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Abstract: The Trail Making Test (TMT) is one of the most commonly administered tests in clinical
and research neuropsychological settings. The two parts of the test (part A (TMT-A) and part B
(TMT-B)) enable the evaluation of visuoperceptual tracking and processing speed (TMT-A), as well
as divided attention, set-shifting and cognitive flexibility (TMT-B). The main cognitive processes that
are assessed using TMT, i.e., processing speed, divided attention, and cognitive flexibility, are often
affected in patients with stroke. Considering the wide use of TMT in research and clinical settings
since its introduction in neuropsychological practice, the purpose of our review was to provide a com-
prehensive overview of the use of TMT in stroke patients. We present the most representative studies
assessing processing speed and attentional shift/mental flexibility in stroke settings using TMT and
applying scoring methods relying on conventional TMT scores (e.g., time-to-complete part A and part
B), as well as derived measures (e.g., TMT-(B-A) difference score, TMT-(B/A) ratio score, errors in part
A and part B). We summarize the cognitive processes commonly associated with TMT performance in
stroke patients (e.g., executive functions), lesion characteristics and neuroanatomical underpinning of
TMT performance post-stroke, the association between TMT performance and patients’ instrumental
activities of daily living, motor difficulties, speech difficulties, and mood statue, as well as their
driving ability. We also highlight how TMT can serve as an objective marker of post-stroke cognitive
recovery following the implementation of interventions. Our comprehensive review underscores that
the TMT stands as an invaluable asset in the stroke assessment toolkit, contributing nuanced insights
into diverse cognitive, functional, and emotional dimensions. As research progresses, continued
exploration of the TMT potential across these domains is encouraged, fostering a deeper comprehen-
sion of post-stroke dynamics and enhancing patient-centered care across hospitals, rehabilitation
centers, research institutions, and community health settings. Its integration into both research and
clinical practice reaffirms TMT status as an indispensable instrument in stroke-related evaluations,
enabling holistic insights that extend beyond traditional neurological assessments.
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1. Introduction

The Trail Making Test (TMT) is one of the most commonly administered tests in clinical
and research neuropsychological settings. The two parts of the test (part A (TMT-A) and
part B (TMT-B)) enable the evaluation of visuoperceptual tracking and processing speed
(TMT-A), as well as divided attention, set-shifting, and cognitive flexibility (TMT-B) [1].
Time to complete TMT-A and TMT-B is the most commonly used measure of TMT [1,2];
slowed TMT-B performance compared to TMT-A performance can be a sign of impaired
capacity to modify a plan of action and simultaneously keep two streams of thought [3].
In addition to these direct TMT measures, derived scores have become popular in the last
decades as sensitive measures of cognitive flexibility and executive dysfunction [4–6]. The
most popular derived TMT measures are the difference score (TMT-B − TMT-A; TMT-
(B-A)), the ratio score (TMT-B/TMT-A; TMT-(B/A)), and the proportional score (TMT-B
− TMT-A)/TMT-A; TMT-(B-A/A). Specifically, it has been suggested that the TMT-(B-A)
difference score removes the speed component, minimizes the visuoperceptual and motor
demands, and better assesses the executive control processes [7], while the TMT-(B/A) ratio
score diminishes the influence of psychomotor demands and controls for factors related to
intrasubject variability [5]. Apart from these derived measures, the examination of different
error rates in TMT-A and mostly in TMT-B, i.e., sequential and perseverative errors, yield
valuable information regarding the cognitive mechanisms of processing speed, attention,
and cognitive flexibility [2]. Even though a variety of brain pathologies may influence TMT
performance [1,2], TMT is widely used to evaluate executive dysfunction and prefrontal
pathology [8], while recent neuroimaging studies highlight the importance of other brain
areas as well, such as the parietal cortex [9]. Of note, the executive network includes the
frontal lobe, the lateral parietal lobe, subcortical structures (e.g., anterior thalamus, caudate
nucleus), and the cerebellum [10–13]. All these areas are connected through white matter
tracts, and thus, damage to these structures or their white matter connections could result
in slow processing speed and executive dysfunction [14–16].

Cognitive impairment is a common finding among patients with stroke. The preva-
lence of cognitive impairment is estimated to be between two-thirds and three-quarters
of stroke survivors, depending on the methods applied to assess cognition as well as the
timing of cognitive assessment, i.e., acute, sub-acute, or chronic phase [17–19]. Post-stroke
cognitive impairment is associated with early and enduring changes in patients’ daily living
activities and quality of life, and this association is still present despite methodological
differences in the study design factors (e.g., sample size, patient age, follow-up period) [20].
The main cognitive processes that are assessed using TMT, i.e., processing speed, divided
attention, and cognitive flexibility (i.e., one of the executive processes), are often affected
in patients with stroke. Of note, patients with stroke due to frontal lesions show greater
executive dysfunction than patients with lesions in other regions [21]. Decreased processing
speed is an underlying cause of post-stroke cognitive dysfunction [22], while executive
dysfunction occurs in the majority of stroke patients [23], posing critical obstacles to the
quality of life of these patients [20]. Processing speed and attention deficits remain in the
chronic phase [24], whereas the presence of executive dysfunction early after the stroke
significantly predicts a poor functional outcome one year post-stroke [25]. Previous studies
have also demonstrated an association between executive dysfunction and motor function
in stroke [26], including walking and balance ability, postural control, and gait [27–30].
On the other hand, processing speed and attention are associated with on-road driving
performance [31] and driving simulator data [32], while executive dysfunction has a sig-
nificant impact on driving performance since it diminishes individual resources and risk
awareness [33]. Such an impact has also been reported in stroke survivors [34].

Considering the wide use of TMT in research and clinical settings since its introduction
in neuropsychological practice, the purpose of our review was to provide a comprehensive
review of the use of TMT in stroke patients in an attempt to mainly identify its role for the
evaluation of post-stroke cognitive dysfunction and progression over time, the identification
of the underlying neuroanatomical pathology related to impaired TMT performance, and
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the association with other stroke outcomes, such motor function, driving ability and quality
of life.

2. TMT in Stroke
2.1. TMT: Social and Demographic Factors Associated with the Increased Risk of Executive
Dysfunction after Stroke

The TMT has been used in a variety of research protocols as part of a broader study
design of executive testing due to the fact that post-stroke executive dysfunction is a signif-
icant and independent predictor of functional outcome [35–37]. Demographic factors, such
as gender and educational level, have been correlated with the increased risk of executive
dysfunction after stroke [38,39], while greater cognitive reserve through leisure activity
engagement across life can mitigate the negative effects of stroke [40]. Planning [41] and
goal-setting [42] after stroke are complex processes and require a thorough examination
with a series of assessments to give a more complete picture, taking into account the
structural damage caused by the disease. Along the same lines, Cardoso and colleagues
emphasize the multidimensionality of executive functions and propose a degree of inde-
pendence between logic-based and emotion-based executive processes, which should be
more thoroughly investigated [43]. Another finding that has not been thoroughly studied
is the significant negative effect of binge drinking on the performance of TMT [44].

Addressing the use of the TMT among much younger stroke patients with comor-
bidities presents several nuanced considerations [45]. Younger individuals experiencing
stroke may have distinct comorbidities and varying stroke etiologies, influencing cognitive
function differently [46]. Additionally, the greater neuroplasticity in younger brains may
impact recovery potential, complicating the interpretation of TMT scores [47]. The role of
cognitive reserve and lifestyle factors becomes crucial as younger patients may possess
different coping mechanisms [48]. Psychosocial and vocational implications need to be
considered, recognizing the unique challenges faced by younger survivors [49].

2.2. TMT and Clinical Features

The TMT stands as a cornerstone in neuropsychological assessment, providing valu-
able insights into cognitive function, particularly executive functions and attention. Re-
cent studies have delved into the intricate interplay between TMT performance and
an array of clinical features, unveiling a diverse landscape of connections in various
patient populations.

In a study by Einstad and colleagues, completion time exceeding 167 s on TMT-B
emerged as a key indicator of impaired executive function, shedding light on a threshold
for executive dysfunction in a significant proportion of patients [26]. Mobility and grip
strength were intriguingly linked to global cognitive impairments, executive dysfunction,
and memory impairment, whereas a higher dual-task cost was specifically correlated with
executive dysfunction assessed by TMT-B. Bian and colleagues brought cerebrovascular
health into focus, showcasing how the breath-holding index could serve as an insightful
parameter for evaluating cerebrovascular reserve impairment, particularly in individuals
with leukoaraiosis [50]. This finding adds depth to our understanding of the cognitive
consequences of cerebrovascular health. Jo and colleagues added a new layer of complexity
by demonstrating the interdependence of cognitive function and post-stroke dysphagia
severity [51]. Visual attention and executive functions were pinpointed as influential factors
in the oral phase of swallowing, emphasizing the intricate connection between cognitive
and motor processes.

The predictive power of cognitive assessment tools took center stage in another study
where brief screening instruments exhibited consistent utility, unlike more domain-specific
cognitive tests [52]. This highlights the importance of selecting appropriate tools for accu-
rate cognitive assessment in different clinical contexts. Sörös and colleagues underscored
the limitations of the Mini-Mental State Examination (MMSE) as an independent cognitive
screening tool for transient ischemic attack (TIA) and minor stroke patients [53]. The preva-
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lence of executive dysfunction, particularly in TMT Part A and Part B, further emphasized
the need for comprehensive cognitive assessment tools. Pedersen and colleagues connected
fibrinogen concentrations to cognitive outcomes, emphasizing the role of this factor in
younger stroke patients’ cognitive performance [54]. Interestingly, the association was
specific to TMT-A, indicating distinct patterns of cognitive impairment related to different
cognitive tasks.

In the realm of treatment outcomes, Lattanzi and colleagues demonstrated the po-
tential benefits of endovascular treatment combined with intravenous thrombolysis on
cognitive performance, hinting at promising avenues for enhancing cognitive outcomes in
ischemic stroke patients [55]. Different perspectives opened doors to understanding several
factors driving TMT performance post-stroke. Two recent studies underscored the impact
of genetic and clinical factors on cognitive outcomes [56,57]. Genetic polymorphisms and
clinical conditions like atrial fibrillation were tied to executive dysfunction and cognitive
performance, providing a holistic view of the factors shaping cognitive outcomes. The
links between blood pressure and cognitive performance were also examined, revealing a
more refined relationship independent of sociodemographic and clinical factors, further
contributing to our understanding of the complex relationship between blood pressure and
cognitive health [58].

According to potential biomarkers, Shaheen and colleagues explored the correlation
between serum levels of IL-8 and executive functions in early acute ischemic stroke pa-
tients, opening new avenues for understanding the biological underpinnings of cognitive
impairment [59]. Rosenbaum Halevi and colleagues hinted at the potential impact of
treatment strategies, suggesting a potential cognitive improvement in some cognitive tests
at 90 days post-stroke, highlighting the dynamic nature of cognitive recovery [60]. The
intricate relationship between cerebral blood flow and cognitive function was demonstrated
by Altmann and colleagues, indicating that transcranial Doppler ultrasonography could
serve as an early diagnostic tool for cognitive impairment post-stroke [61]. Another study
ventured into pharmacological interventions, showcasing how fluoxetine administration
might influence cognitive function and serum levels of neurotrophic factors in patients with
vascular cognitive impairment [62]. The longitudinal perspective was provided by Ling and
colleagues, who highlighted the predictive power of systolic blood pressure and lacunes
in assessing cognitive outcomes over time in a specific patient population [63]. Finally,
Kotlega and colleagues delved into fatty acid metabolism’s role in cognitive outcomes,
underscoring the multifaceted interplay between metabolic cascades and stroke-related
cognitive impairment [64].

The collective findings of these studies underscore the significance of TMT in unrav-
eling the intricate relationships between cognitive function and various clinical factors in
the stroke population. The TMT serves not only as an assessment tool but as a window
into the intricate web of cognitive health, offering insights that pave the way for tailored
interventions and a deeper understanding of cognitive outcomes post-stroke.

2.3. TMT and Neuroanatomical Features

The interplay between cognitive functions and neuroanatomical features has become a
focal point for researchers seeking to comprehend the underlying mechanisms of cognitive
impairments resulting from brain lesions.

An intriguing trajectory of TMT-A performance improvement from acute to subacute
phases following stroke is suggested by Dacosta-Aguayo and colleagues [65]. Notably,
better TMT-A performance aligns with higher fractional anisotropy (FA) in specific white
matter tracts, offering insights into the relationship between white matter integrity and
cognitive recovery. Another study unveiled the association between TMT-A completion
time and medial temporal lobe atrophy, as well as global cortical atrophy and lower edu-
cation levels [66]. These findings highlight the potential of structural brain changes and
educational background as rapid indicators of cognitive impairment following transient is-
chemic attacks and mild ischemic strokes. The study by Cipolotti and colleagues challenges
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conventional categorizations by demonstrating no significant differences in frontal execu-
tive tasks among different etiology subgroups [67]. Instead, strong effects of premorbid IQ
and age on cognitive tasks suggest the influence of broader cognitive factors on executive
function. The intricate relationship between executive function, white matter integrity,
stroke characteristics, and cerebrovascular risk is investigated by Veldsman and colleagues,
who emphasize the mediating role of white matter integrity, highlighting its significance
in explaining executive dysfunction and incident stroke, which are both manifestations of
cerebrovascular risk factors [68]. Hagberg and colleagues focus on the relationship between
TMT-A and amyloid deposition and identify that cortical amyloid deposition does not sig-
nificantly correlate with neurodegeneration or cognition in stroke survivors with cognitive
impairment, emphasizing the complexity of post-stroke cognitive decline and the need to
explore additional factors beyond amyloid pathology [69]. A more recent study highlights
the potential for brain compensatory mechanisms following stroke [70]. Increased degree
centrality values in the right parahippocampal gyrus correlate positively with TMT-A and
TMT-B scores, suggesting the brain’s adaptive capacity to promote cognitive recovery.

The neural underpinnings of TMT performance are explored by Singh and colleagues,
highlighting the intricate connection between spatial planning, working memory, and
visual search processes [71]. A recent longitudinal exploration adds a temporal dimension,
demonstrating how incident lacunes are independently associated with incident stroke
and changes in TMT Part B performance. This longitudinal perspective underscores the
long-lasting consequences of structural changes and their impact on cognitive trajectories.
Varjačić and colleagues focus on executive set-switching and underscore the critical role
of the left insular cortex [72]. By identifying the association between lesions in this region
and poorer executive set-switching, the study provides valuable insights into the neural
underpinnings of attentional flexibility. Furthermore, the persistence of the lesion effect,
even after accounting for lower-level cognitive processes, suggests the insula involvement
in higher-order regulatory functions. Another research delves into mental flexibility deficits
and their relationship with damaged neural connections [73]. The study unveils the intri-
cate connectivity patterns linking various cortical and subcortical structures implicated in
cognitive control and attention networks. An investigation into bimanual grasp coordina-
tion following hemispheric strokes underscores the intricate relationship between cognitive
and motor functions [74]. The study describes how lesion side and cognitive processes
interact to influence motor coordination, providing insights into the interplay between
perception, action planning, and lesion site. Jankowska and colleagues’ study highlights
the wide-ranging effects of stroke locations on executive dysfunction. Contrary to expec-
tations, executive dysfunction is not confined to anterior stroke locations; even posterior
and subcortical lesions contribute to the impairment [75]. This underlines the necessity
for tailored treatments based on lesion locations. Shin and colleagues examine cerebellar
strokes and reinforce the role of cerebellar sites in neuropsychological functioning [76]. The
presence of lesions in the right posterior intermediate lobe of the cerebellum correlates with
poorer performance in subtests evaluating executive function, such as TMT, shedding light
on the specific cognitive consequences of cerebellar lesions. The identification of correla-
tions with the TMT performance underscores the importance of considering connectomics
in lesion-symptom mapping, reinforcing the interdependence of regional structures in
shaping cognitive outcomes.

In a recent study, Ferris and colleagues introduce DTI metrics of the anterior thalamic
radiation as potential imaging biomarkers of post-stroke cognitive impairment [77]. The
association between ATR microstructure and processing speed and executive function
performance underscores the value of lesion location-specific metrics in predicting cognitive
outcomes. Muir’s findings reveal associations between larger infarcts, CHIPS severity, and
various metrics of set-shifting and processing speed. Moreover, the association between
left superior longitudinal fasciculus damage and TMT-(B-A) score further elucidates the
role of specific white matter tracts in cognitive performance [78]. Another study utilizes
cluster analysis to classify TMT-B performance groups based on derived measures and
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identifies brain sites associated with different performance levels, emphasizing the role of
specific neural structures in shaping cognitive outcomes during TMT-B completion [79]. In
addition, Kopp and colleagues shed light on the patterns of errors in the TMT-A and TMT-B
tasks [80] in association with lesion patterns. They identify that the number of errors, but
not completion time on the TMT-B, is associated with right hemispheric frontal lesions,
while the prevalence of type B shifting errors suggests a failure to switch between numbers
and letters, indicating the complex nature of cognitive processes involved in these tasks.

In conclusion, the diverse array of studies examining the relationship between the TMT
and neuroanatomical features has provided a multifaceted perspective on the intricate inter-
play between brain lesions and cognitive functions. These investigations have underscored
the localized nature of cognitive deficits, revealed the significance of specific brain regions
such as the insular cortex and parahippocampal gyrus, and illuminated the dynamic role
of white matter integrity in shaping post-stroke cognitive outcomes. Additionally, the
varying impact of lesion side, cognitive domains, and anatomical sites has challenged
conventional categorizations and emphasized the need for tailored interventions. As our
understanding of the complex relationships between brain structure and cognitive function
continues to deepen, these findings offer promising avenues for refining rehabilitation
strategies, personalized treatment plans, and imaging biomarkers to mitigate the cognitive
consequences of brain lesions.

2.4. TMT and Speech Abilities

A recent study highlighted the usefulness of the TMT processing speed component in
assessing the underlying processes related to verbal fluency [81]. Of interest, the association
between TMT processing speed component and verbal fluency remained significant even
after controlling for motor deficits and dysarthria in stroke patients. The study identified
shared cognitive processes contributing to fluency tasks. Lesion analysis highlighted
the role of left lesions involving deep hemispheric structures and specific brain areas in
verbal fluency tasks. In the study of Rajtar-Zembaty and colleagues, patients with aphasia
demonstrated a notably higher number of errors in TMT-B compared to non-aphasia
and dysarthria groups. This deficit in cognitive flexibility within the aphasia group was
associated with dysfunction in the prefrontal cortex, which plays a role in both language
skills and components of executive functions [82]. Another study indicated that TMT
performance, particularly in TMT-B, was below normal for all groups, with only a subset
of aphasics successfully completing the test. The study suggested that TMT might not be
the most suitable tool for evaluating left hemisphere (LH) damage and aphasic patients
due to their specific impairments [83]. Moreover, Niessen and colleagues suggested that
despite clinically relevant cognitive deficits, including aphasia and apraxia, behavioral
impairments related to performance monitoring and error processing in LH stroke patients,
as measured by the TMT, were not evident; executive dysfunction was present based on
TMT scores, but this did not directly translate into observed behavioral impairments in
performance monitoring and error processing [84].

The aforementioned studies collectively suggest that the relationship between the TMT
and speech abilities, particularly in aphasic patients, involves cognitive flexibility, prefrontal
cortex dysfunction, and common neuroanatomical circuits associated with language skills
and executive functions. The suitability of the TMT as an evaluation tool for aphasic
patients varies, and despite observed executive dysfunction, it may not always translate to
significant behavioral impairments in certain tasks.

2.5. TMT and Mood Status

The relationship between the TMT and mood status has been explored through various
studies, revealing insights into cognitive function and emotional well-being. Donnellan and
colleagues did not find any significant correlation between the TMT-(B-A) difference score
and the Hospital Anxiety and Depression Scale (HADS) [85]. The absence of correlations
suggests that the TMT difference score might not be directly linked to mood disturbances
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as assessed by the HADS. Another study examined the relationship between diabetes,
depressive symptoms, stroke severity, and TMT performance [86]. The comorbidity index
of diabetes and depressive symptoms was associated with poorer performance on the TMT-
B (cognitive flexibility and task-switching abilities). However, no significant association
was observed between the comorbidity index and TMT-A (visual attention and processing
speed). Stroke severity and time since stroke were additional predictors of both TMT-A and
TMT-B scores, suggesting complex interactions between medical and mood-related factors
in determining cognitive performance. Patients with post-stroke apathy experienced more
pronounced cognitive impairments and deficits in attention and executive functions; apathy
scale scores were correlated with TMT-A scores at admission and both TMT-A and TMT-B
scores, along with other cognitive tests at discharge [87]. Overall, these studies contribute
to a deeper understanding of how TMT performance is influenced by and may influence
mood-related factors in various contexts.

2.6. TMT and Driving Ability

Neuropsychological test performance on tests that measure cognitive/psychomotor
speed (TMT A) [88] and executive functioning (TMT B) [34] are the most suitable metrics
for predicting driving test outcomes. Some researchers provide optimal cut-off points for
TMT-A and TMT-B that can predict post-stroke unsafe driving, i.e., 32 s for TMT-A and
79 s for TMT-B [89]. The combination of TMT with other neuropsychological tests, such as
the Snellgrove Maze Task [90], the Useful Field of View test for lane maintenance [91], the
Symbol Digit Modalities Test [92], the Rapid Pace Walk test [93] and the Key Search Test of
the BADS [34], provides additional data for the prediction of driving ability. Another variant
of the TMT is the version in the Delis-Kaplan Executive Function System (D-KEFS; [94]). It
has additional tasks on visual search, processing speed, and motor speed, requiring higher
levels of visual exploration and is considered to be a significant predictor of offline motor
learning [95]. Another reliable variant of TMT-B presented by Lee and colleagues, i.e.,
driving TMT-B (DTMT-B), used a driving simulator in three-dimensional spaces to test the
executive functions of drivers [96].

2.7. TMT and Instrumental Activities of Daily Living

The utilization of the TMT-B has proven valuable in evaluating functional autonomy,
extending its applicability beyond the post-acute phase. Notably, it has demonstrated
a modest yet significant ability to anticipate potential constraints in cognitively rooted
Instrumental Activities of Daily Living (IADLs), thus playing a pivotal role in shaping post-
discharge treatment strategies, as demonstrated by Minor and colleagues [97]. Similarly,
Lipskaya-Velikovsky and colleagues embarked on a parallel investigation to assess intricate
routine activities that encompassed tasks demanding advanced planning and vigilant
monitoring [36]. The direct TMT measures (time-to-complete TMT-A and TMT-B) did
not consistently yield dependable prognosticators of functional proficiency. Ghaffari and
colleagues, however, brought to light a noteworthy alternative by highlighting the TMT
(B-A) difference score as the singularly reliable predictor for achieving autonomy in IADL
performance [98]. The collective insights from these studies illuminate the multifaceted
utility of TMT-B, not only in delineating functional autonomy and limitations but also
in guiding therapeutic pathways and interventions tailored to enhance cognitive and
practical independence.

2.8. TMT and Gait Assessment

Numerous studies highlight the interplay between attention, processing speed, and
cognitive flexibility, as assessed by the TMT and gait assessment in stroke patients. Ex-
ecutive dysfunction, a common post-stroke sequel, is often linked to compromised gait
performance [27,99]. Poorer performance on complex gait tests is frequently associated
with worse scores on the TMT, reflecting a shared vulnerability in cognitive and motor
domains [100,101]. Dual-task training interventions targeting both cognitive tasks and
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gait tasks have consistently demonstrated positive effects on executive function and bal-
ance, reinforcing the connection between cognitive demands and gait control in stroke
survivors [102,103]. Despite the reported significant associations between TMT scores
and gait performance, which highlight the importance of processing speed and executive
functions in walking abilities [104,105], there are negative findings as well supporting
that gait performance is not universally linked to cognitive function, as evidenced by
studies reporting no significant correlation between community ambulation and executive
function [106]. This divergence underscores the complexity of their interaction, hinting
at potential modulating factors that determine the extent of post-stroke cognitive-motor
interdependence [107–109].

2.9. TMT in Interventional Studies

The body of research encompassing interventional studies employing the TMT to
assess cognitive function in stroke patients presents a compelling narrative of diverse
approaches yielding positive outcomes [110–122]. Collectively, these studies underscore the
potential of targeted interventions to enhance cognitive abilities, with the TMT serving as a
robust indicator of progress. Another study emphasizes the significance of comprehensive
training interventions, revealing significant improvements in various measures, including
TMT performance, grip strength, and motor function [123]. Another investigation into
virtual reality interventions highlights the role of sensory-motor stimulation in fostering
improvements in TMT-A and TMT-B scores [124]. Moreover, Gjellesvik and colleagues
explored the enduring benefits of interventions by reporting sustained improvements in
TMT-B completion time, potentially attributed to heightened arousal and cerebral blood
volume changes [125]. These findings are buttressed by the results from a recent study,
underscoring the efficacy of cognitive rehabilitation in enhancing cognitive measures,
including TMT-A and TMT-B [126]. The significance of intervention adherence surfaces
in the Ihle-Hansen study, offering an essential aspect to consider in designing effective
cognitive enhancement programs [40]. Interestingly, the advent of technology, such as
virtual reality and interactive video games, introduces a novel dimension to cognitive
rehabilitation [127]. Such interventions not only foster improvements in TMT performance
but also underscore the potential for technology-driven approaches to positively impact
executive function. While the majority of studies point to positive outcomes, a few studies
highlight the complexities of intervention effects [128]. The potential ceiling effect observed
in control groups raises questions about the nuances of experimental design and participant
characteristics that warrant further investigation.

The TMT emerges as a pivotal tool within interventional studies targeting cognitive
function in stroke patients. Its consistent inclusion across diverse interventions under-
scores its significance as a sensitive measure for assessing cognitive improvements. The
TMT’s ability to capture changes in processing speed, attention, and executive function
provides researchers with a standardized and quantifiable metric to gauge the efficacy
of interventions. Its wide applicability, as demonstrated in studies ranging from cog-
nitive rehabilitation to technology-driven approaches, highlights the test’s versatility in
evaluating various intervention modalities. Consequently, the TMT not only serves as
an objective marker of progress but also enables comparisons across studies, facilitating
a comprehensive understanding of the nuanced impacts of interventions on cognitive
recovery post-stroke.

2.10. Limitations of TMT Performance in Stroke Settings

It is important to acknowledge certain limitations associated with TMT performance.
Firstly, TMT performance can be influenced by factors such as age, education, and cultural
background, which may impact the generalizability of findings across diverse popula-
tions. Moreover, TMT primarily assesses executive functions and attention, potentially
overlooking other cognitive domains relevant to stroke outcomes, such as memory or social
cognition. Additionally, TMT sensitivity to specific cognitive deficits may vary, and its
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ability to capture subtle changes in cognitive function over time might be limited. The
interpretation of TMT scores also requires careful consideration of individual differences
in baseline abilities. Furthermore, TMT’s reliance on paper and pencil may not fully re-
flect real-world scenarios, limiting its ecological validity. Despite its widespread use, it
is essential to recognize these limitations when interpreting results and consider com-
plementary assessments to obtain a more comprehensive understanding of post-stroke
cognitive function.

3. Discussion

The present literature review attempts to describe and analyze the use and application
of the TMT in the clinical field of stroke. To the best of our knowledge, no such attempt
has previously occurred despite the widespread use of TMT in stroke studies. Through
a comprehensive review of the literature in the last decade, we provide a conceptual
framework of the available findings, further highlighting potential gaps and challenges of
the application of TMT in clinical and research settings (Figure 1).
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Figure 1. A graphical representation of the cognitive processes assessed using TMT and the main
neuropsychological indices of the test, as well as its usefulness in stroke studies.

The association between TMT performance and IADLs underscores the clinical rele-
vance of TMT in predicting individuals’ capacity to navigate daily life tasks independently,
making it pertinent for rehabilitation centers and long-term care facilities. Moreover, its
role in assessing driving ability reveals its potential for safeguarding not only the patient
but also the broader community, indicating its importance in assessing fitness to drive and
informing licensing authorities.

The integration of TMT into executive function testing illuminates its pivotal role in re-
vealing deficits in higher-order cognitive processes, aiding clinicians in formulating tailored
rehabilitation strategies for stroke survivors seeking to regain cognitive and functional
independence. Its linkage to gait assessment emphasizes the intricate interplay between
cognitive and motor functions, offering novel insights into post-stroke mobility issues,
thereby finding application in physical therapy and geriatric care settings. Of note, the ef-
fectiveness of new technologies, such as exoskeleton-assisted gait [129] and robotic-assisted
rehabilitation [130], may be highly related to adequate patients’ mental processing speed,
attentional shift, and cognitive flexibility status, and thus such knowledge may assist in
better patients’ stratification and goal setting identification both at baseline and follow-up

The correlation between TMT outcomes and speech abilities underscores its sensitivity
to language-related impairments post-stroke, making it a crucial tool in speech therapy in-
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terventions. Equally noteworthy is the potential of TMT to capture mood status, facilitating
a more comprehensive understanding of the emotional toll of stroke and aiding in holistic
patient management, which is relevant in both clinical and psychological support contexts.

The incorporation of TMT within interventional studies holds promise for refining
therapeutic approaches and measuring treatment efficacy, contributing to the advancement
of stroke rehabilitation protocols in research institutions and clinical trials. Its robustness
in capturing clinical and neuroanatomical features further underscores its potential as
a biomarker for stroke severity and lesion localization, which has implications for both
academic research and diagnostic settings. Considering the role of endogenic factors in
stroke prevalence, such as gene polymorphisms [131], the synergistic effect of specific
genotypes on processing speed and attentional shift/mental flexibility post-stroke should
be examined.

Therefore, our comprehensive review underscores that the TMT stands as an invalu-
able asset in the stroke assessment toolkit, contributing nuanced insights into diverse
cognitive, functional, and emotional dimensions. As research progresses, continued ex-
ploration of the TMT potential across these domains is encouraged, fostering a deeper
comprehension of post-stroke dynamics and enhancing patient-centered care across hos-
pitals, rehabilitation centers, research institutions, and community health settings. Its
integration into both research and clinical practice reaffirms TMT status as an indispensable
instrument in stroke-related evaluations, enabling holistic insights that extend beyond
traditional neurological assessments.

Strengths of this comprehensive review include a rigorous and comprehensive database
search covering a wide array of topics, ranging from TMT associations with cognitive and
functional outcomes to its implications in various domains, such as driving ability, ex-
ecutive functions, mood status, and more. This breadth of coverage ensures a holistic
understanding of TMT’s multifaceted utility within the context of stroke assessment. Sec-
ondly, the incorporation of diverse sources of evidence, including RCTs, original studies,
clinical trials, and theoretical frameworks, lends depth to the analysis and strengthens
the conclusions drawn. Additionally, the emphasis on the applicability of TMT findings
in clinical and research frameworks underscores the practical relevance of the review’s
insights. The present review has some limitations that need to be addressed. The review’s
reliance on existing literature up to a certain knowledge cutoff date could potentially omit
relevant studies published afterward. The diversity of stroke populations, varying degrees
of stroke severity, and individual patient characteristics might introduce heterogeneity in
the results across studies, potentially influencing the generalizability of the findings. The
diversity and the number of surveys included did not allow for a quality assessment of the
included studies nor a meta-analysis of the results. Due to the comprehensive nature of the
present review and the heterogeneity of sample characteristics of different studies, we did
not specifically focus on the TMT performance in different stroke types. Future systematic
reviews and meta-analyses can certainly capture the full spectrum of cognitive outcomes in
processing speed and attentional shift/cognitive flexibility (TMT-part A and TMT-part B,
respectively) and enhance the applicability of findings across different stroke etiologies.

Future research endeavors in the realm of the TMT and stroke assessment hold great
promise for refining clinical practice and advancing our knowledge. Longitudinal studies
tracking TMT performance over time can illuminate cognitive recovery trajectories post-
stroke, while investigations into the predictive validity of TMT scores can establish its
role as a prognostic tool. Exploring neuroplasticity and cognitive training interventions
in relation to TMT performance can uncover avenues for enhancing recovery. Integrat-
ing TMT with neuroimaging can deepen our understanding of its neural correlates, and
accounting for cultural and linguistic factors can lead to culturally sensitive assessments.
The feasibility of technology integration, the role of TMT in special populations, and com-
bining it with other assessments all offer avenues for comprehensive stroke evaluations.
Continual standardization efforts and updated norms ensure TMT’s consistent and reliable
use. Overall, these research directions can enrich stroke rehabilitation strategies, bolster
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patient outcomes, and advance our comprehension of cognitive function and post-stroke
recovery dynamics.

4. Conclusions

In conclusion, the TMT emerges as a versatile and valuable neuropsychological tool
with significant implications for stroke-related assessments. Our comprehensive review of
its applications within the stroke population highlights its multifaceted utility in evaluating
various domains of cognitive and functional abilities, spanning both acute and chronic
phases of stroke recovery.
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82. Rajtar-Zembaty, A.; Zielińska, D.; Bober-Płonka, B.; Starowicz-Filip, A.; Rajtar-Zembaty, J.; Nowak, R.; Przewłocki, R. Application
of the Trail Making Test in the assessment of cognitive flexibility in patients with speech disorders after ischaemic cerebral stroke.
Aktual. Neurol. 2015, 2015, 11–17. [CrossRef]

83. Bonini, M.V.; Radanovic, M. Cognitive deficits in post-stroke aphasia. Arq. De. Neuro-Psiquiatr. 2015, 73, 840–847. [CrossRef]
[PubMed]

84. Niessen, E.; Ant, J.M.; Bode, S.; Saliger, J.; Karbe, H.; Fink, G.R.; Stahl, J.; Weiss, P.H. Preserved performance monitoring and error
detection in left hemisphere stroke. NeuroImage Clin. 2020, 27, 102307. [CrossRef] [PubMed]

85. Donnellan, C.; Al Banna, M.; Redha, N.; Al Sharoqi, I.; Al-Jishi, A.; Bakhiet, M.; Taha, S.; Abdulla, F. Association Between
Metacognition and Mood Symptoms Poststroke. J. Geriatr. Psychiatry Neurol. 2016, 29, 212–220. [CrossRef]

86. Swardfager, W.; MacIntosh, B.J. Depression, Type 2 Diabetes, and Poststroke Cognitive Impairment. Neurorehabil. Neural Repair.
2017, 31, 48–55. [CrossRef] [PubMed]

87. Kawasaki, M.; Hoshiyama, M. Apathy and depression during the recovery stage after stroke. Int. J. Ther. Rehabil. 2020, 27, 1–12.
[CrossRef]

88. Aslaksen, P.M.; Ørbo, M.; Elvestad, R.; Schäfer, C.; Anke, A. Prediction of on-road driving ability after traumatic brain injury and
stroke. Eur. J. Neurol. 2013, 20, 1227–1233. [CrossRef]

89. Choi, S.Y.; Lee, J.S.; Oh, Y.J. Cut-off point for the trail making test to predict unsafe driving after stroke. J. Phys. Ther. Sci. 2016, 28,
2110–2113. [CrossRef]

https://doi.org/10.1371/journal.pone.0086119
https://www.ncbi.nlm.nih.gov/pubmed/24475078
https://doi.org/10.31083/j.jin.2020.02.14
https://www.ncbi.nlm.nih.gov/pubmed/32706195
https://doi.org/10.1016/j.neuropsychologia.2014.12.025
https://doi.org/10.1038/s41598-020-75074-w
https://doi.org/10.1186/s12883-020-01753-w
https://doi.org/10.1016/j.brainres.2022.148125
https://doi.org/10.1152/jn.00561.2016
https://doi.org/10.1016/j.cortex.2017.11.009
https://doi.org/10.1016/j.cortex.2023.04.007
https://www.ncbi.nlm.nih.gov/pubmed/37253289
https://doi.org/10.1007/s00221-022-06419-2
https://www.ncbi.nlm.nih.gov/pubmed/35869986
https://doi.org/10.17219/acem/63138
https://www.ncbi.nlm.nih.gov/pubmed/29068571
https://doi.org/10.5535/arm.2017.41.6.924
https://www.ncbi.nlm.nih.gov/pubmed/29354568
https://doi.org/10.1016/j.nicl.2022.103174
https://www.ncbi.nlm.nih.gov/pubmed/36067614
https://doi.org/10.1161/STROKEAHA.115.009936
https://www.ncbi.nlm.nih.gov/pubmed/26382176
https://doi.org/10.3389/fneur.2022.853942
https://doi.org/10.1155/2015/309235
https://doi.org/10.1016/j.cortex.2023.03.013
https://doi.org/10.15557/AN.2015.0002
https://doi.org/10.1590/0004-282X20150133
https://www.ncbi.nlm.nih.gov/pubmed/26465401
https://doi.org/10.1016/j.nicl.2020.102307
https://www.ncbi.nlm.nih.gov/pubmed/32570207
https://doi.org/10.1177/0891988716640374
https://doi.org/10.1177/1545968316656054
https://www.ncbi.nlm.nih.gov/pubmed/27364648
https://doi.org/10.12968/ijtr.2018.0070
https://doi.org/10.1111/ene.12172
https://doi.org/10.1589/jpts.28.2110


Neurol. Int. 2024, 16 224

90. Barco, P.P.; Wallendorf, M.J.; Snellgrove, C.A.; Ott, B.R.; Carr, D.B. Predicting road test performance in drivers with stroke. Am. J.
Occup. Ther. 2014, 68, 221–229. [CrossRef]

91. Hird, M.A.; Vesely, K.A.; Tasneem, T.; Saposnik, G.; Macdonald, R.L.; Schweizer, T.A. A case-control study investigating simulated
driving errors in ischemic stroke and subarachnoid hemorrhage. Front. Neurol. 2018, 9, 54. [CrossRef]

92. Kobayashi, Y.; Omokute, Y.; Mitsuyama, A.; Takaoka, Y.; Takama, C.; Watanabe, Y. Predictors of track test performance in drivers
with stroke. Turk. Neurosurg. 2017, 27, 530–536. [CrossRef]

93. Tiu, J.; Harmon, A.C.; Stowe, J.D.; Zwa, A.; Kinnear, M.; Dimitrov, L.; Nolte, T.; Carr, D.B. Feasibility and validity of a low-cost
racing simulator in driving assessment after stroke. Geriatrics 2020, 5, 35. [CrossRef] [PubMed]

94. Delis-Kaplan Executive Function System. Im Internet. Available online: https://www.pearsonassessments.com/store/
usassessments/en/Store/Professional-Assessments/Cognition-&-Neuro/Delis-Kaplan-Executive-Function-System/p/1000
00618.html (accessed on 18 January 2024).

95. Al-Dughmi, M.; Al-Sharman, A.; Stevens, S.; Siengsukon, C.F. Executive function is associated with off-line motor learning in
people with chronic stroke. J. Neurol. Phys. Ther. 2017, 41, 101–106. [CrossRef] [PubMed]

96. Lee, S.; Lee, J.A.; Choi, H. Driving trail making test part B: A variant of the TMT-B. J. Phys. Ther. Sci. 2016, 28, 148–153. [CrossRef]
[PubMed]

97. Minor, M.; Jaywant, A.; Toglia, J.; Campo, M.; O’Dell, M.W. Discharge Rehabilitation Measures Predict Activity Limitations in
Patients With Stroke 6 Months After Inpatient Rehabilitation. Am. J. Phys. Med. Rehabil. 2022, 101, 761–767. [CrossRef]

98. Ghaffari, A.; Rostami, H.R.; Akbarfahimi, M. Predictors of Instrumental Activities of Daily Living Performance in Patients with
Stroke. Occup. Ther. Int. 2021, 2021, 6675680. [CrossRef]

99. Singh, T.; Perry, C.M.; Fritz, S.L.; Fridriksson, J.; Herter, T.M. Eye Movements Interfere With Limb Motor Control in Stroke
Survivors. Neurorehabil. Neural Repair. 2018, 32, 724–734. [CrossRef]

100. Hamre, C.; Fure, B.; Helbostad, J.L.; Wyller, T.B.; Ihle-Hansen, H.; Vlachos, G.; Ursin, M.H.; Tangen, G.G. Impairments in spatial
navigation during walking in patients 70 years or younger with mild stroke. Top. Stroke Rehabil. 2020, 27, 601–609. [CrossRef]

101. Park, M.-O.; Lee, S.-H. Effects of cognitive-motor dual-Task training combined with auditory motor synchronization training on
cognitive functioning in individuals with chronic stroke. Medicine 2018, 97, e10910. [CrossRef]

102. Kim, J.; Yim, J. Effects of an exercise protocol for improving handgrip strength and walking speed on cognitive function in
patients with chronic stroke. Med. Sci. Monit. 2017, 23, 5402–5409. [CrossRef]

103. Park, M.-O.; Lee, S.-H. Effect of a dual-task program with different cognitive tasks applied to stroke patients: A pilot randomized
controlled trial. NeuroRehabilitation 2019, 44, 239–249. [CrossRef]

104. Sakai, K.; Hosoi, Y.; Harada, Y. Walking Ability Associated with Executive Dysfunction in Patients with Stroke: A Cross-Sectional
Study. Brain Sci. 2023, 13, 627. [CrossRef] [PubMed]

105. Uwa-Agbonikhena, I.F.; Gryb, V.A.; Gerasymchuk, V.R. Associations between the upper extremity function and cognition in
post-stroke patients. Wiad. Lek. 2021, 74, 1917–1920. [CrossRef] [PubMed]

106. Durcan, S.; Flavin, E.; Horgan, F. Factors associated with community ambulation in chronic stroke. Disabil. Rehabil. 2016, 38,
245–249. [CrossRef]

107. Baek, C.Y.; Yoon, H.S.; Kim, H.D.; Kang, K.Y. The Effect of the Degree of Dual-Task Interference on Gait, Dual-Task Cost, Cognitive
Ability, Balance, and Fall Efficacy in People with Stroke A Cross-Sectional Study. Medicine 2021, 100, E26275. [CrossRef] [PubMed]

108. Tanabe, J.; Amimoto, K.; Sakai, K.; Osaki, S.; Yoshihiro, N.; Kataoka, T. Effects and Adaptation of Visual-Motor Illusion Using
Different Visual Stimuli on Improving Ankle Joint Paralysis of Stroke Survivors—A Randomized Crossover Controlled Trial.
Brain Sci. 2022, 12, 1249. [CrossRef] [PubMed]

109. Teuschl, Y.; Ihle-Hansen, H.; Matz, K.; Dachenhausen, A.; Ratajczak, P.; Tuomilehto, J.; Ursin, M.H.; Hagberg, G.; Thommessen, B.;
Øksengård, A.R.; et al. Multidomain Intervention for the Prevention of Cognitive Decline after Stroke—A Pooled Patient-Level
Data Analysis. Eur. J. Neurol. 2018, 25, 1182–1188. [CrossRef]

110. Bo, W.; Lei, M.; Tao, S.; Jie, L.T.; Qian, L.; Lin, F.Q.; Ping, W.X. Effects of combined intervention of physical exercise and cognitive
training on cognitive function in stroke survivors with vascular cognitive impairment: A randomized controlled trial. Clin.
Rehabil. 2019, 33, 54–63. [CrossRef]

111. Haire, C.M.; Vuong, V.; Tremblay, L.; Patterson, K.K.; Chen, J.L.; Thaut, M.H. Effects of therapeutic instrumental music
performance and motor imagery on chronic post-stroke cognition and affect: A randomized controlled trial. NeuroRehabilitation
2021, 48, 195–208. [CrossRef]

112. Hara, T.; Abo, M.; Kakita, K.; Masuda, T.; Yamazaki, R. Does a combined intervention program of repetitive transcranial magnetic
stimulation and intensive occupational therapy affect cognitive function in patients with post-stroke upper limb hemiparesis?
Neural Regen. Res. 2016, 11, 1932–1939. [CrossRef]

113. Huber, S.K.; Held, J.P.O.; de Bruin, E.D.; Knols, R.H. Personalized Motor-Cognitive Exergame Training in Chronic Stroke
Patients—A Feasibility Study. Front. Aging Neurosci. 2021, 13, 730801. [CrossRef]

114. Kim, T.-G.; Bae, S.-H.; Kim, K.-Y. Effects of dual-task training with different intensity of aerobic exercise on cognitive function and
neurotrophic factors in chronic stroke patients. Res. J. Pharm. Technol. 2019, 12, 693–698. [CrossRef]

115. Bonkhoff, A.K.; Schirmer, M.D.; Bretzner, M.; Etherton, M.; Donahue, K.; Tuozzo, C.; Nardin, M.; Giese, A.; Wu, O.; Calhoun, V.D.;
et al. Abnormal dynamic functional connectivity is linked to recovery after acute ischemic stroke. Hum. Brain Mapp. 2021, 42,
2278–2291. [CrossRef] [PubMed]

https://doi.org/10.5014/ajot.2014.008938
https://doi.org/10.3389/fneur.2018.00054
https://doi.org/10.5137/1019-5149.JTN.17358-16.1
https://doi.org/10.3390/geriatrics5020035
https://www.ncbi.nlm.nih.gov/pubmed/32485824
https://www.pearsonassessments.com/store/usassessments/en/Store/Professional-Assessments/Cognition-&-Neuro/Delis-Kaplan-Executive-Function-System/p/100000618.html
https://www.pearsonassessments.com/store/usassessments/en/Store/Professional-Assessments/Cognition-&-Neuro/Delis-Kaplan-Executive-Function-System/p/100000618.html
https://www.pearsonassessments.com/store/usassessments/en/Store/Professional-Assessments/Cognition-&-Neuro/Delis-Kaplan-Executive-Function-System/p/100000618.html
https://doi.org/10.1097/NPT.0000000000000170
https://www.ncbi.nlm.nih.gov/pubmed/28263253
https://doi.org/10.1589/jpts.28.148
https://www.ncbi.nlm.nih.gov/pubmed/26957747
https://doi.org/10.1097/PHM.0000000000001908
https://doi.org/10.1155/2021/6675680
https://doi.org/10.1177/1545968318790016
https://doi.org/10.1080/10749357.2020.1755814
https://doi.org/10.1097/MD.0000000000010910
https://doi.org/10.12659/MSM.904723
https://doi.org/10.3233/NRE-182563
https://doi.org/10.3390/brainsci13040627
https://www.ncbi.nlm.nih.gov/pubmed/37190592
https://doi.org/10.36740/WLek202108124
https://www.ncbi.nlm.nih.gov/pubmed/34537743
https://doi.org/10.3109/09638288.2015.1035460
https://doi.org/10.1097/MD.0000000000026275
https://www.ncbi.nlm.nih.gov/pubmed/34128859
https://doi.org/10.3390/brainsci12091249
https://www.ncbi.nlm.nih.gov/pubmed/36138985
https://doi.org/10.1111/ene.13684
https://doi.org/10.1177/0269215518791007
https://doi.org/10.3233/NRE-208014
https://doi.org/10.4103/1673-5374.197134
https://doi.org/10.3389/fnagi.2021.730801
https://doi.org/10.5958/0974-360X.2019.00123.9
https://doi.org/10.1002/hbm.25366
https://www.ncbi.nlm.nih.gov/pubmed/33650754


Neurol. Int. 2024, 16 225

116. Liu, Y.; Yin, M.; Luo, J.; Huang, L.; Zhang, S.; Pan, C.; Hu, X. Effects of transcranial magnetic stimulation on the performance of
the activities of daily living and attention function after stroke: A randomized controlled trial. Clin. Rehabil. 2020, 34, 1465–1473.
[CrossRef]

117. Nilsson, M.K.L.; Johansson, B.; Carlsson, M.L.; Schuit, R.C.; Rönnbäck, L. Effect of the monoaminergic stabiliser (−)-OSU6162 on
mental fatigue following stroke or traumatic brain injury. Acta Neuropsychiatr. 2020, 32, 303–312. [CrossRef] [PubMed]

118. Rozental-Iluz, C.; Zeilig, G.; Weingarden, H.; Rand, D. Improving executive function deficits by playing interactive video-games:
Secondary analysis of a randomized controlled trial for individuals with chronic stroke. Eur. J. Phys. Rehabil. Med. 2016, 52,
508–515. [PubMed]

119. Tanikaga, M.; Muzuno, J.; Tanaka, M.; Hoshiyama, M. Assessment of attention function recovery in patients after stroke using
sequential desk-top tasks. Int. J. Ther. Rehabil. 2018, 25, 665–674. [CrossRef]

120. Torrisi, M.; Maresca, G.; De Cola, M.C.; Cannavò, A.; Sciarrone, F.; Silvestri, G.; Bramanti, A.; Luca, R.D.; Calabrò, R.S. Using
telerehabilitation to improve cognitive function in post-stroke survivors: Is this the time for the continuity of care? Int. J. Rehabil.
Res. 2019, 42, 344–351. [CrossRef] [PubMed]

121. Wang, Y.; Ye, M.; Tong, Y.; Xiong, L.; Wu, X.; Geng, C.; Zhang, W.; Dai, Z.; Tian, W.; Rong, J. Effects of robot-assisted therapy on
upper limb and cognitive function in patients with stroke: Study protocol of a randomized controlled study. Trials 2022, 23, 538.
[CrossRef]

122. Wolf, T.J.; Polatajko, H.; Baum, C.; Rios, J.; Cirone, D.; Doherty, M.; McEwen, S. Combined Cognitive-Strategy and Task-Specific
Training Affects Cognition and Upper-Extremity Function in Subacute Stroke: An Exploratory Randomized Controlled Trial. Am.
J. Occup. Ther. Off. Publ. Am. Occup. Ther. Assoc. 2016, 70, 7002290010p1–7002290010p10. [CrossRef]

123. Lee, H.-S.; Lim, J.-H.; Jeon, B.-H.; Song, C.-S. Non-immersive Virtual Reality Rehabilitation Applied to a Task-oriented Approach
for Stroke Patients: A Randomized Controlled Trial. Restor. Neurol. Neurosci. 2020, 38, 165–172. [CrossRef]

124. Kim, D.; Ko, J.; Woo, Y. Effects of dual task training with visual restriction and an unstable base on the balance and attention of
stroke patients. J. Phys. Ther. Sci. 2013, 25, 1579–1582. [CrossRef] [PubMed]

125. Gjellesvik, T.I.; Becker, F.; Tjønna, A.E.; Indredavik, B.; Lundgaard, E.; Solbakken, H.; Brurok, B.; Tørhaug, T.; Lydersen, S.;
Askim, T. Effects of High-Intensity Interval Training After Stroke (The HIIT Stroke Study) on Physical and Cognitive Function: A
Multicenter Randomized Controlled Trial. Arch. Phys. Med. Rehabil. 2021, 102, 1683–1691. [CrossRef] [PubMed]

126. Jung, H.; Jeong, J.-G.; Cheong, Y.-S.; Nam, T.-W.; Kim, J.-H.; Park, C.-H.; Park, E.; Jung, T.-D. The effectiveness of computer-assisted
cognitive rehabilitation and the degree of recovery in patients with traumatic brain injury and stroke. J. Clin. Med. 2021, 10, 5728.
[CrossRef] [PubMed]

127. Liu, Z.; He, Z.; Yuan, J.; Lin, H.; Fu, C.; Zhang, Y.; Wang, N.; Li, G.; Bu, J.; Chen, M.; et al. Application of Immersive Virtual-
Reality-Based Puzzle Games in Elderly Patients with Post-Stroke Cognitive Impairment: A Pilot Study. Brain Sci. 2023, 13, 79.
[CrossRef] [PubMed]

128. Pallesen, H.; Bjerk, M.; Pedersen, A.R.; Nielsen, J.F.; Evald, L. The Effects of High-Intensity Aerobic Exercise on Cognitive
Performance After Stroke: A Pilot Randomised Controlled Trial. J. Cent. Nerv. Syst. Dis. 2019, 11, 1–10. [CrossRef] [PubMed]

129. Caliandro, P.; Molteni, F.; Simbolotti, C.; Guanziroli, E.; Iacovelli, C.; Reale, G.; Giovannini, S.; Padua, L. Exoskeleton-assisted gait
in chronic stroke: An EMG and functional near-infrared spectroscopy study of muscle activation patterns and prefrontal cortex
activity. Clin. Neurophysiol. 2020, 131, 1775–1781. [CrossRef]

130. Castelli, L.; Iacovelli, C.; Loreti, C.; Malizia, A.M.; Barone Ricciardelli, I.; Tomaino, A.; Fusco, A.; Biscotti, L.; Padua, L.; Giovannini,
S. Robotic-assisted rehabilitation for balance in stroke patients (ROAR-S): Effects of cognitive, motor and functional outcomes.
Eur. Rev. Med. Pharmacol. Sci. 2023, 27, 8198–8211. [CrossRef]

131. Biscetti, F.; Straface, G.; Giovannini, S.; Santoliquido, A.; Angelini, F.; Santoro, L.; Porreca, C.F.; Pecorini, G.; Ghirlanda, G.; Flex, A.
Association between TNFRSF11B gene polymorphisms and history of ischemic stroke in Italian diabetic patients. Hum. Genet.
2013, 132, 49–55. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/0269215520946386
https://doi.org/10.1017/neu.2020.22
https://www.ncbi.nlm.nih.gov/pubmed/32418546
https://www.ncbi.nlm.nih.gov/pubmed/26761562
https://doi.org/10.12968/ijtr.2018.25.12.665
https://doi.org/10.1097/MRR.0000000000000369
https://www.ncbi.nlm.nih.gov/pubmed/31464812
https://doi.org/10.1186/s13063-022-06361-2
https://doi.org/10.5014/ajot.2016.017293
https://doi.org/10.3233/RNN-190975
https://doi.org/10.1589/jpts.25.1579
https://www.ncbi.nlm.nih.gov/pubmed/24409024
https://doi.org/10.1016/j.apmr.2021.05.008
https://www.ncbi.nlm.nih.gov/pubmed/34102144
https://doi.org/10.3390/jcm10245728
https://www.ncbi.nlm.nih.gov/pubmed/34945019
https://doi.org/10.3390/brainsci13010079
https://www.ncbi.nlm.nih.gov/pubmed/36672060
https://doi.org/10.1177/1179573519843493
https://www.ncbi.nlm.nih.gov/pubmed/31040737
https://doi.org/10.1016/j.clinph.2020.04.158
https://doi.org/10.26355/eurrev_202309_33580
https://doi.org/10.1007/s00439-012-1224-9

	Introduction 
	TMT in Stroke 
	TMT: Social and Demographic Factors Associated with the Increased Risk of Executive Dysfunction after Stroke 
	TMT and Clinical Features 
	TMT and Neuroanatomical Features 
	TMT and Speech Abilities 
	TMT and Mood Status 
	TMT and Driving Ability 
	TMT and Instrumental Activities of Daily Living 
	TMT and Gait Assessment 
	TMT in Interventional Studies 
	Limitations of TMT Performance in Stroke Settings 

	Discussion 
	Conclusions 
	References

