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Abstract: Recent advances in diagnoses, management, and rehabilitation have had a significant
impact to reduce mortality and functional recovery in stroke patients. In spite of these medical
advances, many stroke survivors still suffer from significant disabilities. Stroke is a complex disease
caused by a combination of multiple risk factors. Therefore, personalized medicine is more important
than any other field to overcome the limitations of current stroke management and rehabilitation. It is
necessary to apply accurate evaluation for functions and a personalized approach in consideration of
various characteristics of each stroke patient to improve function. The objective of this Special Issue
is to inform the recent scientific knowledge, current limitations, and challenges for an individually
tailored strategy in the areas of diagnosis, treatment, and rehabilitation of stroke. A multidisciplinary
approach and research will be strongly encouraged for personalized medicine in the field of stroke
treatment and rehabilitation.
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Stroke is a leading cause of morbidity and mortality in the world [1]. Recent advances
in diagnoses, management, and rehabilitation have had a significant impact on reducing
mortality and functional recovery in stroke patients [2,3]. In spite of these medical advances,
many stroke survivors still suffer from significant disability [4], and disability after stroke
remains a burden to patients, caregivers, and society [5]. Most of the studies on stroke
treatment and rehabilitation so far have been proposed through the analysis of average
stroke patients [3]. Stroke is a complex disease caused by a combination of multiple risk
factors [6]. Therefore, personalized medicine is more important than any other field in
order to overcome the limitations of current stroke treatment. Recently, several review
papers discuss the importance and necessity of a personalized approach to stroke treatment
and rehabilitation [3,6,7].
It is necessary to apply accurate evaluation for functions and personalized treatment
methods in consideration of the various characteristics of each stroke patient. In order
to propose a new personalized treatment, the check should be performed first for the
common treatment methods that have been widely used. Stretching has been most widely
used in the physical management of post-stroke spasticity [8]. However, no conclusive
evidence was analyzed on the effectiveness of stretching for post-stroke spasticity [9].
This meta-analysis proposed an individual stretching method based on stroke patients’
characteristics [9]. Zhang et al. [10] reported that endovascular coil embolization for
aneurysmal subarachnoid hemorrhage (SAH) showed a higher risk than surgical clipping.
In addition, they also reported that other independent poor prognostic factors were male
sex, older age, hypertension, congestive heart failure, diabetes, and previous stroke for
vasospasm and re-stroke. Through this paper [10], it would be helpful for an individual
approach in selecting a treatment method for patients with aneurysmal SAH.
The understanding of the functional recovery mechanism should also be preceded
by the development of novel personalized therapy in stroke patients. Kim and Kang [11]
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reported the changes in structural connectivity of the bilateral hemispheres according to
the time following the stroke, and Lee et al. [12] reported that the conditional role of the
corticocerebellar tract depends on corticospinal tract status for upper extremity recovery
in stroke patients. Park et al. [13] suggested that the alterations in the spinothalamic tract
and superior thalamic radiation could be the pathogenesis of central post-stroke pain.
Ko et al. [14] reported that one of the pathophysiologies of post-stroke spasticity might
be corticoreticular pathway injury. These insightful articles [11–14] could provide useful
information about personalized rehabilitative strategies in stroke patients.
Rapid advances in robotics, virtual reality, and artificial intelligence have led to the
use of new technologies in the areas of stroke treatment and rehabilitation. Major et al. [15]
reported the study on the practical use of robotic systems, and Lee et al. [16] reported
that a deep model in a 3D convolutional neural network using video data recorded by a
smartphone could classify dependence in ambulation in stroke patients. Luque-Moreno
et al. [17] suggested that the intervention with virtual reality could be a feasible treatment
in stroke patients. These studies [15–17] are expected to be used as new measurements and
advanced treatment methods in stroke patients.
New advanced treatment methods have been reported for stroke patients. However,
such new treatment methods cannot be effective for all stroke patients. Therefore, it
is very important to study which patients are suitable for the new treatment method.
In order to apply individual treatment, research on the mechanism of action of a new
treatment method is also essential. Lee et al. [18] reported the change of cortical activity
by high-definition transcranial direct current stimulation (HD-tDCS) and Chang et al. [19]
showed the potential mechanisms of Cerebrolysin for improving motor function in stroke
patients [19]. Recent studies suggested appropriate indications for stem cell therapy [20]
and transcranial direct current stimulation (tDCS) [21]. Each age and stroke duration from
onset to treatment could be considered for personalized mesenchymal stem cell therapy
for ischemic stroke patients [20]. Catechol-O-methyltransferase polymorphism could be
used to select the proper candidate of tDCS for dysphagia in stroke patients [21]. This
article is meaningful in that genetic factors might be considered in stroke treatment. These
reports [18–21] might be used as references for personalized stroke therapy in the future.
Personalized medicine is a growing field in diagnosing, managing and predicting
stroke and will enable clinicians to develop individually tailored care plans for stroke
patients [3,6,7,22]. All papers published in this Special Issue will be able to contribute to
the advance of personalized medicine in strokes [9–21]. The objective of this editorial is
to stimulate any research on personalized medicine for the evaluation and treatment of
stroke patients.
It is expected that personalized medicine for the evaluation and treatment of stroke
patients will continue to develop in the future. However, there are still many hurdles to
overcome to reach personalized medicine for stroke patients. Through the papers published
in this Special Issue [9–21], it was found that a number of factors must be considered, and
a new and diverse approach was also required for personalized medicine. Therefore, a
multidisciplinary approach and research are strongly encouraged for the personalized
medicine of stroke treatment and rehabilitation.
Funding: This research was supported by a grant of the Korea Health Technology R&D Project
through the Korea Health Industry Development Institute (KHIDI), funded by the Ministry of Health
Welfare, Republic of Korea (grant number: HR21C0885).
Conflicts of Interest: The author declares no conflict of interest.

References
1.
2.
3.

Murray, C.J.; Lopez, A.D. Measuring the global burden of disease. N. Engl. J. Med. 2013, 369, 448–457. [CrossRef]
Fortinsky, R.H.; Granger, C.V.; Seltzer, G.B. The use of functional assessment in understanding home care needs. Med. Care 1981,
19, 489–497. [CrossRef]
Bonkhoff, A.K.; Grefkes, C. Precision medicine in stroke: Towards personalized outcome predictions using artificial intelligence.
Brain 2022, 145, 457–475. [CrossRef]

J. Pers. Med. 2022, 12, 822

4.
5.
6.
7.
8.
9.

10.

11.
12.
13.
14.
15.

16.
17.

18.
19.

20.

21.
22.

3 of 3

Braddom, R.L. Physical Medicine and Rehabilitation, 3rd ed.; Elsevier Saunders: Edinburgh, UK, 2007; p. xii, 1472p.
Barker-Collo, S.; Feigin, V.L.; Parag, V.; Lawes, C.M.; Senior, H. Auckland Stroke Outcomes Study. Part 2: Cognition and functional
outcomes 5 years poststroke. Neurology 2010, 75, 1608–1616. [CrossRef]
Kim, J.; Thrift, A.G.; Nelson, M.R.; Bladin, C.F.; Cadilhac, D.A. Personalized medicine and stroke prevention: Where are we? Vasc.
Health Risk Manag. 2015, 11, 601–611. [CrossRef]
Meschia, J.F.; Dichgans, M. Genetics, Genomics, and Precision Medicine. Stroke 2021, 52, 3385–3387. [CrossRef]
Bovend’Eerdt, T.J.; Newman, M.; Barker, K.; Dawes, H.; Minelli, C.; Wade, D.T. The effects of stretching in spasticity: A systematic
review. Arch. Phys. Med. Rehabil. 2008, 89, 1395–1406. [CrossRef]
Gomez-Cuaresma, L.; Lucena-Anton, D.; Gonzalez-Medina, G.; Martin-Vega, F.J.; Galan-Mercant, A.; Luque-Moreno, C. Effectiveness of Stretching in Post-Stroke Spasticity and Range of Motion: Systematic Review and Meta-Analysis. J. Pers. Med. 2021,
11, 1074. [CrossRef]
Zhang, J.; Lo, Y.-L.; Li, M.-C.; Yu, Y.-H.; Wu, S.-Y. Risk of Re-Rupture, Vasospasm, or Re-Stroke after Clipping or Coiling of
Ruptured Intracranial Aneurysms: Long-Term Follow-Up with a Propensity Score-Matched, Population-Based Cohort Study. J.
Pers. Med. 2021, 11, 1209. [CrossRef]
Kim, D.H.; Kang, H. Changes in Bihemispheric Structural Connectivity Following Middle Cerebral Artery Infarction. J. Pers. Med.
2022, 12, 81. [CrossRef]
Lee, J.; Chang, W.H.; Kim, Y.-H. Relationship between the Corticospinal and Corticocerebellar Tracts and Their Role in Upper
Extremity Motor Recovery in Stroke Patients. J. Pers. Med. 2021, 11, 1162. [CrossRef]
Park, J.G.; Hong, B.Y.; Park, H.-Y.; Yoo, Y.J.; Yoon, M.-J.; Kim, J.-S.; Lim, S.H. Alteration of White Matter in Patients with Central
Post-Stroke Pain. J. Pers. Med. 2021, 11, 417. [CrossRef]
Ko, S.-H.; Kim, T.; Min, J.H.; Kim, M.; Ko, H.-Y.; Shin, Y.-I. Corticoreticular Pathway in Post-Stroke Spasticity: A Diffusion Tensor
Imaging Study. J. Pers. Med. 2021, 11, 1151. [CrossRef]
Major, Z.Z.; Vaida, C.; Major, K.A.; Tucan, P.; Brusturean, E.; Gherman, B.; Birlescu, I.; Craciunas, , R.; Ulinici, I.; Simori, G.; et al.
Comparative Assessment of Robotic versus Classical Physical Therapy Using Muscle Strength and Ranges of Motion Testing in
Neurological Diseases. J. Pers. Med. 2021, 11, 953. [CrossRef]
Lee, J.T.; Park, E.; Jung, T.-D. Machine Learning-Based Classification of Dependence in Ambulation in Stroke Patients Using
Smartphone Video Data. J. Pers. Med. 2021, 11, 1080. [CrossRef]
Luque-Moreno, C.; Kiper, P.; Solís-Marcos, I.; Agostini, M.; Polli, A.; Turolla, A.; Oliva-Pascual-Vaca, A. Virtual Reality and
Physiotherapy in Post-Stroke Functional Re-Education of the Lower Extremity: A Controlled Clinical Trial on a New Approach. J.
Pers. Med. 2021, 11, 1210. [CrossRef]
Lee, G.; Lee, J.; Kim, J.; Kim, H.; Chang, W.H.; Kim, Y.-H. Whole Brain Hemodynamic Response Based on Synchrony Analysis of
Brain Signals for Effective Application of HD-tDCS in Stroke Patients: An fNIRS Study. J. Pers. Med. 2022, 12, 432. [CrossRef]
Chang, W.H.; Lee, J.; Shin, Y.-I.; Ko, M.-H.; Kim, D.Y.; Sohn, M.K.; Kim, J.; Kim, Y.-H. Cerebrolysin Combined with Rehabilitation
Enhances Motor Recovery and Prevents Neural Network Degeneration in Ischemic Stroke Patients with Severe Motor Deficits. J.
Pers. Med. 2021, 11, 545. [CrossRef]
Chang, W.H.; Lee, J.; Chung, J.-W.; Kim, Y.-H.; Bang, O.Y.; Collaborators, T.S. Probable Factors Associated with Response to
Mesenchymal Stem Cell Therapy in Stroke Patients: A Post Hoc Analysis of the STARTING-2 Trial. J. Pers. Med. 2021, 11, 1137.
[CrossRef]
Hwang, H.; Han, Y.; Park, G.-Y.; Lee, S.; Park, H.-Y.; Im, S. Role of Catechol-O-methyltransferase Val158Met Polymorphism on
Transcranial Direct Current Stimulation in Swallowing. J. Pers. Med. 2022, 12, 488. [CrossRef]
Smilowska, K.; Smilowski, M.; Partyka, R.; Kokocinska, D.; Jalowiecki, P. Personalised Approach to Diagnosing and Managing
Ischemic Stroke with a Plasma-Soluble Urokinase-Type Plasminogen Activator Receptor. J. Pers. Med. 2022, 12, 457. [CrossRef]

