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Editorial on the Research Topic
Novel technologies targeting the rehabilitation of neurological disorders

1 Background

The Research Topic—Novel technologies targeting the rehabilitation of neurological
disorders was launched to collect the latest research and progress of new rehabilitation
technologies for neurological diseases. Finally, 20 papers were included, comprising
14 original articles, four reviews, and two research protocols. They cover many
new technologies for the assessment and treatment of neurological diseases. The
evaluation techniques include motor-evoked potential (MEP), magnetic resonance
imaging (MRI), electroencephalogram (EEG), sensory-evoked potential (SEP), and
functional near-infrared spectroscopy (fNIRS). Regarding treatment techniques, they
are mainly divided into non-invasive brain stimulation techniques, such as transcranial
magnetic stimulation (TMS), transcranial direct current/alternating current technology
(tDCS/tACS), ultrasound technology, and mirror therapy (MT). In contrast, invasive
brain stimulation techniques include the brain-computer interface (BCI), vagus nerve
stimulation (VNS), deep brain stimulation (DBS), and Contralateral Seventh Cervical
Nerve Transfer (CC7). However, the papers included in this Research Topic did not involve
new techniques of invasive brain stimulation. In this editorial, we will provide a summary
of the papers included in our Research Topic from three perspectives. We will also expand
on some of the content that our Research Topic lacks.

2 Novel assessment methods

With the progress of brain science and technology, innovative techniques have been
promoted and applied based on new detection principles, and more accurate assessment
methods have promoted the rehabilitation of functional disorders caused by neurological
diseases. This part covers the exploration of a variety of new assessment techniques in
neurological rehabilitation.

01 frontiersin.org


https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://doi.org/10.3389/fnins.2024.1367286
http://crossmark.crossref.org/dialog/?doi=10.3389/fnins.2024.1367286&domain=pdf&date_stamp=2024-03-26
mailto:shannonjj@126.com
https://doi.org/10.3389/fnins.2024.1367286
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fnins.2024.1367286/full
https://www.frontiersin.org/research-topics/48136/novel-technologies-targeting-the-rehabilitation-of-neurological-disorders/magazine
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Jia et al.

2.1 fNIRS

As a relatively new imaging method, fNIRS is a non-invasive
optical imaging technology based on the principle of neurovascular
coupling. Wang et al. used fNIRS as a monitoring and evaluation
basis to monitor the degree of increased metabolic activity in the
prefrontal cortex of stroke patients, and meta-analysis showed
the value of PFC research in exploring the double-task effect of
stroke. Chen H. et al. collected the topological structure of the
frontal functional network during resting state for analysis using
fNIRS. The study aimed to explore changes present in the frontal
functional network region of patients in the lowest conscious state.
In addition, Lacerenza et al. used fNIRS as a detection method
to measure the functional activation of the motor cortex during
arm lifting.

2.2 TMS-EEG

The physiological mechanism of TMS is to generate a brief
magnetic field by placing an electromagnetic coil on the scalp,
which stimulates the activity of neurons in the cerebral cortex. EEG
provides a non-invasive way of recording electrical activity in the
brain. It measures the electrical activity of neurons in the cerebral
cortex by placing multiple electrodes on the scalp. The technique of
TMS with EEG can observe the cortical reactivity and connectivity,
and record the changes of cortical excitability and connectivity
evoked by TMS (Hernandez-Pavon et al., 2023).

2.3 fMRI

fMRI is one of the most widely used non-invasive functional
imaging techniques in observing the efficacy of new technologies
in the rehabilitation of neurological diseases (Feng et al., 2021).
It can indirectly characterize the function of brain neurons by
capturing changes in blood oxygen levels. Its greatest advantage
is its high spatial resolution, which allows us to observe deep
brain structures, which fNIRS and EEG do not possess (Varley
et al., 2020). It can help us analyze and understand the way the
human brain works in basic cognitive processes (such as attention,
memory, sensation, and perception) and higher cognitive processes
(such as language, problem-solving, reasoning, etc.), and explore
the psychophysiological mechanisms of various brain diseases (KKim
etal, 2017).

2.4 Respiratory ultrasound

Respiratory ultrasound is widely used, feasible, non-invasive,
and convenient for clinical application. In terms of rehabilitation
treatment, in addition to the observation of the lungs by ultrasound,
it can also evaluate the activity and morphological measurement of
the respiratory muscle of patients through ultrasound visualization,
improve the information about the structure and function of
the respiratory muscle, and have good reproducibility. Sufficient
sensitivity to detect clinically important changes. Under our
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Research Topic, Liu, Yang et al. summarized and described the
application of ultrasonic measurement of respiratory muscle, and
summarizes the function of respiratory muscle in stroke patients.

2.5 SEP

SEP is a commonly used neurophysiological test in clinical
practice, and it is the most objective method to evaluate
sensory pathways. The latent waveform of somatosensory evoked
potentials may indicate the source of neurogenesis and is a
highly sensitive neurophysiological indicator. Liu Y. et al. is based
on somatosensory evoked potentials to explore the correlation
between light touch and two-point discrimination measurements
in the assessment of upper limb function.

3 Non-invasive brain stimulation
techniques

3.1 TMS

Transcranial magnetic stimulation (TMS) is an adjunctive
treatment for neurological recovery in disorders like stroke. It aids
post-stroke recovery through neurogenesis, vascular regeneration,
and anti-inflammatory actions (Zhou et al.). Clinically, TMS is
used for improving motor functions, speech, swallowing, cognition,
mood, spasticity, and pain in stroke patients (Zhou et al.). For post-
stroke cognitive impairment (PSCI), excitatory TMS on the left
hemisphere’s DLPFC improves cognition, attention, and memory
(Han K. et al.). Intermittent theta burst stimulation (iTBS), a novel
mode of TMS, might be a more advantageous and convenient
treatment than the classic rTMS for patients with PSCI (Han M.
et al.). Recent research focuses on optimizing TMS efficacy. iTBS
increases motor cortical excitability and enhances performance
in task-specific activities (Goldenkoft et al.). A study on rTMS
intensity revealed its impact on treatment efficacy, with high-
frequency (25Hz) rTMS demonstrating bidirectional effects on
hippocampal plasticity, offering potential benefits for memory loss
(Chen S. et al.).

3.2 tDCS/tACS

Transcranial direct current stimulation (tDCS) is a convenient
and low-cost option for treatment, which modulates the neuronal
activity in the cerebral cortex using constant, low-intensity direct
current. For the first time, a recent study has confirmed that
bilateral tDCS was a boost for the recovery of those suffering from
Parkinsonian tremor (Zhang et al.). A network meta-analysis study
found that cathodal tDCS was the most promising treatment option
to improve ADL capacity in people with stroke (Elsner et al., 2017).
Iodice et al. (2017) reviewed that motor (i.e., hand dexterity) and
cognitive performances (i.e., attention and working memory) can
be improved by applying rTMS or tDCS alone or in association
with motor/cognitive training, for pain’s treatment by using tDCS.
However, it’s also necessary to study the effects of tDCS in patients
with disorders of consciousness (Estraneo et al., 2017). Compared
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with the direct current stimulation of tDCS, transcranial alternating
current stimulation (tACS) synchronizes and modulates brainwave
oscillations via the bidirectional current. It has been observed that
patients with cerebellar ataxia (CA) benefited from this alternative
treatment, suggesting that tACS is a promising NIBS technique for
CA (Liu, Lin et al.).

3.3 TUS

Focused transcranial ultrasound stimulation (TUS) is a highly
accurate NIBS modality, which can straightly focus low-intensity
sound waves to deeper cerebral areas (Folloni, 2022). With the
potential of a short and offline therapeutic program, TUS based
on its advantages can be a prospective treatment for neurological
diseases, like stroke and Parkinson’s (Wang et al., 2020; Folloni,
2022; Wang Y. et al, 2022). Presently, its still in the initial
exploratory phase, whose mechanisms are yet to be explored for
extensible application.

3.4 MT

Mirror visual feedback (MVF), also known as mirror therapy
(MT), has been widely applied in clinical neurorehabilitation.
However, the underlying neuro-mechanisms of MVF are still
unclear. It was believed to encourage cortical reorganization in
the brain, which plays a crucial role in functional recovery after
stroke. Recently, a study has verified that embodiment via MVF
could bring denser functional brain connectivity to healthy people,
digging deeper into these unknown mechanisms. In addition, an
intervention combining mirror visual with vibrotactile stimulus
is developed as a prospective rehabilitation strategy, which can
enhance the embodiment perception (Ding et al.).

3.5 BCI

Brain-computer interface (BCI) is a communication channel
by delivers the signals from the central nervous system (CNS)
to external computers or machines. At present, this advanced
technique has been used in various fields, including clinical
rehabilitation training programs, typing communication systems,
robotics, etc (Wang et al, 2023). For meeting the users
with different training requirements and functional states, a
personalized BCI paradigm has been established and optimized
in terms of design, development, evaluation, and application (Ma
etal., 2023).

3.6 Closed-loop

Developed based on the central-peripheral-central concept,
closed-loop rehabilitation is a therapeutic strategy that integrates
the application of central and peripheral interventions (see
Figure 1) (Jia, 2022). On behalf of the central intervention, non-
invasive brain stimulation plays an important role in enhancing
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the links of corresponding brain networks and neuroplasticity
(Yamamura et al, 2018). However, peripheral interventions
like neurophysiological therapy reinforce the correct movement
patterns through continuous sensory feedback. A novel closed-loop
rehabilitation program, combining melodic intonation therapy
(MIT) with tDCS verified its positive effects for post-stroke aphasia
(Yan etal.). An Individualized closed-loop TMS system coordinated
with an exoskeleton was developed to recover the patients with
different spasticity states (Singh et al.).

4 Invasive techniques

Invasive brain stimulation has shown promising prospects
in improving the dysfunction caused by organic or non-
organic neurological diseases such as stroke, Parkinson’s disease,
and Alzheimer’s disease. Invasive brain stimulation technology
can have various options according to the stimulation depth,
stimulation location, stimulation tools, and so on. At present,
in the rehabilitation of neurological diseases, invasive brain
stimulation technology has been widely concerned with invasive
brain-computer interface technology (invasive BCI), deep brain
stimulation technology (DBS), vagus nerve electrical stimulation
technology (VNS), as well as the contralateral seventh cervical
nerve transfer (CC7) surgery.

4.1 Invasive brain-computer interface
(invasive BCI)

Invasive BCI records information about brain activity by
surgically implanting electrodes in the brain that are placed very
close to or directly on target neurons in targeted cortical regions
or subcortical structures, allowing for neural signals with higher
spatial resolution (Zhao et al., 2023). The effectiveness of invasive
BCI has been extensively tested in animals like macaques, and in
2007, invasive BCI was found to help restore motor function in
a paralyzed patient (Donoghue et al., 2007). Since then, human
research on invasive BCI has been gradually carried out, replacing
impaired motor functions with robotic arms (Hochberg et al,
2012). In addition, with the help of invasive BCI, it can also
compensate for functional deficiencies such as walking and speech
(Dawson et al., 2016; Willett et al., 2021). The safety of invasive BCI
under minimally invasive surgical operations has also been verified,
providing stronger evidence for further promoting the application
of invasive BCI (Mitchell et al., 2023).

4.2 Deep brain stimulation

Deep brain stimulation, which generally covers a large number
of neurons, currently plays an important role in the treatment
of neurological diseases and neuropsychiatric disorders. Boraud
found that high-frequency DBS can alleviate hand and foot
convulsions and other motor symptoms of Parkinson’s patients,
and there are also studies showing that DBS can improve the
sleeping quality of Parkinson’s patients (Boraud et al., 1996; Castillo
et al, 2020). The effectiveness of DBS for Parkinson’s patients
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FIGURE 1

Central combined with peripheral stimulation techniques. TOT, task-oriented therapy; NMES, neuromuscular electrical stimulation; PMS, peripheral

magnetic stimulation; FES, functional electrical stimulation.

has not only been demonstrated in patients with different disease
courses but it has also been shown not to fade over time (Malek,
2019).

4.3 Vagus nerve stimulation

The first human installation of an electrical vagus nerve
stimulator was in 1988, and since then several studies have been
conducted to observe the effectiveness, safety, and tolerability
of this technology as a treatment, as well as the selection of
stimulation frequency. Dawson et al. (2016) used VNS to treat
upper limb function in patients with chronic stroke and found that
after 6 weeks of intervention, patients in the experimental group
showed significant improvement in FMA-UE score compared with
the control group, proving that VNS is a feasible and effective
stroke rehabilitation method. Five years later, Dawson et al. (2021)
continued to supplement the research findings and conducted more
rigorous studies with larger sample sizes to further verify it. VNS
technology has also been shown to be an effective means to treat
cognitive disorders, epilepsy, depression, and so on (Fisher et al.,
2015; Reif-Leonhard et al., 2022; Wang L. et al., 2022).

4.4 Contralateral seventh cervical nerve
transfer (CC7)

In 1986, Gu et al. (2002) pioneered the contralateral seventh
cervical nerve transfer operation, which connects the cervical
seventh nerve root in the healthy brachial plexus nerve with the
nerve controlling the paralytic hand, and has been used to treat the
patients with total brachial plexus nerve injury and has achieved
remarkable results. So far, this technology has been applied for
nearly 40 years, and has played an important role in promoting
the recovery of upper limb hand function in stroke patients (Hong
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etal., 2019).In 2018, Zheng et al. used CC7 surgery to treat patients
with chronic stroke and found that it can improve patients’ upper
limb motor function and relieve spasms (Zheng et al., 2018). The
efficacy has been further verified through a multi-center, large-
scale research in 2022, and a standardized guidance reference will
be provided for the promotion and application of this technology
(Feng et al., 2022).

5 Limitations

For research on innovation assessment methods, most sample
sizes are small due to constraints on assessment sites and
equipment. Small sample sizes and the limited information
available made it difficult to analyze other confounding factors,
such as injury types, injury regions, and different age groups.
In particular, the clinical prediction Models require more
sample sizes and multiple medical institutions for better clinical
generalizing (Yu et al.). Some brain imaging assessment methods
(e.g., EEG, {NIRS) use specific-channel caps, that might limit
further exploration of sub-network alterations (Ding et al.). For
clinical research of non-invasive brain stimulation techniques
and invasive techniques, considering patients’ limited hospital
days and the difficulty of post-discharge follow-up, some
researchers just focus on the short-term effect and pay less
attention to the long-term effect (Zhang et al; Liu, Lin et al.)
(Dawson et al, 2021). Most clinical studies are performed
in a single center, and they may not represent the results
from other regions (Liu, Lin et al.), also cannot generalize
the findings to people who do not meet trial -eligibility
criteria or to people with other types of stroke or other
neurological disorders (Dawson et al., 2021). There are different
conditions of one neurological disorder (e.g., different types,
disease urgency, duration), so stimulation parameters used for
the same neurological disorder may also vary from different
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studies, which makes the optimal treatment protocol difficult
to find.

6 Conclusion

Nowadays, increasing research focuses on the use of new
technologies in the rehabilitation of neurological disorders.
The innovative assessment methods can complement existing
assessment methods and provide in-depth functional assessments
from neurophysiological or brain imaging perspectives, which
may aid in better understanding the mechanism of neurological
disorders. The innovative treatment methods show significant
treatment effects in many studies. In the future, researchers
involved in novel technologies targeting the rehabilitation of
neurological disorders should recruit more samples from different
institutions and regions to verify the stability and repeatability
of the data. Additionally, more randomized controlled trials with
large samples, high quality, and follow-up are needed to explore a
usable protocol.
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