement angle of the elbow joint using a
Bogen. This task was conducted to distinguish the distance to each grid line of Bogen and
increase awareness of the elbow joint or wrist movement. The Bogen was placed on a table,
and the participant was asked to sit in front of the table on a chair without touching the
backrest. The participants visually observed the differences in grid lines and were blinded
afterward. The elbow joint was then placed on the table, and the therapist supported
the patient’s forearm and fingers to help the participant passively identify differences
in distance. Afterward, each participant was given a cognitive task to identify distance
and was asked to describe their response in words. After unblinding, the participants’
descriptions were compared with the visual analysis results. The task was gradually
subdivided using a Bogen with finer grids to adjust the difficulty (Figure 2C).

Elbow and wrist pressure awareness training using a sponge [22]: this tactile task
involved the use of the shoulder, elbow, and wrist joints to perceive the pressure differences.
Sponges were used to improve the ability to perceive the gradient pressure differences. The
participants were asked to sit on a chair without touching the backrest, and three types of
sponges of different thicknesses were used. After blinding the participants, the therapist
placed a sponge on one area of the body and gently pressed the sponge. The participants
were asked to pay attention to the area in which the sponge was placed and to distinguish
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differences in the hardness of the sponge. During this process, the participant was asked
to pay attention to the body part (elbow, shoulder, or wrist) rather than the sponge. The
therapist asked for differences in the position and hardness of the sponges. If the participant
was able to distinguish the differences in the hardness of the sponge in one area on the
unaffected side, the pressure differences between the affected and unaffected sides were
assessed. The task was conducted with the participant in a relaxed state, and the task
allowed the participant to increase recognition of the body by distinguishing differences in
sponge pressure (Figure 2D).

Finger tactile recognition training using a tactile plate [19]: this tactile task involved
distinguishing between materials using the fingers and a tactile plate for the recognition of
surface materials and perception of finger movements. Each participant was asked to sit on
a chair without touching the backrest and to place both arms on a table. Five tactile plates
of different soft or rough materials were prepared. Visual and tactile information for both
the affected and unaffected sides was provided to the participant. The therapist passively
moved the participant’s finger to provide tactile sensations to the plates, and the differences
in the surface materials and finger movements were evaluated. The tactile sensation was
further tested using plates made of materials with minor differences (Figure 2E).

Figure 2. (A) Shoulder joint recognition training by motor imagery. (B) Shoulder and elbow joint
recognition training using a circular track plate. (C) Training on awareness of elbow and wrist joint
angles using a Bogen. (D) Training on pressure awareness of the elbow and wrist using a sponge.
(E) Finger tactile recognition training using a tactile plate.
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2.5.2. Conventional Occupational Therapy

The conventional occupational therapy provided in this study was based on the
occupational therapy practice framework (OTPF3) [29]. The therapy included passive joint
exercises to reduce the spasticity of the upper extremity muscles and joints affected by
stroke, as well as active joint exercises such as small muscle activity using different tools,
micro-movement training, and two-handed exercises. Neurodevelopmental treatment
and pain management were provided according to the patient’s level of recovery. ADL,
including wheelchair operation, climbing up and down stairs, functional movement, eating,
dressing, and personal hygiene, were assessed. Depending on the level of recovery of the
participant, 2–3 tasks were selected and performed.

2.6. Sample Size Estimation

The sample size was estimated using G*power 3.1.9.4 (Heinrich Heine University,
Dusseldorf, Dusseldorf, Germany). An estimated sample size of 26 participants was
obtained using an effect size of 1.03, the alpha error probability of 0.05, and power of
0.80 for the effect of cognitive exercise therapy on upper limb function when a clinically
significant difference was observed between two independent means with a one-tailed test.
The effect size (Cohen’s d) of 1.03 was calculated from the results of a previous study [20].
An additional 10% of participants were recruited to account for unanticipated attrition.

2.7. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics for Windows, version
26.0 (IBM Corp., Armonk, NY, USA), and the measured values of all items were calculated
as mean and standard deviation (SD). Shapiro–Wilk tests were used to test the normal dis-
tribution of the data. Chi-squared and independent t-tests were performed to compare the
general participant characteristics using the homogeneity test between groups. Repeated-
measures analysis of variance (RM ANOVA) was conducted to assess the group-by-time
interaction effect of interest. When a significant interaction was found, a paired t-test was
conducted to compare the outcome variables before and after the intervention in each
group. The level of statistical significance was set at α = 0.05.

3. Results

The general participant characteristics are shown in Table 1. These characteristics did
not differ significantly between the groups (p > 0.05).

Table 1. General participant characteristics (n = 30).

EG (n = 15) CG (n = 15) p

Age (years) 62.5 ± 11.3 64.7 ± 14.3 0.633
Sex, Female, n (%) 6 (40.0) 11 (73.3) 0.139

Height (cm) 165.2 ± 7.7 160.5 ± 8.0 0.118
Weight (kg) 61.5 ± 7.1 59.6 ± 8.2 0.493

BMI (kg/m2) 22.5 ± 1.7 23.1 ± 2.2 0.456
Stroke type

Infarction, n (%) 7 (46.7) 10 (66.7)
0.285Hemorrhage, n (%) 8 (53.3) 5 (33.3)

Affected side, left, n
(%) 8 (53.3) 9 (60.0) 1.000

Onset (months) 19.9 ± 7.1 18.3 ± 7.0 0.540
K-MMSE (scores) 24.1 ± 3.8 23.9 ± 3.2 0.918

Abbreviations: EG—experimental group (cognitive exercise therapy); CG—control group (conventional occupa-
tional therapy); BMI—body mass index; K-MMSE—Korean version of Mini-Mental State Examination.

Comparisons of homogeneity between the control and experimental groups before
their respective interventions showed no significant differences in MFT, SFT, and K-MBI at
baseline (p > 0.05).
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Table 2 shows the outcome variables before and after the interventions in the cognitive
exercise therapy and conventional occupational therapy groups. There was no significant
interaction in the mean MFT score between groups and time (p = 0.626). The main effect
of the group was not significant (p = 0.961). The baseline MFT score, 8.40 ± 9.34 points,
significantly improved to 9.93 ± 9.53 points post-intervention in the experimental group
(p < 0.001), while the control group showed no significant improvement (8.80 ± 8.93 to
9.87 ± 9.61, p > 0.05).

Table 2. Motor and sensory functions and daily activity before and after the interventions in the
groups (n = 30).

Outcome Variables EG (n = 15) CG (n = 15)

Group ×
Time

Interaction
F(p)

Main Effect
of Group

F(p)

MFT
Pre-test 8.40 ± 9.34 8.80 ± 8.93

0.242 (0.626) 0.002 (0.961)Post-test 9.93 ± 9.53 9.87 ± 9.61
t(p) * <0.001 0.251

SFT
Pre-test 7.07 ± 2.91 8.20 ± 3.32

13.225 (0.001) 0.114 (0.738)Post-test 8.87 ± 2.97 8.47 ± 2.88
t(p) * <0.001 0.104

K-MBI
Pre-test 57.20 ± 19.27 46.73 ± 22.59

0.728 (0.401) 1.627 (0.213)Post-test 61.47 ± 20.64 53.07 ± 19.42
t(p) * 0.001 0.012

Abbreviations: EG—experimental group (cognitive exercise therapy); CG—control group (conventional occupa-
tional therapy); MFT—manual function test; SFT—sensory function test; K-MBI—Korean version of modified
Barthel index. * within-group effect.

While a significant group-by-time interaction effect was observed for the mean SFT
score (p = 0.001), no significant main effect of the group was observed (p = 0.738). The
SFT improved significantly from 7.07 ± 2.91 points at baseline to 8.87 ± 2.97 points post-
intervention in the experimental group (p < 0.001). Conventional occupational therapy also
showed a significant improvement in SFT (8.20 ± 3.32 8.47 ± 2.88, p = 0.104). Subdivision
of the SFT score showed no significant interactions for all sensations (p > 0.05), except for
tactile and kinesthetic senses (p < 0.001 and 0.001, respectively).

No significant interaction was observed in the K-MBI score between group and time
(p = 0.401), and no statistically significant difference was found (p > 0.05). Both groups
showed significant improvements in daily activity before and after the intervention
(57.20 ± 19.27 to 61.47 ± 20.64, p = 0.001 and 46.73 ± 22.59 to 53.07 ± 19.42, p = 0.012,
respectively).

4. Discussion

A stroke interrupts the blood supply to the brain and causes bleeding in the brain
tissue, leading to various types of neurological damage [30]. Motor weakness of the upper
extremities is commonly observed after the stroke, which leads to independence in activities
of daily living [31]. This damage affects various sensory elements that detect changes
in movement or distinguish the direction of movement of the extremities. Therefore,
functional exercises must be developed to increase the use of the upper extremities [20].
Cognitive exercise therapy controls the recovery of motor function in the somatosensory
system by reproducing the interaction between the body and the environment in the cranial
nerves and organizing activities in patients with disabilities. This therapy allows for the
extensive recovery of patients from injuries [32]. However, most studies on cognitive
exercise therapy have been single-case or group studies, including non-randomized groups
without a control group. Therefore, the present study evaluated the effects of cognitive
exercise therapy with spatial and tactile tasks for the shoulder, elbow, and wrist joints
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on upper extremity function, sensory function, and daily activity compared to those of
conventional occupational therapy in patients with stroke.

The results of the current study showed significantly improved daily activities, upper
extremity motor function, and sensory function among patients in the cognitive exercise therapy
group, while patients in the conventional occupational therapy group did not show significantly
improved motor and sensory function, despite the significant group differences. Consistent with
our findings, interventions involving tactile and spatial task training in cognitive exercise therapy
improved upper extremity and sensory function [21,23,33]. Ahn (2009) performed training to
perceive the hardness of a sponge on the shoulder joint of the affected upper extremity, as well
as spatial tasks to improve direction in the shoulder, elbow, and wrist joints. The author reported
significantly improved upper extremity function of the affected side compared to that of the
unaffected side [23]. In addition, the cognitive exercise profile showed significantly improved
direction of motion and awareness of the joint angles on the affected side. This is consistent with
our finding of improved upper extremity motor and sensory functions, as well as significantly
improved sensorimotor function, in the cognitive exercise therapy group. Furthermore, a
previous study that investigated the effects of tactile and spatial cognitive training on the
reduction in stiffness in hemiplegic patients reported that pressure awareness training of the
elbow joint using sponges and spatial awareness training using a circular track plate reduced
arm muscle stiffness by 23.3% and improved upper extremity function by 9.37% [33]. In addition,
cognitive-motor profiling showed improved angle and spatial awareness in the shoulder, elbow,
and wrist joints. Finally, in their study on hemineglect patients, Lim and Lee (2014) showed
that cognitive exercise therapy led to positive improvements in upper extremity motor function
and grip test results, suggesting the possible positive effects of cognitive exercise therapy on the
rehabilitation of patients with stroke and hemineglect [34].

Although we observed no significant group difference in SFT, there was a significant
group effect in tactile sensation among the sub-areas in the SFT. Previous research showed
that cognitive exercise therapy improved tasks performed using spatial and tactile senses
and that activating the premotor cortex areas, which supports the improvement in tactile
sensory functions of the hand observed in the present study [35]. While upper extremity
function improved due to the recovery of tactile sensation, the MFT did not differ signifi-
cantly following conventional occupational therapy, as the upper extremities are the last to
improve after stroke [36].

We observed significantly improved sensorimotor function after the intervention in the
experimental group but not in the control group. However, daily life activity significantly
improved after the intervention in both groups, although the two groups did not differ
significantly. A study that applied spatial and tactile tasks to patients with stroke reported
findings contrary to those of previous studies, in which daily life activity was significantly
improved compared to the control group [37]. Consistent with our results, other studies
have also reported functional improvement in the upper extremities and daily life activity
performance after cognitive exercise therapy.

Therefore, to complement the limitations of previous studies, this study enrolled
more participants and conducted a total of 20 cognitive exercise therapy sessions for 4
weeks, including an SFT, which is a key part of cognitive exercise therapy and is important
for functional recovery in patients with stroke. Both cognitive exercise and conventional
occupational therapies had positive effects on ADLs in patients with stroke. In contrast,
sensorimotor function recovery was significantly improved only in the cognitive exercise
therapy group, although significant differences were observed between the groups. Lee
(2016) examined changes in electroencephalography (EEG), which records brain activities
when healthy individuals distinguish between regular and irregular shapes, to show that
tactile stimulation activated the parietal region of the brain following cognitive exercise
therapy compared to conventional occupational therapy [38]. Instead, attention and per-
ceptual awareness indicate changes in the central nervous system. In other words, when
participants paid close attention to the body to interpret somatosensory information, at-
tention, recognition, and cognition to solve spatial and tactile tasks led to EEG changes in
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the cerebral cortex, which mediates upper extremity functions. Cognitive exercise therapy
is thought to improve body part recognition in patients with impaired upper extremity
function due to stroke [39]. Considering the body as a surface receptor and transmission
of delicate information to the brain by the body may have led to the superficial senses of
touch and pressure as well as deep senses of joints and muscles affecting sensorimotor
function and ADLs [39].

The results of this study showed that cognitive exercise therapy had positive effects on
upper extremity function and sensorimotor function in patients with chronic stroke, while
conventional occupational therapy did not, suggesting that the brain is highly activated
when perceiving information or paying attention during the spatial and tactile tasks in the
cognitive intervention [40]. Although the present study objectively examined the function
of eight sensors using the SFT, several limitations must be considered when interpreting
the findings. First, there were limitations in providing an optimal environment to achieve
the full focus of the participants during the interventions. The participants were also not
followed-up for post-intervention effects; thus, the long-term effects of cognitive exercise
therapy could not be assessed. Additional studies are needed to confirm that cognitive
exercise therapy is an effective treatment with potential for further development and
implications. In addition, although validated measurement tools were used, the reliability
of the test was not measured in the present study, which may mask the true effects of the
intervention. Lastly, since the cognitive exercise group received both cognitive exercise
and conventional occupational therapies, the intervention benefit cannot be assumed to
be only due to cognitive exercise therapy; therefore, further studies should include a true
experimental group receiving only cognitive exercise.

5. Conclusions

In conclusion, both groups showed improvement in daily activities after the interven-
tion. Additionally, cognitive exercise therapy using spatial and tactile tasks significantly
improved upper extremity motor and sensory functions compared to conventional occu-
pational therapy. Therefore, cognitive exercise therapy compensates for the shortcomings
of conventional occupational therapy used for rehabilitation and provides an effective
rehabilitation protocol for patients with chronic stroke.
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Abstract: Introduction: Dry needling is a non-pharmacological approach that has proven to be
effective in different neurological conditions. Objective: The aim of this study was to evaluate
the cost-effectiveness of a single dry needling session in patients with chronic stroke. Methods: A
cost-effectiveness analysis was performed based on a randomized controlled clinical trial. The results
obtained from the values of the EuroQol-5D questionnaire and the Modified Modified Ashworth
Scale were processed in order to obtain the percentage of treatment responders and the quality-
adjusted life years (QALYs) for each alternative. The cost analysis was that of the hospital, clinic,
or health center, including the equipment and physiotherapist. The cost per respondent and the
incremental cost-effectiveness ratio of each alternative were assessed. Results: Twenty-three patients
with stroke were selected. The cost of DN treatment was EUR 14.96, and the data analysis showed
a favorable cost-effectiveness ratio of both EUR/QALY and EUR/responder for IG, although the
sensitivity analysis using limit values did not confirm the dominance (higher effectiveness with less
cost) of the dry needling over the sham dry needling. Conclusions: Dry needling is an affordable
alternative with good results in the cost-effectiveness analysis—both immediately, and after two
weeks of treatment—compared to sham dry needling in persons with chronic stroke.

Keywords: cost–utility; stroke; upper extremity; EQ-5D

1. Introduction

Stroke is a major contributor to disability worldwide, and the second leading cause
of death in Spain [1,2], generating a great impact on patients´ quality of life (QOL) due
to the functional limitations that it entails [3]. According to the Global Burden of Disease
Study (GBD), the socioeconomic burden of stroke has increased over time, although there
has been a decrease in its prevalence [2]. Stroke imposes a high burden in terms of direct
and indirect costs: on the one hand, indirect costs because of lost productivity due to
patients’ long-term disability, restricted social functioning, and premature death, leading to
a detriment to the patients’ quality of life; on the other hand, direct costs of care resulting
from costs of health professionals, hospital services, medications, etc. [4].

Upper motor neuron lesions may result in long-term positive and/or negative symp-
toms [5], which usually lead to different degrees of upper extremity disability. Spasticity
is one of the more common symptoms, leading to progressive functional limitation and
decrease in quality of life [6]. The current scientific evidence shows the effectiveness
of different interventions for the rehabilitation of upper extremity post-stroke, such as
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robotics [7], virtual reality [8], and different physical therapy protocols for functional im-
provement [9]. Physical therapy treatments can be combined with other pharmacological
interventions and/or other medical treatments, such as antispastic drugs or botulinum
toxin type A (BTX-A) infiltration [10]. Recently, non-pharmacological approaches have been
used, such as dry needling (DN) of myofascial trigger points, which is increasingly used to
treat neurological conditions such as stroke [11–14], Parkinson´s disease [15], and multiple
sclerosis [16]. Although the reasons for the increase in non-pharmacological treatments
such as DN are not clear, the following factors could be relevant: (1) from the patient´s
perspective, the adverse effects of pharmacological treatments, or a shift to more patient-
centered treatments, where patients are more involved in decision making on different
treatment alternatives; and (2) from the professional and health system perspective, the
high costs of pharmacological treatments such as BTX-A infiltration.

In relation to DN and BTX-A, BTX-A is the most potent neurotoxin known, and its
paralytic effect is due to the blockade of neuromuscular transmission [17]. On the other
hand, DN acts by mechanically impairing the sensory or motor components of nerve
endings and dysfunctional motor endplates that contribute to the abnormal functioning
of contractile elements [18]. Therefore, the main difference between the two would be the
mechanism of action, as DN provokes a mechanical disruption, whereas BTX-A works
via a chemical denervation [17]. DN is considered to be an effective and safe treatment to
improve function and spasticity in stroke patients [13,14,19] when applied by an experi-
enced physiotherapist [20]. Moreover, although DN may have some adverse effects—such
as bruising, bleeding and pain—it does not have the other adverse effects that BTX-A
can have, such as weakness, anatomic denervation, or long-term immune resistance [21].
However, when compared with BTX-A, DN has fewer long-lasting effects, which would
involve including more treatment sessions [13].

To the authors’ knowledge, there has only been one study analyzing the
cost-effectiveness of DN in neurological conditions [22]—specifically in stroke patients in
the subacute phase—showing that the addition of four sessions of DN treatment for the
upper extremity appears to be cost-effective. Cost-effectiveness analysis of DN treatment is
necessary in order to determine the economic impact of adding or substituting treatments
in the routine clinical practice of healthcare centers. Therefore, the main aim of this study
was to analyze the cost-effectiveness of DN in patients with stroke in a chronic phase, using
a cost–utility analysis in EUR per quality-adjusted life years (QALY), as well as analyzing
the response to treatment based on the Modified Modified Ashworth Scale (MMAS) as the
main outcome variable.

2. Materials and Methods
2.1. Study Design

An economic evaluation was performed following a previous randomized controlled
trial (RCT) conducted at the Aragon Association of Stroke in Zaragoza (Spain). The study
was approved by the Ethics Committee of Aragon (reference no. P116/0160), and registered
at Clinicaltrials.gov no. NCT03546517 on June 2018.

2.2. Participants

The sample size estimation in the RCT was 23 participants [14]. Patients were enrolled
in the study if they fulfilled the following criteria: (1) 40–90 years old, with hemiparesis
from stroke of more than six months evolution; (2) ability to follow instructions and
reply to questionnaires; and (3) hypertonia in at least one of the muscles of the upper
extremity according to the MMAS score. The exclusion criteria were as follows: (1) grade
0 or 4 of hypertonia measured with the MMAS; (2) previous treatment with BTX-A or
other treatments for hypertonia in the previous six months; (3) other neurodegenerative
conditions; (4) fear of needles or contraindication to treatment with DN; and (5) cognitive
decline (≤24 points on the Mini-Mental State Examination test). All participants provided
signed informed consent before participation in the study.
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2.3. Intervention Conditions

There were two groups: the intervention group (IG), and the sham group (SG). Patients
were randomized with a 1:1 allocation ratio using an online research randomizer sequence
generator (http://www.randomizer.org (accessed on 9 June 2018)). After randomization,
the physiotherapist performed the treatment according to the assignments. The IG received
a single-session treatment of DN with the DNHS® technique, whereas the SG received
a sham intervention, placing the needles superficially at the skin level and simulating
the intervention in the same treatment context [14,23,24]. The DNHS® technique is an
adaptation of traditional DN techniques, with specific diagnostic and application criteria
for neurological patients. One of the main differences is that muscles are needled in
submaximal stretch, and progression with the treatment is based on spasticity release
and not on pain recognition [14,25]. The muscles treated were the biceps brachii and
brachialis, flexor digitorum superficialis and profundus, extensor digitorum, adductor
pollicis, and triceps brachii. Diagnosis of myofascial trigger points in the muscles selected
was performed with clinical criteria, which have proven to be valid and reliable [26].

2.4. Main Measures

The two variables used for the cost-effectiveness study were the values of the EuroQol-
5D questionnaire and the MMAS.

2.4.1. EuroQol-5D

The EQ-5D (EQ-5D-3L) is a recognized patient-reported outcome questionnaire in-
cluding five dimensions (mobility, self-care, usual activities, pain/discomfort, and anxi-
ety/depression) with three levels each (no problems, some problems, and extreme prob-
lems). The EQ-5D-3L questionnaire has a Cronbach’s alpha value of 0.928, and it has proven
to be a reliable tool to measure QOL among stoke survivors [27,28].

2.4.2. Modified Modified Ashworth Scale

The MMAS is a clinical scale used to assess hypertonia, and has been widely used
despite its subjective component [29]; it scores the resistance to passive movement ranging
from 0 (no increase in muscle tone) to 4 (rigidity in flexion or extension), and it has
exhibited a good intra- (ICC = 0.748) and inter-rater (ICC = 0.781) reliability for assessing
hypertonia in persons who have had a stroke [30]. Flexor and extensor muscles of the
elbow and wrist are evaluated by assessing the resistance when the affected muscle group
is passively stretched [31].

An improvement of at least one point in the MMAS is considered to be a clinically
significant change [32]. The percentage of responders to treatment according to the MMAS
has already been used in previous stroke cost-effectiveness studies in order to directly
assess the impact of this type of intervention on affected muscles [22,32].

2.5. Costs

The evaluation of costs was carried out from the perspective of the hospital, clinic, or
health center. From this point of view, only the direct healthcare costs associated with the
DNHS® technique were considered: the DN materials and the cost of the physiotherapist
session. The materials used were gauze, disinfectant, and needles, and the cost of the session
was determined based on public data from the official bulletins of five representative regions
of Spain (Aragón [33], Castilla y León [34], Madrid [35], País Vasco [36], and Cataluña [37]).
These bulletins publish the prices established for the provision of health services outside
the public health system.

2.6. Outcomes
2.6.1. Quality of Life (QOL)

QOL was measured at the beginning and two weeks after the DN intervention, and
then the QALY was estimated using the area under the curve analysis. QALY is the preferred
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measure of health outcomes for use in technological appraisals, because it combines the
impact of gains in QOL and in quantity of life (years) associated with an intervention [38].
The economic analysis through QOL was carried out by combining these data with the
costs of the two interventions (DN and sham-DN), determining the incremental cost-
effectiveness ratio (ICER). The ICER was calculated by dividing the difference in total costs
by the difference in QOL, which represents the extra cost per extra unite of QOL [39]. The
data were aggregated to the cost-effectiveness plane (graph), and were compared with the
accepted cost-effectiveness threshold of EUR 20,000/QALY [40].

2.6.2. Modified Modified Ashworth Scale (MMAS)

MMAS values were obtained before and after the first DN session, and again two
weeks later. In order to be able to use these values in the economic analysis, it was necessary
to transform this information into the number of responders to treatment. The number
of responders was determined for each muscle, and the data were related to the costs
of the intervention, indicating the cost per responder to treatment and the incremental
cost-effectiveness ratio.

2.7. Statistical Analysis

Data were analyzed with SPSS version 25.0 (SPSS, Inc., Chicago, IL, USA), and were
plotted with Excel (Microsoft, Redmond, WA, USA). Significant differences between quality-
of-life measurements in the RCT [14] were confirmed, and the information was completed
by McNemar’s test in the case of MMAS responders. To complete the sensitivity of the
study, the minimum and maximum QOL values were added, and the data were compared
to a cost-effectiveness threshold on a cost-effectiveness plane.

3. Results

A total of 23 patients aged 60.87 ± 15.16 years (mean ± SD; 61% male) were included in
the final economic analysis; 11 were allocated to the IG and 12 to the SG, with no statistically
significant differences between the groups at baseline.

3.1. Costs

The established costs of the treatment are displayed in Table 1. The DN materials used
for one session cost EUR 0.64, and the mean physiotherapy cost per session according to
published bulletins is EUR 14.32 ± 4.39. The DN material cost was the only difference
between the IG and SG.

Table 1. Cost of treatment.

Unitary Cost Sham Group Intervention Group

Dry needling
(material per session) EUR 0.64 - EUR 0.64

Mean physiotherapy
cost per session EUR 14.32 ± 4.39 EUR 14.32 EUR 14.96

3.2. Quality of Life

The RCT results showed significant differences between groups in terms of QOL two
weeks after the intervention (Table 2). The resulting QALYs were higher in the IG (Figure 1).
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Table 2. QOL, QALY, and ICER.

Sham Group Intervention Group

QOL
Pre-test 0.01 ± 0.16 0.09 ± 0.43 *
2 weeks 0.005 ± 0.06 0.18 ± 0.47 *

QALY 0.0003
(min. −0.0077; max. 0.0115)

0.0052
(min. −0.0230, max. 0.02493)

ICER (EUR/QALY) 130.14
(min. −41.57, max. 47.51)

* p < 0.05 within IG and between IG and SG.

Figure 1. Variation of QOL during the study timeline. Abbreviations—IG: intervention group;
SG: sham group. * p < 0.05 within IG; ** p < 0.05 between IG and SG.

Costs and QALY are represented in a cost-effectiveness plane, with the accepted
cost-effectiveness threshold of EUR 20,000 in red.

As can be seen in Figure 2, the values of IG, SGmax, and IGmax are below the cost-
effectiveness threshold, which corresponds to the most favorable values for accepting the
inclusion of this treatment. However, the values of SG, IGmin, and SGmin imply higher
costs and/or lower QALY values.

3.3. Modified Modified Ashworth Scale

An improvement of one point on this scale in one of the five movements assessed
was considered a response to treatment. In Table 3, it can be seen that the percentage of
responders in the IG was higher in all of the muscles except for the elbow flexors. From the
percentage of responders, it can be seen that the post-intervention cost per responder in the
IG is on average almost half that of the control, and that at two weeks, the cost per responder
remains the same in the IG, but the cost drops in the control (SG). However, the results of
this scale only showed statistically significant improvements in the elbow extensors, with
73% of patients responding in the IG vs. 8% responding in the SG, considering the values
taken before and just after the session with DN. The resulting ICER was low, indicating that
DN only costs EUR 0.99 more than the alternative without DN to get one more respondent.
The mean rate of treatment responders was higher in the IG than in the SG (39% vs. 20%
after session and 41% vs. 28% two weeks after the treatment).
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Figure 2. Cost-effectiveness plane. The average, minimum, and maximum values of the IG and
SG are shown on the right-hand side of the cost-effectiveness threshold of EUR 20,000/QALY.
Abbreviations—IG: intervention group; SG: sham group.
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4. Discussion

This study explored the relationships between costs, QOL, and hypertonia when DN
is applied to the upper extremity muscles of persons with chronic stroke, with the aim of
analyzing the cost-effectiveness of a single DN session via a cost–utility analysis. Regarding
costs, the main contributors when applying DN are the staff costs, since the materials used
for DN have a very low cost. Although there are no fixed prices for the application of DN,
and it may vary from country to country, in the case of Spain it can be calculated with
relative certainty thanks to the official bulletins that publish the prices paid for services
outside the Spanish public health system, as has been shown in previous studies [22,41].

Subsequently, the two variables we chose to assess the effectiveness of treatment were
the QOL and the treatment response rate. The RCT results showed an improvement in
QOL two weeks after the DN intervention, with significant differences between groups [14].
Other studies have also used the EQ-5D to assess the effectiveness of treatments in stroke
patients but, unlike this study, they found no significant differences in quality of life
between groups when applying DN [13] or BTX-A treatment [42]. It is possible that the
limited number of patients included in the study may have influenced this, as the results
were clearly better in the IG, with +0.0049 QALY compared to the SG.

On the other hand, we have a clinical variable, MMAS, which allows us to easily
determine which patients are responders to treatment from a perspective other than that
of the EQ-5D. In this case, significant differences were only obtained before and after
treatment in elbow extensors, where we observed 65% more responders in the IG than in
the SG. We remain unsure of the reasons for such a variety of responses to treatment, as
well as why some muscle groups respond to treatment very differently than others, which
is something worthy of consideration in future cost-effectiveness studies.

The results of the cost-effectiveness analysis indicate very low ICER values for both
QOL and responder rate. The representation in Figure 2 allows us to see that the IG
alternative is placed in the quadrant with the best cost-effectiveness ratio. However, the
sensitivity analysis performed with the maximum and minimum values does not allow us
to confirm the dominance (higher effectiveness with less cost) of the IG over the SG, since
the minimum values of the IG could present worse QOL data, and the maximum values
obtained for QOL in the SG show a cost-effective balance. In the economic analysis with
the MMAS, the cost per respondent is EUR 41.54 less if valued just after the session, or EUR
17.54 less if valued two weeks after treatment. These results are consistent with another
previously published study [22], and might suggest that adding DN to upper extremity
rehabilitation treatment in stroke patients is a good alternative. The main reason for this is
the low cost of this type of intervention which, combined with even a slight improvement
in effectiveness variables, gives favorable results in the ICER. According to our data, to
obtain one more QALY than the control group, we would only need to invest an additional
EUR 130.14, and for responder patients the cost would be EUR 8.18 after treatment, or even
a saving of EUR 0.83 at 2 weeks.

This study has certain limitations, such as the low number of patients evaluated, short
follow-up period, and the use of only a single DN session. It is possible that a higher
number of sessions may have a greater influence on QOL, as seen in the study of Cuenca
Zaldívar et al., 2021 [13], where six needling sessions were performed. Moreover, the
performance of only a single DN session limits the possibility of giving recommendations
for the optimal number of sessions in terms of cost-effectiveness for the treatment of people
with chronic stroke, which is something that could be done in the study carried out by
Cuenca Zaldívar et al., who concluded that in the case of people with subacute stroke, four
sessions of DN were more cost-effective than six sessions [13].

Since the first publication of the application of DN for spasticity in a child with
cerebral palsy in 2007 [43], the number of studies of DN has increased and extended to
many different neurological conditions, such as stroke [14], Parkinson’s disease [15], and
multiple sclerosis [16]. However, although recent systematic reviews and meta-analyses
have shown that DN is effective in decreasing spasticity, there has only been one study
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of cost-effectiveness in subacute stroke patients and, therefore, this study contributes to
increase the evidence for the inclusion of DN treatment in rehabilitation protocols from the
clinical and healthcare perspectives. This is important considering not only the effectiveness,
but also the low costs compared to botulinum toxin, as the annual cost of the toxin vials
for adult patients with spasticity in the upper extremity can range between EUR 529.87
and 1180.72 [44]. Moreover, from the patient’s perspective, it is important to consider
that the treatment for focal spasticity is limited to BTX-A infiltrations [45] and, therefore,
researching new treatment alternatives allows patients to empower themselves and seek
treatments that are evidence-based, but under a patient-centered approach, considering
their preferences [46,47].

Future lines of research should perform secondary analysis of RCTs of DN and other
non-pharmacological interventions, including costs and cost-effectiveness. Apart from
economic reasons derived from the costs of some pharmacological interventions, such as
BTX-A infiltration, non-pharmacological treatments also have fewer adverse effects, and
more research should be carried out from both the clinical and healthcare system perspec-
tives, in order to analyze whether they can constitute an alternative to pharmacological
treatments.

Although these results should be considered with caution due to the aforementioned
limitations, the analysis performed shows that the inclusion of a single session of DN in the
upper extremity rehabilitation protocols for chronic stroke patients can be of great benefit;
therefore, future studies with a longer follow-up and a larger number of patients should be
conducted in order to confirm these findings.

5. Conclusions

In this study, a cost-effectiveness analysis was conducted using two different effec-
tiveness outcomes: the EQ-5D for QOL, and the treatment responders according to their
hypertonia measured using the MMAS. The findings regarding the rate of responders
showed good results in the cost-effectiveness analysis after treatment and at two weeks
follow-up, finding that the application of DN in the upper extremity is an affordable
alternative to use in patients with chronic stroke.
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Abstract: Background: Stroke is the main cause of disability in adults; the most common and
long-term sequela is upper-limb hemiparesis. Many studies support the idea that mental motor
imagery, which is related to the visualization of movement patterns, activates the same areas of
the cortex as if the movement occurred. Objectives: This study aims to examine the capacity to
elaborate mental motor images, as well as its relationship to loss of movement in the upper limbs
after a stroke. Method: An observational study, in a sample of 39 adults who suffered a stroke,
was carried out. The upper limb movement and functionality, cognitive disorders, the ability to
visualize mental images, and activities of daily living were examined. Results: The results depicted a
statistically significant correlation between the ability to visualize upper limb mental motor images
with movement, functionality, and strength. In addition, a correlation between visual–spatial skills
and mental visualization of motor ability and upper limb movement was found. Conclusions: These
results suggest that the rehabilitation approach focused on the improvement of mental motor imagery
could be of interest for the upper limb rehabilitation of movement and functionality.

Keywords: mental motor imagery; neurorehabilitation; stroke

1. Introduction

A stroke occurs when the blood supply to part of the brain is interrupted or reduced,
preventing brain tissue from receiving oxygen and nutrients. Brain cells begin to die in
minutes. There are two main causes of stroke: ischemic, which occurs when a vessel
supplying blood to the brain is obstructed, and hemorrhagic, in which a weakened blood
vessel supplying the brain bursts. The consequence of stroke in both cases is a neurological
deficit derived from the fact that a part or area of the brain stops working properly. The
neurological deficit is one of the main causes of disability worldwide. [1].

There are over 13.7 million new strokes of all types each year worldwide. Every year,
over 116 million years of healthy life are lost due to stroke [2]. The predominant long-term
disability, which usually features the worst prognosis, is upper limb (UL) movement [3,4].
Approximately only one-third of people affected by stroke achieve fully functional UL
recovery [3,5].

Thus far, a wide range of strategies and devices have been developed for the purpose
of promoting upper limb motor recovery after stroke by taking advantage of the brain’s
ability to reorganize its neural networks after injury. The functional organization of the
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motor system is modified by use, and it has been suggested that use-dependent plasticity
may play a major role in the recovery of function after stroke [6–8].

This approach includes neuromodulation techniques, such as transcranial magnetic
stimulation or transcranial direct current stimulation, or sensory transformation techniques,
such as mental practice/mental imagery or mirror therapy, which enhance use-dependent
plasticity. More precisely, it should be noted that motor imagery (MI) is the mental repre-
sentation of an action without a physical movement or muscular activation.

Research supports the idea that motor imagery should, to some extent at least, involve
the same neuronal substrate as an executed movement [9]. Indeed, several studies reported
that greater activation is achieved in the supplementary motor area (SMA), the premotor
cortex (PMC), and the primary motor cortex (M1) in subjects during both executed and
imagined movement [10–14]. Some brain areas that are activated during motor imagery
belong to the neural network known to be involved in the early stage of motor control (i.e.,
motor programming) [10].

This finding has opened many interesting lines of research, which can be described as
follows: (i) knowledge of MI for the application of therapy [15–19]; (ii) evidence regarding
the neurophysiological bases of MI [20–23]; (iii) knowledge regarding the relationship
between MI and physical movements [24,25]; (iv) analysis and validation of assessment
tools to measure the ability to visualize movements [26,27]. Thus, this research aimed to
examine the relationship between MI and real UL movements in individuals affected by
stroke. Considering that the visualization of a movement can activate neurons in the same
motor areas, the purpose of this study was to address the following research question:
what happens if we cannot create the mental MI, as in the case of stroke? Would the ability
to move be affected? In other words, this work aimed to deepen the knowledge about the
relationship between mental imagery and motor deficits after stroke.

Many studies support the idea of functional equivalence between motor images
and motor execution [28–30]. Most of us can imagine moving our fingers typing on a
computer, but apparently, we cannot imagine typing faster than we can actually move
our fingers [31,32]. A study that analyses the functional equivalence between images and
action concludes that if an action cannot be physically performed, it cannot be imagined
with a high functional equivalence [33]. Most of these studies have been carried out with
healthy participants, analyzing functional equivalence by checking the temporal coupling
between motor visualization and their subsequent motor performance of a task [32,34,35].
The innovative approach of the current research is focused on investigating the lack of
ability to visualize motor patterns, and how this is related to an actual loss of UL movement
and functionality. To this end, it is expected that people who suffered a stroke and are not
capable of visualizing movement experience a greater UL handicap, with poor fine motor
skills, muscle weakness or spasticity, and loss of functionality and independence.

2. Materials and Methods
2.1. Ethics

This research was conducted in Los Madroños Hospital, a leading medical center based
in Madrid (Spain), specializing in neurological pathologies and their neurorehabilitation.
The research was approved by the Research Ethics Committee of the Higher Center for
University Studies La Salle Madrid.

The participants received an informative form on the goals of the current research.
Informed consent was compulsory. The participants were volunteers and were not coerced;
they were free to leave at any moment.

2.2. Study Design

This study aimed to analyze and correlate UL movement scales, cognitive instruments,
and evaluations of the capability to visualize MI. Additionally, activities of daily living
(ADL) independence measures, along with information related to demographic charac-
teristics such as months since the injury, were also considered in this research. A direct
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relationship between MI and movement was expected, since, according to the previous
literature, patients with this profile are considered to have higher difficulty in performing
movements if they do not visualize them.

An observational approach was chosen. Lastly, participants were divided into two
groups of early post-stroke patients (up to 6 months after stroke) and late post-stroke phase
(e.g., over 6 months) to examine motor imagery over time.

2.3. Data Analysis

Data analysis was conducted using statistical software, IBM SPSS Statistics version 20
(IBM, Armonk, NY, USA). A Bivariable analysis and Pearson correlation coefficient were
employed. In addition, the participants were divided into two groups considering their
ability to perform MI. Data normality was examined, and depending on their results, the
non-parametric Mann–Whitney U or the parametric t-test were used to determine statistical
significance. Lastly, a 2 (MI groups) x2 (time after injury groups) ANOVA was carried out
on the scores of Mental Evoking Images, Movements and Activities Questionnaire. The
statistical significance level was set at p < 0.05.

2.4. Participants

Inclusion criteria:

• People over 18 years old;
• Participants who have suffered an ischemic or hemorrhagic stroke, with no time limit

since the injury;
• Medically stable participants who can attend therapy;
• Participants who are able to give informed consent.

Exclusion criteria:

• Participants with previous pathology in their upper extremity, traumatic, neurological,
or any other type of pathology that may affect the results of the assessment;

• Participants who have reported some neurological alteration before the stroke;
• Severe aphasia, memory disorders, attention disorders, visual and communication

disorders, or other neural symptoms, which may interfere with this study.

A final sample of 39 adults volunteered to participate in the study (11 females and
28 males). Participants’ age ranged from 49 to 84 years old (MAge = 66.15; SD = 9.88). All
the participants had suffered a stroke (19 ischemic and 20 hemorrhagic) and had different
hemiparesis levels and showed different half-body affected (22 participants with left half-
body affected and 17 with right half-body); the neuroimaging results were very varied, and
in some cases, the diagnosis was not very precise. The main areas of involvement were the
left and right middle cerebral artery (23%), nucleus basalis (12%), and others (64%). Time
since injury ranged from 1 month to 4 years since the stroke (MMonths = 7.87 SD = 9.20).
None of them had a previous pathology in their upper extremity (traumatic, neurological,
or any other type that may affect the results of the assessment). It should be also noted that
all the participants were medically stable, so they could attend therapy.

2.5. Measures

For data collection, the participants were examined using several assessment methods
and tests, which were conducted at the Los Madroños Hospital. The employed assessment
tools are described in the following subsections.

2.5.1. Upper Extremity Evaluations

A total of five instruments to evaluate the most affected UL were used: (1) Fugl–Meyer
assessment for the upper extremity (FMA-UE) [36], which is adapted and validated for the
Spanish population. This is a stroke-specific performance-based impairment index that
has been extensively tested and found to have excellent properties. This is a quantitative
examination instrument with a maximum score of 66 points. It is designed to assess motor
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functioning, sensation, and joint functioning in subjects with post-stroke hemiplegia. It
is applied for both clinical and research proposes to determine disease severity, describe
motor recovery, and plan and assess treatment; (2) ABILHAND scale [37], which is also
translated into Spanish. This is an appropriate outcome measure for assessing upper
extremity performance in daily activities in subjects with stroke. It is an interview-based
assessment in which the patient is asked to estimate the ease or difficulty of performing
a list of activities when carried out without assistance. This can involve any strategy
used to carry out the activity; it is a self-report and not a physical demonstration of the
activity; (3) nine-hole peg test (9-HPT) [38], which is translated into Spanish. This is
a standardized, quantitative assessment used to measure finger dexterity that requires
participants to repeatedly place and then remove nine pegs into nine holes, one at a time,
as quickly as possible; (4) the Jebsen hand function test (JHFT) [39], which is a translated
tool into Spanish and a standardized evaluative measure of functional hand motor skills.
JHFT consists of 7 items that measure fine motor skills, weighted functional tasks, and
non-weighted functional tasks; (5) dynamometry test [40], for which a Deyard Tech digital
dynamometer (range 5–90 kg) was used in order to assess the ULs grip strength. During
the dynamometry test, the position of the participant was seated with his back resting on
the backrest and their feet on the floor, the arm resting on a table in front of them, with
the elbow flexed at 90◦ and the wrist in a neutral position. The assessment consisted of
2 tests where the subject pressed a manual dynamometer, once with each hand, and the
best strength result of the 2 tests performed with each hand was taken.

2.5.2. Motor Imagery Ability

In mental health practice, different tools are usually used to evaluate the capability to
perform MI such as the Imagery Use Questionnaire (IUQ) [41], Movement Imagery Ques-
tionnaire (MIQ) [42], Movement Imagery Questionnaire-Revised (MIQ-R) [43], Vividness
of Movement Imagery Questionnaire (VMIQ) [44], and Kinesthetic and Visual Imagery
Questionnaire (KVIQ) [27].

For the proposes of the current research, the Mental Evoking Images, Movements and
Activities Questionnaire (CEMIMA) was used due to several reasons: First, CEMIMA is a
psychometrically robust instrument that can be used to measure the ability to create visual
and kinesthetic mental images of the UL. Second, CEMIMA can evaluate the capability
to visualize the isolated UL movement. Third, CEMIMA allows the examiner to collect
qualitative information about the MI visualization process, including the difficulties that
the participants may have, such as interferences or disruptions during the MI visualization.

CEMIMA scale was developed and validated in the Spanish language. The process of
data collection was divided into 5 different steps: steps 1 and 2 encompassed data collection
on mental visualization of one of the hands; step 3 included data collection on movement
visualization of selected hand; in steps 4 and 5, data on mental visualization of the selected
hand during an activity (e.g., moving a teaspoon or throwing and catching a ball) were
collected. The questionnaire had positive/negative scores. Positive scores were based on a
Likert scale from 0 to 10 to study the visualization and kinesthetic capacities to perceive
movement. Regarding the negative scores, for each interference (detected by the examiner
or related by the participant), a negative point was given. The final questionnaire score
was calculated by adding both positive scores (visualization and kinesthetic perception)
and subtracting the negative scores (interferences) [26].

2.5.3. Cognitive Evaluations

Due to the complexity of elaborate mental images, it was necessary that participants
also made cognitive evaluations to obtain a better understanding of some aspects that may
affect the capability to visualize MI.

Attentional span, planning capacity, and visual–spatial (VS) working memory were
evaluated to detect if there could be any relationship between the capacity to visualize the
movement mentally and its impact on the affected UL movement. The tools employed are
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described as follows: (1) digit span test [45] is included in the Wechsler Adult Intelligence
Scale (WAIS) and the Wechsler Memory Scales (WMS). Participants read a sequence of
numbers and are asked to repeat the same sequence back to the examiner in order (forward
span) or in reverse order (backward span). Forward span captures attention efficiency
and capacity. Backward span is an executive task particularly dependent on working
memory. The digit span subtest can be scored as one summary value (this is the score
that is age normed and contributes to summary scores in the Wechsler tests) or separately
for forward and backward performance; (2) block design test [45] is a subtest that is
administered as part of several of the Wechsler Intelligence tests, including the Wechsler
Preschool and Primary Scale of Intelligence (WPPSI, the Wechsler Intelligence Scale for
Children-fourth edition [46]) and the Wechsler Adult Intelligence Scale-fourth edition [45].
It is the main measure of VS and organizational processing abilities, as well as nonverbal
problem-solving skills. As this is a time-based task, it is also influenced by fine motor skills.
The individual is presented with identical blocks with surfaces of solid red, surfaces of
solid white, and surfaces that are half red and half white. Using an increasing number of
these blocks, the individual is required to replicate a pattern that the test administrator
presents to them—first as a physical model and then as a two-dimensional picture; (3) zoo
map test [47] is adapted and validated in the Spanish population. The test belongs to the
behavioral assessment of dysexecutive syndrome (BADS). It measures executive functions,
in particular the ability to organize, plan, and solve problems in order to achieve an
objective. This is a test of planning. It provides information about the participant’s ability
to plan a route to visit 6 of a possible 12 locations in a zoo, first in a demanding, open-ended
situation where little external structure is provided and then in a situation that involves
simply following a concrete, externally imposed strategy.

2.5.4. Independence of Basic and Instrumental Activities of Daily Living

(1) Barthel index (BI) is adapted and validated to the Spanish population. The Barthel
index is a valid measure of disability [48] that assesses the autonomy of basic activities in
daily life. Additionally, it is an important method to evaluate the capacity of participants
to conduct 10 different ADLs, considered as basic ADLs, making it possible to obtain a
quantitative estimation about their independence level. The values assigned to each activity
are based on the time and quantity of physical assistance required by the participant; (2) the
Lawton instrumental activities of daily living scale (IADL) is an appropriate instrument
to assess independent living skills [49], which is adapted and validated in the Spanish
language. The scale covers eight functional domains: using the telephone, shopping, food
preparation, housekeeping, laundry, transport, medication, and finances. Competence is
rated according to descriptions of the subject’s level of involvement/ability in each activity.

3. Results
3.1. Comparison among Groups regarding Their Capacity to Visualize MI

After analyzing the obtained results, the participants were divided into two groups
depending on their ability to visualize MI (Table 1): Group-1 (G1) with a poor ability to
visualize and Group-2 (G2) with a better ability to visualize MI. The average value of
CEMIMA test results was employed to distinguish participants. G1 had an average value
of 31.73 (SD = 11.66) and G2 had an average value of 60.20 (SD = 7.17).

The differences were statistically significant (p ≤ 0.05) for BI, block design, ABIL-
HAND, FMA-UE and all its subtests (arm, wrist, hand, coordination, sensation, passive
movement, and pain), 9-HPT, JHFT, and dynamometry (see Table 1).

3.2. Correlations between Mental Imagery and Motor Function Measures

Table 2 shows the correlations between MI and motor function measures. There is a
highly significant correlation between the motor function measures ABILHAND, FMA-UE,
9-HPT, JHFT, and dynamometry and the MI evaluated through CEMIMA. There is a strong
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correlation between the motor function measures, ABILHAND, FMA-UE, 9-HPT, JHFT,
and dynamometry and the MI evaluated through CEMIMA.

Table 1. Comparison among visualization of MI groups.

Evaluations Group 1
Poor Ability to Visualize Group

Group 2
Better Ability to Visualize Group Sig **

Variables Average (SD *) CI 95% Average (SD *) CI 95%
Age 62.21 (7.73) 58.48–65.94 69.90 (10.41) 65.02–74.78 0.13 t

Months since injury 9.11 (10.94) 3.83–14.38 6.00 (7.26) 3.30–10.10 0.412 Z
CEMIMA 31.73 (11.66) 26.11–37.36 60.20 (7.17) 56.84–63.55 0.000 t

BI 53.16 (35.28) 36.15–70.16 82.00 (30.49) 67.73–96.27 0.005 Z
IADL 3.16 (2.98) 1.72–4.60 4.40 (2.60) 3.18–5.62 0.125 Z

ABILHAND 36.95 (59.07) 8.48–65.42 139.55 (43.71) 119.09–160.01 0.000 Z
FMA-UE 26.42 (20.55) 16.51–36.33 55.70 (15.74) 48.33–63.07 0.000 Z

FMA-UE Arm 13.84 (11.27) 8.41–19.27 30.15 (8.71) 26.07–34.23 0.000 Z
FMA-UE wrist 3.11 (3.97) 1.19–5.02 8.45 (2.92) 7.08–9.82 0.000 Z
FMA-UE hand 5.42 (5.43) 2.80–8.04 12.10 (3.89) 10.28–13.92 0.000 Z

FMA-UE sensitive 7.32 (4.04) 5.37–9.26 10.15 (2.88) 8.80–11.50 0.014 Z
FMA-UE coordination 4.00 (1.29) 3.3820134.62 4.95 (1.39) 4.30–5.60 0.023 Z

FMA-UE Pain 20.47 (4.33) 18.38–22.56 22.75 (2.59) 21.54–23.96 0.034 Z
FMA-UE Mvt. Pas 21.9 (2.29) 20.68–22.90 23.10 (1.61) 22.34–23.86 0.008 Z

JHFT 671.37 (313.63) 520.21–822.54 210.13 (236.65) 99.37–320.89 0.001 Z
9-HPT 102.74 (35.53) 85.62–119.87 61.41 (40.45) 42.47–80.34 0.005 Z

Dynamometry 4.25 (6.45) 1.14–7.36 17.32 (11.48) 11.54–22.18 0.000 t
Zoo map test 1.47 (1.32) 0.79–2.15 1.58 (1.64) 0.79–2.37 0.935 Z
Block design 7.42 (3.30) 5.83–9.01 9.55 (3.22) 8.04–11.06 0.049 t

Digit span 10.56 (3.11) 8.90–12.22 10.15 (2.34) 9.05–11.25 0.700 Z

* SD: standard deviation ** Sig: significance. Depending on the normality, the Mann–Whitney U or t-test was used to determine significance,
with Student’s t-test and a z for the Mann–Whitney U. CEMIMA: the mental evoking images, movements and activities questionnaire, FMA-
UE: Fugl–Meyer assessment for the upper extremity, JHFT: the Jebsen hand function test; BI: Barthel index; IADL: Lawton instrumental
activities of daily living scale; 9-HPT: nine-hole peg test.

Table 2. Pearson’s correlation coefficient between MI and motor and cognitive function measures.

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13

1.CEMIMA –
2.FMA-UE 0.74 ** –
3. 9-HPT −0.58 ** −0.84 ** –
4.JHFT −0.71 ** −0.94 ** 0.87 ** –

5. Dynamo 0.65 ** 0.81 ** 0.80 ** −0.77 ** –
6. ABILHAND 0.77 ** 0.94 ** 0.80 ** −0.97 ** 0.77 ** –

7. Block D 0.54 ** 0.43 ** −0.34 * −0.41 * 0.37 * 0.43 ** –
8. Digitos −0.48 -0.90 0.83 0.59 −0.10 −0.11 0.36 * –

9. Zoo Map 0.18 0.28 −0.32 * −0.24 0.33 * 0.18 0.20 0.32 –
10. Age 0.25 0.23 −0.16 −0.34 * 0.12 0.34 * −0.13 0.10 −0.13 –

11. M.S.Inj −0.35 * −0.27 0.26 0.33 * −0.25 0.34 * −0.42 ** 0.02 −0.02 −0.27 –
12. IADL 0.34 * 0.55 ** −0.46 * −041 * 0.45 * 0.41 ** 0.16 −0.09 0.36 * −0.35 * 0.28 –

13. BI 0.47 ** 0.62 ** −0.55 ** −0.48 ** 0.56 ** 0.52 ** 0.17 −0.21 0.25 −0.46 0.18 0.81 ** –

Level of significance evaluations: * p < 0.05, ** p < 0.001. FMA-UE: Fugl–Meyer assessment for the upper extremity; JHFT: the Jebsen hand
function test; 9-HPT: nine-hole peg test; Dynamo: dynamometry; Block D: block design; Zoo Map: zoo map test; M.S. inj: months since
injury; IADL: the Lawton instrumental activities of daily living scale; BI: Barthel index.

3.3. Correlations Cognitive Function Measures

There is a statistically significant relationship between CEMIMA and block design;
hence, there is a correlation between the VS function and the ability to visualize MI. Results
obtained from other cognitive instruments did not depict higher correlations with the other
cognitive tests—namely, digit span and zoo map tests (Table 2).

Regarding the correlations between cognitive functions and UL movement, it is
important to mention there is a statistically significant correlation between the block design
test and all the UL movement scales analyzed (ABILHAND, FMA-UE, 9-HPT, JHFT, and
dynamometry), but no correlation is observed between digit span and zoo map tests and
the UL scales, although zoo map test and 9-HPT are related (Table 2).
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3.4. Time since Injury and Groups

As previously described, participants were divided into two groups of early post-
stroke participants (up to 6 months after stroke) and late post-stroke participants (over
6 months); as such, two different profiles are expected, where participants with a longer
period from injury have poorer performance on motor imagery.

The χ2 was carried out across the time after injury groups and the evocation groups.
No statistically significant differences were found across them (p > 0.05), indicating that
groups were homogeneously distributed (Table 3).

Table 3. Contingency tables across evocation groups and early and late post-stroke period.

Participants Time after Injury
TotalGroup Counts <6m >6m

Lower

Count 10 9 19
% within row 52.632 % 47.368 % 100 %

% within column 40.000 % 64.286 % 48.718 %
% of total 25.641 % 23.077 % 48.718 %

Higher

Count 15 5 20
% within row 75 % 25 % 100 %

% within column 60 % 35.714 % 51.282 %
% of total 38.462 % 12.821 % 51.282 %

Total

Count 25 14 39
% within row 64.103 % 35.897 % 100 %

% within column 100 % 100 % 100 %
% of total 64.103 % 35.897 % 100%

After checking the underlying assumptions (Levene’s p = 0.07 and qqplots), the
ANOVA in CEMIMA scores indicated that differences across groups were statistically
significant: F(1,35) = 72.95; MSE = 6020.65; p < 0.01; η2 = 0.638. As expected, differences
across time groups after injury also reached the statistical level: F(1,35) = 6.35; MSE = 534.70;
p < 0.0; η2 = 0.05. No interactions were found across factors under study.

4. Discussion

MI analysis is a complex process full of difficulties related to this therapeutic method.
Nevertheless, the question of how the visualization of MI can be a useful therapeutic
tool is of interest for many fields. The literature seems to indicate that MI reproduces
motor efference and might be limited by an individual’s normal motor experience [50] This
theory postulates that the motor schema involved in real activity is reinforced during the
visualization of MI. Particularly, the motor skills are reinforced when those images involve
the same motor schemas as the real movement [51].

In many studies related to the visualization of MI after a stroke [9,52,53], the qual-
ity of the visualization is considered a useful element in different treatment techniques.
Conversely, the objective of our research was different—we aimed to examine whether the
ability to visualize MI was related to the capacity to move the UL and understand which
other variables could affect the quality of the visualization.

The main findings could be described as follows: First, a statistically significant
correlation between MI and motor function measures was found. This result suggests
a strong relationship between the ability to visualize MI with the UL movement and
functionality after a stroke, supporting previous results in which functional equivalence
between motor images and motor execution is claimed [28–30].

The relation between MI and movement is clear—participants were not able to perform
the movements if they could not visualize them; as claimed by Olsson et al., “If you cannot
do it, you will not think it” [33]. In several CEMIMA items, the participants were challenged
to visualize a ball in their hand, and subsequently, they had to throw and catch the ball
repeatedly. One result of interest in this test was related to how participants with the worst
MI visualization ability had a bad movement performance. Surprisingly, we observed that
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some participants reported that during the visualization, they had dropped the ball or they
had not been able to throw it.

Second, there is a statistically significant relationship between the block design test,
which measures the VS working memory and UL evaluation instruments (FMA-UE, 9-HPT,
JHFT, and dynamometry). Therefore, the participants with poorer VS skills had a greater
alteration in their capacity to move the UL. Their hindrance to managing the MI was linked
to the neural network disorganization, making it impossible for them to perform a UL
movement correctly.

Third, there is a relationship between MI and cognitive function measures, especially
VS working memory and their capability to visualize MI.

As a result of the two previous statements, it would be essential to determine whether
the participants’ inability to generate MI is related to an alteration in their cognitive capacity,
or whether it is due to an alteration of the motor planning caused by the brain injury.
Therefore, future lines of research should address whether poorer cognitive mechanisms to
perform MI visualization are due to an alteration in their VS skills, or motor planning is
damaged, and therefore, individuals cannot access it. Consequently, it seems important to
emphasize two statistically significant correlations related to VS skills. On the one hand,
VS with the MI visualization and, on the other hand, VS with the affected UL movement.
These correlations allow us to conceptualize how motor and cognitive systems are strongly
interrelated and, therefore, cannot be separated in neurorehabilitation.

The literature has addressed the relationship between cognition and movement [54–56].
An example of the importance of the movement mental representation and mental images
manipulation occurs in the rehabilitation technique called graded motor imagery when
training the perception of laterality. This training is based on judging, through a sequence
of photographs, if the part of the body shown corresponds to the right or left half-body,
where the participants have to perform an adequate mental rotation using the working
memory process [57]. It is considered that these types of cognitive strategies, as well as
others related to the involvement of cognitive functions in motor function, can be very
useful in UL rehabilitation [58].

Lastly, two well-defined groups of participants were of interest according to their
MI ability. G2 had a relatively normal ability to visualize MI, while, the other group
had a greater impediment to achieving it (G1). The latter group, G1, had a lower ability
to visualize MI, poorer VS, worst dexterity, less strength, and consequently a reduction
in their UL mobility and functionality; additionally, they were more ADLs dependent.
Future research should examine these profiles, which may set standardized criteria and
approaches for the MI technique and would be very useful to the neurorehabilitation
scientific community.

To conclude, it should be noted that the ability to visualize MI and cognitive functions
such as VS and UL movement seem to be related. Thus, it is important to approach
them all together during the treatments. This could be of interest for new rehabilitation
techniques seeking to induce a cortical reorganization that would be associated with the
motor relearning through the achieving and improvement in the motor function [59]. In
summary, in these techniques, we can find motor imagery, action observation therapy,
or mirror therapy. One should bear in mind that these therapies have a multitude of
benefits: they are low cost because they do not require expensive tools such as robots;
furthermore, they allow the development and use of emerging technologies such as non-
immersive virtual reality (VR) applications (e.g., phones and tablets), which could be used
as therapeutic supplements, particularly when physical movement is limited, enabling
participants to continue their treatment in their home after finalizing the treatment session;
our phones or tablets could simply be enough for allowing the subjects to continue their
treatment in their home after finalizing the treatment session.

As a statistically significant relationship was found between the ability to visualize
MI and the time elapsed since the stroke, it seems important to note that the longer it was
since the stroke, the more likely it was to observe a lower capability to visualize MI. This
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could be related to the decrease in the cortical representation of the UL, probably caused
by disuse, which, in turn, was generated by their incapacity to move. Likewise, time after
injury is a question of interest from two aspects in applied research. On the one hand,
research in this area might help to improve current theoretical models. On the other, one
should bear in mind that for specific interventions to be effective, therapy must be initiated
as soon as possible. Current results support the last statement, also suggesting a lack of
interaction with evocation groups.

The main study limitations are related to the characteristics of the research design.
It was not possible to establish control procedures for potential confounding variables to
avoid certain biases in results. Future lines of research should include the results of other
techniques such as neural electronic physiological exams. Moreover, and as is sometimes
the case in studies with clinical samples, a small sample size was employed, which limited
the generalization of results. On the other hand, the time span between the incidence
of stroke and the assessment variation is a question that caused variation in the current
results, as it was addressed in a dichotomous way. However, the study makes it possible to
establish the possible relationship between the variables involved to conduct analytical
studies, and it is expected this could be of interest for future lines of research that address
these issues. Nevertheless, the results in this study seem to support previous studies in the
field of MI research. Increasing the number of studies of motor imagery would shed light
on the use of this technique as means of therapy.

5. Conclusions

We can conclude that the capacity to visualize mental images and the capacity to
produce a movement in the UL after a stroke are related to each other. Additionally, we
also found other correlations between VS skills and the capacity to visualize MI, as well as
with the UL movement.

These results are of interest for neurorehabilitation proposes based on the improve-
ment of MI, which could be beneficial for the UL movement and functionality rehabilitation.
Including use-dependent plasticity therapies such as imagery motor, action observation
therapy, or mirror therapy could increase the chances of success.

Lastly, the appearance and increased use of emerging ICT in rehabilitation bring forth
new possibilities for therapists and their patients to implement activities that allow them
to achieve their objectives.
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Abstract: Background: We studied the effects of motor tasks using backward walking training on
balance and gait functions of children with cerebral palsy. This was a single-blinded, randomized con-
trolled trial with a crossover design conducted at a single facility. Methods: Among 12 children with
cerebral palsy, the forward (FWG) (n = 6) and backward walking groups (BWG) (n = 6) underwent
training three times a week for 4 weeks, 40 min a day. After a 6-week break, the crossover training
was conducted. Functional walking variables were measured. Time-Up-and-Go (TUG) test, Figure-8
Walk Test (FW8T), and Pediatric Balance Scale (PBS) were used for measuring balance. Results: Both
groups showed significant improvement in walking speed, stride length, and step length. The BWG
demonstrated significant improvement in walking speed (p < 0.05) compared with the FWG. The
TUG test, FW8T, and PBS showed significant improvement. After the 4-week intervention, both
groups displayed a remarkable decrease in TUG duration and FW8T. Both groups also exhibited
improvement in the PBS; more so in the BWG. Conclusions: Backward walking training with mo-
tor dual tasks could be a more effective interventional approach than forward walking training to
improve balance and walking functions of children with spastic hemiplegia.

Keywords: backward walking; balance; cerebral palsy

1. Introduction

Cerebral palsy is a non-progressive lesion that is described as a group of permanent
disabilities of motor performance caused by injuries in the brain of a developing fetus or
infant [1]. Cerebral palsy is accompanied by disturbances in language, the sensory system,
and cognitive behavior, or epilepsy. There could be secondary musculoskeletal problems
due to muscle weakness, which is attributed to malalignment, limited range of motion,
and asymmetric posture [2]. These deformities are negatively influenced by biomechanical
movement and can interfere with balance and gait function [3].

The independent gait in children with cerebral palsy has a great effect on the quality of
daily life [4]. The major goal of rehabilitation in children with cerebral palsy is the recovery
of independent gait. However, children with cerebral palsy have a restricted capacity for
movement that results in gait dysfunction (a short stride, slow walking speed, increased
swing phase, and postural instability). Thus, it is important to choose an effective training
method to improve the balance and gait of children with cerebral palsy. Walking training
may be efficient to improve both muscle tone, postural control, and gait function as well
as muscle strength, endurance, and coordination of the lower extremity [5,6]. Particularly,
dual-task training, which refers to the capacity to control two tasks simultaneously, can
be a very effective way to improve the balance and gait function of children with cerebral
palsy [7,8].

Walking while performing activities of daily living (ADL) involves the use of inter-
joint coordination and the performance of cognitive processes, such as moving things,
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manipulation of tools, and talking to others [9]. Thus, dual-task training that combines
walking while performing other tasks is required. Stroke patients underwent dual-task
training while walking to improve their balance and walking, and dual-task training
affects their daily life and balancing ability [10]. Chronic stroke patients who lacked
confidence improved in their dual-task performance based on walking training, which
had a positive effect on their gait and self-efficacy [11]. Dual-task training enhanced ADL
and balance in children with ataxic cerebral palsy. They were trained using ring hanging,
cup stacking, and blocks and performed motor dual tasks to enhance weight shifting
while catching toys in various directions [12]. Therefore, children with cerebral palsy
need an intervention program consisting of walking and dual-task training for performing
meaningful movements.

Forward-walking training (FWT) is usually conducted, but backward-walking training
(BWT) is a more effective intervention in postural conditioning and walking. BWT improves
postural balance and walking ability in children with cerebral palsy [13] and was more
significantly associated with the speed and step length of stroke patients’ than FWT [14].
Based on previous studies, BWT may lead to better functional improvement than FWT.
However, several studies have been focused on the positive effects of BWT in stroke
patients, but none were related to children with cerebral palsy. Moreover, no studies have
investigated the effects of dual-task training while walking backward.

Therefore, this study aimed to identify the effectiveness of BWT combined with motor
tasks in children with spastic hemiplegic cerebral palsy. Our objective included determining
the effects of this training on balance and gait function in children with spastic hemiplegic
cerebral palsy, which was the novelty of this study.

2. Materials and Methods
2.1. Participants

This study was a randomized controlled trial with a crossover design conducted
at a single rehabilitation facility. Twelve children (aged 7–14 years) with a diagnosis of
spastic hemiplegic cerebral palsy participated in this study. The inclusion criteria were
as follows: (1) children with Level I or II cerebral palsy classified according to the Gross
Motor Function Classification System (GMFCS) who could move independently without
an assistive device; (2) children with a score of 15 or higher in the Cognitive Assessment
of Functional Independent Measure (WeeFIM); and (3) those who did not participate in a
BWT or a specific training before 6 months.

The study was approved by the Institutional Review Board of Cheong-ju University,
and parents of all children provided signed informed consent to participate in the study.
The general characteristics of the participants are described in Table 1.

Table 1. General characteristics of the subjects (N = 12).

Variables M ± SD

Sex (male/female) 5/7
Affected side (Rt./Lt.) 7/5

GMFCS level (I/II) 8/4
Age (years) 10 ± 2.48
Height (cm) 125 ± 9.99
Weight (kg) 27.33 ± 7.35

M ± SD: mean ± standard deviation. Rt.: Right side, Lt.: Left side. GMFCS: Gross Motor Function Classification
System.

2.2. Procedures and Intervention

This study used a two-group randomized trial crossover design, and the children
were randomly divided into the FWT and the BWT groups. Both groups received 4 weeks
of BWT and 4 weeks of FWT (the training order of one group was FWT and BWT, and
in the other group was BWT and FWT), with a washout period of 6 weeks during the
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post-intervention phase of the 1st period and the pre-intervention phase for the 2nd period.
The assessments were measured at four time points, that is, during the pre- and post-
intervention phases of the 1st and 2nd periods. Of the 12 participants recruited initially,
none dropped out during the intervention period (4 weeks), and all 12 subjects (FWT, n = 6;
BWT, n = 6) were included in the final analysis. The experimental design of this study is
provided in Figure 1.

Figure 1. Flowchart in this study. Assessment A, B: Time Up and Go, Figure-8 Walk Test, Pediatric
Balance Scale, Opto gait.

2.2.1. Backward Walking Training (BWT)

BWT included gait training on the ground without obstacles. Before BWT, general
physical therapy (such as stretching, range of motion exercises, and strengthening exercises)
was performed for 10 min. Three sets of BWT with motor dual tasks were executed as
per the following schedule: 7 min per set, with approximately 3 min of inter-set rest,
for a total training duration of 30 min. The method of BWT applied was based on that
described by Davies [15]. First, the therapist helped the participants to move the lower
limb correctly when walking backward. The therapist gradually decreased the assistance
when the participants underwent training. Second, the participants were then trained to
cover a distance of approximately 15 m along the corridor of the treatment room using a
safety bar held by the hand on the unaffected side. Third, the participants were encouraged
to walk independently without a safety bar. Finally, the participants attempted to walk at a
comfortable pace of their choice and gradually increased the distance and speed during
backward walking. The training was facilitated by a physical therapist with more than
5 years of experience.
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2.2.2. Forward Walking Training (FWT)

During FWT, the therapist assisted in correcting the position of the participant’s foot
to accurately complete the different elements of the gait cycle. The walking velocity was
determined by the pace of the participant. FWT also included the same components, such
as general physical therapy and task performance, as BWT.

2.2.3. Motor Task

During the BWT and FWT, the participants were asked to carry a plastic cup containing
water (height = 15 cm, base diameter = 6 cm) on a tray. The task was to transport the plastic
cup filled with water (using both hands) without spilling its contents, and dropping the
cup was considered a failure [14].

2.3. Measurement
2.3.1. Evaluation for Participant Selection

(1) Cross Motor Functional Classification System (GMFCS) GMFCS is a classification
system used for measuring the level of motor disorders in children with cerebral palsy.
It is divided into five stages according to movements, such as sitting, crawling, and
walking, and the degree of mobility using assistive equipment. From level I, which
includes children who can walk without any limitations in movement, to level V,
which includes difficulty in movements even with assistive equipment; the higher the
step, the lower the functional mobility. The inter- and intra-rater reliabilities are 0.93
and 0.97–0.99, respectively [16].

(2) Pediatric Functional Independent Measure for Children (WeeFIM) WeeFIM is a tool
used to assess a child’s functional ability based on their health, development, educa-
tion, and social conditions. It is divided into areas of motor and cognitive function,
classified into six lower measures, and evaluated using 18 items. Among them,
communication, and social cognition are evaluated under the cognitive function.
Communication is evaluated for possible comprehension and expression and social
interactions. Problem-solving skills and memory are evaluated under social cognition.
The evaluation method is conducted by direct observation and interviews by the
therapist, and each item is scored on a 7-point scale from 1 to 7. The validity and
inter-rater reliability are excellent (intraclass correlation coefficients > 0.90) [17,18].

2.3.2. Outcome Measures

(1) Time-Up-and Go Test TUG is a test that can quickly measure dynamic balance and
functional mobility over time. It comprises measuring the time taken from getting
up from an armchair, walking 3 m, turning around, and walking back 3 m to sit in
place. The participant sits with his/her feet flat on the floor so that the hips and knees
are in 90◦ flexion. The therapist measures the time taken to walk 3 m three times and
records the average value. It takes about 11 to 12 s for disabled participants, and if it
takes more than 20 s, it is determined that help is needed when walking. For the TUG
test, the intra- and interrater reliabilities are ICC = 0.99 and ICC = 0.99, respectively. It
is a very reliable measurement method [19].

(2) Figure-8 Walk Test (FW8T) FW8T is a test performed to identify the ability to walk in
different paths (straight, curved, clockwise, and counterclockwise) and to recognize
the task. The FW8T requires the participant to walk a figure-8 around two cones
placed 1.5 m apart. The therapist measures the time taken till the return and the step
count. The participant is allowed to practice twice along the path of walking before
measurement. The FW8T has excellent test–retest (ICCs = 0.84 and 0.82 for time and
steps) and inter-rater reliability (ICCs = 0.90 and 0.92 for time and steps) [20].

(3) Pediatric Balance Scale (PBS) The PBS is developed for school-age children with mild
and moderate motor disorders. The PBS assesses the balance and functional ADL
and is available for use in children from 5 to 15 years old. It consists of 14 items (with
five grade levels) including sitting balance, standing balance, sit-to-stand, stand-to-sit,
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moving from chair to chair, standing on one leg, rotating 360 degrees, reaching to the
floor, and reaching forward turning. The performance of each task is evaluated on a
scale of 0 to 4 points. The PBS score is calculated as static (6 items), dynamic (8 items),
and total components (total score), with a maximum total score of 56. The higher the
score, the better the balance [21]. The PBS has shown excellent intra-class correlation
coefficient (ICC > 0.9) and inter-rater reliability (ICC > 0.9) [22].

(4) Opto Gait We used the Opto Gait system (OPTOGait, Microgate, Bolzano, Italy,
2010) consisting of three transmitting and three receiving bars, to collect data on the
participants’ walking characteristics. Two bars are placed parallel to each other 1 m
apart. Ninety-six LED diodes are positioned on each bar 1 cm apart, 3 mm above the
ground. When the participant passes between the transmitting and receiving bars, the
system detects the interruption of the optical signal and automatically calculates the
spatiotemporal gait parameters based on the presence of a foot in the recording area.
The first Opto Gait bar is placed 50 cm from the starting point. The spatiotemporal
gait parameters, such as the speed, stride length, and step length of the affected side
were analyzed.

2.4. Statistical Analysis

The results of both the interventions, including the 1st and 2nd periods, were pooled.
The data were analyzed using SPSS version 22.0 for Windows (IBM, Armonk, NY, USA).
To identify the statistically significant differences between pre- and post-test values in the
gait and balance function variables (Opto Gait, TUG, FW8T, and PBS) of the BWT and FWT
groups, Wilcoxon signed-rank tests were used. The Mann–Whitney U test was used for
inter-group comparisons. The statistical significance level was set at 0.05.

3. Results

Twelve participants with spastic CP (5 males, 7 females; mean ± standard deviation
age: 10 ± 2.48 years; height = 125 ± 9.99 cm; weight = 27.33 ± 7.35 kg) were included in
this study. Participants were either in the GMFCS level I (n = 8) or II (n = 4) (Table 1).

The TUG test scores decreased from 13.85 ± 2.00 and 14.90 ± 1.73 to 13.24 ± 2.24
and 13.33 ± 1.70 in the FWT and the BWT groups, respectively. There were statistically
significant differences between the pre-test and post-test assessments in both groups
(p < 0.05). The BWT group showed a greater reduction than the FWT group, and there was
a significant difference in inter-group comparison between the two groups (p < 0.05).

In the FW8T, both groups revealed pertinent reductions in the post-test compared
to the pre-test evaluations (p < 0.05). The difference between the pretest and post-test
estimates in the BWT and FWT groups were −1.60 ± 0.48 and −0.70 ± 0.47, respectively.
There was a significant difference in inter-group comparison between the two groups
(p < 0.05).

Both groups displayed a significant increase in the intra-group comparison of PBS
(p < 0.05). The difference between the pretest and post-test analyses in the BWT and FWT
groups were 3.17 ± 0.40 and 1.33 ± 0.51, respectively. There was a significant difference in
inter-group comparison between the two groups (p < 0.05) (Table 2).

There was a remarkable increase in the intra-group comparison of the spatiotemporal
gait parameters (velocity, step, and stride) of both groups (p < 0.05). The differences
between pre-test and post-test values in the BWT and FWT groups were 0.19 ± 0.11 and
0.06 ± 0.02, respectively. This suggests that only the walking speed increased significantly
among the various spatiotemporal gait parameters. However, there were no significant
differences in step and stride length (p > 0.05) (Table 3).
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Table 2. Comparison of changes in balance function in between groups.

Forward (n = 12) Backward (n = 12)
U p (2)

M ± SD M ± SD

TUG Pre 13.85 ± 2.00 14.90 ± 1.73
Post 13.24 ± 2.24 13.33 ± 1.70

Post-pre −0.60 ± 0.59 −1.57 ± 0.31 4.50 0.03
p (1) 0.02 0.02

FW8T Pre 12.20 ± 3.57 12.73 ± 2.74
Post 11.50 ± 3.31 11.12 ± 2.45

Post-pre −0.70 ± 0.47 −1.60 ± 0.48 2.00 0.01
p (1) 0.02 0.02

PBS Pre 42.17 ± 5.03 41.33 ± 4.67
Post 43.50 ± 4.88 44.50 ± 4.63

Post-pre 1.33 ± 0.51 3.17 ± 0.40 0.00 0.00
p (1) 0.02 0.02

TUG: Time-Up-and-Go test, FW8T: Figure-8 Walk Test, PBS: Pediatric Balance Scale. (1) Wilcoxon Rank-sum test,
(2) Mann–Whitney test.

Table 3. Comparison of changes in gait function in between groups.

Forward (n = 12) Backward (n = 12)
U p (2)

M ± SD M ± SD

Velocity
(m/s) Pre 0.69 ± 0.09 0.66 ± 0.11

Post 0.75 ± 0.09 0.85 ± 0.14
Post-pre 0.06 ± 0.02 0.19 ± 0.11 2.00 0.00

p (1) 0.00 0.00

Step
(cm) Pre 39.46 ± 4.27 38.54 ± 4.10

Post 43.29 ± 2.57 43.91 ± 3.62
Post-pre 3.83 ± 3.51 5.37 ± 3.55 50.50 0.21

p (1) 0.00 0.00

Stride
(cm) Pre 85.38 ± 3.09 87.62 ± 4.55

Post 80.50 ± 5.30 80.50 ± 3.42
Post-pre 4.87 ± 4.97 7.12 ± 4.83 50.50 0.21

p (1) 0.00 0.00
(1) Wilcoxon Rank-sum test, (2) Mann–Whitney test.

4. Discussion

This study aimed to investigate the effects of backward or forward walking combined
with task-oriented training on balance ability (TUG, FW8T, and PBS) and functional gait in
children with spastic hemiplegic cerebral palsy. The BWT and FWT groups showed signifi-
cant differences in balance ability and spatiotemporal gait parameters after intervention.
In the inter group comparison, the BWT group showed a more significant improvement
in balance ability and walking speed parameters than the FWT group. The results of our
study showed that backward walking with task-oriented training improved the balancing
abilities and functional gait of children with spastic hemiplegic cerebral palsy, more so than
those observed in the FWT.

The balancing ability or self-confidence required to improve the gait was higher
during BWT because more sensory information is used for balance with limited visual
information [23]. In addition, there is higher muscle activity and energy consumption
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than in FWT [24–26]. Moriello et al. [27] explained that they performed FWT and BWT for
patients with spinal cord injury and that the balance and walking confidence improved
significantly in the BWT group compared to the FWT group. The improvement in the
experimental group is similar to the findings of El-Basatiny et al. [13], who reported that
combining the use of BWT and traditional physical therapy in children with hemiparetic
cerebral palsy resulted in better improvement in postural balance. Balance and walking
combine information from the vestibular, visual, and proprioceptive senses to recognize the
body spatially while being involved in posture control [28]. Therefore, backward walking
stimulates proprioception, thereby facilitating the activation of righting and equilibrium
reactions necessary for maintaining and adjusting posture. All these systems may be
associated with the improvement of balance by BWT with dual motor tasks.

In our study, the BWT group showed an enhanced walking speed compared to the
FWT group. The increased walking speed in the BWT group may prove the effectiveness
of BWT in improving gait capacity. Several mechanisms have been suggested to explain
the benefits of BWT in children with spastic cerebral palsy. First, BWT might help increase
muscle strength more than FWT. Devita et al. [29] reported that BWT showed a significant
increment of muscle activation (quadriceps, hamstring, and tibialis anterior muscle) in
stroke patients. An approximate 20% increase in the quadriceps muscle strength was
noted during its measurement using a dynamometer. Compared to FWT, BWT resulted
in a more eccentric contraction in the quadriceps muscle. Eccentric contraction is more
efficient in enhancing muscle strength due to higher energy consumption than concentric
contraction [30]. Backward walking induces greater joint movement and ground reaction
forces and results in greater energy consumption [31]. Additionally, the interaction of the
quadriceps of the knee and flexor digitorum longus of the ankle joint plays an important
role in propulsion during the stance phase of backward walking [32]. The momentum
gained by the propulsion of the quadriceps during the stance phase might contribute to
the enhancement of muscle strength [33]. Second, the BWT influences proprioception,
which can contribute to the improvement of gait function. Proprioception is an essential
element to maintain balance and serves to control movement when walking [24–26]. Back-
ward walking due to limited vision utilizes proprioception more for the balance response.
Although initial motor learning required a high dependence on visual information, propri-
oceptive information had a greater effect in the learned motor control stage [34]. Mullie
et al. [35] reported that stroke patients use their ankle proprioception when walking with
their eyes closed. In addition, BWT can induce greater activation of the cerebrum than
FWT.

Peters et al. [36] also suggested the backward walking increases the activity of both
supplementary and primary motor area of the cerebral cortex compared to forward walking.
An analysis of brain activation during backward walking showed that hemodynamic
cortical activations in the motor area were greater during backward walking than during
forward walking [37]. The improvement in walking speed of children with cerebral
palsy could be due to muscle strengthening and activation of proprioceptive information.
Therefore, the present study showed a greater positive influence due to BWT with dual
motor tasks than due to FWT in children with spastic hemiplegic cerebral palsy.

The limitations of this study are as follows. First, it is difficult to generalize the results
for all children with cerebral palsy due to the small number of participants. Second, our
study only included children with spastic hemiplegic cerebral palsy with GMFCS levels
I and II. Our findings demonstrate that balance function in children with cerebral palsy
could be positively influenced by BWT with motor dual task training rather than FWT.
Therefore, to redress these limitations, future studies should investigate the results of our
study in children with various types of cerebral palsy and use longer washout periods with
larger sample sizes.
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5. Conclusions

This study aimed to investigate the effect of BWT combined with motor task on
balance function and walking capacity of children with CP. Our results demonstrate that
children with spastic hemiplegic CP exhibit greater improvements in the balance function
(TUG, FW8T, PBS) and walking capacity (gait velocity) following BWT combined with
motor tasks than following FWT combined with motor tasks. Our findings suggest effective
intervention to promote the ability to balance to prevent fall injuries through BWT and
promote self-care activities in daily life. Future studies with larger sample sizes and longer
washout periods should explore the effects of BWT and FWT in children with other types
of CP as well.
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Abstract: We present an update of the literature concerning long-term neuropsychological out-
comes following surgery for refractory temporal lobe epilepsy (TLE). A thorough search was
conducted through the PubMed and Medline electronic databases for studies investigating neu-
ropsychological function in adult patients undergoing resective TLE surgery and followed for
a mean/median > five years period. Two independent reviewers screened citations for eligibility
and assessed relevant studies for the risk of bias. We found eleven studies fulfilling the above
requirements. Cognitive function remained stable through long-term follow up despite immedi-
ate post-surgery decline; a negative relation between seizure control and memory impairment has
emerged and a possible role of more selective surgery procedures is highlighted.

Keywords: refractory temporal seizures; neurosurgery; cognitive outcome; memory; long-term
follow-up

1. Introduction

Epilepsy surgery is nowadays an evidence-based treatment strategy for patients
with drug-resistant epilepsy [1,2]. According to the International League Against Epilepsy
(ILAE) definition, pharmacoresistant epilepsy is defined as the failure of a patient’s seizures
to respond to at least two antiepileptic medications that are appropriately chosen and used
for an adequate period [3]. With positive short-term surgery outcomes being definite [4,5],
currently, epilepsy surgery centers focus on reporting long-term outcomes from cohort
surgical studies implementing a variety of treatment techniques. Reputable reviews have
undertaken the task to thoroughly assess post-operative seizure outcome [6,7]. However,
it has been long acknowledged that seizure freedom is just one characteristic of surgery
outcome. For patients to make truly informed decisions regarding their treatment, they
need to know its effect on their ability to work, to study and to socialize. Highlighting the
need for more reliable studies reviewing the non-seizure outcomes, neuropsychological
data have also been evaluated and much has been documented on long-term postoperative
cognitive outcomes [8,9] Although, an association with temporal lobe (TL) surgery and pro-
gressive memory decline has been suggested [10,11], while, currently, cognitive function is
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considered to remain stable one year after surgery [12]. Various factors such as chronologi-
cal age, seizure recurrence, burden of medication and type of surgery have been linked
to long-term postoperative outcomes [13,14]. Despite the encouraging results, epilepsy
surgery is still underutilized [15]. Although the importance of early referral has been
repeatedly emphasized [16], the delay between a refractory focal epilepsy onset and its
surgery still remains of about 15–20 years [17,18]. Admittedly, there are steps to be taken
with a view to one of the most frequent chronic and disabling disorders.

We conducted a review of the literature on long-term neuropsychological outcomes
following TLE surgery. Our aim was to provide clinicians and researchers with a compre-
hensive summary reflecting a critical point of view of the current evidence.

2. Methods
2.1. Data Sources

We performed a comprehensive literature search on PubMed with a restriction to full-
length English articles published till November 2020, as well as reviews, original articles
and book chapters, and consulted experts about other studies. We used the following
search terms in various combinations: “refractory temporal seizures”, “neurosurgery”,
“cognitive outcome”, “memory” and “long-term follow-up”.

2.2. Study Selection and Classification

Two independent reviewers applied the following study inclusion criteria:

1. Reports of >20 patients with a medical history of drug-resistant temporal lobe epilepsy
(TLE), undergoing resective surgery;

2. Patients older than 16 years old;
3. A mean/median >5 years post-surgery follow-up;
4. Outcomes explored included long-term postoperative neuropsychological data and

possible associated predictive factors (Figure 1).
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Figure 1. PRISMA flow diagram. The flow diagram depicts the flow of information through the different phases of a
systematic review.

3. Results

Eleven studies explored long-term neuropsychological outcomes in adult patients
undergoing TL surgery according to the above searching criteria. One study evaluat-
ing intelligence consistently reported no worsening of performance following long-term
postoperative follow up (Baxendale et al., 2012), while two others reported slight IQ im-
provement especially in patients achieving seizure freedom (Engman et al., 2006; Alpherts
et al., 2004). All studies looked at the long-term memory outcomes, with five showing a
greater memory decline following left than right TL resection (Helmstaedter et al., 2003;
Rausch et al., 2003; Paglioli et al., 2004; Baxendale et al., 2012; Helmstaedter et al., 2018),
and two older ones a progressive cognitive decline and lower memory scores in (Helm-
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staedter et al., 2003; Rausch et al., 2003). These findings have been challenged by later
data, where cognitive function remained stable at one year following surgery, showing
no evidence of accelerated memory decline (Engman et al., 2006; Alpherts et al., 2006;
Andersson-Roswall et al., 2010; Baxendale et al., 2012; Salvato et al., 2016; Helmstaedter
et al., 2018). Four other studies provided an account on which variables influenced postop-
erative memory improvement (Baxendale et al., 2012; Salvato et al., 2016; Mathon et al.,
2017; Helmstaedter et al., 2018), while one study compared selective (anterior temporal
lobectomy-ATL) with nonselective (selective amygdalohippocampectomy-SAH) surgery
approaches with regard to neuropsychological outcomes, showing that risks of cognitive
and/or verbal memory impairment were greater in patients with ATL than in those with
SAH (Mathon et al., 2017). (Table 1).

Table 1. Neuropsychological outcome in studies with long-term follow up.

Scheme
Mean

Follow-Up
Years

Type of
Surgery and N
Sample Used

Population
and Type of

Study

Controlled
Study Neuropsychological Outcome

Helmstaedter,
2003 5

Temporal
(N 147)
Medical
(N 102)

Adults
prospective

Yes medical
versus
surgery

This was greater after a left temporal
lobectomy or if seizures continued

postoperatively. Seizure-free surgical
patients showed a recovery of memory

function. Intelligence: No significant
changes were seen in either group

Rausch, 2003 12.8
Temporal

(N 44) Medical
(N 8)

Adults
prospective

Yes medical
versus
surgery

Memory: Patients with LTL surgery
showed selective early decreases in verbal

memory. At the long-term follow-up,
further decreases in verbal memory and
visual memory scores were seen for all
patient groups. The nonmemory scores

remained stable over time.
Alpherts,

2004 6 Temporal
(N 71)

Adults
prospective No Intelligence: Right or left surgery did not

affect intelligence

Paglioli, 2004 5.4 Temporal
(N 65)

Adults
prospective No

Memory: Left side surgery: Of 38 patients,
worsening occurred in logical memory in
5 (13%) and in verbal learning in 10 (26%).

Right side surgery: Of 27 patients,
worsening occurred in logical memory in
one (4%), in verbal learning in three (11%),

and in visual memory in 6 (22%).

Alpherts,
2006 6 Temporal

(N 85)
Adults

prospective No

Memory: LTL patients showed an ongoing
memory decline for consolidation and
acquisition of verbal material for up to

2 years after surgery. RTL patients at first
showed a gain in both memory acquisition
and consolidation, which vanished in the

long term. The group with pure MTS
showed an overall lower verbal memory

performance than the group without pure
MTS (mesiotemporal sclerosis). A dynamic
decline of verbal memory functions up to

2 years after left temporal lobectomy,
which then levels off.

Engman,
2006 9.8

Temporal
(N 25) Control
group (N 25)

Adults
prospective

Yes control
group versus

surgery

Memory: No signs of accelerated cognitive
aging after 10 years in a majority of the

patients. Those who were seizure-free at
long-term follow-up had a significantly

higher intelligence score than patients who
were still having seizures
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Table 1. Cont.

Scheme
Mean

Follow-Up
Years

Type of
Surgery and N
Sample Used

Population
and Type of

Study

Controlled
Study Neuropsychological Outcome

Andersson-
Roswall,

2010
10 Temporal

(N 51)
Adults

prospective No

Memory: Decline was detected already
2 years postoperatively, with no further
decline from 2 to 10 years. The memory

decline was not related to seizure outcome
or AED treatment.

Baxendale,
2012 9.1 Temporal

(N 71)
Adults

prospective No

Intelligence: No difference on intellectual
function after surgery. Memory: Verbal

learning LTL (Left temporal lobe)
performed more poorly than the RTL (rlght

temporal lobe). Visual learning: Patients
who were seizure free at T4 demonstrated a
significant improvement in visual learning.
Patients who were not seizure free at the
long term follow up had experienced a

decline in visual learning. Those who were
not stable both in verbal and visual

memory had more post-operative seizures.
Significant role of poor postoperative

seizure control in progressive memory
impairment suggesting cumulative effect

of seizures on memory

Salvato, 2016 5 Temporal
(N 151)

Adults
retrospective No

Memory: Patients with LTLE worsened
in the immediate postsurgical period,

their performance progressively improved,
and at 5 years after surgery, it returned

to be equal to the baseline. Shorter
duration of epilepsy, younger age, and

withdrawal of AED would predict a better
memory outcome

Manton, 2017 8.7 Temporal
(N 389)

Adults
prospective No

Worsening of cognitive function: Histology
ILAE type 2/Preoperative verbal memory

deficit/Surgical approach:
ATL/Preoperative high seizure

frequency/Advanced age at
surgery/Surgery on left

side/Postoperative major
complications/Postoperative depression.

Helmstaedter,
2018

Temporal
(N 161)
Medical
(N 208)

Adults
retrospective

Yes surgery
group versus

medical
group

Memory: In the operated group about 9%
demonstrated significant losses in verbal

memory, figural memory, or executive
functions over the T2-T3 interval. In the
nonoperated group 10%, 17%, and 6%

showed a decline in verbal memory, figural
memory, or executive functions between
T1 and T3. 5–22 years after surgery, and
compared to baseline, only 17% of those

who had undergone left and 10% of those
who had right temporal lobe surgery

showed losses in verbal memory when
they were seizure free, as compared to 37%

of patients after left and 20% after right
temporal lobe surgery if their

seizures continued.

LTL = Left temporal lobe, RTL = Right temporal lobe, MTS = Mesial Temporal sclerosis, AED = antiepileptic drugs, LTLE = Left temporal
lobe epilepsy, ATL = Anterior temporal lobectomy.
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4. Discussion

It is well established that epilepsy surgery is an excellent treatment option for achiev-
ing seizure control in patients suffering refractory TLE. However, risk for memory impair-
ment remains to be considered as a serious post-surgical result. So far, long-term neuropsy-
chological outcomes following TLE surgery have been reported by various prospective
studies [19,20]. Given that few reports have focused on the long-term neuropsychological
consequences of TLE surgery, we attempted to provide a review of the literature, investi-
gating neuropsychological function of adult patients undergoing resective TLE surgery
and followed for a mean/median > five years period.

In 2003, Helmstaedter and associates [10] reviewed cognitive and memory outcomes
in 147 surgically- and 102 medically-treated TLE patients. They reported that surgery
anticipated decline whether compared to the medically treated group, particularly when
performed to the dominant hemisphere (usually the left), or whether seizures continued
following surgery. In the same year, Rausch and colleagues [11] evaluated late postopera-
tive cognitive changes in TLE patients undergoing standardized TL resection. Likewise,
they reported a progressive cognitive decline continuing 13 years post-surgery, while left
(L)TLE patients showed an accelerated memory decline.

In the following years, various longitudinal investigations presented inconsistent
findings as to the continuing and accelerated pattern of postoperative memory decline
in TLE. Testing for the presence of continuing postoperative verbal memory deficits in
TLE patients during a six-year follow-up interval, Alpherts and collaborators [21] firstly
provided evidence for a dynamic verbal memory decline up to two years following left
temporal lobectomy, which then levels off. Later, similar long-term follow up studies
confirmed such findings. Engman and collaborators [22] reported no signs of accelerated
cognitive aging for most patients 10 years post-surgery. A longitudinal prospective study
further supported the cognitive stability view, whereas the premise of an ongoing pro-
gressive verbal memory decline following TL resection was finally declined [23], since no
association between seizure outcome and verbal memory course received confirmation.

Since post-surgical cognitive course in general and memory impairment in particular
remained an open issue, many authors were willing to identify important determinants,
such as postoperative seizure control and age of surgery. By studying the relationship
between postoperative memory decline and seizure outcome for over a five-year follow-
up period, Baxendale and associates [9] put forward that those who experienced more
post-operative seizures presented verbal and visual memory changes, pinpointing to the
role of poor seizure control in progressive memory impairment [9]. Similarly, a further
risk for postoperative memory decline was poor seizures control [11]. During a five-year
post-surgery follow-up, 50–60% of patients suffered some verbal and figural memory loss,
with long-term memory gains being less common (15%) after TL surgery. The cumulative
effect of seizures on memory was similarly highlighted over the next years by showing that
apart from seizure control, shorter epilepsy duration, younger age, and antiepileptic drugs
(AEDs) withdrawal would predict a better memory outcome [14]. Others [12] suggested
that major losses appear in the early postoperative period, at one-year follow up, while a
few patients decline further. Precisely, when seizure free, only 17% of those undergoing
left and 10% of those undergoing right TL surgery showed verbal memory losses, as
compared to 37% with left and 20% with right TL surgery who continued having seizures.
In summary, as to post-surgery seizure outcome, recovery is more frequently observed
than continuing decline.

The approach to surgery was another crucial factor studied extensively in the recent
years. The rational underling elective surgery approaches is avoiding lesions following
resective surgery to eloquent areas of the temporal neocortex, not directly involved in
seizure generation. Mathon and collegues [14] compared three surgical approaches: ante-
rior temporal lobectomy (ATL), transcortical selective amygdalohippocampectomy (SAH),
and transsylvian SAH. They suggested that transcortical SAH tends to minimize cognitive
deterioration after surgery, with the other two techniques having similar effects.
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As to the optimal extent of surgical resection in TLE, no specific neurosurgical ap-
proach seems to outweigh the others in terms of seizures control [24]. A review suggested
that in 76.2% of works there was evidence for a better cognitive outcome following elective
surgery (e.g., SAH) as to the selective (S)ATL, while 23.8% of them did not find various neu-
rosurgical procedures to differ [25]. Important as it may seem, more research is required to
fully evaluate possible interactions between surgery approach and long-term (>five years)
neuropsychological outcome.

Models of Cognitive and Memory Prognosis Following Surgery

In the realm of TLE surgery, the concept of cognitive reserve has been applied in two
different models of hippocampal functioning (i.e., functional reserve vs. hippocampal
adequacy), in relation to the risk for memory impairment following temporal lobectomy
(TLY). The functional reserve model claims that the size of memory loss is related to the
spare capacity of the contralateral temporal lobe to support memory functions following
resection of the abnormal (ipsilateral) one. IAT (Intracarotid Amobarbital Test) injections
contralateral to the side of epileptogenesis typically produce memory impairment, whereas
in the non-epileptic hemisphere memory function remains intact following injections to its
epileptic counterpart [26–30]. A non-significant relationship has been recorded by some
studies between the functional reserve of the contralateral-non-epileptic temporal lobe as
assessed by the IAT and memory changes following TLY. There is rising evidence that the
functional adequacy of the tissue to be resected determines the nature and extent of post-
operative memory loss. The majority of patients with significantly intact memory before
surgery were adversely affected following TLY [31–33]. Likely, studies on memory function-
ing performing IAT injections to the non-epileptic hemisphere showed that patients with a
good pre-surgery memory performance were at much greater risk for memory loss than
those who performed poor at baseline [34–36]. A weak point of the functional adequacy
model; however, is that it does not predict mild material-specific memory deficits following
TLY. Although the contralateral temporal lobe alone does not determine the probability of
memory loss following TL, its functional contribution should not be ignored, especially
if we consider ample clinical evidence documenting the devastating consequences for
memory following bilateral hippocampal damage [36]. There is strong evidence of an
inverse relation between the risk of postoperative memory impairments and the functional
adequacy of the surgical temporal lobe, mostly seen with respect to verbal memory and
left MTLE patients, rather than the functional reserve of the contralateral hemisphere [37].

Outcome studies in epilepsy surgery have identified several factors that have repeat-
edly been shown to be predictive of a poor prognosis, including the initial response to
pharmacotherapy, the underlying etiology, and a patient’s history of seizure frequency [38].
From a neuropsychological point of view, one may suggest that restricting surgery to
lesional and nonfunctional tissue should help to minimize the cognitive losses resulting
from surgery. On the other hand, the functional adequacy of the to-be-resected brain tissue
appears to be a major determinant of the cognitive outcome after surgery [39]. Stimulated
by the ongoing discussion on the cognitive advantages of selective epilepsy surgery over
extended standard resections in temporal lobe epilepsy, advances in MRI acquisitions,
PET, SPECT, simultaneous EEG and functional MRI, and electrical and magnetic source
imaging can be used to infer the localization of epileptic foci and assist in the design of
intracranial EEG recording strategies [40]. Naturally, the outcome of epilepsy surgery will
depend not only on the pre-surgery brain network but also on how the surgery (i.e., its
location and extent) will affect the brain network [41]. Understanding how structural net-
work abnormalities relate to seizure and cognitive outcomes after temporal lobe epilepsy
(TLE) surgery can improve prediction of surgical outcomes [42]. The current standard for
individualized prediction of surgical outcome primarily relies on clinical variables [43].
However, combining multivariate data and predicting post-surgery seizure freedom and
cognitive outcome, is crucial to inform clinical management decisions.
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5. Conclusions

While neuropsychological outcome studies of long-term follow-up remain scarce,
progress has been made through the recent years, thus enabling clinicians reach into some
safe conclusions for neurocognition after epilepsy surgery. Through our review of the liter-
ature, cognitive stability appears to be a still valid assumption receiving empirical support.
It is also acknowledged that whenever seizures are controlled and medication reduced,
recovery is more frequently observed than continuing decline. Elegantly implemented
selective surgical procedures seem to limit cognitive side effects following surgery. In
conclusion, the decision to proceed to surgery remains a highly individualized procedure
requiring patient-tailored clinical and theory-based neuropsychological approaches. A
continuing growth of evidence will help both physicians and patients with this important
decision-making process. Finally, further data in cognitive reserve studies is warranted
to contribute both long-term neuropsychological prognosis and rehabilitation following
TLE surgery.
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Abstract: Dementia is a debilitating impairment of cognitive functions that affects millions of people
worldwide. There are several diseases belonging to the dementia spectrum, most prominently
Alzheimer’s disease (AD), vascular dementia (VD), Lewy body dementia (LBD) and frontotemporal
dementia (FTD). Repetitive transcranial magnetic stimulation (rTMS) is a safe, non-invasive form of
brain stimulation that utilizes a magnetic coil to generate an electrical field and induce numerous
changes in the brain. It is considered efficacious for the treatment of various neuropsychiatric
disorders. In this paper, we review the available studies involving rTMS in the treatment of these
dementia types. The majority of studies have involved AD and shown beneficial effects, either as a
standalone, or as an add-on to standard-of-care pharmacological treatment and cognitive training.
The dorsolateral prefrontal cortex seems to hold a central position in the applied protocols, but
several parameters still need to be defined. In addition, rTMS has shown potential in mild cognitive
impairment as well. Regarding the remaining dementias, research is still at preliminary phases, and
large, randomized studies are currently lacking.

Keywords: rTMS; dementia; Alzheimer’s disease; magnetic stimulation; non-pharmacological treatments

1. Introduction

Dementia is a serious health issue around the globe, with a huge social and economic
burden, since it affects a large proportion of an otherwise possibly healthy population that
is steadily rendered incapable of self-care [1]. There are several dementia types or/and
diseases that can cause dementia, such as Alzheimer’s disease (AD), vascular dementia
(VD), Lewy body dementia (LBD) and frontotemporal dementia (FTD). Pharmacological
treatments for these diseases have been more or less ineffective in halting disease progress
and ameliorating symptoms, and as such, other non-pharmacological treatment options
are now being explored [2].
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Transcranial magnetic stimulation (TMS) was introduced as a non-invasive brain
stimulation technique by Barker et al. [3]. In TMS, a magnetic coil over the skull generates
a high-intensity pulse which can stimulate neurons, and the stimulation varies according to
several technical parameters of the coil and the protocol applied [4]. Single and paired stim-
uli (single- and paired-pulse TMS) are usually used for physiological/pathophysiological
studies, while a series of repetitive stimuli (repetitive TMS, rTMS) can induce alterations
that persist in the brain. rTMS has found application in various therapeutic protocols and
is being tested in several neurodegenerative diseases, with cognitive sequelae as well, such
as multiple sclerosis [5].

rTMS induces changes and influences neuronal blood circulation, metabolism and
excitability in the stimulated region and other regions connected to the stimuli focus [6–8].
Its effects can be either excitatory or inhibitory, depending on several rTMS protocol
parameters, such as frequency, duration and intensity, as expressed by a percentage of the
motor threshold (MT, active or resting, AMT/RMT). The main categorization is based on
frequency, with two main rTMS types: low-frequency rTMS (LF-rTMS) (≤1 Hz), known to
produce inhibitory results, and high-frequency rTMS (HF-rTMS) (>1 Hz), with excitatory
results [9]. The reported aftereffects following the repetitive stimulation are considered
to reflect synaptic modulations, based on the principles of long-term potentiation (LTP)
and long-term depression (LTD), the balance of which is implicated in important cognitive
functions, memory included [8,9].

The aim of this review is to summarize the available literature on the therapeutic
application of rTMS in the most frequent dementia types and to discuss how the scientific
community should proceed in future studies. Additionally, we present ongoing studies on
the matter, whose results are expected in the future. To the best of our knowledge, this is
the first review to cover the subject of rTMS in the entirety of the dementia subtypes.

2. Alzheimer’s Disease

Alzheimer’s disease (AD) is the commonest form of dementia in older populations; in
fact, almost 5% of people under 65 are affected, with this percentage rising considerably
with age, reaching 40–50% in those aged 85 and over [2]. It is considered a neurodegen-
erative disease, with cognitive impairment, mainly regarding memory and orientation,
and behavioral disorders being the most frequently reported symptoms [2]. A plethora
of genetic [10,11] and environmental factors [12] have been implicated in its pathogenesis,
with no definitive causative factor having been identified so far. Its pathological hallmarks
are extracellular amyloid-beta plaques, also known as senile plaques, and neurofibrillary
tangles from hyperphosphorylated tau protein [12,13]. A schematic representation can be
seen in Figure 1.

Figure 1. Schematic representation of Alzheimer’s disease pathology. The figure was prepared using
a BioRender template under license (to DPB).
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To date, acetylcholinesterase inhibitors represent the main therapeutic options, but
their efficacy in symptom alleviation and disease progress delay is limited [14,15]. As the
average life expectancy rises, AD is expected to affect many more millions in the future. It is
therefore imperative to find treatments that are actually effective in slowing and possibly re-
versing its processes, since pharmaceutical agents have proven more or less disappointing,
and research has delved into novel pathways involving pathophysiological mechanisms
such as endoplasmic reticulum (ER) stress [16]. Non-pharmacological approaches have
steadily gained more ground as well, such as cognitive training [17]. In fact, an earlier
meta-analysis reported that non-invasive techniques had a significant positive effect on
cognitive outcomes [2] and are therefore a promising alternative.

rTMS in the context of dementia has been principally explored in AD, as it is thought
to enhance synaptic plasticity, something that can be of utmost importance in preserving
cognitive function. As shall be analyzed in detail below, the protocol designs have mostly
involved the dorsolateral prefrontal cortex (DLPFC) and regions associated with specific
cognitive functions, such as language, memory and attention. Additionally, study designs
have been characterized as “online” or “offline” based on whether the stimulation was
applied during the course of the cognitive tasks or not, with “online” designs seemingly
producing stronger results [2]. Below, we have divided the relevant studies into those
focusing on the DLPFC, those that combined rTMS and cognitive training, and those that
applied stimulation over different areas. DLPFC studies are presented in Table 1, while
studies involving cognitive training can be found in Table 2.

Table 1. rTMS over the DLPFC * in Alzheimer’s disease.

Reference Protocol Results

[18] HF ** (20 Hz), bilaterally Improved action naming

[19] HF (20 Hz), bilaterally Improved action naming in milder cognitive decline Improved general naming
in moderate to severe cognitive decline

[20] HF (20 Hz), left Improved auditory sentence comprehension, persisted for 2 months
[21] HF (10 Hz), left Improved neuropsychological test scores and daily functioning
[22] HF (20 Hz)/LF *3 (1 Hz), bilaterally Improved cognitive function and mood in the HF group, persisted for 3 months
[23] HF (20 Hz), bilaterally Improved cognitive function and behaviorImproved word-image association
[24] HF (20 Hz), left Improved cognitive function and behavior
[25] LF (1 Hz), right Improved episodic memory (non-verbal recognition)

* Dorsolateral prefrontal cortex. ** High-frequency rTMS. *3 Low-frequency rTMS.

Table 2. rTMS over 6 areas of interest * combined with respective cognitive training in AD.

Reference Protocol Results

[26] HF (10 Hz) Improved cognitive function, persisted in the maintenance period
[14] HF (10 Hz) Improved cognitive function, persisted in the maintenance period
[27] HF (20 Hz) Improved cognitive function
[28] HF (10 Hz) Improved cognitive function, stronger results for milder cognitive decline
[29] HF (10 Hz) Improved cognitive function, persisted in the maintenance period
[30] HF (10 Hz) Improved cognitive function, persisted at 6 months for those with better baseline scores
[31] HF (10 Hz) Improved cognitive function that persisted, specifically for those with better baseline scores

[32] HF (10 Hz) Improved cognitive function, persisted in follow-up, no differences between groups
receiving real or sham cognitive training

* Left inferior frontal gyrus, left superior temporal gyrus, left and right dorsolateral prefrontal cortex, left and right parietal somatosensory
association cortices.

2.1. Stimulation of the Dorsolateral Prefrontal Cortex

The DLPFC has been targeted in a number of studies mainly assessing language in
AD. Cotelli et al. (2006) assessed the effects of the left and right DLPFC HF-rTMS (20 Hz,
90% MT intensity) on picture naming during stimulation (“online”) [18]. They enrolled 15
anomic AD patients, and performed three blocks of naming tasks, one while they stimulated
the left side, one for the right and one for sham. They reported that action/verb naming
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significantly improved during stimulation of both regions, a finding that was not reported
for object/noun naming. The authors also claimed that, compared to other studies that
showed improved scores only for left-sided stimulation in normal subjects, this bilateral
effect in AD patients probably reflects compensating mechanisms that recruit right-sided
networks to support naming and other cognitive functions. The same group, two years
later (2008), published another “online” study on DLPFC HF-rTMS (same basic parameters)
and naming, examining 24 AD patients with various degrees of cognitive decline [19].
Again, they reported improved action- (but not object-) naming after stimulation of both
sides for subjects with mild cognitive decline. On the contrary, naming in both types
improved in the individuals with moderate to severe decline. In 2011, the same researchers
aimed to further examine this region’s effect on language performance and enrolled 10 AD
patients, divided into two groups, one receiving real HF-rTMS (20 Hz, 100% MT intensity)
stimulation for 4 weeks (5 days/week) over the left DLPFC, and one receiving sham for
two weeks and then real stimulation for the subsequent two weeks [20]. They assessed the
patients (“offline”) at two weeks, four weeks and twelve weeks after initiation, so the last
follow-up session was 2 months after the stimulation protocol had ended. At two weeks,
there was a significant improvement in auditory sentence comprehension in those receiving
real rTMS, which persisted when assessed at follow-up. Other cognitive functions such
as memory or other language abilities, naming included, did not show any significant
effects, unlike their previous research; they attributed this difference to the different (online
vs. offline) designs. The researchers also reported that no additional positive effects were
noted from the additional two weeks of rTMS. The wealth of data provided by these
three studies was hampered by the fact that all the published data originated from the
same study group. One year later, Haffen et al. (2012) described a case of a 75-year-old
man with AD, under AD treatment and an antidepressant agent, who received 2 weeks
(10 sessions) of HF-rTMS (10 Hz, 100% MT intensity) over his left DLPFC [21]. When he
was examined one month after the protocol had ended, he showed improvement in the
majority of neuropsychological tests, especially in processing speed and episodic memory,
while his environment reported that there was a notable improvement in his everyday
activities. No adverse effects or new depressive episodes were noted.

Rutherford et al. (2015) conducted a pilot two-stage study on AD patients with either
early or advanced disease [23]. The first stage was a double-blinded, crossover study on
nine AD patients, who received 13 sessions of HF-rTMS (20 Hz, 90–100% RMT intensity)
over the bilateral DLPFC in the span of 4 weeks. The second stage included blocks of two
weeks with 10 real sessions every 3 months, as a follow-up, for six patients that also com-
pleted the first phase (min. 10 months, max. 19 months). Montreal Cognitive Assessment
(MoCA), Alzheimer’s Disease Assessment Scale–Cognitive Subscale (ADAS–Cog) and Re-
vised Memory and Behavior Checklist (RMBC) scores were used for cognitive assessment
at baseline, 4 weeks after the last session of the first phase and at the follow-up sessions.
Due to several methodological pitfalls, such as scheduling issues for the assessments, most
of the results did not reach significance levels. However, an improvement in ADAS-Cog
and RMBC was noted after real stimulation. Computerized cognitive exercises were also
assessed in a subgroup of patients, where those receiving real training also seemed to
perform better, with the scores regarding word–image association reaching the significance
threshold. Additionally, patients in the early stages showed a greater overall responsive-
ness to the treatment, and when analyzed alone, their MoCA scores for the first weeks
were significantly better when real was compared to sham.

Wu et al. (2015) assessed the effectiveness of HF-rTMS (20 Hz, 80% MT intensity) over
the left DLPFC on cognition and behavioral and psychological symptoms accompanying
AD in a double-blinded study [24]. They randomized 54 patients with such symptoms
to either active or sham stimulation for five days per week for four weeks, alongside
their antipsychotic medication. Ultimately, 26 patients from each treatment branch com-
pleted the protocol. The patients were assessed by means of the Behavioral Pathology in
Alzheimer’s Disease Rating Scale (BEHAVE-AD), ADAS-Cog and the Treatment Emergent
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Symptom Scale (TESS) before and after the 4-week protocol. Upon controlling for baseline
performances, patients receiving active stimulation had significantly better (i.e., decreased)
BEHAVE-AD scores, specifically regarding five of the seven subscore scales, namely ac-
tivity disturbances, diurnal rhythm, aggressiveness, affective disturbances, anxieties and
phobias. They further presented significant improvement in ADAS-Cog scores, compared
to sham, in all of the assessed domains, namely language, praxis, memory and attention.
Regarding behavioral and psychological symptoms, a higher proportion of patients in the
active group showed improvement (73.1% vs. 41.7%). This study holds particular value
due to its design, and the fact that it included a larger number of patients than other studies
in the same field.

What can be easily deduced from these studies is that HF-rTMS is the method of choice
for AD protocols, and that LF-rTMS studies are lacking, since LF-rTMS is not thought to
produce beneficial results for these patients. In fact, earlier results suggest that LF-rTMS
might even lead to deterioration [33]. To validate this notion, Ahmed et al. (2012) enrolled
45 mild to severe AD patients and divided them equally into three groups [22]. The first
group received real HF-rTMS over the DLPFC bilaterally (20 Hz, 100% MT intensity), the
second group received LF-rTMS (1 Hz, 100% MT), and the third received sham. The right
DLPFC and then the left were stimulated, for one session per day for five consecutive
days. The patients were assessed with the Mini Mental State Examination (MMSE), the
Instrumental Daily Living Activity (IADL) scale and the Geriatric Depression Scale (GDS)
before and after the whole intervention, and then after 1 and 3 months (“offline”). In all the
assessment time-points after the intervention, the HF-rTMS group exhibited significantly
better scores than the sham and the LF-rTMS groups, despite having no difference at
baseline. As improvement persisted at 3 months, the results of this study suggest that rTMS
may affect cognition in the long-term. It should be mentioned, however, that only patients
with mild to moderate AD responded to treatment, since those with severe dementia did
not show improvement in any of the treatment arms.

In this context, the matter of the right DLPFC needs to be discussed. The left DLPFC
has been the main focus of the aforementioned studies, which either stimulated both
cortices or solely the left. Studies have shown that the recruitment of the right DLPFC
occurs in individuals with memory deficits [34], but whether this activation reflects effec-
tive compensatory mechanisms [35], or mechanisms with negative impact [36] remains
contradictory. In this line of thought, Turrizziani et al. (2012) conducted a study involving
100 healthy young individuals and 8 MCI patients (more studies of this kind shall be
analyzed in a section to follow) [37]. They applied verbal and non-verbal recognition tasks
(episodic memory) in four sets of experiments, and the stimulation was applied before the
recognition, as either LF-rTMS (1 Hz, 90% MT) or HF-rTMS in the form of intermittent
theta burst stimulation (three pulses of 50 Hz, 80% AMT) and sham. In the first experiment
set, 20 subjects were to receive LF-rTMS and sham over the left DLPFC, and 20 subjects
over the right DLPFC, and then participate into a non-verbal recognition memory task.
In the second set, the same design was maintained, with 40 different participants, but
verbal recognition was tested instead. In the third experiment, ten participants received
HF-rTMS over the left DLPFC and then received HF-rTMS over the right, and were tested
on non-verbal recognition. Finally, on the fourth experiment, the MCI patients received
LF-rTMS to the left and right DLPFC and sham, all in different sessions. They were also
tested on non-verbal recognition. The results showed that LF-rTMS over the right and
not the left DLPFC significantly improved test accuracy compared to sham in both verbal
and non-verbal recognition, while HF-rTMS over the right DLPFC significantly decreased
accuracy compared to sham. HF-rTMS over the left DLPFC did not improve test accu-
racy in the healthy subjects. Regarding the MCI patients, all eight showed non-verbal
recognition improvement upon LF-rTMS over the right DLPFC, but not the left, like the
first experiment in the healthy controls. This study showed that the activation of the right
DLPFC probably negatively impacts memory processes, as showed by the improved test
results upon inhibitory stimulation of the right DLPFC. The same research group further
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explored the effects of LF-rTMS over the right DLPFC in AD patients [25]. They conducted
two experiments; in the first, 24 mild AD patients received LF-rTMS (1 Hz, 90% MT) and
sham over one hemisphere before a non-verbal recognition test, and two weeks later the
other hemisphere was stimulated and tested in a similar manner. In the second experiment,
14 AD patients were randomized to receive either real LF-rTMS over the right DLPFC or
sham, for two weeks (5 days per week), and were then assessed at the end of the two weeks
and two weeks after that (one month from the protocol initiation). They reported that in
the first branch, real stimulation over the right DLPFC led to significant improvement in
test accuracy compared to sham, while no difference between real and sham was noted for
the left DLPFC. In the second branch, real stimulation was shown to improve performance
after the two weeks, which was maintained when assessed at one month follow-up.

Taken together, these results suggest that HF-rTMS over the DLPFC might be beneficial
regarding language and other cognitive functions for patients, possibly even in more
advanced stages. They also highlight the fact that the brain employs several mechanisms
to counterbalance impaired functions, which rTMS seems to affect. One theory to explain
this effect is based on dopamine, since studies have shown that HF-rTMS over the DLPFC
enhances dopamine production in areas such as the caudate nucleus [38]. Additionally,
the effects of rTMS over this region seem to persist through time, albeit this being shown
less consistently. However, caution must be exercised overall, as rTMS over the prefrontal
cortex has been shown to inhibit other processes, such as memory [39], and the implication
of the right DLPFC has yet to be elucidated Thus, its effects need to be assessed regarding
all cognitive domains, in order to ensure that it does not aggravate other symptoms, and to
define optimal parameters and stimulation targets.

2.2. Combination of HF-rTMS and Cognitive Training

Another line of mostly “offline” studies has studied the combined effects of rTMS and
cognitive training, and has also included the DLPFC. These studies have mostly exploited
the set structure of the NeuroAD™ protocol, as described below.

First Bentwich et al. (2011) enrolled eight mild to moderate AD patients (data for only
seven of whom were included due to a withdrawal) and administered HF-rTMS (10 Hz,
90% MT intensity) with concomitant cognitive training for 6 weeks (5 days/week), followed
by maintenance sessions (2 days/week) for 3 months [26]. The stimulation was applied
over six brain regions, pinpointed with MRI in each patient, corresponding to specific
cognitive functions: the left inferior frontal gyrus (known as Broca’s area) and the left
superior temporal gyrus (known as Wernicke’s area) for language, the left and right DLPFC
for judgment, executive functions and long-term memory, and the left and right parietal
somatosensory association cortices for spatial/topographical orientation and “praxis.” The
stimulation was combined with computerized cognitive training that included specific tasks
on the same functions. They then used a variety of different indices, such as the well-known
ADAS-Cog, the Clinical Global Impression of Change (CGIC),the MMSE and the Hamilton
Depression Scale (HAL-D), examining the patients after 6 weeks and 4.5 months from the
initiation of the stimulation sessions. ADAS-Cog and CGIC scores significantly improved
at both assessment times, while most of the other indices also improved but without
attaining statistical significance. Two years later, the same group conducted a double-
blinded controlled study with 15 AD patients [14]. Seven of those received real HF-rTMS
(10 Hz, 90–110% MT intensity depending on the region) over the aforementioned regions
and cognitive training for 6 weeks (5/week) followed by two weekly sessions for 3 months,
whereas eight received sham stimulation alternatively. After 6 weeks of treatment, the
ADAS-Cog scores had significantly improved for the real treatment group when compared
to sham, and after 4.5 months, they remained improved, while the scores deteriorated for
the sham group. CGIC scores also demonstrated significant improvement. In both studies,
patients were under treatment (mostly with cholinesterase inhibitors), something that
suggests that rTMS can provide additional benefits to pharmacological treatments. Finally,
the group published another study on the joint effects of rTMS–cognitive training [29].
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They included 30 mild to moderate AD patients that underwent the same 6-week protocol
as described before, with the patients receiving cognitive training while the respective
area was being stimulated. Afterwards, tests designed to assess the respective cognitive
functions were performed. The researchers reported that ADAS-Cog and MMSE scores
significantly improved after the treatment when compared to baseline, while approximately
80% of the patients showed improvement with the stimulation. Five of the patients were
also summoned for a second round of treatment approximately 10 months after the first,
and the prolonged effect of the first treatment round was assessed. After the second round,
the cognitive results were the same or even slightly better than the first, showing that
patients did not deteriorate in that 10-month interval after the intervention. Of course, as
mentioned before, due to the same group conducting these studies, the results need to be
regarded with more caution.

Further enhancing the positive impact of combined rTMS and cognitive training, a
poster by Brem et al. (2013) refers to patients with mild AD (number not specified) that
received either HF-rTMS (20 Hz, 120% MT intensity) over the same six regions (three per
session, randomly selected each time) and concomitant cognitive training for 6 weeks, or
sham stimulation and training [27]. Within the first month, patients receiving real treat-
ment showed significant ADAS-Cog improvement compared to sham, and non-significant
improvement in MMSE and CGIC. The same group recently published the results of a trial
involving 34 AD patients, randomized to receive real or sham HF-rTMS (10 Hz, 80% AMT
intensity) over the aforementioned six regions, and real or sham computerized cognitive
training [32]. The patients were primarily assessed with the ADAS-Cog scale before, 1 week
after and 4–6 weeks after the intervention. Additionally, the Geriatric Depression Scale
(GDS) and the Clinical Dementia Rating scale (CDR) were evaluated at baseline, and the
Clinical Global Impression of Change (ADCS-CGIC) was administered after the stimulation
as well. Overall, directly after the intervention, patients in the real/real group showed
greater improvement in ADAS-Cog scores compared to real/sham and sham/sham groups,
as neither sham groups had any significant improvement. The real/real group also con-
tinued to improve in the follow-up period, and no statistically significant differences in
improvement were noted between real/real and real/sham, showing how “removing” the
effect of cognitive training did not affect improvement. Upon the combination of sham
groups versus the real/real group in the analyses, the improvement of ADAS-CGIC scores
also became significant, further highlighting the importance of adding rTMS in order to
enhance the training’s efficiency. Furthermore, the reported changes could not be attributed
to a possible effect of the intervention to depression metrics.

Similarly, Lee et al. (2016) randomized 27 mild to moderate AD patients, 18 to real
stimulation and 8 to sham (with one withdrawal) [28]. They kept the same protocols as the
previously described studies with the six regions receiving HF-rTMS (10 Hz, 90–110% MT
intensity) combined with cognitive training for 6 weeks (5/week), and clinical assessment
with the same indices at baseline and at 6 weeks. The ADAS-Cog significantly improved in
the real stimulation group, while MMSE and CGIC scores also improved. Additionally,
the effects were stronger for the mild AD patients, particularly regarding language and
memory. Nguyen et al. (2017) published the results of 10 patients receiving five sessions of
HF-rTMS (10 Hz, 100% RMT intensity) over the described areas every week for 5 weeks [30].
Patients were assessed immediately after the protocol ended and after 6 months, by means
of MMSE, ADAS-Cog and other scales pertaining to caretaker burden, apathy, locomotor
activity and patient dependence. Setting a goal of ameliorating short-term memory, a
function tied to the DLPFC, the researchers administered additional stimulation–training
sessions over this area every day, either left or right. After the treatment, ADAS-Cog
scores were significantly improved, but at 6 months, only the patients with the greatest im-
provement (>13% improved ADAS-Cog scores) had maintained improved scores. Apathy
and dependence scores were found significantly improved throughout all the assessment
timepoints. However, these results should be interpreted with caution, as no control group
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was available, and it is possible that the reported amelioration is the result of a placebo
effect or a test–retest learning effect.

Finally, Sabbagh et al. (2020) recently published the results of their phase III random-
ized, double-blinded, sham-controlled, clinical trial regarding this combination of rTMS
and cognitive training [31]. They enrolled a fair number of mild to moderate AD patients
and in the final analysis, 59 patients for real (with the same aforementioned parameters)
and 59 for sham were included. Patients with better cognitive performance at baseline
(ADAS-Cog<30) significantly improved after real stimulation compared to sham and com-
pared to those with scores >30. Additionally, patients in the active group maintained
their improvement at a 12-week follow-up assessment, while those having received sham
returned to baseline scores. CGIC scores were also significantly different between real
and sham, favoring real stimulation, at the 12-week follow-up point. It is interesting to
note that, in the active group, only 16% showed a deterioration in CGIC scores, compared
to 41.8% for sham, while only 11% with baseline ADAS-Cog<30 from the active group
deteriorated, compared to 40% of the same subgroup in the sham branch.

In summary, it appears that this particular combination of HF-rTMS and cognitive
training is an effective modality, as all available studies reported beneficial effects and
positive results which also seem to persist over time. It is therefore very promising for the
future; the areas/regions associated with the impaired language or cognitive functions of
the patients could be targeted via rTMS while the patient is simultaneously receiving fo-
cused cognitive training. Additionally, it can complement medication, probably producing
even better results; several of the studies compared the degree of improvement noted with
their intervention to the degree of improvement noted with pharmaceutical agents, rTMS or
cognitive training alone, as expressed with the same indices through studies, and showed
that it was more effective in the combined condition. Nevertheless, more studies, preferably
randomized, controlled and double-blinded, are needed, in order to elucidate the specific
effects of rTMS and to accurately identify the most suitable stimulation parameters to
secure optimal outcomes.

However, this particular combination protocol must be compared to simpler protocols
in order to confirm its superiority, since studies only involving the DLPFC have also
produced encouraging results. One study addressed this issue by comparing HF-rTMS
(5 Hz, 100% MT intensity) over the left DLPFC to the six areas described above [40]. The
researchers randomized 10 participants to DLPFC stimulation and 9 to the six areas of
stimulation. They assessed the patients after the stimulation protocol and 4 months after
its completion, using ADAS-Cog, MMSE, CGI and other scores pertaining to behavioral
and depressive symptoms. In both groups, scores were significantly improved directly
after the treatment and at follow-up, while no differences between the protocols were
noted in any of the scores. Thus, the authors suggested that the beneficial effect stemming
from the more complex protocol is mostly the result of the DLPFC stimulation, an area
critical to network integration. However, this study did not involve the cognitive training
usually combined with the stimulation of these six areas, and whose therapeutic effect
should not be underestimated [17]. On the other hand, acknowledging the complexity
of the NeuroAD™ protocol, and the evidence to suggest that only stimulation of the
DLPFC suffices to produce beneficial results, Bagattini et al. (2020) wished to further
study the combination of cognitive training with rTMS over the left DLPFC only [41].
They conducted a randomized, double-blind, sham-controlled study, allocating 27 patients
with either amnesic mild cognitive impairment (MCI) or mild to moderate AD to receive
cognitive training directly after real rTMS (20 Hz, 100% RMT intensity), and 23 patients
to receive cognitive training after sham rTMS. The RehaCom software was used for the
computerized cognitive training sessions, which focused on face–name associative memory.
The stimulation was administered 5 days per week for 4 weeks and patients were evaluated
at baseline, at 4 weeks and at 12 weeks, by means of MMSE, Geriatric Depressive Scale
(GDS) and other tests for specific cognitive functions such as memory, language, attention,
spatial reasoning and praxis.The cognitive training significantly ameliorated face–name
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associative memory, while real stimulation provided significant additional benefits to
associative memory, with this improvement being greater for patients with milder disease
and higher levels of education. The real group also displayed improved non-trained
visuospatial reasoning than the sham group, and this improvement was maintained when
assessed at 12 weeks. This study showcases how rTMS can be an important add-on to
cognitive training, but since both groups received cognitive training, it fails to provide
additional information on whether rTMS is beneficial as a standalone treatment, as the
studies analyzed before reported. As such, more studies comparing the available rTMS
methods, and their interaction with cognitive training, are warranted.

2.3. Other Areas/Protocols

Koch et al. (2018) enrolled subjects with prodromal AD in order to investigate the
effect of stimulation over the precuneus, an area of the parietal lobe thought to be impli-
cated in AD-related memory deficits in early disease stages, due to large neuronal network
connectivity impairments [42]. In this double-blinded, randomized, sham-controlled study,
seven patients received HF-rTMS (20 Hz, 100% RMT intensity) over the precuneus bilat-
erally for 10 daily sessions in the span of two weeks, and seven patients received sham
stimulation. After a two-week period, the patients were crossed over to the other experi-
ment branch. It is of note that this study also used biomarkers to confirm the diagnosis of
prodromal AD, and additionally paired TMS with EEG to uncover the neurophysiological
effects of their stimulation. Cognitive assessments were performed with the Alzheimer
Disease Cooperative Study Preclinical Alzheimer Cognitive Composite, before and after
every two-week protocol. Real stimulation significantly improved episodic memory, with
no differences noted for other cognitive functions between real and sham. Neurophys-
iologically, rTMS enhanced functional connections between the precuneus and medial
frontal areas. Increased activity in the precuneus is associated with memory retrieval,
while decreased activity is shown during memory encoding. This “encoding/retrieval flip”
has been shown to suffer in older individuals with amyloid accumulation [43]. As such,
precuneus function enhancement via HF-rTMS expectedly led to memory improvement,
as shown in this study.

Avirame et al. (2016) employed deep TMS (dTMS), a method that uses a particular
type of coil to reach deep cortical regions, in an attempt to stimulate the prefrontal cortex
(PFC) of AD patients [44]. They enrolled 11 patients with moderate to severe AD, who
received 20 sessions of dTMS (10 Hz, 100–120% MT intensity) over the PFC bilaterally,
assessed by means of Mindstreams (MS) and Addenbrooke Cognitive Examination (ACE)
scores before and after the stimulation protocol. An improvement was reported for 60% and
77%of the patients in MS and ACE scores respectively, with this improvement approaching
significance. Significance was reached when six patients with more severe disease were
separately analyzed. Additionally, improvement in visuospatial abilities was significant,
with attention and executive function approaching the threshold as well.

Anderkova et al. (2015) performed an interesting study on how brain atrophy impacts
the effectiveness of rTMS [45]. They enrolled 20 patients with mild AD and performed three
sessions of HF-rTMS (10 Hz, 90% RMT intensity) over the right inferior frontal gyrus (IFG),
the right superior temporal gyrus (STG) and a sham stimulation in a randomized order,
and with an interval of at least one day before switching to a different branch. The patients
were assessed with the Trail Making Test (TMT), the Stroop Test (ST), the Complex Visual
Scene Encoding Task (CVSET) and the MMSE before and after each treatment. Significant
improvements on the word part of the ST were noted for both STG and IFG stimulations,
with IFG also significantly improving TMT performance; this translates into better attention
and psychomotor speed. Regarding atrophy, patients exhibited characteristic patterns of
atrophy compared to controls, and a specific pattern of gray matter atrophy correlated with
the diminished effectiveness of rTMS on word scores of the ST. This shows how several
parameters may affect rTMS effectiveness, and as such studies like this help in stratifying
patients more likely to be assisted by the intervention.
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Zhao et al. (2017) randomized 30 mild to moderate AD patients (17 for real and 13
for sham stimulation), and applied HF-rTMS (20 Hz, intensity not specified) over three
brain areas (parietal P3/P4 and posterior temporal T5/T6, third area not specified) in daily
sessions for 6 weeks [46]. The patients were assessed before the protocol, immediately
afterwards, and 6 weeks later by means of MoCA, ADAS-Cog, MMSE and World Health
Organization University of California-Los Angeles, Auditory Verbal Learning Test (WHO-
UCLA AVLT) scores. ADAS-Cog, MMSE and WHO-UCLA AVLT scores were significantly
improved at 6 weeks after the intervention, while MoCA scores were significantly improved
for the mild subgroup. Additionally, ADAS-Cog scores for moderate patients alone did not
significantly improve compared to sham.

3. Mild Cognitive Impairment and Aging

Some studies have included subjects with mild cognitive impairment (MCI); in this
condition, individuals do present memory impairment, either subjective or objective, but
that is not enough to disturb their daily activities or to fulfill the diagnostic criteria for
dementia. However, a fair percentage of MCI patients later end up developing dementia,
primarily AD [47]. Consequently, studies on this patient subgroup are also of importance,
since impairments are present, and this entity may represent an early stage of dementia as
well. Two relevant studies have already been described in the previous section.

First, Cotelli et al. (2012) described the case of an 81-year-old man with amnesic
MCI [48]. After two online rTMS sessions to pinpoint the location they would consistently
stimulate, they found that only stimulation of the left inferior parietal cortex (IPL) improved
accuracy in FNAT (Face–Name Association Test) scores. Subsequently, the patient received
HF-rTMS (20 Hz, 100% MT intensity) stimulation over that area for 2 weeks (5/week). A
significant improvement in FNAT scores was noted upon completion of the 2 weeks, so
the patient exhibited better memory functions, and this change was also evident when the
patient was assessed at 24 weeks follow-up. Eliasova et al. (2014) randomized 10 amnesic
MCI/AD patients into one group receiving real HF-rTMS (10 Hz, 90% MT intensity) over
the right IFG and one group receiving sham treatment [49]. The patients were then assessed
with the TMT-A and -B (testing visuospatial processing speed and cognitive flexibility skills,
respectively), the ST and the CVSET, before and after the stimulation. Significant effects
were noted for both parts of TMT, showing improved attention and psychomotor speed.

DrumondMarra et al. (2015) conducted another randomized, double-blinded, con-
trolled study, by randomizing 34 elderly patients with MCI into either receiving ten sessions
of active HF-rTMS (10 Hz, 110% MT intensity) over the left DLPFC (15 patients), or sham
(19 patients) [50]. The patients were assessed at baseline, right after the intervention and
after one month. Everyday memory improvement, measured by the Rivermead Behav-
ioral Memory Test (RBMT), was noted for the active stimulation, which persisted after
one month.

Padala et al. (2018) studied the effects of HF-rTMS (10 Hz, 120% MT) over the left
DLPFC in nine MCI patients in order to assess its effectiveness on apathy, an important
neurobehavioral aspect of several neurodegenerative conditions [51]. Patients were ran-
domized to either real or sham stimulation (5 days per week for 2 weeks) and were then
crossed over to the other branch after an interval of one month. Apathy, executive function
and cognition were assessed at baseline, after the interventions, and after the interval.
Significant improvement in all these domains was noted after real stimulation, suggesting
that rTMS is an attractive option for apathy, a condition inherently difficult to handle
pharmacologically [52].

In an attempt to elucidate the mechanisms of rTMS’s efficacy and its effects on neural
network connectivity, Cui et al. (2019) enrolled 25 MCI patients (21 completed the protocol)
in their double-blind, sham-controlled study [53]. They targeted the right DLPFC, as part of
the so-called ‘default mode network’ (DMN), a constellation of functionally connected brain
areas that seem to be silenced during attention-requiring tasks, and to represent the brain’s
intrinsic organization [54]. In this study, the patients were randomized to either receive
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HF-rTMS (10 Hz, 90% RMT) or sham for two weeks (5 days/week), and to be assessed
directly and two months after its completion via MMSE, ACE-III, GDS and other tests for
particular cognitive domains. They reported that real stimulation improved immediate and
delayed free recall, and this improvement persisted in the follow-up assessment. This study
also included fMRI (functional magnetic resonance imaging) to assess activity within areas
of the DMN, and reported that subjects with lower activity levels at baseline presented
higher responsiveness to treatment.

Finally, two studies enrolled aging individuals; one healthy and one presenting mem-
ory impairment. Normal aging entails a plethora of pathological alterations that also
resemble AD, such as ER dysfunction [16], and so the effects of rTMS on aging individuals
present a certain interest regarding dementia as well.

Kim et al. (2012) enrolled healthy aging individuals, as, per their rationale, the effect
of rTMS had not been investigated in this population [55]. Subjects with concurrent
pathologies are more frequently involved in the relevant literature, although normal aging
is also associated with faultier selection processes and greater attention deficits upon
exposure to task-irrelevant stimuli, alongside other impaired cognitive functions [56]. Thus,
the researchers assigned eight individuals into a real stimulation group, receiving HF-
rTMS (10 Hz) over the left DLPFC for 5 consecutive days, and eight into a sham group.
They used the ST for inhibition control assessment, one day before and one day after the
intervention. Those receiving real stimulation showed improvement in task performance,
showing that rTMS can prove beneficial even in normal aging. Solé-Padullés et al. (2006)
enrolled 40 participants over the age of 50, who complained of memory difficulties and had
memory performance within the lower normal range (therefore not fulfilling any dementia
criteria) [57]. They then randomized them to one group receiving real HF-rTMS over
the right and left DLPFC (10 Hz, 80% MT intensity), and one sham group, and assessed
them with FNAT, in an offline design. Only those in the real stimulation group showed
significant improvement in associative memory. Further analysis with fMRI demonstrated
the recruitment of supplementary regions in the right prefrontal and the posterior cortical
areas of both hemispheres, implying that rTMS enhances the activation of these additional
areas to facilitate memory functions.

Collectively, these studies show that rTMS can be proven beneficial even for healthy
individuals or those with mild disturbances, further highlighting its effectiveness in ame-
liorating cognitive functions. We believe that longitudinal, sham-controlled studies with
patients with MCI/memory complaints that follow an rTMS protocol could help determine
whether this early intervention is capable of preventing or delaying full-scale dementia.

4. Frontotemporal Dementia

Frontotemporal dementia (FTD) is a frequent dementia type in individuals below the
age of 65, and usually leads to death in less than 10 years. It is characterized by neurode-
generation in the frontal and/or temporal lobes, with a wide array of atrophy patterns,
and symptom constellations that include personality alterations, behavioral disorders and
language and executive function impairments [58,59]. The main recognized subtypes are
the behavioral variant (bvFTD), featuring lack of inhibition, compulsive behavior, person-
ality changes, and Primary Progressive Aphasia (PPA), a syndrome that mostly affects
language skills. PPA has three recognized subtypes: the non-fluent/agrammatic variant
(nfvPPA), the semantic variant-primary progressive aphasia (svPPA), and the logopenic
variant (LPPA) [59,60]. Behavioral and psychological symptoms are usually treated with
selective serotonin reuptake inhibitors (SSRIs) and atypical antipsychotics, but no treatment
is available for the cognitive deficits [58]. As such, non-pharmacological options are also
being explored for this dementia.

Finocchiaro et al. (2006) first reported the use of HF-rTMS (20 Hz, 90% MT intensity)
on a 60-year-old right-handed PPA patient with bilateral frontotemporal atrophy, more
pronounced on the left hemisphere [61]. They administered two sessions of real HF-rTMS
over the left PFC, and one session of sham, assessing the patient with several memory and
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language tests before and after the sessions. Verb production was significantly enhanced
after real stimulation. In a similar vein, Trebbastoni et al. (2013) published another case
report on PPA, employing deep HF-rTMS (20 Hz, 100% RMT intensity) and sham over the
left DLPFC of a right-handed 50-year-old patient with phonological errors, impaired word
recall and sentence repetition, alongside perisylvian atrophy and hypoperfusion, all key
features of LPPA [62]. He received two consecutive 5-day real rTMS sessions, and two of
sham, and was evaluated before and after with a variety of tasks assessing frontal, language
and visuospatial functions. A significant improvement was noted for the language domain
after real stimulation. These two case reports suggest that in the setting of PPA, rTMS seems
to selectively improve language function, which is the function most heavily impaired
in PPA.

Antczak et al. (2018) conducted a pilot study on HF-rTMS for FTD, by enrolling
nine patients with bvFTD, one with nfvPPA and one with progressive nfvPPA [58]. The
patients received 10 sessions of HF-rTMS (10 Hz, 90% RMT intensity) over the bilateral
DLPFC in two weeks, and were cognitively and behaviorally assessed before and after
the treatment by means of CGIS, the 21-item HDRS, Geriatric Depression Scale (GDS),
Frontal Assessment Battery (FAB) and MoCA. After the intervention, total MoCA score,
visuospatial performance and Stroop test subscores (reading time and error number) were
improved. Additionally, two out of the three patients with mild depression were shown to
return to normal, while a patient with severe depression was afterwards classified as mild.

Here, we deem it useful to mention that a larger, randomized, sham-controlled study
on the use of a different form of brain stimulation, the transcranial direct current stimulation,
has been recently published [63]. Fifty-five patients and 15 presymptomatic individuals
were enrolled, and the left prefrontal cortex was targeted. Improvement in clinical scores
and behavioral symptoms was noted after the real stimulation in both groups, alongside an
increase in intracortical connectivity. This study exceeds the purposes of the current review,
but enhances the notion that non-invasive brain stimulation can be a useful modality
for FTD.

This preliminary evidence suggests that rTMS may eventually hold an important
position in treating FTD. Understandably, a single study that did not include controls
and two case reports are less than enough to reach safe conclusions; this field warrants
more research, since this disease affects relatively young individuals who are considerably
impaired in their daily functions, with no effective pharmacological treatment available.

5. Vascular Dementia

The second commonest dementia in older ages is vascular dementia (VD), which
overlaps with AD in many patients. It stems from progressively acquired ischemic, hypoxic
or hemorrhagic brain lesions as a result of cardiovascular and cerebrovascular disorders [64].
VD and AD share several risk factors, such as hypertension and diabetes, but can be
clinically differentiated by the fact that in VD, executive dysfunction is usually the first
to appear, and cognitive performance seems to fluctuate and worsen abruptly, instead
of progressively declining, such as in AD. Mood and personality changes are also more
severe in VD. It is of note that cholinergic deficits are noted in VD as well, and this possibly
explains why cholinesterase inhibitors are also therapeutically used in this disease [64,65].

Despite it being the second commonest form of dementia and havinga similar patho-
physiology to stroke, which has extensive rTMS literature [66], studies on the role of rTMS
in VD are few.

Two animal models of VD showed that LF-rTMS (0.5 Hz) and HF-rTMS (5 Hz) sig-
nificantly improved learning and memory, increased the density of cholinergic neurons
and BDNF (brain-derived neurotrophic factor) in hippocampal CA1 area [64,67]. Regard-
ing humans, only two cases have been published so far [65]. Two female patients with
VD underwent 40 sessions of a commercially available protocol developed in Mexico,
which was otherwise not specified and the stimulation parameters could not be found.
The patients were assessed at baseline and two months later. The first patient showed a
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7-point improvement in the MMSE and, reportedly, no language difficulty and better social
interactions. The second patient showed a 10-point improvement in the MMSE score, with
better social interactions and daily activity function.

Two studies involved individuals with known cerebrovascular disease that did not
otherwise fulfill dementia criteria. In the earlier study [68], seven such patients with mild
executive dysfunction were randomized and then crossed-over, to receive either HF-rTMS
(10 Hz, 100% MT intensity) over the left DLPFC or the left motor cortex as a control,
undergoing one session of each with a 3-day interval between sessions. They were assessed
with a variety of neuropsychological tests, such as the TMT and the Stroop test, focused on
psychomotor speed, memory and executive functions. The only significant improvement
upon stimulation of the DLPFC was reported for the Stroop test, indicating amelioration in
processing speed and attention. However, this study included a small number of patients,
and a test–retest effect cannot be excluded either. Sedlackova et al. (2011) enrolled seven
subjects with MCI of the vascular type without dementia, and tested HF-rTMS (10 Hz, 100%
RMT intensity) and LF-rTMS (1 Hz, 100% RMT intensity) over the left DLPFC, and over the
motor cortex as a control, in a crossover design [69]. Numerous short neuropsychological
tests, such as the TMT, were then administered. No results in cognitive performance were
noted for either intervention over the DLPFC.

As such, there is a great paucity of studies on VD, which we hope will be addressed
in the near future by more studies providing knowledge currently lacking.

6. Lewy Body Dementia

Lewy body dementia (LBD) is the second commonest neurodegenerative dementia,
and includes dementia with Lewy bodies (DLB) and Parkinson’s disease (PD) demen-
tia (PDD) [70]. As evident from its name, the disease is pathologically characterized
by Lewy body protein aggregations, and its symptoms, besides cognitive impairment,
include Parkinsonism, serious behavioral and psychological disorders, vivid and recur-
rent hallucinations and severe sensitivity to antipsychotics [71]. No disease-modifying
treatment is available for these diseases either, and limitations regarding the treatment of
behavioral/psychological symptoms have directed scientific interest towards non-invasive
methods [70].

RTMS has been extensively studied in the context of PD, and a recent meta-analysis
on the effects of rTMS on the cognitive performance of PD patients reported that HF-rTMS
over the DLPFC may indeed be beneficial [72]. Due to the similarities between LBD and PD,
and the existing literature and evidence on rTMS’s efficacy on psychiatric disorders [73],
it has long been hypothesized that rTMS could also be a therapeutic option for LBD [71].
However, only one study has involved rTMS in LBD, focusing on depression. In that study,
rTMS was evaluated in six LBD patients with drug-resistant depression. The protocol
involved daily sessions of LF-rTMS (1 Hz, 110% MT intensity) over the right DLPFC
and HF-rTMS (10 Hz, 100% MT intensity) for the left DLPFC for ten days. Patients were
assessed with HAL-D before and after the intervention, which was found to significantly
improve depressive symptoms [74].

Finally, besides those analyzed in the aforementioned meta-analysis, another recent
study explored rTMS in PDD [75]. The researchers randomized 33 PDD patients to receive
either HF-rTMS (20 Hz, 90% RMT) (18 patients) over the hand area of both primary motor
cortices for two weeks (5 days/week), or sham (15 patients). They further received monthly
boosting sessions for 3 months. The patients were assessed with the MoCA, MMSE, CDR
and Memory and Executive Screening (MES) and Instrumental Activity of Daily Living
(IADL) scales. The rationale of the researchers was that improvement in the ability to
move about the environment more freely would aid in improving cognition, and that the
primary motor cortex is itself involved in some cognitive tasks, such as movement imagery,
attention and language [76]. Only a small positive effect on MMSE, MoCA and IADL scores
alongside an improvement in motor function was noted. Additionally, this improvement
in cognition was not detected in the follow-up sessions, and improvements in MoCA and
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CDR scales significantly correlated with improvements in the motor assessment. As such,
it is possible that the recorded positive effects reflect an influence of the motor cortex on
cognitive processes, albeit a small one.

7. Ongoing Trials

Searching the clinicaltrials.gov website (last accessed on 7 June 2021) with the key-
words “dementia” and “rTMS”, 36 results come up. Of these, one employed transcranial
direct stimulation and was thus not further assessed, and from the remaining 35, after
removing those with published results and those that were irrelevant, 25 remained and are
presented in Table 3.

Table 3. Ongoing studies on the use of repetitive transcranial magnetic stimulation in dementia.

NCT Number Dementia Type Details

NCT02621424 MCI */AD **

• Last update: May 2021, active—not recruiting
• Randomized, crossover, sham-controlled
• Target: DLPFC *5

• Outcome: Cognitive score improvement and CSF *6 BDNF *7 levels

NCT01894620 AD
• Last update: February 2021, completed, preliminary results listed
• Randomized, crossover, sham-controlled
• Outcome: Cognitive score and sleep improvement

NCT02537496 AD

• Last update: February 2019, completed, no results listed
• Randomized, sham-controlled
• Target: Left DLPFC
• Outcome: Executive function/working memory improvement

NCT04562506 AD

• Last update: September 2020, completed
• Randomized, sham-controlled, double-blinded
• Target: Bilateral DLPFC
• Outcome:Cognitivefunctions

NCT03665831 MCT/AD with
comorbid MDD *3

• Last update: October 2019, recruiting
• Open-label trial
• Target: Left DLPFC
• Outcome: Emotional/cognitive symptoms

NCT02908815 AD

• Last update: February 2021, recruiting
• Randomized, sham-controlled
• Target: DLPFC
• Outcome: Cognitive functions

NCT01885806 AD-related apathy

• Last update: June 2013, unknown
• Randomized, sham-controlled
• Target: Left DLPFC
• Outcome: Apathy symptoms

NCT04754152 MCI/AD
• Last update: May 2021, recruiting
• Randomized, sham-controlled
• Outcome: Cognitive functions

NCT04012346 MCI/AD
• Last update: July 2019, unknown
• Randomized, double-blinded, sham-controlled
• Outcome: Cognitive functions

NCT04042532 Early onset AD

• Last update: April 2021, enrolling by invitation
• Randomized, double-blinded, sham-controlled
• Target: Left DLPFC
• Outcome: Cognitive functions

NCT04555941 MCI/AD
• Last update: October 2020, recruiting
• Randomized, triple-blinded, sham-controlled
• Outcome: Cognitive functions
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Table 3. Cont.

NCT Number Dementia Type Details

NCT01481961 Early AD

• Last update: March 2015, completed
• Open-label trial
• Target: Left DLPFC
• Outcome: Cognitive functions

NCT03612622 MCI/Early AD
• Last update: February 2021, completed
• Randomized, triple-blinded, sham-controlled
• Outcome: Associative memory/cognitive and psychological symptoms

NCT04440891 AD
• Last update: April 2021, recruiting
• Randomized, double-blinded, sham-controlled
• Outcome: Cognitive functions

NCT03270137 AD

• Last update: September2017, unknown
• Randomized, single-blinded
• Target: Left DLPFC/six region protocol
• Outcome: Cognitive functions

NCT04263194 Mild AD

• Last update: August 2020, recruiting
• Randomized, triple-blinded, sham-controlled
• Target: DMN *8

• Outcome: Cognitive symptoms

NCT03778151 Mild AD

• Last update: February 2021, completed
• Randomized, double-blinded, sham-controlled
• Target: DMN
• Outcome: Cognitive symptoms

NCT04294888 Prodromal and
Preclinical AD

• Last update: March 2020, recruiting
• Randomized, cross-over, single-blinded, sham-controlled
• Target: DMN
• Outcome: Associative memory/functional connectivity

NCT04045990 Amnestic
MCI/Logopenic PPA *4

• Last update: November 2020, recruiting
• Cross-over, single-blinded, sham-controlled
• Target: DMN
• Outcome: Language/memory

NCT03406429 Agrammatic Non-Fluent
PPA/Logopenic PPA

• Last update: March 2021, recruiting
• Open-label, cross-over, sham-controlled
• Target: Left DLPFC
• Outcome: Language/functional connectivity and cortical thickness

NCT04188067 PPA

• Last update: February 2021, recruiting
• Open-label, cross-over, sham-controlled
• Target: Left DLPFC
• Outcome: Language/functional connectivity

NCT04193267 Logopenic PPA

• Last update: March 2021, recruiting
• Open-label trial
• Target: Left superior temporal gyrus
• Outcome: Language

NCT04431401 PPA
• Last update: June 2020, not yet recruiting
• Randomized, triple-blinded, sham-controlled
• Outcome: Language/functional connectivity

NCT03153540 Agrammatic Non-Fluent
PPA

• Last update: January 2021, recruiting
• Randomized, cross-over, quadruple-blinded, sham-controlled
• Target: Dominant inferior frontal gyrus
• Outcome: Safety, tolerability/language/brain function

NCT03448133 PPA • Last update: June 2020, withdrawn

* Mild Cognitive Impairment. ** Alzheimer’s Disease. *3 Major Depressive Disorder *4 Primary Progressive Aphasia. *5 Dorsolateral
Prefrontal Cortex. *6 Cerebrospinal Fluid. *7 Brain-Derived Neurotrophic Factor. *8 Default Mode Network.
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8. Discussion

RTMS represents a promising modality in treating a plethora of neurological and
psychiatric disorders. Per the newest guidelines, it has received B level recommendation
for its use in neurodegenerative disorders, namely PD and multiple sclerosis [73]. This is
very encouraging, given that AD and dementias share several common elements with these
disorders, such as their pathogenetic mechanisms [77,78]. Additionally, these diseases are
known for their cognitive sequelae [79,80], and rTMS has been explored as a treatment
modality for cognitive decline in this context as well [5,72]. As such, rTMS’s efficacy in this
setting raises hopes for its application in dementia as well.

In the available literature, the vast majority of rTMS and dementia studies focus on
AD. This is reasonable when one considers that is the most frequent dementia type, but the
paucity of studies on other dementias highlights the need for additional research regarding
these diseases, as many individuals are also heavily affected by them.

Regarding AD in particular, most studies have shown that HF-rTMS is beneficial, as
it improves cognitive performance, measured by a variety of scores, and this effect is not
only limited to specific domains, but overall daily functional capacity and quality of life.
The DLPFC is the main area of interest in AD-and-rTMS literature, as many studies have
either focused on it solely, or have included it in multiple-area protocols. However, the
superiority of a more complex protocol over one only involving the DLPFC has yet to be
proven. A commercially available system that includes rTMS over six areas of interest
combined with respective cognitive training has been explored in several studies, with
encouraging results [14,26–32], but only one publication compared rTMS over the DLPFC
to rTMS over these six regions, and it did not show any difference [40]. This study did not
include cognitive training, so whether the benefits of this system stem from the cognitive
training only and not rTMS should be further explored.

The right DLPFC represents another “mystery.” It most likely negatively impacts
cognition and memory, as its inhibition via LF-rTMS led to episodic memory improvement
in both healthy and demented individuals [25,37]. It is likely that, in the protocols with both
DLPFCs stimulated, the reported positive effects were the result of the left DLPFC being
enhanced, which holds the greatest significance regarding language and memory [81], and
this enhancement overcame the counteraction of the right DLPFC. However, the study
of Cui et al. (2019) [53] reported that HF-rTMS over the right DLPFC led to improved
immediate and delayed free recall, something that contradicts the aforementioned findings.
Naturally, methodological differences, namely in the protocols and the tests administered,
existed between the studies, and there are not many studies to pool together and draw an
accurate conclusion.

A number of studies have assessed the combined efficacy of rTMS and cognitive
training [14,26–32], but few attempted to compare the two and examine their interaction.
Brem et al. (2020), showed that rTMS was crucial for the effects of cognitive training to
become significant [32], supporting the notion that rTMS is the main player in improving
cognitive performance and that cognitive training works as an add-on to its effects. On
the contrary, Bagattini et al. (2020) showed that rTMS over the left DLPFC served as an
add-on to cognitive training instead, improving associative memory and further providing
a “generalization” effect, where improvement was noted in domains that had not been
cognitively trained, regardless of real or sham rTMS allocation [41]. However, this should
be interpreted with caution, since this study did not contain a group that received sham
cognitive training and sham rTMS, and a learning effect cannot be excluded. Addition-
ally, no studies directly comparing rTMS as a standalone treatment and pharmacological
treatments have been conducted. In the majority of studies, the patients were receiving
some sort of standard-of-care treatment for AD, so whether rTMS can be considered a
monotherapy or an add-on to other treatments still remains a matter of debate, and studies
for the immediate comparison of cognitive training, rTMS, medication and their interaction
are required.
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Another issue that frequently came up is the greater effectiveness that rTMS seems
to have when applied at earlier disease stages. Several studies showed that patients in
earlier stages (mild disease) had better responsiveness after treatment [22,23,28,41,46]. This
finding is reciprocated by Sabbagh et al. (2020), who showed greater improvement for
patients with better baseline scores [31]. Additionally, Nguyen et al. (2017) reported that
only patients with the highest baseline scores maintained the improvement induced by
rTMS in their follow-up assessment [30]. This phenomenon could also reflect the amount
of brain atrophy present, since this worsens as the disease progresses, and Anderkova et al.
(2015) showed that gray matter atrophy negatively impacted responsiveness to rTMS [45].
As another metric of disease progression, the employment of additional brain areas for
specific tasks, can be detected via fMRI, and represents a compensatory mechanism [25,36].
In this regard, Cui et al. (2019) reported that MCI patients with lower baseline DMN activity
benefited more from the intervention [53]. Only one study showed that the subgroup with
the more severe disease course benefited more from the intervention [44]. However, this
study employed deep TMS, which stimulates more deeply but in a less focused manner.
As such, this method may fit better for individuals in more advanced stages, where the
brain networks are more diffusely damaged. In any case, the available literature seems to
agree that patients gain more out of the procedure when this is applied at earlier stages and
when cognitive functions are better preserved. This phenomenon is congruent with the fact
that rTMS has also proven beneficial for patients with MCI or generic memory complaints
without a diagnosis of dementia, as we analyzed in the section above, and is further
corroborated by the plethora of ongoing trials involving MCI individuals. However, the
recruitment of patients with severe forms of dementia is more challenging than enrolling
those at prodromal and early stages, so there is paucity of studies comparing an adequate
number of severe and mild AD patients. In any case, the available results highlight the
need for a timely and early intervention, so that the cognitive level may be preserved and
even ameliorated. The exact protocols and the intervals for maintenance sessions still need
to be determined, but rTMS in AD seems to be a very promising treatment option for the
future. Additionally, rTMS in MCI is a very attractive research field, as the true potential of
rTMS in delaying dementia progression or even ultimately preventing it can be revealed.

In a similar vein, the long-term efficacy of rTMS is another issue that needs to be
discussed. Not all of the studies assessed the patients after the stimulation period ended,
and those that did set heterogeneous timepoints, spanning from one or two months [20,21],
to 3–4 months [22,26,31] to even 6 months [30]. The most ambitious study [23] involved
a more longitudinal follow-up, ranging from 10 to 19 months. However, within this
timeframe, many patients were lost to follow-up or ceased their sessions. This represents
an issue in assessing the long-term efficacy of rTMS in dementia, since the patients are
inherently hard to “maintain,” given their old age and burden of disease. Additionally,
providing follow-up, boosting sessions also represents a challenge since patients need to
be brought to the facility with the machinery, which is not always an easy task for the
caregivers and the patients. However, the fact remains that even in these relatively short
follow-up periods, some benefits from the intervention were maintained [14,22,26,29,31,32].
Two studies [30,31] reported maintenance, or maintenance at higher levels, of the beneficial
effects for those with better baseline scores, further corroborating that rTMS is more
efficacious in earlier disease stages. One study [29] re-summoned patients 10 months after
their initial protocol. Those that participated in this second round were found to have the
same or even better results than the first round. This shows how these patients, albeit few,
had not deteriorated within this period, and that after an initial intensive protocol, boosting
sessions can be set for a later point in time, possibly assisting in adherence to treatment.

The search for studies on rTMS and the remaining dementias has yielded very few
results. For instance, it was very surprising to see that only two cases of rTMS having
been applied in VD are available. rTMS is a very safe technique, with very few and minor
side-effects, which are mostly self-resolved [4]. Bearing that in mind, the lack of data is
rather intriguing. Additionally, in almost all of the aforementioned studies, no side-effect
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was severe enough to lead to the discontinuation of the protocol. As such, one can only
stress how important more studies on these common dementia types and this modality
are needed.

It is understandable that large-scale studies with considerable patient cohorts are
not easily conducted. A significant limitation would be the lack of the proper equipment
by the involved institutions. As such, a multicenter study design is recommended, for
larger samples to be gathered and for more accurate conclusions to be drawn. Naturally,
randomized, sham-controlled studies must be preferred, and it is imperative that clinical
trials in the future are of high quality, in order to provide solid evidence for the efficacy
of rTMS. Finally, as has been shown, several published trials in various disorders are of
suboptimal quality [82,83], a fact that limits the applicability of their results. Indeed, several
of the aforementioned studies had several vital parts of their methodology inadequately
reported. Therefore, we propose adherence to the CONSORT statement, as a means
ofensuring optimal reporting quality and minimizing bias.

Summing up, in light of the available information, it appears that rTMS holds promise
in the amelioration of dementia symptomatology, especially in AD. However, the par-
ticulars of the “best” protocol have yet to be defined and high quality clinical trials are
urgently needed to provide solid evidence inthis direction. Furthermore, research is still
in embryonic stages regarding disorders such as LBD, FTD and VD; this is particularly
disappointing considering there is a wealth of literature regarding the application of rTMS
in the context of similar disorders such as PD and ischemic stroke [73]. Therefore, we
hope that future research endeavors will be turned in this direction, which could help
improve the lives of millions of patients suffering from dementia via a safe and effective
non-pharmacological intervention.
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Abstract: The Multiple Sclerosis Work Difficulties Questionnaire-23 (MSWDQ-23) is a self-report
instrument developed to assess barriers faced by People with Multiple Sclerosis (PwMS) in the
workplace. The aim of this study was to explore the psychometric properties of the Greek version
of the MSWDQ-23. The study sample consisted of 196 PwMS, all currently working in part- or
full-time jobs. Participants underwent clinical examination and cognitive screening with the Brief
International Cognitive Assessment for Multiple Sclerosis (BICAMS) and completed self-report
measures of fatigue, psychological functioning, and quality of life, along with the MSWDQ-23
questionnaire. Confirmatory Factor Analysis (CFA) was performed, and goodness-of-fit measures
were used to evaluate construct validity. Convergent validity was checked by correlating MSWDQ-23
scores with study measures. Cronbach’s alpha value was produced to assess internal consistency.
CFA yielded a model with a fair fit confirming the three-factor structure of the instrument. Higher
work difficulties were associated with higher Expanded Disability Status Scale (EDSS) scores, poorer
cognitive function, more fatigue, stress, anxiety, and depression, and poorer health status, supporting
the convergent validity of MSWDQ-23. Internal consistency (Cronbach’s alpha = 0.94) and test–
retest reliability (ICC = 0.996, 95%, CI = 0.990–0.998) were excellent. The Greek MSWDQ-23 can be
considered a valid patient-reported outcome measure and can be used in interventions aiming to
improve the vocational status of PwMS.

Keywords: multiple sclerosis; employment; patient-reported outcome; MSWDQ-23; validation

1. Introduction

Multiple Sclerosis (MS) is the most common demyelinating and neurodegenerative
disease of the central nervous system in young adults [1]. Loss of productivity is common in
People with MS (PwMS) and is strongly related to higher levels of physical disability [2,3],
reduced subcortical and cortical gray matter volumes [4], cognitive impairment [5], and
higher self-perceived fatigue, anxiety, and mood [6,7]. According to an international survey
conducted in Europe with more than 13,000 participants, an estimated 50% of working-age
PwMS are unemployed, although significant variability of employment rates is observed
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across countries [8]. According to the results of this survey, cognitive deficits and fatigue
substantially impact productivity, even in PwMS with low levels of physical disability. In
Greece, the prevalence of MS is currently estimated to be 188.9 per 100,000 inhabitants,
totaling approximately 21,000 PwMS [9]. Data about employment rates of PwMS in Greece
are however scarce. To our knowledge, only one study has investigated employment in
PwMS in Greece. This study found that only 32% out of a sample of 200 PwMS were
fully or partially employed [10], indicating that there may be a substantially higher rate of
unemployment among PwMS in Greece.

Several international studies have demonstrated the positive effects of engaging in and
maintaining employment in PwMS. These positive effects are grounded in the associated
improvements with quality of life [11] and self-esteem [12], intellectual enrichment (which
enhances cognitive reserve) [13], and avoidance of inactive lifestyles [14], seen in those who
are employed. On the contrary, unemployment may lead to social isolation [15], financial
dependence on caregivers and social support systems, and relatedly, an inability to cope
with disease-related costs [8]. The comprehensive assessment of MS-related work difficul-
ties may therefore enable the identification of the factors that affect the vocational status of
PwMS and the likely risk of work withdrawal, as well as the subsequent development of
customized vocational rehabilitation programs [16].

The Multiple Sclerosis Work Difficulties Questionnaire 23 (MSWDQ-23) [17] is a
shortened version of a 50-item questionnaire that evaluates various domains of working
difficulties, categorized into three key dimensions (physical, psychological/cognitive,
and external barriers). This 23-item questionnaire has adequate psychometric properties,
including good internal consistency and construct validity, and has been validated for
use in several languages [18–21]. This questionnaire enables the detection of MS-related
occupational difficulties and has been suggested to be predictive of poor employment
outcomes [22,23]. The aim of this study was to validate and assess the psychometric
properties of the Greek version of the MSWDQ-23. Common, well-established clinical and
cognitive tools, as well as self-report questionnaires were used in this study to assist with
this validation. The results of this study indicate that the Greek version of the MSWDQ-23
has sound psychometric properties and maintains the three-factor structure of the original
English version.

2. Materials and Methods
2.1. Study Population

This noninterventional, cross-sectional study was conducted at the Multiple Sclerosis
Center of the Aristotle University of Thessaloniki. The study sample consisted of 196 PwMS
in full- or part-time employment, recruited from the outpatient clinic. Inclusion criteria
were: (a) age ≥ 18 years; (b) MS diagnosis according to the 2017 revised McDonald
criteria [24]; (c) being currently employed; (d) the ability to perform all tests and procedures;
and (e) no history of any inflammatory event at least 3 months prior to participation. The
study was performed according to the Declaration of Helsinki and was approved by the
local ethics committee (4.291/4). All participants provided written informed consent prior
to their participation.

2.2. Tests and Measures

All participants completed a clinical examination by a neurologist where Expanded
Disability Status Scale (EDSS) scores were determined, as well as cognitive screening by an
experienced neuropsychologist using the Greek version of the Brief International Cognitive
Assessment for MS (BICAMS) battery [25], which includes three tests (Symbol Digit Modal-
ities Test (SDMT) [26]; Greek Verbal Learning Test (GVLT) [27]; Brief Visuospatial Memory
Test-Revised (BVMT-R) [28]). The BICAMS battery was administered according to the
proposed guidelines [29]. Participants also completed the Modified Fatigue Impact Scale
(MFIS) to assess self-reported fatigue [30], the Depression, Anxiety, Stress Scale-21 (DASS-
21) [31] to assess mood, the Multiple Sclerosis Impact Scale-29 (MSIS-29) [32] to quantify the
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impact of MS on daily living, and the EuroQoL-5 Dimensions scale (EQ-5D) [33] to assess
health-related quality of life. Finally, participants also completed the MSWDQ-23. Prior to
use, permission to validate the MSWDQ-23 was obtained by the authors. The COSMIN
Study Design checklist for patient-reported outcome instruments (version July 2019) [34]
was followed in order to validate this instrument. The questionnaire was translated back
and forth by two independent English and Greek bilingual researchers, with all translation
discrepancies reviewed on a case-by-case basis until consensus was reached. A final draft
version of the questionnaire was trialed in 12 patients (who also provided feedback on the
instrument’s readability and comprehension), after which final amendments were made and
approved by the study team. Demographic and clinical characteristics and occupational data
were also collected. All tests were administered in the same order to all participants, in a quiet
room with no distractions. All participants completed the questionnaires without assistance.
Finally, 25 randomly chosen participants were re-administered the MSWDQ-23 two weeks later
to assess the test–retest reliability of the scale.

2.3. Statistical Analysis

Data were checked for deviations from normality by visual inspection of histograms
and Q-Q plots. Confirmatory Factor Analysis (CFA) was performed to evaluate the con-
struct validity of the MSWDQ-23 using SPSS v22.0 and AMOS software for Windows
(Armonk, NY: IBM Corp). Goodness-of-fit measures (and the corresponding cut-offs
showing a good fit) to assess the model fit were the normed χ2 (χ2/df ) to overcome the
effect of the sample size (cut-off ≤ 3), the Root-Mean-Squared Error of Approximation
(RMSEA, cut-off ≤ 0.08, for the 90% CI lower bound ≤ 0.05 and for the 90% CI upper
bound < 0.10), the Standardized Root-Mean-squared Residual (SRMR, cut-off ≤ 0.08), and
the Comparative Fit Index (CFI, cut-off ≥ 0.9) [35,36]. Items with standardized regression
weights or loadings of less than 0.3 were assessed with a view toward removing such
items from the model if present. Modification indices for error covariances of conceptually
linked items over the value of 10 were identified and accounted for in the final model. In
the context of construct validity, we assessed the relationship between the MSWDQ-23
and age (Pearson’s rho correlation) and sex, disease type, education, and work type (the
Mann–Whitney U-test was performed for these categorical variables). The absence of floor
or ceiling effects was determined by the percentage of scores with maximum or minimum
values respectively being less than 15%. Convergent validity was examined by correlating
MSWDQ-23 scores with disease status variables (disease duration and EDSS), cognitive test
scores (i.e., SDMT, GVLT, BVMT-R), and questionnaire scores (MFIS, DASS-21, MSIS-29,
and EQ-5D). Correlation coefficients of >0.7, 0.51–0.7, 0.31–0.5, and 0.1–0.3 were considered
very large, large, moderate, and small, respectively [21,37]. Cronbach’s alpha was produced
to assess internal consistency. Cronbach’s alpha was also calculated after omitting items
one-by-one in each subscale to assess the influence of each item on the subscale’s internal
consistency. The Intraclass Correlation Coefficient (ICC) with 95% Confidence Intervals
(95% CI) for two-way random-effects models was used to assess test–retest reliability. A
significance level of <0.05 was used for all analyses.

3. Results
3.1. Sample Characteristics

The study sample consisted of 126/196 (64.3%) females. The mean age was 38.6 years
(SD = 10.0, range = 19–66). In total, 173/196 (88.3%) had Relapsing–Remitting MS (RRMS),
14/196 (7.1%) had Secondary Progressive MS (SPMS), and 9/196 (4.6%) had Primary Progres-
sive MS (PPMS). There were 47/196 (24%) participants who completed primary/secondary
education, while the remainder (76%) were educated at the tertiary level. The majority
of the participants (107/196, 54.6%) were in full-time employment (i.e., working 8 or
more hours per day) with the remainder in part-time employment (89/196, 45.4%). There
were no missing values regarding the MSWDQ-23 instrument. Demographic and disease
characteristics of the participants are presented in Table 1.
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Table 1. Demographic and disease characteristics of the study population.

n 196

Female (%) 126 (64.3)

Mean age (SD, range) 38.6 (10.0, 19–66)

Mean disease duration (SD, range) 7.3 (7.1, 0–36)

Mean education years (SD, range) 15.2 (3.3, 6–27)

Employment

Full-time (%) 107 (54.6)

Part-time (%) 89 (45.4)

Type of MS

RRMS (%) 173 (83.3)

SPMS (%) 14 (7.1)

PPMS (%) 9 (4.6)

Median EDSS (SD, range) 2.0 (1.5, 1–7)
MS: Multiple Sclerosis; RRMS: Relapsing–Remitting Multiple Sclerosis; SPMS: Secondary Progressive Multiple
Sclerosis; PPMS: Primary Progressive Multiple Sclerosis; EDSS: Expanded Disability Status Scale.

3.2. Confirmatory Factor Analysis

All items had standardized regression weights over 0.3; thus, there was no need for
item removal. After inspection of the modification indices, eight error terms within the
three subscales were correlated. The final fit statistics of CFA were χ2/df = 1.741 (p < 0.001),
RMSEA = 0.062 (90% lower bound = 0.051, 90% upper bound = 0.072), SRMR = 0.054,
and CFI = 0.936, indicating a fair fit of the data (see Figure 1 for factor correlations and
item loadings).
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3.3. Differences of Work Difficulties by Age, Gender, Education, Work Type, and MS Type

Age was positively correlated with psychological/cognitive barriers (rho = 0.199,
p = 0.005), physical barriers (rho = 0.238, p = 0.001), external barriers (rho = 0.247, p < 0.001),
and total MSWDQ-23 scores (rho = 0.245, p = 0.001). The effect of sex on MSWDQ-
23 scores was nonsignificant (see Table 2). PwMS with a lower level of education (i.e.,
primary/secondary) had significantly more physical barriers in their work than those
with higher education (i.e., tertiary). Furthermore, PwMS with more work barriers were
significantly more likely to work part-time than full-time. Finally, participants with RRMS
had significantly smaller MSWDQ-23 scores (i.e., less work barriers) than those with
progressive MS (SPMS and PPMS). We considered the above findings as corroborative of
the good construct and concurrent validity of the MSWDQ-23.

Table 2. Differences in MSWDQ-23 scores between patient groups. Values represent means ± standard deviations.

Male Female p-Value
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3.5. Convergent Validity

MSWDQ-23 subscales and total scores were significantly correlated with disease
duration, disability, cognitive function, fatigue, MS-related psychological status, and overall
health status (see Table 4). Scores showed small-to-moderate correlations with disease
duration and EDSS, except physical barriers, which had a large correlation with EDSS
scores, as expected. Small-to-moderate correlations were also present between the MSWDQ-
23 and cognitive test scores. Moderate-to-large correlations were present between the
MSWDQ-23 scores and DASS-21 subscale and EQ-5D scores. On the other hand, the
MSWDQ-23 generally had large correlations with the MFIS and MSIS-29 scores.

Table 4. Convergent validity of the MSWDQ-23. Pearson’s rho coefficients (p-values).

Psychological-Cognitive
Barriers Physical Barriers External Barriers Total MSWDQ-23

Disease duration
(years) 0.243 (0.001) 0.289 (<0.001) 0.198 (0.005) * 0.275 (<0.001)

EDSS 0.361 (<0.001) * 0.614 (<0.001) * 0.395 (<0.001) 0.503 (<0.001) *

SDMT −0.345 (<0.001) * −0.357 (<0.001) * −0.238 (0.001) * −0.360 (<0.001) *

CVLT-II −0.245 (0.001) * −0.244 (0.001) * −0.141 (0.049) * −0.247 (0.001) *

BVMT-R −0.230 (0.001) * −0.252 (<0.001) * −0.157 (0.028) * −0.245 (0.001) *

MFIS 0.778 (<0.001) * 0.752 (<0.001) * 0.712 (<0.001) * 0.831 (<0.001) *

Stress 0.580 (<0.001) * 0.505 (<0.001) * 0.548 (<0.001) * 0.601 (<0.001) *

Anxiety 0.521 (<0.001) * 0.508 (<0.001) * 0.477 (<0.001) * 0.558 (<0.001) *

Depression 0.585 (<0.001) * 0.525 (<0.001) * 0.493 (<0.001) * 0.600 (<0.001) *

MSIS-29 0.717 (<0.001) * 0.822 (<0.001) * 0.688 (<0.001) * 0.823 (<0.001) *

EQ-5D Mobility 0.423 (<0.001) * 0.587 (<0.001) * 0.341 (<0.001) * 0.511 (<0.001) *

EQ-5D Self-Care 0.328 (<0.001) * 0.490 (<0.001) * 0.311 (<0.001) * 0.421 (<0.001) *

EQ-5D Usual Activities 0.471 (<0.001) * 0.608 (<0.001) * 0.474 (<0.001) * 0.573 (<0.001) *

EQ-5D
Pain/Discomfort 0.454 (<0.001) * 0.483 (<0.001) * 0.435 (<0.001) * 0.506 (<0.001) *

EQ-5D
Anxiety/Depression 0.398 (<0.001) * 0.303 (<0.001) * 0.399 (<0.001) * 0.401 (<0.001) *

EQ-5D VAS −0.373 (<0.001) * −0.570 (<0.001) * −0.452 (<0.001) * −0.505 (<0.001) *

CVLT-II: California Verbal Learning Test-II; EDSS: Expanded Disability Status Scale; EQ-5D: EuroQuol-5D; MFIS: Modified Fatigue Impact
Scale; MSIS-29: Multiple Sclerosis Impact Scale-29; MSWDQ-23: Multiple Sclerosis Work Difficulties Questionnaire 23; SDMT: Symbol Digit
Modalities Test; VAS: Visual Analogue Scale; * p ≤ 0.05.

3.6. Internal Consistency

The internal consistency of the overall MSWDQ-23 was excellent (see Table 5 for Cron-
bach’s alpha values). Internal consistency for the subscales, according to the classification
proposed by Kline [38], was excellent for psychological/cognitive barriers, good for physi-
cal barriers, and acceptable for external barriers, without any apparent unequal contribution
of any one item. The ICC for psychological/cognitive (ICC = 0.991, 95% CI = 0.979–0.996),
physical (IC = 0.989, 95% CI = 0.974–0.995), external (ICC = 0.986, 95% CI = 0.967–0.994),
and total barriers (ICC = 0.996, 95% CI = 0.990–0.998) was excellent (see Table 5).
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Table 5. Cronbach’s alpha if item deleted for the MSWDQ-23 subscales.

Psychological-
Cognitive
Barriers

Cronbach’s Alpha
If Item Deleted Physical Barriers Cronbach’s Alpha

If Item Deleted External Barriers Cronbach’s Alpha
If Item Deleted

Item 2 0.910 Item 1 0.862 Item 12 0.726

Item 3 0.896 Item 5 0.859 Item 17 0.704

Item 4 0.911 Item 8 0.882 Item 21 0.718

Item 6 0.901 Item 9 0.860 Item 23 0.747

Item 7 0.901 Item 11 0.863

Item 10 0.899 Item 14 0.858

Item 13 0.906 Item 18 0.866

Item 15 0.896 Item 20 0.860

Item 16 0.899

Item 19 0.900

Item 22 0.897

Total 0.910 0.879 0.778

4. Discussion

By utilizing CFA, this study verified the original three-factor structure of the Greek
version of the MSWDQ-23. Furthermore, in accordance with previous validation studies,
the Greek version of this instrument showed excellent internal consistency [17–21]. Im-
portantly, there were no missing data, indicating that the Greek version of MSWDQ-23
is a highly feasible instrument. However, there were many participants with zero scores,
and thus, there was high risk for a floor effect. It should be noted that the study sample
consisted of PwMS currently working and with relatively mild disability (i.e., half of the
participants had an EDSS score below 2.0). This rendered the participants less susceptible
to work difficulties. Despite this finding, the MSWDQ-23 was significantly associated with
other study measures (Tables 2 and 4), implying the presence of sufficient MSWDQ-23
score variance to produce meaningful associations and, as such, a reduced chance for a
floor effect.

Indeed, with increasing age, more work barriers were reported, which is consistent
with the expected physical, mental, and cognitive effects of prolonged disease duration,
as well as aging [39,40]. Interestingly, the effect of sex was not significant, which was cor-
roborated also by other similar studies [19,21]. This can be ascribed to the gender equality
in Greece, such that men and women face similar workplace circumstances. As expected,
PwMS with less education faced more physical barriers than those with higher education.
Although not tested, we speculated that PwMS who have completed primary/secondary
education would be more likely to have jobs requiring physical endurance than those who
have completed higher tertiary education, thus explaining the role of physical barriers in
PwMS with less education. In addition, this finding might suggest that a lower cognitive
reserve reflects less capacity of the brain to adapt neuronally to changing demands due to
MS-related disability [41,42]. Part-time workers reported more work barriers than full-time
workers. This is consistent with the notion that PwMS, or even their employers, choose to
limit their work demands in order to adjust for the high work difficulties [43]. In support of
this, previous research has shown that PwMS reporting high work difficulties opt for larger
reductions in work hours and may also change their type of work performed [17,20]. Fi-
nally, participants with RRMS reported fewer work difficulties than those with progressive
MS, most probably signifying the different degree of disability between the two MS groups.

The MSWDQ-23 showed good convergent validity. This was indicated by its signifi-
cant correlations with disease duration, disability, cognitive function, fatigue, psychological
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status, and MS-related and overall health status. Higher work difficulties were associated
with higher EDSS, poorer cognitive function, more fatigue, stress, anxiety, and depression,
and poorer quality of life and health status, a finding that was supported by the results of
prior studies [17–21]. Since cognitive changes may predict the long-term clinical evolution
of MS [44,45], it was not surprising that they were also associated with working difficulties.
Notably, cognitive and psychological measures/barriers were associated with physical bar-
riers/measures and vice versa (Table 4). This is in accordance with previous MS literature
showing a strong interplay between work-related quality of life and physical, mental, and
psychological health and quality of life in general [2,3,7].

This is the first study using standard cognitive testing (i.e., the BICAMS) and valid
patient-reported outcomes (PROs) to explore the psychometric properties of the Greek
version of the MSWDQ-23 questionnaire. However, some limitations should be noted. First,
we did not use a healthy control group, which would help us ascribe the reported work
difficulties to MS. From the available MSWDQ-23 validation studies, only one study used a
healthy control group with good discrimination reported [21]; nevertheless, the hypothesis
that the reported difficulties extend beyond that experienced by healthy individuals was
not tested. Secondly, this study did not examine the future employment status of the
participants, which would allow us to confirm the predictive validity of this instrument.
However, previous studies have attested to the predictive validity of the instrument for
future employment [21,22]. Thirdly, the study did not examine the concurrent validity of
the MSWDQ-23 against other similar instruments, due to the absence of similar validated
instruments for use in the Greek population. Finally, as mentioned before, half of our
participants had mild disability, and this should be taken into account when generalizing
the results of this study. Future research should focus on identifying the most important
disease-related factors that negatively affect the working capacity of PwMS and on the
ability of this instrument to elucidate them. In addition, further studies are needed to
explore the predictive validity of the Greek MSWDQ-23 in relation to future changes in
vocational status.

5. Conclusions

The Greek MSWDQ-23 demonstrated good psychometric properties in PwMS with
mild and moderate disability. As such, the instrument can be considered a useful PRO
for researchers and health professionals working with PwMS. The instrument also has the
capacity to assist professionals working with PwMS and employers to gain valuable insight
into the work difficulties faced by PwMS and to facilitate appropriate person-centered or
tailored vocational amendments.
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Abstract: Background: Percutaneous electrical stimulation and transcutaneous electrical stimulation
(PTNS and TTNS) of the posterior tibial nerve are internationally recognized treatment methods
that offer advantages in terms of treating patients with overactive bladder (OAB) who present with
urinary incontinence (UI). This article aims to analyze the scientific evidence for the treatment of
OAB with UI in adults using PTNS versus TTNS procedures in the posterior tibial nerve. Methods:
A systematic review was conducted, between February and May 2021 in the Web of Science and
Scopus databases, in accordance with the PRISMA recommendations. Results: The research identified
259 studies, 130 of which were selected and analyzed, with only 19 used according to the inclusion
requirements established. The greatest effectiveness, in reducing UI and in other parameters of
daily voiding and quality of life, was obtained by combining both techniques with other treatments,
pharmacological treatments, or exercise. Conclusions: TTNS has advantages over PTNS as it is more
comfortable for the patient even though there is equality of both therapies in the outcome variables.
More research studies are necessary in order to obtain clear scientific evidence.

Keywords: percutaneous electric nerve stimulation; transcutaneous electric nerve stimulation; adult;
urinary bladder; overactive; urinary incontinence; tibial nerve

1. Introduction

The International Classification of Diseases (ICD-11) defines overactive bladder syn-
drome (OAB), with code GC50.0, as a urological condition characterized by voiding ur-
gency, polyuria, and nocturia that may or may not be accompanied by urinary incontinence
(UI) [1]. OAB presents a worldwide prevalence [2] of 16% to 23%, rising to 15% in those
over the age of 40 years [3] and to 30–40% in those over 75 years [4], although it can be
found in people of all ages. Its prevalence in Europe [5] is around 12%.

J.C. Angulo, in an article [6] published in 2016, revealed a 19.46% prevalence of OAB
in the Spanish population, with at least one episode of urge UI (UUI) a day in 48.74% of
cases [6]. This prevalence is greater in females than in males. Studies conducted [7] in the
populations of Europe, the United States, Asia, and Africa reveal a prevalence of UUI of
1.5% to 14.3% in men aged between 18 and 20 years, whereas in women, it ranges from
1.6% to 22.8%. The same is true for those aged over 30 years, where the prevalence in men
is from 1.7% to 13.3%, as opposed to 7% to 30.3% in women [7].
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Among subjects with OAB on the global scale, UUI has been observed to be the most
unpleasant symptom of this condition [4]. Further, people with OAB usually adopt certain
coping strategies that involve a decrease in their quality of life and socialization, such as
limiting liquid intake, avoiding traveling, and attempting to have direct access to toilets [3].

UI is the involuntary leakage of urine and lack of ability to control urination, accompa-
nied by spontaneous contractions of the detrusor muscle. There are various subtypes of UI:
urgency UI (UII), the sudden desire or need to urinate; stress UI (SUI), caused by efforts,
physical exercise, sneezing, or coughing; mixed UI (MUI), combined with urgency and
efforts [1] (code MF50.2 in ICD-11). To be able to determine the best treatment option in
each patient, a personalized assessment is necessary, including the evaluation of different
aspects of health, motivation, and availability or access to specific treatments [2].

Profitability is a fundamental aspect when it comes to reviewing treatment options in
this type of condition, which entail great social and financial costs. Previous studies [7]
showed a value of EUR 7 billion in subjects with OAB over 18 years old in Canada and
European countries, including Spain [7].

There are several alternatives for OAB and UI treatment: behavioral treatments,
considered first-line treatments; pharmacological or second-line treatments such as an-
ticholinergic or antimuscarinic and b-adrenergic drugs, and, by way of a third line of
treatment, injections of OnabotulinumtoxinA and therapies with electrical stimulation,
including, among others, percutaneous and transcutaneous electrical stimulation (PTNS
and TTNS, respectively), which are the object of this study [8].

With regard to treatment by electrical stimulation of the posterior tibial nerve (PTN),
this involves retrograde stimulation of the nerve fibers of the sacral plexus, which in-
nervates the bladder and detrusor muscle [2–5,8]. Electrical stimulation can be applied
through insertion of a needle in the PTN—that is, PTNS is carried out in the said nerve—or
through surface electrodes, with TTNS [9], with beneficial and safe effects in the short
term in women with OAB, and no relevant adverse effects [10], according to the review by
Sousa-Fraguas et al., 2020.

These techniques may represent an advantage in treatment of subjects with OAB who
present UI, enabling these difficulties to be solved, as they can be compared favorably to
treatment using antimuscarinic drugs, due to them being less costly [11].

In this respect, the present study aimed to summarize the knowledge available and
conduct a critical analysis of the evidence from randomized controlled clinical trials,
observational studies, systematic reviews, and meta-analyses on the effectiveness of PTNS
and TTNS in the treatment of adults with OAB who present UI.

2. Materials and Methods

This systematic review followed the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines [12]. The protocol was registered in the
International Prospective Register of Systematic Reviews (PROSPERO/NHS)—number: 184809.

2.1. Selection Criteria

Three researchers independently reviewed the articles found. In order to formulate the
objective and the question of the review, the PICOS strategy was used [13] (P—population
or patients; I—intervention; C—comparison; O—outcomes; S—study design), in which
P = (adults with OAB syndrome (OABS) and presence of UI); I = (PTNS and TTNS);
C = (control group that received no intervention or received standard/usual care);
O = (randomized clinical trials (RCTs), descriptive, observational studies, systematic
reviews, and meta-analyses), and S = (randomized controlled clinical trials, descriptive
observational studies, systematic reviews, and meta-analyses). This strategy enabled the
establishment of critical reasoning on the issue [13] and the formulation of the following
question: “What is the existing scientific evidence on the treatment of adults diagnosed as
having OABS with UI through procedures of PTNS versus TTNS?”.
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2.2. Data Sources

The bibliographic search was performed between the months of February and May
2021. The search terms used were percutaneous electric nerve stimulation; transcutaneous
electric nerve stimulation; adult; urinary bladder, overactive; urinary incontinence; tibial
nerve. Two multidisciplinary databases, Scopus and Web of Science (WOS), were used in
the search. The search strategy followed is presented in Table 1.

Table 1. Search strategy in WOS and Scopus databases.

Databases Search Strategy

WOS
(February–March 2021)

(years 2015/2020)

I. (“Transcutaneous Electric Nerve Stimulation” OR “Therapy, Percutaneous Neuromodulation” OR
“Electrical Neuromodulation, Percutaneous”) AND adult AND (“Urinary Incontinence” OR “Urinary

Bladder, Overactive”) AND (“tibial nerve” OR “Posterior tibial nerve”).
II. (“Transcutaneous electrical nerve stimulation” OR “Transcutaneous tibial nerve stimulation” OR

“transcutaneous stimulation tibial nerve”) AND adult AND (“overactive bladder” OR “detrusor
activity” OR “urinary incontinence”).

III. (“percutaneous tibial nerve stimulation” OR “PTNS”) AND adult AND (“overactive bladder” OR
“detrusor activity” OR “urinary incontinence”).

Scopus
(February–March 2021)

(years 2015/2020)

I. (“Transcutaneous Electric Nerve Stimulation” OR “Therapy, Percutaneous Neuromodulation” OR
“Electrical Neuromodulation, Percutaneous”) AND adult AND (“Urinary Incontinence” OR “Urinary

Bladder, Overactive”) AND (“tibial nerve” OR “Posterior tibial nerve”).
II. (“Transcutaneous electrical nerve stimulation” OR “Transcutaneous tibial nerve stimulation” OR

“transcutaneous stimulation tibial nerve”) AND adult AND (“overactive bladder” OR “detrusor
activity” OR “urinary incontinence”).

III. (“percutaneous tibial nerve stimulation” OR “PTNS”) AND adult AND (“overactive bladder” OR
“detrusor activity” OR “urinary incontinence”).

2.3. Data Collection and Analysis

By way of exclusion criteria: all articles not published in English or Spanish; studies
conducted in patients with neurological diseases or UI exclusively of neurogenic origin;
carried out in children, animals, or patients with an associated underlying pathology;
addressing fecal incontinence; in which treatment was not carried out with PTNS or TTNS
of the PTN, or not aimed at treatment of OAB with UI; narrative or nonsystematic reviews;
all documents not aligned with the research problem. The bibliographic research focused
on all articles published from 2015 to 2020.

In order to obtain reliable, valid results, without them being influenced by bias, the
Physiotherapy Evidence Database scale (PEDro) [14] was used to assess the methodological
quality of the experimental studies, based on the Delphi list [15]. In the same way, the
STROBE declaration [16] was applied for the evaluation of observational-type studies,
and the PRISMA declaration [14] for reviews that followed its criteria in their execution.
Articles that did not exceed the score of five in the PEDro scale [14] or with a score of less
than 11 points in the STROBE declaration [16] were excluded, finally obtaining the articles
chosen for the review.

3. Results
3.1. Literature Search

Figure 1 shows the PRISMA flow chart of this systematic review.
The initial search in the databases gathered a total of 259 articles, 98 from Web of

Science (WOS) and 161 from Scopus.
The initial screening phase produced 130 articles after removing duplicates (n = 129).
Based on the titles and abstracts of the articles, a total of 56 articles were removed.

Then, considering the remaining 74 eligible studies, many were excluded after full-text
reading (n = 47), or because it was not possible to access the full text (n = 3), or for not
passing the methodological quality scale (n = 5).
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Figure 1. Flow chart of this systematic review.

Finally, 19 studies [3–5,17–32] were included. Of these, nine were experimental [3,17–24],
including eight RTCs [3,17–22,24] (Table 2); four were observational studies [5,25–27]
(Table 3), and six were either systematic reviews [4,29,31] or a meta-analysis [28], while
two encompassed both types of studies [30,32] (Table 4).
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3.2. Summary of the Evidence

As for the comparison between PTNS and TTNS therapy, studies were found [3,17] in
which significant changes were observed in the variables of diurnal frequency of urination,
nocturnal frequency of urination, 24-h voiding frequency, mean voided volume, and
number of episodes of UI and UUI in 24 h [17].

When TTNS combined with trospium chloride [20] was compared to placebo, a
decrease in frequency of urination was observed in both groups (p = 0.001 and p= 0.003,
respectively); as to mean voided volume, significant improvements were observed in both
groups, with greater significance in the combined therapy (p = 0.005), although there was a
significant delay in the combined therapy group with regard to the first sensation of a full
bladder [20].

In other studies [23,32], upon combining PTNS with drugs, 35/53 participants com-
pleted the satisfaction survey after treatment, 66% of whom preferred to continue with
maintenance treatment, with a mean interval of 44.4 days (7–155 days) and frequency of
sessions of 1.1 months; attendance was observed if there were symptoms of OAB, while
patients with multiple sclerosis had the possibility of returning [23].

Following this comparative line, one review was found [4] in which TTNS was com-
pared with diverse therapies, including 3/10 studies that compared simulated therapy,
4/10 anticholinergic, 1/10 exercise, 1/10 behavioral, and 1/10 two different stimulation
sites. The three remaining studies compared TTNS with other treatments: extended-
release oxybutynin vs. TTNS + fármacoM; TTNS vs. transcutaneous sacral foramina vs.
combination of the two; bladder and pelvic floor training vs. TTNS.

By contrasting daily or weekly treatment [21] with TTNS, 100% of weekly participants
completed the compliance and experience questionnaire, in comparison to 90.5% of patients
on daily therapy [21]. Although 53% (18) gave as a result a moderate or significant
improvement in symptoms for the global response assessment (GRA), 75% (13/20) of
neurological patients with OAB and 36% (5/14) of patients with idiopathic OAB responded
to the intervention [21].

With respect to adherence to treatment [5,17] with TTNS, one of the studies [5] es-
tablished different reasons for discontinuity (in 70 participants): lack of symptom relief
(70%); difficulty in complying (6%); becoming asymptomatic (8%). However, 16.9% (14) of
patients continued treatment, with a mean follow-up of 39.3 months [5].

Meanwhile, a BMI of obesity (=30 kg/m2) was observed to be the only statistically
significant variable predictive of failure in the response to PTNS (p = 0.002) [27]. Notably,
after PTNS therapy, 66% (19/29) of participants informed of an improvement in their
symptoms [27].

Some of the additional complications to those observed in the analysis of
results [3,19,21,23,26,28,30,32] were urinary tract infections in 10/17 studies (peer com-
parisons revealed that OnabotulinumtoxinA was associated with a greater incidence of
urine infections vs. placebo, sacral neurostimulation (SNS), and PTNS); ranking in order of
fewest infections: first PTNS, second SNS, third placebo, and fourth OnabotulinumtoxinA.
Further, urine retention with a need for intermittent catheterization was found in 11/17,
with peer comparisons showing that OnabotulinumtoxinA was associated with a greater
incidence of retention vs. placebo, SNS, and PTNS; ranking in order of lowest incidence:
first SNM, second placebo, third PTNS, and fourth OnabotulinumtoxinA [30].

4. Discussion

The aim of this systematic review was to analyze the scientific evidence on the treat-
ment of OAB with UI through procedures of PTNS, compared to TTNS, of the PTN.
Nineteen studies were included, which analyze, observe, and compare these therapies with
other methods, such as simulated treatment, placebo, anticholinergic or other drugs, sacral
electrical stimulation, or vaginal electrical stimulation.

Among the studies whose intervention was based mainly on PTNS or TTNS therapy
vs. another therapy, UI presented significant improvement when compared to placebo or
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simulated treatment [28,29,31]. Abulseoud A et al. [20] showed a significant improvement
in the number of episodes of UI in combined groups of TTNS and trospium choloride
compared to TTNS for eight weeks [20]. It is worth noting the significant improvements
observed in the review by Veeratterapillay R et al. [31] in UUI after 12 weeks of treatment
and two years of maintenance with PTNS therapy, unlike what was observed by Welk B
et al. [22] in their RCT with PTNS therapy, with no significant differences between TTNS
treatment compared to simulated therapy.

It is worth highlighting the improvements in UI reflected in the systematic review
conducted by Booth J et al. [4], when combining TTNS therapy with pelvic floor exercises
or behavioral treatment, as well as the results observed in the systematic review and meta-
analysis performed by Wang M et al., as regards the reduction in the number of episodes
of UI and UUI per day through PTNS therapy [32].

Apart from two studies analyzed [5,24], parameters related to frequency of urination,
urgency of urination, and nocturia, as well as other symptoms of OAB such as voiding
volume and urodynamic changes were included as variables and presented dissimilar
results between studies.

In a recent study [10] from 2020, significant improvements were observed in the
perception of quality of life of patients treated with TTNS and PTNS, with no differences
between treatments [10].

By focusing on the quality of life observed in the studies analyzed, it is worth high-
lighting that all the experimental studies included provided data on this. Some of these
studies [17,18,21,23] showed significant improvements in quality of life, through diverse
questionnaires, after treatment with PTNS or TTNS, revealing that this improvement in-
creased when TTNS was combined with trospium chloride, although the difference was
not significant [20].

In 2013, Peters KM et al. [11] observed improvements in the quality of life of patients
with OAB who were treated with PTNS, evaluated three years after treatment. In the
present review, PTNS has been seen to present significant differences in quality of life
when compared to vaginal electrostimulation [18], and it has been observed that there are
significant differences in increased quality of life in both neurogenic and non-neurogenic
OAB [23].

As for other parameters, it is worth noting the RCT of de Scaldazza CV et al. [18] in
which significant differences were revealed in terms of the patient’s global perception in
favor of the PTNS technique compared to vaginal electrostimulation.

Leroux PA et al. [5] in their study showed some of the reasons why there is disconti-
nuity in treatment with TTNS therapy, the most prevalent of which, in 70% of cases, was
sufficient relief from symptoms, while in 6% it was due to complications for compliance
with the treatment, and in 8% it was due to a complete reduction of the symptoms and
becoming asymptomatic [5].

Most of the studies included in this review report of the absence of adverse effects
during treatment [5,17,18,20,22,24,25]. Studies that combine PTNS and TTNS therapy [17],
and those in which TTNS therapy is involved [5,20,22,25], point out that there are no
adverse effects after the use of this therapy, except for the study conducted by Moratalla-
Charcos LM et al. [26], who speak of mild pain on plantar flexion after the use of this
technique.

Regarding PTNS therapy, no serious adverse effects were found, only minor bleed-
ing episodes were mentioned or mild discomfort at the needle insertion site [3,25,29],
sometimes causing hematomas or paresthesia at the puncture site [31].

As for the electrical stimulation parameters with PTNS therapy, most studies referred
to weekly sessions for 12 weeks as the time of treatment. Although some of them did not
show the other parameters, the rest coincided with regard to sessions of 30 min duration,
a frequency of 20 Hz, pulse of 200 ms, 34-gauge needle inserted approximately five cm
above the medial malleolus, and electrode in ipsilateral calcaneus [17,19,22,23,27]. In terms
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of amplitude, this was increased to the level of discomfort of the patient, feeling of tickling
on the sole of the foot, or flexion of the big toe.

Upon referring to treatment with TTNS therapy, the parameters between the studies
are more variable: some of the studies mentioned the same stimulation parameters as those
of PTNS therapy, while others varied in terms of frequency, using a frequency of 10 Hz,
as was the case of the randomized clinical trial of Welk B et al. [22], also highlighting the
frequency of weekly sessions, with a total of three weekly sessions for 12 weeks.

The experimental studies of Abulseoud A et al. [20] and Seth JH et al. [21] stand out
due to the use of different parameters, with the former [20] using frequencies of 10 Hz,
pulse of 250 ms, treatment three times a week for eight weeks, and with a stimulation
time of 30 min. Meanwhile, in the latter study [21], they used amplitudes of 27 mA, pulse
between 70 and 560 ms, which varied depending on patient tolerability, for 12 weeks, both
daily and weekly. Mallman S et al. [24], in their RCT, showed a stimulus duration of 20 min
with a follow-up of six weeks and a pulse duration of 300 ms.

5. Conclusions

It is complicated to be able to establish which electrical stimulation therapy of the
PTN is the most effective for treatments of idiopathic OAB with UI in adults, as far as the
different parameters observed in this review are concerned, due to the variability of the
results obtained and the electrical stimulation parameters used in the studies included.
Nevertheless, it is worth highlighting the advantages TTNS therapy presents with respect
to PTNS therapy, as this could be more comfortable for the patient, all things being equal
in the results variable.

Author Contributions: Conceptualization, A.A.-G. and M.A.-C.; methodology, A.A.-G., M.A.-C., and
I.E.-P.; formal analysis, A.A.-G., I.E.-P., and M.A.-C.; investigation, A.A.-G., A.M.P.-L., M.B.-D., and
M.J.C.-H.; writing—original draft preparation, A.A.-G. and M.A.-C.; writing—review and editing,
A.A.-G. and I.E.-P.; visualization, A.M.P.-L., M.B.-D., and M.J.C.-H. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

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

References
1. ICD-11-Mortality and Morbility Statistics. Available online: https://icd.who.int/browse11/l-m/en (accessed on 12 July 2021).
2. Kobashi, K.; Nitti, V.; Margolis, E.; Sand, P.; Siegel, S.; Khandwala, S.; Newman, D.; MacDiarmid, S.A.; Kan, F.; Michaud, E. A

Prospective Study to Evaluate Efficacy Using the Nuro Percutaneous Tibial Neuromodulation System in Drug-Naïve Patients
with Overactive Bladder Syndrome. Urology 2019, 131, 77–82. [CrossRef]

3. Martin-Garcia, M.; Crampton, J. A single-blind, randomized controlled trial to valuate the effectiveness of transcutaneous tibial
nerve stimulation (TTNS) in Overactive Bladder symptoms in women responders to percutaneous tibial nerve stimulation (PTNS).
Physiotherapy 2019, 105, 469–475. [CrossRef] [PubMed]

4. Booth, J.; Connelly, L.; Dickson, S.; Duncan, F.; Lawrence, M. The effectiveness of transcutaneous tibial nerve stimulation (TTNS)
for adults with overactive bladder syndrome: A systematic review. Neurol. Urodyn. 2018, 37, 528–541. [CrossRef]

5. Leroux, P.A.; Brassart, E.; Lebdai, S.; Azzouzi, A.R.; Bigot, P.; Carrouget, J. Transcutaneous tibial nerve stimulation: 2 years
follow-up outcomes in the management of anticholinergic refractory overactive bladder. World J. Urol. 2018, 36, 1455–1460.
[CrossRef]

6. Angulo, J.C.; Brenes, F.J.; Lizarraga, I.; Rejas, J.; Trillo, S.; Ochayta, D.; Arumi, D. Impacto del número de episodios diarios de
incontinencia de urgencia en los resultados descritos por el paciente con vejiga hiperactiva. Actas Urol. Esp. 2016, 40, 173–182.
[CrossRef]

7. Milsom, I.; Coyne, K.S.; Nicholson, S.; Kvasz, M.; Chen, C.I.; Wein, A.J. Global prevalence and economic burden of urgency
urinary incontinence: A systematic review. Eur. Urol. 2014, 65, 79–95. [CrossRef]

8. Raju, R.; Linder, B.J. Evaluation and treatment of Overactive Bladder in Women. In Mayo Clinic Proceedings; Elsevier LTD:
Amsterdam, The Netherlands, 2020; Volume 95, pp. 370–377.

132



Healthcare 2021, 9, 879

9. Valles-Antuña, C.; Pérez-Haro, M.L.; González-Ruiz de, L.C.; Quintás-Blanco, A.; Tamargo-Díaz, E.M.; García-Rodríguez, J.;
San Martín-Blanco, A.; Fernandez-Gomez, J.M. Estimulación transcutánea del nervio tibial posterior en el tratamiento de la
incontinecia urinaria de urgencia refractaria, de origen idiopático y neurogénico. Actas Urol. Esp. 2017, 41, 465–470. [CrossRef]

10. Sousa-Fraguas, M.C.; Lastra-Barreira, D.; Blanco-Díaz, M. Neuromodulación periférica en el síndrome de vejiga hiperactiva en
mujeres: Una revisión). Actas Urol. Esp. 2020, 45, 177–187. [CrossRef]

11. Peters, K.M.; Carrico, D.J.; Wooldridge, L.S.; Miller, C.J.; MacDiarmid, S.A. Percutaneous tibial nerve stimulation for the long-term
treatment of overactive bladder: 3-year results of the STEP study. J. Urol. 2013, 189, 2194–2201. [CrossRef]

12. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Grupo PRISMA. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement. Rev. Esp. Nutr. Hum. Diet. 2014, 18, 172–181. [CrossRef]

13. Methley, A.M.; Campbell, S.; Chew-Graham, C.; McNally, R.; Cherghi-Sohi, S. PICO, PICOS and SPIDER: A comparison study of
specificity and sensitivity in three search tools for qualitative systematic reviews. BMC Health Serv. Res. 2014, 14, 579. [CrossRef]

14. Maher, C.G.; Sherrington, C.; Herbert, R.D.; Mosely, A.M.; Elkins, M. Reliability of the PEDro scale for rating quality of
randomized controlled trials. Phys. Ther. 2003, 83, 713–721. [CrossRef]

15. Argimon Pallás, J.M.; Jimenez Villa, J. Metodos de Investigación Clinica y Epidemiológica, 3rd ed.; Elsevier: Barcelona, Spain, 2004.
16. Vandenbroucke, J.P.; von Elm, E.; Altman, D.G.; Gøtzsche, P.C.; Mulrow, C.D.; Pocock, S.J.; Poole, C.; Schlesselman, J.J.; Egger, M.;

Strobe Initiative. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE): Explanation and elaboration.
PLoS Med. 2007, 4, 1628–1654. [CrossRef] [PubMed]

17. Ramirez-García, I.; Blanco-Ratto, L.; Kauffmann, S.; Carralero-Martínez, A.; Sánchez, E. Efficacy of transcutaneous stimulation of
the posterior tibial nerve compared to percutaneous stimulation in idiopathic overactive bladder syndrome: Randomized control
trial. Neurourol. Urodyn. 2019, 38, 261–268. [CrossRef]

18. Scaldazza, C.V.; Morosetti, C.; Giampieretti, R.; Lorenzetti, R.; Baroni, M. Percutaneous tibial nerve stimulation versus electrical
stimulation with pelvic floor muscle training for overactive bladder syndrome in women: Results of a randomized controlled
study. Int. Braz. J. Urol. 2017, 43, 121–126. [CrossRef] [PubMed]

19. Preyer, O.; Umek, W.; Laml, T.; Bjelic-Radisic, V.; Gabriel, B.; Mittlboeck, M.; Hanzal, E. Percutaneous tibial nerve stimulation
versus tolterodina for overactive bladder in women: A randomized controlled trial. Eur. J. Obstet. Gynecol. Reprod. Biol. 2015, 191,
51–56. [CrossRef]

20. Abulseoud, A.; Moussa, A.; Abdelfattah, G.; Ibrain, I.; Saba, E.; Hassouna, M. Transcutaneous posterior tibial nerve electrostimu-
lation with low dose trospium chloride: Could it be used as a second line treatment of overactive bladder in females. Neurourol.
Urodyn. 2018, 37, 842–848. [CrossRef] [PubMed]

21. Seth, J.H.; Gonzales, G.; Haslam, C.; Pakzad, M.; Vashisht, A.; Sahai, A.; Knowles, C.; Tucker, A.; Panicker, J. Feasibility of using a
novel non-invasive ambulatory tibial nerve stimulation device for the home-based treatment of overactive bladder symptoms.
Transl. Androl. Urol. 2018, 7, 912–919. [CrossRef] [PubMed]

22. Welk, B.; Mckibbon, M. A randomized, controlled trial of transcutaneous tibial nerve stimulation to treat overactive bladder and
neurogenic bladder patients. Can. Urol. Assoc. J. 2020, 14, 297–303. [CrossRef] [PubMed]

23. Tudor, K.I.; Seth, J.H.; Liechti, M.D.; Ochulor, J.; Gonzales, G.; Haslm, C.; Fox, Z.; Pakzad, M.; Panicker, J.N. Outcomes following
percutaneous tibial nerve stimulation (PTNS) treatment for neurogenic and idiopathic overactive bladder. Clin. Auton. Res. 2020,
30, 61–67. [CrossRef] [PubMed]

24. Mallmann, S.; Ferla, L.; Rodrigues, M.P.; Paiva, L.L.; Sanches, P.R.S.; Ferreira, C.F.; Ramos, J.G.L. Comparison of parasacral
transcutaneous electrical stimulation and transcutaneous posterior tibial nerve stimulation in women with overactive bladder
syndrome: A randomized clinical trial. Eur. J. Obstet. Gynecol. Reprod. Biol. 2020, 250, 203–208. [CrossRef] [PubMed]

25. Salatzki, J.; Liechti, M.D.; Spanudakis, E.; Gonzalez, G.; Baldwin, J.; Haslam, C.; Pakzad, M.; Panicker, J.N. Factors influencing
return for maintenance treatment with percutaneous tibial nerve stimulation for the management of the overactive bladder. BJU
Int. 2019, 123, 20–28. [CrossRef] [PubMed]

26. Moratalla Charcos, L.M.; Planelles Gómez, J.; García Mora, B.; Santamaria Navarro, C.; Vidal Moreno, J.F. Efficacy and satisfaction
with transcutaneous electrostimulation of the posterior tibial nerve in overactive bladder syndrome. J. Clin. Urol. 2018, 11,
331–338. [CrossRef]

27. Palmer, C.; Farhan, B.; Nguyen, N.; Ghoniem, G. Clinical outcomes of percutaneous tibial nerve stimulation in elderly patients
with overactive bladder. Arab. J. Urol. 2019, 17, 10–13. [CrossRef] [PubMed]

28. Wibisono, E.; Rahardjo, H.E. Effectiveness of Short Term Percutaneous Tibial Nerve Stimulation for Non-neurogenic Overactive
Bladder Syndrome in adults: A Meta-analysis. Acta Med. Indones. 2015, 47, 188–200.

29. Tutolo, M.; Ammirati, E.; van der Aa, F. What is New in Neuromodulation for Overactive Bladder? In European Urology Focus;
Elsevier B.V.: Amsterdam, The Netherlands, 2018; Volume 4, pp. 49–53.

30. Lo, C.W.; Wu, M.Y.; Yang, S.S.D.; Jaw, F.S.; Chang, S.J. Comparing the efficacy of onabotulinumtoxinA, sacral neuromodulation,
and peripheral tibial nerve stimulation as third line treatment for the management of overactive bladder symptoms in adults:
Systematic review and network meta-analysis. Toxins 2020, 12, 128. [CrossRef]

31. Veeratterapillay, R.; Lavin, V.; Thorpe, A.; Harding, C. Posterior tibial nerve stimulation in adults with overactive bladder
syndrome: A systematic review of the literature. J. Clin. Urol. 2016, 9, 120–127. [CrossRef]

32. Wang, M.; Jian, Z.; Ma, Y.; Jin, X.; Li, H.; Wang, K. Percutaneous tibial nerve stimulation for overacttive bladder syndrome: A
systematic review and meta-analysis. Int. Urogynecol. J. 2020, 31, 2457–2471.

133





healthcare

Review

Telerehabilitation of Post-Stroke Patients as a Therapeutic
Solution in the Era of the Covid-19 Pandemic
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Abstract: (1) Background: Due to the pandemic caused by the SARS-CoV-2 virus, rehabilitation centres
have become less available for neurological patients. This is the result of efforts to physically distance
society, to try to slow the spread of the pathogen. Health care facilities were mainly restricted to
urgent cases, while most physiotherapy treatments, mainly for patients with chronic conditions, were
suspended. Some countries have seen a reduction in acute stroke hospital admissions of from 50% to
80%. One solution to the above problem is the use of telerehabilitation in the home environment as an
alternative to inpatient rehabilitation. (2) Aim of the study: The purpose of this review is to analyse the
benefits and limitations of teletherapy in relation to the functional condition of post-stroke patients.
(3) Methods: Selected publications from 2019 to 2021 on the telerehabilitation of stroke patients were
reviewed. The review was based on the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) checklist. (4) Results: Studies have proven that teletherapy significantly improves
the functional condition of post-stroke patients, resulting in improved quality of life and faster return
to independence (while maintaining maximum possible precautions related to the SARS-CoV-2
virus pandemic). (5) Conclusions: Analysis of the study results showed comparable effectiveness of
rehabilitation in the tele system to inpatient therapy. However, it should be emphasised that patients
undergoing telerehabilitation must meet strict conditions to be eligible for this type of treatment
program. However, the strength of the evidence itself supporting the effectiveness of this method
ranks low due to the limited number of randomised control trials (RCT), small number of participants,
and heterogeneous trials.

Keywords: Covid-19; telerehabilitation; post-stroke rehabilitation; virtual reality; stroke

1. Introduction

Of the 15 million people worldwide who suffer a stroke each year, 5 million are
permanently disabled and require ongoing care [1]. It is important to ensure access to
rehabilitation within the first 3 months after stroke, as up to 80% of hospital readmis-
sions are related to health habits and lack of appropriate therapy and post-stroke care [2].
Patients are generally discharged from hospital rehabilitation units 8–10 weeks after a
stroke incident [3]. The functional condition of patients is characterised by significant
motor deficits, and they require assistance with basic daily living activities (e.g., toilet
use or eating) [4]. This is a period of increased post-damage (compensatory) plasticity in
which major reorganizational changes occur in the brain. Therefore, it is critical to provide
intensive, continuous, highly repetitive, task-oriented therapy to patients during this time.
However, the reduction in the availability of inpatient post-stroke rehabilitation due to
the SARS-CoV-2 virus pandemic has many serious consequences [5]. Above all, it puts
patients at risk of acquiring pathological motor patterns and exacerbation of disability.
Dhand’s research shows that social isolation, which negatively affects the functional and
emotional state of post-stroke patients, is an individual risk factor for stroke recurrence [6].
However, this single report should not be valid with respect to the entire population of
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stroke survivors. A potential solution to the problem of the increasing demand for rehabili-
tation services in resource-limited conditions is a teletherapy system, which involves the
provision of rehabilitation services at home without direct contact between the therapist
and the patient through communication technologies (mainly auditory, visual, tactile) [7,8].
Contact with the physiotherapist can be synchronous (communication with the therapist
occurs over video chats during actual therapy time) or asynchronous (communication
with the therapist occurs occasionally, outside of therapy time). Physiotherapists verify
the progress, validate the correctness of motor tasks, and update therapy plans based on
video conferencing feedback, system usage data, and game scores. The telerehabilitation
system also uses virtual-reality-based therapy, which uses computer software to track users’
movements and allows them to interact with a game or scenario presented on a television
screen [9,10].

2. Materials and Methods

The review was based on research material obtained from PubMed, Directory of Open
Access Journals, and Science Direct databases. The multi-search engine of the Main Library
of the Medical University of Gdańsk was used to search for publications (search term: “tel-
erehabilitation after stroke”). Study dates ranged from 2019 to 2021. Seventy-one records
(PubMed—48, Directory of Open Access Journals—20, Science Direct—3) were identified
and narrowed to the topics of “telerehabilitation” + “stroke”. The results were restricted
to full text only. After removing duplicates, the authors independently analysed the titles
and abstracts of 28 papers. Ten publications were selected, evaluating the effectiveness
of teletherapy with respect to various aspects of the functional status: motor skills of the
directly involved upper limb, balance, cardiorespiratory fitness, cognitive function, and
the level of acceptance and feasibility of teletherapy by its users at home. The selection
was based on inclusion criteria: (1) study involving post-stroke patients, (2) describing
therapeutic interventions using telerehabilitation, (3) determining the effect of telether-
apy on the functional condition of post-stroke patients, (4) evaluating the effectiveness of
teletherapy in relation to conventional rehabilitation, (5) written in English. The review was
conducted in accordance with the PRISMA statement. (Figure 1) [11]. The question gener-
ated using the Population, Intervention, Comparison, Outcomes, Study Design (PICOS)
components was: “In post-stroke patients (P), is teletherapy (I) an effective rehabilitation
tool for improving the functional condition (O) in reference to inpatient rehabilitation (C)?”
Only randomised controlled trials (RCT) were included in the qualitative synthesis because
they are considered as the best research design for evaluating the effectiveness of clinical
interventions (S) [12].

The review conducted according to the PRISMA method yielded 10 papers, which are
shown in Table 1.
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Figure 1. Flow diagram adapted from PRISMA which shows the process for identifying and screening the articles for
inclusion and exclusion.

Table 1. Description of articles initially included by PRISMA methodology.

Article Type Focus Reference

RCT with published results

• Home-based TR for adults after stroke
• Collaborative care model based TR for

acute stroke patients
• TR to improve balance in stroke patients

Cramer S. et al., 2019
Wu Z. et al., 2020

Burgos P. et al., 2020

RCT without published results • Home-based VR rehabilitation after stroke Sheehy L. et al., 2019

Case study
• User acceptance of a home-based stroke TR
• Video home-based TR for stroke survivors

Chen Y. et al., 2020
Odetunde M. et al., 2020

Other trials (not randomized and/
or not controlled)

• Correlation of social network structure and
home-based TR after stroke

• TR aimed at increasing cardiorespiratory
fitness for people after stroke

• TR using to improve cognitive function in
post-stroke survivors

• Connecting stroke survivors and therapists
using technology

Podury A. et al., 2021
Galloway M. et al., 2019

Torrisi M. et al., 2019
Simpson D. et al., 2020
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3. Results

An analysis of the individual studies included in the review shows a high convergence
in the inclusion and exclusion criteria for patients in the telerehabilitation group (Table 2).
The average age of the participants was between 57 and 62 years old. Intervention sample
sizes varied widely (e.g., in Cramer’s study n = 62, in Burgos’ study n = 6) [13,14].

Table 2. Inclusion and exclusion criteria for patients enrolled in the study program [15].

Inclusion Criteria:

1. Age ≥ 18 years
2. Past stroke (usually with time of stroke onset 4–36 weeks prior to study program)
3. Box and Block Test results of directly involved upper limb ≥ 3 blocks in 60 s
4. FM-A score of 22–56/66 points
5. Ability to transfer independently from sitting to standing
6. The presence of a caregiver while doing movement tasks

Exclusion Criteria:

1. Diagnosis (apart from the index stroke) significantly affecting the function of the upper or
lower limb directly involved

2. A major, active, coexistent neurological or psychiatric disease (including dementia)
3. A medical disorder that substantially reduces the likelihood that a subject will be able to

comply with all study procedures
4. Complete aphasia
5. Severe depression, defined as Geriatric Depression Scale Score > 10/15
6. Significant cognitive impairment, defined as Montreal Cognitive Assessment score < 22/30
7. Deficits in communication that interfere with reasonable study participation
8. Lacking visual acuity, with or without corrective lens, of 20/40 or better in at least one eye
9. Receipt of Botox to arms, legs or trunk in the preceding 6 months, or expectation that Botox

will be administered to the arm, leg or trunk prior to study program
10. Unable or unwilling to perform study procedures/therapy, or expectation of

noncompliance with study procedures/therapy
11. Pregnancy

A description of each publication, including information on the therapeutic interven-
tions undertaken, the scales and tests used, and the results obtained, is provided below.

3.1. Impact of Virtual Reality (VR)-Based Telerehabilitation on the Functional Condition of
Stroke Patients

In a randomised trial, Lisa Sheehy et al. evaluate the feasibility of virtual reality (VR)-
based therapy at home as part of a telerehabilitation system for post-stroke patients [3].
In addition, qualitative and quantitative indicators of change in the functional status, ability
to engage in the therapeutic programme, and the number and nature of adverse events are
assessed. The therapy uses computer software that tracks the user’s movements and allows
them to interact with a game presented on a television screen. Twenty patients, who had
survived a stroke in the past 18 months, and were able to maintain a standing position for
at least 2 min, without cognitive impairment, were randomly assigned to the experimental
and control groups. Patients in the experimental group used VR to train balance, correct
gait stereotype, and reach with the directly affected upper limb. The control group used an
iPad in therapy with training apps affecting cognitive ability, fine motor skills of the hand,
and visual tracking. Both groups were instructed in the therapeutic programme prior to
beginning therapy. The intensity and difficulty of the VR tasks were monitored and adjusted
remotely. Therapy lasted 30 min, 5 days a week, for 6 weeks. The therapy used the Jintronix
Rehabilitation system, designed to incorporate motor control principles. Patients were
provided with a motion tracking camera (asynchronous user monitoring) and software to
eliminate the need for gloves/controllers, etc. The patients underwent the following tests
before and after completing the rehabilitation programme: Berg Balance Scale (BBS), Timed
Up-and-Go (TUG), 5 Times Sit-to-Stand (FTSST), Community Balance and Mobility Scale
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(CB&M), Stroke Impact Scale (SIS) (Table 3). Experimental group participants averaged
26.2 sessions, 27 min./session (77.8% compliance); control group participants averaged
33 sessions, 37 min./session (137.9% compliance) (p = 0.11 for sessions, p = 0.002 for the
total duration). Mixed ANOVA showed no interaction between the group and time for any
of the outcome measures. The only difference between groups concerned the FTSST test
(p = 0.017). No falls or serious adverse events were reported [3,9,10].

Table 3. Scores of scales and functional tests before-post telerehabilitation [3,16].

Post-Pre Assessment Average
(95% Confidence Intervals): Experimental Group (EG) Control Group (CG) p-Values for Change Over Time

(EG & CG Combined)

TUG (seconds) −0.1 (−1.8, 1.6) −1.4 (−3.7, 1) 0.326

TUG + cognitive task (seconds) −1.7 (−4.2, 0.7) −3.4 (−5.7, −1.1) 0.004

FTSST (seconds) −3 (−5.8, −0.2) −2 (−4.1, 0.2) 0.006

BBS (/56) −0.5 (−4.2, 3.3) 0.6 (−0,5, 1.6) 0.959

CB&M (/96) 5.6 (−5, 16.2) 6.1 (1.6, 10.7) 0.049

SIS (/295) 7.7 (−2.1, 17.6) 13.8 (2.2, 25.3) 0.006

3.2. Effect of Telerehabilitation on Functional Condition of the Occupied Upper Limb and Level of
Stroke Knowledge

In a study by Steven C. Cramer et al., conducted at 11 centres in the United States,
124 patients with upper limb motor deficits (Fugl–Meyer (FM) score 22–56), who were
4–36 weeks post-stroke, without cognitive impairment, were studied [14]. The effect of
home-based telerehabilitation (combined with an educational module) after 36 treatment
sessions (70 min each for 6 weeks) on the functional status of the directly affected upper
limb and stroke knowledge was evaluated. The control group (IC) received therapy in an
inpatient setting. Patients in the experimental group (TR) completed 35.4 of 36 (98.3%)
assigned treatment sessions, while patients in the IC group completed 33.6 of 36 (93.3%)
sessions. The mean change in FM score in the TR group increased by 7.86 points from
baseline (p < 001), in the IC group by 8.36 points (p < 001). The covariance-adjusted
mean change in FM score was 0.06 points (95% CI, −2.14 to 2.26) higher in the TR group
(p = 96). The equivalence margin amounted to 2.47 and was outside the 95% CI, proving
the comparable effectiveness of rehabilitation in both systems. At screening, patients in the
TR group correctly answered an average of 22.4 of 30 questions (74.7%) from the stroke
knowledge exam, whereas in the IC group, the number of correct answers averaged 22.8 of
30 questions (76%). After completion of the treatment programme, the outcome improved
by 3.3 = 11% correct responses (TR group) and by 2.5 = 8.3% (IC group) [14,17,18].

3.3. Impact of Social Networks on the Course and Effects of Telerehabilitation

In contrast, Podury A. et al. examined the impact of social networks on the course
of home telerehabilitation and the association of specific social factors with improved
functional status and reduced depressive symptoms [2,4]. Thirteen patients who had
experienced a stroke 2 to 16 months prior, with hand motor deficits, underwent supervised
teletherapy. Key inclusion criteria: age ≥ 18 years, motor deficits of the upper limb directly
involved in FM-A: 28–66 (if FM-A > 59, a Box and Block score needed to be obtained on the
hemiparesis side > 25%, compared to the indirectly affected side, functional status of the
upper limb scoring ≥ 3 blocks in 60 s); exclusion criteria: active neurological or psychiatric
comorbidity, major depression (Geriatric Depression Scale score > 11), significant cogni-
tive impairment (Montreal Cognitive Function Assessment score < 22), communication
deficits [2,19]. The therapy programme lasted 12 weeks (1 h per day, 6 days per week).
It included routine assessment of upper and lower limb motor function of the directly
affected limb and mood. At the midpoint of the telerehabilitation programme (week 6),
the researchers mapped each study participant’s personal social network to assess the
relationship between social network metrics and improvements in the functional status.
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For this purpose, the personal network analysis and quantitative assessment tool for social
network structure and composition, PERSNET, was used [6,20]. The results were compared
with a historical cohort of 176 post-stroke patients (who did not receive telerehabilitation)
to determine the differences in social networks. We demonstrated a correlation between
network size and density and improved gait time (p = 0.025; p = 0.003). Social network
density was associated with improved upper limb motor skills (p = 0.003), while network
size was associated with reduced depressive symptoms (p = 0.015). Telerehabilitation
patient networks were larger (p = 0.012) and less dense (p = 0.046) relative to historical
patient networks. Median FM-A improved significantly from baseline 46 to 59 (p = 0.0005),
median gait speed improved from a score of 0.94 to 1.01 (p = 0.0007), Geriatric Depression
Scale decreased from 3 to 1 points (p = 0.05) [2,21,22].

3.4. Effects of Tele Aerobic Training on Cardiorespiratory Fitness of Post-Stroke Patients

Researchers Galloway M. et al. evaluated the feasibility and satisfaction levels of home
aerobic training of 21 post-stroke patients (≥3 months after stroke) [23]. The exercises
were held 3 days a week and were supervised by telephone. Post-stroke adults living with
caregivers, able to walk independently (FAC score ≥ 3), and without cognitive impairment
were eligible for the study. Participants underwent an 8-week programme of moderate
to intense intensity (55–85% of maximum heart rate as determined by the Borg Rating of
Perceived Exertion (RPE) between 13 and 16). Patients were assigned to one of four groups
that differed in the length of the therapy session (1 group: 10 min./session, 2nd group:
15 min./session, 3rd and 4th group: 20 min./session). Prior to the commencement of
telerehabilitation, each patient received instructions demonstrating the correct execution of
each task of the therapeutic programme. Exercises were progressive, individually tailored
to the patient’s initial level of functional status, degree of disability, and movement prefer-
ences. Clinical assessment was used to modify motor tasks if the target heart rate was not
reached or the patient experienced difficulty or discomfort. Cardiorespiratory fitness was
measured by indirect spirometry during the first and last week of telerehabilitation during
a 6-min walking test and a bicycle ergometer exercise test [24–27]. Patients’ satisfaction
with telerehabilitation was assessed using a questionnaire (23 multiple choice + 2 open-
ended questions) at the end of the study. It was shown that 95% of the participants would
undergo rehabilitation again in the tele system. On the one hand, the exercises turned out
to be demanding enough to improve the efficiency and functional status of the patients; on
the other hand, they were safe and convenient—the patients appreciated the therapy at
home, which did not generate, for example, problems related to transportation [23,28–31].

3.5. Assessing the Impact of Telerehabilitation Based on a Collaborative Model on the Functional
Status of Post-Stroke Patients

Chinese researchers have examined the effectiveness of a telerehabilitation programme
for the purpose of improving post-stroke patients in the acute phase, based on a col-
laborative model [32]. Sixty-one subjects were studied (30 cases—intervention group,
31 cases—control group). Exclusion criteria included cognitive and psychiatric impairment,
comorbidities affecting motor function, complete aphasia, and severe visual impairment.
During hospitalisation, patients in the control group received routine early rehabilitation
instructions. The content addressed physiological motor patterns of the upper and lower
limbs, transfer from the lying position to a sitting one, or maintaining a proper range of
motion in the joints. After hospital discharge, patients received rehabilitation and medica-
tion counselling by telephone (once a week). Patients in the intervention group received
identical instructions during hospitalisation pertaining to early rehabilitation, but were
provided remote home rehabilitation based on a collaborative model after hospital dis-
charge. A care team consisting of neurologists, physiotherapists, nurses, counsellors, and
caregivers was formed for this purpose. Remote in-home rehabilitation delivery was based
on the TCMeeting v6.0 web-based videoconferencing system consisting of a computer,
projector, camera, and data archiving software. The functional status of the patients was
described by the Fugl–Meyer test, Berg Balance Scale, Up and Go Test, and a 6-Minute
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Walking Test [32,33]. In addition, the Stroke Specific Quality of Life Scale (SSQoL) was
used to assess the subjects’ ability to perform daily living activities. Changes in functional
condition and motor control ability were assessed at 4, 8, and 12 weeks after inclusion in
the study (Table 4).

Table 4. Changes in scores of functional condition and motor control abilities after 4, 8 and 12 weeks of telerehabilitation
[32].

Intervention Group Control Group RM-ANOVA

Baseline 4 Weeks 8 Weeks 12 Weeks Baseline 4 Weeks 8 Weeks 12 Weeks F
(Time*Group) p

FM(UE) 11.93 ± 2.50 35.90 ± 2.78 49.10 ± 3.00 55.33 ± 2.81 2.61 ± 1.78 29.35 ± 2.36 39.35 ± 4.13 47.42 ± 3.90 42.523 <0.001

FM(LE) 13.37 ± 1.38 23.87 ± 1.28 25.50 ± 1.74 28.37 ± 2.51 14.13 ± 1.43 20.84 ± 1.39 24.23 ± 1.86 27.87 ± 1.73 57.000 <0.001

BBS 21.07 ± 3.29 30.50 ± 2.84 38.13 ± 2.84 43.13 ± 2.32 20.87 ± 2.33 28.06 ± 2.28 34.19 ± 2.15 38.29 ± 2.70 9.205 <0.001

TUG 41.93 ± 3.57 30.37 ± 3.62 22.73 ± 2.49 19.50 ± 2.73 40.58 ± 4.40 34.23 ± 2.86 27.13 ± 2.50 23.97 ± 3.35 16.320 <0.001

6MWT 91.73 ± 7.46 111.50 ± 8.12 128.90 ± 7.42 141.63 ± 8.68 92.35 ± 6.15 107.94 ± 5.14 123.13 ± 5.71 129.45 ± 7.06 10.530 <0.001

Note: F—time effect group (time factor * grouping factor).

3.6. Effect Of Telerehabilitation on Improving Cognitive Function in Post-Stroke Patients

Torrisi M. et al. examined the effect of telerehabilitation on improving cognitive func-
tion in post-stroke patients [34]. Forty patients were studied for this purpose (20 patients
were assigned to the control group (CG), 20 to the experimental group (EG)). In the first
phase of the programme, both groups underwent inpatient rehabilitation training: EG pa-
tients received cognitive training using VRRS-Evo (3D scenarios), CG patients underwent
identical pencil and paper exercises. In the second phase of the programme (after hospital
discharge), the EG group continued cognitive function therapy using a home VRR tablet
(2D scenarios), whereas the CG group received traditional therapy (3 sessions per week,
each session approximately 50 min.). The efficacy of telerehabilitation for the treatment
of cognitive disorders was demonstrated, particularly improvements in global cognitive
function levels, as well as in attentional, memory and language skills in EG [34,35].

3.7. Level of Acceptance of Telerehabilitation in Stroke Patients

Chen Yu et al. performed a qualitative study on the acceptance of home-based telere-
habilitation by conducting in-depth interviews with 13 post-stroke patients (4–36 weeks
after stroke), who completed 6 weeks of teletherapy [15]. Inclusion criteria included:
age ≥ 18 years, FM-A score between 22–56, Box and Block test score of upper limb di-
rectly involved > 3 blocks in 60 s, no cognitive impairment. The telerehabilitation system
consisted of four main components: games, exercise, stroke education, and telecommunica-
tions. The therapy programme consisted of 70-min sessions, 6 days a week, for 6 weeks.
User acceptance of the telerehabilitation system was analysed using the Unified Theory of
Acceptance and Use of Technology (UTAUT), a model of technology acceptance and use
that describes four factors: expected outcomes, expected effort, facilitating conditions, and
social impact [36]. The qualitative results of the study revealed high levels of participant
satisfaction with teletherapy. Patients reported improvements not only in their functional
status, but also in mood, cognitive ability, or social interaction. Telerehabilitation, on the
one hand, provided repetitive tasks and, on the other hand, was characterised by a diver-
sity of exercises. The system offered external (physiotherapist monitoring of outcomes)
and internal (patient influenced progress in therapy) motivation to engage in the therapy
programme. The flexibility of the time and location of the tele system sessions was an
additional advantage, as it offset transportation issues. The only limitation, according
to study participants, was barriers in technical/technological skills, but problems of this
nature were resolved by contacting the research team [15].

3.8. Effect of Telerehabilitation on Balance Improvement in Post-Stroke Patients

Burgos P. et al. conducted a study evaluating the effect of telerehabilitation on balance
improvement in post-stroke patients [13]. The tele system was based on games installed
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on smartphones. Additionally, participants were provided with inertial motion sensors
(IMUs) and cloud databases. The research involved six patients 6–8 weeks after stroke.
Inclusion criterion: BBS score < 50, availability of caregiver during the patient’s rehabili-
tation programme. Therapy lasted 4 weeks (a single session lasted 30 min.). The control
group consisted of four people. Telerehabilitation was preceded by training the participants
and their caregivers on safety and how to use the equipment. Balance was assessed with
the Berg balance scale at the beginning and end of the rehabilitation programme [37,38].
In addition, the System Usability Scale (SUS) was used to evaluate the user experience.
The scale consists of 10 questions relating to frequency and difficulty of use, system com-
plexity, safety, or study participants’ prior knowledge of the technology system. BBS
scores improved with mean values: PRE = 35 ± 4.42 (62.5% ± 7.91), POST = 46.33 ± 3.01
(82.67% ± 5.37). Compared with the control group, the BBS PRE-POST variance in the
study group was higher at 20.2% ± 6.36 vs. 12.5% ± 8.63, with the difference in vari-
ance between groups being statistically significant (p = 0.019). The mean SUS score was
greater than 80 (87.5 ± 11.61), illustrating an excellent level of usability of the system for
use [13,39–41].

3.9. Feasibility of a Tele Therapeutic Program in Post-Stroke Patients

Simpson D. et al. evaluated the degree of task feasibility in telerehabilitation, as well
as the ability to verify exercise accuracy and functional progress in a tele system [42]. The
study group consisted of 10 stroke survivors. Therapy lasted 4 weeks and included sitting
and standing exercises [43]. The therapist remotely monitored adherence to movement
commands and progress toward goals, and provided feedback to patients via the app.
Inclusion criteria: age ≥ 18 years, stroke within the past two years, ability to stand up
independently from a seated position from a chair. Each participant was instructed on
proper task performance, safety and proper use of the technology. At baseline and at the
end of the treatment programme, each patient completed a 2-min STS test and completed
the System Usability Scale. Functional status was described using the Short Set of Physical
Performance Battery (SPPB), which measures three aspects of physical status: gait speed,
balance, and muscle strength. SPPB is a composite score from 0 to 12, where the higher the
score, the better the patient’s functional status. The change in scores from 0.99 to 1.34 points
was considered clinically significant for older adults. During the study, participants per-
formed a total of 224 exercise sessions out of the recommended 184 sessions. Individually,
patients performed an average of 750 repetitions from sitting to standing (range 385–1410)
over the course of 4 weeks, compared with an average of 724 prescribed repetitions (range
398–1395). The therapist made progress on the average goal from week 1 to week 4 by 92%.
Participants rated the system usability at 79% [42,44,45].

3.10. The Impact of Telerehabilitation on the Functional Condition of Stroke Survivors in
African Countries

Nigerian researchers, on the other hand, have developed a tele home exercise pro-
gramme for post-stroke speakers of indigenous African languages [46]. The video-based
program (VHEP) was conducted in the Yoruba language. In the course of its develop-
ment, recommendations from the American Stroke Association were followed to include
instruction in task-specific motor and postural exercises, trunk exercises, and correct gait
stereotype exercises. Inclusion criteria: history of stroke three or more months ago, modi-
fied Ashworth Scale score ≥ 1, Brunnstrom score ≥ 3, no mental illness, epilepsy, cancer,
heart disease. The research involved 10 people. The feasibility questionnaire was adapted
from the Satisfaction Survey for the Individual with Stroke form from a smartphone edu-
cational intervention study. Each motor task was demonstrated on video for 5 min. The
videos began with an introduction, followed by 5 short exercises in various positions (lying,
kneeling, sitting, standing, walking). The main focus of the therapy was repetition, a grad-
ual increase in task complexity, and functional training at a self-selected pace. The total time
for a single exercise intervention was 30 min. Patients’ exertion magnitude was monitored
throughout the treatment programme based on feedback from the Modified Borg Perceived

142



Healthcare 2021, 9, 654

Exertion Scale (RPE). The study proved that the VHEP system was goal-oriented and had a
high level of acceptability for motor tasks. With a demonstration of each exercise, therapy
proved easy and safe [18,46–48]. As an added bonus, the Yoruba language also made the
tool accessible to patients who speak indigenous African languages [49].

Table 5 summarises publications based on randomised controlled trials (RCT) and
their characteristics according to PRISMA methodology.

Table 5. Description of RCT included by PRISMA methodology in this review.

Authors/Year Participants Intervention Outcomes Measurement Results

Cramer S. et al., 2019

n = 124 (34 women, 90 men)
(n = 62 in experimental group)

Mean age (SD) of 61 years
Adults ischemic stroke or

intracerebral hemorrhage 4 to
36 weeks prior

Experimental and control
group received 18 supervised

and 18 unsupervised
70-min sessions.

The treatment approach was
based on an upper-extremity
task-specific training manual

and Accelerated Skill
Acquisition Program

All sessions for both groups
included at least 15 min per

day of arm exercises (the
same 88 exercises for both

groups) and at least 15 min
per day of functional training.

The TR system (for
experimental group)

consisted of an
internet-enabled computer

with table, chair, and
12 gaming input devices, but
no keyboard, as no computer

operation was required
by patients.

FMA-UE (Fugl-Meyer
Assessment upper extremity)

Box and Block Test
SIS (Stroke Impact Scale)

Both groups showed significant
treatment-related motor gains,

with a mean (SD) unadjusted FM
score change from baseline to

30 days after therapy of 8.36 (7.04)
points in the control group

(p < 001) and 7.86 (6.68) points in
the experimental group (p < 001).
The adjusted mean change in FM
score was 0.06 points larger in the

experimental group (95% CI,
−2.14 to 2.26; p = 96). The

noninferiority margin (30% of the
mean FM score change in the

control group) was 2.47, which fell
outside of this 95% CI, indicating

that TR was not inferior to
standard therapy on the primary

end point [14].
Box and Block Test scores

increased by 9.5 (p < 001) in the
experimental group and by 8.8

(p < 001) in the control group and
indicated noninferiority of TR

therapy. Stroke Impact Scale hand
motor domain scores increased by
23.7 (p < 001) in the experimental
group and by 29.2 (p < 001) in the

control group, although
noninferiority was not
demonstrated with this

outcome [14].

Wu Z. et al., 2020

n = 61 (25 women, 36 men)
(n = 30 in experimental group)

Mean age (SD) of 58 years
Adults ischemic or
hemorrhagic stroke

No information about time
since stroke

Patients in the intervention
group received home remote

rehabilitation based on a
collaborative care model.
A collaborative care team
consisting of neurologists,

nurses, rehabilitation
therapists, counselors and
caregivers was established.
Rehabilitation therapists

assess the extent of patient
dysfunction and work with
family caregivers to develop

rehabilitation plans and goals.
The home remote

rehabilitation guidance uses
the Internet-based TCMeeting

v6.0 video
conferencing system.

Patients in the control group
received only routine

rehabilitation and nursing
measures, including dietary

guidance, medication
guidance and rehabilitation

guidance, which were
conducted by telephone
follow-up once a week.

FMA-total (Fugl-Meyer
Assessment total)

FMA-UE (Fugl-Meyer
Assessment upper extremity)

FMA-LE (Fugl-Meyer
Assessment lower extremity)

BBS (Berg Balance Scale)
TUG (Timed “Up&Go” Test)

6 MWT (6-min Walk Test)
MBI (Modified Barthel Index)

See Table 4.
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Table 5. Cont.

Authors/Year Participants Intervention Outcomes Measurement Results

Burgos P. et al., 2020

n = 10 (4 women, 6 men)
(n = 6 in experimental group)

Mean age (SD) of 61 years.
Adults ischemic or

hemorrhagic stroke in
subacute (6–8 weeks

after stroke)

Both groups received their
standard rehabilitation

treatment at the hospital site
(3 sessions of 40 min per week

of physical therapy for
4 weeks).

In addition, the intervention
group received 9 sessions of
30 min per week for 4 weeks.
In each session, participants

trained in balance tasks using
smartphone-based exergames
controlled by body motions.

BBS (Berg Balance Scale).
MBT (Mini-BESTest).

BI (Barthel Index)
SUS (System Usability Scale)

Balance results improved in the BBS,
with mean values of PRE = 35 ± 4.42
(62.50% ± 7.91), POST = 46.33 ± 3.01

(82.67% ± 5.37), and
MBT PRE = 10.33 ± 2.87

(36.89% ± 10.26), and
POST = 18.67 ± 2.81 (66.67% ± 10.01)

with a statistically significant variation
within PRE and POST (F(1/5) = 60.84,
p < 0.001 and F(1/5) = 45.96, p = 0.001,

respectively). Functional
independence, measured by BI, also
improved in the study group with

PRE = 65.00 ± 4.47, and
POST = 82.50 ± 8.80. There was also a
statistically significant variation within

PRE and POST times (F(1/5) = 18.85,
p = 0.007) [13].

In comparison with the control
participants, BBS variation PRE–POST
for the study group was higher, with

20.20% ± 6.36 vs. 12.50% ± 8.63, with a
statistically significant difference in the

variation between
groups (F(1/7) = 9.15, p = 0.019;

Cohen-d = 2.98). For MBT PRE–POST
variation, it was 29.7% ± 10.75 in the

telerehabilitation group and
16.96% ± 9.39 in the control group,

without significant differences between
groups (F(1/7) = 1.61, p = 0.245;

Cohen-d = 2.94). Functional
independence (BI) in participants
trained with our telerehabilitation

system was higher compared to the
controls: 17.50 ± 9.87 vs. 3.75 ± 8.53,
with a significant difference between

groups (F(1/7) = 7.97, p = 0.025;
Cohen-d = 2.50) [13].

The average SUS score was higher than
80 (87.5 ± 11.61), which can be

interpreted as an excellent system user
usability level [13].

4. Discussion

This review examines the efficacy results of teletherapy on various aspects of the
functional status of post-stroke patients. Research has shown that the tele system is a
potential solution to the problem of increasing demand for rehabilitation services in a
resource-constrained environment. Telerehabilitation provides continuity and an appropri-
ate level of therapy intensity by using increased repetition of motor tasks [7,50]. Clinical
research indicates that hundreds of repetitions in a specific movement pattern are required
to achieve an optimal range of motor cortex neuroplasticity after stroke. Cramer’s study
calculated 1031 repetitions of upper limb movements per day in the intervention trial,
demonstrating the effect of teletherapy in maximising the plasticity phenomenon by inten-
sifying the applied therapy (the number of repetitions of upper limb movements during
conventional therapy averages 32 per session) [14]. Telerehabilitation therefore contributes
to a significant increase in function, regardless of whether therapy was initiated in the
acute phase (<90 days from the stroke incident) or the chronic phase (>90 days after stroke).
At the same time, it alleviates the problem of patient transport, which is cited as a major
limitation in access to inpatient therapy, and reduces the expenses incurred for post-stroke
rehabilitation in the private sector [34]. In turn, direct contact with a therapist, in the case
of in-centre rehabilitation, plays an important role in the improvement process, increasing
the patient’s sense of security and support as well as the correctness of patients’ motor
tasks [42]. Despite this, in certain cases, rehabilitation in the tele system has compara-
ble efficacy to therapy provided in a traditional inpatient environment, as evidenced by
the results of the aforementioned review (Figure 2). Patients undergoing teletherapy are

144



Healthcare 2021, 9, 654

characterised by high commitment to the goals of the improvement programme (optimi-
sation on the primary and secondary control scales) and satisfaction with rehabilitation
outcomes (positive change in the Physical Activity Satisfaction Scale) [42]. The effectiveness
of post-stroke therapy is closely related to the patient’s motivation; however, maintaining
it (motivation) at an appropriate level is challenging. The rate of non-adherence to therapy
recommendations can reach 70%, especially in the case of home exercises without direct
supervision by a physiotherapist [14]. A motivated patient, on the other hand, experiences
less resistance to the rehabilitation programme [51]. The flexibility of therapy location
and time, guaranteed by the tele system, minimises the burden imposed by traditional
inpatient sessions. As a result, teletherapy participants acknowledge that teletherapy
improvement provides the discipline necessary for regular exercise and contributes to high
adherence among patients. In addition, they perceive benefits relating to both physical
(improved performance, function, sleep) and psychological (increased confidence, moti-
vation to achieve goals) status, which amounts to increased quality of life and reduced
risk of secondary stroke [23]. Patients also often experience shrinkage of social networks
after strokes. This is mainly due to loss of contact with friends, decreased participation
in group events or avoidance of social activities [2,16]. This phenomenon can contribute
to worsening disability, as social isolation worsens indicators of functional status and
increases the risk of depression [6]. The interaction with the therapist, despite taking
place in the form of video conversation, on the one hand ensures that the exercises are
performed correctly and that the results are analysed, and, on the other hand, it improves
the patient’s mood and makes him or her feel less socially isolated. The Podury’s study
shows that Geriatric Depression Score significantly decreased over 12-weeks supervised
home-based telerehabilitation from 3 (1–5) to 1 (0–4) (p = 0.05) and it also found that pa-
tients undergoing telerehabilitation had larger and more open social networks than those
in the control group [2,21,22]. A correlation was observed between the size and density
of the network and the improvement in patients’ gait time. Social network density was
also associated with improvements in upper limb motor skills, while network size was
associated with reductions in depressive symptoms. Furthermore, telerehabilitation using
virtual reality (VR) is characterised by a large variety of goal-oriented motor tasks due to
the availability of a wide range of interactive games with progressive levels of difficulty.
The motor experiences offered by VR make traditional exercise unattractive to patients.
In the Sheehy study, the tele technologies were proven to be easy to use and affordable
for the stroke population eligible for this type of therapy [3]. Study participants came
from a wide age range and had varying levels of disability or familiarity with technology,
which was not a barrier to successful participation in telerehabilitation sessions. The Chen
research shows that teletherapy can be used as an efficient and user-friendly tool to deliver
home-based stroke rehabilitation that enhance patients’ physical recovery and mental and
social-emotional wellbeing. Participants mostly reported positive experiences with the tele
system. Benefits included observed improvements in limb functions, cognitive abilities,
and emotional well-being. They also perceived the system to be easy to use due to the
engaging experience and the convenience of conducting sessions at home [15–20,33,52,53].
Only in the publications by Cramer and Galloway were there cases of dropouts during re-
search (Cramer—10 patients, Galloway—3 patients). The reason for this, however, was not
difficulties arising from the use of the tele system but personal reasons or the need to return
to work during the rehabilitation program [14,23]. Teletherapy has also had a tremendous
impact on increasing the level of knowledge of strokes and secondary prevention, which
are often inadequate among post-stroke patients. Through educational programmes that
complement the teletherapeutic process, an optimisation of health is achieved, resulting
in improved functional status and reducing the risk of secondary stroke. Thus, patient
education is one of the key components of effective telerehabilitation [14]. Unfortunately,
the strength of the evidence itself supporting the effectiveness of teletherapy still ranks low.
The reason for this is the limited number of randomised controlled trials, small number
of study participants, or heterogeneous trials [12]. Participants in the tele-improvement

145



Healthcare 2021, 9, 654

programme are primarily patients with mild to moderate motor disabilities who qual-
ify for therapy based solely on specifically defined criteria (Table 2). Teletherapy itself
obligatorily has to be preceded by understandable instructions and must be constantly
controlled and modified by a physiotherapist. To ensure safe exercise progress, the entire
improvement programme takes place in the presence of a supervisor. Nevertheless, based
on the above-mentioned literature review and considering the lack of sufficient RCTs, it
can be concluded that telerehabilitation is an alternative modality to conventional therapy,
facilitating post-stroke patients’ achievement of functional recovery and an improvement
in their quality of life in the resource-limited settings caused by the SARS-CoV-2 pandemic.
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Abbreviations

TR Telerehabilitation
VR Virtual Reality
BBS Berg Balance Scale
TUG Timed Up-and-Go
FTSST 5 Times Sit-to-Stand
CB&M Community Balance and Mobility Scale
SIS Stroke Impact Scale
FMA (UE) Fugl-Meyer Assessment Upper Extremity
FMA (LE) Fugl-Meyer Assessment Lower Extremity
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