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Abstract

Artificial intelligence (AI) and machine learning (ML) show promise in various medical domains,
including medical imaging, precise diagnoses, and pharmaceutical research. In neuroscience and
neurosurgery, AI/ML advancements enhance brain-computer interfaces, neuroprosthetics, and
surgical planning. They are poised to revolutionize neuroregeneration by unraveling the nervous
system's complexities. However, research on AI/ML in neuroregeneration is fragmented,
necessitating a comprehensive review. Adhering to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) recommendations, 19 English-language papers focusing on
AI/ML in neuroregeneration were selected from a total of 247. Two researchers independently
conducted data extraction and quality assessment using the Mixed Methods Appraisal Tool (MMAT)
2018. Eight studies were deemed high quality, 10 moderate, and four low. Primary goals included
diagnosing neurological disorders (35%), robotic rehabilitation (18%), and drug discovery (12%
each). Methods ranged from analyzing imaging data (24%) to animal models (24%) and electronic
health records (12%). Deep learning accounted for 41% of Al/ML techniques, while standard ML
algorithms constituted 29%. The review underscores the growing interest in Al/ML for
neuroregenerative medicine, with increasing publications. These technologies aid in diagnosing
diseases and facilitating functional recovery through robotics and targeted stimulation. Al-driven
drug discovery holds promise for identifying neuroregenerative therapies. Nonetheless, addressing
existing limitations remains crucial in this rapidly evolving field.
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Introduction And Background

Artificial intelligence (AI) pertains to computer systems capable of executing activities that traditionally
necessitate human intelligence, such as visual perception, speech recognition, and decision-making [1].
Machine learning (ML) is a branch of Al that allows computers to acquire knowledge and improve their
performance by analyzing and interpreting data without the need for explicit programming. Recent
advancements in neural networks and deep learning have resulted in significant breakthroughs in the
capabilities of Al and ML [2].

AI/ML has demonstrated significant promise in various medical fields, including medical imaging, precise
diagnostics, and drug discovery [3]. Deep learning algorithms can the analysis of i

scans and achieve a level of performance that is comparable to that of human experts [4]. Al systems can
recognize biomarkers and genomic patterns, which in turn allows for the development of individualized
therapies [5]. Robotic surgery platforms are integrating Al capabilities to automate and navigate procedures
[6]. The COVID-19 pandemic has further exemplified the effectiveness of Al in monitoring epidemics,
distributing resources, and expediting research [7]. AI technology has made significant progress in
enhancing the prevention, diagnosis, and treatment of neuropsychiatric disorders [8].

AI/ML technologies are making significant progress in neuroscience and neurosurgery, particularly in areas
such as brain-computer interfaces, neuroprosthetics, and surgical planning [9]. Neuroimaging data can be
automatically classified for neurological illnesses using convolutional neural networks [10]. Al-powered
robotics can assist in the process of neurorehabilitation and aid in the recovery of individuals [11]. Real-time
intraoperative Al systems that combine preoperative plans with live microscopy can direct neurosurgical
treatments [12].

Importantly, Al and ML are positioned to revolutionize the domain of neuroregeneration. Computational
models help clarify the mechanics of axon guidance and neuronal growth [15]. The utilization of Al in high-
throughput medication screening can expedite the identification of neuroregenerative treatments [14]. By
combining robotics and bioelectronics with Al, it is possible to use precise stimulation techniques to
enhance the regeneration of nerves [15]. Applying deep learning to longitudinal data can enhance the
effectiveness of personalized neuroregeneration treatment techniques for individual patients [16]. AI/ML
provides essential tools to understand the intricate workings of the nervous system and pave the way for
advancements in neuroregenerative therapy.

Because of this, there is a growing need for an in-depth study that brings together all the current research on
how to use Al and ML in neuroregeneration.

The research on the specialized application of Al and ML for neuroregeneration is still lacking in coherence
and organization. This systematic review aims to consolidate data from various disciplines to identify
fundamental approaches, applications, constraints, and prospects at the intersection of two rapidly evolving
topics. This would offer a thorough guide for anybody interested in utilizing Al and ML to further the field of
neuroregenerative medicine. A thorough review can facilitate the integration of Al and ML advancements
with neuroregeneration research to tackle a highly important therapeutic issue.

Review
Methodology

The systematic review adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) standards and principles of 2020, as depicted in Figure / [17].
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FIGURE 1: PRISMA diagram

PRISMA: Preferred Reporting Items for ic Reviews and Met: I

Criteria for Inclusion and Exclusion

The criteria for inclusion in this study were as follows:

1. Language: Only papers written in English were eligible for inclusion. This criterion was established to
guarantee uniformity and prevent potential complications with translation or interpretation across several
languages.

2. Subject: The articles should have specifically addressed the utilization of Al and/or ML methods in the
area of neuroregeneration. This encompasses research that utilizes Al and ML techniques for various
purposes, such as diagnosing medical conditions, predicting the course of a disease, devising treatment
strategies, discovering new drugs, or investigating any other component connected to enhancing or
comprehending the processes of neuroregeneration.

3. Publication type: Our inclusion criteria encompassed original research articles, which encompassed
experimental studies, observational studies, and computational/modeling studies. Nevertheless, we omitted
reviews, comments, opinions, case reports, conference proceedings, and other non-original research
articles. The choice was made in order to ensure that the review accurately encompasses original study
findings and avoids any repetition or potential biases from secondary sources.

The criteria for exclusion were as follows:

1. Non-English papers.

2. Publications that did not expressly discuss the utilization of AI/ML in the context of neuroregeneration,
such as studies exclusively focused on different neurological illnesses or unrelated domains.

3. Examine articles, comments, opinions, case reports, conference proceedings, and other publications that
are not original research.

Our objective was to use these specific criteria to find and combine the most pertinent and well-executed
original research articles that directly focused on the connection between AI/ML and neuroregeneration. By
adopting this strategy, we were able to encompass a wide variety of methods, applications, and discoveries
in this developing area, all the while emphasizing the importance of unique research contributions.

Sources of Information and Methodology for Searching

‘We performed an extensive search of the following databases: PubMed (N = 67), Cumulative Index to Nursing
and Allied Health (CINAHL) (N = 17), PsycINFO (N = 6), SPORTDiscus (N = 61), Education Source (N = 4),
Embase (N = 42), Cochrane Library (N = 7), Scopus (N = 11), Web of Science (N = 23), ProQuest Social Science
Premium Collection (N = 1), and (Education Resources Information Center) ERIC (N = 2). We conducted an
initial search on January 15, 2024, and subsequently revised the search on February 5, 2024. We did a

analysis of the reference lists of the publications included in our study to identify any other
studies that met our eligibility criteria. Furthermore, we performed a search on PROSPERO, a database
specifically designed for locating relevant processes. We also contacted the authors to determine the
progress and publication status of these evaluations.

The pertinent publications were obtained electronically by utilizing keywords in a Boolean scheme, which
included the Medical Subject Headings (MeSH) keywords utilized in PubMed, as indicated below. The
retrieved papers underwent a thorough examination of their titles, abstracts, subject headings, and
references, resulting in the exclusion of any irrelevant reports.

Keywords: neuroregeneration, neurorepair, regenerative medicine, repair, regeneration, artificial
intelligence (Al), machine learning (ML), deep neural network (DNN). They were utilized in conjunction with
Boolean operators AND/OR.

Data Extraction and Selection Methodology

The process of selecting and extracting the data was conducted by two researchers who worked separately
and without influence from each other. During di the researchers engaged in discussion:
regarding the study designs, inclusion and exclusion criteria, intervention methods, and outcome
measurements in order to come to a consensus. When there were uncertain or ambiguous situations, a third
reviewer was consulted to resolve any discrepancies and reach a consensus.

Evaluation of Quality

The study design was evaluated and assigned ratings based on the Mixed Methods Appraisal Tool (MMAT)
2018[18].

Table 1/ illustrates the type of study that was examined, and the scores were given to each study based on the
MMAT 2018.
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TABLE 1: Description of the type of studies examined and the given scores for each study based

on the MMAT 2018

MMAT: Mixed Methods Appraisal Tool

The quality of the included studies was evaluated, and eight of them were determined to be of good quality,

meeting the majority or all of the MMAT criteria. Ten studies were evaluated as having ambiguous or

intermediate quality, with multiple categories being graded as "Can't tell." Four studies were evaluated as
being of low quality as they did not meet multiple MMAT criteria.

Methodological Criteria

Most studies had well-defined objectives and utilized the acquired data to answer those objectives. Several
studies employed suitable qualitative data-gathering procedures and obtained findings derived from the

data. Nevertheless, numerous studies lacked clarity regarding the specifics of randomization, baseline
among participants with the allocated

, and outcome

The level of

intervention was frequently ambiguous throughout the studies. The study samples’ representativeness and
the appropriateness of the statistical analysis were often ambiguous or not disclosed.
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Criteria Specific to Mixed-Methods Research

Only a limited number of studies employed a mixed-methods design, and these studies were evaluated as
having sufficient justification for the design and incorporation of both qualitative and quantitative
elements. Nevertheless, the understanding of how the qualitative and quantitative components were

combined was sometimes ambiguous or not disclosed.

Results

Out of the 247 articles, only 19 were selected for inclusion (Table 2).
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TABLE 2: Outcomes evaluation of the selected studies

CNS: central nervous system, fMRI: functional magnetic resonance imaging, MRI: magnetic resonance imaging, MS: multiple sclerosis, PD: Parkinson's

disease, PET/MR: positron emission

PPI: protein-protein i ion, SSR1: signal sequence receptor subunit 1, WA:

whisk assist, WGCNA: weighted gene co-expression network analysis

The papers analyzed in this review mostly concentrated on the creation and assessment of Al/ML models for
diagnosing, predicting, and forecasting different neurological disorders. In all, 35% of the studies focused on
this purpose and used various methodologies, including ML algorithms and deep learning neural networks.
This research evaluated the effectiveness of their Al and ML models in tasks such as categorizing patients,
forecasting treatment results, and predicting the evolution of diseases. They often used neuroimaging data,
clinical information, and biomarkers as inputs. The metrics given, such as accuracy, area under the curve
(AUC), sensitivity, and specificity, demonstrated the capability of these models. Some of them achieved
classification accuracy of over 90% and an AUC of 0.9 or higher for predicting outcomes [20,25,34]. In
addition, 27% of the studies focused explicitly on applying similar AI/ML techniques to diagnose and predict
the progression of neurological disorders, such as Parkinson's disease and multiple sclerosis. Moreover,
radiomics analysis was frequently utilized in 18% of the research to forecast treatment outcomes and the
advancement of diseases related to the nervous system.

This research utilized quantitative metrics such as model accuracy, AUC, sensitivity, specificity, etc. to
assess the efficacy of the models in diagnosing or predicting outcomes. The metrics demonstrated skills such
as a 90% accuracy rate [20,25,34] in identifying patients, an AUC of 0.9 or higher for predicting outcomes,
and a sensitivity/specificity range of 70-80%.

Eighteen percent of the total research was dedicated to examining the application of robotic technology and
devices in neurorehabilitation. The goals of these investigations were to assess the impact of robotic
rehabilitation systems and focused stimulation patterns on enhancing nerve regeneration and functional
recovery in both animal models and human patients. The main objectives of these investigations were to
evaluate the effects of robotic therapies on many metrics, including nerve conduction velocity, motor
function amplitude, and functional recovery scores. The presented findings show enhancements varying
from a 20% increase in nerve conduction to a 15-20% improvement in functional recovery when compared

to control or baseline circumstances [26]. This suggests that robotic rehabilitation methods have the capacity
to aid neurological recovery.

The studies analyzed in this review allocated a substantial proportion (about 12-18%) of their focus to the
discovery and verification of substances, therapeutic targets, and combination treatments using Al and ML
methods to enhance the formation of neurites and the ion of axons for ical repair. These
studies utilized various AI/ML methodologies, such as ML algorithms and deep learning, along with
experimental assays, to comprehensively investigate and assess prospective therapy possibilities. The
findings from these trials showed measurable enhancements, including a 50-100% increase in the length of
neurites, two to three times greater ion of markers i with ion, and a 10-15%
improvement in metrics related to functional recovery. In summary, our research emphasizes the
encouraging capacity of Al/ML-driven drug discovery to identify new therapeutic options that can facilitate
neuronal repair and regeneration.

Approximately 12% of the papers examined in this review specifically investigated the application of Al and
ML methods to assess the interactions between neurons, optimize stimulation parameters, and interpret
neural communication. The main goals of these investigations were to gain a more profound understanding
of the behavior and operation of neural networks.

The investigations measured the patterns of signaling, the synchronization of networks, and how well the
computational model matched the data. The measures demonstrated a significant enhancement in model
prediction of signaling by 30-40% and an increase in network synchrony by 15-20%.

More precisely, Al- and ML-based methods were utilized to 1) examine the interactions and communication
among various types of neurons, 2) enhance the settings of electrical/chemical stimulation in order to
provoke specific neuronal reactions, and 3) analyze intricate neuronal signaling patterns to acquire a more

comp: c hension of the 1 dynamics of the neural network.

Approximately 9-12% of the articles included in this review were dedicated to the development and
evaluation of Al-based algorithms for assisting with different elements of neurosurgery planning and
assessment. The primary goals of these studies were to identify anomalies and deviations using Al
algorithms to assist in preoperative planning and risk evaluation, to assess surgical outcomes and
postoperative recovery patterns using Al-driven analysis, and to forecast patient survival rates and other
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significant clinical endpoints to enhance surgical decision-making.

These studies utilized advanced ML techniques to improve the accuracy and dependability of surgical
planning. Additionally, they attempted to offer quantitative and data-driven methods for evaluating the
efficacy of various neurosurgical approaches and techniques.

Biomarker analysis comprised 6% of the research efforts, focusing primarily on investigating potential
biomarkers for early detection. These studies employed methods like gene expression analysis to assess the
levels of putative biomarkers in both patients and controls. Results indicated that patients exhibited
biomarker expression levels two to five times higher than those observed in the controls.

The remaining 12% of research encompassed diverse primary outcomes. Among these studies were analyses
of patient paintings and explorations into the application of nanorobotics, reflecting a breadth of inquiry
beyond traditional biomedical investigations.

The temporal profile of the studies included can be broken down based on their publication years as follows:
In 2007, there was one study (6%); in 2013, there was one study (6%); in 2015, there was one study (6%); in
2017, there was one study (6%); in 2018, there were two studies (12%); in 2019, there was one study (6%); in
2020, there was one study (6%); in 2021, there were two studies (12%); in 2022, there were three studies
(18%); in 2023, there were four studies (24%); and in 2024, there was one study (6%).

The temporal distribution reveals that the largest proportion of studies (29%) were published in the most
recent year, 2023. There has been a growing trend toward using Al and ML in the field of neurology
throughout the past year. The oldest study in the collection dates back to 2007.

The investigations employed various experimental models and methodologies to address research objectives
efficiently. These methodologies can be broadly categorized as follows (Table 3):

Percentage of
Mthodology Doscription
studies
e from MIRI, PET, and CT for
Imaging Data Analysis with AIML Models 2%
diagnosi, prognoss, and predicton.
in v assays, recordings,
Animal Models and In Viro Assays 2%
therapoutic approaches, and drug effcacy.
Analyss of Electonic Health Records and  Applied AUML prognostc, and
12%
Patient Data predictive models
Research on Robotic Davices for
to delver i nerve d ” funciion 12%
Rehabiitation
Computational and mathematoal signaling. %
Analysis o inclucing symptoms, mogels 6%

TABLE 3: Summary of methodologies used in the investigations

Al: artificial intelligence, ML: machine learning

The investigations utilized a variety of Al and ML models and methodologies to address research objectives.
Deep learning models were predominantly employed, constituting 41% of the methods. ML algorithms
accounted for 29% of the approaches used, while radiomics analysis represented 12%. Robotic systems and
devices were utilized in 12% of the investigations, with mathematical and computational modeling
employed in 6% of the studies. Other Al and ML methods comprised the remaining 6% of methodologies
utilized across the investigations.

Discussion

The MMAT assessment reveals heterogeneity in the quality of the research covered, encompassing a
combination of high-quality, ambiguous, and low-quality studies. The methodological specifics are
frequently inad ly d d ially with participant-level and statistical elements. The limited
number of mixed-methods studies usually satisfied the quality standards, although the interpretation of the
combined results was not consistently evident.

The studies included in this analysis varied in quality, ranging from high quality to low quality. This
indicates that the research in the field of AT and ML in neuroregenerative medicine is still developing and
diverse [38]. This variation in quality emphasizes the importance of implementing more rigorous and
standardized methodological approaches in future studies to improve the reliability and validity of the
findings [59,40]. The lack of clarity or missing information regarding key methodological details, such as
randomization, baseline cc ility, and outcome highlights the need for better reporting
practices in this research area [41,42].

The lack of clarity or omission of information regarding the representativeness of study samples and the
appropriateness of statistical analyses suggests a need for improvement in the design and analysis of AI/ML
studies in neuroregenerative medicine [43,44]. It is essential to ensure proper participant selection, consider
potential confounding factors, and employ strong statistical methods in order to draw reliable conclusions
from research findings. The scarcity of studies employing a mixed-methods design and the lack of obvious
integration between qualitative and quantitative components indicate that the potential advantages of
mixing diverse research met ies have not been t investigated in this domain [45,46].

Advocating for the use of mixed-methods approaches, where appropriate, could enhance the depth of
comprehension regarding research inquiries and yield more robust and nuanced insights. This advice is
derived from the observation that only a limited number of studies included in the systematic review
employed a mixed-methods design, and the incorporation of qualitative and quantitative elements was
frequently ambiguous or unreported.

In the realm of AI/ML applications in neuroregeneration, employing mixed-methods approaches can provide
the following benefits:

1. Triangulation and validation: The integration of quantitative data (such as model performance metrics
and biomarker levels) with qualitative data (such as participant experiences and expert insights) can be used
to cross-verify and validate findings. This approach improves the credibility and reliability of the results.

2. Investigation of intricate phenomena: The incorporation of qualitative methods can enable a more
profound investigation of intricate phenomena, such as the interaction between AI/ML systems and
neuroregeneration processes, revealing subtleties and contextual factors that may not be captured solely by
quantitative data.

3. Participant perspectives: Qualitative elements, such as interviews or focus groups, can offer useful
insights into the viewpoints and encounters of participants, patients, or healthcare professionals engaged in

Al-/ML-driven neuroregeneration research or interventions.

4. Theory development: The utilization of mixed-methods approaches can enhance the creation and
improvement of theoretical frameworks by integrating empirical quantitative evidence with detailed
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qualitative data, resulting in a more thorough comprehension of the fundamental mechanisms and
processes.

5. Implementation and translation: Qualitative data can provide insights into the contextual factors,
obstacles, and enablers linked to the implementation and translation of Al/ML technologies in
neuroregeneration research or clinical settings. This information can inform strategies for effectively
adopting and spreading these technologies.

Although mixed-methods approaches may not be universally applicable or possible for all investigations,
promoting their utilization when fit can result in a more extensive and refined comprehension of the study
inquiries in this interdisciplinary domain. Researchers can enhance the comprehensiveness and
effectiveness of their discoveries in neuroregeneration by combining quantitative and qualitative data. This
integration allows them to capture the intricate and multidimensional nature of AI/ML applications, leading
to more robust and impactful results.

Other systematic reviews in the field of AT and ML in neuroregenerative medicine have also shown similar
conclusions. For instance, Kumar (2023) conducted a systematic review of the application of ML to spinal
cord injury. The review found that most studies lacked adequate information regarding their data
preprocessing, feature selection, and model validation approaches. This limitation hindered the evaluation
of their methodological quality [47].

Furthermore, a comprehensive analysis of the use of Al-assisted robotic rehabilitation in spinal cord injury
was conducted through a systematic review. The quality of the studies included in the analysis was

evaluated using the critical appraisal tools provided by the Joanna Briggs Institute (JBI) [48]. The findings
revealed that most of the studies demonstrated a satisfactory level of methodological quality, although there
were areas that could be enhanced, such as providing a justification for the sample size and assessing the risk
of bias.

A systematic review examining the application of Al in neurorehabilitation employed the Cochrane Risk of
Bias Tool for randomized controlled trials and the Risk of Bias in Non-randomized Studies of Interventions
(ROBINS-I) tool for non-randomized studies [49]. The review revealed that the majority of the studies
analyzed exhibited a significant or uncertain risk of bias, underscoring the necessity for more rigorous
research in this domain.

To tackle this problem, it is crucial to promote the adherence of researchers to reporting guidelines, such as
the Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis or Diagnosis
(TRIPOD) statement for predictive modeling studies or the Consolidated Standards of Reporting Trials
(CONSORT) statement for clinical trials [50]. These guidelines have the objective of enhancing the
transparency and comprehensiveness of reporting, facilitating precise quality evaluation, and improving the
reproducibility of research outcomes.

The predominant goals were centered around the application of Al and ML in the areas of diagnosis,
prognosis, and prediction, with a secondary focus on exploring robotic rehabilitation therapies. Additional
primary objectives were using Al for drug discovery and gaining insights into neuro-cellular interactions.

Several additional systematic reviews in this field have also provided comparable classifications or thematic
analyses of the research included. An example of this is a comprehensive analysis of the use of Al in spinal
cord injury research. The analysis classified the studies it included into different areas of focus, such as
diagnosis and prognosis, treatment planning, and rehabilitation [51]. The analysis revealed that the majority
of the studies concentrated on diagnosing and predicting the outcomes of spinal cord injuries. This finding
is consistent with our own study, where 27% of the studies investigated the diagnosis and prognosis of
neurodegenerative diseases.

The analysis also discovered that the included studies attained accuracy levels between 70% and 95% for
different tasks, which aligns with the performance measures mentioned in our study.

Similarly, a comprehensive analysis of the use of Al in neurodegenerative disorders found that the papers
included in the review mainly concentrated on disease diagnosis, prognosis, and treatment optimization,
which aligns with the themes observed in our research [52]. The systematic review also presented
quantitative findings from studies examining therapeutic interventions and biomarker investigations. The
review found that the studies included in their analysis reported enhancements in functional recovery
scores, levels of biomarker expression, and other pertinent measures, which are consistent with the
quantitative results described in our analysis.

In the study conducted by Vamathevan et al. (2019), the application of Al in drug discovery for neurorepair
was examined [53]. Specifically, the researchers focused on the use of Al in identifying potential therapeutic
targets and compounds for neurological disorders. They discovered that Al techniques, such as ML and
virtual screening, were commonly employed in this field. These findings are consistent with the information
presented in your paragraph, which states that 18% of the studies investigated the use of Al in drug
discovery for neurorepair. This review focused on assessing the impact of Al in the process of discovering
and developing drugs. The researchers found that the studies they analyzed showed notable improvements
in different indicators of treatment effectiveness, such as the growth of neurites and functional recovery.
These findings are consistent with the quantitative results we mentioned earlier in this category.

The publication chronology demonstrates an increasing amount of research in Al and ML for neurological
applications in recent years, with a notable rise in 2023. This demonstrates the growing acknowledgment of
Al and MLs potential in this field.

Furthermore, numerous other comprehensive evaluations in this field have also demonstrated a surge in
enthusiasm for Al and ML in recent times.

The systematic review of the applications of Al in spinal cord injury research found that the majority of the
included studies were published in recent years, especially from 2018 onward [51]. This corresponds with the
observation that most studies (70%) in our review were published between 2018 and 2024, indicating a
significant increase in research activity in this field in recent years.

Similarly, a systematic review on the utilization of Al in neurodegenerative diseases discovered that the
earliest study in their review was conducted in 2008, with a notable rise in the number of published studies
starting in 2018 [52]. This trend aligns with the temporal distribution observed in our research, where the
earliest study dates back to 2007 and a significant number of studies have been published in recent years.

The surge in research interest and publications in the field of Al and ML in neuroregenerative medicine can

be attributed to several factors. These include ad in Al and ML techni particularly deep
learning and neural networks, which have allowed for more precise and robust analysis of intricate
neurological data [54]. Additionally, the availability of large-scale imaging and clinical datasets,

facilitated by collaborative efforts and data-sharing initiatives [55], has played a significant role.
Furthermore, the increasing computational power and accessibility to high-performance computing
resources have made it possible to train and deploy complex Al models [56]. Lastly, there is a growing
recognition of the potential benefits of Al and ML in addressing challenges in neurology such as early
diagnosis, personalized treatment, and drug discovery [57].

The most prevalent experimental methodologies utilized in imaging data processing were AI/ML and animal
models, followed by the extraction of information from electronic records and the utilization of robotic
rehabilitation devices. Several investigations also employed computational approaches and data from
human subjects.

A comprehensive analysis of the use of Al in spinal cord injury research [51] revealed that the studies
included in the review commonly employed techniques such as analyzing imaging data, using animal
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models, and conducting computational modeling and simulations. These experimental methods are
consistent with the categories mentioned in our own study, which involve utilizing Al and ML models to
analyze imaging data, conducting experiments on animal models, and performing computational modeling
and simulations.

Moreover, a comprehensive analysis [52] of the utilization of Al in neurodegenerative diseases revealed that
the studies examined frequently utilized techniques such as analysis of imaging data, analysis of electronic
health records, and analysis of human subject data. These approaches align with the identified categories,
namely, the utilization of AI/ML models for analyzing imaging data, electronic health records and patient
data, and data obtained from human subjects.

A systematic review examined the use of robotic devices in neurorehabilitation and found that a variety of
robotic systems and devices were used to provide specific interventions and enhance functional recovery
[58]. This is consistent with the category of robotic devices for rehabilitation mentioned in our study.

Deep learning models were the predominant AI/ML technique, with standard ML algorithms being the next
most frequently employed. Significant utilization of radiomic analysis and robotic systems was seen.
Notable aspects included the use of mathematical modeling and the absence of specific reporting on Al and
ML technologies.

The systematic review on the applications of Al in spinal cord injury research [51] found that the studies
included in the review often used deep learning models, specifically convolutional neural networks, for tasks
involving image analysis and prediction. This corresponds to the category of deep learning models
mentioned in our own review.

The included research frequently utilized ML methods, such as support vector machines and random forests,
for a range of prediction and classification tasks [52]. These algorithms fall into the group of ML algorithms
stated in our study.

A systematic review examined the contribution of radiomics to neurological illnesses and found that
multiple studies utilized radiomic features extracted from imaging data as inputs for prediction models [59].
This corresponds to the type of radiomic analysis indicated in our study.

There are several constraints associated with this systematic review. The review encompasses a combination
of papers of superior, ambiguous, and inferior quality, suggesting that the current research in this domain is
still developing and diverse. The absence of explicit methodol I particulars in studies
indicates a necessity for more stringent and uniform procedures. Several studies lacked enough information
regarding the representativeness of their study samples and the suitability of their statistical methods,
potentially compromising the credibility of their findings. The analysis identified a dearth of studies
employing combined qualitative and quantitative methodologies, which have the potential to yield more
extensive and nuanced results. The review primarily focused on published papers, perhaps excluding
valuable unpublished studies that could have contributed to a more comprehensive understanding of the
research undertaken on this subject.

The incorporation of AI technology in neuroregeneration research gives rise to significant ethical concerns
that require meticulous attention and resolution. The systematic review conducted by Beculi¢ et al. [60]
emphasizes the significance of resolving ethical issues pertaining to privacy, data security, algorithmic bias,
and responsibility when employing Al tools in medical practice and research. According to the study, a
majority of the examined articles (62%) identified ethical problems as a notable risk or limitation linked to
the utilization of ChatGPT. Due to the extensive training of AI models on large datasets, there is a possibility
of propagating biases that exist in the training data, resulting in biased or discriminatory outputs. Moreover,
the utilization of medical data for training Al models gives rise to problems regarding privacy and data
security. It is imperative to establish explicit standards and laws to guarantee the responsible and ethical
utilization of AI technologies. This will safeguard patient privacy and address algorithmic biases.
Furthermore, it is imperative to establish transparency and accountability protocols to enable the
interpretation and scrutiny of Al-assisted judgments, as well as the appropriate assignment of
responsibilities. To ensure the safe and effective integration of Al in neuroregeneration research and clinical
practice, it is essential to address ethical concerns by implementing strong governance structures and
fostering interdisciplinary collaboration among AI developers, medical practitioners, ethicists, and
policymakers.

In summary, the constraints of this systematic review emphasize the necessity for more stringent, well-
documented, and comprehensive research in the utilization of Al and ML for brain regenerative medicine.

Conclusions

Our review encompasses a wide range of objectives such as ing robotics for r ilitation
studying neuro-cellular interactions, evaluating surgical techniques and outcomes, exploring biomarkers,
and analyzing paintings by neurological patients. The study also investigates a wide variety of experimental
models and approaches, including mathematical and computational modeling and simulations, analysis of
paintings, and specialized techniques like Gaussian Markov random fields and transfer learning. The interest
and research efforts are increasing in utilizing Al and ML techniques to progress in several facets of
neuroregenerative medicine, as demonstrated by the significant rise in publications in recent years. Al and
ML are extensively employed for activities such as diagnosing, forecasting, and predicting neurological
disorders, with research showing encouraging performance metrics. Robotics and targeted stimulation
devices equipped with AI capabilities are becoming more effective tools for neurorehabilitation and
facilitating functional recovery. The review also emphasizes the potential of Al-driven drug discovery and
optimization to identify new therapeutic candidates for brain regenerative treatments. AI's potential
extends to neurorehabilitation and drug discovery. Further research is crucial to address current limitations.
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