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ABSTRACT

Conventionally, aphasia, the language disorder following brain damage which is
frequently accompanied by deficits of working memory (WM), is treated with
traditional language therapy to improve receptive and expressive language skills.
Many times, though improvement of language abilities for people with aphasia
(PWA) is slow, and PWA end up in rehabilitation programs for long periods of
time with a big economic burden and a slow improvement. As technology is
improving though, it is essential for research to look into other ways to support
aphasia rehabilitation. The modern technology of non-invasive brain stimulation
equipment, the Transcranial Magnetic Stimulation (TMS) and a well-established
computerized cognitive training program, RehaCom, were used as a joint treatment
method to facilitate language recovery, and in turn have a positive effect on quality
of life (QoL). The treatment reported in this thesis is the first to be used in PWA.

The specific goals were to investigate whether the application of excitatory TMS
to the left dorsolateral prefrontal cortex (LDLPFC) followed by computerized WM
training lead to near-transfer on WM tasks and non-verbal intelligence, and far-

transfer on language tasks, narratives, functional communication and QoL.

Although the results revealed a mixed and indistinct pattern of training and transfer
effects across participants this treatment showed a positive effect in
neurorehabilitation of PWA. While all participants showed improvements in
cognitive and linguistic tasks, the most noteworthy observation was that two of the
participants with global aphasia significantly improved in non-verbal intelligence
and three participants showed a modest improvement in the WM screening task,
specifically in the number of correct responses. Overall findings showed a
significant trend for improvement and a significant difference between the treated
and untreated periods in non-verbal intelligence, accompanied with significant and
non-significant trend for improvement in language abilities. The treatment results
are encouraging, and it is clinically and theoretically important to further
investigate whether this treatment will be taken on as an innovative method for
post-stroke aphasia rehabilitation in the future and convert it from an efficacious
to an efficient treatment in the clinical setting to improve language functions.

Keywords: Aphasia, Language, Working Memory, TMS, Non-verbal intelligence
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1 GENERAL INTRODUCTION

1.1 Prevalence

According to the World Health Organization (WHO), among the 17.5 million deaths due to
Non-communicable Diseases (NCD) an estimated 6.7 million were due to strokes (WHO,
2014). While globally stroke is the second leading cause of death above the age of 60 years, it
is also the second leading cause of disability, after dementia leaving five million people
permanently disabled with loss of vision and / or speech, paralysis and confusion (Stroke,
2017). In Greece an estimate of 30,000-35,000 new cases of stroke occur annually
(Neuroradiology, 2017). In Cyprus, an estimate of 1,200-1,400 new cases of stroke per year
are recorded (Demetriou, 2016). A stroke or cerebrovascular accident (CVA) is caused when
the blood supply to the brain is interrupted either when a blood vessel bursts (haemorrhagic)
or is blocked by a clot (ischemic) causing damage or death to the brain cells. The National
Stroke Association (2017) accounts the 87% of strokes to be ischemic and while haemorrhagic
strokes are less common, they are accountable for about 40% of all stroke deaths. One of the
most common consequences of CVA is aphasia, which is a loss of the ability to produce and/or
understand spoken or written language, and it affects up to 38% of ischemic strokes (Pedersen
et al., 1995). Evidence indicates that language function recovery is stable within 2 weeks in
those with initial mild aphasia, within 6 weeks in those with moderate, and within 10 weeks in

those with severe aphasia (Pedersen et al., 1995).
1.2 Theoretical Background

Although working memory (WM) was linked to be at fault for language-processing difficulties
seen in people with aphasia (PWA) for over 20 years, initial indications of this relationship
were dated almost 100 years ago (Kasselimis, 2015). There is now a better understanding of
how a WM impairment at the level of information maintenance and manipulation interacts with
language abilities, as it clearly has an impact on communication, which in turn has a negative
chain reaction in the person’s quality of life (Nicholas, Hunsaker, & Guarino, 2017). A great
deal of research is moving away from the traditional notion that aphasia is considered to be an
acquired language disturbance and is exploring it as a cognitive disorder with pronounced
language deficits (McNeil, Odell, & Tseng, 1991). Related to that, verbal WM training has

been found to modulate prefrontal and parietal activity levels and structural connectivity in
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healthy adults (e.g. (Olesen, Westerberg, & Klingberg, 2004; Takeuchi et al., 2010) and these
neural regions have been found to also support language functioning and aphasia recovery (e.g.
(e.g. Cornelissen et al., 2003; Fridriksson, 2010; Meinzer et al., 2008). Based on the evidence,
memory training may have a positive effect for many individuals with aphasia in terms of both
neural and behavioural outcomes. In this study, the primary objective was to assess the efficacy
of a neurorehabilitation program by using Transcranial Magnetic Stimulation (TMS) followed
by a computerized WM training program RehaCom, to excite the left dorsolateral prefrontal
cortex (LDPFC), the area responsible for WM, to determine if this can improve language
deficits in PWA post stroke. Repetitive transcranial magnetic stimulation (rTMS) administered
to the left dorsolateral prefrontal cortex (LDLPFC) has shown to improve working memory
(WM) abilities (e.g. Pearce et al., 2014), while at the same time, WM is has a relationship with
language skills (Wright & Fergadiotis, 2013). Therefore, this research considers it optimal to
combine TMS with computerized WM training, in order to improve language abilities in PWA
because of neurological damage. Singal, Higgins, and Waljee (2014) advocate that intervention
studies can be placed on a continuum, with a progression from efficacy trials to effectiveness
trials. They argue that efficacy studies explore an intervention’s benefits and harms when
performed under highly controlled conditions, while they argue that effectiveness studies
investigate interventions under a more real-world practice approach. While more than 1000
randomised controlled trials (RCTs) have been conducted in search for new therapies that can
be incorporated into routine clinical practice (Mcintyre et al., 2016), their timing seems to be
one factor that may limit the RCTs translational impact of stroke rehabilitation (Stinear, 2016).
In an earlier review study (Stinear, Ackerley, & Byblow, 2013) found that over half of motor
rehabilitation RCTs were conducted with patients who were at least 6 months post-stroke, when
rehabilitation services were no longer available. It is therefore important to conduct
rehabilitation trials during the initial days and weeks after stroke because this is when
spontaneous biological recovery (SBR) is taking place (Krakauer, Carmichael, Corbett, &
Wittenberg, 2012) and when rehabilitation is delivered in the ‘real world’ (Stinear, 2016).
Testing an intervention at the time of its intended use is crucial for evaluating its efficacy as
well as its feasibility in clinical practice (Stinear, 2016). This study is investigating the efficacy
of the iTBS application to the LDLPFC followed by computerized WM training in the subacute
and chronic stage post-stroke in PWA.
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1.3 Aphasia

Aphasia is one of the most common consequences of stroke and refers to impairments that
affect the comprehension and expression of spoken and/or written language, with frequent co-
occurring cognitive deficits (Salis, Kelly, & Code, 2015). PWA, who exhibit lesions inside the
““language zone’’, demonstrate different characteristics depending on the location and degree
of the lesion and their language may be characterized by verbal and/or written production
limitations with relatively well-preserved comprehension, as in Broca’s aphasia, or by auditory
comprehension limitations with relatively preserved verbal production, as in Wernicke’s
aphasia (Connor & Obler, 2002). To have an adequate definition of aphasia it is critical to
mention four primary facts: it is neurogenic, it is acquired, it affects language, and it excludes
general sensory and mental deficits (Hallowell & Chapey, 2008). Aphasia ranges from severe,
where communication is almost impossible, to very mild. It is possible for aphasia to affect a
main single aspect of language use, such as the ability to retrieve the names of objects, or the
ability to put words together into sentences, or the ability to read, but usually several aspects

of communication are impaired (NAA, 2017).
1.4 Types of Aphasia

Dronkers and Baldo (2009) note that to be deemed with aphasia, the impairment must affect a
range of language functions, including speech, comprehension, reading, and writing. A review
of the classification subtypes includes Broca’s aphasia, Wernicke’s aphasia, conduction
aphasia, global aphasia, anomic aphasia, and transcortical aphasia. They describe Broca's
aphasia as a “non-fluent aphasia” due to telegraphic. slow, and deliberate speech, often with
omission of grammatical markers but with relatively preserved comprehension. They carry on
with Wernicke's aphasia which is also described as “fluent aphasia” because the person can
speak spontaneously with a normal to fast rate of speech, and their speech rhythm and prosody
(melody) are normal, but often unintelligible due to paraphasias which lack meaningful
content. Additionally, comprehension is significantly impaired in all language modalities (i.e.,
spoken or written language. Conduction aphasia presents with fluent speech and relatively
good comprehension, but with somewhat paraphasic speech and greatly reduced ability to
repeat. Reading and writing, and naming, are also affected to a moderate degree (Dronkers &
Baldo, 2009). They continue to describe Global aphasia as the most severe of all aphasia

subtypes, with significant impairments across all aspects of language, namely impaired speech,
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comprehension, repetition, naming, reading, and writing. Persons with global aphasia may be
able to produce automatic or stereotypic responses (e.g., “yes” and “no”) but do so unreliably.
While people with any type of aphasia have difficulty naming things, people with Anomic
aphasia are left with a persistent inability to produce the words for the specific things they
want to talk about with vague circumlocutions and expressions of frustration while they have
relatively preserved speech fluency, repetition, comprehension, and grammatical speech.
Lastly, they describe the Transcortical aphasias as a group of aphasia syndromes which all
commonly have a relatively preserved ability to repeat, despite other significant language
deficits: a) Transcortical Motor aphasia is similar to Broca’s aphasia characterized with
nonfluent speech and relatively good comprehension, but with relatively preserved ability to
repeat; b) Transcortical Sensory aphasia is similar to Wernicke’s aphasia, characterized with
fluent speech and poor comprehension but also a relatively preserved ability to repeat; and c)
Mixed Transcortical aphasia is similar to global aphasia but with relatively preserved

repetition.
1.5 Cognition in Aphasia

Cognitive function is impacted after stroke and generalized cognitive problems have been
identified across all domains with attention, memory, language, and orientation being the most
affected, accompanied by marked deficits in visuospatial skills and abstract reasoning
(Tatemichi et al., 1994). Although aphasia is defined as an acquired language disorder,
researchers are increasingly recognising the role of cognitive factors, such as attention, memory
and executive function, in the rehabilitation of aphasia (Lambon Ralph, Snell, Fillingham,
Conroy, & Sage, 2010; Senioéw, Litwin, & Lesniak, 2009), Over the last decade, there is a
growing interest in the relationship between language deficits and non-linguistic cognitive
deficits as a result of left hemispheric stroke (Caplan, Michaud, & Hufford, 2013; EI Hachioui
et al., 2014; Salis et al., 2015; Vallila-Rohter & Kiran, 2013). Cumming, Marshall, & Lazar,
(2013) consider how cognition is not a unitary concept but it integrates several areas, such as
attention (focusing, shifting, dividing, or sustaining attention on a particular stimulus or task),
executive function (planning, organizing thoughts, inhibition, control), visuospatial ability
(visual search, drawing, construction), memory (recall and recognition of visual and verbal
information), and language (expressive and receptive). They argue that these domains are not
independent, which makes classification very complicated, and what represents a cognitive
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domain is unclear - for example remembering a list of grocery items you have been told to buy
is not just dependent on memory but also on attention and language. Feldman et al. (2003)
showed that memory dysfunction is often not the most pronounced feature after stroke, about
half of those with vascular cognitive impairment exhibit amnestic signs. Therefore, they
suggest the need for a more useful assessment framework for classifying poststroke cognitive
deficits with thorough information, rather than the accepted ‘gold standard’ of a battery of

neuropsychological tests which is appropriate for dementia.
1.6 Working Memory

1.6.1 Working Memory in Aphasia

WM deficits are a significant area of cognitive processing deficits related with aphasia, but
with major limitations in research primarily due to lack of established valid WM impairment
measures for this population (Ivanova & Hallowell, 2014). Individuals with aphasia frequently
show WM and short-term memory (STM) deficits, which in turn may adversely affect language
symptoms and recovery, and consequently WM treatment may represent an efficient approach
to addressing these individuals’ cognitive and linguistic impairments (Martin, Kohen,
Kalinyak-Fliszar, Soveri, & Laine, 2012; Murray, 2012). WM treatment for individuals with
aphasia, however, has been scarcely studied despite previous studies showing that WM in
individuals with aphasia can be improved with training (e.g. Martin et al., 2012; Martin et al.,
2009; Mayer & Murray, 2002; Vallat et al., 2005).

1.6.2 Primary Working Memory Theory

Baddeley’s theory (1992) defines WM as a multicomponent system that holds information
temporarily and mediates its use in ongoing mental activities; it refers to a brain system that
provides temporary storage and manipulation of the information required for complex
cognitive tasks, including language comprehension, learning, and reasoning. Later, Baddeley
(1996) defended that the notion of WM differs from that of STM in two ways: (a) WM is
believed to comprise of a number of subsystems, instead of being a unitary module; and (b)
substantial importance is given on its functional role in other cognitive tasks such as learning,

reasoning, and comprehension.
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The current study supports Baddeley’s multicomponent system theory which was a theory that
was first introduced and promoted by Baddeley and Hitch (1974), which suggested that short-
term maintenance of information is controlled by two "slave systems", the phonological loop
and the visuo-spatial sketchpad, and the supervision of information integration and the
coordination of the slave systems are controlled by the "central executive”. The phonological
loop keeps phonological information and prevents its decay by constantly rehearsing its
contents, resulting to the information being refreshed in an internal rehearsal loop (Baddeley
& Hitch, 1974). The other slave system discussed by Baddeley and Hitch (1974), was the
visuo-spatial sketchpad, which keeps visual and spatial information, as in constructing and
manipulating visual images, or representing mental maps. This sketchpad was further divided
into a visual subsystem, dealing with what is seen (i.e. shape and colour), and a spatial
subsystem, dealing with location (Baddeley & Hitch, 1974). Furthermore, Baddeley & Hitch,
(1974) discussed that the central executive is responsible to assign incoming information to
one of the two storage subsystems and to coordinate, monitor, and make use of the information
in the two subsystems. The central executive is the achiever and instigator of human cognition
which assigns attention to a task and executes information storage and computational tasks
within a given task (Caplan & Waters, 1999). An additional fourth component, the episodic
buffer, was added by Baddeley (2000), which is responsible to keep representations that
combine phonological, visual, and spatial information, and potential information not covered

by the slave systems (Figure 1.6.1).

Central
Executive

Visuospatial Episodic
Sketchpad Buffer

Phonological
Loop

Figure 1.6.1. Baddeley’s Multicomponent theory of WM (Baddeley, 2000).
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In an attempt to link WM theories with language deficits in aphasia, evidence showed that WM
interacts with language abilities and deficits in WM influence language performance
(Baddeley, 2003; Murray, 2012). Murray (2012) explored the aphasia literature relating to
direct or indirect STM and WM remediation, and found that PWA respond to STM and WM

treatment with a possible positive affect on language abilities.
1.6.3 The Role of Dorsolateral Prefrontal Cortex in Working Memory

Kane & Eagle (2002) reviewed the pronounced agreement in the literature that the prefrontal
cortex (PFC) paths, and possibly the dorsolateral prefrontal cortex (DLPFC) cells in specific,
are critical for WM functions, and they discuss how the role of DLPFC in WM is to maintain
information in a highly active, easily accessible state. They argue that this information
maintenance is mainly important in the manifestation of interference, and it may be essential
in blocking the effects of distraction. In the past, Smith, Jonides, & Koeppe (1996) proposed
that the phonological loop primarily engaged regions in the left hemisphere, including the
temporoparietal region and Broca’s area, while the visuospatial sketch pad primarily engaged
regions in the right hemisphere, including the frontoparietal cortex and the occipital cortex.
More recently though it was discussed that working memory is the result of various
combinations of processes and there are no unique processes or brain structures specific to WM
(Eriksson, VVogel, Lansner, Bergstrom, & Nyberg, 2015), while others can even functionally
describe it in different terms than working memory (i.e. D’Esposito & Postle, 2015; Jonides
et al., 2008). Neuroimaging research has made advances in identifying the neurological
substrates of WM, and functional neuroimaging techniques, such as functional magnetic
resonance imaging (fMRI) have been used by researchers to identify neural activation patterns
occurring during working memory tasks (e.g. Carpenter, Just, & Reichle, 2000). Carpenter et
al. (2000) investigated the neural activation patterns by using n-back task, where letters, spatial
positions, or patterns were sequentially presented and were evaluated for their identity to an
element that was presented n- items previously. They discussed how this task involves the
phonological loop encompassing frontal (i.e. DLPFC) and parietal regions as it requires
encoding, temporary maintenance and rehearsal, tracking of serial order, updating, and
comparison and response processes. Soon after, Hartley, Speer, Jonides, Reuter-Lorenz, &
Smith (2001) reported clear evidence of dissociations among working memory systems
through neuroimaging studies, where they discussed presenting exactly the same stimuli with
two different memory instructions; in one situation, the individual was to remember one aspect
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of the stimulus (i.e. verbal identity) and in the other situation the individual was to remember
a different aspect (i.e. location), which resulted in different patterns of cortical stimulation,
showing strong evidence for distinct memory systems. Many research studies support that the
fronto-parietal network involves the DLPFC, the anterior cingulate cortex (ACC), and the
parietal cortex (PAR) as the working memory neural network (Chein, Moore, & Conway, 2011,
Kim, Kroger, Calhoun, & Clark, 2015; Osaka et al., 2003; Owen, McMillan, Laird, &
Bullmore, 2005). More precisely, the DLPFC has been largely implicated in tasks demanding
executive control such as those requiring integration of information for decision-making,
maintenance and manipulation/retrieval of information, and information updating (C. Kim et
al., 2015). The ACC has been shown to act as an “attention controller” that evaluates the needs
for adjustment and adaptation of received information based on task demands (Osaka et al.,
2003), and the PAR has been regarded as an area involved in sensory or perceptual processing
and in the storage of WM contents (Owen et al., 2005). Chai, Abd Hamid, & Abdullah (2018)
attempted to translate the theoretical formulation of the multicomponent WM model
(Baddeley, 2010) to specific regions in the human brain as depicted in Figure 1.6.2 below. The
DLPFC is known not only for its involvement in WM but also for its significant contribution
to perform tasks correctly (Courtney, 2004; Pessoa, Gutierrez, Bandettini, & Ungerleider,
2002). Due to this involvement in multiple WM components, the DLPFC is a desirable target
for neuromodulation in the context of WM training. Given that WM simultaneously
participates in information processing and storage in order to achieve a cognitive target such
as WM (Kane & Engle, 2002), the ability to carry out many activities of daily living is reduced
when WM fails (D’Esposito & Postle, 2015). A large-scale meta-analysis of fMRI studies on
WM (Wager & Smith, 2003) identified 86 peak activations reported by working memory
studies within the DLPFC, with a geometric center of activation in the MNI coordinates x = +
40,y = 34, z = 29. The LH MNI coordinates were used in this study to stimulate the LDPFC
(x=-40,y=34,z=29).
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Figure 1.6.2. The multicomponent working memory model (Baddeley, 2010) represented simplified
as implicated in the brain, in which the central executive assumes the role to exert control and oversee
the manipulation of incoming information for intended execution. ACC, Anterior cingulate cortex.
From Working Memory From the Psychological and Neurosciences Perspectives: A Review by Chai
et al., 2018, https://www.ncbi.nlm.nih.gov/pmc/articlessPMC5881171/figure/F1/ Copyright © 2018
Chai, Abd Hamid and Abdullah.

1.6.4 Working Memory as related to Fluid Intelligence

General fluid intelligence (Gf) is the ability to solve novel reasoning problems and it is
associated with comprehension, problem solving, and learning (Cattell, 1971). Gf isa complex
human ability that allows for thinking adaptation to a new cognitive problem or situation
(Carpenter, Just, & Shell, 1990), it is essential for a broad range of cognitive tasks (Gray &
Thompson, 2004), and it is considered one of the most important factors in learning (Jaeggi,
Buschkuehl, Jonides, & Perrig, 2008). Several studies have explored the positive link between
WM training and Gf (e.g. Engle, Laughlin, Tuholski, & Conway, 1999; Friedman et al., 2006;
Unsworth, Fukuda, Awh, & Vogel, 2014), while other studies debate this relationship (i.e.
Harrison et al., 2013) Some research supports the notion that WM training is a promising way
of increasing Gf (Jaeggi et al., 2008; Sternberg, 2008). Specifically, Jaeggi and colleagues
(2008) reported gain in Gf when a WM training task, the ““dual n-back’’ task, was used which
involved multiple executive processes, including ones required to inhibit irrelevant items, ones
required to monitor ongoing performance, ones required to manage two tasks simultaneously,
and ones required to update representations in memory. The underlying neural circuitries
provide evidence that there is a common ground between WM and Gf in that both seem to rely
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on similar neural networks, most consistently located in lateral prefrontal and parietal cortices
(Gray, Chabris, & Braver, 2003). Furthermore, research in healthy adults (Woolgar et al., 2010)
has shown that domain-general regions, associated with attention, WM, cognitive control and
Gf, are engaged for effortful language processing, including understanding or producing

complex syntactic structures or ambiguous words (Fedorenko, 2014).

1.7 Non-Invasive Brain Stimulation (NIBS)

1.7.1 Transcranial Magnetic Stimulation

Merton & Morton (1980) revealed the possibility to electrically stimulate the motor areas of
the human brain through the intact scalp [transcranial electrical stimulation (TES)], where a
brief, high voltage electric shock was initiated to trigger the motor cortex and produce a rather
synchronous muscle response known as the motor evoked potential (MEP). However, TES was
painful because of activation of pain fibers in the scalp. Barker, Jalinous, & Freeston (1985)
discovered that it was possible to stimulate both nerve and brain using external magnetic
stimulation with little or no pain. TMS is a brief and powerful magnetic field formed by a
strong electric current which circulates within a coil resting on the scalp, that penetrates human
tissue painlessly and, if the current amplitude, duration, and direction are appropriate, it induces
electric currents that can depolarize neurons or their axons in the brain (Hallett, 2007). This
electric field produces a change in the transmembrane current of the neuron, which results to
the depolarization or hyperpolarization of the neuron and the triggering of an action potential
(Walsh & Pascual-Leone, 2003). During TMS, the stimulating coil is held over the subject’s
head and relatively large currents in targeted cortical areas of a person’s brain via electro-
magnetic stimulation are administered, with almost no resistance and, depending on the
targeted brain area, neurons are depolarized and can generate various physiological and
behavioural effects (Horvath, Perez, Forrow, Fregni, & Pascual-Leone, 2011). Depending on
the stimulation parameters, TMS can excite or inhibit the brain, and can be used to map brain
function and explore the excitability of different cortical regions (Hallett, 2000). The
equipment comprises of a high current pulse producer, which is able to yield a discharge current
of several thousand amperes that flows through a stimulating coil, creating a brief magnetic
pulse with field strengths up to several Teslas (Lefaucheur et al., 2014). Large circular coils

(Cc) have a wide action radius, but their use is limited if focal stimulation is desired
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(Lefaucheur et al., 2014), whereas there is better focusing with a figure-of-eight coil (F8c),

which reduces the stimulation zone to a few square centimeters (Thielscher & Kammer, 2004).

TMS can be applied one stimulus at a time (single-pulse TMS), in pairs of stimuli separated by
a variable interval (paired-pulse TMS), or in trains, [repetitive TMS (rTMS); Rossi, Hallett,
Rossini, & Pascual-Leone, 2009]. Single-pulse TMS can be used, for example, for mapping
motor cortical outputs, studying central motor conduction time, and studying causal
chronometry in brain-behavior relations; paired pulse TMS can be delivered to a single cortical
target using the same coil or to two different brain regions using two different coils, or a
peripheral stimulus can be paired with a single TMS stimulus known as paired associative
stimulation (PAS), and can provide measures of intracortical facilitation and inhibition, as well
as study cortico—cortical interactions; rTMS refers to regularly repeated TMS presented to a
single scalp location (Rossi et al., 2009). The aforementioned authors describe “fast’ or *high-
frequency’ rTMS states stimulus rates of more than 1 Hz, and the term ‘slow’ or ‘low-

frequency’ rTMS represents stimulus rates of 1 Hz or less.

Single or paired pulse TMS causes neurons in the cortex under the location of stimulation to
depolarize and release an action potential, and it produces muscle activity (motor evoked
potential - MEP) if used in the primary motor cortex, which can be recorded on
electromyography; but If used on the occipital cortex, ‘phosphenes’ (flashes of light) might be
perceived by the patient, while the participant does not consciously experience any effect in
most other areas of the cortex - except some slight alterations of the behavior (e.g., slower
reaction time on a cognitive task), or possible brain activity changes if sensing equipment is
used (Pascual-Leone et al, 2002). High-frequency rTMS (>1 Hz) has been shown to
temporarily facilitate the neural activity, whereas low-frequency rTMS (<1 Hz) revealed an
inhibitory advantage in which rTMS modified the level of excitability of a particular cortical
area beyond the duration of the rTMS train itself (Kobayashi & Pascual-Leone, 2003). Low
frequency (i.e. 0.2-1 Hz) rTMS results to reduction of excitability in the targeted cortical
region, while higher frequency (5-20 Hz) commonly improves brain excitability (Hallett,
2007).

Rothkegel, Sommer, & Paulus (2010) argued the importance of intervals during excitatory high
frequency stimulation of conventional rTMS in determining excitatory after effect. rTMS
protocols using short bursts of high frequency stimulation such as theta burst stimulation (TBS)
(Huang, Edwards, Rounis, Bhatia, & Rothwell, 2005) indicate that the manifestation of short
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breaks of a specific duration determines whether corticospinal excitability is facilitated or
inhibited; while 40s of continuous TBS leads to inhibition, breaking up this sequence every 2s
for 8s switches inhibition to facilitation (Rothkegel et al., 2010). It is possible that continued
trains of 5 Hz rTMS first increase cortical excitability, resulting to inhibition instead of
facilitation and breaks during the standard high frequency protocol after trains of limited
duration might prevent the threshold surpass of the level of excitability and could change
excitation into inhibition (Rothkegel et al., 2010). They concluded that there is a functional
significance of utilizing breaks during high-frequency rTMS, while a prolonged continuous

train of rTMS tends towards inhibition vs. the classical block design which leads to facilitation.

Recent developments in non-invasive brain stimulation (NIBS) techniques, such as TMS, have
demonstrated interaction with spontaneous brain activity and related sensory-motor and higher
order cognitive abilities through the use of a coil to deliver a brief and powerful magnetic pulse
to the scalp (Pascual-Leone et al., 2011). TMS is a NIBS method of stimulating neurons by
inducing weak electric currents by electromagnetic induction, and synaptic plasticity can be
modified to briefly increase or decrease localized cortical activities when it is applied in rTMS
patterns. RTMS is used to generate synaptic plasticity (Hoogendam, Ramakers, & Di Lazzaro,
2010) and has shown exploratory potential for post-stroke aphasia neurorehabilitation (Keser
& Francisco, 2016). RTMS also signifies a new approach with the potential to regenerate the
central nervous system (CNS) by enhancing neurogenesis in adults (Arias-Carrion, 2008).
Their study was based on rTMS induced neurogenesis, neuronal viability and secretion of

neuroprotective molecules in animal models of Parkinson’s Disease.

The use of TMS in the field of cognitive neuroscience largely depends on its ability to
transiently interact with the stimulated neural network, and it can be used with two distinct
approaches: on-line stimulation and off-line stimulation (Miniussi & Rossini, 2011). The on-
line stimulation is one of the two approaches used where there is simultaneous on-going
cognitive processing interaction when rTMS is applied during the performance of a task, but
with marked deterioration of cognitive performance while there is disruption of cortical activity
(Sandrini, Umilta, & Rusconi, 2011). In an off-line approach, the magnetic stimulation and
task performance are dissociated in time, and the task is applied before or after the brain
stimulation (Sack & Linden, 2003), in which case rTMS affects the modulation of cortical
excitability (increase vs. decrease) and intents to change the cognitive performance (Miniussi
& Rossini, 2011). Studies performed in normal subjects have considered that TMS may lead
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to enhanced cognitive performance (Vallar & Bolognini, 2011). In their review they discussed
how in healthy subjects, most of these effects were temporary (in the range of minutes), but
repeated TMS in follow-up sessions, in combination with learning and plasticity processes,
may prolong the facilitating effects past the end of the stimulation period and provide important
opportunities for long-lasting positive effects (Miniussi et al., 2008). Additionally, Vallar &
Bolognini (2011) noted how excitatory stimulation (i.e. intermittent Theta Burst; HF rTMS)
systematically resulted in behavioural enhancement, whereas inhibitory stimulation (i.e.
continuous Theta Burst; LF rTMS) resulted in a reduction of performance in the task of interest.

Recently though a new approach is being explored through the application of the theta burst
stimulation (TBS) protocol as discussed in Huang et al. (2005) report. It’s largely believed that
TBS protocols produce more reliable, longer-lasting effects on cortical dynamics and on
behavior than other standard forms of TMS (Demeter, Mirdamadi, Meehan, & Taylor, 2016).
The TBS application is the delivery of very short, high-frequency stimulation pulses to the
scalp at intervals, usually three stimulation pulses delivered at 50 Hz (gamma frequency) and
repeated every 200 ms (theta frequency intervals of 5 Hz). When gamma frequency stimulation
applied at a theta rhythm combination, it is believed to mimic theta-gamma coupling which in
turn is assumed to play a role in cognitive functions such as working memory. In continuous
TBS (cTBS) protocols, TBS is delivered in an uninterrupted train for 40 seconds. In
intermittent TBS (iTBS), 2-second trains of TBS are repeated every 10 seconds, for
approximately 190 seconds in total (Huang et al., 2005). TBS is the most commonly used
method of patterned rTMS that produces a rapid facilitation of synaptic transmission in the
stimulated cortex and can persist for over an hour after the initial stimulation session (Huang
etal., 2005). These findings suggest that iTBS may lead to changes in ongoing neural dynamics
at larger spatial scales that reflect changes in the functional organization of distributed

functional networks (Papazachariadis, Dante, Verschure, Giudice, & Ferraina, 2014).
1.7.2 rTMS in Aphasia Therapy

Recent studies have been conducted in order to determine whether rTMS might be used as a
therapeutic option in stroke rehabilitation (Georgiou, Phinikettos, Giasafaki, & Kambanaros,
2020). Szaflarski et al. (2011) used an excitatory stimulation protocol called intermittent theta
burst stimulation (iTBS) to apply rTMS in moderate to severe chronic aphasia patients for 10

daily treatments of 200 seconds, targeting the left Broca’s area. Their study resulted significant
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improvements in language function after 2 weeks of stimulation that were associated with
significant shifts of fMRI signal to the affected hemisphere. Allendorfer, Storrs, & Szaflarski
(2012) performed a pilot study in order to investigate whether excitatory rTMS is able to
stimulate changes in white matter structural integrity in language regions of aphasic stroke
patients that were targeted with excitatory rTMS intervention using Diffusion Tensor Imaging
(DTI). Their study resulted in left hemispheric increases in fractional anisotropy (FA) near the
target stimulation sites for excitatory rTMS and near the regions that showed increased
language fMRI activation in the previously reported fMRI and behavioral study (Szaflarski et
al., 2011). These outcomes support their hypothesis that rTMS may stimulate improvements in
the integrity of the white matter tracts underlying residual left hemispheric language areas.
Allendorfer et al. (2012) concluded that the alterations in cortical excitability induced by
excitatory rTMS may have improved neuronal function at the stimulation site, which resulted
in improved cognitive performance. They reported that the increased integrity of the underlying
white matter may reflect this improved cortical function. Cotelli et al. (2011) reported results
from a pilot study of three chronic stroke patients who had non-fluent aphasia, where placebo
or real rTMS was applied immediately followed by 25 minutes of individualized speech
therapy. In their study, real rTMS consisted of high-frequency 20 Hz rTMS over the left
dorsolateral prefrontal cortex for 25 minutes for a total of four weeks of intervention.
Assessments took place at 2, 4, 12, 24, and 48 weeks post-entry/baseline testing, where they
found a positive effect still present at 48 weeks after the beginning of the combined rTMS-
speech therapy intervention. While their study provided supporting evidence of a long-lasting
effect of combined rTMS and behavioral therapy to achieve successful outcomes in aphasia
therapy, the small patient number was a major limitation (Cotelli et al., 2011). In another study,
Thiel et al. (2013) explored the possibility to support recovery from post-stroke aphasia when
rTMS is combined with SLT. They recruited post-stroke aphasia patients in the subacute phase
who were randomized to a 10-day protocol of either 20-minute inhibitory 1 Hz rTMS over the
right triangular part of the posterior inferior frontal gyrus or sham stimulation. In their study
both groups received 45 minutes of speech and language therapy subsequent to rTMS. The
participants in their study demonstrated a highly significant treatment effect with the
intervention group experiencing a significantly larger improvement in language test scores than
the sham group. Thiel et al. (2013) concluded that inhibitory rTMS in the unaffected
hemisphere, combined with SLT improves recovery from post-stroke aphasia and promotes

recruitment of left-hemispheric language networks. Similarly, Rubi-Fessen et al. (2015) also
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explored how rTMS combined with speech language therapy (SLT) might improve both basic
linguistic skills and functional communication in individuals with subacute aphasia. Their
study provided a 2-week treatment to patients with subacute aphasia after stroke. Half of the
participants received 10 sessions of 20-minute inhibitory 1-Hz rTMS over the right inferior
frontal gyrus (Brodmann area 45), and the other half received sham stimulation. All the
participants of that study received 45 minutes of speech and language therapy immediately
after the 20-minute stimulation application. Results showed significant improvement in
participants who received real rTMS with respect to all 10 measures of basic linguistic skills
and functional communication, whereas sham-treated participants significantly improved in

only 6 of 10 measures (Rubi-Fessen et al., 2015).

1.7.3 Dorsolateral Prefrontal Cortex (DLPFC) Stimulation as a treatment

method to improve Working Memory

Contemporary neuroscientific techniques such as TMS are just beginning to be explored for
the purpose of cognitive enhancement. TMS is one of the most utilized methods for the purpose
of altering cognitive function including WM, for a number of neurological disorders including,
stroke (Kim, Hong, Kim, & Yoon, 2019). Recently, Georgiou, Lada, & Kambanaros (2019)
conducted a systematic review to assess the efficacy of rTMS in the field of post-stroke aphasia
rehabilitation. In total, 10 RCTs underwent review for their methodological quality and
comprehensive summaries of the best available evidence on this topic. Even though there is
evidence that low frequency (1 Hz) rTMS has the potential to improve aphasia post-stroke

irrespective of severity, the evidence was inconclusive.

Recently, Georgiou, Konstantinou, Phinikettos, & Kambanaros (2019) reported the findings of
neuronavigated cTBS over the right pars triangularis (Tr) for two individuals with chronic
aphasia post-stroke. Baseline linguistic and quality of life measures were collected prior to the
treatment study. Continuous TBS was carried over 10 consecutive days for 40 secs per sessions.
Immediately post-treatment and later at 3-months follow up, participants were reassessed on
baseline linguistic and quality of life measures. Results from one individual revealed
improvement in language skills in the post-treatment phase, but language abilities reverted to
baseline scores at follow-up. Results from the second participant revealed neither improvement
nor decline in language abilities at baseline to post-treatment and follow-up stages.

Furthermore, improvement in quality of life was reported by one. An investigation performed
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in healthy subjects compared sham and active iTBS to the LDLPFC (Hoy et al., 2016). Their
study results were acquired from the classic n-back task with the use of letter stimuli (2-back
and 3-back memory loads) and showed that iTBS significantly improved WM, producing a
robust improvement in 2-back accuracy at 20- and 40-minutes post-stimulation. In a different
study to explore the ability of cTBS and iTBS to modulate working memory and executive
functions, Marron et al. (2017) applied a single session of either active cTBS, active iTBS or
sham TBS to the left DLPFC of healthy participants. In their results, both, iTBS and cTBS,
yielded improvements in the Digit Backward task and the Word score of the Stroop test and
they concluded that TBS over the DLPFC modulates working memory performance and

executive processes.

Demeter et al. (2016) investigated the relationship between the LDLPFC activity during
encoding and successful subsequent memory with TMS. In their study the participants received
2 s of sTBS to either left DLPFC or to the control region (Vertex) followed by the item-
encoding task (viewing three sequential nouns on the screen). Participants were asked to think
about the meaning of the word and indicate whether the item was best categorized as concrete
or abstract. Following the encoding, the participants performed an item recognition test to
indicate whether the word was studied or unstudied and to indicate how confident they were of
their decision. Demeter et al. (2016) found that subsequent memory was enhanced on the day
left DLPFC was stimulated, relative to the day Vertex was stimulated, and that DLPFC
stimulation also increased participants’ confidence in their decisions during the recognition
task.

Relevant studies intended to verify the hypothesis that the DLPFC plays a crucial role in WM
by using the TMS technique, commonly agreed that the DLPFC is involved in the performance
of WM tasks, mainly in tasks involving maintenance and manipulation of information (Balconi,
2013; D’Esposito, Postle, & Rypma, 2000). As executive function and working memory were
attributed to prefrontal cortex, it is expected that rTMS will influence significantly these
cognitive domains (Guse, Falkai, & Wobrock, 2010). Miniussi & Rossini (2011) argue that the
overall notion of brain stimulation is that by generating changes in cortical excitability,
recovery or reorganization of the functional network responsible for the impaired cognitive
function will result. Numerous research articles discuss how the application of high frequency
rITMS of >5 Hz targeting the LDLPFC of patients with major depression, resulted with a
positive output on working memory skills (Boggio et al., 2005; Demirtas-Tatlidede,
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Vahabzadeh-Hagh, & Pascual-Leone, 2013; Kuroda et al., 2006; Martis et al., 2003; Schulze-
Rauschenbach et al., 2005). Boggio et al. (2005) performed 10 sessions of rTMS over the left
DLPFC, aiming to treat depression in patients with Parkinson’s disease, and specifically
investigated the cognitive effects. The authors compared the effects of real rTMS and placebo
drug with sham TMS and fluoxetine, with both groups showing improvements in executive
functions and visuospatial ability domains. The rTMS protocol used in their study included
placing the coil over the left DLPFC, using 40 trains of 5 seconds each, at an intensity of 110%
of motor threshold and 15 Hz frequency. This protocol was applied in each patient for 10 days
over a 2-week period. Over the 2-week period, there was no significant deterioration in any
neuropsychological score in both groups. On the contrary, both treatments (rTMS and
fluoxetine) were associated with improvement of neuropsychological performance. Results
showed a significant effect of time point for Wisconsin perseverative errors, Hooper, Stroop

(colored words), and Stroop (interference card) scores.

As far as open studies are concerned, all of them investigating the cognitive effects of rTMS
in depression stimulated the left DLPFC via high frequency rTMS, with remarkable
improvements in one or more cognitive domains in most of these trials (Demirtas-Tatlidede et
al., 2013). In Martis et al. (2003) open study the aim was to investigate a potential treatment
for depression. Participants were 15 subjects with treatment-resistant major depression
received high frequency rTMS on a daily basis (Monday-Friday). Left prefrontal rTMS was
delivered for 10-20 sessions over 2—4 weeks. In their study they applied 20 5-s trains of 10 Hz
at 110% motor threshold (MT), with 30-s inter-train intervals. Subjects received a particular
series of neurocognitive tests either the day before or the morning preceding to the first rTMS
treatment (baseline) and nearly 3 days following the last rTMS treatment. Their study resulted

in improved working memory, executive function, objective memory, and fine motor speed.

Another study (O’Connor et al.,, 2003) investigated two procedures with 14 subjects
undergoing treatment with electroconvulsive therapy and 14 with rTMS. The participants who
received rTMS were administered 1600 stimuli in 20 trains of 8-second during with 24-second
inter-train intervals, at 10 Hz at an intensity of 90% of the motor threshold, in daily sessions
for 2-4 weeks. The participants were first tested on the first day of treatment, then at the end of
the treatment course, and lastly 2 weeks after the final treatment session. Their results indicated
that although the rTMS participants did not show significant mood improvement, they showed

improvement in the working memory tasks during letter-number sequencing, improvement in
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new learning tasks during acquisition, retention, and retrograde memory. The group of subjects
who received the electroconvulsive treatment protocol had a better improvement in mood but
demonstrated deficits on tests of working memory, acquisition, retention and retrograde

memory, with significant cognitive recovery 2 weeks later.

Rektorova, Megova, Bares, & Rektor (2005) applied one session of high frequency rTMS over
the left DLPFC to determine if this would induce any measurable cognitive changes in patients
with cerebrovascular disease and mild cognitive deficits. The study was performed on seven
patients with cerebrovascular disease without dementia, who had mild executive deficits. One
session of rTMS involved 3 rTMS blocks, each block separated by a 10-min break. In each
block, fifteen 10-pulse trains, each of 1 s duration, were delivered at a stimulation frequency
of 10 Hz, with a between-train interval of 10 s, at a motor threshold intensity. Overall, the
protocol delivered 450 stimuli over a period of 30 min. Each patient received two rTMS
sessions, on day 1 and day 4, either over the left DLPFC (active stimulation site) or over the
left motor cortex (control stimulation site). While the only mild but significant stimulation site-
specific effect of rTMS was observed in the Stroop interference after the stimulation of DLPFC,
improvement was also noted in other neuropsychological tests results, including the Trail
Making Test, the Digit Span, and the Rey-Osterrieth Complex Figure Test-Delayed Recall.

Another study intending to compare the neurocognitive effects of unilateral electroconvulsive
therapy (ECT) and rTMS in major depression, 30 patients received 10 treatment sessions of
either therapy (Schulze-Rauschenbach et al., 2005). The group of patients receiving rTMS
received therapy 2 or 3 times per week and the protocol involved stimulation application over
the left dorsolateral prefrontal cortex with an intensity of 100% and a frequency of 10Hz, 20—
30 trains of 2 seconds duration per treatment session, 5 seconds intertrain interval. After
treatment, significant differences between the ECT and rTMS treatment groups emerged for
specific memory functions and were in favor of rTMS. In the rTMS group, some objective
memory measures and the subjective memory rating improved in parallel with the

improvement in mood and reached normal performance levels.

Although TMS is being used to investigate the relationships between brain correlates, memory
functions and behavior, very few studies have investigated how TMS may impact memory

performance in order to restore language functions in PWA.
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1.8 Computerized Assisted Cognitive Training in Adult Rehabilitation

There are many treatment methods to train and improve cognitive functions, including
computer assisted cognitive rehabilitation (CACR). In a very early study where CACR was
used as a cognitive rehabilitation method, the purpose was to improve the memory of patients
with closed-head traumatic brain injury (TBI; Glisky et al., 1986). In this study, four
participants with TBI and related memory impairments, were trained to learn new computer
commands while performing multiple trials in each of the three sessions. Gliskly et al., (1986)
found that the participants were able to acquire and retain the knowledge necessary to perform

a variety of computer functions.

Westerberg et al. (2007) examined the effects of WM training in adult patients with stroke
(chronic stage) using a computerized WM training method based on the software product
RoboMemo (Cogmed Cognitive Medical Systems AB, Stockholm, Sweden). The WM training
tasks involved: (a) maintenance of multiple stimuli at the same time, (b) short delays during
which the representation of stimuli should be held in WM, and (c) the unique sequencing of
stimuli order in each trail. The software adapted the difficulty level based on individual
performance. The training plan required the participants to complete 90 trials each day for
about 40 minutes, five days a week for five weeks., on a personal computer (PC) at home.
Westerberg et al. (2007) found that even one to three years after a stroke, intensive training can
improve an individual’s WM and attention performance with generalized results to cognitive
functioning in daily living. A further study (Lundgvist, Grundstrm, Samuelsson, & Rénnberg,
2010), used computer-assisted training called “QM” (formerly called ReMemo) to train
working memory in brain-damaged patients. The participants were diagnosed with trauma,
stroke, infection (encephalitis), tumour, and subarachnoid haemorrhage (SAH). QM presented
memory stimuli in a computerized system with visuospatial and verbal WM tasks on a PC.
WM training included 45-60 minutes of intense training per day, 5 days per week, for 5 weeks.
The visuospatial WM tasks required the participant to remember the position of the presented
stimuli and reproduce it; the verbal WM tasks required the subject to remember verbally
presented sequences of letters and digits forwards and/or backwards and respond by localizing
and remembering the stimuli. Their findings revealed that the participants showed
improvement on computer exercises, neuropsychological tests and overall health ratings, but
not on quality of life ratings.
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Lojek and Bolewska (2013) examined the effects of CACR in craniocerebral and
cerebrovascular brain-damaged patients with attention and memory dysfunction, using the
“RehaCom” program and the Polish computer therapy program for people with aphasia called
“AfaSystem”. The participants were divided into two groups: (a) Patients with attention and
memory dysfunctions and (b) Aphasia patients. Participants in group (a) received the RehaCom
training and participants in group (b) received the AfaSystem treatment. RehaCom training
included attention (pick one picture from a group which is identical to the model) and memory
tasks (memorizing and recognizing objects from a set of pictures moving horizontally across
the screen). The AfaSystem involved oral expression, comprehension, and therapy in reading
and writing. The participants with memory and attention dysfunctions patients showed
significant improvement only in the trained functions of the RehaCom exercises but did not
show generalized improvement in these functions; some improvement was found, in the
patients with aphasia group with respect to oral expression and speech functions involving
writing. Another study (Yoo, Yong, Chung, & Yang, 2015), used the RehaCom software
examined the effect of CACR for the rehabilitation of stroke patients. The cognitive training
program was applied for a total of 5 weeks, 5 times/week, 30 min each session. It was composed
of attention, focus, memory, spatial imagination, visual impairment, and visuomotor
coordination. Participants were divided in two groups: (a) a training group which received
rehabilitation therapy and an additional CACR and (b) a control group which received
rehabilitation therapy only. Their results of the training group presented statistically significant
improvement on some cognitive tasks, including in digit span, visual span, visual learning,
auditory continuous performance, and visual continuous performance, but not in verbal

learning, trail making, and functional independence measure.
1.9 Quality of Life related to Aphasia

Quality of life (QoL) is defined as ‘a person's sense of well-being resulting from satisfaction
or dissatisfaction with the areas of life that are important to them (Ferrans & Powers, 1992).
When focusing on the health-related quality of life (HRQL), the attention is on the impact of a
health state on a person’s ability to lead a fulfilling life (Bullinger, Anderson, Cella, &
Aaronson, 1993), and it incorporates the individual’s perception of and satisfaction with his/her
physical, mental/emotional, family and social functioning (Berzon, Hays, & Shumaker, 1993).
It is well known that stroke and aphasia can seriously affect communication related QoL (Mile,
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2018) while PWA encounter substantial changes of their communicative functioning that can
lead to reduced activities and participation in everyday life (i.e. Howe, Worrall, & Hickson,
2008). Consequently, aphasia — and especially limitations of functional communication — were
shown to cause reduced QoL (Cruice, Worrall, Hickson, & Murison, 2003; Hilari, Needle, &
Harrison, 2012). It is well documented that people with aphasia are often among the most
severely affected stroke survivors as they portray high levels of depression and social
exclusion, and low levels of leisure and other social activities, social contacts and quality of
life (Hilari et al., 2009). The study of QoL in aphasia is a growing subject, and it is considered
as a highly important topic as there is a common agreement among speech-language pathologist
that effective communication is integral to a good quality of life: a) improving quality of life
is the ultimate goal of aphasia rehabilitation; b) understanding the patients’ perspective of their
own quality of life is essential in targeting appropriate and effective interventions; c) the
relative impact of aphasia, compared to other impairments, can most clearly be seen through
measures of quality of life; and d) measuring quality of life is a very important outcome
measure that can be used for accountability purposes (Worrall & Holland, 2003). Studies have
shown that HRQOL issues indicate the impact of health on a person’s ability to live a generally
fulfilling life (Bullinger et al., 1993). While quality of life refers to the level of comfort,
enjoyment, and ability to pursue daily activities, stroke rehabilitation programs aim to produce
changes in people’s sense of well-being and quality of life (Intercollegiate Stroke Working
Party, 2012). Lam and Wodchis (2010) studied health-related factors affecting quality of life
and results showed that aphasia has the largest negative impact on quality of life, more than
cancer and Alzheimer's disease. They indicated the negative effects of aphasia on an
individual's quality of life included their inability to communicate and engage with their family,
friends, doctors and their wider community. In a different study, Spaccavento et al. (2013)
focused particularly on difficulties in interpersonal relationships, on loss of independence, and
on abilities in daily life as a result of language disorders. They found that improvement in the

severity of language deficits also causes an improvement in quality of life.
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1.10 Reporting Working Memory Interventions as the sole therapy strategy
In post-stroke aphasia: A critical review of the literature using the
TIDieR checklist

For several years, language impairments were considered isolated impairments from other
cognitive domains. However, recent studies have exposed the relationship between language
and other cognitive domains, such as memory, attention and executive functions (Caplan et al.,
2013). Studies explored the relationship between language and memory processing, indicating
an extensive variety of memory deficits in the aphasia literature while implicating STM and
WM (Potagas, Kasselimis, & Evdokimidis, 2011), with early indications of this relationship
dated almost 100 years ago (Kasselimis, 2015). These findings underline the importance of
exploring WM treatment in PWA.

Over the last decades, increased attention has been given in understanding how interventions
work (Ferguson, 1999), which was linked to the concept of treatment theory i.e., “the actual
nature of the process that transforms received therapy into improved health” (Keith & Lipsey
cited in Turkstra, Norman, Whyte, Dikers, & Hart, 2016, p. 164). They suggest that
interventions should be specified according to three elements of treatment theory: targets
(functioning intended to change following intervention), ingredients (clinician’s actions that
effect change in target); and mechanisms of action (known or hypothesised ways that
ingredients exert effect) (Turkstra, Norman, Whyte, Dijkers, & Hart, 2016). Recently, the
Template for Intervention Description and Replication (TIDieR) checklist was developed to
assist with specifying interventions in a way to enable comparison, replication and
implementation (Hoffmann et al., 2014). This checklist includes 12 items, considered to be the
minimum needed to describe an intervention: (1) brief name of the intervention; (2) the
rationale, theory, or goal of intervention; (3) intervention materials; (4) intervention
procedures; (5) who provided the intervention; (6) delivery mode; (7) place of delivery; (8)
when and how much intervention provided; (9) tailoring (i.e., personalisation); (10)
modifications (i.e., unforeseen modification at a study level); (11) planned intervention
adherence/fidelity measures (how and by whom); and (12) actual intervention

adherence/fidelity measures (see Hoffmann et al., 2014, for further description of items).

This review is aiming to support the research community for a better understanding of how

WM impairments at the level of information maintenance and manipulation interact with
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language abilities. It is clear that WM impairments have an impact on communication, which
in turn has a negative chain reaction in the person’s quality of life. The main purpose of this
review paper is to determine: 1) what type of WM treatment procedures have been used
specifically with PWA to improve language skills in the last decade and 2) how successful

were these WM treatments.

During the current investigation it became apparent that there is limited scientific evidence
where the WM training approach was used as a sole treatment method. For the purposes of this
study a systematic search was undertaken, and data was retrieved from electronic databases,
specifically from PubMed search (see Figure 1.10.1) to investigate whether WM training was
used in PWA as the only treatment method to improve language abilities. A comprehensive
search of existing peer-reviewed studies was conducted using multiple strategies. First,
keyword database inquiries were conducted in PubMed database. In the search, the keywords
used were “working memory intervention in aphasia” and all possible combinations of
keywords were used. Database filters limited the search to articles published between 2009 and
May 2019. To be eligible for inclusion in the systematic review, each study was required to
meet all of the following inclusion criteria. First, studies must have included a sample of adults
who were diagnosed with aphasia due to stroke. Second, studies must have involved an
intervention which used only WM as a treatment method aiming to improve language. Third,
study designs were limited to trials that included at least two points of measurement, one at
baseline and another at a point in time afterward to measure the efficacy of the intervention.
Finally, studies must have been published in English. Studies involving other neurological
disorders (e.g. traumatic brain injury) or a combination of interventions (e.g. WM training and
speech-language therapy) were excluded. The process of study selection and determination of
eligibility is summarized in graphical form consistent with Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) guidelines in Figure 1.10.1.

50



Records identified through
= database searching
=] (n=126)
©
2
=
=]
c
[}
o A J
Records after duplicates removed
— (n=126)
'
v
o Records screened Records excluded
£ (n = 126) > > 10 years old
5 (n=57)
=
(%)
W
Records screened N Records excluded
(n=69) "I - lrrelevant content (n=56)
)
=
% Full-text articles excluded, with
o Full-text articles assessed reasons
w for eligibility » - included language therapy (n = 4)
(n=13) - review papers (n = 2)
L) - no treatment (n = 2)
) L 4
- Studies included in
= qualitative synthesis
S
2 (n=5)
=
—

Figure 1.10.1. PRISMA (Liberati et al., 2009) flow chart for the selection of studies investigating

WM as a sole treatment for rehabilitation of aphasia

During the last 10 years, only five studies report using a WM intervention in PWA, because of
stroke as the sole method of treatment for the language deficits. The findings of this research
are summarized in Table 1.10.1, with regards to the type of WM treatment, the frequency of
the treatment, the dosage of the treatment, and the effects of the treatment on WM (near transfer

outcomes) and language abilities (far transfer outcomes).
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Table 1.10.1. Studies using WM interventions in PWA as the sole method of intervention to improve language abilities.

Study

Eom & Sung,
2016

Zakarias,
Keresztes,
Marton, &
Wartenburger,
2018

N

6

3

Aphasia Type

3 Anomic
2 Broca

1 Wernicke

1 Anomic

2TMA

Native
Language

Korean

Hungarian

Treatment

duration

4 weeks

(12x 1-hour

sessions)

4 weeks

(13x 20-
minute

sessions)

WM training

tasks

Sentence
Repetition-Based
Working Memory

Modified

n-back task with

“lures”

Near transfer Treatment

Outcomes

Improved significantly in:

- sentence repetition accuracy of

treated and untreated items

- digit-forward, digit-backward,

and word-forward

1 PWA improved significantly in
the visual 1-back; tendency for an

increase in the visual 2-back

1 PWA improved significantly in
the visual 1-back

Far transfer treatment outcomes

Improved significantly in:
- sentence comprehension accuracy
Improved aphasia quotient

- repetition and naming

Improved numerically in fluency and

comprehension

2 PWA improved significantly in TROG-H

sentence comprehension

2 PWA improved significantly, 1 PWA
showed tendency for improvement in
TROG-H number of blocks correct
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Salis, 2012

Salis, Hwang,
Howard, &
Lallini, 2017

1

5

TMA

Not specified

English 13 weeks
(26X 30-
minute
sessions)
Not 13 weeks
specified (26X 30-
(English) minute
sessions)

- listening span
tasks of serial

word recognition

- matching
listening span that
required judgment

of sameness

- listening span
tasks of serial

word recognition

- matching
listening span that
required judgment

of similarity

1 PWA did not show significant

improvement in either n-back task

Numerical improvement in Digits
forward and Digits backward
from the WMS

Numerical improvements in Digit

listening span from PALPA

no statistically significant changes

- Improved digit matching
listening span of 3 participants by

one or two items

2 PWA remained stable on the BNT

1 PWA showed tendency for improvement
on the BNT

Subtest 1 “Touch the green square” from the
TT did not change

Numerical improvement in Subtest 2 “Touch

the large green square” from the TT

Significant improvement on the TROG
Significant improvement in

the number of repetitions requested in the
TROG

no statistically significant changes

- Improved sentence comprehension of 3
participants in the TROG by 4-5%, and in
the TT by 4-10%.
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Harris, Olson, 2 1 Broca’s
& Humphreys,
2014

1 expressive

aphasia

Not
specified
(English)

2 treatments,
each lasted 10
weeks (10 x
90-minute

sessions)

Treatment 1:
- pSTM training
Treatment 2:

- SSTM training

Both participants improved
significantly in nonword recall

after nonword (pSTM) treatment

significant improvement

following the real word (SSTM)
therapy

evidence of type-specific generalisation to

sentence comprehension

- the pSTM patient showed improvement on

sentence repetition after the pSTM treatment
- the SSTM patient improved sentence

anomaly judgement after the sSSTM but not
the pSTM treatment.

Key: TMA = Transcortical Motor Aphasia; TROG = Test for the Reception of Grammar; H = Hungarian; BNT = Boston Naming Test; WMS = Wechsler
Memory Scale; TT = Token Test; STM = Short-Term Memory; pSTM = Phonological short-term memory; sSTM = Semantic short-term memory
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This review uses narrative synthesis (Barnett-Page & Thomas, 2009) organised by the
systematic application of the TIDieR checklist (Hoffmann et al., 2014) to the 5 studies
appraised. The use of a narrative method allows for flexibility and accommodation of a range
of study types (Mays, Pope, & Popay, 2005), whereas the synthesis part attempts to move
beyond textual summary and description in order to generate comparative understanding, new
insights and knowledge (Barnett-Page & Thomas, 2009; Mays et al., 2005). As the purpose of
this review is to investigate what has been done so far regarding the use of WM as the preferred
intervention method in aphasia, the TIDieR checklist was used as a framework to organise the
investigation of intervention reporting, and not with the purpose to replicate any of the studies.
A particular focus was given on reporting the commonalities among treatments and their
outcomes. The review of the 5 selected publications is organised below in the order it appeared
in the search results.

1.10.1 Primary paper: The Effects of Sentence Repetition—-Based Working Memory
Treatment on Sentence Comprehension Abilities in Individuals with Aphasia
(Eom & Sung, 2016)

Item #1: BRIEF NAME

Sentence repetition—-based working-memory (SR-WM) treatment - maintenance and

computation of linguistic units by facilitating a chunking strategy.
Item #2: WHY

To increase sentence-repetition abilities and the treatment effects to elicit generalization to

sentence-comprehension abilities, WM-span tasks, and general language-assessment tasks.

Item #3: WHAT

Materials: Sentence stimuli for the current treatment included five different syntactic
structures: (a) active sentences with two-argument verbs (five words, 10-11 syllables), (b)
passive sentences (five words, 12-13 syllables), (c) active sentences with three-argument verbs
(seven words, 13— 15 syllables), (d) conjoined sentences (eight words, 16-17 syllables), and
(e) centre-embedded sentences with a subject-relative clause (eight words, 16-17 syllables). A
total of 30 sentence stimuli served as treatment sentences with six items for each syntactic

structure.

Item #4: PROCEDURES
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Six individuals with aphasia participated in the study. All participants with aphasia suffered a
single left-hemisphere stroke, were right-handed, and were native speakers of Korean, were in
chronic status (post-onset > 6 months), had no serious dysarthria and apraxia of speech, and no
history of neurological disease and sensory deficits.

The major principles of this WM treatment protocol included two components: (a) maintain
information in a short-term storage buffer while sentence length increases and (b) compute
syntactic structures while syntactic complexity increases. The current protocol consisted of
four steps: (1) Sentence Repetition; (2) Chunking Strategy; (3) Reading a Whole Sentence; and
(4) Sentence Repetition.

During the first step, auditory repetition was involved for the presented verbal sentence and it
implicated short-term information maintenance and rehearsal in order to perform step 2,

regardless of participants’ response accuracy.

During the second step, the WM component of computing the segmented linguistic units was
involved. Written stimuli cards were randomly presented by the examiner on a desk, in which
sentences were separated word-by-word through chunking linguistic information on the basis
of the word. The participants were asked to rearrange the cards in the order the verbal sentence
was presented in the first step. If the participants produced correct responses, the examiner read
the target sentence aloud and proceeded to the next step. When participants showed incorrect
responses, they listened to the target sentence one more time and rearranged the cards, trying
for the correct order. When participants responded to the task incorrectly even after the second

chance, the examiner provided the correct answer by rearranging the cards in the correct order.

During the third step the WM component is implicated by asking participants to rehearse the
integrated information as a whole sentence, while the target sentence is presented verbally as
the participants were looking at a card written with the whole sentence. The participants were
then asked to read the whole sentence aloud. If the response was correct, the examiner read the
target sentence aloud and proceeded to the next step. If the participants responded incorrectly,

the examiner read the target sentence aloud and asked participants to read it one more time.

Finally, during the fourth step the examiner asked the participant to repeat the target sentence
after the examiner, followed by feedback on the participant’s accuracy on the target. When

participants elicited correct responses, the examiner read the target sentence aloud and
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proceeded to the next sentence. When participants showed incorrect responses, they listened to

the target sentence one more time and also proceeded to the next sentence.

Two sets consisting of 15 sentences each were designed to give the total of 30 treatment stimuli.
Each 15-sentence set contained all five syntactic structures with three for each structure. Each
treatment session contained five different syntactic structures by varying the length and
complexity in the following order: (a) active sentences with two-argument verbs, (b) passive
sentences, (c) active sentences with three argument verbs, (d) conjoined sentences, and (e)
center embedded sentences with a subject-relative clause.

Item #5: WHO PROVIDED

The first author (Bora Eom) conducted assessment and treatment for all participants, although
both authors designed the experiments and implemented the theoretical framework. They were
speech-language pathologists at the Department of Communication Disorders, Ewha Womans

University, Seoul, South Korea, and no additional training for this research was specified.
Item #6: HOW

Intervention was provided on a one-to-one and face-to-face basis. The study used a pre-
test/post-test design. The pre-test was performed before treatment and the post-test was
conducted immediately after treatment. Only single tests for pre- and post-assessment were
administered due to the fact that the treatment was based on a repetition protocol and repeated

exposures to the stimuli before treatment could have contaminated the treatment data.

Item #7: WHERE

Location was not specified

Item #8: WHEN and HOW MUCH

Treatment consisted of 12 sessions, administered three times a week with each session lasting
approximately 1 hr. For each treatment session, the examiner administered a set of treatment

stimuli, repeating each set six times over 12 sessions.

Item #9: TAILORING

The sentence stimuli for the repetition-based WM treatment protocol consisted of sentences
that varied in length and syntactic structures. Sentence-repetition stimuli used decontextualized
vocabulary to maximally tap into a short-term storage buffer.
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Item #10: MODIFICATIONS

In the current study, the colours were used as each noun phrase in a sentence to minimize top-

down semantic processing.

Items #11 and 12: HOW WELL

Not reported
Summary

Eom and Sung (2016) applied a sentence repetition-based working-memory (SR-WM)
treatment to maintain and compute linguistic units by using a chunking strategy. This treatment
resulted in substantial increased repetition ability in both treated and untreated sentences and
in generalization effects on the WM measures and general language tasks, including
improvements in fluency, sentence-comprehension task, repetition, and naming domains.
Improved performance on sentence repetition as well as other linguistic domains was noted
using the SR-WM treatment approach, by manipulating syntactic structures and minimizing
top-down semantic processing. Based on the results, the clinical and theoretical importance of
investigating whether WM treatment operates as a potentially underlying treatment approach

that facilitates the distributed network associated with language processing.

1.10.2 Primary paper: Positive effects of a computerised working memory and executive

function training on sentence comprehension in aphasia (Zakarias et al., 2018)

Item #1: BRIEF NAME

Adaptive WM training task (a modified n-back task)
Item #2: WHY

This research was based on recent studies that suggest that WM, together with certain executive
functions (EFs), can play a role in sentence comprehension in IWA, and that WM can be
improved with intensive practice. The purpose of this study was to investigate whether a
combined WM and EF training improves the comprehension of spoken sentences in IWA. The
following questions were to be answered: (1) Can WM and EFs be enhanced through training
in IWA? If yes, (2) does the training lead to near transfer effects on WM and EFs? (3) Does

the training lead to far transfer effects on sentence comprehension as well?

Item #3: WHAT
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Materials: All computerised tasks were run by Presentation® software (Version 14.1) on an
IBM T40p ThinkPad®. An n-back task with “lures” was created to target both WM and

interference control.

Item #4: PROCEDURES

The study recruited three participants with chronic aphasia for the training phase and a control
group which consisted of five IWA who participated only in the pre-test and the post-test, but
not in the training sessions. All participants had a single left hemisphere infarct, spoke
Hungarian as their native language and were righthanded. Their visual acuity was intact and
hearing was within normal limits. A pre/post-test case control design was used. All participants
underwent an initial assessment of their language skills (Western Aphasia Battery) and
intelligence (Raven Progressive Matrices), completed two n-back tasks, and two language tasks
as outcome measures. One day after the completion of the training, participants completed two

post-test sessions identical to the two pre-test sessions.

The participants were presented with a stream of letters and were asked to press a button when
a letter was the same as the one appearing n-trials prior to the current presentation. Training
included sequential letter presentation on a computer screen at a rate of 3 seconds (stimulus
length: 1000 ms; interstimulus interval: 2000 ms) per trial. In each trial, the stimulus was
sampled from a pool of eight letters: B, F, K, H, L, S, C, and N. The participants’ response was
performed manually by pressing the SPACE bar of the computer’s keyboard and a response
was not required for non-target items. Each training session included eight blocks consisting
of 16 + 5*(n —1) trials including 5 targets. The level of difficulty of an upcoming block was set

adaptively, based on performance on the previous block.

Item #5: WHO PROVIDED

Three experimenters (two trained speech and language therapists and one trained nurse)
conducted the study. They all received the same instructions regarding the training procedures.

Each session was conducted by one experimenter.
Item #6: HOW
Intervention was provided individually, face-to-face

Item #7: WHERE

Location was not specified
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Item #8: WHEN and HOW MUCH

IWA in the training group participated in 13 training sessions (approximately 20 minutes each
session) over a period of four weeks (3-4 times a week for a month). The choice of 20-minute
duration was determined by previous studies showing that sessions of this duration were
successful in producing training and transfer effects in healthy adults and children, without

exhausting participants.

Item #9: TAILORING

This treatment was based on the classic n-back model that focuses on updating WM (Logan,
1994).

Item #10: MODIFICATIONS

This protocol incorporated lures into the classic n-back task; letters that were the same as the
one presented n—1 or n + 1 (but not n) trial before (Kane et al., 2007; Novick et al., 2013).

Items #11 and 12: HOW WELL

Not reported
Summary

Zakarias et al. (2018) used a computerised adaptive WM training task with a modified n-back
task where the participants were presented with a stream of letters and were asked to press a
button when a letter was the same as the one appearing n-trials prior to the current presentation
(classic n-back). Additionally, lures were incorporated into the task where letters that were the
same as the one presented n—1 or n + 1 (but not n) trial before. Their study included three
Hungarian-speaking PWA aiming to improve sentence comprehension, three to four times a
week for a month, for a total of 13 20-min sessions. The authors detected a mixed pattern of
training and transfer effects across participants in which: (a) one participant improved in the
training task as well as untrained WM tasks and spoken sentence comprehension (b) one
participant improved in the training task and spoken sentence comprehension but did not show
improvement in other measures of WM; and (c) one participant did not show improvement in
the training task but did show increases in performance, for sentence comprehension and
untrained WM. The results of this study showed that WM and EFs could be improved through
computerised training in a sample of individuals with chronic aphasia and this enhancement

may have led to the improvement in spoken sentence comprehension.
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1.10.3 Primary paper: Short-term memory treatment: Patterns of learning and

generalisation to sentence comprehension in a person with aphasia (Salis, 2012)

Item #1: BRIEF NAME

STM training using listening span tasks of serial word recognition.
Item #2: WHY

This study was constructed on previous evidence which argue that STM deficits affect
phonological encoding, lexical-semantic processing, phrase production, and sentence
comprehension. Thus, it supports the supposition that there is a link between STM and sentence

comprehension. The research questions were: (1) Would STM training improve STM?

(2) Would improvements from the STM training generalise to improvements in comprehension

of sentences?

Item #3: WHAT

Materials: Treatment probes included listening span tasks of different length, i.e., number of

nouns. No additional training was provided to intervention providers.

Item #4: PROCEDURES

The study recruited one IWA in the chronic stage. The participant presented with transcortical
motor aphasia according to the Western Aphasia Battery but with a marked comprehension
deficit. Sentence repetition ability on the PALPA sentence repetition subtest revealed major
difficulties with repetition of function words and bound morphemes (omissions in particular).
Word order was preserved in the majority of sentences. Language output was non-fluent,
typically telegrammatic, with two to three-word utterances comprising mainly nouns, absence
of function words and very few verbs. Comprehension demonstrated moderate to severe
problems. Pre-test included digits forward and digits backward; Subtests 1 and 2 of the Token
Test; the Test for the Reception of Grammar (TROG); and a listening span. Five pre-treatment

baselines were taken over two weeks.

Treatment first began with list spans of five monosyllabic words, then six monosyllabic words.
There were 18 trials in each of these list spans, followed with list spans of three polysyllabic
words (3—4 syllables) with 14 trials. So, in the probes using monosyllabic words there were 18

trials per probe. In the probes using polysyllabic words there were 14 trials per probe.
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The participant listened to two lists of nouns (A then B) and had to judge if the two lists were
the same or different. The items in each list were presented at a rate of one word per second in
a normal speaking voice without prosody. If the participant’s response was correct, the next
item list was presented. If incorrect, the presentation was repeated and the words that were
dissimilar were pointed out to the participant. As part of the feedback, written lists were also
shown in conjunction with spoken presentations to clarify where the differences were. No other

language tasks were used during treatment.

Item #5: WHO PROVIDED

A speech-language pathologist delivered the treatment in clinic. The person’s daughter also
delivered part of the treatment at home. The daughter had been provided with training and was

present in all treatment sessions.
Item #6: HOW
Intervention was provided face-to-face on an individual basis.

Item #7: WHERE

Clinic and home

Item #8: WHEN and HOW MUCH

There were two treatment probes per week, each lasting about 30 minutes, for a total of 13

weeks.

Item #9: TAILORING

The content was controlled for frequency, concreteness, and number of syllables. In addition,
the words in all lists were semantically unrelated to prevent chunking. ltems were also

phonologically dissimilar and polysyllabic words did not include compound nouns.

#10: MODIFICATIONS

In the different lists either the first two or last two nouns were transposed, so that the different
lists were dissimilar either at the beginning or the end.

Items #11 and 12: HOW WELL

Not reported
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Summary

Training resulted in improvement in several list spans but not all and in the STM abilities
(listening span, forward digit span). There was also evidence of generalisation to untreated
sentence comprehension (only on the TROG). Backward digit span, phonological processing
and single word comprehension did not improve. It was noted that improvements in sentence
comprehension may have resulted from resilience to rapid decay of linguistic representations

within sentences (words and phrases), which in turn facilitated comprehension.

1.10.4 Primary paper: Short-term and working memory treatments for improving
sentence comprehension in aphasia: a review and a replication study (Salis et al.,
2017)

Item #1: BRIEF NAME

Replication study based on previous single case study which used STM training using listening
span tasks of serial word recognition - matching listening span that required the judgment of

whether word-list pairs comprising spoken nouns were the same or different.
Item #2: WHY

The primary purpose of this study was to replicate the original treatment in case series using a
more robust design that involved computerized delivery, treatment fidelity measures, as well

as treatment-related control probes.

Item #3: WHAT

Materials: The matching listening span tasks were created and delivered with a bespoke
computer program. A tablet touchscreen computer with an external mini speaker was used to
deliver five pre-treatment baselines and also the treatment itself at a volume level comfortable

for each person.

Item #4: PROCEDURES

Procedures: This study included five participants with stroke-induced chronic aphasia. The
treatment sessions began immediately after the baselines. Each treatment session used twenty
different word-list pairs with the same temporal parameters as in the baselines. The main
difference between baseline and treatment sessions was the inclusion of visual and auditory

feedback on persons’ response accuracy. A correct response produced a visual feedback of a
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smile from a face cartoon, simultaneously with auditory feedback. An incorrect response
produced a face with a neutral expression and the auditory feedback stated that the response
was incorrect, followed by repetition of the word-list pair. If after the second presentation the
person’s response was correct, the visual and audio feedback acknowledging the correct trial
was presented (as previously described). If the response was incorrect, the program repeated
the word-list pair and the speech-language pathologist (who delivered baseline and treatment
sessions) would write down the word list and explain which words had (or not) been in the
same order as in the first word list before moving on to the next trial. Level of difficulty was
determined by the person achieving 80% correct (at first attempt) or above on two consecutive

training sessions. Level of difficulty increased by one word in the word-list pairs.

Item #5: WHO PROVIDED

Speech-language pathologist
Item #6: HOW
Intervention was provided face-to-face on an individual basis.

Item #7: WHERE

Either at their homes or in testing rooms at Newcastle University.

Item #8: WHEN and HOW MUCH

There were two treatment probes provided per week, each lasting about 30 minutes for aa

total of 13 weeks. Sessions started immediately after the baselines were completed.

Item #9: TAILORING

This intervention was adapted based on the previous study.

Item #10: MODIFICATIONS

Not reported

Items #11 and 12: HOW WELL

Not reported
Summary

This was a replication of a previous study (Salis, 2012) with positive findings based on one

individual with aphasia. Salis et al., 2017 provided 27-30 sessions of training involving a
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recognition memory task (matching listening span) in five participants with aphasia. The
authors reported changes in short-term memory (near transfer) only in one outcome measure
(i.e., digit matching listening span), and with regards to the spoken sentence comprehension
abilities, the changes observed were not statistically significant.

1.10.5 Primary paper: The link between STM and sentence comprehension: a

neuropsychological rehabilitation study (Harris et al., 2014).

Item #1: BRIEF NAME

Recall of memory lists training
Item #2: WHY

This study is based on previous evidence linking verbal STM with language processing, which
suggest that rehabilitation methods aiming to improve verbal STM may produce generalised
benefits in language. It was also proposed that there may be distinct semantic and phonological
components of STM, in which phonological and semantic STM patients differ from cases of
impaired phonological and semantic processing. Additionally, evidence was found showing
differential effects of working memory load on language processing tasks in sSSTM and pSTM
patients. This proposes a relation between verbal STM deficits and language impairments,
specifically by showing verbal STM effects on semantic judgement tasks, although verbal STM
did not impact on phonological judgements. The purpose of this study was to explore the effects
of improved sSTM and pSTM on sentence processing and STM tasks. Specifically, to test (1)
whether phonological and semantic STM treatments can improve phonological and semantic
STM and (2) if this improvement leads to generalised gains on sentence comprehension tasks
thought to use pSTM and sSTM, across pSTM and sSTM patients.

Item #3: WHAT

Materials: For the assessment a set of 128 sentences were used (Hanten & Martin, 2000). Half
of the sentences were anomalous (involving a violation of semantic or pragmatic relationship).

Presentation order of the sentences was randomised.

For the treatment, lists of 5-letter words and nonwords were created for the treatment sessions

and at home exercises.

Item #4: PROCEDURES
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This study included two participants at the chronic stage post CVA. During the assessment the
examiner read out loud the sentences in a pseudorandomised order. During the repetition task
(pSTM), participants were required to repeat as much of each sentence as possible immediately
after the examiner’s presentation. Response accuracy was recorded at the word level, which
measured whole sentence accuracy (correct or incorrect), and proportion of words accurately
read in the sentence (expressed as a percentage). In the comprehension condition (SSTM),
participants were asked to judge whether the sentence was acceptable or unacceptable. Any
score outside of the range for their healthy controls was considered impaired. The Birmingham
Cognitive Screen (BcoS), a battery which includes a range of short assessments of cognition
(e.g., memory, language, problem-solving) was also used as a control measure of patients’
general cognitive abilities over baseline phases. Their treatment procedure implemented an
ABACA design where A denotes baseline and B and C denote treatment (pSTM and sSTM,
respectively). Assessments of memory, sentence comprehension, and a control task were
administered at each baseline stage. The first treatment stage targeted to train pSTM, during
which the examiner read aloud lists of nonwords at a list length of one item above each patient’s
span for nonwords (e.g., 4 where the patient’s span was 3). The patients were requested to
recall as many nonwords from each list as possible in the order they were presented. Each
patient’s responses accuracy was recorded by the examiner after each trial. Feedback was
provided as the examiner corrected the patients’ errors and the correct list was provided at the
end of each trial. The same procedure was implemented for real words, using each patient’s
word span + 1 in the university sessions with the examiner, and word recognition span + 1 for
the exercises completed at home. For the real word tasks, the participants were encouraged to
think about the meaning of each word as they heard it, to encourage use of SSTM rather than
pSTM when encoding the words. During the treatment period, the nonword home exercises
were set for the periods in between the pSTM treatment sessions, and the word home exercises
during the sSTM treatment phase. Each week, the patients completed 20 trials of the

recognition exercises at home.

Item #5: WHO PROVIDED

The researchers were experts in the area of clinical psychology and neuropsychology
Item #6: HOW

It was not clarified, but throughout the method it was implied that intervention was provided
face-to-face on an individual basis.
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Item #7: WHERE

The weekly treatment sessions were conducted in a testing room at the university

Item #8: WHEN and HOW MUCH

For both participants, repetition and anomaly detection during assessment were completed in

two separate sessions (separated by two weeks).

Each treatment lasted 10 weeks and both participants received one 1.5-hour session per week
using two types of treatment — a) trained the retention of nonwords to employ phonological
STM and b) treatment with real words to involve both phonological and semantic

representations, over 10 weeks, followed by post-treatment evaluation.

Item #9: TAILORING

Not reported
Item #10: MODIFICATIONS

To prevent long-term learning of the stimuli (e.g., reliance on long-term rather than short-term
memory), the words used in the lists were changed after each session with other word sets
matched for frequency, imageability, age of acquisition and concreteness in the real word case,

and for length in the nonword stimuli set.

Items #11 and 12: HOW WELL

Not reported
Summary

Harris et al. (2014) used phonological (pSTM) and semantic (sStm) STM treatments, designed
to improve the two separate aspects (phonological and semantic) over a period of 10 weeks, in
two participants with chronic aphasia. Results of this research reported that the pSTM patient
showed post-treatment improvement on sentence repetition after the pSTM treatment, and the
sSTM patient showed improved sentence anomaly judgement after the SSTM but not with the
pSTM treatment, suggesting that identifying type of STM deficit, and using one type-specific
STM treatment (e.g. only sSTM or only pSTM) can result in targeted benefits in STM and

generalised, type-specific improvements on sentence comprehension.
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1.10.6 Research questions

Based on the combined findings of these five studies it appears that WM training for PWA
could be beneficial with regards to language improvement. Across the studies, the number of
participants was low, and this could explain why the positive findings did not reach statistical
significance. Other limitations include the administration of diverse WM training protocols
(e.g., verbal vs. non-verbal), as well as different duration and intensity of the treatment (e.g.,
13 sessions x 20 minutes vs. 30 sessions x 30 minutes) hindering the generalisation of the

findings on recovery potential.
The aim of this thesis is to address the following research question:

Does intermittent theta burst stimulation (iTBS) applied over the DLPFC combined with
computerised working memory training facilitate language recovery in PWA post-

stroke?
In order respond to the major research question the following questions were addressed:

(1) Does WM training generalize to trained cognitive areas as measured by untrained WM
and fluid intelligence tasks (near-transfer effect)?

(2) Does WM training generalize to untrained receptive and expressive language and
functional communication tasks (far-transfer effect)?

(3) Are generalization effects maintained at follow-up 3 months post-treatment?

(4) Does overall QoL improve after treatment?
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2 PILOT STUDY

Combining Intermittent Theta Burst Stimulation (iTBS) With Computerized
Working Memory Training to Improve Language Abilities in Chronic
Aphasia: A Pilot Case Study.

(Under review in Aphasiology)

WALEURRLY oo e

Computerized Working Memory Training to Improve
Language Abilities in Chronic Aphasia: A Pilet Case Study

ABSTRACT

Background: Intermittent theta burst stimulation (iTBS) administered to the left dorsolateral
prefrontal cortex (LDLPFC) has been shown to advance working memory (WM) abilities. At
the same time, WM training is widely used to enhance learning associated with low language
skills. An emerging area of research is that of applying cortical stimulation as an adjunct to

behavioural therapy to improve language abilities in people with aphasia (PWA) after stroke.

Aim: To pilot the efficacy of the iTBS protocol, targeting the LDLPFC in combination with
computerized WM training to improve receptive and expressive language abilities in an
individual with stroke-induced chronic aphasia.

Methods & Procedures: The participant was a 31-year old female who presented with chronic
non-fluent aphasia, following a left-hemisphere stroke involving the left frontoparietal lobes.

She showed prominent anomia with frequent occurrences of word-finding difficulties.

The assessment battery included a screening measure of WM, a standardized aphasia battery,
a non-verbal intelligence test, spontaneous speech samples, a procedural discourse task, and a
questionnaire addressing quality of life. All measures were administered once at baseline,

immediately after treatment was terminated, and once during follow-up testing, at 3 months
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post-treatment. The treatment program included 10 consecutive daily sessions of 30-minutes

computer-assisted WM training preceded by 3-minutes of iTBS.

Outcomes & Results: Statistically significant improvement from baseline to post-treatment was
found only for the non-verbal intelligence measure, suggesting far-transfer effects. There was
no improvement on the computerized WM screening measure. Although no other measures
revealed a statistically significant difference, there was a trend towards better performance on

untreated items of receptive and expressive language tasks (far-transfer).

Conclusions: The findings revealed a trend for improvement in receptive and expressive
language abilities in one individual with chronic aphasia. The iTBS protocol in combination
with computerised WM training could be a promising treatment but further studies with larger
number of participants are needed to establish its effectiveness for improvement of aphasia
after stroke.

Keywords: aphasia; Transcranial Magnetic Stimulation (TMS); receptive

and expressive language; working memory; Cognition

2.1 Introduction

Neuroimaging research confirms that language is part of an extensive network of connected
brain regions that promote not only language processing, but also working memory and
cognitive control processes (Turken & Dronkers, 2011). Research has focused on the role of
the fronto-parietal network including the DLPFC, the anterior cingulate cortex (ACC), and the
parietal cortex (PAR) serving the working memory neural network (Chein et al., 2011; Kim et
al., 2015; Osaka et al., 2003). Specifically, the DLPFC is largely implicated in cognitive tasks
(Kim et al., 2015) demanding executive control (e.g., integration of information for decision-
making, maintenance and manipulation/retrieval of information, information updating). The
DLPFC, is not only known for its involvement in WM, but also for its significant contribution
to correct performance of visuospatial tasks (Courtney, 2004; Pessoa et al., 2002). Due to this
involvement in multiple WM components, the DLPFC could be considered an attractive target
for cortical stimulation in the context of WM training.

Moreover, other research (Jaeggi et al., 2008; Sternberg, 2008) supports the notion that WM
training is a promising way of increasing general fluid intelligence (Gf), the ability to solve

novel reasoning problems associated with comprehension, problem solving, and learning
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(Cattell, 1971). The cortical substrates provide evidence that there is common ground between
WM and Gf in that both seem to rely on similar neural networks, most consistently located in
lateral prefrontal and parietal cortices (Gray et al., 2003). Furthermore, research in healthy
adults (Woolgar et al., 2010) has shown that domain-general regions, associated with attention,
WM, cognitive control and Gf, are engaged for effortful language processing, including
understanding or producing complex syntactic structures or ambiguous words (Fedorenko,
2014).

Over the last decade, there is a growing interest in the association between language and non-
linguistic cognitive deficits resulting from left hemispheric stroke (EI Hachioui et al., 2014;
Salisetal., 2015; Vallila-Rohter & Kiran, 2013). Several studies have explored this relationship
between language and memory processing breakdown in people with aphasia (PWA),
including deficits in working memory (Potagas et al., 2011; Salis, 2012; Salis et al., 2015). In
fact, there is growing evidence to support the theory that aphasia is a disruption of cognitive
processes underlying language tasks (Tippett, Niparko, & Hillis, 2014). Recommendations
made to speech and language therapists advocate assessment and treatment of working memory
(WM) deficits in PWA in light of word retrieval and sentence level language breakdown to
optimize treatment gains (Bonini & Radanovic, 2015; Vallila-Rohter & Kiran, 2013).

The therapeutic potential of working memory training for aphasia however is restricted to very
few treatment studies (Eom & Sung, 2016; Harris et al., 2014; Salis, 2012; Salis et al., 2017;
Zakarias et al., 2018). This might be because the incidence of working memory deficits in PWA
remain underestimated and not systematically explored. It is also possible that the difficulty of
assessing nonverbal cognitive functions in the presence of the aphasia itself (El Hachioui et al.,
2014; Vallat et al., 2005) is perceived a barrier to carrying out clinically orientated treatment
research on WM. Given that WM is active in information processing and storage necessary to
achieve a cognitive target (Kane & Engle, 2002), the ability, to carry out many activities of
daily living is also reduced when WM fails (D’Esposito & Postle, 2015). This can have a
negative impact on quality of life for people with post-stroke language and cognitive deficits
(Manning, MacFarlane, Hickey, & Franklin, 2019).

For the purposes of this study, a systematic literature review on the topic of aphasia
rehabilitation using WM training as the sole treatment (i.e., no speech and language therapy)

was undertaken. A comprehensive search was performed of existing peer-reviewed studies
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using multiple strategies. For the search, the keyword phrase “working memory intervention
in aphasia” was used for searching in the freely available PubMed interface. Database filters
limited the search to articles published between 2009 and May 2019. To be eligible for
inclusion the studies had to meet the following criteria: (i) involve adult participants diagnosed
with aphasia due to stroke; (ii) report on WM treatment as the sole treatment method; (iii)
describe the aim of WM treatment is to improve language abilities; (iv) include at least two
points of measurement, one at baseline and a second at a later time point to measure the efficacy
of the intervention; and (v) be published in the English language. Studies involving other
neurological disorders (e.g. traumatic brain injury) or a combination of interventions (e.g. WM
training + speech and language therapy) were excluded. The process of study selection and
determination of eligibility is depicted in a flow diagram consistent with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines in Figure
2.1.1,
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Figure 2.1.1. PRISMA (Liberati et al., 2009) flow chart for the selection of studies investigating

WM as a sole treatment for rehabilitation of aphasia

During the last 10 years, only five studies report using a WM intervention as the sole method
of treatment for the language deficits resulting from stroke-induced aphasia. The findings of
this research are summarized in Table 2.1.1, with regards to the type of WM treatment, the
frequency of the treatment, the dosage of the treatment, and the effects of the treatment on WM
(near transfer outcomes) and language abilities (far transfer outcomes). Based on the combined
findings it appears that WM training for PWA could be beneficial with regards to language
improvement. Across the studies, the number of participants was low, and this could explain
why the positive findings did not reach statistical significance. Other limitations include the
administration of diverse WM training protocols (e.g., verbal vs. non-verbal), as well as
different duration and intensity of the treatment (e.g., 13 sessions x 20 minutes vs. 30 sessions

x 30 minutes) hindering the generalisation of the findings on recovery potential.
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Table 2.1.1. Studies using WM interventions in PWA as the sole method of intervention to improve language abilities.

Study N  Aphasia Type Native Treatment WM training Near transfer Treatment Far transfer treatment outcomes
duration tasks Outcomes
Language
(Eom & Sung, 6 3 Anomic Korean 4 weeks Sentence Improved significantly in: Improved significantly in:
2016) 2 Broca (12x 1-hour Repetition-Based | _ sentence repetition accuracy of - sentence comprehension accuracy
. Working Memory .
1 Wernicke sessions) treated and untreated items Improved aphasia quotient
- digit-forward, digit-backward, - repetition and naming
and word-forward
Improved numerically in fluency and
comprehension
(Zakarias et 3 1 Anomic Hungarian 4 weeks Modified 1 PWA improved significantly in | 2 PWA improved significantly in TROG-H
al., 2018) 2 TMA (13x 20- n-back task with the visual 1-back; tendency for an | sentence comprehension
minute “lures” increase in the visual 2-back 2 PWA improved significantly, 1 PWA
sessions) showed tendency for improvement in

1 PWA improved significantly in

the visual 1-back

1 PWA did not show significant

improvement in either n-back task

TROG-H number of blocks correct

2 PWA remained stable on the BNT

1 PWA showed tendency for improvement
on the BNT
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(Salis, 2012)

(Salis et al.,
2017)

1

5

TMA

Not specified

English 13 weeks
(26X 30-
minute
sessions)
Not 13 weeks
specified (26X 30-
(English) minute
sessions)

- listening span
tasks of serial

word recognition

- matching
listening span that
required judgment

of sameness

- listening span
tasks of serial

word recognition

- matching
listening span that
required judgment

of similarity

Numerical improvement in Digits
forward and Digits backward
from the WMS

Numerical improvements in Digit

listening span from PALPA

no statistically significant changes

- Improved digit matching
listening span of 3 participants by

one or two items

Subtest 1 “Touch the green square” from the
TT did not change

Numerical improvement in Subtest 2 “Touch

the large green square” from the TT

Significant improvement on the TROG
Significant improvement in

the number of repetitions requested in the
TROG

no statistically significant changes

- Improved sentence comprehension of 3
participants in the TROG by 4-5%, and in
the TT by 4-10%.
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(Harris et al., 2 1 Broca’s Not 2 treatments,
2014) specified | each lasted 10
(English) | weeks (10 x

90-minute

1 expressive

aphasia

sessions)

Treatment 1:
- pSTM training
Treatment 2:

- SSTM training

Both participants improved
significantly in nonword recall

after nonword (pSTM) treatment

significant improvement

following the real word (SSTM)
therapy

evidence of type-specific generalisation to

sentence comprehension

- the pSTM patient showed improvement on

sentence repetition after the pSTM treatment
- the sSSTM patient improved sentence

anomaly judgement after the sSSTM but not
the pSTM treatment.

Key: TMA = Transcortical Motor Aphasia; TROG = Test for the Reception of Grammar; H = Hungarian; BNT = Boston Naming Test; WMS = Wechsler Memory Scale; TT

= Token Test; STM = Short-Term Memory; pSTM = Phonological short-term memory; sSTM = Semantic short-term memory
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2.2 Computerized Assisted Cognitive Training

Other treatment methods to train and improve WM, involve computer assisted cognitive
rehabilitation (CACR) programs. For example, Lojek and Bolewska (2013) examined the
effects of CACR in patients with WM and attention deficits after stroke, using the RehaCom
program and the Polish computer therapy program for aphasia the Afa-System (Seniéw et al.,
2009). The participants were divided into two groups: patients with WM and attention deficits
without aphasia and those with aphasia. Participants in the first group received the RehaCom
training and participants in the second group received the Afa-System treatment. RehaCom
training included attention (pick one picture from a group that is identical to the target picture)
and memory tasks (memorizing and recognizing objects from a set of pictures moving
horizontally across the screen). The Afa-System treatment program involved oral expression,
comprehension, and reading and writing tasks. The participants with WM and attention deficits
showed significant improvement for the trained functions of the RehaCom tasks only, and no
generalization to untrained functions. On the other hand, some improvement was reported for
PWA on the oral expression and writing subtests after training on the Afa-system protocol but

no generalization effects.

Yoo et al. (2015), applied the RehaCom program for a total of 5 weeks, 5 times/week for 30
minutes each session in addition to rehabilitation therapy (physiotherapy and occupational
therapy) in a group of stroke patients with cognitive deficits. The RehaCom tasks focused on
attention, memory, spatial imagination, visual impairment, and visuomotor coordination. The
authors compared their results to a control group of stroke patients who received only the
rehabilitation therapy. The group that received the combined treatments (RehaCom &
rehabilitation) showed statistically significant improvement on the Computerized
Neuropsychological Test (CNT) administered at baseline and post-treatment on digit span,
visual span, visual learning, auditory continuous performance, and visual continuous

performance, but not in verbal learning, trail making, and the functional independence measure.
2.3 NIBS as a treatment method to improve WM

Contemporary neuroscientific techniques such as transcranial magnetic stimulation (TMS) are
beginning to be explored for the purpose of cognitive enhancement. TMS is one of the most
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utilized methods for the purpose of altering cognitive function including WM in healthy
subjects (Hoy et al., 2016), and for a number of neurological disorders including, stroke (T. D.
Kim et al., 2019). Georgiou, Lada & Kambanaros (2019) conducted a systematic review to
assess the efficacy of rTMS for treatment of post-stroke aphasia. In total, 10 RCTs underwent
review for their methodological quality and comprehensive summaries of the best available
evidence for this treatment. Even though there was evidence that low frequency (1 Hz) rTMS
has the potential to improve aphasia post-stroke irrespective of severity, the evidence was

inconclusive.

A modified form of rTMS known as theta-burst stimulation (TBS), is the most commonly used
method of patterned rTMS where short bursts of 50-Hz rTMS are repeated as a continuous or
intermittent trains at a rate of 0.1 Hz in the theta range (5 Hz) in short intervals to produce a
rapid facilitation of synaptic transmission in the stimulated cortex that can persist for over an
hour after the initial stimulation session (Huang et al., 2005). Recently, Georgiou et al. (2019)
reported the findings of neuronavigated continuous theta burst stimulation (cTBS) over the
right pars triangularis (Tr) as a standalone treatment for two individuals with chronic post-
stroke aphasia. Baseline linguistic and quality of life measures were collected prior to the
treatment study. Continuous TBS was carried over 10 consecutive days for 40 secs per sessions.
Immediately post-treatment and later at 3-months follow up, participants were reassessed on
baseline linguistic and quality of life measures. Results from one individual revealed
improvement in language skills in the post-treatment phase, but language abilities reverted to
baseline scores at follow-up. Results from the second participant revealed neither improvement
nor decline in language abilities at baseline to post-treatment and follow-up stages.
Furthermore, improvement in quality of life was reported only by one participant. Regarding
the use of the iTBS protocol as a standalone treatment for poststroke aphasia only one study
was found (Griffis, Nenert, Allendorfer, & Szaflarski, 2016). In this study, 10 sessions of iTBS
was applied to the residual language-responsive cortex (left inferior frontal gyrus) in 8 PWA
in the chronic stage. The results showed evidence for changes in both the stimulated and
unstimulated hemispheres as measured by functional and anatomical MRI data acquired before
and after iTBS during covert verb generation tasks. The findings revealed improvements in

verbal fluency as a result of iTBS to residual language areas after stroke.

Finally, in healthy subjects, sham and active iTBS to the LDLPFC (Hoy et al., 2016) was
compared in combination with the classic n-back task using letter stimuli (2-back and 3-back
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memory loads). The results revealed that iTBS significantly improved WM performance,
revealing a robust improvement in the 2-back accuracy at 20- and 40-minutes post-stimulation.
The findings suggest that iTBS may lead to changes in ongoing neural dynamics at larger
spatial scales reflecting changes in the functional organization of distributed cortical networks
(Papazachariadis et al., 2014).

2.4 Aims of the study

The primary aim of this study was to investigate the combined effects of iTBS and
computerized WM treatment in a young individual with chronic aphasia post-stroke to identify
potential recovery mechanisms in WM and language domains. The research is driven by the
results from previous studies reported in the introduction section demonstrating the positive
effects of NIBS and computerized WM training separately in the context of aphasia, but the
combination of the two methods has not been explored before. The following questions were

addressed:

(1) Does WM training generalize to trained cognitive areas as measured by untrained WM
and fluid intelligence tasks (near-transfer effect)?

(2) Does WM training generalize to untrained receptive and expressive language and
functional communication tasks (far-transfer effect)?

(3) Are generalization effects maintained at follow-up 3 months post-treatment?

(4) Does overall QoL improve after treatment?

2.5 Methods

2.5.1 Participant details

A detailed case history taken by the first author including background and medical information
revealed that the participant (A.K.) was a 31-year old woman who had suffered a left
haemorrhagic stroke, three years prior to the treatment study. According to the initial MRI scan,
damage involved the left parietal lobe, oedema of the basal ganglia (lentiform and caudate
nucleus, and internal capsule). A.K.’s current MRI image is shown in figure 2.5.1. She
presented with chronic, moderate anomic aphasia with verbal perseveration of the Cypriot-
Greek expression “potunto” (translation “of this thing”). She had ceased speech therapy 6
months prior to her participation in the study. Her then treatment was implemented in the
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United Kingdom (UK), in the English language, and was focused mainly on improving reading
and writing skills for English. At the time of recruitment, she was 39 months post-onset and a
university graduate with a master’s degree in Social Sciences (Social Work), pursuing a PhD
degree in the UK. While living abroad, A.K. lived independently in an apartment and used
public transportation to commute. Pre-morbidly she was right-handed but had now learnt to
write with her left hand. A.K was multilingual as she spoke both varieties of Greek spoken in

Cyprus (Cypriot-Greek dialect and Standard Greek) and English.

The study was conducted at the University Rehabilitation Clinic of the Cyprus University of
Technology (CUT) in Limassol, Cyprus. Based on case history information, A.K. fulfilled the
inclusion criteria as follows: i) native speaker of Cypriot-Greek; ii) chronological age between
21-79 years of age; iii) first-time single left hemisphere stroke, confirmed with MRI; iv) right-
hand dominance; v) presence of aphasia; vi) adequate single word comprehension. Exclusion
criteria were: i) severe or global aphasia; ii) damaged dorsolateral prefrontal cortex area as
identified by MRI; iii) traumatic brain injury; iv) history of psychiatric or other neurological
illness; v) depression; vi) epilepsy/seizures; vii) pregnancy; viii) colour-blindness or other
visual disorders/visual neglect; ix) hearing loss; x) significant general medical problems

including liver, cardiac, or renal dysfunctions; xi) present or past alcohol or drug abuse.

Figure 2.5.1. Lateral view of A.K.’s current MRI scan revealing involvement of the left posterior

frontal lobe.
2.5.2 Ethical approval, recruitment and consent

Ethical approval was obtained from the Cyprus National Bioethics Committee. Informed
consent was obtained prior to participating in the study.
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2.5.3 Procedure and design

All testing was conducted by the first author who is a certified speech-language pathologist
trained in the U.S, with 15 years of clinical experience in Cyprus. The assessments were
presented in 2 sessions in a predetermined order, and testing was of approximately 2.5 hours

in total duration.
2.5.4 Background Tools

A TMS safety questionnaire (Keel et al., 2001) was completed, followed by a screening
procedure which included: (a) the Albert’s Visual Neglect Test (Albert, 1973; Stroke Engine,
2010) to determine unilateral spatial neglect; (b) the Edinburgh Handedness Inventory
(Oldfield, 1971), aiming to evaluate handedness of the preferred hand for carrying out common
activities; and (c) the Greek adaptation of Beck’s Depression Inventory-11 (Beck, 1961;

Giannakou et al. 2013), to rule out moderate-severe depression.
2.5.5 Assessment Tools

A battery of tools was administered at baseline, immediately after treatment (same day), and 3

months post-therapy at the follow-up stage as follows:

(1) the Raven's Coloured Progressive Matrices (RCPM; Raven, 2000; Sideridis et al., 2015)

(2) the Greek version of the Boston Diagnostic Aphasia Evaluation-Short Form (BDAE-
SF; Messinis et al., 2013)

(3) the RehaCom Working Memory Screening Task (Hasomed GmbH, 2017)

(4) apersonal stroke narrative (following Kambanaros, 2019)

(5) the Multilingual Assessment Instrument for Narratives (MAIN; Gagarina et al., 2012)

(6) a Procedural Discourse task (based on Richardson & Dalton, 2016)

(7) the Greek-version of the Stroke and Aphasia Quality of Life Scale-39 (SAQOL-39;
Efstratiadou et al., 2012)

The Raven Coloured Progressive Matrices (Raven CPM; Raven, 2000) is a test frequently used
in measuring abstract reasoning and is regarded as a non-verbal estimate of Gf (Bilker et al.,
2012). The RCPM is made up of a series of diagrams or designs with a part missing, and the
participant is asked to choose from six alternatives the shape to complete the pattern or shape.
The Greek version of RCPM was administered as adapted by Sideridis et al. (2015). Every
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correctly solved pattern was given 1 point, with a total score range between 0-36 (Papantoniou
etal., 2016).

The BDAE-SF (Messinis et al., 2013) is normed for Greek and is culturally appropriate. It
includes five subtests: (1) conversational and expository speech such as simple social
responses, free conversation, and picture description; (2) auditory comprehension including
word comprehension, commands, and complex ideational material; (3) oral expression, such
as automatized sequences, single word repetitions, repetitions of sentences, responsive naming,
the Boston Naming Test — Short Form (BNT-SF), screening of special categories; (4) reading,
including letter and number recognition, picture-word matching, basic oral word reading, oral
reading of sentences with comprehension, reading comprehension of sentences and paragraphs;
and (5) writing, including mechanics, dictation writing of primer words, regular phonics and
common irregular forms, written naming, narrative writing — mechanics, written vocabulary
access, syntax, and adequacy of content. For the purpose of this study, subtests 1-4 were

administered and results were analysed in accordance with the test manual.

The RehaCom Working Memory Screening module (Hasomed, 2017) was used to assess both
simple WM span (simple information holding) and the retention and processing of visual-
spatial information. The task is similar to the Corsi-block-tapping where the visual-spatial
memory span is measured by the maximum length of the memorized dot patterns that can be
reproduced immediately without errors (Hasomed, 2017). When the WM screening task is
initiated, ten dots are presented in a circular arrangement. Individual dots sequentially turn red
and fade. The first sequence consists of two random dots out of the ten lighting up in a particular
order to be repeated correctly. When selected correctly, the number of dots increases in the
next sequence. Overall, memory span is based on the highest sequence length measured in
number of dots, reproduced without position and order errors (z-score value calculated by the
software), and confirmed by completing two consecutive sequences with the same number of
dots (Hasomed, 2018). The WM screening subtest ends after two consecutive incorrect
sequence responses or after 7 minutes. In this study, A.K. had to memorize and reproduce the
position and sequence of the coloured flashing dots.

A personal stroke narrative was elicited from A.K. by asking her to describe the events of her
stroke (Kambanaros, 2019). The first author transcribed and analysed the narrative using the
Shewan Spontaneous Language Analysis (SSLA) system (Shewan, 1988) protocol. Variables
for analysis included number of utterances, time (total speaking time in minutes), rate (syllables
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per minute), length (percentage of utterances <5 words), melody, articulation, complex
sentences (percentage of utterances that contained one independent clause and one or more
dependent clauses), errors (percentage of grammatical, syntactic, or morphological errors),
content units (units that conveyed information), paraphasias (percentage of substitutions),

repetitions, and communication efficiency (content units/time).

The MAIN (Gagarina et al., 2012) is a tool designed to evaluate narrative tell and re-tell skills
in children but is also used for adults with acquired language deficits associated with
neurological disease (see Karpathiou, Papatriantafyllou, & Kambanaros, 2018, on the first
MAIN results for an individual with primary progressive aphasia). The MAIN stories consist
of coloured picture sequences developed following strict psycholinguistic criteria. While the
MAIN examines narrative production at microstructure and macrostructure levels, for this
study, only the macrostructure of the generated story was analysed. The primary unit for
macrostructure analysis is the episode. The content of each picture sequence was designed to
represent three short episodes. Each episode consists of (i) a goal statement for the protagonist,
(i) an attempt by the protagonist to reach the goal, (iii) an outcome of the attempt in terms of
the goal, and iv) the internal states (IST) which initiate the goal and also express reactions.
Each story is controlled for cognitive and linguistic complexity (Gagarina et al., 2012) and has
a moral meaning similar to an Aesop fable. In this study, the “Baby Birds” story was used
which depicts a mother bird flying away from the nest to find worms for her hungry baby birds.
Six-coloured pictures in the form of a cartoon strip were presented, and one-episode was
unfolded each time (2 pictures) for A.K. to narrate based on the pictured stimuli. A setting
statement, which gives time and place and introduces the story’s protagonist and is scored with
zero points for incorrect or no response, 1 point for one correct response, 2 points for reference
to both time and place. This component is followed by three episodes. Each episode consists
of a) the ISTs which initiate the goal and also express reactions; b) a goal which is a statement
of an idea of the protagonist to deal with the initiating event; ¢) an attempt by the protagonist
to reach the goal, which is an indication of action to obtain the goal; d) an outcome of the
attempt in terms of the goal, which is the event(s) following the attempt and causally linked to
it; and e) the internal states as reaction, which is a statement defining how the protagonist(s)
feel or think about the outcome or an action resulting from an emotional response (Gagarina et

al., 2012). The first author transcribed the samples verbatim and analysed each sample using a
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17-point scoring system following the tool construction guidelines (Gagarina et al., 2012: 126-
127).

The Procedural Discourse task is considered a semi-spontaneous speech production task that
assesses discourse ability following the main concept analysis (MCA) procedure (Richardson
& Dalton, 2016). The MCA quantifies the degree to which the speaker is able to communicate
the overall gist of an event, and it provides a means to evaluate how accurately and completely
the concepts considered to be essential to the shared topic are produced. A.K. was instructed
to verbally provide the steps taken in order to prepare a sandwich. The generated language
sample was analysed using the MCA procedure referring to the ten main concepts. The total
number of main concepts expected to be produced was analysed and measured based on the

concept content as listed below:

(1) Get the bread out.
(2) Get two slices of bread//halved bread.
(3) Get the butter.
(4) Get the (rest of the ingredients i.e. ham, cheese, etc.)
(5) Get a knife.
(6) Put/place the bread on the plate.
(7) Put/spread butter on bread.
(8) Put the ingredients (i.e. ham, cheese, etc) on bread
(9) Put the two pieces together.
(10) Cut the sandwich in pieces

The first five steps comprise of concepts concerning retrieving the ingredients needed, the
following four steps include concepts concerning ingredient assembly, and the final concept
describes the final appearance of the target (sandwich) prior to serving it. The first author
transcribed the samples verbatim and analysed each sample using a binary scoring system of

“1” for correct information and “0” for incorrect/missing information.

For all spontaneous and narrative tasks, the second author rated the samples for length, content
and structure according to the protocols used as reported above. Point-by-point interrater
reliability ranged from 94% to 100% and in the case of disagreement consensus was reached

after discussion.
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The SAQOL-39g has been translated and culturally adapted into Greek for use in Greece with
PWA (Kartsona & Hilari, 2007). The Greek SAQOL-39g shows good reliability and validity
(Eftsratiadou et al., 2012) as a measure of health-related quality of life in people with stroke,
including those with aphasia. An interview with A.K. and the first author took place prior to

the therapy study where the SAQOL-39 was used to collect the relevant information.
2.6 Case study design

2.6.1 Baseline phase

During the baseline phase, the six assessment measures were administered one week prior to
the treatment phase. At the same time, a T1-weighted MRI image was obtained from the
participant in order to accurately locate the stimulation target using the neuronavigation system
(ANT NEURO). Neuronavigated positioning of the stimulation coil allowed for repeated
accuracy of the stimulation site at all treatment times. Single-pulse TMS was performed to
establish the resting motor threshold (RMT) with the Magstim Rapid 2® Stimulator connected
to a 70 mm figure-8 air cooled coil (Magstim Co., Wales, UK). Surface electromyography
(EMG) leads were placed over the first dorsal interosseous (FDI) muscle of the left hand. A.K.
was seated comfortably, with her left arm supported on a pillow. Full muscle relaxation was
maintained through visual and online EMG monitoring. The coil was then placed over the
primary motor cortex of the right hemisphere at the optimal site for obtaining a motor evoked
potential (MEP) in the FDI of at least 50 uV in five or more of 10 consecutive stimulations of
the left hand. MEP was projected at intensity 55 by using a computerized adaptive parameter
estimation through sequential testing (PEST; Borckardt et al., 2006), with the software TMS
Motor Threshold Assessment Tool, MTAT 2.0 (Awiszus & Borckardt, 2010).

2.6.2 Therapy phase

During the therapy phase, the iTBS protocol was applied using the Magstim Rapid2®
stimulator (Magstim Co., Wales, UK) with intensity set at 44, which was 80% of the MEP
obtained from the right hemisphere. The figure-8 coil was positioned tangentially to the skull,
with the handle parallel to the sagittal axis pointing occipitally. Stimulation consisted of bursts
of three pulses at 50 Hz given every 200 milliseconds in two second trains, repeated every 10
seconds over 200 seconds for a total of 600 pulses (Huang et al., 2005). Based on A.K.’s MRI
images, the Visor 2.0 neuronavigation suite (ANT-Neuro, Enschede, Netherlands) was used
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for image pre-processing, tissue segmentation, and registration into standard stereotaxic space.
The stimulation target was defined in the left DLPFC by using the Talairach coordinates x=-
40, y= 34, z =29 (Barbey, Koenigs, & Grafman, 2013; Wager & Smith, 2003). This technology
enabled reliable three-dimensionally precise reapplication of rTMS throughout the study. A.K.
received one session of iTBS each day for 10 consecutive days, followed immediately by 30
minutes WM training with the RehaCom Working Memory (WOME) software (Hasomed
GmbH, DE.). The WM training task was a card game making use of a complete card deck (52
cards). During the training AK had to memorise and manipulate an increasing number of cards
presented on the computer screen. During the initial levels of training, she was required only
to remember the items (e.g., remember a short series of cards and replicate in the same order)
whilst at higher levels additional tasks were introduced to influence the memory process (e.g.
memorize only the cards of a certain suit from the presentation of various cards). A.K.
constantly received feedback driven by the software about her performance, and the degree of

difficulty was adapted at each level based on her results.
2.6.3 Post-therapy and Follow-up phases

The post-therapy/follow-up phase consisted of two time points. The outcome (assessment)
measures were administered immediately post-therapy and again three months after treatment
had ended at the follow-up phase. The purpose of the immediate post-therapy testing was to
determine any short-term effects, and of the follow-up phase, to determine any long-term
effects. Figure 2.6.1 represents a schematic overview of the study design.

Pre-Therapy Post-Therapy
Phase Therapy Phase Phase
. MEP — TMS
Baseline ; i . Post- Follow-up
Testing MRI In;:::ll:y 10 days of iTBS followed by WM training Therapy Tortis

Day 1-2 Day 5 Day 8 Day 9-19 Dayl9 Day 101

Figure 2.6.1. Schematic overview of the study design
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2.7 Results

The McNemar non-parametric test (1947) was used to detect clinical change post-treatment.
The McNemar’s test was applied to 2 x 2 contingency tables with a dichotomous trait, with
matched pairs of items, to determine whether the row and column marginal frequencies are
equal. For this study, each item of the outcome assessment measures (i.e. Word
Comprehension, Commands, Complex Ideational Material, etc.) was evaluated and
characterized as success or failure taking the values zero and one respectively. For example,
in the Word Comprehension subtest, 16 items were identified and characterized as correctly
retrieved (success) or incorrectly retrieved (failure) for the three time points (baseline, post-
therapy and follow-up) with the McNemar test. The same procedure was carried out for the
BDAE subtests, (excluding the cookie theft description), the RCPM, the Procedural Discourse
task, and the MAIN narrative. Comparisons were performed between baseline and post-

therapy, baseline and follow-up, as well post-therapy and follow-up using the McNemar test.

All assessment measures were completed at three time points — baseline testing was carried out
one week prior to the intervention, post-therapy testing was performed immediately following
the intervention, and follow-up assessment was completed three-months after treatment was

terminated.

With regards to the first research question whether WM training would generalize to untrained
WM and fluid intelligence tasks (near-transfer effect), the baseline and post-treatment result
from the RehaCom WM screening and the RCPM were analysed. Overall, there was no
statistically significant improvement on the RehaCom WM screening measure. A graphic

representation of the WM screening results can be seen in figure 2.7.1.
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RehaCom WM Screening

g . 8

BASELINE POST-THERAPY FOLLOW-UP
=== \emory Span st Max Level Correct
Mistkes Ordr === Mstkes Pos. ==@=7 Value Spn

Figure 2.7.1 Schematic representation of the RehaCom WOME screening test results showing (2) an
increase in correct responses during the post-therapy phase; (b) a decrease in errors post-therapy; and

(c) decrease of positional errors during follow-up.

The results of the RCPM using the McNemar’s test, revealed a statistically significant
difference in the proportion of correct overall scores between baseline and post-therapy, p =
0.01 (See Table 2.7.1). At baseline, A.K. received a raw score of 24/36 (69%) which improved
to 34/36 (94%) at the post-therapy phase.

Table 2.7.1. Raw scores (% correct) on the RCPM at baseline, post-therapy and follow-up

p-value (two-tailed)

Baseli Post- Follow
aseline ; ;
therapy - up Baseline & Baseline & Post-therapy &
Post-therapy  Follow-up  Follow-up

Raven (Subset A) 67% 92% 83% p=0.38 p=0.50 p=1.00

Raven (Subset AB) 67% 100% 83% p=0.13 p=0.50 p=0.50

Raven (Subset B) 75% 92% 83% p=0.50 p=1.00 p=1.00

Raven 69% 94% 83% p=0.01 p=0.13 p=0.22
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With regards to the second research question whether WM training would generalize to
untrained receptive and expressive language and functional communication tasks, statistical
analysis was performed on results from (i) the BDAE-SF, (ii) the Procedural Discourse task
and (iii) the MAIN telling task but not for the personal stroke narrative. To determine far-
transfer treatment effects A.K.’s performance on the above-mentioned language tools was

investigated from baseline to post-therapy phases.
2.7.1 A) BDAE-SF

Based on the Summary Profile of the standard subtests of the BDAE-SF (Messinis et al., 2013),
improvements were measured in overall percentages and percentiles. Raw scores (% correct)
in Table 2.7.2 show that A.K. improved in four language tasks relative to baseline scores, at
post-therapy, and at 3 months follow-up. With regards to overall Auditory Comprehension
performance, A.K. improved from 77% (at baseline) to 82% (post-therapy). When looking at
the individual subtest percentile ranks, A.K.’s performance on the Commands subtest,
improved from the 40th percentile (at baseline) to the 70th percentile (post-therapy). Her
performance on the Complex ldeational Material subtest also showed improvement, from the
30th percentile (at baseline) to the 50th percentile (post-therapy). However, the McNemar’s
test of A.K.’s performance on the overall BDAE-SF Expressive Language scale revealed no
statistically significant difference in performance between baseline and post-therapy (p = 0.13).
Nevertheless, for the Responsive Naming task A.K. showed a substantial improvement from
the 40th percentile at baseline to the 100th percentile post-therapy. Furthermore, the
McNemar’s test revealed no statistically significant difference in performance related to the
Reading subtest between baseline and post-therapy (p = 0.05). Based on the percentile ranks,
A.K.’s Oral Sentence Reading improved from the 70th percentile (at baseline) to the 100th
percentile (post-therapy).
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Table 2.7.2. Raw scores (% correct) on subtests of the BDAE at baseline, post-therapy and follow up

p-value (two-tailed)

Baseline Post-therapy  Follow-up Baseline & Follow-  Post-therapy &
Baseline & Post- up Follow-up
therapy
Word Comprehension 100% 100% 100% p=1.00 p=1.00 p=1.00
Commands 80% 80% 90% p=1.00 p=1.00 p=1.00
Complex ldeational Material 50% 67% 83% p=1.00 p=0.50 p=1.00
Auditory Comprehension 7% 82% 91% p=1.00 p=0.25 p=0.63
Automated Sequencing 100% 100% 100% p=1.00 p=1.00 p=1.00
Word Repetition 100% 100% 100% p=1.00 p=1.00 p=1.00
Sentence Repetition 100% 100% 100% p=1.00 p=1.00 p=1.00
Response Naming 60% 100% 90% p=0.13 p=0.25 p=1.00
Boston Naming 100% 100% 100% p=1.00 p=1.00 p=1.00
Screening of Spatial Categories 100% 100% 100% p=1.00 p=1.00 p=1.00
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Expressive Language 93% 100% 98% p=0.13 p=0.25 p=1.00
(table 2.3 continued)
Matching Cases & Scripts 100% 100% 100% p=1.00 p=1.00 p=1.00
Number match 100% 100% 100% p=1.00 p=1.00 p=1.00
Picture-word match 75% 75% 75% p=1.00 p=1.00 p=1.00
Oral Word Reading 100% 100% 100% p=1.00 p=1.00 p=1.00
Oral Reading of Sentences 60% 100% 80% p=0.50 p=1.00 p=1.00
Oral Reading of Sentences

100% 100% 100% p=1.00 p=1.00 p=1.00
w/ Comprehension
Silent Reading of Sentences

100% 100% 100% p=1.00 p=1.00 p=1.00
w/ Comprehension
Reading 92% 97% 95% p=0.50 p=1.00 p=1.00
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A.K.’s stroke narrative (spontaneous language sample) was analysed using the SSLA protocol
(Shewan, 1988) designed to describe and quantify connected speech (see Table 4). The
language sample collected at each time point, was not sufficient in word length to undergo
statistical analysis hence results were compared in raw scores. There was an increase in
sentence complexity between baseline and post-therapy (from 10% to 38%), and baseline and
follow up. Also, a small improvement in communication efficiency which reflects the rate at
which information is conveyed by the speaker (number of content units divided by time),
between baseline and post-therapy (from 14.40 to 15.00) was noted but at follow-up,
communication efficiency had reverted to baseline performance. No paraphasias were
produced in any of the stroke narrative samples. Overall, based on the numerical values
collected, there was no increase in the number of utterances, number of words produced, rate
of speech, sentence length, melody, articulation, content units, error productions, and
repetitions after therapy (see Table 2.7.3).
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Table 2.7.3. A.K.’s personal stroke narrative analysis based on the SSLA.

Phase Number of | Number of | Rate Length Melody Artic. Complexity | % of Errors Number % of Communication
-7 0, iti
Utterances | Words (No. of (% of (Scale 1-7; (Scale 1-7; score (% of (grammatical/ of C.U.s | repetitions Efficiency
syllables/time) | utterances 1=absent, 1=always utterances syntactic/mor Score
< 5 words) 7=normal) impaired, that contain phological)
7=normal) one (No. of content
independent units/time)
clause & one
more
dependent
clause)
Baseline 20 127 128.40 50% 4 7 10% 25% 35 15% 14.40
Post- 8 60 110.00 13% 4 7 38% 25% 18 38% 15.00
Therapy
Follow- 12 96 111.06 8% 4 7 25% 25% 25 33% 14.42
up

Key: utt=utterances; artic=articulation; compl=complexity; para’s=paraphasias; reps=repetitions
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The Cookie Theft picture description was analysed by measuring the total number of words
produced (Nicholas & Brookshire, 1993) and number of Content Units produced (Berube et
al., 2019) as indicated below (see Figure 5). These results were compared in raw scores. The
results revealed an increase in the number of total words produced (at baseline n=57 words,
post-therapy n=87 words, follow-up n=56 words) and content units (CUs) produced (baseline
n=17 CUs, post-therapy n=27 CUs, follow-up n=18 CUs).

Cookie Theft Analysis

BASELINE POST-THERAPY FOLLOW-UP

=== Words Content Units

Figure 2.7.2 Results of the Cookie Theft Analysis showing an increase in the number of words and

content units produced between baseline and post-therapy phases.
2.7.2 B) Procedural Discourse

Procedural Discourse (see Table 2.7.4) was analyzed using the McNemar test. There was no
statistically significant difference between baseline and post-therapy performance (p = 1.00),

baseline and follow-up (p = 0.50), post-therapy and follow-up (p = 1.00).

Table 2.7.4. Raw scores (% correct) on the procedural discourse task at baseline, post-therapy and

follow-up
p-value (two-tailed)
Baseline Post- Follow-
therapy up Baseline & Baseline & Post-therapy
Post-therapy Follow-up & Follow-up
Procedural 0 o 0 _ _ _
Discourse 40% 50% 60% p=1.00 p=0.50 p=1.00
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27.3 C) MAIN

The McNemar test revealed no statistically significant difference in the proportion of correct
outcomes on the MAIN between baseline and post- intervention (p = 0.38). However,
improvement was noted for a) the setting statement during post-therapy and follow-up; b) the
IST as initiating event and IST as reaction of the second episode during post-therapy and
follow-up; c) the outcome of the second episode during post-therapy; d) and IST as initiating

event of the third episode during follow-up (see Table 2.7.5).

Table 2.7.5. Raw scores (% correct) on the MAIN at baseline, post-therapy and follow-up

p-value (two-tailed)

) Post- Follow-
Baseline therapy up Baseline & Baseline &  Post-therapy &
Post-therapy  Follow up Follow-up
Baby Bird-story 31% 50% 56% p=0.38 p=0.13 p=1.00

In relation to the third research question regarding whether any generalization effects were
maintained at 3 months follow-up, there is evidence of some positive effects and even a trend
for further improvement after treatment was terminated as reported below. Although the RCPM
follow-up results were lower than at post-therapy, they remained higher than baseline

performance (Table 2.7.1).

Based on the McNemar’s test there was no statistically significant difference in the overall
BDAE Auditory Comprehension performance between baseline and follow-up (p = 0.25), and
post-therapy and follow-up (p = 0.63). With regards to overall Auditory Comprehension, A.K.
continued to improve without receiving any treatment from 82% (post-therapy) to 91%
(follow-up). When looking at the individual subtest percentiles the Commands subtest score
was maintained at the 70th percentile from post-therapy to follow-up. The Complex Ideational
Material subtest score continued to improve from the 50th percentile at post-therapy to the70th

percentile at follow-up.

The McNemar’s test regarding the overall BDAE-SF Expressive Language score revealed no
statistically significant differences in performance between baseline and follow-up (p = 0.25),

and post-therapy and follow-up (p = 1.00).
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Similarly, the McNemar’s test revealed no statistically significant difference in the proportion
of correct words read for the Reading subtest between baseline and follow-up (p = 1.00), and

post-therapy and follow-up (p = 1.00).

With regards to the discourse measures, The Procedural Discourse task showed continuation
of improvement (Table 2.7.4) between post-therapy and follow-up (from 50% to 60%; p =
1.00). The increase in the total number of words and number of Content Units produced during
the Cookie Theft picture description was not maintained at follow-up. Analysis of the MAIN
revealed a trend for continuous improvement at 3 months follow-up (from 50% to 56%). The
McNemar test revealed no statistically significant difference in the proportion of correct

outcomes between post-therapy and follow-up (p = 1.00).

With regards to the fourth research question investigating whether overall QoL would improve
after treatment, the self-rated SAQOL-39 was analysed by comparing the mean scores (see
Figure 6). A.K.’s responses indicated that her QoL improved between baseline (M = 4.69) and
post-t therapy (M = 4.90) by 4% and was maintained at follow-up (M = 4.93).

SAQOL-39g

BASELINE POST-THERAPY FOLLOW-UP
—e—Mean Score

Figure 2.7.3. Mean scores on the SAQOL-39g at baseline, post-therapy and follow-up.

2.8 Discussion

The main aim of the study was to obtain preliminary evidence from a pilot case study on
whether using NIBS combined with computerized WM training would boost language

recovery in a single participant with post-stroke chronic aphasia. To the best of our knowledge,
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the present study is the first to examine the combined effects of applying the iTBS protocol
with RehaCom WM training for rehabilitation of aphasia. The effects of the 10-day combined
iTBS and WM computerized treatment were measured on the RehaCom Working Memory
Screening Task (Hasomed GmbH, 2017), the RCPM (Raven, 2000; Sideridis et al., 2015), the
BDAE-SF (Messinis et al., 2013), the MAIN (Gagarina et al., 2012) and the SAQOL-39
(Eftsratiadou et al., 2012) and were analysed to determine the near-transfer effects of WM and
the far-transfer effects of fluid intelligence and language functioning, and the effects of the
treatment on QoL. The investigation of this proposed treatment is an important issue as it is
provided for a short period of time (10 days) and is based on evidence (i.e. Lundquvist et al.,
2010; Papazachariadis et al., 2014; Salis et al., 2017) documenting positive treatment effects
of NIBS and CACR independently (see introduction), but not combined to address the needs
of PWA.

To assess treatment efficacy the outcome measures were compared at the different time points,
that is, between baseline and post-treatment, baseline and follow-up, and post-treatment and
follow-up. The findings from this pilot study on a single case lend support to the evidence that
(1) WM interacts with language abilities and deficits in WM influence language performance
(i.e. Murray, 2012); (ii) applying iTBS to the LDLPFC results in improved WM performance
(i.e. Demeter et al., 2016; Hoy et al., 2016); (iii) computerized WM training can have positive
outcomes on WM tasks (i.e. Lundqvist et al., 2010); (iv) chronic aphasia has a negative effect
on QoL (i.e. Manning et al., 2019).

2.8.1 Near-transfer effects of iTBS to the LDLPFC combined with WM training

Results from the RehaCom WM screening (Figure 3) revealed a trend for improvement that
did not reach statistical significance. The results are in agreement with previous research
showing a non-significant improvement in WM post-training, despite a steady improvement
over the duration of the training sessions albeit in healthy ageing adults (Barbu et al., 2017). In
general, the RehaCom WM training program has scarcely been used for PWA. Future research
is needed to clarify how useful RehaCom as a method of CACR is beneficial for aphasia
recovery. In contrast to the expectation that WM would improve after the 10-day treatment, the
effect was insignificant with a minor improvement in the number of correct responses (+1) and
positional errors (-1) produced between baseline and post-therapy only. These results are in

contrast with previous research indicating that computerized WM training improves WM
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abilities after acquired brain injury (e.g. Lundqvist et al., 2010; Westerberg et al., 2007), but
this contradiction could be due to the short training period (10 days) and/or that only one
outcome measure was used to measure WM improvement and multiple baselines were not

obtained to provide sufficient information for comparative purposes.
2.8.2 Far-transfer effects of iTBS to the LDLPFC combined with WM training

A.K. had moderate anomia with significant word retrieval difficulties during connected speech.
Difficulties were noted also with auditory comprehension, other expressive language abilities
and certain cognitive functions. Based on her language and cognitive profile, it was
hypothesised that stimulation of the DLPFC combined with WM training would result in
improved scores on untreated WM and language tasks. Significant treatment effects were found
on the RCPM, a non-trained measure that indicates improvement and far-transfer effects of Gf
(non-verbal intelligence). This finding is in line with results from a study where significant
improvements in Gf resulted following cognitive intervention combined with different
transcranial electrical brain stimulation protocols (Brem et al., 2018). The findings support the
notion that Gf can be improved with WM training (Engle et al., 1999; Friedman et al., 2006;
Unsworth et al., 2014) and DLPFC stimulation (Brem et al., 2018).

The BDAE-SF results revealed improved language skills on the untrained tasks, even though
they failed to reach statistical significance. Specifically, there were improvements in Auditory
Comprehension, Commands and Complex ldeational Material subtests. This improvement in
auditory comprehension is consistent with results from previous studies that used WM training
to improve receptive language abilities in PWA (Eom & Sung, 2016; Harris, et al., 2014; Salis,
2012; Salis et al., 2017; Zakarias et al.,2016). To the best of our knowledge, no other research
so far has explored improvements following WM training with regards to responsive naming

or sentence reading.

Narrative discourse was elicited with three types of tasks: a spontaneous speech sample and
the cookie theft picture description from the BDAE-SF (Messinis et al., 2013), and the baby
bird story from the MAIN (Gagarina et al., 2012). A positive trend towards improvement in
discourse was noted for all three tasks, with a marked improvement at the post-therapy phase.
There is evidence to support higher scores on WM measures are associated with better

discourse production abilities in people with brain injury (Youse & Coelho, 2005).
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Procedural Discourse analysis was based on the analysis developed by Richardson and Dalton
(2016). A.K.’s improved results from baseline, to post-therapy and follow-up are in agreement
with research from the aphasia literature on discourse (e.g., Andreetta, Cantagallo, & Marini,
2012; Capilouto, Wright, & Wagovich, 2006; Fergadiotis & Wright, 2011; Ulatowska, North,
& Macaluso-Haynes, 1981). From the aforementioned studies, only one study was specifically
directed to procedural discourse (Ulatowska et al., 1981), with the more recent studies
(Andreetta et al., 2012; G. J. Capilouto et al., 2006; Fergadiotis & Wright, 2011) exploring all
aspects of discourse production, including narratives, revealing that as aphasia severity

increases, quality and quantity of relevant discourse decreases.

The fact that A.K. did not rate her QoL as severely affected at the time of the study is in line
with previous research reporting that PWA in the chronic stage often perceive their QoL as
adequate, suggesting that with the passing of time individuals adapt to living with aphasia
(Spaccavento et al., 2013). Nevertheless, improvement in her overall QoL was noted from
baseline to post-therapy and maintained at follow-up. This is in agreement with the QoL
literature that improvement in the severity of language deficits brings about an improvement
in QoL (Spaccavento et al., 2014). Moreover, the results are consistent with what has been
found in previous research, that non-verbal cognitive impairments may significantly affect QoL
in PWA and are potentially important predictors to improvement (Nicholas et al., 2017). In
addition to the measured results, A.K. reported noticing improvement in daily word-retrieval
tasks, specifically with numbers. Prior to the treatment, she would count her fingers to acquire
a number, but post-therapy she and her family noticed that counting was often being done

mentally. This translational improvement has real-world meaning for A.K.

Overall, the finding of a significant improvement in non-verbal intelligence and the trends for
improvements in language abilities are indicative that computerized WM training and
stimulation of the LDLPFC are areas of interest for future exploration towards facilitating
language recovery in PWA. This pilot case study may provide insights towards directions for
further investigation, and a guide to the design of a more rigorous research program with larger
numbers of participants.

2.9 Study limitations

The major limitation of the present study is that the outcome measures were taken only at three
time- periods and as such did not meet the criteria for a single subject experimental design. The
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single-subject design requires multiple baseline scores with the minimum of two timepoints
prior to treatment (see Howard, Best, & Nickels, 2015). In this case, it was not feasible to
undertake multiple baseline measures due to A.K.’s time constraints to return to the United
Kingdom to resume her studies. This study was a first investigation of the relationship between
computerized WM training followed by iTBS application to the LDLPFC in order to
investigate potential language improvement in one individual with post-stroke chronic aphasia.
It is important to note that results were based on a single WM outcome measure as well as
insufficient length of spontaneous speech samples. As such, the results cannot be considered
representative of how efficacious computerised WM training and LDLPFC stimulation is
towards language improvement in PWA.. Nevertheless, the trend for improvement highlights a
relationship worthy of continued investigation. Future research should incorporate a wider
variety of WM measures, auditory comprehension, and discourse measures.

2.10 Conclusion

This pilot case study suggests that stimulation of the LDLPFC combined with computerized
WM training after left hemisphere stroke has the potential to generalize to language
improvements. Improvement was not related to spontaneous recovery, since the participant was
well in the chronic stage and did not receive additional therapy prior, during or after the
treatment phase. A larger number of participants would provide more reliable results. The
treatment results are encouraging as this treatment protocol seems to be efficacious towards
improvement in non-verbal intelligence that boosts language improvements. The results are
promising although the overall level of improvement is small, but this should not be

discouraging as these results are based only on one case.

It is clinically and theoretically important to investigate whether brain stimulation and WM
training operate synergistically as an underlying treatment approach that enhance cognitive and
language processing networks. It is critical to further investigate whether such combined
treatment protocols will be taken on as new methods for post-stroke aphasia rehabilitation in
the future.

This chapter was a pilot study that preceded the main study, and it was performed in order to
appraise the assessment tools and treatment outcomes. This case study projected positive
outcomes with statistically significant improvements in non-verbal intelligence (RCPM) and
clinical improvements in WM, receptive and expressive language, and QoL, without adverse
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side effects. This treatment was deemed worthy to investigate further in the main study while
adapting it to a multiple baseline singe-case design to achieve more statistically robust results.
The pilot study was submitted for publication in the Aphasiology journal and it is under review.
The next chapter elaborates how the main study’s data were obtained and analysed, followed

by the results, and discussion.
2.11 Treatment delivery fidelity

The treatment protocol is reported in accordance with The Template for Intervention
Description and Replication (TiDier) checklist (Hoffmann et al., 2014), which was used to
ensure this procedure can be replicated in the future. Treatment was delivered as planned and
described in the procedure section without modifications during the implementation.
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3 METHODOLOGY AND PROCEDURES

Findings from the pilot case study in chapter 2, revealed that stimulation of the LDLPFC
combined with computerized WM training after left hemisphere stroke has the potential to
generalize to language improvements. A larger number of participants would provide more
reliable results. In this chapter the principal study is described as follows: (1) the participant
recruitment procedure along with the inclusionary/exclusionary criteria, (2) the study design,
(3) the data collection and procedures, along with the equipment used, (4) a description of the

iTBS and WM training treatment protocols, and (5) any ethical considerations.
3.1 Participants

The study was carried out at the Cyprus University of Technology (CUT) Rehabilitation Clinic.
The participants were obtained through public announcement and advertisement in the media
and social networks, by posting in private and public hospital announcement boards, through
direct contact with medical doctors, and through rehabilitation centres’ and the Cyprus Stroke
Association. Ethical approval was obtained from the Cyprus National Bioethics Committee.
Informed consent was obtained prior to participating in the study. Participants in the study were
residents of Cyprus, diagnosed with mild or moderate aphasia following a first-time left
hemisphere (LH) stroke. The inclusion/exclusion criteria were made known as indicated in
table 3.1.1 below.

Table 3.1.1. Inclusion/exclusion Criteria

Inclusion Criteria Exclusion Criteria

a) Native Cypriot-Greek speakers a) severe aphasia
b) damaged dorsolateral prefrontal cortex area as
identified in the MRI

b) first-time single left hemisphere stroke,

confirmed with an MRI

c) fluent or non-fluent aphasia as indicated in ¢) Traumatic Brain Injury

their medical file
d) history of psychiatric or other neurological

d) presence of aphasia
illness

e) right-hand dominance €) history of depression
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g) intact comprehension at the single-word level

h) chronological age between 21-79 years

g) pregnancy

f) history of epilepsy/seizures

h) color-blindness or other visual disorders/visual

neglect

i) unaided moderate-severe hearing loss

k) significant general medical problems including

liver, cardiac, or renal dysfunctions

1) current alcohol or drug abuse

The recruitment phase was carried for a period of 20 months and although 30 persons applied

to participate in the study (N=30), 7 completed the study (N=7), of which 5 were included in

the main study (N=5). The participant selection which relied on the inclusion and exclusion

criteria is described in Figure 3.1.1 below.

Identification J

[

)

Screening

Eligibility

—

Included

People interested in participating
N=30

A 4

Did not meet Inclusion Criteria
N=13

4

Participated in Background
Assessment
N=17

y

Excluded with reasons
Behavioral Issues N =2
Emotional Issues N =1
Aphasia Severity N=1
CVA status change N=2
Presence of seizures N =1

(N=7)

Participated in Baseline #1
Assessment
N=10

Y

Excluded with reasons
Left the Country N=1
Receptive Language Severity N=1
Absence of AphasiaN =1

(N=3)

Completed all assessments
N=7

l

Total participants in the
main study
N=5

Pilot participants
Piloting of the tools N =1
Piloting of the treatment N =1

(N=2)

Figure 3.1.1. PRISMA (Liberati et al., 2009) flow chart for the participants selection
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The first two participants were recruited for the pilot study to verify that all pre-therapy and therapy
procedures were appropriate for prospective participants of the main study. In particular, the first
participant suffered a LH stroke but did not exhibit aphasia, and therefore participated in the
pilot study to appraise the instrumental and assessment procedure. The second participant
fulfilled the criteria and is described as a case-study in chapter 2. The five participants’
background details and demographics are listed in table 3.1.2 below.

Table 3.1.2. Background details of participants.

Participant Initials Gender Age Time post onset Aphasia type
1) LA M 68 17 months Mild Expressive
2) C.S. M 63 1 month Mild Receptive
3) S.H. M 54 9 months Moderate Global
4) CG. M 35 1 month Moderate Expressive
5) F.C. M 71 3 months Moderate Global

Participant #1 (I1.A.) was a 68-year old male who suffered an ischemic LH ischemic stroke
one-and-a-half-years prior to the study. Although the current MRI (Figure 3.1.2) did not show
visual evidence of CVA damage, the initial medical examination report indicated left
hemisphere ischemic stroke, characterized with severe dysarthria. The participant had received
speech-language therapy during the acute phase post-stroke but did not continue thereafter.
Ever since, he had been experiencing mild expressive aphasia with severe dysarthria and
unintelligible speech. He was experiencing increased salivation, with difficulty controlling and
swallowing the saliva. Otherwise, he did not report any additional swallowing difficulties. He
did not suffer from any paresis or paralysis. He was a retired construction worker with 7 years
of elementary school education. He lived with his wife and was able to care for himself. Based
on the Instrumental Activities of Daily Living (IADL) questionnaire, which was filled by his
wife, he only required assistance for laundry duties. The participant’s Beck’s Depression
Inventory (BDI-1I) questionnaire score was 13, which was considered within normal limits

(>17 possibility for depression; Giannakou et al., 2013; Kosmidou & Roussi, 2002).

104



Figure 3.1.2. Participant #1 (1.A.) MRI. Lateral left view of the participant’s brain, which was used
with neuronavigation to locate the DLPFC. Post CVA lesion was not visible at MRI. The participant’s

CVA was confirmed with written medical referral dated February 2017.

Participant #2 (C.S.) was a 63-year old male who suffered a LH ischemic stroke one month
prior to this study. He did not receive any speech-language therapy. He had been experiencing
mild receptive aphasia with short-term memory and verbal information comprehension
difficulties. He was a retired food and beverage employee and remained as a hobby farmer,
with 12 years of school education. Although this participant’s brain damage was not visible on
the current MRI (Figure 3.1.3), the previous MRI report dated 45 days prior to entering the
treatment study (dated October 5, 2018), indicated the presence of an acute ischemic stroke in
the medial temporal lobe. Mr. C.S. lived with his wife and did not suffer any paresis or paralysis
as he was able to drive and to care for himself with minimal assistance. Based on the IADL
questionnaire, which was reported by his daughter, 1) he could answer the phone but did not
use it spontaneously; 2) he was accompanied by another person during shopping activities; 3)
he could prepare a meal if the ingredients were provided; 4) he could carry out some daily
housekeeping tasks; 5) he could drive but was always accompanied by someone else; 6) he was
able to take his medication if someone prepared it in doses but occasionally forgot; and 7) he

was able to independently manage financial tasks. The participant’s BDI-II questionnaire score
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was 17, which was considered within normal limits (>17 possibility for depression; Giannakou
et al., 2013; Kosmidou & Roussi, 2002).

Figure 3.1.3. Participant #2 (C.S.) Reported findings of the current MRI noted two small areas of low
signal intensity involving the subcortical white matter of the left occipital lobe and the left temporal

lobe which were compatible with small areas of brain parenchymal loss.

Participant #3 (S.H.) was a 54-year old male who suffered a LH ischemic stroke nine months
prior to entering this study. His MRI report dated March 5, 2018 indicated hypodense area in
the left parietal lobe, corresponding to the occipital horn of the left lateral ventricle, indicating
the presence of ischemia. His current MRI (Figure 3.1.4.) shows the lesion in the left parietal
lobe. He was experiencing moderate global aphasia with moderate to severe apraxia of speech.
He was an electrician with 12 years of school education. Mr. S.H. lived with his wife and
required assistance and supervision to manage his daily activities as he suffered from moderate
right-side hemiparesis. Based on the IADL questionnaire, which was reported by his wife, 1)
he could answer the phone but did not use it spontaneously; 2) he was unable to perform
shopping activities; 3) meals were required to be prepared and served by someone else; 4) he
was unable to carry out any daily housekeeping tasks, including laundry; 5) moving and
travelling was limited and could be accomplished with assistance; 6) he was able to take his
medication if someone prepared the doses; and 7) he could not manage financial tasks. The
participant’s BDI-II questionnaire score was 2, which was considered within normal limits

(>17 possibility for depression; Giannakou et al., 2013; Kosmidou & Roussi, 2002).
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Figure 3.1.4. Participant #3 (S.H.) MRI. Findings of the current MRI showed an extensive area of
brain parenchymal loss associated with perifocal gliosis, involving the left parietal lobe extending
inferiorly to the anterior left temporal lobe and also posteriorly to the left occipital lobe. The above
caused significant ex vacuo dilatation of the left lateral ventricle. Prominence of the third ventricle
was also noted. In addition, subtle hypointensity involving the left corticospinal tract, causing
asymmetry of the cerebral peduncles and pons was noted, compatible with a left-sided Wallerian

degeneration.

Participant #4 (C.G.) was a 35-year-old male who suffered a LH ischemic stroke one month
prior to entering this study. Therefore, repeated weekly baselines were administered until the
participant had demonstrated stable results in the assessments. A total of 5 baselines were
administered. The pre-therapy phase was terminated when the tests showed similar results as
the last 2 baselines. He did not receive any speech-language therapy. He was experiencing
moderate expressive aphasia with major word retrieval difficulties, syntactic impairments, and
minor comprehension difficulties. He was a university graduate with a bachelor’s degree and
was working as a police officer. He did not suffer any paresis or hemiparesis. Based on C.G.’s
initial medical report dated December 3, 2018, he suffered an ischemic CVA at the posterior
part of left frontal lobe, anterior and middle part of left parietal lobe, part of the temporal and
posterior part of the Isle of Reil. His current MRI (Figure 3.1.5.) shows the exact area of lesion.
He lived with his wife and two toddlers and was able to carry out most daily activities without
assistance. Based on the IADL questionnaire, which was reported by his wife, he only required
assistance for transportation by car and to manage financial tasks. The participant’s BDI-II
questionnaire score was 5, which was considered within normal limits (>17 possibility for

depression; Giannakou et al., 2013; Kosmidou & Roussi, 2002).
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Figure 3.1.5. Participant #4 (C.G.) MRI. Findings of the current MRI report showed evidence of
extensive low signal intensity involving mainly the cortex and subcortical white matter of the left
parietal lobe and extending inferiorly to the level of the left insula. Subtle hypointensity of the deep

white matter of the left parietal lobe was also noted.

Participant #5 (F.C.) was a 71-year-old male who suffered a LH ischemic stroke 3 months
prior to entering this study. F.C.’s medical report (dated February 2, 2019) indicated damage
to the left front-temporal lobe at the head of the caudate nucleus and lenticular nucleus due to
ischemic CVA. He was experiencing moderate global aphasia with major word retrieval
difficulties and moderate comprehension difficulties. He did not receive any speech-language
therapy. His current MRI (Figure 3.1.6.) shows the lesion to the LH frontotemporal lobe. Mr.
F.C. completed 6 years of elementary education and lived with his wife. Although initially he
experienced right side hemiparesis, those difficulties were resolved during the first month of
recovery post stroke. He was able to carry most daily activities with minimal assistance. Based
on the IADL questionnaire, which was reported by his wife, he only required assistance for
transportation by car and to manage financial tasks. The participant’s BDI-1I questionnaire
score was 4, which was considered within normal limits (>17 possibility for depression;
Giannakou et al., 2013; Kosmidou & Roussi, 2002).
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Figure 3.1.6. Participant #5 (F.C.) Reported findings of the current MRI noted hypointensity of the
left basal ganglia. An area of gliosis and scattered areas small areas of parenchymal loss involving
the left parietal lobe and the extending slightly to the left frontal lobe were also noted. In addition,
there was evidence of mild ex vacuo dilatation of the body and frontal horn of the left lateral

ventricle.
3.2 Study Design

The main study employed a single-case multiple baseline (MB) design comprising of three
phases (Howard et al., 2015; Thompson, 2006): 1) Pretherapy or “baseline” testing phase; 2) a
therapy phase; and 3) a post-therapy/follow-up phase. Single-case experimental designs are
important tools for determining whether improvement is a result of treatment or of some other
cause such as passage of time, and usually they are more effective than group studies for
evaluating responses to the treatment whilst controlling for the effects of spontaneous recovery
or improvements over time (Wilson, 1987). In the MB single case designs the participants serve
as their own controls, rather than being compared to a control group (Carr, 2005). That is to
say, that the baseline behavior of the participants is measured repeatedly before any type of
intervention or treatment occurs and once stability of baseline behavior is established, a phase
change occurs where conditions change from baseline to intervention phases. As the baseline
is measured repeatedly, it allows for a prediction of the data path while no intervention occurs;
this is then compared and contrasted with the intervention data (Carr, 2005). If the person is in
a period of spontaneous recovery, the pre-therapy baselines will differ significantly from each

other and the repeated testing over time should show improvement without intervention; so,

109



administering the same test on more than one occasion will project the course of further
spontaneous recovery (Franklin, 1997). Likewise, the aforementioned author states that if no
spontaneous recovery is occurring (see Fig.3.2.1.), then these pre-treatment baseline measures
will not differ significantly from each other, and any significant difference in the test score

following therapy will have demonstrated a treatment effect.

Multiple-Baseline Design

Baseline Baseline Baseline Post- Follow-up
Treatment

Figure 3.2.1. A schematic figure of a multiple baseline design with a pre-treatment stable baseline.
3.3 Data Collection and Procedures

The main objective was to explore the potential domains of transfer effect after WM
stimulation and training, and also to measure how efficacious this treatment protocol was for
PWA. Specifically, the purpose was to investigate the combined effects of iTBS and WM
training on WM performance as a mediator to language generalization. To address this
objective, the following questions were posed:
1) Does WM training generalize to trained cognitive areas as measured by untrained
WM (near-transfer effect) and fluid intelligence tasks (far-transfer effect)?
2) Does WM training generalize to untrained receptive and expressive language and
functional communication tasks (far-transfer effect)?
3) Are generalization effects maintained at follow-up 3 months post-treatment?

4) Does overall QoL improve after treatment?

To evaluate treatment efficacy through the precise transfer effects, the outcome measures
included specific cognitive (non-verbal) and language (verbal) measures as reported below.
The Template for Intervention Description and Replication (TiDier) checklist (Hoffmann et al.,

2014) was used to ensure this procedure can be replicated in the future.
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3.3.1 Background Tools

The background tools were used to fulfil aspects of the inclusion criteria as it was eminent to

detect the presence of unilateral spatial neglect, determine handedness, and determine

emotional status in order for the participants to proceed to the pre-testing and treatment stage

of this study. A detailed case history was taken including personal and medical information. A

TMS safety questionnaire (figure 3.3.1) was completed prior to entering the first stage of the

inclusion process, followed by a screening procedure which included: (a) the Albert’s Visual

Neglect Test (Albert, 1973) to determine unilateral spatial neglect; (b) the Edinburgh

Handedness Inventory (Oldfield, 1971), aiming to evaluate handedness of the preferred hand

for carrying out daily activities; and (c) the Greek adaptation of the Beck’s Depression
Inventory-11 (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961; Giannakou et al., 2013), to
measure characteristic attitudes and symptoms of depression.
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Figure 3.3.1. The TMS Safety questionnaire completed for all participants prior to the study proper.
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3.3.1.1 Albert’s Visual Neglect Test

The Albert’s Visual Neglect Test (Figure 3.3.2.) is a screening test for patients with stroke. In
this test, patients must cross out the randomly oriented placed lines on a piece of paper (Albert,
1973). Unilateral spatial neglect (USN) is denoted when lines are left uncrossed on the same
side of the page as the person’s motor deficit or brain lesion is located (Stroke Engine, 2010).

The participant was instructed to draw a line through all the lines.

Figure 3.3.2. Albert’s Visual Neglect Test

3.3.1.2 Edinburgh Handedness Inventory

The Edinburgh Handedness Inventory (EHI; Oldfield, 1971) is a ten-item self-report
questionnaire aiming to evaluate handedness of the preferred hand for carrying out common
activities such as writing and drawing, throwing, and using utensils such as a toothbrush, knife,
and spoon (Figure 3.3.3). The participant is asked to place 1 or 2 check marks under *“left’” or
““right,”” indicating strength of preference for each activity; 2 checks are to be used if the
individual “*would never try to use the other hand unless absolutely forced to’’ for the given
function. In the clinical context, the EHI offers a quick method for the assessment of expressed
hand preference (Caplan & Mendoza, 2011).
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Edinburgh Handedness Inventory!
Your participant ID:

Please indicate with a one (1) your preference in using your left or right hand in the
following tasks.

Where the preference 1s so strong you would never use the other hand, unless absolutely
forced to, put a two (2).

If you are indifferent, put a one 1n each column (1 | 1).

Some of the activities require both hands. In these cases, the part of the task or object for
which hand preference is wanted is indicated in parentheses.

Task / Object Left Hand Right Hand

1. Writing

. Drawing

. Throwing

. Scissors

2
3
4
3. Toothbrush
6
7
8
9

. Knife (without fork)

. Spoon

. Broom (upper hand)

. Striking a Match (match)

10. Opening a Box (lid)
_ _ RH=
Total checks: | LH=
Cumulative Total | CT=LH+RH=
Dhfference | D=RH-LH=

Result | R=(D/CT) = 100 =

Interpretation:

(Left-Handed: R < -40)
(Ambidextrous: -40 =R = +40)
(Right Handed: R > +40)

I Oldfield, R. C. (1971). The assessment and analysis of handedness: The Edinburgh
mnventory. Neuropsvchologia, 9, 97-113.

Figure 3.3.3. The Edinburgh Handedness Inventory

3.3.1.3 Beck’s Depression Inventory - 11

The Beck’s Depression Inventory - 11 (BDI-II) is a 21-item, self-report rating inventory that
measures characteristic attitudes and symptoms of depression (Beck, et al., 1961). Examples
of these items include questions regarding changes in sleep patterns, difficulty concentrating,
sadness, self-dislike, crying, loss of energy, and suicidal thoughts. These items were designed
to capture the depression as defined by the Diagnostic and Statistical Manual of Mental

Disorders, Fourth edition (American Psychiatric Association, 2000). The Greek adaptation of

113



BDI-II (Giannakou et al., 2013; Kosmidou & Roussi, 2002) was given to the participant to self-
evaluate their symptoms, by choosing the sentence that was more representative of their

emotional status.
3.3.2 Assessment Tools

A battery of tools was administered three to five times prior to treatment initiation (baseline),
depending on the participant’s stability, on the same day upon completion of the 10-day
treatment (post-treatment), and 3 months after completion (follow-up). The single-subject
design requires multiple baseline scores with the minimum of two acquirements (Howard et
al., 2015; Thompson, 2006). The repeated baselines were 7 days apart. The assessment battery
was comprised of:

(1) the Raven's Coloured Progressive Matrices (RCPM; Raven, 2000; Sideridis et al., 2015)

(2) the Greek version of the Boston Diagnostic Aphasia Evaluation-Short Form (BDAE-
SF; Messinis et al., 2013)

(3) apersonal stroke narrative (following Kambanaros, 2019)

(4) the RehaCom Working Memory Screening Task (Hasomed GmbH, 2017)

(5) the Multilingual Assessment Instrument for Narratives (MAIN; Gagarina et al., 2012)

(6) a Procedural Discourse task (based on Richardson & Dalton, 2016)

(7) the Greek-version of the Stroke and Aphasia Quality of Life Scale-39 (SAQOL-39;
Efstratiadou et al., 2012)

3.3.2.1 Raven's Coloured Progressive Matrices (RCPM)

The RCPM (Raven, 2000) is a non-verbal test and was originally constructed as a test of
eductive ability (from the Latin root “educere”, meaning “to draw out’), the ability to make
meaning out of confusion, the ability to generate high-level, usually nonverbal, representations
which make it easy to handle complexity. It is a tool frequently used in measuring abstract
reasoning and is regarded as a non-verbal estimate of fluid intelligence (Gf; Bilker et al., 2012).
Raven’s tests have been used in several studies seeking to explain the link between WM and
gF (e.g. Engleetal., 1999; Friedman et al., 2006). The RCPM is made up of a series of diagrams
or designs with a part missing and is used to assess problem solving skills. The participants
were asked to select the correct part to complete the designs from a number of options printed
beneath (Raven, 2000). The test consists of 36 items in three sets of 12 (A, AB, and B) of
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colored large-print drawings each. Set A required the participant to identify a patch in a
continuous pattern and therefore measures the person’s ability to complete continuing patterns;
set AB required identification of a patch of a discrete pattern, which depends on the person’s
ability to perceive the separate forms as one gestalt on the basis of spatial relations;
and set B required the identification of a patch in a continuous pattern with discrete items which
depends on the ability of abstract thinking (Kazem et al., 2007; Figure 3.3.4.). The participant's
task was to deduce the theme of relations expressed among the designs and choose the missing
figure from among the alternative set of six to correctly complete the pattern. The original book
form displayed each item on a page in a booklet. As suggested by Raven et al. (2000) no time
limit was assigned for either task. Participants were asked to select a piece from six alternatives
that completed the pattern for each item by pointing to their chosen response in the stimulus
book. The Greek version of RCPM was administered as adapted by Sideridis et al. (2015) to
acquire a raw score of the participant’s non-verbal intellectual abilities. Performance on the
RCPM was calculated according to the number of items correct. Every correct response was

given 1 point, with a total score range 0-36.

YTIOKATMAKA A YIIOKAIMAKA AB YITOKAIMAKA B

Bl

+ 4
A |

[
]

» D = |+ X

(A) (As) (B)

Figure 3.3.4. Examples of RCPM Task Sheets. A: Identification of a patch in a continuous
pattern. AB: Identification of a patch of a discrete pattern. B: Identification of a patch in a continuous

pattern with discrete items.
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3.3.2.2 Boston Diagnostic Aphasia Examination — Short Form (BDAE-SF)

The BDAE-SF (Messinis et al., 2013) is a brief aphasia assessment tool used in clinical
evaluations for the measurement of aphasic language performance for linguistic domains
needed to identify the specific language deficits and the exact profile of differential aphasic
syndromes. This tool has been adapted into the Greek language and culture, and it includes five
subsections: (1) conversational and expository speech such as simple social responses, free
conversation, and picture description; (2) auditory comprehension including word
comprehension, commands, and complex ideational material; (3) oral expression, such as
automatized sequences, single word repetitions, repetitions of sentences, responsive naming,
the Boston Naming Test — Short Form (BNT-SF), screening of special categories; (4) reading,
including letter and number recognition, picture-word matching, basic oral word reading, oral
reading of sentences with comprehension, reading comprehension of sentences and paragraphs;
and (5) writing, including mechanics, dictation writing of primer words, regular phonics and
common irregular forms, written naming, narrative writing — mechanics, written vocabulary
access, syntax, and adequacy of content (Tsapkini, Vlahou, & Potagas, 2009; Messinis et al.,
2013). For the purposes of this study, only Auditory Comprehension, Oral Expression, and

Reading (See table 3.3.1) were administered. Each subtest is described in detail below.
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Table 3.3.1. The Boston Diagnostic Aphasia Examination (BDAE) scores for Auditory

Comprehension, Oral Expression, and Reading.

Score
BDAE-SF Subtest (maximum)
Word Comprehension 16
1. Auditory Comprehension Commands 10
Complex ldeational Material 6
Automatized sequences 4
Word Repetition 5
Sentence Repetition 2
2. Oral Expression
Responsive Naming 10
Boston Naming Test 15
Screening of special categories 12
Matching case/script 4
Number matching 4
Word identification 4
3. Reading Oral Basic Word 15
Oral Basic sentence 5
Oral Sentence Comprehension 3
Silent Comprehension 4

1) BDAE-SF Auditory Comprehension

la. Word Comprehension: In this subsection each participant was asked to respond by pointing
in a visual multiple-choice task which included samples from four categories of words: body
parts, objects, letters, numbers, and colors. The participant was given 1 point for correctly
identifying the word within 5 seconds, ¥z point for correct identification taking longer than 5

seconds, and no point for incorrect or no response. The maximum score was 16.
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1b. Commands: The participant was requested to carry out three commands with two to five
informational elements. One point was given for of every correct element. The test requires the
participant to respond correctly to both the first two commands in order to move the third

command. The score in this subscale ranges from 0 to 10.

1c. Complex ideational material: The participant was required to understand and express
agreement or disagreement in 6 pairs of questions, of which 4 pairs were based on short
paragraphs. Each pair consisted of two questions, one having yes and the other no as response
options. One point is scored for each item only if both questions were correctly answered. Score

ranged from O to 6.

2) Oral Expression

2a. Automatized Sequences: The participant was tested on two sequences: days of the week
and numbers from one to twenty-one. Two points were given for the production of complete
recitation of each series and 1 point was given for unaided runs of 4 consecutive words when

reciting days and 8 consecutive words when reciting numbers.

2b. Single Word Repetitions: A sample of different word types was presented, including a
color, an object, a noun, an abstract verb of three syllables, and a tongue twister. An item was
scored correct if the produced word was intelligible and any misarticulations were noted and

coded accordingly. One point was allocated per item for a total of 5 possible points.

2¢. Repetitions of Sentences: This subtask including two sentences, one high and one low
probability sentence. The participant was asked to repeat each sentence and a sentence
production was scored as correct if all the words were produced intelligibly. Misarticulations
were noted and coded accordingly. One point was given for each correct production for a total

of 2 possible points.

2d. Responsive Naming: The participant was instructed to answer a series of questions using
single words, including nouns and verbs. Each question contained a key word associated with
the expected answer. Two points were given when the response was provided within 5 seconds,
1 point over 5 seconds, and O for failed or improper answers. The total maximum score was
15.

2e. Boston Naming Test — Short Form (BNT-SF): The participant was asked to name each of

the 15-line drawings, graded in difficulty. The participant was asked to tell the examiner the
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name of each picture and was given about 20 seconds to respond for each trial. The participant’s
response was written in detail and coded accordingly. One point was given for each correct
response. If the response was incorrect, no points were given. The total maximum score was
15.

2f. Screening of Special Categories: This subtask included twelve items, representing 3
categories: letters, numbers, and colors. The participant was presented four items per sheet and
was asked to name each one. Every correctly named item was awarded one point, for a total

maximum of 12 points.

3) Reading

3a. Basic Symbol Recognition: Initially the participant was shown a word or letter centred
above four multiple-choice responses and was instructed to select the equivalent, receiving one
point for each correct response for a total maximum of four points. Next, the participant was
shown a number if fingers and was asked to point to the equivalent arithmetic symbol.
Similarly, on the next subtask the participant was shown a pattern made of dots and was asked
to point to the equivalent arithmetic symbol. One point was given to each correct item for a

total maximum of four points.

3b. Picture-Word Matching: The participant was asked to match by pointing a picture without
naming it, from a choice of four options given on the right of the presented picture. One point

was given to each correct item, for a total maximum of four points.

3c. Basic Oral Word Reading: The examiner indicated a word that should be read by the
participant. Three points were given when the word was read within 3 seconds, 2 points within
310 10 seconds, 1 point within 10 to 30 seconds, and 0 if the answer was wrong. The maximum

score was 15.

3d. Oral Reading of Sentences with Comprehension: The participant was instructed to read
out loud 5 sentences and was informed that questions would be presented about them
afterwards. Each question must be read precisely in order to receive a point for each one, for a
total of 5 points. Next, the participant was provided with three incomplete sentences regarding
the sentences previously read, and was requested to complete the ending of a sentence with a
four multiple choice options. One point was given for each correct sentence with the maximum

score of 3 points.
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3e. Reading Comprehension of Sentences and Paragraphs: In this subtask the participant was
instructed to silently read 4 incomplete sentences and was requested to complete the ending of
a sentence by pointing to one of the four multiple choice options. One point was given for each

correct sentence.

3.3.2.3 Personal Stroke Narrative - The Shewan Spontaneous Language Analysis (SSLA)

system

For the Personal Stroke Narrative (Kambanaros, 2019) each participant was encouraged to
engage in an open-ended conversation (spontaneous language sample) where they were asked
to tell a story about their life before the stroke. The participants were permitted unlimited time
and when they appeared to have finished, the examiner gave one prompt by asking if they
wished to add anything further. If they continued to talk further, the content was included in
transcription; otherwise the sample was considered complete. Each language sample was
audio-recorded and transcribed verbatim using orthographic transcription, and phonetic
transcription when necessary. The transcription included all the empty and filled pauses (e.g.
uumm”). The spontaneous speech sample was quantified using the Shewan Spontaneous
Language Analysis (SSLA; Shewan, 1988). The spontaneous language sample was quantified
using the 12 variables of the SSLA system: (a) Number of Utterances; (b) Time; (c) Rate; (d)
Length; (e) Melody; (f) Articulation; (g) Complex Sentences; (h) Errors; (i) Content Units; (j)
Paraphasias; (k) Repetitions; and (I) Communication Efficiency.

a) Number of Utterances: This was a measure of the total number of utterances spoken by a
subject. An utterance represented a complete thought, and frequently corresponded to a
complete sentence. This could have been expressed in a connected grouping of words, which
was separated from other utterances on the basis of content, intonation contour, and/or pausing.
On the basis of content, change in content within the sentence was used as one criterion for
segmenting utterances (e.g. “The boy is in the tree... duck on the pond). On the basis of
intonation contour, a falling intonation signalled the end of an utterance and a rising intonation
contour signalled the end of an utterance if it was a question (e.g. “The boy is in the tree . . ./
Is that a kite?””). Utterance segmentation based on pauses was used in conjunction with the two
previous segmentation criteria and not as a standalone criterion (e.g. “Boy . . . in the tree/ Boy
.../ girl waving”). Additionally, tag questions or tag sentences were not segmented as separate
utterances (e.g. “That’s a house, isn’t it?”’), parenthetical remarks that were complete thoughts
were segmented as separate utterances (e.g. “l guess this is what I’m supposed to do”), filled
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pauses that occurred at the beginning of an utterance were not segmented as separate utterances,
unless no content followed (e.g. “umm . uuuhhh . . I was a teacher””), sentence starters (“Okay”’
“And”) were not segmented as separate utterances when an utterance followed unless
accompanied by a falling intonation contour and a distinct pause (e.g. “Okay, | see a boy”), and

finally, unintelligible utterances were not counted and were indicated by dashes (---).

b) Time: The total speaking time for the language sample was measured with a stopwatch in
seconds, beginning with the first syllable and ending with the last syllable. Filled pauses were
included in the time measurements. Any spoken material such as interjections or prompts from
the examiner were subtracted from the overall time so that only the participant’s time was

included. The time was converted to minutes (e.g. 86 sec = 1.43 min).

c) Rate: The rate of speech was defined as the total number of syllables spoken per minute by
the subject. It was calculated by dividing the total number of syllables counted in the utterances
by the time in minutes of the sample. Filled pauses were not counted as syllables in this
measure.

Rate(syllables/minute) = Number of syllables
Time(minutes)

d) Length: The length measure for the sample was computed by dividing the number of
utterances that contained five or fewer words by the total number of utterances and multiplying
by 100 to express the outcome as a percentage. Consistent with the Rate variable, filled pauses
were not counted as words.

Length = Number of utterances <5 Words x 100
Number of utterances

e) Melody: A seven-point melody rating scale, similar to that on the BDAE, was implemented
to rate the variable of melody involving the rhythm of speech, the stress patterns employed,
and the intonation contours expressed. The rating was independent of pauses, since they could
be the result of a word-finding problem, rather than a prosodic disturbance per se.

I 1 |
I T 1

1 2 3 4 5 6 7
Absent Normal Normal
melody melody limited melody

to short phrases
stereotyped utlerances
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f) Articulation: A seven-point articulation rating scale, similar to that for articulatory agility on
the BDAE was used. Articulation was rated using a global judgment of articulatory accuracy
which included any speech errors often labelled under the categories of omissions,
substitutions, distortions, and/or additions.

L [ |
I Ll 1

1 2 3 4 5 6 7
Articulation Normal Normal
always articulation articulation
impaired  limited to automatic
utterances

g) Complex Sentences: This syntactic variable measured was computed by dividing the number
of complex sentences by the total number of utterances and multiplying by 100 to express the
measure as a percentage. A complex sentence was defined as one that contained at least one
independent clause and at least one or more dependent clauses. Conjoined sentences and
complementing and non-complementing infinitive constructions were not considered complex
sentences.

Complex sentences = Number of complex sentences x 100
Number of utterances

h) Errors. This variable measured syntactic and morphological errors. It reflected the total
number of errors counted for the sample, divided by the total number of utterances, and
multiplied by 100 to express the measure as a percentage. Because a subject can make more
than one error per utterance, the percentage could exceed 100. An error was defined as an
incorrect syntactic and/or morphological form that deviated from a standard adult grammatical
system (e.g. “There’s some bushes”). Incomplete sentences were not counted as containing

errors.

i) Content Units: A content unit was described as a grouping of information expressed as a
unit. Each content unit was counted only once (e.g. “There is a girl. The girl is on the stool”).

If two content units had the same action, the action was scored as one content unit for each

referent (e.g., “The boy is looking at the girl. Mom is looking outside™). If a referent occurred
only in the context of a group of information, it was scored as part of that group but not as a
separate major content unit. For example, in the utterance “The water was running on the

floor™, the word “floor” does not score as a separate content unit.
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J) Paraphasias: The paraphasia measure was primarily a measure of substitution behaviour to
capture what a PWA described when they could not produce the correct content. The
percentage of paraphasias reflected a measure of the number of paraphasias relative to the total
number of utterances. Similar to the Errors variable, the percentage could exceed 100 if a
person made more than one paraphasia per utterance. Paraphasias included several types: literal

(phonemic), verbal (semantic), neologism, and jargon.

k) Repetitions: Repetitions were counted only within utterances and not across utterances. Each
repeated instance was counted as a repetition. Therefore, a word produced three times counted
as two repetitions along with the target (e.g. “girl . . . girl girl falling off””). The total number
of repetitions was counted, divided by the total number of utterances in the sample, and
multiplied by 100 to yield a percentage. Repetitions could occur at several levels: (a) Phonemic
(Sound) Repetitions (e.g. “m. . m.. man”); (b) Word Repetitions (e.g. “green green. .. house

no no”’); and (c) Phrase or Sentence Repetitions (e.g. “There’s a girl . . . there’s a girl™).

I) Communication Efficiency: This variable was a measure of the efficiency of information
transfer. It reflected the rate at which information was conveyed by a speaker. It was calculated
by dividing the total number of content units by the time (minutes) for the language sample.

CE = Number of content units
Time(minutes)

3.3.2.4 The Multilingual Assessment Instrument for Narratives (MAIN)

The MAIN (Gagarina et al., 2012) is a tool designed in order to evaluate narrative skills in
children, but may also be used in adults as the pictures used are not considered child-like. It
consists of picture sequences, developed based on the use of linguistic and psycholinguistic
criteria to measure narrative performance. While the MAIN examines narrative production of
microstructure and macrostructure elements, this study only analysed the story’s structure of
the macrostructure element of the generated story. The primary unit for macrostructure analysis
is the episode. The content of each picture sequence was designed to represent three short
episodes. The stories begin with a setting statement, which gives time and place and introduces
the story’s protagonist, and is scored with zero points for wrong or no response, 1 point for one
correct response, 2 points for reference to both time and place. This component is followed by
three episodes. Each episode is scored with zero points for wrong or no response and 1 point

for each correct response regarding: a) the internal states (IST) which initiate the goal and also
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express reactions; b) a goal which is a statement of an idea of the protagonist to deal with the
initiating event; ¢) an attempt by the protagonist to reach the goal, which is an indication of
action to obtain the goal; d) an outcome of the attempt in terms of the goal, which is the event(s)
following the attempt and causally linked to it; and e) the IST as reaction, which is a statement
defining how the protagonist(s) feel or think about the outcome or an action resulting from an
emotional response (Figure 3.3.5). In this study the story “Baby Goats” was utilised. The series
of six-coloured pictures presented in a cartoon strip was unfolded one-episode per time (2
pictures). Each participant was instructed to tell a story as each episode was presented. The
story portrayed a mother goat wanting to save her baby goat who jumped into the water but a
fox jumped forward to catch the other baby goat. Then a bird saw that the baby goat was in
great danger and stopped the fox by biting its tail and chasing it way to save the baby goat
(Figure 3.3.6). The story is controlled for cognitive and linguistic complexity and has a moral
meaning similar to an Aesop fable. Each participant produced an original story and the samples
were transcribed verbatim and analysed. Each sample used a 17-point scoring system and the

tool’s construction guidelines were followed (Gagarina et al., 2012: 132-135).

Examples of correct l'esgnuses” Score | Comments™
Al Time and/ or place reference. e.g. o 2%
once upon a tune’ one day/ long
Setting | ago... baby zoat
ina forest/ in a meadow at the lake A9. Fox jumped towards/ jumped up 01
at the pond... , X .
= - - . Attempt | out/ tried to reach/ grab/ catch the
Episode 1: Mother! Goat fepisode characters: baby goat and mother/ goat) =
_ baby goat
A2 Baby goat was scared/ in danger ol AlD. Fox got/ grabbed/ canght the baby 0 1
drowning/ needed help/ cried’ called Oulcome 20at
. the mother -
5T as <Mother/ Goat etc.> saw that baby All. | IST as Fox was happy 0 1
itatng | oo e scared! in danger reaction | Baby goat was scared
event | = : o i FRTI har e e hyir e el et
drowning' couldn’t swim/ was Episode 3: Bird (episode characters: bird, fox and baby goar)
worried about the baby goat in the - -
water ; All.| ISTas |Bird saw that the goat was in danger | 0 1
Al Mother goat wanted to help the o 1 initiating | Baby goat was in danger
Goal | baby/ to save/ rescue the baby/ ro event
push the baby out of the water Al Goal Bird decided’ wanted to stop the 0 1
Ad. Attempt Mother goat ran/ went into the 0 1 . fox. help/ protect/ save the baby goat
v "\'[”;']1] B P"’:u"g] Tt s o1 Ald| e | Bird bit/ dragged the fox's tail 0 1
AN B s i ALY O 4 -
other goal pusiied fie baby oul o PU artacked! chased the fox
o the water/ saved’ rescued the baby .
HCOME | b hw soat was saved’ out of the AlS. Bird chased the fox away 0 1
water Outcome Fox let go of the baby goat/ ran
Ab. IST as Mother goat was happy/ relieved 0 1 away
reaction | BADY goat was relieved! satisfied Baby goat was saved/ rescued
_ ];“1’{"' glad/ not ;‘“"Fd any more oy AlG. Bird was relieved’ happy/ proud to o 1
Episade 2 Fox (episode characters: fox and baby goar) ST have saved! rescued the baby goat
- - ST as . - .
AT, IST as Fox saw mother lookmg away/ saw | 0 1 seaction Fox was angry/ disappointed
im.tim‘mn that the bal_»)' was alone/ saw that b Baby goat/ goats was/ were
event there was food’ fox was lnngry relieved/ happy/ safe
I . T g 7
AS. Goal | Fox wanted to eat/ catch/ kill the 0 1 Al7. Total score out of 1

Figure 3.3.5. The MAIN scoring sheet for the production section of Baby-Goats story structure
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Figure 3.3.6. The Baby-Goat story from the MAIN as it unfolds in 3 episodes

3.3.2.5 RehaCom Working Memory Screening Task

The RehaCom Working Memory Screening Task module (Hasomed, 2017) measures the visual-
spatial memory span and visual-spatial memory functions. The task is also used to test the
implicit visual-spatial learning and working memory. Before a patient can start training with
the software, the screening module can be administered to measure the current performance of
the patient. The system recommends a therapy level that the patient can work with. After a
certain number of therapy sessions, the screening can be repeated. In the progress analysis is
indicated whether the performance of the participant has improved or not. It is recommended
to repeat the screening-modules after 10 therapy sessions (Hasomed, 2017). The WM screening
test is used for testing simple memory span (simple information holding) and simultaneously
checks the retention and processing of visual-spatial information. It is similar to the Corsi-
block-tapping where the visual-spatial memory span is measured by the maximum length of
the memorized dot patterns that can be reproduced immediately without errors (Hasomed,
2017).

During the WM screening task, ten dots were presented in a circular arrangement (Figure
3.3.7). Individual dots sequentially turned red and faded. The first sequence consisted of two
random dots out of the 10 lighting up in a particular order. The screening started with a sample

exercise, in which a sequence of two dots had to be reproduced correctly in order to proceed to
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the actual screening. The participant had to memorize and reproduce the presented position and
sequence of the dots lighting up to reproduce them. After the sequence was presented, the
participant had to select the same dots in the same order as they were presented. A new
sequence was presented every time, meaning sequences did not repeat the previous sequence.
The program adapted, adjusting the difficulty according to the participant’s performance.
Therefore, if the participant selected a sequence of dots correctly, the number of dots increased
whenever two consecutive sequences of the same length were reproduced without a mistake.
If the response was incorrect the degree of difficulty was reduced. The screening ended after
the patient incorrectly reproduced two consecutive sequences or after 7 minutes. Participants

used the touchscreen of the laptop to respond to the task.

Kavte KAk o0 onpeia
HE TN oeipa Trou SoBnKav!
Z1n guvexela TrarfoTe OK.
“"

L\
p
\3

|"S

Figure 3.3.7. RehaCom Working Memory Screening Task
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3.3.2.6 Procedural Discourse

The Procedural Discourse task is considered a semi-spontaneous speech production task that
assesses discourse ability following the main concept analysis (MCA) procedure (Richardson
& Dalton, 2016). How speakers communicate when informing and explaining (i.e. giving
instructions) is considered an important skill in contexts where an individual is unable to
complete a task autonomously, such as adults who have difficulties completing activities of
daily living independently (Pritchard, Dipper, Morgan, & Cocks, 2015). This difficulty can be
seen in a speaker with mobility difficulties who wants to instruct a helper how they like their
snack to be made (i.e. sandwich), and is an area with very limited research. The MCA quantifies
the degree to which the speaker is able to communicate the overall gist of an event, and it
provides a means to evaluate how accurately and completely the concepts considered to be
essential to the shared topic are produced. Each participant was instructed to verbally provide
the steps taken in order to prepare a sandwich. The generated language sample was analysed
using the MCA procedure referring to the ten main concepts. The total number of main
concepts expected to be produced was analysed and measured based on the concept content as
listed below:

1) Get the bread out.

(@) Get two slices of bread//halved bread.

3 Get the butter.

4) Get the (rest of the ingredients i.e. ham, cheese, etc.)
(5) Get a knife.

(6) Put/place the bread on the plate.

(7) Put/spread butter on bread.

(8) Put the ingredients (i.e. ham, cheese, etc) on bread
9) Put the two pieces together.

(10)  Cut the sandwich in pieces

The first five steps comprise of concepts concerning retrieving the ingredients needed, the
following four steps include concepts concerning ingredient assembly, and the final concept

describes the final appearance of the target (sandwich) prior to serving it. The first author
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transcribed the samples verbatim and analysed each sample using a binary scoring system of

“1” for correct information and “0” for incorrect/missing information.

3.3.2.7 The Stroke and Aphasia Quality of Life Scale-39 (SAQOL-39q)

The SAQOL-39g is a generic stroke scale that determines the patient’s health-related quality
of life (HRQL) after stroke in three domains: physical, psychosocial, and communication of
patients with acute and chronic stroke (Hilari et al., 2009). HRQL questionnaires evaluate the
impact of health on a person’s ability to lead a fulfilling life, and generally incorporate the
individual’s perceptions of physical, mental/emotional, family, and social functioning
(Spaccavento et al., 2013). The SAQOL-39 has been adapted and linguistically validated to
measure the QoL in Greek speaking people with chronic aphasia after stroke. The psychometric
properties of the Greek version of the tool have been tested in its generic form (SAQOL-399)
(i.e. tested with a generic stroke population with and without aphasia) and it was found to be a
valid and reliable scale that can be used as an outcome measurement, treatment prioritization
and service evaluation (Efstratiadou et al., 2012). The SAQOL- 39g has been translated and
culturally adapted for use in Greece, where currently there is no other measure for the
assessment of HRQL for people with aphasia (Kartsona & Hilari, 2007). The SAQOL-39g
consists of 39 items and includes 3 domains: physical (e.g. “how much trouble did you have
walking?’), psychosocial (e.g. ‘did you feel that you were a burden to your family?’), and
communication (e.g. “how much trouble did you have finding the word you wanted to say?’).
The response format is a 5-point scale ranging from 1 to 5. In the first part, answers range from
‘couldn’t do it at all’ to “no trouble at all’ and in the second part from ‘definitely yes’ to
‘definitely no’. Overall and domain mean scores are calculated with higher scores indicating
better quality of life. The information was collected in an interview format. The participants
were provided with the questionnaire and all the questions were presented orally by the
examiner. Depending on the participant’s abilities, the participants responded either verbally,

written, or by pointing.
3.4 Treatment

All participants completed ten (10) approximately 45-minute long treatment sessions
comprising of iTBS immediately followed by RehaCom WM training over a span of 10
consecutive days, including weekends. Within each treatment session, approximately 15
minutes were devoted for setting up the participant with the TMS equipment and iTBS
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application, and 30 minutes were devoted to the RehaCom WM training task. The treatment

regimen is depicted in figure 3.4.1 below.

Pre-Therapy

Phase Therapy Phase Post-Therapy Phase
10 days of iTBS followed by WM
training
S . MEP - TMS

Baseline Baseline MRI intensit Baseline Post-Therapy Follow-up
Testing #1  Testing #2 sm;p‘* Testing #3 Testing Testing

@+ o @ @ o o @ @

Days 1-2 Day 8 Day 12 Day 14 Day 15 Days 15-24 Day24 Day ~100-120

Figure 3.4.1. Timeline representation of the study design

3.4.1.1 Pretherapy or “baseline” testing phase

During the pretherapy baseline phase, the purpose was to establish the level of performance
prior to treatment so that the effects of treatment on the task could be clearly measured. As
referred to in the assessment tools section, six outcome measures were used and the information
was collected three times, one week apart, prior to the therapy phase. Preceding the initiation
of the therapy phase, a T1-weighted MRI image was obtained from the participant in order to
accurately locate the target for the use of Visor 2.0 neuronavigation system (ANT NEURO).
Neuronavigated positioning of the stimulation coil allowed for repeated accuracy throughout

the study.

3.4.1.1.1 Transcranial Magnetic Stimulation (TMS) Equipment

Single-pulse TMS and intermittent theta-burst stimulation (iTBS) were delivered over the
motor cortex and the left dorsolateral prefrontal cortex (LDLPFC) respectively, with a Magstim
Rapid2® stimulator (Magstim Co., Wales, UK) connected to a 70 mm figure-8 air cooled coil.
Biphasic TMS pulses were delivered with a posterior-to-anterior (P-A) current direction in
both, single-pulse TMS and iTBS. The treatment intensity of TMS was individually adjusted
to each participant’s Resting Motor Threshold (RMT). RMT is defined as the minimal intensity
at which TMS of motor cortex produces a reliable Motor Evoked Potential (MEP) of minimal
amplitude in the target muscle. The MEP was determined with a surface electromyography
(EMG) response in the ‘target’ muscle. EMG leads were placed over the first dorsal
interosseous (FDI) muscle of the left hand and the participant was seated comfortably, with left

arm supported on a pillow (Figure 3.4.2). Full muscle relaxation was maintained through
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visual and online EMG monitoring. The coil was positioned at 45-degree rotation in relation
to the parasagittal plane to induce P-A current in the underlying cortex. The motor “hotspot”
was determined with a TMS intensity ranging from 45% to 50% of the maximum stimulator
output, whereby single pulse stimuli were delivered at varying positions across the scalp near
the primary motor cortex (M1) while guided by a neuronavigation system (ANT NEURO)
using each participant’s recent anatomical MRI image. The motor “hotspot” was defined as the
position on the scalp that yielded two consecutive MEPs with greater amplitude than the
surrounding positions. The location within the left motor cortex that consistently elicited MEPs
in the relaxed right FDI muscle was then defined as the motor hotspot. The coil was then placed
over the defined target to obtain a MEP in the FDI of at least 50 uV in five or more of 10
consecutive stimulations of the left hand (Rossini et al., 2015). For this study a computerized
adaptive parameter estimation through sequential testing (PEST; Borckardt et al., 2006), with
the software TMS Motor Threshold Assessment Tool, MTAT 2.0 (Awiszus & Borckardt, 2010)
was used to determine the RMT. The MTAT 2.0 freeware was obtained online
(http://www.clinicalresearcher.org/software.ntml) and the option for assessment without a
priori information was selected. No other parameters were changed on the software. The
program automatically began at the intensity of 37% and displayed the subsequent TMS
intensity to be delivered. The experimenter interacted with the program by indicating the
success of a given TMS intensity by pressing the key “Y” on software’s laptop: a trial was
considered successful if the MEP amplitude was > 50uV. The software then displayed a
decreased intensity to be delivered based on the previous response. If the MEP amplitude was
< 50uV, the experimenter pressed the key “N” on the software’s laptop and the software
displayed an increased intensity. The displayed numbers were color-coded to indicate if the
RMT was reached (Red = not reached; Orange = almost reached; Green = Reached) (Figure
3.4.3).
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@rinsic muscle of the left hand

KTMS of the right M:I.-HANI:J

\ ﬁrinsic muscle of the right ham
(right first dorsal interosseus muscle)

(left first dorsal interosseus muscle)

KTMS of the left M1-HAND /

Optimal current direction in the coil:
Approximate location of M1-HAND:

anterior-to-posterior current flow
5 cm lateral and 0-1 cm anterior
relative to the vertex

Figure 3.4.2 Coil placement for MT determination of an intrinsic hand muscle (from Groppa et al.,

2012 — with online permission).
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Figure 3.4.3. The Motor Threshold Assessment Tool, MTAT 2.0 illustrating Resting Motor
Threshold at intensity 61 (Awiszus & Borckardt, 2010).
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3.4.2 Therapy Phase

3.4.2.1 Transcranial Magnetic Stimulation — iTBS application

During the therapy phase the iTBS treatment protocol was administered using Magstim
Rapid2® (Magstim Co., Wales, UK) with intensity set at the 80% of the MEP obtained from
the right hemisphere. The figure-8 coil was positioned tangentially to the skull, with the handle
parallel to the sagittal axis pointing occipitally. The iTBS treatment consisted of bursts of three
pulses at 50 Hz given every 200 milliseconds in two second trains, repeated every 10 seconds
over 200 seconds for a total of 600 pulses (Huang et al., 2005). Based on each participant’s
recent MRI images, the Visor 2.0 neuronavigation suite (ANT-Neuro, Enschede, Netherlands)
was used for image pre-processing, tissue segmentation, and registration into standard
stereotaxic space. The stimulation target was defined in the left DLPFC by using the Talairach
coordinates x=-40, y= 34, z = 29 (Barbey et al., 2013; Wager & Smith, 2003). This technology
enabled reliable three-dimensionally precise reapplication of rTMS throughout the study. Each
participant received one session of iTBS each day for 10 consecutive days, immediately
followed by 30 minutes WM training with the RehaCom Working Memory (WOME) software
package (Hasomed GmbH, DE.).

3.4.2.2 RehaCom WM Training Equipment

The RehaCom WOME (Hasomed GmbH, DE.) software was installed on a personal Lenovo
touchscreen laptop to provide the participants a simpler way to respond than using a mouse.
RehaCom WOME is a software package developed to train and improve WM performance.
The WM training task involved card presentation in the form of a card game, using a complete
card deck of 52 cards and consisting of different levels of difficulty. WOME consists of three
hierarchically ordered modules that were designed to exercise the main components of WM on
the basis of a card game as depicted in figure 3.4.4: (a) storage systems, involving the
maintenance of information; (b) selective attention, involving memorizing selective parts of
information and inhibiting others; and (c) central executive/manipulation processes, involving
active operating with the content retained in WM (Weicker et al., 2018). During the training,
the participant has to memorise and manipulate an increasing number of visually presented
playing cards on a computer screen. During the initial levels of training, the participant is
required only to remember the items (e.g. remember a short series of cards and reproduce it in

the same order) whilst at higher levels additional tasks are introduced to influence the memory
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process (e.g. memorize only the cards of a certain suit from a presentation of various cards). In

total, there are 70 levels of difficulty. The participant constantly receives feedback by the

software and the degree of difficulty is adapted based on the participant’s performance level.

The sessions were implemented in a quiet room and the participant was trained on a

touchscreen laptop.

kpoumiépne: O

Storage Module:

Remember all the cards and choose the matching

one from the selection below.

Selective attention Module:

Remember only the clubs and spades shown by
the dealer while ignoring the other suits and
choose the matching ones from the selection

below

Manipulation Module:

Sort the cards in the reversed order they were

presented by the dealer

Figure 3.4.4. Graphical interface of the RehaCom WM intervention. (A—C) Show the various

modules with their respective instructions that were trained. During the actual training, the dealer

shows several cards, which are turned over after 1 second. Here, the cards are illustrated overtly for

the purpose of explanation.
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3.4.3 Post-therapy/follow-up Phase

The post-therapy/follow-up phase consisted of two points in time. The outcome measures were
administered right after the completion of the last day’s treatment (10" day), and at 3 months
post-treatment at the follow-up stage. The purpose of immediate post-testing was to determine
short-term efficacy, and of the follow-up was to determine long-term effects. The exact date
of the follow-up depended on the participant’s availability when contacted to set-up the

appointment. The same battery of tools was used as with baseline as listed below:
1) the Greek BDAE-SF (Messinis et al., 2013)

@) the RCPM (Raven, 2000; Sideridis et al., 2015)

(3) the MAIN (Gagarina et al., 2012)

4 a Procedural Discourse task (based on Richardson & Dalton, 2016)

5) a personal stroke narrative (following Kambanaros, 2019)

(6) the RehaCom Working Memory Screening Task (Hasomed GmbH, 2017)

(7) the Greek SAQOL-39 (Efstratiadou et al., 2012)
3.5 Statistical Analysis

Analysis of individual data was conducted using the WEighted Statistics (WEST) method
outlined in Howard et al. (2015). Using WEST allows to assess whether there is greater
improvement during the therapy period than the baseline and whether improvement is greater
for treated items than untreated. The WEST Rate of Change (WEST-ROC) analyses the amount
of change in the treated versus the untreated periods or the short versus the long-term periods.
Participants’ pre-therapy performance for treated and untreated items was compared with post-
therapy and at follow-up using a weighted one sample t test. Each item was scored as either
correct (1) or incorrect (0) at the pre-therapy phase (baseline) and after the treatment phase
(post-therapy and follow-up). The assessment scores were multiplied by the precalculated
weightings at each time point, as per Howard et al. (2015). The weighted scores for each item
were then summed and used in a one sample t-test. A significant result on the one sample t test
indicates that the amount of improvement in the treatment phase is significantly different to
that in the baseline phase. The WEST-Trend method was used to confirm the WEST-ROC

results and to ensure that treatment effects occurred in the positive direction with an overall
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trend for improvement (Howard et al., 2015). Moreover, when there is both a significant
WEST-Trend result and a significant WEST-ROC result, the evidence supports a significant
effect of intervention (Howard et al., 2015). WEST-ROC and WEST-Trend were used to
analyse the data from the RCPM, the Greek BDAE-SF, the MAIN, and the Procedural
Discourse task. Results from the SSLA, the RehaCom WM screening, and the SAQOL-39g

assessments are reported but no statistical analysis was performed.
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4 RESULTS

The Statistical Package for Social Sciences (IBM SPSS 25) was used in the current research
for all the data and exploratory analysis. Analyses of individual data were conducted using the
WEighted Statistics (WEST) method outlined in Howard et al. (2015), and descriptive results’
analysis was used where a statistical analysis was not suitable. The WEST-ROC and WEST-
Trend were used to analyse the data from the Greek BDAE-SF, the RCPM, the MAIN, and the
Procedural Discourse, where appropriate weights were calculated via the use of an Excel
spreadsheet personally provided by Professor Howard (2020). All the data was analysed with
SPSS and confirmed via the use of manual formulas in Microsoft Excel for Office 365. Results
from the SSLA, the RehaCom WM screening, and the SAQOL-39g assessments are reported

but no statistical analysis was performed.
4.1 Participant #1 - .A.

The participant’s oral speech was characterized by severe unintelligible speech due to
dysarthria. The BDAE’s Oral expression tasks were scored based on word approximations
produced that were judged by the examiner as a correct or incorrect response. An attempt was
made to transcribe the produced continuous speech with regards to a personal story narration,
the MAIN, and the Procedural Discourse but the output could not be analysed nor quantified.
Therefore, results were based only on the BDAE-SF, the RCPM, the RehaCom WM screening,
and the SAQOL-39.

4.1.1 BDAE Auditory Comprehension

Statistical analysis of the BDAE Auditory Comprehension subtest showed that the overall trend
for improvement in Word Comprehension was not significant, t(15) = -1.00, p=.167, whereas
the WEST-ROC was not able to be estimated due to standard deviation being equal to zero.
Similarly, there was a non-significant overall trend for improvement in Commands, t(9) = -
1.00, p=.172, as well no significant difference between the treated and untreated periods, t(9)
= 1.41, p=.097. Additionally, there was a non-significant overall trend for improvement in
Complex Ideational Material, t(5) = 1.17, p=.148, and although there was improvement
between the treated and untreated periods, t(5) = 1.19, p=.145, it did not reach significance. In
general, WEST-Trend revealed a non-significant overall trend for improvement in the overall
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task of Auditory Comprehension, t(2) = 0.45, p=.349, and a non-significant difference between
the treated and untreated periods, t(2) = 1.55, p=.131 (Table 4.1.1; Figure 4.1.1).
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Figure 4.1.1: Percentage (%) correct on the BDAE Auditory Comprehension subtests and the overall

BDAE Auditory Comprehension by study phase (Participant .A.).
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Table 4.1.1: WEST-Trend (sum of scores multiplied by =2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) on the BDAE Auditory

Comprehension (Participant I.A.).

Baselinel Baseline2 Baseline3 Post-therapy Follow-up WEST-Trend WEST-ROC
Mean 1.00 1.00 1.00 1.00 0.94 -0.13 0.00
Word Comprehension S.D. 0.00 0.00 0.00 0.00 0.25 0.50 0.00
t(15)=-1.00, p= 0.167
Mean 1.00 0.90 0.80 0.80 1.00 -0.10 0.30
Commands S.D. 0.00 0.32 0.42 0.42 0.00 0.32 0.67
t(9)=-1.00, p=0.172 t(9)=1.41, p=0.097
Mean 0.17 0.33 0.17 0.50 0.33 0.50 0.83
Complex Ideational
. S.D. 0.41 0.52 0.41 0.55 0.52 1.05 1.72
Material
t(5)=1.17, p=0.148 t(5)=1.19, p=0.145
Mean 0.72 0.74 0.66 0.77 0.76 0.09 0.38
Overall BDAE Auditory S.D. 0.48 0.36 0.44 0.25 0.37 0.35 0.42

Comprehension

t(2)= 0.45, p= 0.349

t(2)= 1.55, p= 0.131
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4.1.2 BDAE Oral Expression

Statistical analysis for the BDAE Oral Expression subtest (Figure 4.1.2; Table 4.1.2) revealed
that there was a significant overall trend for improvement in the Screening of Special
Categories task, t(11) = 3.59, p=.002, with also a significant improvement between the treated
and untreated periods, t(11) = 3.59, p= .002. The overall trend for improvement in Word
Repetition was not significant, t(4) = -0.95, p=.198, and there was also not significant
difference between the treated and untreated periods, t(4) = -0.63, p=.281. The Sentence
Repetition task did not show significant overall trend for improvement, t(1) = 1.00, p= .250,
nor significant difference between the treated and untreated periods, t(1) = 1.00, p= .250.
Similarly, the overall trend for improvement in the Boston Naming task was not significant,
t(14) =0.00, p=.500, and there was no significant difference between the treated and untreated
periods, t(14) = 1.07, p=.150. On the other hand, there were no differences in the responses
between the five periods for the participant’s Automated Sequences and Responsive Naming.
In general, there was non-significant overall trend for improvement in the overall BDAE Oral
Expression subtest, t(5) = 0.80, p =.229, with a non-significant difference between the treated
and untreated periods, t(5) = 0.64, p=.276.
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Figure 4.1.2: Percentage (%) correct for the BDAE Oral Expression subtests and the overall BDAE
Oral Expression by study phase (Participant I.A.).
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Table 4.1.2: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) on the BDAE Oral

Expression (Participant .A.).

Baselinel Baseline?2 Baseline3 Post-therapy Follow-up WEST-Trend WEST-ROC

Automatized Sequences Mean 0.50 0.50 0.50 0.50 0.50 0.00 0.00

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mean 0.20 0.40 0.40 0.20 0.00 -0.60 -1.00

Word Repetition S.D. 0.45 0.55 0.55 0.45 0.00 0.89 2.24
t(4)=-0.95, p=0.198 t(4)= -0.63, p= 0.281

Mean 0.50 0.00 0.50 0.50 0.50 0.50 0.50

Sentence Repetition S.D. 0.71 0.00 0.71 0.71 0.71 0.71 0.71
t(1)=1.00, p= 0.250 t(1)=1.00, p=0.250

) ] Mean 0.10 0.10 0.10 0.10 0.10 0.00 0.00

Responsive Naming S.D. 0.22 0.22 0.22 0.22 0.22 0.00 0.00

Mean 0.40 0.33 0.40 0.47 0.33 0.00 0.27

Boston Naming Test S.D. 0.51 0.49 0.51 0.52 0.49 0.65 0.96
t(14)= 0.00, p= 0.500 t(14)=1.07, p= 0.150

Mean 0.50 0.50 0.50 1.00 1.00 1.50 1.50

Screening of special categories S.D. 0.52 0.52 0.52 0.00 0.00 1.45 1.45
t(11)= 3.59, p= 0.002 t(11)= 3.59, p= 0.002

Mean 0.37 0.31 0.40 0.46 0.41 0.23 0.21

Overall BDAE Oral Expression S.D. 0.18 0.21 0.15 0.31 0.36 0.71 0.81

t(5)= 0.80, p= 0.229

t(5)= 0.64, p= 0.276
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4.1.3 BDAE Reading

Statistical analysis of the BDAE Reading subtest (Table 4.1.3) revealed no differences in the
reading tasks of Matching case/script, Number Matching and Oral Basic sentence between the
five periods. Analysis showed that the overall trend for improvement in Word identification
was not significant, t(3)= 1.00, p=.196, and there was no significance between the treated and
untreated periods, t(3)= 1.00, p=.196. Similarly, overall improvement in the Oral Basic Word
task was not significant, t(4) = 0.63, p= .281, and there was also not significant difference
between the treated and untreated periods, t(4) = -0.63, p=.281. Additionally, there was non-
significant overall trend for improvement in the Oral Sentence Comprehension, t(2) = 0.00, p=
500, and with a non-significant difference between the treated and untreated periods, t(2) = -
1.84, p= .104. Lastly, although there was an overall trend for improvement in the Silent
Comprehension task, it did not reach significance, t(3) = 1.57, p= .108, and the difference
between the treated and untreated periods, t(3) = 1.00, p=.196 was not significant. In general,
there was a non-significant overall trend for improvement in the overall BDAE Reading subtest,
t(6) = 1.88, p=.054, and non-significant difference between the treated and untreated periods,
t(6) = -0.94, p=.191 (Figure 4.1.3).
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Figure 4.1.3: Percentage (%) correct for the BDAE Reading subtests and the overall BDAE Reading
across study phases (Participant I.A.).
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Table 4.1.3: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) on the BDAE Reading

(Participant I.A.).

Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Matching Case/Script
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Number Matching
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.50 0.75 0.75 0.75 0.75 0.50 -0.50
Word identification S.D. 0.58 0.50 0.50 0.50 0.50 1.00 1.00
t(3)=1.00, p=0.196 t(3)=-1.00, p=0.196
Mean 0.00 0.13 0.13 0.13 0.13 0.80 -0.80
Oral Basic Word S.D. 0.00 0.30 0.30 0.30 0.30 1.79 1.79
t(4)= 0.63, p= 0.281 t(4)= -0.63, p=0.281
Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Oral Basic Sentence
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.33 0.67 0.67 0.00 0.67 0.00 -2.67
Oral Sentence S.D. 0.58 0.58 0.58 0.00 0.58 2.65 2.52
Comprehension
t(2)=0.00, p= 0.500 t(2)=-1.84, p=0.104
Mean 0.50 0.50 0.50 0.75 0.75 0.75 0.75
Silent Comprehension S.D. 0.58 0.58 0.58 0.50 0.50 0.96 1.50
t(3)= 1.57, p=0.108 t(3)= 1.00, p= 0.196
Mean 0.48 0.58 0.58 0.52 0.61 0.22 -0.38
Overall BDAE Reading S.D. 0.41 0.39 0.39 0.46 0.40 0.30 1.08

1(6)= 1.88, p= 0.054

t(6)= -0.94, p=0.191
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414 RCPM

The results of the RCPM statistical analysis using the WEST-Trend and WEST-ROC (Table
4.1.4) revealed non-significant overall trend for improvement in Subtest A, t(11)= 1.60, p=
.069, and non-significant difference between the treated and untreated periods, t(11)= 1.52, p=
.079. Also the overall trend for improvement in Subtest AB was not statistically significant,
t(11) = 0.90, p=.194, and with non-significant difference between the treated and untreated
periods, t(11) = 1.74, p=.055. Lastly, there was a non-significant overall trend for improvement
in Subtest B, t(11)= 1.48, p=.083, and there was non-significant difference between the treated
and untreated periods, t(11) = 0.77, p=.228. On the other hand, statistical analysis of the overall
RCPM showed that there was a significant trend for improvement, t(35) = 2.14, p=.020, and
also significant difference between the treated and untreated periods, t(35) = 2.31, p= .013
(Figure 4.1.4).
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Figure 4.1.4: Percentage (%) correct on the RCPM subtests and the overall RCPM across the study
phases(Participant 1.A.).
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Table 4.1.4: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) on the RCPM

(Participant T.A.).

Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC

Mean 0.67 0.67 0.67 0.92 0.75 0.42 0.75

Subtest A S.D. 0.49 0.49 0.49 0.29 0.45 0.90 1.71
t(11)= 1.60, p= 0.069 t(11)= 1.52, p= 0.079

Mean 0.58 0.50 0.58 0.75 0.58 0.25 0.58

Subtest AB S.D. 0.51 0.52 0.51 0.45 0.51 0.97 1.16
t(11)=0.90, p= 0.194 t(11)= 1.74, p= 0.055

Mean 0.50 0.50 0.42 0.50 0.58 0.17 0.33

Subtest B S.D. 0.52 0.52 0.51 0.52 0.51 0.39 1.50
t(11)=1.48, p= 0.083 t(11)=0.77, p= 0.228

Mean 0.58 0.56 0.56 0.72 0.64 0.278 0.556

Overall RCPM S.D. 0.50 0.50 0.50 0.45 0.49 0.78 1.44

t(35)= 2.14, p= 0.020

t(35)= 2.31, p= 0.013
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4.1.5 RehaCom WM

The results of the RehaCom WM screening show a negative linear trend line (Figure 4.1.5) on

all the tasks assessed, and Table 4.1.5 shows the raw scores attained by participant I.A. Based

on the participant’s scores, WM did not show improvement.
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Figure 4.1.5: Schematic representation of 1.A.s’ raw scores on the RehaCom WM Screening task.

Table 4.1.5: RehaCom WM Screening by subcategory and period

Post-therapy

Max Level

=@ Mistakes Position

Follow-up

Correct

Linear (Memory Span)

Baselinel Baseline2 Baseline 3 Baseline Post- Follow-
Average therapy up
Memory Span 5 3 4 4 4 2
Max Level 4 2 3 3 3 1
Correct 11 10 11 11 9 2
Mistakes Order 3 2 0 2 3 0
Mistakes Position 2 4 4 3 0 3

4.1.6 SAQOL-39

With regards to investigating whether the overall QoL would improve after treatment, the self-

rated SAQOL-39 was analysed by comparing the mean scores (Figure 4.1.6.; Table 4.1.6.).
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The participant’s responses indicated that QoL improved between the Baseline average (M =
3.64) and post-therapy (M = 4.03) by 8% and increased a further 8% at follow-up (M = 4.41).
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Figure 4.1.6: Schematic representation of the SAQOL-39g mean raw score at baseline, post-therapy

and follow-up (Participant I.A.).

The mean scores for the overall SAQOL-39 and for each subcategory are shown in Table 4.1.6.
The Communication self-rated score improved between the baseline average (M = 1.52) and
post-therapy (M = 2.43) by 18%, and it was maintained at follow-up (M = 2.29). The
Psychosocial self-rated score improved between the baseline average (M = 3.35) and post-
therapy (M = 4.00) by 13%, and it was further increased by 20% at follow-up (M = 5.00).
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Table 4.1.6: Mean raw scores on the SAQOL-39g at baseline, post-therapy and follow-up (Participant I.A.).

Baseline Baseline Baseline Baseline Post- Follow-
1 2 3 average therapy up
Physical 5.00 5.00 5.00 5.00 5.00 5.00
Communication 1.14 1.57 1.86 1.52 2.43 2.29
Psychosocial 3.25 3.44 3.38 3.35 4.00 5.00
Overall SAQOL-39 3.56 3.67 3.69 3.64 4.03 4.41
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4.2 Participant #2 — C.S.
4.2.1 BDAE Auditory Comprehension

During the statistical analysis of the BDAE Auditory Comprehension subtest, both WEST-
Trend and WEST-ROC (Table 4.2.1; Figure 4.2.1) could not be calculated, as there were no
differences in the responses between the five periods regarding the Word Comprehension.
WEST-Trend analysis showed that the overall trend for improvement in Commands was not
significant, t(9) = -1.00, p= .172, whereas WEST-ROC was not calculated due to the zero
standard deviation. There was non-significant overall trend for improvement in Complex
Ideational Material, t(5)=-1.00, p=.182, and non-significant difference between the treated
and untreated periods, t(5) = -1.54, p=.093. In general, there was non-significant overall trend
for improvement in overall BDAE Auditory Comprehension subtest, t(2) = -1,98, p=.093, and
non-significant between the treated and untreated periods, t(2) = -1.00, p=.211.
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Figure 4.2.1: Percentage (%) correct for the BDAE Auditory Comprehension subtests and the overall

BDAE Auditory Comprehension across study phase (Participant C.S.).
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Table 4.2.1: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) for the BDAE Auditory
Comprehension (Participant C.S.).

Post-

Baseline 1  Baseline2  Baseline 3 therapy Follow-up WEST-Trend WEST-ROC
) Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Word Comprehension
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 1.00 1.00 1.00 1.00 0.90 -0.20 0.00
Commands S.D. 0.00 0.00 0.00 0.00 0.32 0.63 0.00
t(9)= -1.00, p= 0.172
Mean 0.83 1.00 1.00 0.83 0.83 -0.17 -0.83
Complex lIdeational
] S.D. 0.41 0.00 0.00 0.41 0.41 0.41 1.33
Material
t(5)= -1.00, p= 0.182 t(5)= -1.54, p= 0.093
Mean 0.94 1.00 1.00 0.94 0.91 -0.12 -0.28
Overall BDAE Auditory S.D. 0.10 0.00 0.00 0.10 0.08 0.11 0.48

Comprehension

t(2)= -1.98, p= 0.093

t(2)= -1.00, p= 0.211
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4.2.2 BDAE Oral Expression

Statistical analysis of the BDAE Oral Expression subtest revealed a significant overall trend
for improvement was found in the Boston Naming Test, t(14) =1.82, p= .045, while the
difference between the treated and untreated periods, t(14) = 0.27, p=.396 was non-significant
(Table 4.2.2; Figure 4.2.2). Statistical analysis showed that the overall trend for improvement
in Responsive Naming was not significant, t(4) = -0.63, p=.281, and there was non-significant
difference between the treated and untreated periods, t(4)= 0.63, p=.281. The participant’s
results for the BDAE Automated Sequence, Word Repetition, Sentence Repetition and
Screening of Special Categories, did not show any differences in the responses between the
five periods. Overall, there was non-significant trend for improvement in the BDAE Oral
Expression subtest, t(5) = 0.10, p = .462, and non-significant difference between the treated
and untreated periods, t(5) =1.19, p=.144.
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Figure 4.2.2: Percentage (%) correct on the BDAE Oral Expression subtests and the overall BDAE

Oral Expression across study phase (Participant C.S.).
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Table 4.2.2: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) for the BDAE Oral

Expression (Participant C.S.).

Baselinel Baseline2 Baseline3 Post-therapy Follow-up WEST-Trend WEST-ROC
) Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Automatized Sequences
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
» Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Word Repetition
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Sentence Repetition
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 1.00 0.80 0.80 0.80 0.80 -0.80 0.80
Responsive Naming S.D. 0.00 0.45 0.45 0.45 0.45 1.79 1.79
t(4)=-0.63, p= 0.281 t(4)= 0.63, p=0.281
Mean 0.67 0.73 0.73 0.80 0.87 0.47 0.07
Boston Naming Test S.D. 0.49 0.46 0.46 0.41 0.35 0.99 0.96
t(14)=1.82, p= 0.045 t(14)=0.27, p= 0.396
Screening of Special Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Categories S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.94 0.92 0.92 0.93 0.94 0.01 0.08
Overall BDAE Oral SD. 0.14 0.12 0.12 0.10 0.09 0.27 0.16

Expression

t(5)= 0.10, p= 0.462

t(5)= 1.19, p= 0.144
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4.2.3 BDAE Reading

Statistical analysis of the BDAE Reading subtest (Table 4.2.3) showed that overall
improvement in Matching case/script was not significant, t(3)= 1.00, p= .196, and non-
significant between the treated and untreated periods, t(3)= 1.00, p= .196. Similarly, overall
improvement in the Number matching was not significant, t(3)= 1.00, p= .196, and non-
significant between the treated and untreated periods, t(3)=-1.00, p=.196. The WEST-Trend
could not be calculated for the Word identification, whereas the improvement between the
treated and untreated periods was non-significant t(3)= 1.00, p= .196. Furthermore, overall
improvement in the Oral Basic Sentence was not significant, t(4) = 0.63, p= .281, and the
difference between the treated and untreated periods was non-significant, t(4) = -0.63, p=.281.
There were no differences between the five periods for the participant’s responses in Oral Basic
Word, Oral Sentence Comprehension and Silent Comprehension. Overall, there was a
significant trend for improvement in the BDAE Reading subtest, t(6) = 2.00, p= .046, but
difference was non-significant between the treated and untreated periods, t(6) = 0.30, p=.389
(Figure 4.2.3).
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Figure 4.2.3: Percentage (%) correct on the BDAE Reading subtests and the overall BDAE Reading
(Participant C.S.).
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Table 4.2.3.: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) for the BDAE Reading

(Participant C.S.).

Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC
Mean 0.75 0.75 0.75 1.00 1.00 0.75 0.75
Matching Case/Script S.D. 0.50 0.50 0.50 0.00 0.00 1.50 1.50
t(3)= 1.00, p= 0.196 t(3)= 1.00, p= 0.196
Mean 0.75 1.00 1.00 1.00 1.00 0.50 -0.50
Number Matching S.D. 0.50 0.00 0.00 0.00 0.00 1.00 1.00
t(3)=1.00, p=0.196 t(3)=-1.00, p=0.196
Mean 1.00 0.75 0.75 0.75 1.00 0.00 0.50
Word Identification S.D. 0.00 0.50 0.50 0.50 0.00 0.00 1.00
t(3)= 1.00, p= 0.196
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Oral Basic Word
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.80 1.00 1.00 1.00 1.00 0.40 -0.40
Oral Basic Sentence S.D. 0.45 0.00 0.00 0.00 0.00 0.89 0.89
t(4)= 0.63, p= 0.281 t(4)= -0.63, p= 0.281
Oral Sentence Mean 0.67 0.67 0.67 0.67 0.67 0.00 0.00
Comprehension s.D. 0.58 0.58 0.58 0.58 0.58 0.00 0.00
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Silent Comprehension
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.85 0.88 0.88 0.92 0.95 0.24 0.05
Overall BDAE Reading S.D. 0.14 0.15 0.15 0.14 0.13 0.31 0.45

t(6)= 2.00, p= 0.046

t(6)= 0.30, p= 0.389
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424 RCPM

The WEST-Trend analysis (Table 4.2.4) showed a statistically significant overall trend for
improvement in Subtest AB, t(11)= 1.82, p= .048, but the WEST-ROC showed that the
difference between the treated and untreated periods was non-significant, t(11)= 0.64, p=.268
There was non-significant overall trend for improvement in Subtest A, t(11)=-0.32, p=.377,
and non-significant difference between the treated and untreated periods, t(11)= 0.86, p=.204.
Lastly, there was a non-significant overall trend for improvement in Subtest B, t(11)= 0.56, p=
.293, and non-significant between the treated and untreated periods, t(11) = 0.22, p= .415.
Concluding, there was a non-significant overall trend for improvement in the RCPM, t(35) =
1.09, p=.141, and also non-significant difference between the treated and untreated periods,
t(35) = 1.06, p=.149 (Figure 4.2.4).
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Figure 4.2.4: Percentage (%) correct on the RCPM subtests and the overall RCPM (Participant C.S.).
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Table 4.2.4: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) for the RCPM

(Participant C.S.).

Baseline 1 Baseline2  Baseline 3 Post-therapy  Follow-up WEST-Trend WEST-ROC

Mean 0.83 0.75 0.75 0.83 0.75 -0.08 0.42

Subtest A S.D. 0.39 0.45 0.45 0.39 0.45 0.90 1.68
t(11)=-0.32, p=0.377  t(11)=0.86, p= 0.204

Mean 0.83 0.83 0.83 0.92 1.00 0.42 0.25

Subtest AB S.D. 0.39 0.39 0.39 0.29 0.00 0.79 1.36
t(11)=1.82, p=0.048 t(11)= 0.64, p= 0.268

Mean 0.58 0.50 0.58 0.58 0.58 0.08 0.08

Subtest B S.D. 0.51 0.52 0.51 0.51 0.51 0.51 1.31
t(11)= 0.56, p= 0.293 t(11)=0.22, p= 0.415

Mean 0.75 0.69 0.72 0.78 0.78 0.139 0.250

Overall RCPM S.D. 0.44 0.47 0.45 0.42 0.42 0.76 1.42

t(35)= 1.09, p= 0.141

t(35)= 1.06, p= 0.149
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4.2.5 MAIN

There was overall trend for improvement in the MAIN, but it did not reach significance t(16)=

1.37, p=.095, and the difference between the treated and untreated periods was non-significant,

t(16)= 1.24, p=.116.
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Figure 4.2.5: Percentage (%) correct on the MAIN across the study phases (Participant C.S.).
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Table 4.2.5: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) for the MAIN

(Participant C.S.).

Baseline 1 Baseline 2 Baseline 3 Post-therapy  Follow-up WEST-Trend WEST-ROC
Mean 0.47 0.47 0.47 0.59 0.65 0.47 0.35
MAIN S.D. 0.51 0.51 0.51 0.51 0.49 1.42 1.17

t(16)= 1.37, p= 0.095

t(16)= 1.24, p= 0.116
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4.2.6 Procedural Discourse

Statistical analysis of the participant’s Procedural Discourse task showed that there were no

differences in the number of responses between the
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Figure 4.2.6: Percentage (%) correct on the Procedural Discourse across study phase (Participant

C.S.).

As indicated in the raw scores (Table 4.2.6), the participant’s raw scores did not change

across the five periods.

Table 4.2.6: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of

scores multiplied by 2, —1, —4, 3, 0) for the Procedural Discourse (Case C.S.).

Baseline Baseline Baseline Post- Follow- WEST-Trend WEST-ROC
1 2 3 therapy up
Mean 0.60 0.60 0.60 0.60 0.60 0.00 0.00
S.D. 0.52 0.52 0.52 0.52 0.52 0.94 0.94

t(9)= 0,00, p= 0.500

t(9)= 0,00, p= 0.500
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4.2.7 SSLA

C.S..’s stroke narrative (spontaneous language sample) was analysed using the SSLA protocol
(Shewan, 1988) designed to describe and quantify connected speech (Table 4.2.7). The
language sample collected at each time point, was not sufficient in word length to undergo
statistical analysis hence results were compared in raw scores. In this case the baseline average
(avg) was compared with the post-testing and follow-up results. There was an increase in the
number of utterances produced between baseline avg and post-therapy (from 11% to 12%) and
baseline avg and follow-up (from 11% to 18%). The rate of speech improved from 116.76
syllables per minute to 141.60 at post-therapy, and to 152.22 at follow-up. The sentence length
improved between baseline avg and follow-up (from 39% to 17%), which reflects the use of
more than 5 words in the produced utterances. A small improvement was noted in sentence
complexity between baseline avg and follow-up (from 54% to 61%). Improvement was also
noted between Baseline avg and follow-up in the production of errors (from 44% to 33%). The
number of content units improved from 19.33 at baseline avg, to 21.00 at post-therapy, and to
36.00 at follow-up. Improvement in the number of repetitions was noted with a reduction from
7% to 0% between baseline avg and post-therapy. A notable improvement in communication
efficiency which reflects the rate at which information is conveyed by the speaker (number of
content units divided by time), from 13.33 at baseline avg, to 16.80 post-therapy, and to 17.73
at follow-up. No paraphasias were produced in any of the stroke narrative samples and the
overall melody and articulation were judged to be normal.
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Figure 4.2.7a. Results of the personal stroke narrative analysis based on the SSLA showing the raw

scores across baseline average, post-therapy, and follow-up phases.
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Figure 4.2.7.b. Results of the personal stroke narrative analysis based on the SSLA showing the raw

percentage (%) scores between baseline average, post-therapy, and follow-up phases.
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Table 4.2.7: Raw scores for personal stroke narrative analysis based on the SSLA.

Baseline1l Baseline2 Baseline3 Baseline Avg T:e():;)y Follow-up
Utterances 12.00 14.00 7.00 11.00 12.00 18.00
Rate 99.37 152.41 98.50 116.76 141.60 152.22
Length 58% 43% 14% 39% 50% 17%
Melody 3.00 3.00 3.00 3.00 2.00 4.00
Articulation 7.00 7.00 7.00 7.00 7.00 7.00
Complexity 42% 50.00% 72% 54% 33% 61%
Errors 17% 57% 57% 44% 50% 33%
C.Us 19.00 22.00 17.00 19.33 21.00 36.00
Paraphasias 0% 0% 0% 0% 0% 0%
Repetitions 0% 21% 0% 7% 0% 22%
Communication 12.03 15.17 12.78 13.33 16.80 17.73

Efficiency
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4.2.8 RehaCom WM

The results of the RehaCom WM screening show a positive linear trend line (Figure 4.2.8) on
all the tasks assessed with a more prominent trend for improvement in the correct responses

task. Table 4.2.8 shows the raw scores attained by participant C.S.
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Figure 4.2.8: Schematic representation of C.S.’s raw scores on the RehaCom WM Screening task.

Based on the participant’s scores, WM did not show improvement. Interestingly, all WM tasks
measured showed a decrease in the scores attained between the baseline average and the post-

therapy & follow-up periods.

Table 4.2.8: RehaCom WM Screening raw scores for C.S. by subcategory and study phase.

Baseline1l Baseline2 Baseline 3 Baseline Post- Follow-
Average therapy up
Memory Span 4 2 4 3 5 4
Max Level 3 1 3 2 4 3
Correct 11 6 6 8 24 13
Mistakes Order 5 3 0 3 4 3
Mistakes Position 3 2 2 2 5 3
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4.2.9 SAQOL-39

With regards to investigating whether the overall QoL would improve after treatment, the self-
rated SAQOL-39 was analysed by comparing the mean scores (Figure 4.2.9.; Table 4.2.9.).
The participant’s responses indicated that QoL based on the overall SAQOL-39 self-rated score
improved between the baseline average (M = 3.63) and post-therapy (M = 4.51) by 18%, and
it was maintained at follow-up (M = 4.23).
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Figure 4.2.9: Schematic representation of the SAQOL-39g mean raw scores at baseline, post-therapy

and follow-up (Participant C.S.).

The mean scores for the overall SAQOL-39 and for each subcategory are shown in Table 4.2.9.
The Physical self-rated score improved from the baseline average (M = 4.25) to post-therapy
(M = 4.75) by 10%, and it was maintained at follow-up (M = 4.88). The Communication self-
rated score improved from the baseline average (M = 3.81) to post-therapy (M = 4.43) by 10%,
and it was maintained at follow-up (M = 4.14). The Psychosocial self-rated score improved
between the baseline average (M = 2.98) and post-therapy (M = 4.38) by 28%.
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Table 4.2.9: Mean raw scores on the SAQOL-39g at baseline, post-therapy and follow-up (Participant C.S.).

Baseline Baseline Baseline Baseline Post- Follow-
1 2 3 average therapy up
Physical 431 3.88 4.56 4.25 4.75 4.88
Communication 3.57 3.71 4.14 3.81 4.43 4.14
Psychosocial 2.50 2.88 3.56 2.98 4.38 3.56
Overall SAQOL-39 3.44 3.41 4.05 3.63 451 4.23
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4.3 Participant #3 — S.H.

4.3.1 BDAE Auditory Comprehension

Statistical analysis of the BDAE Auditory Comprehension subtest (Table 4.3.1) showed that

there was a significant overall trend for improvement in Commands, t(9) = 2.47, p=.018, but

non-significant between the treated and untreated periods, t(9) = 1.35, p=.105. On the other

hand the overall trend for improvement in Word Comprehension was not significant, t(15) =

1.71, p=.054, and the difference between the treated and untreated periods was also non-

significant, t(15) = -1.50, p=.078. Similarly, there was non-significant overall trend for

improvement in the Complex Ideational Material, t(5) = -1.23, p=.136, and non-significant

difference between the treated and untreated periods, t(5) = 0.69, p=.259. Concluding, there

was a non-significant overall trend for improvement in the overall BDAE Auditory

Comprehension subtest, t(2) = 0.32, p= .389, and a non-significant difference between the

treated and untreated periods, t(2) = 1.25, p=.169 (Figure 4.3.1).
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Figure 4.3.1: Percentage (%) correct for the BDAE Auditory Comprehension subtests and the overall

BDAE Auditory Comprehension by study phase (Participant S.H.).
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Table 4.3.1: WEST-Trend (sum of scores multiplied by —5, =3, —1, 1, 3, 5) and WEST-ROC (sum of scores multiplied by 25, 1, —23, -47, 34, 10) for the

BDAE Auditory Comprehension (Participant S.H.)

Baseline

Baseline

Baseline

Baseline

Post-

Follow-

. ) 2 " therapy 0o WEST-Trend WEST-ROC
Mean  0.88 0.88 1.00 1.00 1.00 1.00 1.00 -3.25
Word Comprehension S.D. 0.34 0.34 0.00 0.00 0.00 0.00 2.34 8.69
{(15)= 1.71, p= 0.054 t(15)3b17.20, p=
Mean  0.40 0.20 0.40 0.40 0.70 0.60 2.50 12.00
Commands S.D. 0.52 0.42 0.52 0.52 0.48 0.52 3.21 28.07
t(9)= 2.47,p=0.018  (9)= 1.35, p= 0.105
Mean  0.50 0.67 0.50 0.17 0.33 0.33 217 8.50
Complex Ideational S.D. 0.55 0.52 0.55 0.41 0.52 0.52 431 29.98
Material
t(5)= -1.23, p= 0.136___ t(5)= 0.69, p= 0.259
Mean  0.59 0.58 0.63 0.52 0.68 0.64 0.44 5.75
Overall BDAE Auditory S.D. 0.25 0.35 0.32 0.43 0.33 0.34 2.38 7.99

Comprehension

t(2)= 0.32, p= 0.389

t(2)= 1.25, p= 0.169
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4.3.2 BDAE Oral Expression

Statistical analysis of the BDAE Oral Expression subtest (Table 4.3.2.) showed that overall
improvement in the Automated Sequences was not significant, t(1) = 0.33, p=.398, and the
difference was non-significant between the treated and untreated periods, t(1) = 0.89, p=.268.
Also, there was a non-significant overall trend for improvement in Responsive Naming, t(4) =
-0.19, p= .431, and the difference between the treated and untreated periods was non-
significant, t(4) = -0.46, p= .334. Similarly, overall improvement in the Boston Naming was
not significant, t(14) =1.02, p=.164, and the difference was non-significant between the treated
and untreated periods, t(14) = 0.66, p=.260. Additionally, there was non-significant overall
trend for improvement in the Screening of Special Categories, t(11) = 1.58, p=.071, and non-
significant difference between the treated and untreated periods, t(11) = 1.26, p=.117. There
were no differences in the responses between the six periods for the subtests of Word Repetition
and Sentence Repetition. Concluding, there was a non-significant overall trend for
improvement in the overall BDAE Oral Expression subtest, t(5) = 1.40, p= .110, and the

difference was non-significant between the treated and untreated periods, t(5) = 1.88, p=.059.
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Figure 4.3.2: Percentage (%) correct on the BDAE Oral Expression subtests and the overall BDAE
Oral Expression by study phase (Participant S.H.).
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Table 4.3.2: WEST-Trend (sum of scores multiplied by —5, =3, —1, 1, 3, 5) and WEST-ROC (sum of scores multiplied by 25,

BDAE Oral Expression (Participant S.H.)

1,23, -47, 34, 10) for the

Baseline

Baseline

Baseline

Baseline

Post-

Follow-

1 ) 3 A therapy up WEST-Trend WEST-ROC
) Mean 0.50 0.50 0.50 0.50 0.75 0.50 1.50 17.00
Automatized
S.D. 0.71 0.00 0.71 0.00 0.35 0.00 6.36 26.87
Sequences
t(1)= 0.33, p= 0.398 t(1)= 0.89, p= 0.268
N Mean 0.80 0.80 0.80 0.80 0.80 0.80 0.00 0.00
Word Repetition
S.D. 0.45 0.45 0.45 0.45 0.45 0.45 0.00 0.00
N Mean 0.50 0.50 0.50 0.50 0.50 0.50 0.00 0.00
Sentence Repetition
S.D. 0.71 0.71 0.71 0.71 0.71 0.71 0.00 0.00
Mean 0.20 0.30 0.10 0.20 0.10 0.20 -1.00 -2.00
Responsive Naming S.D. 0.45 0.27 0.22 0.27 0.22 0.45 7.58 6.12
t(4)= -0.19, p= 0.431 t(4)= -0.46, p= 0.334
Mean 0.33 0.27 0.33 0.27 0.33 0.47 0.80 4.40
Boston Naming Test S.D. 0.49 0.46 0.49 0.46 0.49 0.52 3.05 25.87
t(14)= 1.02, p= 0.164 t(14)= 0.66, p= 0.260
Mean 0.25 0.25 0.33 0.33 0.67 0.42 2.08 10.00
Screening of Special S.D. 0.45 0.45 0.49 0.49 0.49 0.51 4.56 27.51
Categories
t(11)= 1.58, p= 0.071 t(11)= 1.26, p= 0.117
Mean 0.43 0.44 0.43 0.43 0.53 0.48 0.52 3.65
Overall BDAE Oral S.D. 0.22 0.21 0.23 0.22 0.27 0.19 0.91 4.75

Expression

t(5)= 1.40, p= 0.110

t(5)= 1.88, p= 0.059
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4.3.3 BDAE Reading

Statistical analysis of the BDAE Reading subtest (Table 4.3.3.) showed that the overall trend
for improvement in Number Matching was not significant, t(3) = 1.00, p= .196, and the
difference between the treated and untreated periods was non-significant, t(3)=-1.00, p=.196.
Also, there was non-significant overall trend for improvement in the Word identification, t(3)=
-1.57, p=.108, and non-significant between the treated and untreated periods, t(3)= -0.36, p=
.371. Similarly, the overall trend for improvement in in the Oral Basic Word task was not
significant, t(4) = 0.63, p=.281, and non-significant between the treated and untreated periods,
t(4) = -0.27, p=.401. Lastly, there was non-significant overall improvement in Silent
Comprehension, t(3) = 1.00, p= .196, and the difference was non-significant between the
treated and untreated periods, t(3) = 1.00, p=.196. There were no differences of the responses
between the six periods for the subtests of Matching case/script, Oral Basic Sentence and Oral
Sentence Comprehension. Concluding, there was a non-significant overall trend for
improvement in the overall BDAE Reading subtest, t(6) = 0.33, p=.378, and a non-significant
difference between the treated and untreated periods, t(6) = -0.71, p=.251 (Figure 4.3.3.).
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Figure 4.3.3: Percentage (%) correct on the BDAE Reading subtests and the overall BDAE Reading
(Participant S.H.).
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Table 4.3.3: WEST-Trend (sum of scores multiplied by —5, =3, —1, 1, 3, 5) and WEST-ROC (sum of scores multiplied by 25, 1, =23, -47, 34, 10) for the
BDAE Reading (Participant S.H.)

Baselinel  Baseline2  Baseline3  Baseline4  Post-therapy  Follow-up WEST-Trend WEST-ROC
Mean 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Matching case/script
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.50 0.75 0.50 0.75 0.50 0.75 0.75 -9.00
Number Matching S.D. 0.58 0.50 0.58 0.50 0.58 0.50 1.50 18.00
t(3)=1.00,p=0.196  (3)=-1.00, p=0.196
Mean 0.75 1.00 1.00 0.75 0.75 0.50 -2.25 -8.00
Word identification S.D. 0.50 0.00 0.00 0.50 0.50 0.58 2.87 44.25
t(3)=-1.57,p=0.108  t(3)=-0.36, p=0.371
Mean 0.00 0.00 0.20 0.20 0.20 0.00 1.80 -21.60
Oral Basic Word S.D. 0.00 0.00 0.45 0.45 0.45 0.00 4.02 114.21
t(4)=0.63, p=0.281  t(4)=-0.27, p=0.401
Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Oral Basic sentence
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Oral Sentence Comprehension
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.00 0.00 0.00 0.00 0.25 0.25 2.00 11.00
Silent Comprehension S.D. 0.00 0.00 0.00 0.00 0.50 0.50 4.00 22.00
t(3)=1.00, p=0.196 t(3)=1.00, p=0.196
Mean 0.32 0.39 0.39 0.39 0.39 0.36 0.16 -1.89
Overall BDAE Reading S.D. 0.43 0.50 0.46 0.43 0.38 0.40 1.28 6.99

t(6)= 0.33, p= 0.378

t(6)= -0.71, p= 0.251
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434 RCPM

Statistical analysis (Table 4.3.4) revealed a statistically significant overall trend for
improvement in Subtest AB, t(11) = 3.33, p= .003, and significant difference between the
treated and untreated periods, t(11) = 2.61, p=.012. Additionally, there was a significant overall
trend for improvement in Subtest B, t(11) = 2.63, p=.012, but the difference was non-significant
between the treated and untreated periods, t(11) = 1.39, p=.096. There was a non-significant
overall trend for improvement in Subtest A, t(11)= 0.00, p=.500, and non-significant between
the treated and untreated periods, t(11)= 0.00, p= .500. Overall, there was a significant trend
for improvement in the RCPM, t(35) = 3.25, p=.001, and the difference between the treated
and untreated periods was also significant, t(35) = 2.19, p=.018.
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Figure 4.3.4: Percentage (%) correct on the RCPM subcategories and the overall RCPM (Participant
S.H.).
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Table 4.3.4: WEST-Trend (sum of scores multiplied by —5, =3, —1, 1, 3, 5) and WEST-ROC (sum of scores multiplied by 25, 1, —23, -47, 34, 10) for the

RCPM (Participant S.H.).

Baselinel Baseline?2 Baseline3 Baseline4  Post-therapy  Follow-up WEST-Trend WEST-ROC

Mean 0.58 0.75 0.67 0.67 0.75 0.58 0.00 0.00

Subtest A S.D. 0.51 0.45 0.49 0.49 0.45 0.51 3.69 27.24
t(11)=0.00, p= 0.500 t(11)= 0.00, p= 0.500

Mean 0.33 0.25 0.33 0.33 0.75 0.75 3.58 18.25

Subtest AB S.D. 0.49 0.45 0.49 0.49 0.45 0.45 3.73 24.19
t(11)= 3.33, p= 0.003 t(11)=2.61, p= 0.012

Mean 0.17 0.33 0.33 0.25 0.58 0.58 2.75 10.75

Subtest B S.D. 0.39 0.49 0.49 0.45 0.51 0.51 3.62 26.83
t(11)= 2.63, p= 0.012 t(11)=1.39, p= 0.096

Overall RCPM Mean 0.36 0.44 0.44 0.42 0.69 0.64 2.111 9.667

S.D. 0.49 0.50 0.50 0.50 0.47 0.49 3.90 26.48

t(35)= 3.25, p= 0.001

t(35)= 2.19, p= 0.018
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4.3.5 MAIN

There was a non-significant overall trend for improvement on the MAIN, t(16)= 1.59, p=.066,

and the difference between the treated and untreated periods was non-significant, t(16)= 0.34,
p=.370 (Figure 4.3.5; Table 4.3.5).
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Figure 4.3.5: Percentage (%) correct on the MAIN across study phases (Participant S.H.).
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Table 4.3.5: WEST-Trend (sum of scores multiplied by —5, =3, —1, 1, 3, 5) and WEST-ROC (sum of scores multiplied by 25, 1, —23, -47, 34, 10) for the

MAIN (Participant S.H.).

Baseline 1 Baseline 2 Baseline 3

Post-therapy

Mean 0.00 0.29 0.00
MAIN S.D. 0.00 0.47 0.00

WEST-Trend WEST-ROC
0.76 1.12
1.99 13.61
t(16)= 1.59, p= 0.066 t(16)= 0.34, p= 0.370
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4.3.6 Procedural Discourse

There was a non-significant overall trend for improvement in the Procedural Discourse task,
t(9)= -0.13, p= .449, and the difference between the treated and untreated periods was non-
significant, t(9)=-0.44, p= .334.
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Figure 4.3.6: Percentage (%) correct on the Procedural Discourse across study phases (Participant
S.H.).
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Table 4.3.6: WEST-Trend (sum of scores multiplied by —5, =3, —1, 1, 3, 5) and WEST-ROC (sum of scores multiplied by 25, 1, —23, -47, 34, 10) for the

Procedural Discourse (Participant S.H.).

Baseline 1 Baseline?2 Baseline3 Baseline4 Post-therapy Follow-up WEST-Trend WEST-ROC
Mean 0.10 0.20 0.00 0.20 0.10 0.10 -0.10 -2.30
Procedural Discourse
S.D. 0.32 0.42 0.00 0.42 0.32 0.32 2.38 16.42

t(9)= -0.13, p=0.449  t(9)= -0.44, p= 0.334
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4.3.7 SSLA

S.H..’s stroke narrative (spontaneous language sample) was analysed using the SSLA protocol
(Shewan, 1988) designed to describe and quantify connected speech (Table 4.3.7). The
language sample collected at each time point, was not sufficient in word length to undergo
statistical analysis hence results were compared in raw scores. In this case the baseline average
(avg) was compared with the post-testing and follow-up results. There was an increase in the
rate of speech that improved from 20.62 syllables per minute to 29.31 at post-therapy but
reverted to 17.49 at follow-up. Improvement was also noted between baseline avg and follow-
up in the production of errors (from 68% to 57%). A small improvement in the number of
content units was noted from 2.25 at baseline avg, to 3.00 at follow-up. A reduction in
paraphasias was noted with a reduction from 30% at baseline avg to 25% at post-therapy and
at 0% at follow-up. Improvement in the number of repetitions was noted with a reduction from
22% to 0% between baseline avg and post-therapy but reverted to 14% at follow-up. Finally,
improvement in communication efficiency, which reflects the rate at which information is
conveyed by the speaker (number of content units divided by time), was noted from 1.90 at
baseline avg, to 3.45 post-therapy, but at follow-up, communication efficiency had reverted to
baseline performance. Overall, based on the numerical values collected, there was no increase
in the number of utterances, sentence length, melody, articulation, and sentence complexity
after therapy (see Table 4.3.7).
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Figure 4.3.7.a. Results of S.H.’s personal stroke narrative analysis based on the SSLA showing the

raw scores between baseline average, post-therapy, and follow-up phases.
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Figure 4.3.7.b. Results of S.H.’s personal stroke narrative analysis based on the SSLA showing the raw

score percentages (%) between baseline average, post-therapy, and follow-up phases.
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Table 4.3.7: Raw scores for S.H.’s personal stroke narrative analysis based on the SSLA.

Baseline1 Baseline2 Baseline3 Baseline 4 Baseline Post- Follow-
Average therapy up
Utterances 11.00 9.00 1.00 5.00 6.50 4.00 7.00
Rate 20.26 38.04 8.96 15.22 20.62 29.31 17.49
Length 100% 100% 100% 100% 100% 100% 100%
Melody 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Articulation 3.00 3.00 3.00 3.00 3.00 3.00 4.00
Complexity 0% 0% 0% 0% 0% 0% 0%
Errors 64% 67% 100% 40% 68% 5% 57%
C.Us 4.00 2.00 1.00 2.00 2.25 2.00 3.00
Paraphasias 18% 0% 100% 0% 30% 25% 0%
Repetitions 36% 33% 0% 20% 22% 0% 14%
Communication
1.76 217 1.49 217 1.90 3.45 1.64

Efficiency
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4.3.8 RehaCom WM

The results of the RehaCom WM screening show a positive linear trend on all the tasks assessed.
Table 4.3.8 shows the raw scores results for participant S.H. A graphic representation of the
WM screening task results can be seen in Figure 4.3.8.
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Figure 4.3.8: Schematic representation of the RehaCom WM Screening test results by study phase.

Table 4.3.8: RehaCom WM Screening raw scores for S.H. by subcategory and period of assessment

Baseline Baseline Baseline  Baseline  Baseline Post- Follow
1 2 3 4 Average therapy -up
Memory Span 2 1 1 1 1.25 2 2
Max Level 1 0 0 0 0.25 1 1
Correct 3 0 4 0 1.75 11 3
Mistakes Order 6 6 7 2 5.25 7 3
Mistakes Position 2 5 6 1 35 3 1
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4.3.9 SAQOL-39

With regards to investigating whether the overall QoL would improve after treatment, the self-
rated SAQOL-39 was analysed by comparing the mean scores (Figure 4.3.9.; Table 4.3.9.).
The participant’s responses indicated that the overall QoL improved between the baseline
average (M = 2.57) and post-therapy (M = 3.67) by 22%, and it was maintained at follow-up
(M = 3.46).

5.0
4.5
4.0
3.5 -

.....
......
.....
......
Y

3.0 R R

25 o

Mean Score
™
\
\

2.0
15
1.0
0.5

0.0

Baselines' Average Post-therapy Follow-up
==@-— Physical Communication Psychosocial = @« SAQOL-MEAN :-:eee-- Linear (SAQOL-MEAN)

Figure 4.3.9: Schematic representation of the SAQOL-39g mean raw scores at baseline, post-therapy
and follow-up (Participant S.H.).

The mean scores for the overall SAQOL-39 and for each subcategory are shown in Table 4.3.9.
The Physical self-rated score improved from the baseline average (M = 2.36) to post-therapy
(M = 2.69) by 7%. The Communication self-rated score improved from the baseline average
(M = 2.82) to post-therapy (M = 3.86) by 21%, and it was maintained at follow-up (M = 3.29).
The Psychosocial self-rated score improved between the baseline average (M = 2.80) and post-
therapy (M = 4.56) by 35% and was maintained at follow-up (M = 4.75).
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Table 4.3.9: Mean raw scores on the SAQOL-39g at baseline, post-therapy and follow-up (Participant S.H.).

Baseline Baseline Baseline Baseline Baseline Post- Follow-
1 2 3 4 average therapy up
Physical 2.31 1.88 2.63 2.63 2.36 2.69 2.25
Communication 2.57 3.29 3.00 2.43 2.82 3.86 3.29
Psychosocial 3.13 3.75 3.06 1.25 2.80 4.56 4.75
Overall SAQOL-39 2.62 2.82 2.79 2.05 2.57 3.67 3.46
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4.4 Participant #4 - C.G.

4.4.1 BDAE Auditory Comprehension

Statistical analysis of the BDAE Auditory Comprehension subtest (Table 4.4.1) showed that the
overall trend for improvement in Word Comprehension was significant, t(15) = 0.88, p=.015,
and the improvement in the treated period was significantly lower than the untreated periods,
t(15) = -2.33, p=.017. A significant overall trend for improvement was noted in Commands,
t(9) = 3.21, p=.005, with a significant difference between the treated and untreated periods,
t(9) =2.77, p=.011. On the other hand, there was non-significant overall trend for improvement
in Complex ldeational Material, t(5) = 1.46, p=.102, and non-significant difference between
the treated and untreated periods, t(5) = -1.54, p=.093. Overall, there was a significant overall
trend for improvement in the Auditory Comprehension subtest, t(2) = 3.60, p= .035, but the
difference was non-significant between the treated and untreated periods, t(2) =0.08, p=.473
(Figure 4.4.1).
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Figure 4.4.1: Percentage (%) correct on the BDAE Auditory Comprehension subtests and the overall

BDAE Auditory Comprehension by phase (Participant C.G.).
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Table 4.4.1: WEST-Trend (sum of scores multiplied by -3, -2, -1, 0, 1, 2, 3) and WEST-ROC (sum of scores multiplied by 7, 2, -3, =8, -13, 10, 5) for the
BDAE Auditory Comprehension (Participant C.G.).

Baseline

Baseline

Baseline

Baseline

Baseline

Post-

Follow-

: ; ; " c therapy o WEST-Trend WEST-ROC
Mean  0.75 0.94 1.00 1.00 1.00 1.00 1.00 0.88 -1.88
Word Comprehension  S.D. 0.45 0.17 0.00 0.00 0.00 0.00 0.00 1.45 3.22
{(15)= 2.41, p= 0.015 _ (15)= -2.33, p= 0.017
Mean  0.40 0.30 0.40 0.40 0.40 0.90 0.80 2.40 6.80
Commands S.D. 0.52 0.48 0.52 0.52 0.52 0.32 0.42 2.37 7.76
t(9)= 3.2, p= 0.005  t(9)= 2.77, p= 0.011
Mean  0.00 0.50 0.17 0.50 0.50 0.33 0.50 1.50 417
&‘ﬂ;’lg |deational S.D. 0.00 0.55 0.41 0.55 0.55 0.52 0.55 251 6.65
{(5)= 1.46, p=0.102 _ (5)= -1.54, p= 0.093
Mean  0.38 0.58 0.52 0.63 0.63 0.74 0.77 1.59 0.25
Overall BDAE Auditory ¢ 1 0.38 0.33 0.43 0.32 0.32 0.36 0.25 0.77 5.78

Comprehension

t(2)= 3.6, p= 0.035

t(2)= 0.08, p= 0.473
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4.4.2 BDAE Oral Expression

Statistical analysis of the BDAE Oral Expression subtest showed that the overall trend for
improvement in Responsive Naming was found to be significant, t(4) = 3.32, p=.015, with non-
significant difference between the treated and untreated periods, t(4) = 0.90, p=.209. Similarly,
the overall trend for improvement in Boston Naming was significant, t(14) =4.28, p< .001, and
non-significant between the treated and untreated periods, t(14) = 1.16, p=.133. Screening of
Special Categories was also found to be significant in the overall trend for improvement in
t(11) = 3.39, p=.003, but improvement was not significant between the treated and untreated
periods, t(11)=1.40, p= .094. On the other hand, the overall trend for improvement in
Automatized Sequences was not significant, t(1) = 1.00, p=.250, and the difference between
the treated and untreated periods was non-significant, t(4) = -1.00, p=.250. Also, the overall
trend improvement in Word Repetition was not significant, t(4) = 1.03, p=.180, with non-
significant difference between the treated and untreated periods, t(4) = -1.03, p=.180.
Similarly, there was non-significant overall trend for improvement in Sentence Repetition, t(1)
= 1.00, p=.250, and non-significant difference between the treated and untreated periods, t(1)
=1.00, p=.250. Overall, there was significant overall trend for improvement in the BDAE Oral
Expression subtest, t(5) =7.39, p <.001, but with non-significant difference between the treated
and untreated periods, t(5) =1.02, p=.177.
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Figure 4.4.2: Percentage (%) correct on the BDAE Oral Expression subtests and the overall BDAE
Oral Expression by stage (Participant C.G.).
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Table 4.4.2: WEST-Trend (sum of scores multiplied by -3, -2, -1, 0, 1, 2, 3) and WEST-ROC (sum of scores multiplied by 7, 2, -3, -8, -13, 10, 5) for the

BDAE Oral Expression (Participant C.G.).

Baselinel Baseline2 Baseline3 Baseline4 Baseline5  Post-therapy Follow-up WEST-Trend WEST-ROC

Mean 0.75 1.00 1.00 1.00 1.00 1.00 1.00 1.50 -3.50

Automatized sequences S.D. 0.35 0.00 0.00 0.00 0.00 0.00 0.00 2.12 4.95
t(1)= 1.00, p= 0.250 t(1)= -1.00, p= 0.250

Mean 0.40 0.40 0.80 0.80 0.80 0.80 0.80 2.00 -3.60

Word Repetition S.D. 0.55 0.55 0.45 0.45 0.45 0.45 0.45 2.74 4.93
t(4)= 1.03, p= 0.180 t(4)= -1.03, p= 0.180

Mean 0.00 0.00 0.00 0.00 0.00 0.50 0.50 2.50 7.50

Sentence Repetition S.D. 0.00 0.00 0.00 0.00 0.00 0.71 0.71 3.54 10.61
t(1)= 1.00, p= 0.250 t(1)= 1.00, p= 0.250

Mean 0.00 0.10 0.10 0.20 0.10 0.40 0.50 4.20 7.00

Responsive Naming S.D. 0.00 0.22 0.22 0.45 0.22 0.55 0.00 1.79 10.95
t(4)= 3.32, p= 0.015 t(4)= 0.90, p= 0.209

Mean 0.07 0.13 0.27 0.33 0.33 0.60 0.60 2.60 1.93

Boston Naming Test S.D. 0.26 0.35 0.46 0.49 0.49 0.51 0.51 2.35 6.47
t(14)= 4.28, p<0.001  t(14)=1.16, p= 0.133

Mean 0.50 0.42 0.67 0.75 0.67 1.00 0.92 2.42 2.25

?g{:gegr'lneg of special s.D. 0.52 0.51 0.49 0.45 0.49 0.00 0.29 2.47 5.56
t(11)=3.39, p=0.003  t(11)=1.40, p= 0.094

Mean 0.29 0.34 0.47 0.51 0.48 0.72 0.72 2.06 1.64

Overall BDAE Oral s.D. 0.31 0.36 0.41 0.39 0.40 0.26 0.22 0.68 3.93

Expression

t(5)= 7.39, p< 0.001

t(5)= 1.02, p= 0.177
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4.4.3 BDAE Reading

Statistical analysis of the BDAE Reading subtest (Table 4.4.3) showed that the overall trend
for improvement in Word Identification was significant, t(3)= 2.89, p= .0326, and the
improvement in the treated period was significantly lower that the untreated periods, t(3)= -
2.71, p= .036. The overall trend for improvement in the Oral Basic Word task was not
significant, t(4) = 1.03, p=.180, and the difference between the treated and untreated periods
was non-significant, t(4) = -1.03, p=.180. Similarly, overall improvement in the Oral Basic
Sentence task was not significant, t(4) = 0.93, p=.203, with non-significant difference between
the treated and untreated periods, t(4) = -1.17, p=.154. Additionally, there was a non-
significant overall trend for improvement in the Oral Sentence Comprehension, t(2) = 1.00, p=
211, and non-significant between the treated and untreated periods, t(2) = -1.00, p= .211.
Lastly, there was a non-significant overall trend for improvement in the Silent Comprehension,
t(3) = 1.00, p= .196, with a non-significant difference between the treated and untreated
periods, t(3) = 1.00, p= .196. There was no difference in the responses between the seven
periods for the Matching case/script and Number Matching tasks. Concluding, there was a
significant overall trend for improvement in the BDAE Reading subtest, t(6) = 3.19, p=.009,
and improvement was found to be significantly better in the untreated period, t(6) = -3.19,
p=.009 (Figure 4.4.3).
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Figure 4.4.3: Percentage (%) correct on the BDAE Reading subtests and the overall BDAE Reading
(Participant C.G.).
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Table 4.4.3: WEST-Trend (sum of scores multiplied by -3, -2, -1, 0, 1, 2, 3) and WEST-ROC (sum of scores multiplied by 7, 2, -3, -8, -13, 10, 5) for the
BDAE Reading (Participant C.G.).

Baseline 1 Baseline 2 Baseline 3 Baseline 4 Baseline 5 Post-therapy Follow-up WEST-Trend WEST-ROC
Matching Mean 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Case/Script S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Number Matching
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.25 1.00 0.75 1.00 1.00 1.00 1.00 2.50 -4.50
Word ldentification
S.D. 0.50 0.00 0.50 0.00 0.00 0.00 0.00 1.73 3.32
t(3)= 2.89, p= 0.032 t(3)= -2.71, p= 0.036
Mean 0.60 1.00 1.00 1.00 1.00 1.00 1.00 3.60 -8.40
Oral Basic Word
S.D. 0.55 0.00 0.00 0.00 0.00 0.00 0.00 493 11.50
t(4)= 1.03, p= 0.180 t(4)= -1.03, p= 0.180
Mean 0.20 0.40 0.60 0.80 0.80 0.80 0.60 2.20 -5.40
Oral Basic Sentence
S.D. 0.45 0.55 0.55 0.45 0.45 0.45 0.55 3.35 6.54
t(4)= 0.93, p= 0.203 t(4)= -1.17, p= 0.154
Mean 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -2.33
Oral Sentence S.D. 0.58 0.00 0.00 0.00 0.00 0.00 0.00 1.73 4.04
Comprehension
t(2)= 1.00, p= 0.211 t(2)= -1.00, p= 0.211
Mean 0.75 0.75 1.00 1.00 1.00 1.00 1.00 1.25 -2.25
Silent . S.D. 0.50 0.50 0.00 0.00 0.00 0.00 0.00 2.50 450
Comprehension
t(3)= 1.00, p= 0.196 t(3)= -1.00, p= 0.196
Mean 0.64 0.88 0.91 0.97 0.97 0.97 0.94 1.16 -2.47
Overall BDAE SD. 0.32 0.23 0.16 0.08 0.08 0.08 0.15 0.97 2.04
Reading

t(6)= 3.19, p= 0.009

t(6)= -3.19, p= 0.009
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444 RCPM

Statistical analysis (Table 4.4.4) revealed that there was a non-significant overall trend for
improvement in Subtest A, t(11)= 1.00, p=.169, and a non-significant difference between the
treated and untreated periods, t(11)=-1.00, p=.169. There were no differences of the responses
between the seven periods, regarding the Subtest AB and Subtest B. Concluding, there was a
non-significant overall trend for improvement in the RCPM, t(35) = 1.00, p=.162, and also a

non-significant difference between the treated and untreated periods, t(35) = -1.00, p=.162.

(Figure 4.4.4).
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Figure 4.4.4: Percentage (%) correct on the RCPM subtests and the overall RCPM (Participant C.G.).
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Table 4.4.4: WEST-Trend (sum of scores multiplied by -3, -2, -1, 0, 1, 2, 3) and WEST-ROC (sum of scores multiplied by 7, 2, -3, =8, -13, 10, 5) for the
RCPM (Participant C.G.).

Baseline 1 Baseline 2 Baseline3 Baseline4 Baseline5 Post-therapy Follow-up WEST-Trend WEST-ROC

Mean 0.92 1.00 1.00 1.00 1.00 1.00 1.00 0.25 -0.58

Subtest A S.D. 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.87 2.02
t(11)=1.00, p=0.169  t(11)=-1.00, p= 0.169

Mean 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Subtest AB

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mean 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Subtest B

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mean 0.97 1.00 1.00 1.00 1.00 1.00 1.00 0.083 -0.194
Overall RCPM  S.D. 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.50 1.17

t(35)= 1.00, p= 0.162

t(35)= -1.00, p= 0.162
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44.5 MAIN

Statistical analysis revealed there was a significant overall trend for improvement in the
MAIN, t(16)= 2.84, p=.006, but a non-significant difference between the treated and
untreated periods, t(16)= 1.55, p=.070 (Figure 4.4.5.; Table 4.4.5.).
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Figure 4.4.5: Percentage (%) correct on the MAIN across study phase (Participant C.G.).
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Table 4.4.5: WEST-Trend (sum of scores multiplied by -3, -2, -1, 0, 1, 2, 3) and WEST-ROC (sum of scores multiplied by 7, 2, -3, =8, -13, 10, 5) for the
MAIN (Participant C.G.).

Baselinel Baseline2 Baseline3 Baseline4 Baseline5 Post-therapy Follow-up WEST-Trend WEST-ROC
Mean 0.24 0.35 0.53 0.47 0.35 0.76 0.47 1.35 241
MAIN S.D. 0.44 0.49 0.51 0.51 0.49 0.44 0.51 1.97 6.41

t(16)= 2.84, p= 0.006  t(16)= 1.55, p= 0.070
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4.4.6 Procedural Discourse

There was a non-significant overall trend for improvement in Procedural Discourse, t(9)=
1.50, p=.084, and a non-significant difference between the treated and untreated periods,
t(9)=0.77, p=.232.
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Figure 4.4.6: Percentage (%) correct on the Procedural Discourse task by phase (Participant C.G.).
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Table 4.4.6: WEST-Trend (sum of scores multiplied by -3, -2, -1, 0, 1, 2, 3) and WEST-ROC (sum of scores multiplied by 7, 2, -3, =8, -13, 10, 5) for the

Procedural Discourse (Participant C.G.).

Baseline 1 Baseline 2 Baseline3 Baseline4 Baseline5 Post-therapy Follow-up WEST-Trend WEST-ROC
Mean 0.20 0.30 0.30 0.20 0.30 0.50 0.40 1.00 2.60
Procedural Discourse  S.D. 0.42 0.48 0.48 0.42 0.48 0.53 0.52 211 10.74

t(9)= 1.50, p= 0.084 _t(9)= 0.77, p= 0.232
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4.4.7 SSLA

C.G..’s stroke narrative (spontaneous language sample) was analysed using the SSLA protocol
(Shewan, 1988) designed to describe and quantify connected speech (Table 4.4.7). The
language sample collected at each time point, was not sufficient in word length to undergo
statistical analysis hence results were compared in raw scores. In this case the Baseline average
(avg) was compared with the post-testing and follow-up results. There was an increase in the
rate of speech from 163.30 syllables per minute to 203.20 at post-therapy but dropped to 124.04
at follow-up. The sentence length, which reflects the use of more than 5 words in the produced
utterances, improved from 54% at baseline avg to 42% at post-therapy and was maintained at
47% at follow-up. Improvement was noted in sentence complexity between baseline avg and
follow-up (from 18% to 26%). A small improvement was noted between baseline avg and
follow-up in the production of errors (from 48% to 42%). The number of content units
improved from 18.40 at baseline avg, to 23.00 at post-therapy, and was maintained at 24.00 at
follow-up. Improvement in the number of repetitions was noted with a reduction from 76% to
68% between baseline avg and follow-up. A notable improvement in communication efficiency
which reflects the rate at which information is conveyed by the speaker (number of content
units divided by time), from 11.57 at baseline avg, to 18.40 post-therapy, but reverted to 13.11
at follow-up. Overall, based on the numerical values collected, there was no increase in the
number of utterances after therapy and the overall melody and articulation were judged to be
normal (see Table 4.4.7).
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Figure 4.4.7 a. Results of C.G.’s personal stroke narrative analysis based on the SSLA showing the

raw scores for baseline average, post-therapy, and follow-up phases.
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Figure 4.4.7.b. Results of C.G.’s personal stroke narrative analysis based on the SSLA showing the

raw score percentages (%) for baseline average, post-therapy, and follow-up phases.
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Table 4.4.7: Raw scores for C.G.’s personal stroke narrative analysis based on the SSLA.

Baseline1l Baseline2 Baseline3 Baseline4 Baseline5 Baseline Post- Follow-
Average therapy up
Utterances 20.00 22.00 24.00 19.00 16.00 20.20 19.00 19.00
Rate 163.56 168.99 179.31 165.56 139.10 163.30 203.20 124.04
Length 65% 64% 54% 32% 56% 54% 42% 47%
Melody 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Articulation 6.00 6.00 6.00 6.00 6.00 6.00 6.00 7.00
Complexity 15% 27% 13% 16% 19% 18% 16% 26%
Errors 35% 59% 17% 68% 63% 48% 47% 42%
C.Us 12.00 19.00 22.00 23.00 16.00 18.40 23.00 24.00
Paraphasias 15% 41% 25% 37% 6% 25% 32% 26%
Repetitions 40% 64% 100% 95% 81% 76% 79% 68%
Communication
10.17 12.03 10.84 12.78 12.03 11.57 18.40 13.11

Efficiency
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4.4.8 RehaCom WM

The results of the RehaCom WM screening task show that there was no improvement in the
tasks assessed. Table 4.4.8 shows participant C.G.’s raw scores. A graphic representation of

the WM screening results can be seen in Figure 4.4.8.
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Table 4.4.8: Schematic representation of the RehaCom WM Screening test results
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Table 4.4.9: RehaCom WM Screening raw scores for C.G. by subcategory and period of assessment

Baseline 1 Baseline 2 Baseline 3 Baseline 4 Baseline 5 Baseline Post- Follow-up
Average therapy
Memory Span 5 4 5 6 5 5 5 5
Max Level 4 3 4 5 4 4 4 4
Correct 8 7 21 12 10 12 9 8
Mistakes Order 1 1 6 2 3 3 1 1
Mistakes Position 2 1 1 2 1 1 1 2
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449 SAQOL-39

With regards to investigating whether the overall QoL would improve after treatment, the self-
rated SAQOL-39 was analysed by comparing the mean scores (Figure 4.4.9.; Table 4.4.9.).
The participant’s responses indicated that QoL improved between the baseline average (M =
4.01) and post-therapy (M = 4.41) by 8% and increased a further 3% at follow-up (M = 4.54).
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Figure 4.4.8: Schematic representation of the SAQOL-39g mean raw scores at baseline, post-therapy

and follow-up (Participant C.G.).

The mean scores for the overall SAQOL-39 and for each subcategory are shown in Table 4.4.9.
A small improvement was noted in the Physical self-rated score from the baseline average (M
= 4.65) to post-therapy (M = 4.75) by 2%. The Communication self-rated score improved from
the baseline average (M = 3.71) to post-therapy (M = 4.43) by 23%, but it reverted at follow-
up (M = 3.29). The Psychosocial self-rated score improved between the baseline average (M =
4.06) and post-therapy (M = 4.63) by 6% and improved a further 11% at follow-up (M = 4.63).
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Table 4.4.10: Mean raw scores on the SAQOL-39g at baseline, post-therapy and follow-up (Participant C.G.).

Baseline Baseline Baseline Baseline Baseline Baseline Post- Follow-
1 2 3 4 5 average therapy up
Physical 4.60 4.67 4.60 4.69 4.69 4.65 4.75 4.81
Communication 3.00 3.57 3.57 3.14 3.14 3.29 4.43 3.71
Psychosocial 3.63 4.00 3.75 3.75 3.75 3.78 4.06 4.63
Overall SAQOL-39 3.82 4.16 4.05 4.03 4.00 4.01 4.41 454
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4.5 Participant #5 - F.C.

4.5.1 BDAE Auditory Comprehension

Statistical analysis of the BDAE Auditory Comprehension subtest showed that there was a
significant overall trend for improvement in Commands, t(9) = 1.96, p= .041, as well as
significant difference between the treated and untreated periods, t(9) = 2.45, p=.018. On the
other hand, the overall trend for improvement in Word Comprehension was not significant,
t(15) = 1.46, p=.082, and the difference was non-significant between the treated and untreated
periods, t(15) = 1.46, p=.082. Similarly, there was non-significant overall trend for
improvement in Complex Ideational Material t(5) = -0,79, p=.233, and non-significant
difference between the treated and untreated periods, t(5) = 1.08, p=.164. Concluding, there
was a non-significant overall trend for improvement in the overall BDAE Auditory
Comprehension, t(2) = 0.48, p= .338, but the difference between the treated and untreated
periods was significant, t(2) = 3.09, p=.045.

100% O

90%

80%

70%
L
o
3 60% LA
- 'd ~
O 4 SS
L o S.
S 9000 | B et iiiiiiiiieeeseseeeeseeseseensesseeeiy A At o o
8 9...:..‘...-: i X ..-. ....................... P ps -~ °
€ L T - e am P d

- e

8 40% T
()
o

30%

20%

10%

0%
Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up
@@ \\/Ord Comprehension Commands
Complex Ideational Material = «@ == Overall Auditory Comprehension
Linear (Commands) ~ seceececs Linear (Overall Auditory Comprehension)

Figure 4.5.1: Percentage (%) correct on the BDAE Auditory Comprehension subtests and the overall
BDAE Auditory Comprehension by phase (Participant F.C.).
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Table 4.5.1: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) for the BDAE Auditory

Comprehension (Participant F.C.).

Baseline 1 Baseline2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC

Mean  1.00 0.88 0.94 1.00 1.00 0.13 0.38

Word Comprehension S.D. 0.00 0.34 0.25 0.00 0.00 0.34 1.02
t(15)= 1.46, p= 0.082 _ t(15)= 1.46, p= 0.082

Mean  0.30 0.30 0.30 0.70 0.40 0.60 1.20

Commands S.D. 0.48 0.48 0.48 0.48 0.52 0.97 1.55
t(9)= 1.96, p= 0.041 _ t(9)= 2.45, p= 0.018

Mean  0.17 0.17 0.00 0.17 0.00 -0.33 0.67

EAZTEF;'IZ’I( |deational S.D. 0.41 0.41 0.00 0.41 0.00 1.03 1.51
t(5)= -0.79, p= 0.233 _ t(5)= 1.08, p= 0.164

Mean  0.49 0.45 0.41 0.62 0.47 0.13 0.75

Overall BDAE Auditory ¢ 0.45 0.38 0.48 0.42 0.50 0.47 0.42

Comprehension

t(2)= 0.48, p= 0.338

t(2)= 3.09, p= 0.045
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4.5.2 BDAE Oral Expression

Statistical analysis of the BDAE Oral Expression subtest (Table 4.5.2) showed that there was
a significant overall trend for improvement in Screening of Special Categories, t(11) = 3.19,
p=.004, but non-significant improvement between the treated and untreated periods, t(11) =
0.46, p=.329. The overall trend for improvement in Word Repetition was not significant, t(4)
= 0.63, p=.281, with non-significant difference between the treated and untreated periods, t(4)
=-0.63, p=.281. Also, there was non-significant overall trend for improvement in Responsive
Naming, t(4) = 0.95, p=.198, and non-significant difference between the treated and untreated
periods, t(4) = 1.03, p=.180. Similarly, the overall trend for improvement in Boston Naming
was not significant, t(14) =0.54, p=.298, and non-significant between the treated and untreated
periods, t(14) = 0.59, p=.283. For the tasks of Automated Sequences and Sentence Repetition
there were no differences of the responses between the five periods. Concluding, there was a
significant overall trend for improvement in the overall BDAE Oral Expression, t(5) = 2.17, p
=.041, but with a non-significant difference between the treated and untreated periods, t(5) =
0.98, p=.185 (Figure 4.5.2).
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Figure 4.5.2: Percentage (%) correct on the BDAE Oral Expression subtests and the overall BDAE
Oral Expression by phase (Participant F.C.).
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Table 4.5.2: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) for the BDAE Oral

Expression (Participant F.C.).

Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC
Automatized Sequences Mean 0.75 0.75 0.75 0.75 0.75 0.00 0.00
S.D. 0.35 0.35 0.35 0.35 0.35 0.00 0.00
Mean 0.80 1.00 1.00 1.00 1.00 0.40 -0.40
Word Repetition S.D. 0.45 0.00 0.00 0.00 0.00 0.89 0.89
t(4)=0.63, p=0.281 t(4)=-0.63, p= 0.281
Mean 0.50 0.50 0.50 0.50 0.50 0.00 0.00
Sentence Repetition
S.D. 0.71 0.71 0.71 0.71 0.71 0.00 0.00
Mean 0.00 0.00 0.00 0.40 0.10 1.20 2.40
Responsive Naming S.D. 0.00 0.00 0.00 0.55 0.22 1.79 3.29
t(4)=0.95, p=0.198 t(4)=1.03, p=0.180
Mean 0.27 0.13 0.27 0.33 0.27 0.20 0.33
Boston Naming Test S.D. 0.46 0.35 0.46 0.49 0.46 1.42 2.19
t(14)= 0.54, p= 0.298 t(14)= 0.59, p=0.283
Mean 0.33 0.50 0.50 0.67 0.83 1.17 0.17
Screening of Special Categories S.D. 0.49 0.52 0.52 0.49 0.39 1.27 1.27
t(11)=3.19, p= 0.004 t(11)= 0.46, p= 0.329
Mean 0.44 0.48 0.50 0.61 0.58 0.39 0.22
Overall BDAE Oral Expression S.D. 0.30 0.37 0.35 0.25 0.35 0.44 0.54

t(5)= 2.17, p= 0.041

t(5)= 0.98, p= 0.185
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4.5.3 BDAE Reading

Statistical analysis of the BDAE Reading subtest (Table 4.5.3) showed that the overall trend
for improvement in Word identification was not significant, t(3)= 0.19, p= .431, and the
difference between the treated and untreated periods was non-significant, t(3)= 1.00, p=.196.
Similarly, the overall trend for improvement in Oral Basic Sentence was not significant, t(4) =
0.37, p= .364, and non-significant between the treated and untreated periods, t(4) = 0.61,
p=.287. Additionally, there was a non-significant overall trend for improvement in Oral
Sentence Comprehension, t(2) = 0.00, p= .500, with a non-significant difference between the
treated and untreated periods, t(2) = 0.72, p= .274. Lastly, there was a non-significant overall
trend for improvement in Silent Comprehension, t(3) = -0.79, p=.243, with a non-significant
difference between the treated and untreated periods, t(3) = -0.68, p= .274. For the tasks of
Matching case/script, Number Matching and Oral Basic Sentence, there was no differences in
the number of responses between the five periods. In general, there was a non-significant
overall trend for improvement in the BDAE Reading subtest, t(6) = -0.10, p=.460, and a non-
significant difference between the treated and untreated periods, t(6) = 1.27, p=.126 (Figure
4.5.3).
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Figure 4.5.3: Percentage (%) correct on the BDAE Reading subtests and the overall BDAE Reading
(Participant F.C.).
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Table 4.5.3: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) for the BDAE Reading

(Participant F.C.).

Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Matching Case/Script
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Number Matching
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.50 0.50 0.50 0.75 0.50 0.25 0.75
Word Identification S.D. 0.58 0.58 0.58 0.50 0.58 2.63 1.50
t(3)=0.19, p=0.431 t(3)=1.00, p=0.196
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00
Oral Basic Word
S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.60 0.60 0.60 1.00 0.60 0.40 1.20
Oral Basic Sentence S.D. 0.55 0.55 0.55 0.00 0.55 1.52 2.77
t(4)=0.37, p=0.364 t(4)= 0.61, p=0.287
Mean 0.33 0.33 0.00 0.33 0.33 0.00 1.33
Oral Sentence Comprehension S.D. 0.58 0.58 0.00 0.58 0.58 1.00 3.21
t(2)=0.00, p= 0.500 t(2)=0.72, p=0.274
Mean 0.75 0.75 0.75 0.50 0.50 -0.75 -0.75
Silent Comprehension S.D. 0.50 0.50 0.50 0.58 0.58 1.89 2.22
t(3)=-0.79, p= 0.243 t(3)=-0.68, p=0.274
Mean 0.74 0.74 0.69 0.80 0.70 -0.01 0.36
Overall BDAE Reading S.D. 0.27 0.27 0.37 0.28 0.29 0.36 0.76

t(6)= -0.10, p= 0.460

t(6)= 1.27, p= 0.126
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454 RCPM

Statistical analysis (Table 4.5.4.) revealed that there was a non-significant overall trend for
improvement in Subtest A, t(11)= 1.47, p= .085, but a significant improvement between the
treated and untreated periods, t(11)= 2.28, p=.022. On the other hand, overall improvement in
Subtest AB was statistically significant, t(11) = 2.03, p=.034, but non-significant between the
treated and untreated periods, t(11) = 1.02, p=.164. Lastly, there was a non-significant overall
trend for improvement in Subtest B, t(11)= -1.00, p= .169, and a non-significant difference
between the treated and untreated periods, t(11) = 1.00, p= .169. In general, there was a
significant overall trend for improvement in the RCPM, t(35) = 2.13, p=.020, and also a
significant difference between the treated and untreated periods, t(35) = 2.15, p=.019 (Figure
45.4.).
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Figure 4.5.4: Percentage (%) correct on the subcategories and the overall RCPM (Participant F.C.).
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Table 4.5.4: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) for the RCPM

(Participant F.C.).

Baselinel Baseline2 Baseline3 Post-therapy Follow-up WEST-Trend WEST-ROC

Mean 0.75 0.50 0.75 0.92 0.83 0.58 0.75

Subtest A S.D. 0.45 0.52 0.45 0.29 0.39 1.38 1.14
t(11)=1.47, p= 0.085 t(11)= 2.28, p= 0.022

Mean 0.58 0.67 0.67 0.92 0.75 0.58 0.58

Subtest AB S.D. 0.51 0.49 0.49 0.29 0.45 1.00 1.98
t(11)= 2.03, p= 0.034 t(11)=1.02, p=0.164

Mean 0.50 0.50 0.42 0.42 0.50 -0.08 0.08

Subtest B S.D. 0.52 0.52 0.51 0.51 0.52 0.29 0.29
t(11)=-1.00, p=0.169 t(11)=1.00, p= 0.169

Overall RCPM Mean 0.61 0.56 0.61 0.75 0.69 0.361 0.472

S.D. 0.49 0.50 0.49 0.44 0.47 1.02 1.32

t(35)= 2.13, p= 0.02

t(35)= 2.15, p= 0.019
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4.5.5 MAIN

There was a non-significant overall trend for improvement on the MAIN, t(16)= 0.57, p=.290,

and non-significant between the treated and untreated periods, t(16)= 1.43, p=.086.
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Figure 4.5.5: Percentage (%) correct on the MAIN by phase (Participant F.C.)
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Table 4.5.5: WEST-Trend (sum of scores multiplied by =2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) for the MAIN

(Participant F.C.).

Baseline 1 Baseline 2 Baseline 3 Post-therapy  Follow-up WEST-Trend WEST-ROC
Mean 0.18 0.18 0.12 0.29 0.24 0.24 0.59
MAIN S.D. 0.39 0.39 0.33 0.47 0.44 1.71 1.70

t(16)= 0.57, p= 0.290

t(16)= 1.43, p= 0.086
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4.5.6 Procedural Discourse

The WEST-Trend could not be evaluated due the standard deviation being equal to zero. There

was non-significant improvement in Procedural Discourse between the treated and untreated
periods, t(9)=-1.00, p=.172.
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Figure 4.5.6: Percentage (%) correct on the Procedural Discourse by phase (Participant F.C.).
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Table 4.5.6: WEST-Trend (sum of scores multiplied by —2, —1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, —1, —4, 3, 0) for the Procedural

Discourse (Participant F.C.).

Baseline 1 Baseline 2 Baseline 3 Post-therapy  Follow-up  WEST-Trend WEST-ROC
Mean 0.00 0.10 0.20 0.10 0.00 0.00 -0.60
Procedural Discourse S.D. 0.00 0.32 0.42 0.32 0.00 0.00 1.90

t(9)= -1.00, p= 0.172
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4.5.7 SSLA

F.C..’s stroke narrative (spontaneous language sample) was analysed using the SSLA protocol
(Shewan, 1988) designed to describe and quantify connected speech (Table 4.5.7). The
language sample collected at each time point, was not sufficient in word length to undergo
statistical analysis hence results were compared in raw scores. In this case the baseline average
(avg) was compared with the post-testing and follow-up results. There was an increase in the
sentence length, which reflects the use more than 5 words in the produced utterances, improved
from 49% at baseline avg to 19% at post-therapy and was maintained at 27% at follow-up.
Improvement was noted in sentence complexity between baseline avg and post-therapy (from
7% to 19%) but reverted back to baseline avg at follow-up. An improvement was noted between
baseline avg and post-therapy in the production of errors (from 102% to 75%) and was
maintained at follow-up (67%). Lastly, the number of content units improved from 11.30 at
baseline avg, to 20.00 at post-therapy, and but reverted to 14.00 at follow-up. Overall, based
on the numerical values collected, there was no increase in the number of utterances, melody,

articulation, paraphasias, and repetitions after therapy (see Table 4.5.7).
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Figure 4.5.7.a. Results of F.C.’s personal stroke narrative analysis based on the SSLA showing the
raw scores across baseline average, post-therapy, and follow-up phases.
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Figure 4.5.7.b. Results of F.C.’s personal stroke narrative analysis based on the SSLA showing the

percentage (%) scores for baseline average, post-therapy, and follow-up phases.
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Table 4.5.7: Raw scores for F.C.’s personal stroke narrative analysis based on the SSLA.

Baseline 1 Baseline 2 Baseline 3 Baseline Average Post-therapy Follow-up

Utterances 13.00 17.00 17.00 15.67 16.00 15.00
Rate 84.14 62.75 74.25 73.71 106.00 86.30
Length 23% 59% 65% 49% 19% 27%
Melody 2.00 2.00 2.00 2.00 2.00 2.00
Articulation 4.00 4.00 4.00 4.00 4.00 4.00
Complexity 15% 0% 6% 7% 19% 7%

Errors 100% 100% 106% 102% 75% 67%
C.Us 15.00 9.00 10.00 11.33 20.00 14.00
Paraphasias 69% 59% 41% 56% 63% 80%
Repetitions 100% 141% 100% 114% 100% 193%
Communication Efficiency 6.61 3.53 4.29 4.81 10.00 4.79
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4.5.8 RehaCom WM

The results of the RehaCom WM screening show that there was no improvement in the tasks
assessed. Table 4.5.8 shows participant F.C.’s raw scores. A graphic representation of the WM
screening results can be seen in Figure 4.5.8. Participant F.C. did not show an overall

improvement in WM.
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Figure 4.5.8: Schematic representation of the RehaCom WM Screening test results across phase.
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Table 4.5.8: RehaCom WM Screening raw scores for F.C. by subcategory and period of assessment

Baseline 1 Baseline 2 Baseline 3 Baseline Post- Follow-up
Average therapy
Memory Span 1 3 3 2 3 4
Max Level 0 2 2 1 2 3
Correct 0 15 7 7 10 9
Mistakes Order 6 4 2 4 0 2
Mistakes Position 1 3 1 2 4 2
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4.5.9 SAQOL-39

With regards to investigating whether the overall QoL would improve after treatment, the self-
rated SAQOL-39 was analysed by comparing the mean scores (Figure 4.5.9.; Table 4.5.9.).
The participant’s responses indicated that overall QoL did not improve.
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Figure 4.5.9: Schematic representation of the SAQOL-39g mean raw scores at baseline, post-therapy

and follow-up (Participant F.C.).

Table 4.5.9: Mean raw scores on the SAQOL-39g at baseline, post-therapy and follow-up (Participant
F.C.).

Baseline Baseline Baseline Baseline Post- Follow-
1 2 3 average therapy up
Physical 4.44 4.44 4.44 4.44 4.44 4.44
Communication 2.14 1.71 1.71 1.86 1.57 1.43
Psychosocial 4.00 4.13 4.19 4.10 4.13 3.81
Overall SAQOL-39 3.85 3.82 3.85 3.84 3.79 3.67
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4.6 Side effects and Dropouts

This study did not induce any adverse events and the participants did not report any side effects
during and after treatment. All the participants completed the study in its entire duration as

previously outlined (i.e. 3 months) and there were no dropouts.
4.7 Chapter Summary

This chapter reported the baseline and intervention outcomes, the statistical analyses of
standardized language and cognitive measures, the reports of outcome summaries for working

memory, procedural discourse, narratives produced, and QoL outcomes.
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5 DISCUSSION

In the previous chapter all the results were analysed and compared between the untreated and
post-treated periods of each participant. As previously mentioned, the main objective was to
explore the potential domains of transfer effect after stimulating the left DLPFC and WM
training, and also to measure how efficacious this treatment protocol was for PWA.
Specifically, the purpose was to investigate the combined effects of iTBS and WM training
on WM performance as a mediator to language generalization. The following sections of this
chapter will address each of the research questions pertaining to each participant’s results and
indicate their supplementary significance to previous findings. To assess treatment efficacy
the outcome measures were compared at the different time points, that is, between the
repeated baselines, post-treatment, and follow-up (e.g. 3 months post-therapy). The findings
from this study lend support to the evidence that (i) WM interacts with language abilities and
deficits in WM influence language performance (i.e. Murray, 2012); (ii) applying iTBS to the
LDLPFC results in improved WM performance (i.e. Hoy et al., 2015; Demeter et al., 2016);
(iii) computerized WM training can have positive outcomes on WM tasks (i.e. Lundqvist et
al., 2010); (iv) aphasia has a negative effect on QoL (i.e. Manning, MacFarlane, Hickey, &
Franklin, 2019).

5.1 Question 1: Does WM training generalize to trained cognitive areas as
measured by untrained WM (near-transfer effect) and fluid intelligence

tasks (far-transfer effect)?

Previous research has shown that benefits resulting from WM training were not task specific,
but instead, they extended beyond the trained task by affecting WM processes, including WM
updating (Dahlin et al., 2008). Other studies have further demonstrated transfer of WM training
to other assessments of cognition, including measures of fluid intelligence (Jaeggi et al., 2008).
This study has revealed a trend for improvement in both WM tasks and Gf transfer and a
statistically significance of Gf as measured with the RCPM after the 10-day iTBS application
to the left DLPFC followed by 30-minute WM training.
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5.1.1 Short- and long-term near-transfer effects of iTBS to the LDLPFC combined with

WM training to cognitive areas

Three participants showed a positive linear trend for improvement only in the number of correct
responses on the RehaCom WM screening task. The results are in agreement with previous
research showing a non-significant improvement in WM post-training, despite a steady
improvement over the duration of the training sessions in healthy ageing adults (Barbu et al.,
2017). To this date, there is no research evidence signifying the possible improvement that
could yield specifically from the RehaCom WM training program in PWA. Future research is
needed to clarify how beneficial RehaCom as a CACR method is for aphasia recovery. In
contrast to the expectation that WM would improve after the 10-day treatment, the effect was
insignificant with minor improvements in the number of correct responses in three participants
between baseline and post-therapy only. These results are in contrast with previous research
indicating that computerized WM training improves WM abilities after acquired brain injury
(e.g. Lundqvist et al., 2010; Westerberg et al., 2007), but this contradiction could be due to the
short training period (10 days) and/or that only one outcome measure was used to measure WM
improvement and multiple baselines were not obtained to provide sufficient information for

comparative purposes.

Table 5.1.1 Summary of near-transfer effects of WM training to cognitive areas (RehaCom)

Short-term effect Long-term Effect
Participant 1 (1.A.) No improvement. No improvement.
Participant 2 (C.S) Improved number of correct responses  Minor maintenance of correct
from 8 to 24. responses improvement from 8 at 13

correct responses.

Participant 3 (S.H.) Improved number of correct responses  No improvement.
from 1.75 to 11.

Participant 4 (C.G.) Improvement was noted within the No improvement.
untreated baselines period but it was

inconsistent and was not maintained.

Participant 5 (F.C.) Minor improvement in the number of  Improvement of correct responses

correct responses from 7 to 10. was retained at 9 at follow-up.
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5.1.2 Short- and long-term far-transfer effects of iTBS to the LDLPFC combined with WM

training to cognitive areas

Table 5.1.2 Summary of far-transfer effects of WM training effect to cognitive areas (RCPM)

Improvement between treated and
untreated periods (WEST-ROC)

Improvement across time (WEST-
Trend)

Participant 1 (1.A.)

Statistically significant improvement

Statistically significant trend for

improvement across time

Participant 2 (C.S)

Non- significant improvement

Non-significant a trend of

improvement

Participant 3 (S.H.)

Statistically significant improvement

Statistically significant trend for

improvement across time

Participant 4 (C.G.)

N/A

N/A

Participant 5 (F.C.)

Statistically significant improvement

Statistically significant trend for

improvement across time

It was also hypothesised that stimulation of the DLPFC combined with WM training would
result in positive far transfer cognitive effects with subsequent improved scores on untreated
cognitive areas. Significant treatment effects were found on the RCPM, a non-trained measure
that indicates improvement and far-transfer effects of Gf (non-verbal intelligence).
Specifically, three participants showed statistically significant trend for improvement with a
statistically significant difference between the treated and untreated periods, and one
participant showed improvement but it did not reach significance. This finding is in line with
results from a study where significant improvements in Gf resulted following cognitive
intervention combined with different transcranial electrical brain stimulation protocols (Brem
etal., 2018). The findings support the notion that Gf can be improved with WM training (Engle
etal., 1999; Friedman et al., 2006; Unsworth et al., 2014) and DLPFC stimulation (Brem et al.,
2018). Considering the fact that a combination of treatments was used and it is still debateable
that WM training leads to Gf improvement (Harrison et al., 2013) the findings are inconclusive
as to whether improvement was due to the treatment combination or to the DLPFC stimulation.

It is important to note that the two of the three participants who achieved significant
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improvement in the overall RCPM were experiencing moderate to severe global aphasia. It
might be worthwhile investigating further whether this association is significant in future
research. Participant 4 (C.G.) had reached the maximum level of improvement during the

baseline period. Therefore, there was no improvement to be measured.

5.2 Question 2: Does WM training generalize to untrained receptive and
expressive language and functional communication tasks (far-transfer

effect) in the short- and long-term?

The BDAE-SF results revealed statistically significant improvements in the language skills on
the untrained tasks. All of the participants improved in the majority of the tasks in the subtests

of BDAE-SF Auditory Comprehension, Oral Expression, and Reading.

Participant 1 (I.A.) who had mild expressive aphasia with severe dysarthria and unintelligible
speech improved significantly in the Screening of Special Categories task of the BDAE Oral
Expression subtest. Participant 2 (C.S.) who had been experiencing mild receptive aphasia
with STM and auditory comprehension difficulties, showed a significant overall trend for
improvement in the Boston Naming Test of the BDAE Oral Expression subtest. There was a
significant trend for improvement in the BDAE Reading subtest, although when the individual
tasks were analysed, they did not reach significance. Participant 3 (S.H.), who was
experiencing moderate to severe global aphasia, showed a significant overall trend for
improvement in Commands of the BDAE Auditory Comprehension subtest. Participant 4
(C.G.) who was experiencing moderate expressive aphasia, was only one-month post-stroke
when entering the study. Therefore, repeated weekly baselines were administered until the
participant had demonstrated stable results in the assessment. A total of 5 baselines were
administered, where the tests showed similar results during the last 2 baselines. A significant
overall trend for improvement was noted in Commands of the BDAE Auditory Comprehension
subtest. This participant had reached the maximum score in the Word Comprehension task
during the baseline period, and therefore, improvement in this task could be attributed to
spontaneous recovery. The Responsive Naming, the Boston Naming Test, and the Screening of
Special Categories of the BDAE Oral Expression were found to show a significant
improvement individually, which also lead to the significant overall trend for improvement in
the BDAE Oral Expression subtest. With regards to the overall BDAE Reading subtest there

was a significant overall trend for improvement, but the improvement was found to be
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significantly better in the untreated period. Based on the subtest results all the Reading tasks
except the Oral Basic Sentence had reached the maximum possible score during the baseline
period. Therefore, this participant’s improvement in the BDAE Reading subtest could not be
attributed to this study’s treatment. Participant 5 (F.C.) who was experiencing moderate to
severe global aphasia, reached a significant overall trend for improvement only in one task of
the BDAE Auditory Comprehension (Commands) and the overall BDAE Auditory
Comprehension subtest reached significance between the treated and untreated periods due to
improvements in the other tasks, even though those did not reach significance. Similarly, there
was a significant overall trend for improvement in the overall BDAE Oral Expression, although
there was only significant trend for improvement in the Screening of Special Categories of the
BDAE Oral Expression. In summary, three participants (S.H., C.G, F.C.) improved
significantly in the Commands, three participants improved in the Screening of Special
Categories (I.A., C.G., F.C.), two participants (C.S., C.G.) improved in the Boston Naming
Test, and one participant (C.G.) improved in Responsive Naming. Improvement in the Auditory
Comprehension subtest is consistent with results from previous studies that used WM training
to improve receptive language abilities in PWA (Eom & Sung, 2016; Harris et al., 2014, Salis,
2012; Salis et al., 2017; Zakarias et al., 2018). These aforementioned studies reported
improvements in commands tasks, naming tasks in language tests such as the Test for the
Reception of Grammar (TROG) and the Token Test (TT). To the best of our knowledge, no
other research so far has explored improvements following WM training with regards to
responsive naming or sentence reading. Participant 5 (C.G.) improved in more language tasks
than the other four participants. Clear conclusions pertaining to this participant cannot be
drawn. This remarkable improvement could be attributed to a number of factors that could not
be measured since each participant was treated as a case study and did not have a control group
to compare to. One of the considered factors is neuroplasticity itself, since the participant
started the treatment while in the subacute stage (i.e. 2 months post stroke). Similarly,
Participant 5 (F.C.) also started the treatment while in the subacute stage (i.e. 3 months post-
stroke) but did not improve to the same level as C.G. did. Their difference in improvement in
this case could be attributed to the damaged size and location. Other differences between the
two participants are age and education. Therefore, it cannot be concluded that neuroplasticity
was the only factor ascribed in C.G.’s improvement. Post-TMS language improvement in the

subacute stage is in line with evidence from aphasia literature showing favourable results of
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the application of therapeutic rTMS or TBS early on, in the subacute stage (Kindler et al.,
2012).

Narrative discourse was elicited with two types of tasks: the Baby-Goat story from the MAIN
(Gagarina et al.,, 2012) and a personal stroke narrative (following Kambanaros, 2019).
Participant 1 (1.A.) was unable to produce any narrative due to unintelligible connected speech.
Participant 2 (C.S.) showed a non-significant trend for improvement in the narrative,
specifically showing improvement in the IST Initiating structure of the story. Participant 3
(S.H.) also showed a non-significant overall trend for improvement in the MAIN with minor
changes noted in the IST Initiating, Attempt, Outcome, and IST Reaction structures of the story.
Participant 4 (C.G.) showed a significant overall trend for improvement in the MAIN with
notable changes in the Goal and Outcome of the story’s structure, which was not maintained at
follw-up. Participant 5 (F.C.) presented with a non-significant trend for improvement in the
MAIN with discerned changes in the Outcome structure of the story. A positive trend towards
improvement in discourse was noted for both tasks in all participants, with a marked
improvement at the post-therapy phase. There is evidence to support higher scores on WM
measures are associated with better discourse production abilities in people with brain injury
(Youse & Coelho, 2005).

The SSLA system (Shewan, 1988) was used in this study to examine the broad spectrum of
language variables, in order to analyse and quantify the personal stroke narrative. Participant
1 (I.A.) did not produce an intelligible narrative, therefore quantification and analysis were not
achieved in this case. Participant 2 (C.S.) showed a positive linear trend in the Rate of speech
and Sentence Complexity, while there was a negative linear trend in Errors indicating
improvement. Participant 3 (S.H.) demonstrated minor improvements based on the SSLA. A
linear trend for improvement was noted in the reduction of Repetitions. Participant 4 (C.G.)
showed a positive linear trend for improvement in the Sentence Complexity subtest
accompanied by a negative linear trend in Errors and Repetitions. Participant 5 (F.C.)
demonstrated a positive linear trend for improvement in the Rate of speech, as well as a
negative linear trendline in the number of Errors, indicating improvement. Although linguistic
analysis was not generally used in the aphasia treatment literature to evaluate changes in
linguistic complexity, there is an increase in published research over the last few years (Bryant,
Ferguson, & Spencer, 2016). Many researchers have examined verbal abilities by analysing
language samples (e.g. Capilouto, Wright, & Wagovich, 2005; Shewan & Henderson, 1988)
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although language sample analysis is usually used to evaluate linguistic development in
children (e.g. Heilmann, Miller, Nockerts, & Dunaway, 2010). Few studies in the aging
literature involving language analysis obtained oral language samples through prompts or
through conversation as the means to obtain language samples for analysis (Kemper & Sumner,
2001).

Procedural Discourse analysis was based on the analysis developed by Richardson and Dalton
(2016). Participant 1 (1.A.) did not produce a coherent sample to be able to undergo analysis.
Participant 2 (C.S.) did not show any changes in the responses between the five periods in the
Procedural Discourse task. Participant 3 (S.H.) and Participant 4 (C.G.) demonstrated a non-
significant overall trend for improvement. Participant 5 (F.C.) did not show a trend for
improvement. Although improvements in these tasks did not reach significance, findings are
in agreement with research from the aphasia literature on discourse (Andreetta, Cantagallo, &
Marini, 2012; Capilouto, Wright, & Wagovich, 2006; Ulatowska, Freedman-Stern, Doyel,
Macaluso-Haynes, & North, 1983; Wright & Fergadiotis, 2012). From the aforementioned
studies, only one study was specifically directed to procedural discourse (Ulatowska et al.,
1981), with the more recent studies (Andreetta et al., 2012; Capilouto et al., 2006; Fergadiotis
& Wright, 2011) exploring all aspects of discourse production, including narratives, revealing
that as aphasia severity increases, quality and quantity of relevant discourse decreases. The
reduction in sentence complexity experienced by PWA has also been shown to differ at a single
word and semantic level, which is likely to affect procedural discourse, suggesting that PWA
communicate less information in language in a context where spoken language may already be
structurally less complex (Pritchard et al., 2015). PWA use fewer Correct Information Units
(i.e. any single word, intelligible, informative, and relevant in context) in discourse than
neurologically healthy people (NHP; Nicholas & Brookshire, 1993), as well as fewer types and
tokens of spatial language in spatial tasks than NHP (Johnson, Cocks, & Dipper, 2013).
Additionally, PWA use a high level of semantically “light” verbs containing little semantic

information, such as come, go, make, take, get, give, do, have, be, and put (Berndt et al., 1997).
5.3 Does overall QoL improve after treatment?

In the present study the QoL of all participants was assessed using the self-reported SAQOL-
39 questionnaire, which was administered in an interview format. Participant 1 (I.A.),
Participant 2 (C.S.), Participant 3 (S.H.), and Participant 4 (C.G.) showed a positive linear
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trend for improvement in the overall QoL across time, which was also maintained 3-months
after the treatment, with prominent improvements noted in the Communication and

Psychosocial fields. Participant 5 (F.C.) did not indicate improvements in QoL.

The fact that the participants did not rate their QoL as severely affected at the time of the study
is in line with previous research reporting that PWA in the chronic stage often perceive their
QoL as adequate, suggesting that with the passing of time individuals adapt to living with
aphasia (Spaccavento et al., 2013). Nevertheless, improvement in the overall QoL in four
participants was noted from baseline to post-therapy and maintained at follow-up. This is in
agreement with the QoL literature that improvement in the severity of language deficits brings
about an improvement in QoL (Spaccavento et al., 2013). Moreover, the results are consistent
with what has been found in previous research, that non-verbal cognitive impairments may
significantly affect QoL in PWA and are potentially important predictors to improvement
(Nicholas et al., 2017). In addition to the measured results, Participant 5, who was in the
subacute stage, was disappointed with his overall communication progress even though

expectations were managed by his family from the beginning.
5.4 Summary of findings

A mixed pattern of training and transfer effects across participants was identified. While all
participants showed improvements in cognitive and linguistic tasks, the most noteworthy
observation was that the participants with global aphasia (S.H. and F.C.) significantly improved
in non-verbal intelligence. Another remarkable observation was that all of the participants
showed a modest improvement in the WM screening task. The transfer effects in this study did
not result in a clear pattern. The inconsistent patterns detected are in line with the assumption
that WM training-induced language improvements do not always occur in the presence of
improvements on the trained WM task itself in aphasia (i.e. Minkina, Rosenberg, Kalinyak-
Fliszar, & Martin, 2017). It may be possible that improvements detected in non-verbal
intelligence, language abilities, functional communication, and QoL after training were not
primarily induced by the WM training itself, but by the combination with the iTBS application
to the LDLPFC.

228



6 CONCLUSION

The aim of this study was to investigate the relationship of WM and language abilities in
aphasia. The specific goals were to investigate whether WM can be improved through the
application of excitatory non-invasive brain stimulation (iTBS) followed by computerized WM
training in aphasia, to examine whether WM improvements lead to near-transfer on unpractised
WM tasks and non-verbal intelligence, and far-transfer effects on language tasks, narratives,
functional communication and QoL. Overall, the findings of a significant trend for
improvement and a significant difference between the treated and untreated periods in non-
verbal intelligence, accompanied with the significant and non-significant trends for
improvements in language abilities are indicative that computerized WM training and
stimulation of the LDLPFC are areas that have a positive effect in neurorehabilitation of PWA
after a stroke. This study has proved the safety and efficacy of this treatment while
improvements were not only noted in PWA at the subacute stage, but also at the chronic stage.
In the field of traditional language rehabilitation of PWA, it is well known among specialized
professionals that improvements in the chronic stage are minor and slower to achieve at the
chronic stage. In this study improvements were noted in only 10 days and even though not all
the benefits were maintained at follow-up (i.e. 3 months), the positive linear trendlines signify
that there is efficacious treatment potential, which requires further exploration towards
facilitating language recovery in PWA. This study may provide insights towards directions for
further investigation, and a guide to the design of a more rigorous research program with larger
numbers of participants. Results of this investigation study provides evidence that stimulation
of the LDLPFC combined with computerized WM training after left hemisphere stroke
generalizes to language improvements as it was initially hypothesized. Improvements related
to spontaneous recovery were seen during the repeated baseline measures, but thereafter any
improvements could be attributed to this treatment. One can assume if improvement was
spontaneous, then the improvement would sustain and manifest in the long-term. In this study
improvements were more prominent at the immediate post-therapy assessments but fluctuated
at follow-up. A larger number of participants would provide more reliable results. The
treatment results are encouraging as this treatment protocol seems to be efficacious towards
improvement in non-verbal intelligence that boosts language improvements. The findings are
promising although the overall level of improvement is small, but this should not be

discouraging as these results are based only on six cases. It is clinically and theoretically
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important to investigate whether brain stimulation and WM training operate synergistically as
an underlying treatment approach that enhance cognitive and language processing networks.
It is critical to further investigate whether such combined treatment protocols will be taken on
as new methods for post-stroke aphasia rehabilitation in the future.

6.1 Study limitations

This study had two major limitations: the small sample size and the fact there was only one
WM assessment task available (RehaCom Screening). Initially this study, planned to recruit a
large number of PWA in order to compare the effects of WM training alone, iTBS to the
LDLPFC alone, the combination of the two treatments (i.e. the current study), and sham
treatment. Due to the limited participation, all 6 participants (pilot and main study) were
analysed as single cases, received the most potential treatment combination, and each
participant was their own control to indicate improvement. It is important to note that WM
results were based on a single WM outcome measure. Using additional WM measures would
potentially increase the chances of identifying factors that modulate transfer effects.
Nevertheless, the trend for improvement highlights a relationship worthy of continued
investigation. Future research should incorporate a wider variety of WM measures, auditory

comprehension, and discourse measures.
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defyuara/ovaiec Tove Kar ge aldd pelloviikd mpoypéupata ywpic xar' avaykn va
yvapiCovy apretéic mAnpopopiec yio ovtd, 1 Emtpomy emPefobver 61t avty 1
SuvatdTnTo LoydEeL. '

Kévipo Yyelog Eykoung, Nikov Kpowvidudan, 2411 Eykopn, Asvkooio
HAextpovikd Tayudpopeio: cnbe(@bioethics.gov.cy lorooedida: www.bioethics.cov.cy
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3. Qotooo, 1 wavorkti» ovykatdbeon dev ovvendyeta ™ pohabn/enctepyncia
dedopévav en’ adprotov, aAld yio GUYKEKPIUEVO Ypovikd didotnua. Emonuaivoupe,
coppava pe tov Nopo 138 (1) tov 2001, tov npdopato Kavoviaud (EE) 2016/679
Yio. TV TPOoTUoio TOV QUOKAOV Tpochromy Evavtl g enstepyouciog Tov dedopévoy
TPOCOMKOD (UpoKTipo Kol TNV Kotapynon g odyyiog 95M46/EK  (Tevikog
Kavoviopog yua myv Ipootacio Asdopévav), kol obppova pe tig yevikés apyEg mov
diEmovy v mpootacio twv mpocamkdv dedopbvov: O vretbuvog emefepyaociog,
Kotd T Mjyn tov dedopévav TPOCHOIIKOD YUPUKTPL, TUPEYEL GTO DIOKELEVO TMOV
dedoptvav emmitov mAnpopopieg mov eivon avaykaisg yo v ebaogdlion Beptig
kot Swpoavois enefepyasiog, petafd Tov onoimv, Kol Y10 T0 ¥povikd SlaTuo yio 1o
omoio Bo amofnkeutody T dedopévo MPOGMMKOD yupuktipa 1, dtov ovtd siven
adivoro, to kpreipe nov kebopiCouv to ev Adym dubotuae.

Me exctipnon,

P

“ Ap Mapio Kaperhd
[1pdedpog
Emurpomig Buonbuwnc Afwhoynang
Buotutpikrig Epsuvig

250



EEBK/EINI/2017/37

EMIINIETEYTIKA ETTPADA

AIIO®AXH
EINITPOIIHE BIOHO®IKHX
I'TA
EI'KPIXH 'H AIIOPPIYH
ITPOI'PAMMATOX

H andpacy e Emitpomijc Bionbuaijc Oa wpémer vo korvorom@el wpoc tipy E@viif
Emirpomj Bronbiciic Kimpov peli pue éla ta vrdleina Evromae mov apopotv 1o
apoypaupe yic o oneie Lijplyie oyetinj axdpacy.
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Lupmhypoverar and tyv Emrpomi BlonOucrg

Tithog [Ipoyphppatog yio o omoio yivera ) aitnon

«Neurorchabilitation using transcranial magnetic stimulation- Neuvpokoyui
Amokatdotaon pe ™ Xpfion Awkpaviaxis Maywnticric Aiéyepong »

Emomuovikdg Yrevbvvog tov IMpoypdppatog

Ap. Mopia Kapmavipou

Ovopa Emrpomiig Buonuiig
Emzpon Bionbwig A&ohdynong Buoiatpiknig Epevvag otov AvBpwmo
Mékn ¢ Emtpomi Bionfuciig
Ovopa Erifero
Avdpéog Zayopuadng
Naoepiva Kapayubpyn
Kaiuyd lopddvoug
Mapio Ayyehi
Mapia - Kapehi
Modhog ) [ToAvkdpmov
Xpiota - Mithettov
Xpwotiva Bepdmoviog
Xpiotog PRI

ZydMa and v Emtponr) BionBucrg pe Baon o onoia MpOnke 1 andpaon yo Ty
aitnon wov vwoPAnOnke

H Emtpomi katd ) onpepviy ovvedpicgon g npepopnviag 07/02/2018,
apaypatomoinee 1 fronOuki) alodéynon tov apdcletov f/ka avadzopypivoy
eyypigov mov kotatéOnkav otig 22/01/2018 o6& cuviyswa oméQaong TG
Emrpomig npepopnviag 18/12/2017. Ta eydlre tng Emrpomig katd tn onpepiviy
cuvedpiaon repoverdlovrar pe Evrove padpa ypappota.

Oeppiy mapainen g Emrpomis énmwg or dopddeaig/udilayic yivovral ue
emofjpaven arlaydv (track changes). Emiong, vo. xerarifston kodvmrueg
emotoly oty omoia Ou swefnysitor N Swyeipion tov ke oxdhiov TG
Emvrpomig pe avagopd etov apidpé tov enpeiov 6to onoio avagépovran.

H Emtpom) mopakerel dmwe vrofinlei to EEBK02, avefewpnuévo, om
Baon tov dievkpwiosmv TiC EPELVNTIKNC OUASHC OTMC TOPEYOVIHL GTY
KoAVTTLKT] EMOTOM). Anaveijinke.

1. Zm oeh. 6 oTig TAnpopopisg Y10 1) STPATOAGYNON TOV COUPETEXOVTOV YiveTal
avogopl oe dudpope mhaiow and To omoia Do avidnbodv emdéEua dropa.
Zto mpwtokorllo g épevvag avapépetul eniong: «/n order to participate in
this study patients must present with unilateral damage subsequent 10 one
(only) cerebrovascular accident (CVA)/stroke and fulfill the criteria outlined

belowy. To mpotéxoilo mopabéter kpinipla cupnepidnymc/anoxkdeiopond
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omoiet  wepthapPavovy kot otoyeln  waTpkod  10TOPLKOD. Zovendg, n
EPEVVITIKY] Opdde Keleital vo mapaoyel meplocdtepec TANPOPOPIES Y10 TOV
pémo otpatoddynong. Ilog axpifie e avidnlodv avtéc o mAnpopopisg;
Idc ba mposeyyiototv avtd o dropw; [ébg a Suspeiiotei n aEromotio tov
mnpopopudy, ekt ov  avtdg  vmoPAndodv  amd toug  idoug  Toug
ovppetéyovieg; Enfong, vo emovvagfoiv Snldoeic T evBlapEpoy Y
ouppetoyn omé To dMpdow  voookopein ko To  1SeTIKd KEvTpa
UTOKOTAOTOGNG KTA.

2ydho 18/12/2017: H epevvnuiki} oudda mopaxaieitar dmme TPOYWPHTEl a8
npogapuoyl tov eviomov EEBK 03, obtwe date o1 ovuuetéyoviec ve
evuepdvoviol yia T fadikaaia alioddynanc ue yphon Twv epatuatolovioy
1-7, mov avapépovrar ato epevvntixd npwtékolio (6.5). Amavrifnke.

2. Em oeh. 10 avagépetar 6T Bo oxolovfnboidy wsafety guidelines that are

designed to minimize the risk of seizures (Wassermann, | 998). Moreover, all
researchers employed in the study have been trained in First Aid and are Jully
capable of handling a seizure in the unlikely event that one might take place. ».
H epevvnukiy opdda va kabopicer mowe axpiPéc pétpo aopaieiog o Aaper
Y10 Ve EAOICTOTOOEL avTh TV ThavoT o,
Zyxbho 18/12/2017: AmaveiOnre. Epdaov n epevvitua) oudde oty xedvmoxs
emtarods (0. 3) dievkpiviler éu o1 epansicc Oa dievepyobvrar arny Topovaie:
arouov ue dimdwua mpdrev_Ponbeidv mov Ba umopel va Sayeipileran
emANTTIREC Kploeic, n epevvnTing oudda kalefral Omwc mpoodiopigel anvtd to
droo ko mpowbijoe anusioue ané to ev Aéyw drouo bt anodtveros va Exyel
@vtd 10 péio oe dAec 11C ovvedpiec wov agopobv oty AMA. Anavrinke.

3. Zmoeh. 12, otig mpoiimobéceig mov apopoidv ™ xpfion TMS (Trained in using

the specific TMS equipment, In possession of a First Aid diploma) 7
epevvTuct) opddo SnAdver 6t o pékn g («all TMS investigatorsy) éxovv 1o
oxeTkd vndPabpo mov anmteitar. H Emtponi mopaxalsi OMwg 1) EPELVITIKT
opdda tekpnpiboer ) B&on aut TEPMITEP®, vrofdilovtag oysnkd £yypagpa
OV METONOWHY avté 0 VrdPubpo (my. Simhope mphdrov Pondedv). H
EPEVVNTIKT] Opade kakeital, eniong, va kabopiosl ovopaoTikd to GTONE OVTE.
Emonuaivetor on omn oeh. 2 yiveton ovopopd  povoe otov k. Niko
Kovotavtivov wg «Newroscientist, responsible Jor neuroimaging (brain MRI)
and TMS sessionsy.
Lyxblio 18/12/2017: Amavuifnke. Egdaov 5 _epevviigpo ety kedomrixs
emarod_(o. 3) avapéper éu Oa_svquepdroer myv EEBK ue ta ovéuare tov
epevvydy wov Ba eivar kiroyor Simdduaroc Hpdray Bonleidv waporoleito
omwe mpoywpioer_oe ayeniky evauépwan e Emtpomic mprv_Eexivijoer Ty
dwadikaoia e mopéufacyc ue AMA. Avapéverm N oyeTKl] evipépoon,
omemg drevkpviler oyetied 1 psovnTien opdada.

4. Zm ogh. 14 emonpaiveton 6T «Samples will be safely destroyed five years
after collection unless participanis consent to the use of their samples by
future studies by the principal investigator of the current study, pending
approval by the Cyprus National Bioethics Committee.» Emonpaivetar 6t 1
pOAaEN TV derypdtov Y Tepiodo mhve tov 5 ¥POVoV Y a6pLoTOo Ypovikd
dudotnpe dev eivar amodext and v Emtpor. H EPEVVITIKT) Opéida mpémen |
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va kabopioer smukpifdg mepiodo pdladne kol va mepopicel v ypNon e
MEAETEG GUYKEKPIUEVOD TEPIEXOHEVOV/GTOYEVOTC.

Zyodio 18/12/2017: Aev amavrifnre. H epevvnuxi oudda wapaxaleitan dric
xabopioer ypovikd Sidarnue vio 1o omolo Ou 1ayber y ueilovokd yoien Twy
dedopevay, koabac n ebladln yia «adpioto ypovikd didothuay dev umopei va
viver amodext. Zyteftar i GOVAIVEGN TV GUUUETEXSVTMV Jia ypijon Tmv
dedouévaw yra mepiodo 10 erdv. AravrijOnke.

"Evruno EEBK03:

5. Zro évroma yivera 1 e€ig avagopd: «Ta fodoyind pov deiyuara xar dleg or

Aoiméc mAnpogopiec mov fa evideyolv ya tovg okomobc tov mapdvroc
EPEVVHTIKOD TPOYPAUUOTOC HTopoity va. kpatnBoby mépav twv 5 ypovay kar va
xomoromombtoiy oe pellovuiéc ueiétac apod mpate eyxpibel ka1 térolo and
v Efviki Emtpomj Biontiic Kimpov péow véac aftnenc 1 petd axd oyetikod
aftquo. avevéwans ot mepintwoly enéxtaons e mapoboac pelétne omd Tov
vrebBuvo epevvni Tov mpoypduuotocy. Bmonpaivetar oty epeovnticy opddo
OTL pin tétowe yevikon TOmou cuvaivesn Y eiluin Poloyikdy Serypdtov
nEPaV TV 5 gpovav dev sivar arodect (onpeio mo nivo).
Zyddio 1871272017 Aev amaveinxe. H epevvyuwi oudde wapaxalsitor drwc
xobopioer ypovikd didotyua yia 1o omoio Oa ioyber n ueldovurn ypion twv
dedopivary, kaboc n pblady yia «adpioto ypovikd Sidotnuos dev_umopei ve
yiver axodext). Zyreltar 1) ovvaiveay Twv GOUUETEXOVTOY Yia ypiioy TV
dedouévav yia mepiodo 10 etdrv, Anavtijfnke.

6. Na yiver yhooowkdg £leyyog ota ev Adyo éyypopa kat vo. yiver idpdaon tav
opBoypugikdviovvTokTikdy AaddY.
Zydhio 181272017 Aravinbnke. Qordoo, ce kdrowo évioma govalveonc mon
agpopobv o _mapéuflacy yia  kivatxd  mpofiiuata yiveton ovapopd  ae
Tiwaaiyy A&iodéynon'. H epevvnuxy  opdde  keleitor dmwe mpofiel oe
TPOTEKTIKG EAeyyo dlwv Ttwv evibmmv Yo vo diacpaliotei ) Tpocapuovh Tou

Aexuikot o€ k4l vro-oudda ninGuopod. Amaveidnke.

7. Lt mpwtdxorho g Epevvag avapipeton: «Patients will be informed in the
consent form that they can be informed about the results of the study relevant
to them following completion of the study.». £to évtumo ouvaiveong, wotdoo,
OL CUHPETEYOVTEG spaT@VTOL Kutd Tocov Ba fBskay va evnpepmBody v to
UMOTEAEGHUTA TG £pPELVAG MOV Tovg wapopodv, H epeovntiki opddoa va
Topaoyel Teplocdtepeg TANpopopieg we mpog 1o £idog Tov amotelsopdtov
mov Ba eivar mpocfdopa oe kdle opddo ko Tov Tpdmo evUEPHOTS TOV
GULLETEYOVTOV Y10 VT,

Lydhio 18/12/2017: H gpevvyuirj opdda éxer mpofei oe oyetikéc drevkpivijoeic
mpo¢ v Emtpomi (owny emotoldij), o1 onoiec Ba mpémer va evewuarwdoiyv oto
évromo EEBKO3 yia eviquépwon twv cvppeteydviwy. AmavriOnke.

Fevicd Tyddao:
8. H epevvnrixi opddo va Sievkpvicer mepontépm 6T o1 ovppetéyovieg dev o

emffapuvbody pe omodnnote KOGTOG @S TPOG T GLRUETOYN Tovg, KudMS Sev
etven EexdBopo kotd nécov To Syvwonkd kévipo fu kaddyouy pe Sikd Toug
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£Coda To KOOTOG TNG payvNTIKAG TopOypapiac.

o

yohio 18/12/2017: H epevviuiky opdda mapaxaleirar dmwe apowioer oty

Emitpomij Tov apeimeioyiaud tov mpoypdupatoc, epdeov n kdvwn twv eé6dwy
Oo_yiver amd to epevvirid mpdypaupc. "Exer npowdndei oyetucy Pefainon
amd v emorTnpoviky vmedbovn Y Ty khoyn tov e£6dov amd
eoTepkd kovdvha Tov TEIMAK. ArnavriiOnke.

9. H epevwnuikiy opddo mopakadeitar omog devkpvicer mhe Oa Swysipiotsl

TEPWLTOOEL; CUPPETEXOVTOV, ol omoiot o mapovaldlovy cvpmTdupaTa
katdbhwyme 1 G@Adng yoyxomubohoyiog (ot Pdon twv dnhdoewmv toug ot
epoTNpOTOAdYIL).
Zyodio 18/12/2017: Aev amoveiiOnre.  H epsvvnuxn euddo Sievkovicer otny
KaAvrriy ematoli} (o 5) don Qo drope G eviuepdvoviar Yia T EDPRHATE Gro
wuyiampo i kAvixd ywyoldyo ko fe mopaméumoviar we ayetikh  oripén, H
EpeEVVITIRY ouada ropakaleitol onme keflopicel avtd 1o dTopo Kar Sievkpivice:
xotd wooov Oo eivar péloc e epevvyticnc ouddac. Xe wepintwen mov Ba eivey
Lédoc ¢ epevvTicic opddac Ba mpéner va mpootelel ato évromo EEBKO? (o
va emovvaptel froypagixd onueiopa). Xe aviifetn mepimtway, vo emovvagfel
EmaToMs] amé to dropo avtd én amodéyetar ve_avaldfer avtd 1o pdlo. ‘Exsu
npootedei oty opddo 1 yogiarpog Zrokavii Znopidn. Amavednie.
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Zopmhnpdvetan and v Emrpomi BionOueig

‘Exovv So0ei Aemropépeieg omy Emtpom Bionfuciic f/kar n Emizpors) BionBucic
*ExpIve IkavomomTikG ta kTl

Zrovyeia ' NAI OXI
Buoypapued Zroygin OAQN tov epeovitdv kot tov CUVEPYATOYV | Tyoha
TOLG
ANA®ON U1 GVYKPOUGHEV@Y GUUPEPOVTMY
Leprypagn Tov eidoug tov Ipoypaupatog
[leprypagn tov whnbuopod mov Ba pededei
O tpoémog pe tov omoio Ou otpatoloynlody drope yw to
Tpéypoppa ,
Mehemibnkay mpocertucd ta fvtuma ovykatddeong (EEBK03);
Ta évromo mow B ypnoporombovy yie TNV OTPUTOAOYTON HTOpRMY
Ohdrinpo 1o Tpatoxoilo tov Tpoypappatoc
Awcaroddynen yua v xpiion ewovikig PUPUOKEVTIKNG wymync
Yrevbuvn Sijkoon and Glovg Toug epeuvitéc Kot ouvepydteg toug
OTL To. EVTDIG TANPOPOPNONG Kol ouvaivesng toug decpebouy
Awopalion ¢ mpootaciag tov Sedoptvav mov WpopovV T
dtopa 7ov B Adfovv pépog oto lpdypappa
AETTOPEPELES 1o TV YpNpuaToddTON TOV Ipoypdappatog
Exovv exdo0ei e1duch oupfdiua oe oygon pe apo 1féc ;
Oa didovror apoPés ote Gropn mov Ao CULPETAGYOUY  ©T0
Tpoypoppa ;
Ou vriplovv omoladimote olkovopIKEC emPupivoelg yo To
dropa mov fa coppetdoyovv oto Hpdypapyia ;
O epevvnéc 1/kon ouvepydteg Toug Do maipvouy apoiPéc ;
'Exovv meprypagei ta avapevipeva opéln to [poypappatog ; {
Eyxer dwpavei 6m mpoxdmrovy omowdimote opéhn mpog Tov V
APNHATOSOTN, TOVG EPEVLVNTEG KOL TOVG GLVEPYATEC TOVG amd TO
lpoypappa;
Edv mo névo civor NAI, vo eEnynei:
‘Exouv texpmpuobei 6heg o1 Sievlemiosic mov éyway oe oxEon pe
| TIG uAnpEGiEg mov toydv Oa napaayeBovy Y to Tpdypape ;
BOa vripyer cuvertg EVIHEPOON Y1 TNV aopEAEL TmY QATOULY IOV
B Aappavovy uépog oto Mpéypappa ;
Ymdpyovv Sadicasics yia ™y vofolr TUPATTOVOV/KUTOYYEAGDV,
Awoeahilovial emapidc o Swoibpate oV epsoviidy Y TIg
ONUOGIENOELS TOV OMOTEAETPATOV | - . _
‘Eyer eopevbei o/m Emompovikeg Yaevbuvog 6t dev Do rivouy
onoleadfinote ohluyés oto Ipéypappa omd v nuépe wov o
eykplei omd tny Emtpom) Blonbuc ; .
*Amotehei evdivy g Emrpomis Bronluaic va ctabpicsr 6ha ta oetoyeia wov
ooy dobei, vo ddoer ™y anapaitnTy PapdTyre sxsi mov rpewaleror Ko va
Mifier amdpaon wg mpog 1o Katd Thoov Exovy dobsi wavomonTikég smeknynoeig
o0& oy£01) pe 1o wpotewopevo Mpdypappa.

2 2| 2/Plelele| 2o |s|e

< Al 2Ll

= =< =2 <=
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Afflmon yia «un cvykpovopeva coppépovioy and v Emtpom Bionfuaig

Epeic to pedn g Emtpomig Bionbucig mov AaPaps pépog ong ovvedpieg oe oyfon
HE TNV Topodon oitnor, LIoYPAPOVING WO KETm anlmvuuus vrevfuve 6T dev
£YOVUE OMOWONTOTE GUEcH 1| EUUECH GUYKPOUOUEVE GUUPEPOVIL GE OYECT) LE TO

[Ipoypapipe mov pedetioope Kol ekdOOULE GYETIKN UTOPUTT).

Ovopatendvopo Ynoypapn Hpepopnvio
Ap Avdpéug Zoyopuidng 07/02/2018
Ap Twoepive Kapayubpyn 07/02/2018
Ap Kadoyd lopdavoug | 07/02/2018
@ Mapia ATreki 07/02/2018
Ap Mopio Kapexhi 07/02/2018
kog [Tavhog Ho.}..m:cipnou TRT2RAR
ko Xpiono Mithettov 07/02/2018
) 07/02/2018
Ap Xpotiva Oepamoviog
T > 07/02/2018
77
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Tithog Ipoypdppotog

«Neurorechabilitation using transcranial magnetic stimulation- Nevpoloyuc
Amnoxatdotacn pe ™ Xpiion Aokpaviakig Mayviukng Méyepong »

AmBpac IMpotokoriiov Emrponie Biondue

EEBK/ET1/2017/37

Andpoon g Emtpomig Blionbucig
(Eyxpivetal, Znrovvra emmpdobeta otovyein, Amoppintetal)

Eykpiveton

1. Nogitar 6t v vopik] £0fhvn g EMoTHOVIKIG EYKUPOTNTUS, AVEYKOIOTNTHG,
mANpoTNTG KuL NG cuvolkfg emotnuoviknig afiug g mpotewopudvne Epsuvag
Exovv ot ematpovikol vrevBuvor g épevvag ko o Popéog Tou emoTHHOVIKOD
vrevbovov. ‘Okot ot mo ndve £xouv eniong Ty vopki) evBovn mg diekayayic e
Epevvag pe ) Séovoa emotnpovik empélein Kal gpovTid

a.

2.Ané 01/08/2012 1n  Ebvixy Emapom Buonbwic Kompov Sievepysi
detypatolnmmikd Eleyyo o epevvnucég mpotdoelg mov hopPdvouvv  Eykpiom.
[leproctrepeg Aemtopépersg elvon Swbéoeg oy wrooehiba g Emtponic os
GYETLKN OVUKOIVOGTT).

3.To mopov £VIVIO anOPROTE KOWOROEITHL Kul OTOV ¥pNHaTodoTn g EpELVITIKIC
TPOHTUGTC.

4. Ov epevvntég vroypeodvrar va vrofdilovy wpog v Emrpont| ové sEdpnvo omd
anpepo £xbeon Y my eEEMEN g Epsuvag péoo tov evtimov EEBKOS.

5. Me 1o mépag ™G EPELVAG, Ol EPEVVNTES VMOYPEOVVIUL OTMC um[ﬂd?-.uw otV
Emitpont avagopd pécwm tov Evrinov EEBK06.

6. Toviletar otoug spevvntéc 1 vroypémon] Toug va MPodv TC EKAGTOTE
vroxpedoels Tovg pe faon v keipevn vopobesio ku kuvoviopotg ko iatépag

1 VTOYPEMGT] TOUG Va. evipep@vouy dpeco v Emtponi yio onowodfmote éktakto -

cupfav 1 omowdnmote Tpomonoinen oty TpdTacY W EYKpidNKE, pE TV vIOBok
TOV TPOVOOULEVHV EVTHTMY,

MéRn mov Yoy ropdvie oty Afyn andpeong/Arotéhespa ‘Prgpopopioc

Q¢ avopépetol oty cerido. 7 avotépm kat 1) axdpacn 1oV opépav.

Hpepopnvia £xdoong ondpoong

Hpépa: cooovnninnn.. 07.... Mijvag: ...... Defpovapiov..... ‘Etog:...... 2017.........

Ynoypager o [poéedpog tng Emrpomg BlonBukig kon o Avarinpotig Ipdedpog
Aflopa Ovopo Enifeto - Yrnoypagi

Mpbadpos Mapio Kuopexha g e

e

Avumpoedpog [Madhog . [Tolvkapmov - W
o
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Appendix Il: Participation Consent Form

ENTYIIA EYI'KATAOEXZHE

YL GUPPETOYT] OE TPOYPOUIL EPEUVIG
(To svrvma amotelohyvTol covolikd amd Tosiider)

Kotsiote vo copuetacyets s &va gpeuvimikd wpoypoppe.  Tho warte (fi
wllimqpogopiss o AcBeveic fi/kon Efshovrécy) Oo coac dobodv efnyfoeic oe
amin vhoooo oystkd pe o Tt Bo (nnbel and sodc /vl 11 o copPsi os sods,
E0V CUUQMVNOETE VO CUUUETAGYETE oTo mpovpoauue. Qo coc TeEptypaQotyv
omowndnmoTE kivovvol unopel vo vrdplovy N Telowmapie Tow Toyoy Bo vrooteite
OTO TV CUNUETOYT ooc oTo mpoypaupe. Bo oo ensinynbsl we wabs Lemtopspain
Tt B EmyonBel amd sodc kot mows M mown Ba Eyouy mpocPacn oTic TAnpogopiss
N/xa ko vhaxd mov ebehovia Ba dooste T To mpoypuppe. G coc dobsin
¥poviky mepiodoc o TV omoic o1 vrsvbuvol Tov mpovpduuotos Bo Eyouv
wpocfoct) oty mAnpopopiss kot vhakd Tov Bo domcets. Oo oog ensfmymbsl o
ghmifovps vo pabouvpie amd To TPOYPUULD OOV OTOTEASGIN KOl THC OKNC Coc
coppetorfs. Emiong, fa cos dobel pio sxtipnen o to dpshos mov pmopst va
vrapfet Yo TOLC SPEVVHTES T/ KoL ¥PUCTOGOTES GUTOD TOL MpoypaunaTos. Asv
MPETEL v CuLpusTdoyeTe, £dv Sszv embupsits 1 =dv &ys1e omowOLGINTOTE
eviolaopovs LoV aQopovV THY CUUIETOYH Goc oTo mpodypoupe. Edv atopucicets
VO TUMUETACYETE, TPEMEL VO UVOPEPETE S0V E1YOITE CUUNETACYEL OE OTMOOANTOTE
alio mpdypoupa EpEuvag pEcw oToug Teisvtaiovs 12 privec. Edv anogpocicsts
VO UV SUUUETACYETE Kot elote acBavnc, ) Bepaneia cos dev Bo enmnpeactel amd
v amopoct) cog. Eiote shedbepor vo omocUpsts omowodNIOTE OTIYUY| £0Sig
embuousite v cuykoTdBeon Yo TV CUUPETOYH ooc oTo mpoypapue. Edv slote
aofsvic, 1 amdEaoT] Cog Ve GmoclpsTs TV ouvyvkatabson coc, dsv Bu &ymi
OMOLECONTOTE EMIT®osl; oty Bepansia cuc. Eyste 1o Sikeiopo vo vropfalets
TOYOV TMOPAIOVE T KOTCYYSAIEC, TOU o@opolv TO TPOYPLUUD CGTO ONoio
ooppetEyete, Tpoc v Emrpomnh Bionbuac mov evexpive To mpoypappa 1 oo
wot oty Efvien Emtpom Brombwac Kompou.

Tlpémer &hec o1 oehides Toxw EVTOTEY CUTKOTABEGNC VI QEPOVY TO OVOLLUTEMHOVULLO
KOL TV DOV PUDY] GO

Zivropo: Tithoc Tov [povpdupotos oTo Omolo KIAEIDTE VI CUMLETOTYETE
«INEUPOAOYIKT] ATOKOTACTOTT LE T Xphon Acpoviesnc Mopm e AEyeponos
Yreubuovor Tov [poypduuatoc oTo omolo Kols{oTe Vo SULLETACTETE
Ap. Mopio Koprovipovw, Averinpatpe Kabnyrpie, Tpfuo Emomudy Anocetdotoonc,
Tepvoroyucd [ovemoniwoe Kidnpov, Bpoayedivou 15, Aspecoc, 3041, miépavo:
+35725002008, niewtpovicd teyuipousio (email) maria kambanaros{@cut.ac.cy

Enifieto: Orvopo:
Yoy pop: Hpspoprvia
EEBK03 (Fvrona Tuynamdfeom: 177
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ENTYIIA YYTKATAOGEXHE
VL0 GULLETOYT] OE TPOT PO EPEUVILS
(To evrumo omotelobvTol Guvolikd amd 5 oelidec)

Eivrowos Tithoo Tov ITpovpdULKTOC GTO 0010 KOAEITTE Vol GUMLETATYETE

«Ngoporoyi] Anowerdotoon pe ™ Xpnon Aoxpoviesa)c Moy tuaic AEyeponce

Aidete cupxordfzon o Tov EOUTO GOC 1] VIO KATOW GALo
dTopo;

Edv mo mdvo aitevTHouTs YUl Kimoloy o, 10TE SOGETE ASTTOUMEPEIEE %o TO OVOLLL ToL.

Epdmmar

NAI + OXI

Toumknpdouts To Svono ouyketdbeon: ol npoconikd;

Toug tehevtoiovg 12 wijvec E£yET8 CUUPETATYEL OF OMOWSTIOTE GAAOD
EQEUVITTAKD OOy DOLLLLLE;

Mgpdgore ko koteddpote Tig thnpopopiss v aobevels /o efehoviEg;

Eiyore oy svkopio vo poT)oets spoToew; ko ve sulnticste to [poypoupie;

Adboy wovomom TS oneVTI)TEL Kot 25T TELS OTO TUY OV EPOTTUOTE oo,

KotohoPoivete 611 uropeits vo amocupleits and 1o mpdypopug, omote BELETE;

KotohoPaivete om, =@v omogvpbeite, Ssv eivon ovoykele vo ddoste
OMMETONTOTE SENMTELS PL0 TV GIOMOLTT) oW M PUTE;

(Tho ooBevell) wotohoPoivere om, edv amocupbeite, dev Bo vmdplowy
EMUTTOOEL, OV Toydv Bepomein mov moipvete 1) mov pmopel vo mapEte
LLEh Ao T

ZUNQmVEITE Vo CUUUETAOYETE GTO0 TPOYPOLNT,;

Mz mowow vmebbuve WANCLTE;

Enifzto: Crvop:
Ymoypagn: Huspourpvio:
EEBE(3 (Fvmna Toyamdfeory 207
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ENTYIIA EYT'KATAGEXHE

VIO GULLETOYY] GE TPOYPOLLL EPEVVILS
(Ta 2vromo axotslovviol guvolid amd 5 oslibec)

Trvrowo: Tithos tow IpovpduoToc GTO OO0 KOAEIDTE Vil CUMMLETATYETE

«INevporovud] Amoxerdotocn ue ™ Xprjon Aoxpoviast)c Mopmnrs MEyeponos

HAHPOPOPIEY TTA AYOENEIY fi/ker EQEAONTEY

Kiproc Epsvvnmiic. Ap. Mopic Koprovipov, Aveminpotpue Kebnyitpu, Tufuoe
Emompiy Anoxerdotaonc, Tepvoioyud Hoevemomo Ednpov, Bpayadivow 15, Aspecoc,
3041, mispavo: +35725002098, niextpovid Tagudponsio: maria kambanaros(@cut ac.cy

B BEL e Vi GO TPOTKOAETOUILE VO SURNETATYETE GTO M0 THVED CVUPEPOLEVD EPETVTTIKG
mpoypoppe. O GrOTOC TOU EPEVYTITICOT TPOTPALLLETOS SVOL VI EVIFVEDGOULLE Kol Vi
wormvorooune Tig mboves Betikés ematdoey e Maxpoviosac Moremticrc Aéyepang
(AMA) oT1 vEVPOLOTIKT CROKATASTUTY]). 10 EPEUVITIKO CUTO POy TUETE oY
aoBevels ue vEupoloyd TpopAfueTe oo EYKEpUiKoD enawgodion. To &vTumo outd apopd
dropo pE vhooosowd tpoprnuote. EvB&yeto o8 wamowous asfevels |LE Topopowd ThOGoA
mpopinueroe vo Sobel iwpopeticn Topeppocy (hoyobepansio & TMS, swgroidevon wuns &
TMS, povo TMS), 1o owomots cuppuang tov Sunpopoy tapepfaceny. O Tpdmoc KoTovopr:
oog oF o omd g mopemavo onddes Bo efvor evteho Tuyoios (random assignment).

Eivon onporyticd v yvopilets OTL ov EMAEZETE VoL TUMLETATYETE, 1] TULUETOYT] TOg 0T
EPEVTTIKG TTpOYpOopLe eV EVYLATOL KATOWD GUECO OQEA0C GTIV UYELD OO, 0pol TF KOATOoWUg
omd Toug cupuetEyovtes Ba Sobel 1 npoypotuc] AMA svod o wdnowwg dhlovs
ouppeterovies Bo Gobel sucovua] AMA. H sucovua] AMA podZer pe tv ednbony AMA, ol
oev etvat. Asv gyaL wopie enifpaa), enadn dev evepromowel Tov eykEpoio ooc. Mepucec
popéc, oTov BEkovue vo nadovpe ov o Kowvoupyue Beponeio sfvo amotelecuat], Sivoups
o pepwotc aoevels T vEo cut Bepomein kot oF pepuwcotc aobevelc Ty ewcovear Bepomsio.
T va siven Epcopm 1) Epeova, efvol OTLOVTKG vo urpy ZEpeTe 2dv oo £yEL dobein
mporyari] Szpomein 1 1 swovie] Bepansio. AvToc sfvol Evog omd Tou: KEADTEPOUS TPOTIOUS
TOw EFoULE T vo ndBovps edv o Bepomein sivor arotsiecuenkt]. Tovileto 6T 2dv 1)
Bepoansin obmymiost o8 onuovTua] feltioor T amoKeTdoTaotc oo, 2dv To embupsits
propsite vo ouveyicsts vo Aoppdveton ) Osponsio o pEypt acopn 10 nuépe: Sopady.
Ilepmtépo cuvEnon g Bepoamsiog Sev ouvioToTol TPOS TO TPV oQol Ol CPVTTUCES
EMUTTOTEL, THE TUVEROUEYTS Pokcpoypovias Bepamaios pe AMA sfvol dyvooTe: Tpos To mopdy.

H coppetopm oog efvon svieiog eBehovTua] wo Bo TPETeL v CUPNETATYETE LOVo g6V E0Els TO
embupeite. Emizyovtos vo popv LABeTe pépog 1) Vo ooyopi|oETE Kot T SudprEin Tou
EpEINTTIKOD Tpoypdppetos &2 Bo EyeL opvn TS EMITOTEY, oF gog, &g o oog KooTigsa
OTUOTmOTE Ko 0UTE B emnpedost ne onoovETIoTe TPON0 omoedTote dhin popet Bepornsiog
Aoppavete. Ee nepintoom onoydpnonc Oug oI T0 EPEUVIITIKD TpOoypopy Te Sedoueva o
GPvovToL oI To CUTTIIG TOV Epeuvi T (EKTOC Kot v EMIEULEITE TV CviovULOTToT|oT] Tows)
oL 7o frofoyucod viucd mov xete oo o keteotpépetan. [lpwy omopacicete av BEhate vo
MAPETE LEPOC, SivOl TTUEVTING Tt ET0s vit SwePOosTe TIC TRPUKGTo TANporopiss TPOTEKTIKG
oL v TG Suin T oETE pe omoto dake dtopo embvpeite. PoTrote pog ov vrdpyel KaT mov Jev
eivon oopéc 1) Yo To onodo Bo BElats nepocoTepes mANpocopiec. Edv cuneovi|osts va
CUULETACYETE oTo nElpoue, Bo oo SnTiooue o e

Enifeto: Crvopa:
Ymoypugt: Huepounvia:
EEBE(3 (Fvrona Fovreifzomc 3/7
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Tatpwkd Ioetopikd ko I'ioooue AZwildémeon

Ba gog EnrnBsl vo SOoETE GTOVC EPEWVITES TPOGPOoT] PE TN ¥PHOT EP@TIRATOLOTIHY 0T
TPOTOTIKO WTpid gus 1oTopwd, Kubdh: Kot Eve LETTOUEPES 1o0Top0 To omoilo Bo mepthoappfdvet
dnpoypoouct otoyyelo, TV TPEYOVCR KOTAOTOCT] TS LYElDC ooo, ¥PYoN popldncy, TV
sxmoddeuaT), Ty mowmnTe g donjc oog ko g wefnuepwic cog SpooTnpOTnTE, TV
MUY YELLOTINY] OO omeoyoinon, webodc kou dlisc minpogopisc mov OQopolv TIS
EMATOOELS TOV EYKEQOAKOD ETEgodion o kabyuepives oo dpuacTiprLoTnTEs, OV Si0TE
opusTEpOyEpos 1 oeludyepas, alwoddynon s mbBovéTyTos vropline dvorus, alioddynon
e oS TS TAooses Kebog ko e mbovétnrog dmopins ketabimymc.

T ouvEyawe 8o oog Cnmndel vo cupuminpooste kanow epyetein afiohoymons ™o yADoous ne
OKOMO TIv efwoadymon g Omows Tpoddou AdYm TN CUMWNETOMTC COC OT0 MPOYpOiL.
Tuysaplpéve, 1 mpotn afwkdymnon Bo vival plo népo npwy and oy Evapin e Bepomsivs pe
T Arcpoevioea] Maorpvntuc Aéyepon. H Settepn afwioymon Bo ypivel plo finspa Letd To 8o
e Beponsiog (10 nuépes peta). H tpitn efwiomon Be yiver nepitov § wijves petd To TELOG
e Bepomsiog. Kabe cuvdavimon Bo Sopxéos nepinov 60 kentd. To spyoleie afoioymaons g
vhoooo; Bo oo Imioouy v omevToETE G Sulgopsc epoToey; Kabnuepni]c guomc, vo
wiveTe wio ghevbeon cudftnon pe tov £LETOOTH, VO WMEPLYPOWETE MOQOpEr EKOVED, VO
oxoUOETE wdmotes AEZe1s won v Selfete outéc Tic AEZawc oF ewcdves mov Bo cog Smbotv, xabide
won ve emovehapete wamowes hefeig won mpotdos,. Olec ov efwhomong Bo vivory amo
AoromaBodioro o omoloc sivon eyyEyYpoLpEvos otov Zuviegpo Aoyoroboloyoy Kinpou.

Eohboyi Aipatog

Bo gog Inmbel va ddoste nepimov 10mL. eipotoc tov o aviinBolty amo o ghifo Tow
ppoyiove goc. H oviio] tov aipoteg Bo vivel Tpews popés (pic mpwy amd 1 Bepomsuti
wopEpfooT, pin popd. LeTd TO TEpog T Bepunsvtud)c mapepfocmc Ko pie gopd nepinow 6
LTvES LETE) i EUTELPO VOOTJAEUTIKG Tposomkd e efadikevon o auth T Swdwacio. H
gukioyi Tov cipotod pe ohprryo MBov v £YEL O CUVETELD TV ovARTOEN KPS Hehovids
o0 FEpL Yipm amd To oTueio sworeyT)s TS Perovoc. Eve tétow evbeyopsvo svol Grovio
OToy 1) Sodunoio sKTELEITOL OO SKTOGEVIEVD TPOCOMIKO. Av OLOC Lo TETOLD JEADVIA
ovorrtuybel, Bo mpernel v yvopilete om Be amoyopnos yopis Bepomein pEoo oF Alyec
efdonddes ko omovicog etvor emd@dnT. Y mapyet emiong wiviuvos ownoppoyios Edv TATKETE
and Sotopoym TENC Tow aipetoc 1| LouPavETE QUPLOKEDTET Ty TOU viIoTELLEL TV
mijén tov aiporoc. Edv onowdfnote amd cuté Tig ouvBnjies wonier oty nepintoot] oo, fo
Tfroy Kohbtepo vo Py SOCETE milld vio Ut T BELETT).

T Towg Adyoug mov avopepdney Mo Tevo, 1o Tpocoro Tov Ba tpopel ot cukioy
aipetoc 8o oo TopocoroUBs] OTEVO Ko 20V ELQUVITTONY OTOHONTOTE CVT|oUyTTId
CUWTTONATE T CUWTTONATE TOU O SPEVVTTHC 1 o1 ouvepydTEs TOV E0UV TEPLYPUWEL TE TUL,
TOPOKEACULE OMm: SE0TOW|OETE QUETRS TOV EPEVITY.

To oipo Go guiaybsl oF swbuwcd MOPOPQOUEVES EVKOTOOTACE oTo Tervororucd
Tovemore Edmpov kabo: ket o spyoomipia Tov Hovemotnpiov Asvkeoios oto omoio
Bo pivouy ot ovodBoELs v SVIOTISHS Toy id pebitn fokoyudy Sewctav. O oromds v Tov
omoio Bo viver 1 cukhoyt] efpetoc elven 1) ovidpaon ToU YEVETWOD Cog vhucol kabos Ko
ghioov froroywdy Sewtdy mov unopel vo oyetilovion pe Ty Bepameie. £ ex ToUTOL, TO
OMOTEAECUOTE TV aveADosmy dev wropoly vo ypraporomBoty o Soyvo oo, 1) dhloug
HABAKOUC TROTOUC Topd OV il TKOMODE eviyveEnon s ohhayts 08 SUYPKEKDLLEVOUS
Profoyucotc Selktes Aoym TC ouykekpiuévc BepoamsuTikic mopsufacnc.

Enifizto: Ovopa:
Ymoypugr: Huspounvio:
EEBE(3 (Frrona Toyamdfeon) 417
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Mao vy Topoypogic Eykspdaiov

B oo dnnbel va emokeebeite Eve SryvooTud KEVIPO VIO T1) TUALOTYT] eV TS
Topoypopins Tov eyKepdhor cuc. To KOoToC HETOpOoPOs OTO SLOyVEoTIKD KevTpo Bo yiver pe
ucr) oo svbinv. Zro Suyrveotucd kevipo Bo gog IymPel vo Semhaoete o mepinov 30 henta
OT0 KpEfTL Tou porvn ket Topoypdgor (MEID) o ovidon euwdvoy T Sounc Kot T
AITOUpTieg TOU syKepdkow oo, Oo cog InmBel va emoepdsite 1o SuorvooTKd KEVTPO pin
@opd mptv TrpY Evapln TS BepamevTikic napeppactc, pin Poph aUECHS USTA TV
oroinpoot ™c (10 nepec petd v mpdTh ouikoyn) Kot aropn pie popd nepimov 6 prvac
LETA.

Oh sweoveg Tov epxepdrov oog Be guiayboty oo Tunpe Emommudy AToKoTOSTR0TS TOU
Tepvoioyruwot Iovemompuiov Kinpov vad v webodmon e Ap. Mopiog Kapnovapou. O
OKOmOC e Tov omolo Ba viver 1 cukloyt) sucdvony eykepdior ivol 1 ovipvenon mbavay
oAy orn Sopn] Kol OTT) ABToUpTie Tov EVKepdior gog Aoy g Bepareins. O =K TolToU,
ot gucdveg ouTEs dev Wropoty va yprouomo] oty o SurpyooTions 1) GAROUC 1 violic
OKOMOUS Topd PLOVO Y10 OKOTOUS eviyveEuomg ok haym)c ot Sopr] (.. orov 0o wol 11
AEITOVPTIL TOU EVIEQOA0D Cog AOYO TNC CUVKEKPILEVT)C BEPUTEUTINC TupEnfacTc.

H tepvuc me perpvnin; Topoypapios (MRI) siven pie amd Tic To TpotyuEaver Kat
KOTOTOMOTUCES StoryvooTuce: dundwooiss mov efvot hobemue: onuepa. To MET etvon i
LEfodor erowTon g eucdvoy Tov SoUGY OT0 ETMTEPIKO TOU CONNTOC TUg, YPTTULOToENY TS
v pEydho Lot T Ko padiorci oo (ol oxtiveg X 1 erctvofoiiod o T Ay emdvaoy.
Eivon svrtehis avodu won dev vndpyouy vwwooTEs frofepic TupevepyEIes TG LamvT TUCTS
TOWOypopiog. AUTO TOU OROTEIT StV VO TOpONEivETE oxiviTh/OC Tove OTo kpefdn evd
EITTE PECO OTOV LU TIKD Topoypapo. Evd o topoyplpos Bo xoTeoKevalel TIC EOVES TOU
enepdhov cog, Bo axoboETE Kamow PoumTd kot Suvetols Myous. AUt eivon LEPOC TG
KIVOVIKTC AEITOUPYLOS TOU TOLOTPAQOoU 1o 8V TIPETEL va oos avhouyel

Adym TN ypToNg podOKDLATEY o0 ToV JLOTTIKD TOROYPApo, To ATON LE Kupiuko
PrinatodoTn, xham aveopbonaTos EVKEQEioD, KoB0: Kot LETOL AN ELQUTED AT 1] dAREC
TAEKTPIKEC CUOKEDES OTO SONE Tous S8v Bo mpEmal vol EICEPYOVTOL TT0 SOUATIO ToT
Lot Ticot Topoypdpon. Etvol onuovticd vo evnuepdosTe Tous EpEtvTES oTo Eviumo
El&ypou Acopoieios Mopenmikot Topoypdeov mov B goc Enrnsl vo copmhnpdosts npty
THY ££ETOON, oV EYETE OMOWSTTOTE Ud CUTES TIC PETHAMKES CUOKEVES OTO GON TUC.
Enione, Sedopévou OTL 01 EMIITOSEL TS ot T s Topoypogias oto Eufpuo sivin
CrpVOOTEC, TUPOKUAEITTE VI EVI|UEPOCETE OV EPEUVTITES OTO MO AV EVTUTD £dv £loTE
Encvos 1 vopilete om propsl va slote £vvoc,

Hopépfacn ps Mexpoviokili Maypvngtueg Agyepon

B ooc el va cuppetdoyete o 10 cuveropeves uepioies cuvedples OTO EpTOOTIPIO
Auocpovionalc Mopvmtuac Mgyeponc oto Tegpvoiorucd Hovemonieo Konpov. O ouvedpieg
Bo meprlopfavouy evepyomoinom ToU ¢Lowl TOU EYKEPULOU TOC e TN ¥prom Awscponions
BlorvmTuac Aweyepomc (AMA). Kdbe cuvedpio AMA Bo £ya1 Sudprew tepimov 30 Lemtd.
EKota ) Suiprae g AMA, Bo evepromom]coue To K0TTOPO TOU EVKEQELOL TOg UE pid
CEIPQ U0 PLOrvT| TIOUS TOARoUs ToU Top@yovTol ard ve Loveusve mpvie to onolo Ba
TOMOBETCOUNE OTO TPLYMTO g KEQUATS Tos. Avtol o peypvn el medpol Tafdetouy necm
TOU TPIOTOU TNE KEQEATS Kol TOU Kpoviow O TPoKaldvTog JIKpT]s EVIaOnS NASKTpD
PEUUG OTO PAMO (T0 EE0TEPIKD TUTLE TOU EVIEPAAO).

Enifeto: Ovopa:

Yooy pogr: Huepounvia:
EEBED3 (Fvroma Eunarsifisonc) 57
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Eivon onporvtied va pyvopilets 0T oL povijticot takpol propel vo mpoxahecouy e Lupt]
cdgnom ehoepol FTUTMATOS TEVE TT0 TPRTO TS KEPail)s oo, Avt) 1 aigbnon ouvrjbog
Oev etvon SuodpeoTn olhd pepucts popés unopel OVIoC Vil TPOKOAECEL LA EVOATITU]
oigtnaom. Efvon onpovtwcd va yvopilete toc propeits ovi tdoo oTorpr vo EnTioete v
OTOUATCEL 1] Soducooie Kol v oy opioete yopic duowoloyio kol pue Kepio ouvETEL amd
THY IOy OPNCN Cog.

Oroeoc vmobnhaves o dvopa, 1 AMA yprmowomoe] popeniscd medic. Q¢ ex toltow, pnopei vo
mpopel emPlofc o8 dropo mov Eyouy pEToRlucd 1] AskTpovid EpQUTEDLLOTE OTO T
tovc. Tlopokeheiore vo svLEP@GETE TOUC EPEUVITES OT|LLELIVOVTOS TUS QLOVTT|OELS GOC OTO
‘Evrume ELéyyov Acpuieinc mov Bo coc Inmbel vo copminpdoete mpv Tipv Evopln e
ouvedplog AMA, os mepintoon mov &yete wanow ond avtd. Exionc, dedopsvou omL o
emurtidoey; g AMA oto Epppro etvon dyvooter, oo copfoviebovpe v py Rapete pEpoc
oto nelpopo sdv 2l0TE ETKLOC 1] VOUIEETE TOC VAdpyEL TepinToon v elote &ncvoc. Emionc,
ooc cuppovietoups vo oy AGBETE LEpoc, ov EYETE MEL AK0OL TIC TELEUTOIES 24 dpEg, av
EYETE YPTCULOTOWTEL VOPKOTIKES OUTIES KOTd Tov TEAEUTOIO prjva 1] edv dev elyaTs evay
wiho tmvo o fpddv mprv and To meipoyLo.

TMopsyovtoc o cuveyt) oepd nopvitucdy epetondtoy pe ™ xprion AMA o civiopo
APovisd SLACTIE LILOPYEL pKpos Kivéuvos T mopevepyetes. Me woyupotc mokpaolc, o
VYTRES GUyvOTITES, Eivan Suvardy vo Tporin oty emAnTTe: Kpicel oe svaicthnta dTopa
LE oucovevelekd 1oTopwd smanyios. Ioporoheiote vo sviUEpOOETE TOUS EPEUVITES LETH
tou Evtimov ELeyyov Acpoieiog, av Erete 1oTopKd EMANWIS EGEIS 1] KETMOC TTIY
OUOVEVELD OO,

Etvon omponvtied vo pvopilets onin AMA &ya ypnowomomBel pe eopdian To 1eheutoin
mepimov 30 ypdvio of yuiddec dropa o 6ho Tov Koo, Evag umeipoc gpswm s Ao
yEpifeton to updvnuo ANA o Go stvo mepdy ko' ok T Sudprawr Tow TEpALUTOC.

Mle ) ypnom younioTEpNC EVINOTC oAy OTES CUTOTS IOV YPTCILOTOOUUE T
CUYKEKPULEVT] TEPIMTOOT], CUNPEVE UE TIC Katevthvmpes ypopués aopoleiog mov woybowy
Sefvag, dev yvopilouus vo Epouy avapeplel TEpITTOCEIC TPOKATIONS ETANTTIKGY wKploemy
Adrr AMA won ) Tevea] podveton ve elvan emoliTos aopalic. oy anibovn meplrToo
EMnETIC Kpionc, B cog Soboty o wotdiinies mpates Ponbeles opot Ohot o gpEUvT|TED
Log etvot sxnoudeopsvorl oy mopoyt] [podtoy Bonfewdy. H povn drin pvooT mopeveEpysin
T AMA, o8 &vo pupd mTocooTtd Tov aTopay, vl 1 Tpdikn ot aobevots movokepdloy OF
WATOLES MEPUTTACEL, 0 OTolos Uoympsal o8 MaoTruo Adyoy opdy. ZOMomvo e T
smomuovik Pufioypopio Sev vrdpyst wopdo pokpompoBecun mopevepyeai e AMA.

Hopéppacn ps Hpéypoppo Exroidsvens Myvijpng

B gog Enmmbel vo ceppstacyete o 10 guveyoweves nueptoies ouvedpiss sxmaldevons g
ppoyiypovic wun: oog. H xabs cuvedpic ovolzpomeins Bo &ye Sudpicewn mepimov 60 Aemtd.
Toypekpipsve, Bo ooc Cnniel vo eKTEAE0ETE KAMTOMES QOKT|TEL, OTOV TJASKTPOVIKD DITOAOYLTTI.
T i omoslg outes o oo Oymbel vo aropvnovEDSTE KOToES KAPTEC IE OVIIKEILEVE, OTT]
TUVEFELD VL CUTOUVTLOVEDTTE OPLTUEVEC KAPTEC EMUAEKTUNG, Ko vo ToZvo | oTE T KApTEaC,

To mpoypoupe exmoidevomns e wnung Bo epoppoletor apsons petd ™ Bepansie g
Mokpoviortic MowmTuofe AEvepons oF KOTOWO KOTEARNAO ¥OPO ToV EpYOCSTploY TOU
Teyvoroyucon Hovemomuiov Kimpou.

Enifeto: Ovopa:
Yoy poup: Huspopmvio:
EEBE(? (Frmona Toynamdfeonc) 67
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Z1oyoc wog eivel vl SOUHE OV TO TUYKEKPILEVD TPOVPOLG SITeiBE0aTs WYTUTS Raopel pove
ToU T O ouviuoowd pue Aocponviot] Mopua] Avdyepon pnopei va pehTuboss To Tpofinuata
ETUCOWVEOVIES IOV OVTILETONISETE.

Do to dedopsva mov Bo ovkisyBoly Bo guioayBoly o 218wl yopo tov Tunuotes Emomudy
Amokotdotacn: tov Tegypvoroyuot Ilovemompiow Kdmpov vno vy webodmaon g Ap.
Mopio: Kopnovdpov. Asv slote vmoypempavol vl CULNETATYETE GTITY EPEUVE KL T) CULUETONT
OO GF UTI] T1] PEETr) Gev oog EYyUaTen QUETH WOTPIKD 0QELT] b oUTE KoL T omoKhelst.

To omotshiopoTo ovopEveETol vo CUPPGROUY OTHY EMCTNUOVIKG FVOOT CFETKG [E TV
VEUPOAOVIKT] QMOKUTAoTOON Ko v opelicowy aobevels pe vevpoloyikd mpofiqpote Aovo
srepriwol enawgoediov. Edv embupeite vo cuppetdoyets, WIOPEITE Vo ONOYOPCETE ovd
MACO Oy yopis kopie enittoon. To cunceppevo Evtomo Zuykotdbeonc, o Evipepotucd
Evrumo AMA, 1o BEvromo Ergyyov Acpoisivs AMA, ko 1o Eviumo Eléyrov Acpoisiog
Mayrvmmucot Topoypdpor mov Bo mpemel vo CUNTAT|POCETE, Eyowy shsyyBel ko syxpibel arnod
i Bvmpuoscr EGviser Emitpom BaomBuaic.

Mepoc toov Serypdtoy oo propsl vo puioydsl nue mepiodo pEypr 10 ypovia o mBon
LedbovTua] yprjon mov Bo oyetifeto pe Toug owomots g Epsvvac. Me v mopoton
ouyKerabean, wropeite vo Shoste edv 1o embuneite ouykotabeo) omoms to befyuo oos 1
OTOOST|IOTE VALKD IOV TPOKLITEL 0 10 Seiyun oo, wobds emiorc Ko o Thnpogopiss Tow
guhiévovto vo arobnxavboldy o mbovy perhioviec Epevva. Tlopoxolobpe onueauboeTs Kot
VIOYPOWTE OpIoTERG E0v anodEyeote 1] éeud edv Sev anodEyeote.

Extoc md Tovc okomols Ton mupovio. Extoc omd Tous oKOMOLE TOU TopdvTos
Tpoyvpaupetos mov Bo Swpxicel 5 ypovia mpoypdupetos mov Bo Swpréoel 5 ypovia
Amodiyopm omeme: Azv gmodsyopm owomg:

Yroypagii: Yroypopi:

To frohoyucd pov Selypoto ot 0Les O AowEs Thnpogopies mov Bo ouileyolv i Toug
THOMOUS TOV TOpOVTOC EPEUVIITICOD TPOYPLHLETOC URopoty v kpotnBoty v pEypr 10
FPovId Ko v yproinoroinfoty GF NEAROVTIKES PEAETEC wpoD mpdTa eykpbel ki 11010 b
v EBvucr] Empomi Buonfuaic Kdnpov péco veEns aitnoms 1 Letd and oysTd it
CVOVEMOT)C OF MEPUTTECOT ELEKTUOTS TS TUpoUTHS LELETIS oo Tov LAsuiuve EpEvTTI) TOU
Tpoypiupetos. Eotovod 0T BELOTE ENmMOTEUTKOTTOS 10yiouy Tivtote. Qg S0mme
Prodoyucdy Gerypdroy Ko Sebopévoy Bo yopilete emukppdc tov vastduvo speuviTi mou Bo
£yer svbhinm e Ty @Ukaln Tov Serypndtov/Gefonsvoy gog Ommg emions ol Tov i
YEOYPOpUd ydpo dmov fo SowuieyBel To aprelo o mepinToon whioyc.

Em@uvpsits vo Lafete sxbeon amd Tov vasdbuove Aoyobepovtii mov Ba meprypdps To
OMOTEASGUOTE TS SPEVVES Mov oog opopovy; NAIL / OXI

Edwv emBuopsite vo ekgpdoste LE omowovdNToTe TpOTo ovdnvulla 1) ETdvoplo Tyl 1
TMOPAIOVE YIl UTH TIY EPEUVE LTOPEITE Vil EMKOVEVTITETE e Ty 2E1)c avelaptntn apy:
Ap. Xopihopnoc Xpvoootopov, [polotdpevos Ympecios Epsvves kot Asfvoic
Tvvepyoaciog, Tepvohoyuo Hovemoniuo Kdnpon

Trrspovo: +357 25 002562, Hiektpovud tayubpopsio (email): ¢ chrisostomou@cut ac.cv

Enifieto: Orvopa:
Yoy papm: Huspopyvic:
EEBE(D3 (Fvrona Dovkomdfsonc) 177
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Appendix I11: Safety Screening for TMS eligibility

ENTYITIO ANIXNEYTIKOY EAEI'XOY I'TA
ATAKPANIAKH MATI'NHTIKH AIETEPXH (AMA)

[Mopoaxdte stvol &ve SpOTHUOTOAOYIO IOV ¥PTCIUOTOETHL 7o vo wobopiost av o
mbovol copueTEyoVTES Eivon KaTadiniot vio AMA.

IMAPAKAAS TYMINAHPOEITE TO ITAPAKATQ ENTYIIO:

Anpoypogikd Etoygsia

Hpsp. yevmanc

e e T T

Mrtpwn/ac yhboow s Kuomproskr Addn

(OVOUGTTE TV QAT YA e

Moppmon: Anpotkd / Topvacio / Adweswo / Koldeyo /
TMovemotwo / Metartoypoxd / Adaxtopikd
F N U

o e = T R

MsvBuovor:

Trh. EMUCOWENVATIET s

Yroypogr Zopustéyovto Huspoprpvia
Yroypapn Mdaptopa Huspoprpvic

266



ONOMA AZOENOYZI vy/xan EOEAONTH:

HMapoukoic enUsLBETE 6,TL LOYLHEL

Nevpoitoyum 1 Pojnorpuo datopoym NAT OXI
Tpodpo oto kepdin NAT 0OXI
Evksooaiaxd ensicddo NAT OXI
Kerpovpryua] ensufocn oTov syKEQoio NAIT OXI
Métodio 1 peteldlikd prvicuoTo oTO Kpovio | OTo WETL NAI 0XI
Evispoiaxn Prabn NAI 0XI
Bruotodot NAT 0OXI
Iotopikd pe oracpolhs 1/Kol STUNTITIKES KpiaeLs NAIT 0OXI
OhxoyevaloKo 10TOPIKD EMS1G001mY Smiryios NAT OXI
Epputsvpsves NASKTPOVIKES COOKELES [Ty, KOyA10KO SUOUTEVUD) NAI 0XI
Evbowpoviaxss ypouusc NAI OXI
Zxapovon kotd IThdxcog NAI 0XI
Eatabiwm NAI OXI
Beponsio us Avowcotabluriud (my. Aptpomniagn, NAT OXI
Alomepmboin)

Epovtsopsn ovtiio mopoyfc OopuaKedTikn s wyayro NAIT 0OXI
Evbowpovim) mabnon NAT OXI
A popds (hevkomdabei) NAT 0OXI
Evtovo dyyod/oavmouyio NAT OXI
Evoopopoboa avtq v nepiodo NAT 0OXI
X poviol TovOoKEQOAOL NAI OXI
Fuyvec tacerc mobuutac NAI 0OXI
‘Eyezte met ohwodi Tic televtaiss 24 opec; NAT 0OXI
‘Eyete kavet yprjon VEPKOTIKGY 0DGLENV TOV TEASUTOD UV NAT OXI
Eiyots wovomomnikd Ppadivd vmvo o Ppade mpiv o meipo; NAT OXI

Anhovae vrsvBuva 6T 0hsc ot Tnpopopiss MOV TUPEYOVTOL GTO TOPOV EVTUTTO SAEYYoU

AMA etvon odnBsic xor mhnpel; omd wabe dmoym.

Ymoypopn Zuppstéyovta Huzpopnvia

Yroypopn Mdaptopo Hpzpopnvio
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Appendix IV: Handedness Screening

Epomyparoidyio Extipneng lpotipnoenc Xeprot tov Edwppfodpyrov™
(Edinburgh Handedness Inventory)**

Ovopotenavopo AcBav:

Iopaxaieiote vo onuawmosts we &va (1) Ty TpoTIUNGY] oo V1K Jp1ct TOU ApUoTEPoU 1
Tov deZoh yeprol oo oTLs axoiovbes SpuoTpOTTSS evTuEipev.

X MEPITT®OT MoV 1 TPOTINNGY £ivil TOGO 1oyLpt mov mote dsv fo ypnoiuomololoats
THV Ghhr) eV P, exToC o Efvol amolbTo: avaykaio, paite dvo (2).

Eav elote abapopot, folte &va o kabe otyin (1] 1).
Optouéves oto TIC OPECTHPLOTITES IOLTOUY Kol To 6V0 ¥EPLLL. L& OUTES TIC TEPUTTHOELL

TO WEPOC TNC EPYOTicls T TOU CVTIKEIMEVOD 0l TO omolo eivol embount 1 wpotipnon
FEP10D LIOdEUVDETIU OE TapevBaan.

Apaocmprom o) Avniksipsvo AproTepod AgZi XEm
Xepr

- Ipayipo

- Zyedraopog/ Laypopik
- Pitwo/ Tetaypo

. Padidn

. DédovroPovpron

- Moyaipt (yopic mpotve)

. Kovtdia

. Exolmo (mdve yEpt)

. Avopo evoc oniptov (omipto)

Ll B =0 =1 S o Y NI R S Ry O S ]

0. Avorypa kouTion (xoamdy)
Tovoho: | AX= AX=
AbBpoioTiko Zovoio: | AL=AX+AX=
Aapopd - | A=AX-AX=
Amnotehecpa: | A=(A/AX) x 100 =

Epprpveic:

Apotepoyeipac: AX =-40
Appeetioc: 40 = AX = +40
Asfwoyepoac: AX= +40

*[pocoplogpave Gy ERATVIKT YAOTT Vil EPEUT| TS TroTobS
#% Oldfield, B. C. (1971). The assessment and analysis of handedness: The Edinburgh inventory. Neuropsychologia, 9,
97-113.
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Appendix V: LA.D.L. Instrumental Activities of Daily Living

TexvohOy1KO

Zyohn Emotnuov Yyelag
][ [NavemoTimo
Kinpou

Tprpa Emotnpwy Anokatdotacng
MNoyoBepansia

ONOMATEMQNYMO ALOENOYE: .

[ AD L. Instrumental Activities of Daily Living
Khipaka KaBnpepiviv Apagtnprotitwy
Khipaka KaBnpepivav dpagtnplotitwy mpoadiopilopevn amé 10 VoanAeuTIKS TIEpiyupo

A. IKANOTHTA XPHZIMOMOIHZHZ TOY THAEQQNOY:

1. Xpnaipotmoiei 10 TNAEQWVO KAVOVIKG.
2. Kahei opiapéva oA ywwaTd Tou volpepa.

3. Amavta ato nAépuvo, ahha dev To ypnaipoTTolel auBoppnTa.

Q000

4. Mev ypnaipotroigi kaBdhou To TNAépwvo auBoppniTwg.

B. TAYQNIA

1 Wwvilel kavovikad.

2. Kavel opiopéva wavia (Teplopigpévog apiBpog ayopuv,
T0 AIy6TEpO)
3. NMpémer va quvodeletal yia va Yuwvigel.

4. Bvrehog avikavog va wuwvigel

r.MPOETOIMAZIA TEYMATQN

¥ Lev egoppdetar: dev TpoeToipale ToTE ToU yEOpPaTa

1. Mpophémer, mpoeToipalel kar oepPipel Kavovikd Ta yeOpaTa.

2. NMpostopale kavovikd Ta yeOparta, edv Tou diaBétouy
Ta avéhoya vhikd.

3. zavalegTavel Kal gepBipel Ta TpoOsTOIPATPEVA YEOPATA )
mposToipadel yeopara, alhd pe Aiyo £wg TTOAD aveTrapkr TpaTTo.

O oood 0o

4. Eivar amrapaitnto va Tou etoipalel kamolog Ta yedpara
Kol va Tou Ta oepfipel.
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A. OIKIAKEZ EQAPMOTEL

* hev egappolerar: Asv éxave TTOTE TOU QIKIQKEG EpYQTIES.

1. Aiatnpei To o Tou povog Tou 1) pe PorBela kard
mepimTwan (yia Tig fapiéc epyadgie).

2. Oepei e1g MEpag opiopéveg kaBnpepivig ehappég epyadiec,
OTIWG TTADTIHO TATWY, TTPWIIHO KPEPATIWVY.

3. Qépel eI TEPAC OpITHEVES KOBNHEPIVES EpyadTieg
ahha dev pmmopei va diatnproel éva Kavoviko eTTiedo
kaBapidérag.

4_Eyer avaykn PoriBeiag yia 6heg TIC 0IKIOKES £pyadied.

5. Eivar avikavog va GUPPETaTyEl O¢ oTToIadiTIoTE Epyaadia.

E. MAYZIMO POYXQN

* Aev egappdleran: Asv éyel Toté Tou aayohnBei pe To TAUTIpHO
TWVY poUywy ToU.

1. [MAéver pdvog Tou 6Aa Tou Ta polya.
2. TIAéver Ta pikpd pouya, TIC KGAToEG KA.

3. Dha 1a pouya mpémel va TAuBoov amd éva dhho dropo.

IT.MEZO META®OPAL

1. Xpnapotolei 1a npoaia péaa peTagopdc pe TpdTo
avefapmro, ) odnyei To auToKivnTO TOU.

2. Opyavivel Tig PeTakIvioelg Tou pe Tagi, aAhiwg dev
XPNOIHOTIOIET KavEva BNPOTI0 PHETO PETaPOpAC.

3. Xpnapotroiei Ta dpooia HETAQopIka PETA HE TNV
ponBeia evog guvodol

4 TleplopIopEVES PETAKIVTEIG JE TAET N HE QUTOKivITO
kol pe v PonBeia kammoiou ahhou.

5 lAev perakivaTarTalideier kabBoAou

Ooooo OO oooo

Aguingn
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H. YNEYOYNOTHTA QZ NMPOX THN OEPANEYTIKH ArQrH
1. Eivan umetiBuvog yia 1 owaTr) Ajwn Twy gappHakwy Tou,
EQIV TOU £Y0UV TTIPOETOINATTET 01 (EXWPITTEC BOTEIC.

2. Eivar umre0Buvog yia T Awn Twy @appéakwy Tou,
EAV TOU £0OUV TTPOETOINATTET 01 LEXWPITTEC BETEIC.

3. Eivar avikavog va TIapel Hovog ToU Ta @appaka Tou, akdpn kal
EGIV TOU EXOUV TTPOETOIRATTET aTTd TpIv O {EWpIaTEG BOTEIS.

0. IKANOTHTA ZTHN AIAXEIPIZH XPHMATOEL

* Nev egappolerar motE Tou Bev dlayeipioTnke ¥phipata

1. Miayeipiferan 10 oIKOVOIKG TOU PE TPATIO QUTAVOHO
(TpoUToAoyIopOS, TUVTALN ETITaYWV).

2. Liayeipileran Tig kabnpepivég ayopég ahha ypeiadetal forBeia
oTn B1ayEeipIan TWV OIKOVOUIKWY, OTIC HEYAAES ayopég KTA.

joooo ool

3. DAev pTropei va CUHETAOYEI OE KAPia oIKoVopIKR auvalhayr.

LYNONIKO AOPOIZMA:

Source: Lawton, M.P., and Brody, E.M. “Assessment of older people: Self-maintaining and instrumer
activities of daily living.” Gerontologist 9:179-186, (1969).
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Appendix VI

Beck’s Depression Inventory

To epomnuaerteiayio tov Beck (B.D.L). epotnuaTteioyo Tomov A, avépuki] popor.

A, Tuovaictpa

eV IGHAVOpLL ADTIHEVOS

moHavopaL AT HEVOS T) pehayyoluog

glplon AvTmpEVeC 1) PEayy0lIKOC CUVEXMS Kl 68V JIOPE@ VO aTeilay® amd quTo
EYLO TOGO PEADYYOLIKOC 1] SUCTUYICHEVOS MGTE CUTO LoV Tpolevel TOVo

EYLOL TOGO PEADYYOLIKOC 1] SVCGTUYICHEVOC MGTE OEV UIOPO v To avielm

il e

. Ammowdolia
Asv efpanbaitepa omaciocolod 1) anobuppulévos yia To PEkiov
AncBavopm yopis Bappoc Y1 To HEALoV
Mov paiverot 0Tt SeV EYM TITOTU KAAD VO TEPIHEVE a0 TO PEklov
Mov gaivetat ot dev Bu Cemepdom TG Huokohieg pov
Mov paiverol 0Tt To LELLOV Efval Y@pic EATION Ko1 0T TC TPAYNLAT OEV ITOPEL VL
prnalovv

T =1 "

Aigtnpa amotoyiog

Asgv angBavopLo aroTuymHEVOL

Mov aiveral 0Tt 1oL WTOTLYTIEVOS TEPIGTOTEPO U0 TOVS A0S avBpOTOVS
ArgBavopm o £y methyer ot {1 pov mokd Alya npaypata afia hoyoo

Kafog oxémtopat ) (o1 pov péypt tdpa To pove mov Phéne eivar moAies amoToyieg
AgOavopm om elpon Tekeiog anoToynuEvos cav dtopo (cbluyos — Tatepac)

N oH

. Amdlein wavomoinong
Aev angBavopon 181aitepa SLCUPETTI|HEVOG
Awgbavopm PopvesTuévog ayedov 0hn TV opa
Agv amolopfdve To Tpaypate OTOC TPpOTA
Agv e evyopioTel ma Tinota
AncBdvopal SLUCUPESTINEVOS HE TO KABE TL

e

Aigbnpa evoymg

Asv angBdvopot 1B10iTepa EVoyo TOV EQUTO POV

TIolhec popec mobavopm Kakog 1) yopis alfia

ArcBavopa mohd Evoyog

Tov 1ehevTaio Kapd mobdvopm Kakog 1] yopic alia oyedov oin v opa
AcHavopat omt eyton ToAd KaKog 1) avaiiog

PR mom

Aictnpo ipepiac

Agv angBavopot 0Tt TIPGPOULLAL

AcBavopo 0Tt KATL Kakd propel va pow cupPel
AgBavopm omt ip@podpat 1 ot fu Tipepnfe
AwsBavopa ot pov wfilel va ipopnfo

Oelo vo TIpepie

B oN

. Migoc v Tov equtd
Agv ngBavopLoT GITOYONTEVHEVDS GO TOV EXLTO [LOV
AoHavopal amoyoNTEVIEVOS U0 TOV EKVTO HOV
Agv |10V OPECEL O EQVTOS OV
Tiyaivopat TOV 00T Hov
Micd Tov E00TO pov

e og
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N = ARG S O W= OQ@

W O

M=o

-

W o 2

e et

S0

. Avtopopg)

Aev cuoBavopm ont efpon ye1pdTEPOC WMo TOVS dAAouc
Eipat auemnpoc fe TOV 20UTO LoD Y10 TIC adUVaLes Lo
Kamyopd Tov g0T0 pov yia o Aaen pov

Kammyopd Tov £g0T0 LoV Y10 KABe KoKO Tov Hov oupfaivel

Evyec avtoTipnmpiog

Agv pov EpyovTon CKEYELS VOL KAVE KOKO GTOV EQUTO Lov

Mov £pyovial CKEWELS VO KAV KOKO GTOV EQDTO 1ow allid moTe dev Ba Exava KaT
TETOWO

Mov @aivetal ot 8a Tav KoddTepa vo TéBuiva

Mov gaivetar oTL 1] owoyevie [1ov Ba ftay Kelbtepa av mébawa

‘Eyo cvykekpipéve Gyedie avToKToviag

G0 QUTOKTOVOUGH OV HTOPodcH

Khapa

Agv 1 oio TEMGGOTEPO UTO TO GUVIBIGIEVD

Khoio TOpa neprocotepo am’ 0Tt GVIBaC

Khoim coveymc, dev pmopd vt TO GTOHATHGE

Ajjote pmopovod vo KW aiid TOpa pov eivon addvaTo vo KAAYo av Kol To BELD

. Evepethotomia

Agv eijlon TEPIGGOTEPD EXVEDPIGUEVOC TOPA O’ OTL CLVIIB@C
Evoyhodpon 1 exvevpilopo nepocotepo an’ ot cuvijeg
AwcBavopo S1opKOC EKVEDPLGLLEVOC

Agv exvevpilopm topa e Tpdyuata mov pe vevpialav cuvijBog

. Kowavua] amocupon

Agv £y yAoEL TO EVOIAQEPOV LLOV Y10 TOLC ALOVS AvBpOTOVS
Eviogepopon TP AryoTepo yid ToUS dhlovs avlpomous i’ 0Tt TehaioTepa

‘Eyo yacet 10 TeprocdTEpo EVOLEPEPOV L0V Y1t TOVG GALOVS avBpOTOVC Kul Ta

C1GHT LT LoD Y10 QUTOUC EYOLV AIYOCTEWEL

‘Eyem yacet 640 T0 EVOIHQEPOV OV Y10 TOVG lhowg avBpdmovs Ko d2v vordlopat

KaBdhov i awTove

. AvomoQuoicTIKOT T

Eipat 1o 1610 anoQuoioTiKos 0@  Tavia
Tehevtoic avaPfdim To va Taipve aropascel;

"Eye peydhn dvoxoiio oTo va Taipve aro@dcelg

Agv pmope vo Tape M KUt anoQaoT)

ToUOTIKO £Y6

Agv [Lov QaiveETOl OTL 1] EPQUVIOT] [LOV VUL YEPOTEPT] U0 TOTE

Avnouyd Mo powilo YEPUCLEVOC Kal avTITaan TiKog

AcBavopat o £yve TETOW chAayT) EMAVE OV, @CTE VI PATVOLLOL CvTITe S TIKOG
Mov paivetal 0Tl Eljon GoYNUOS KOl GTOKPOVCTIKOS

Meiwon TN¢ TUPUY@YIKOTTUS
To KaTtoQepve oV GOVAEID OV OTMC Kol TPOT
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