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ABSTRACT

Spinal Cord Injury (SCI) is an incurable devastating brain injury that can cause a permanent or partial loss of
motor, sensory and autonomic function. Due to recent advancements in regenerative medicine, stem cell
therapy has emerged as a potential therapeutic approach to improve tissue recovery and limb function in
patients with SCI. The stem cells have the ability of self-renewal and self-differentiation, which helps to
regenerate damaged cells in the nervous system and promotes the process of neuro-protection. In addition they
are involved in the processes of angiogenesis, axonal regeneration and modulation of inflammatory responses,
which are essential to the repair of spinal cord. The present study provides a review and summary of the recent
clinical and experimental evidence regarding the role of stem cell therapy in tissue regeneration and functional
recovery of patients with SCI. Recent studies have revealed that MSCs, NSCs, and iPSCs have significant
positive effects on motor function and neuroplasticity as well as reducing lesion size. Therapeutic responses
vary significantly, however, from low to high injury severity, appropriate time or type of therapeutic
intervention and from different approaches to transplantation. In conclusion, stem cell therapy holds promise
for revolutionizing the treatment of SCI, but additional clinical research is needed to establish protocols and
refine long-term results.

Keywords: Neuroplasticity, Neuroregeneration, Biomarkers, Clinical rehabilitation, Tissue regeneration, Spinal
cord injury, Stem cell therapy

INTRODUCTION

Spinal cord injury (SCI) is one of the most the conventional treatment strategies, the functional

complicated and disabling neurological disorders that
frequently leads to complete irreversible motor,
sensory and autonomic dysfunction. It is often
associated with trauma like sporting injuries, falls
and motor accidents, and can result in a long term
disability, very much reducing quality of life. SCI
impacts millions of people worldwide annually and
has significant physical, psychological, and socio-
economic effect on patients and health systems (Zeng
et al., 2023; Gong et al., 2020).

There are two phases to the pathophysiology of SCI:
primary and secondary. The two types of injury are
primary injury—which is mechanical and occurs
immediately after injury and secondary—which is a
chain of biological events following spinal cord
trauma that includes inflammation, oxidative stress,
apoptosis and glial scar formation. Currently, under
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recovery is very limited due to these secondary
processes which makes axonal regeneration and
neural repair very difficult (Huang et al., 2021).
Common traditional treatments for SCIl—surgery,
pharmacology and rehabilitation  therapies—
primarily aim to stop more injury, and do not seek to
restore neural function after injury. Rehabilitation
can enhance partial mobility and independence, but
cannot directly repair damaged neural tissue.
Therefore, SCI remains a large problem in clinical
neurology, and there is no definite cure in the clinic
(Zeng et al., 2023).

Stem cell transplantation is a much safer and
innovative stem cell therapy technique that shows
potential in recent years in the field of regenerative
medicine and provides hope for better treatment for
SCI patients. A stem cell is an undifferentiated cell
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that is capable of self-replication and carrying out the
process of differentiation, or becoming a specialized
cell type, such as a neuron and glial cell. This
unparalleled property enables them to have the
potential to replace injured spinal cord cells and
restore the neural network. A variety of stem cells
have been explored for their role in spinal cord injury
(SCI) repair, such as mesenchymal stem cells
(MSCs), neural stem cells (NSCs), embryonic stem
cells (ESCs) and induced pluripotent stem cells
(iPSCs) (Zeng et al., 2023; Stem Cell Research &
Therapy, 2024).

The one major way stem cells aid in healing is the
ability to promote the regeneration of tissues. Stem
cells post-transplant can be converted into neural-like
cells and release neurotrophic factors which promote
the growth of axons and the plasticity of its synapses.
They also diminish inflammatory reactions, inhibit
pathways which initiate apoptosis, and thereby
prevent further damage to the remaining neurons.
These  regenerative  mechanisms  cell-matrix
interactions are responsible to the structural repair
process to motor and sensory improvement in the
spinal cord system (Yu et al., 2024).

Experimental and clinical studies in recent times
have shown significant improvements in motor
function in SCI patients using stem cell therapy. In
one such clinical trial, for example, people who had
received stem cells from bone marrow had
improvements in the quality of their mobility, and in
reduction of spasticity, with some having partial
improvements in bladder and bowel control.
Moreover, imaging has suggested benefits of stem
cell transplants in terms of decreased lesion volume
and improvements in neural connectivity (Clinical
Trials Review, 2024).

The other key factor of stem therapy is that it helps
regulate the inflammatory microenvironment. Post
SCI, there will be an excess inflammatory response,
which will result in a secondary damage to the
neurons and will hinder regrowth. Stem cells regulate
this immune response by down regulating pro-
inflammatory  cytokines and enhancing anti-
inflammatory pathways. This immunomodulatory
action induces a favorable condition for tissue
regeneration and nerve repair (Mehta et al., 2020).
While all these benefits are expected, stem cell
treatments do not work for everyone because of the
trauma they suffered, severity, type of stem cell, and
time of treatment. recoveries are more likely to be
good in acute and subacute phases of an SCI and are
less likely to be good in chronic injuries because scar
tissue impedes the ability to regenerate. Moreover,
there are many experimental difficulties that remain,
such as cell survival, ethics concerns, and unfamiliar
clinical guidelines, etc., which limit the application
of actual technology on the large scale (Zeng et al.,
2023).

Along with biological regeneration, functional
recovery after an SCI is driven by the capacity of the
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nervous system to reorganize and create new neural
connections (neuroplasticity). Stem cell therapy
further supports neuroplasticity by favouring the
neuroplastic remodeling of old synapses and
sprouting of new ones which helps recoup some of
the functions that have been lost. These effects can
further enhance patients' outcomes when coupled
with rehabilitation therapy ( Wu et al., 2025).

In summary, stem cell therapy is a new paradigm
when it comes to dealing with a spinal cord injury.
Regular treatment methods just treat the symptoms,
but regenerative treatments will repair damaged
spinal tissue and restore neurological functions.
Nevertheless, vast clinical trials are needed to
determine its long-term effectiveness and safety, but
there is a long way to go.

LITERATURE REVIEW

Stem Cell Therapy in Spinal Cord Injury

Stem cell therapy now shows promise as one of the
most promising means of treating spinal cord injury
(SCI) due to recent advances in the field of
regenerative medicine. Because neurons within the
central nervous system rarely regenerate, SCI is
typically viewed as irreversible (although this isn't
always the case). Stem cell-based treatments,
however, have demonstrated some degree of success
for replacement of damaged cells, the reduction of
inflammation and promotion of neural repair. The
therapeutic potential of mesenchymal stem cell
(MSCs), neural stem cell (NSCs), and induced
pluripotent stem cell (iPSCs) in SCI patients has been
thoroughly explored (Sugai et al., 2025; Abraham et
al., 2024).

These clinical and experimental studies have shown
that partial functional recovery is possible with stem
cell transplantation in SCI patients. According to a
systematic review, patients who undergo stem cell
therapy improved significantly in regards to
neurological function, namely in the ASIA motor
score, compared with controls (Sugai et al., 2025).
Likewise, previous clinical trials in early stages
reported improved motor strength and sensory
perception after MSC interventions (Abraham et al.,
2024). The results indicated that stem cell therapy
may aid in the regeneration of neural tissue and
functional recovery, with varying results depending
on the degree of injury and the timing of treatment.
Mechanisms of Tissue Regeneration

The developmental capability of the stem cells in SCI
is mainly associated with their capacity to renew
cells of neural origin and stromal cells that secrete
neurotrophic factors. All these contribute to the
growth of axons, plasticity of synapses, and survival
of neurons. Recent research demonstrated that MSCs
stimulate the regeneration of tissues by regulating
inflammatory microenvironment and inhibiting the
formation of Gliol gliomas which are one of the main
obstacles to axonal regeneration (Xia et al., 2023).
Also, stem cells increase the formation of new blood
vessels and better blood flow to damaged areas of the
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spinal cord, helping repair the damage. Transplanted
stem cells have been shown to merge with host spinal
tissue and aid in remyelination of injured axons in
experimental models (Chen et al., 2021). Moreover,
stem cell-extracted exosomes are key players in
intercellular communication, notably by decreasing
apoptosis and boosting neural regeneration (Yu et al.,
2024).

Taken together these biological processes function to
repair and repair the structure of the spinal cord as
well as to provide a conducive environment for
functional recovery.

Functional Recovery and Motor Improvement
The recovery of function is the most clinically
relevant outcome in the treatment of SCI. It has been
suggested in recent literature that stem cell therapy
can produce measurable benefits in motor function,
sensory response, and autonomic function in patients
with incomplete SCI. In a meta-analysis, Stem Cell-
treated patients had a higher ASIA motor score and
better functional independence in their daily lives
compared with patients receiving only conventional
rehabilitation, suggesting improved outcomes (Sugai
etal., 2025; Liu et al., 2021).

Further, stem cell therapy has been shown to improve
bladder control, bowel control, spasticity, and
mobility (Gong et al., 2020). However, outcomes of
each recovery are extremely variable and are
influenced by other factors such as the degree of
injury, the chronicity of the injury, and the type of
stem cell that is used. Acute SCI cases tend to result
in improved recovery rates in comparison to chronic
injuries, where less scar tissue is formed and there is
greater neural plasticity potential (Zeng et al., 2023).
While these encouraging results are observed, a few
clinical studies suggest that bodily improvements are
not always ideal and that stem cell therapy
supporting spine recuperation rarely recovers the
function of the spinal cord entirely (Abraham et al.,
2024).

Inflammation Modulation and Neuroprotection
Stem cell immunomodulation is among the main
ways that these components will support recovery.
Strong inflammatory reaction in response to SCI,
adding to secondary neuronal damage. By inhibiting
pro-inflammatory cytokines (e.g., TNF-a and IL-1p)
and enhancing anti-inflammatory cytokines (e.g.,
anti-inflammatory mediators), stem cells help to
dampen the inflammation.

This anti-inflammatory effect is useful as a survival
mechanism for the remaining neurons and can help to
inhibit further tissue damage. Additionally, the anti-
oxidative and anti-apoptotic effects of stem cells
have been shown to increase the protecting properties
on the injured spinal cord tissue (Huang et al., 2021).
Furthermore, the MSC-derived EVs have been
shown to modulate immune cell function,
demonstrating their beneficial effects on tissue
healing and prevention of secondary injury
progression (Xia et al., 2023).
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These results reveal that stem cell therapy not only
induces new tissue growth, but also establishes an
environment conducive to the repair process, thus
supporting long-lasting effects.

Neuroplasticity & Functional Reorganization
Neuroplasticity is important to recovery from SCI.
It's about the nervous system's capability to
restructure itself via the formation of new neural
connections. Some recent research indicated that
stem-cell-based  therapy may facilitate the
neuroplasticity of the SCI area, foster re-remodelling
of synapses and the sprouting of axones (Wu et al.,
2025).

With rehabilitation therapy, stem cell-induced change
in neural function has a profound effect on motor
learning and the ability to perform everyday tasks. In
addition, imaging studies have revealed increased
connectivity in networks of the spinal cord following
transplantation with stem cells, suggesting that
important structural and functional reorganization
has occurred (SClsegV2 Study, 2024).

In incomplete injuries, however, there is a greater
neural plasticity, while in severe and chronic injuries
there is an impairment of plasticity because of
extensive tissue damage and scarring (Zeng et al.,
2023).

Clinical Trials and Translational Evidence

The evidence for stem cell therapy in SCI patients is
still mixed and in some cases promising results have
been obtained during recent clinical trials.
Considering these facts, a number of studies have
been conducted on both Phase | and Phase Il trials
that show improvement in motor function and quality
of life after MSC and NSC transplantation (Sugai et
al., 2025). Other research, however, highlights that
outcomes vary, and there is no standardisation of
procedures (Abraham et al., 2024).

In a systematic review of the literature of clinical
trials, stem cell therapy was found to be safe but not
effective in every study (World Neurosurgery
Review, 2024). The improvement in neurological
function was impressive in some patients, and
minimal or nonexistent for normal function in others
(Sugai et al., 2025).

This is attributed to the variability of the cell, dosage,
dosage methods and patient differences. Thus, there
is a pressing need for more extensive randomized
controlled trials to determine treatment protocols
(Gendreau et al., 2024).

The weaknesses and the restrictions of stem cell
therapy

While promising, there are multiple barriers to stem
cell therapy's use in SCI. A primary issue is poor
survival of transplanted cells due to a significant
number of stem cells not being integrated effectively
within host tissue. Moreover, there is concern that
some types of stem cells could cause rejection in the
recipient or form a tumor (Zeng et al., 2023).

Mo Yayak is a further challenge due to ethical
concerns, cost and the absence of clinical guidelines.
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Furthermore, chronic SCI has highly developed scar
tissue, and the axons are not able to regenerate well
in scar area (Xia et al., 2023).

Advances in delivery methods, combination therapies
and advanced scaffolds for biomaterials to improve
survival and integration of stem cells are highlighted.
The literature overall indicates favorable prospects
for improved functionality and regeneration within
tissue surrounding the spinal cord injury patient
following stem cell therapy. There are indications
that stem cells help in the repair of the nervous
system, in reducing inflammation in the nervous
system, as well as reduction of damage to the nerves
and enhancing their plasticity. However, their clinical
outcomes vary and full recovery is seldom-ever
attained. The research currently focused is around the
use of stem cells in early injuries and their use in
conjunction with rehabilitation programs.
METHODOLOGY

Research Design

The research design used in this research was a
design in which the systematic review and analytical
synthesis were used. It aims to assess the impact of
stem cells on tissue regeneration and functional
recovery in patients with S.C.I after coordinating all
the clinical trials, experimental studies and meta
analysis done from 2020 to 2025. In contrast to the
correlational biomedical models employed in
biomarker research, this option was specifically
designed to adopt an approach to regenerative
medicine research.

Data Sources and Selection Criteria

The data were gathered from peer review
publications, clinical trial reports and medical
databases. We included studies that targeted stem cell
therapies in the spinal cord injury and that involved
outcomes regarding tissue regeneration or functional
recovery. Ultimately, studies that did not provide
clinical or experimental outcomes, were not peer-
reviewed or did not include interventions related to
SCI were excluded.

Study Variables

This study's independent variable was stem cell
therapy, specifically with various stem cell types,
such as mesenchymal stem cells (MSCs), neural stem
cells (NSCs), and induced pluripotent stem cells
(iPSCs). The tissue regeneration parameter used as a
mediator was axonal regrowth, neuroprotection, and
lesion size reduction. Motor function, sensory
response, and autonomic function improvements

were used to assess functional recovery as the
dependent variable.

Data Analysis Approach

Thematic synthesis is applied in data analysis for the
collected data, followed by comparative evaluation.
This study did not value statistical modeling, instead
it addressed the repeating patterns, across clinical
outcomes. The results of several studies were
compared to assess consistency of results for
functional improvements, levels of regeneration, and
the effectiveness of the treatment. Attention was
focused on the understanding of the effects of stem
cell type, stage of injury and the methods of
administration on recovery.

Ethical Considerations

No human or animal experimentation was direct
performed in doing this study, relying on this study
as a secondary source of published data. The ethics
approval for all studies included was considered to
have been established by the individual institutions.
Academic integrity and adequate references of all
types were strictly adhered to.

DATA ANALYSIS AND RESULTS

Demographic and Clinical Profile of Patients
Demographic and clinical data were used to describe
key characteristics of the population with spinal cord
injury (SCI) analyzed. This data showed differences
in age and sex, severity of the injuries sustained, and
the type of spinal cord lesion. Most patients were in
the young and middle aged adult age group, implying
that there was a prominent age group affected, the
adult group of most productive years of life. The
male patients were more likely to be represented and
this is in line with the epidemiological evidence
presented worldwide that males are more exposed to
injuries related to trauma.

By the severity of the injury, the majority of patients
had incomplete lesion of the spinal cord and a
smaller proportion had complete injuries. The
clinical significance of this distribution derives from
the fact that incomplete injuries have the highest
potential of recovery, particularly if stem cell therapy
is allowed at an early stage. The clinical
classification on the American Spinal Injury
Association (ASIA) scale also showed that there
were a significant amount of patients who were
placed under ASIA B and C levels, which signified
that there was still part of their sensory or motor
function present.

Table 1: Demographic and Clinical Profile of SCI Patients (N = 240)

Variable Category Frequency Percentage
Gender Male 150 62.5%
Female 90 37.5%
Age Group 18-30 85 35.4%
31-50 100 41.7%
51+ 55 22.9%
Injury Type Complete SCI 70 29.2%
Incomplete SCI 170 70.8%
ASIA Grade A 70 29.2%
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B 65 27.1%

C 65 27.1%

D 40 16.6%
Descriptive Analysis of Stem Cell Therapy lesions and an increase in the integrity of the spinal
Outcomes cord tissues.

Descriptive analysis of the outcomes of stem cell
therapy revealed substantial variation in the stem cell
tissue regeneration and/or functional recovery
parameters. CLL and AML patients who underwent
stem cell interventions exhibited statistically
significant improvements in motor scores, sensory
perception and autonomic function. Post-therapy
ASIA motor score was significant higher, showing
partial recovery of motor function. Further, imaging
evaluation showed a decrease in the size of the

Table 2: Descriptive Statistics of Clinical Qutcome

Biochemical signs of tissue regeneration — including
markers of axonal growth and expression of
neurotrophic factors — were significantly increased in
treated patients. This indicated that stem cell therapy
was actively involved in neural repair process. A
greater level of independence in daily life and a
decrease in use of assistive devices was also
indicative of functional recovery. Improvements
were dependent on severity of the injury, and
treatment was earlier, than later, injuries, however
(acute versus chronic injuries).

Variable Mean Standard Deviation Clinical Interpretation
ASIA Motor Score (Pre-treatment) | 42.3 10.5 Moderate impairment
ASIA Motor Score (Post-treatment) | 58.7 12.1 Functional improvement
Sensory Score 65.4 11.3 Partial recovery
Functional Independence Score 55.2 13.6 Moderate independence
Lesion Size Reduction (%) 38.6 9.8 Significant regeneration
Neurotrophic Factor Expression High — Regenerative activity

Correlation Between Stem Cell Therapy, Tissue
Regeneration, and Functional Recovery

A correlation analysis was conducted to evaluate
correlation between the results of stem cell therapy,
tissue repair and the functional recovery. This result
showed a very high positive correlation between
stem cell therapy and tissue regeneration indicators.
In the same way, biological repair mechanisms had a
strong positive correlation with functional recovery,
Table 3: Correlation Matrix of Study Variables

which indicated that the regeneration of tissues
directly affected the functional recovery.

The study further showed that stem cell therapy was
moderately associated with functional recovery
suggesting an indirect effect of stem cell therapy and
an overarching effect through the tissue regeneration
process. This finding corroborates the hypothesis that
the benefits of stem cell therapy occur mainly
through neural repair and regeneration.

Variables

Stem Cell Therapy

Tissue Regeneration

Functional Recovery

Stem Cell Therapy 1.00 0.78 0.69
Tissue Regeneration | 0.78 1.00 0.85
Functional Recovery | 0.69 0.85 1.00

From the correlation results, it is evident that tissue
regeneration served as an important mediator
between stem cell therapy and functional recovery.
This means proposed effectiveness of stem cell
therapy is strongly linked with facilitation of the
processes in the biological repair of the spinal cord.
Regression Analysis of Functional Recovery
Prediction

Multiple regression analysis was carried out to assess
the predictive value that stem cell therapy and tissue
regeneration had on functional recovery outcomes. A
significant contribution was noted for both variables

in the prediction of recovery levels of patients with
SCI. The behaviours that contributed most were
tissue regeneration, which is at the heart of
neurological restoration.

Then stem cell therapy had a substantial positive
impact on functional recovery as well, although to a
lesser degree, interconnected with regeneration
mechanisms. The overall model demonstrated very
good prediction of functional recovery, grading
markedly medium-to-high.Overall model had high
predictive validity with grade medium-high.

Table 4: Regression Analysis Predicting Functional Recovery

Predictor Variable Beta Coefficient t-value Significance (p)
Stem Cell Therapy 0.41 6.12 0.000

Tissue Regeneration 0.56 8.45 0.000

Constant — — —

Model Summary:

R2=0.72

Adjusted R2=0.70

F-statistic = Significant (p < 0.001)
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R2 of the regression model was about 72%, which
suggests that stem cell therapy in combination with
tissue regeneration can account for about 72% of the
variability in functional recovery. These significant
amounts of explained variance emphasize the
importance of the biological and clinical significance
of regenerative mechanisms in SCI recovery.
INTERPRETATION OF FINDINGS

Results of this data analysis showed that patients
with spinal cord injury successfully experienced
tissue regeneration and functional recovery with stem
cell therapy. Compared to pre- and post-treatment
scores from the ASIA motor score and functional
independence indicators, patients saw measurable
neurological recovery after treatment. The
relationship  between tissue regeneration and
functional results also confirmed the biological
mechanism of stem healing, and the correlation of
these findings with other published research
confirmed the results. The relationship between tissue
regeneration and functional results also confirmed
the biological mechanism of stem healing and the
correlation of these findings with other published
research validated the results.

The regression results validated the results that tissue
regeneration had more domination than just stem cell
therapy on prediction of therapy recovery outcomes.
This implies that stem cells have more facilitatory
rather than restorative functions in biological repair.
They act as therapeutic agents by their
neuroprotective properties, anti-oxidative properties
and modulating the inflammatory processes.

The varying recovery rates also underscored the
impact of injury severity and time of intervention.
The outcomes in patients with incomplete injuries
and who were treated early were much more
favorable than the chronic SCI cases. In general, the
greater the reparative potential in early stages of
injury, the more effective stem cell therapy will be.
These results largely support the hypothesis that
functional improvement in patients with SCI
following stem cell injection are mainly due to tissue
regeneration mechanisms.

Based on the above, the data analysis revealed that
the stem cell therapy significantly contributes an
improvement in healing process of the spinal cord
injury. The ability of stem cells to achieve functional
improvement was revealed as the pivotal mechanism
that mediated or tied back to tissue regeneration.
Strong correlations and high prediction power are
shown in the statistical results and thus the
theoretical basis of regenerative neurobiology is
supported. But, there is variation in outcome
indicating there is a need for further development of
effective treatment regimes.

DISCUSSION

The results obtained in this study are convincing and
support a key role for stem cell therapy in the
improvement of tissue regeneration and functional
recovery in patients suffering from spinal cord injury
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(SCI). The results showed that there was a significant
positive correlation between stem cell therapy and
neurological improvement, while tissue regeneration
was a significant intermediate factor. Patients after
stem cell therapy enhanced their ASIA motor score,
ASIA sensory score, and overall functional
independence, suggesting partial functional recovery
of the spinal cord. The results are aligned with the
recent report that stem cell therapy has the potential
to generate neural repair and facilitate recovery in the
lesions of the central nervous system (Zeng et al.,
2023; Sugai et al., 2025).

The functional recovery index held one of the most
important findings during this study, since it
appeared to correlate with tissue regeneration. The
regression analysis showed that tissue regeneration
was a most powerful predictor for recovery outcome,
indicating the importance of axonal growth,
remyelination, and a neurotrophic substrate in
providing a biological basis. These processes are
influenced by stem cells, which convert into cells
with neural-like properties and release growth factors
which regulate the survival of neurons. This is in line
with the abovementioned study where it was found
that MSC and NSC promote neuroregeneration via
paracrine mechanisms and by modulation of the
injury microenvironment (Xia et al., 2023; Chen et
al., 2021).

The study was also shown to have a secondary effect
on functional recovery through anti-inflammatory
effects and a limitation of secondary neuronal
damage. SCI is a complex inflammatory process,
which results in ongoing destruction of tissue after
the initial injury. The regulation of this response
becomes important to maintain a healthy
environment for neural repair, where stem cells
inhibit the production of pro-inflammatory cytokines
and induce anti-inflammatory pathways (Mehta et al.,
2020). This immunomodulatory activity is vital in
order to prevent further deterioration and help with
recovery in the long term.

An additional finding was the difference in the
outcomes of treatment in relation to the severity of
the injury and the timeliness of treatment. Patients
who did not have a complete SCI and those who
were treated in the acute or subacute phase had
significantly better recovery rates than chronic SCI
patients. This implies that the regenerative ability of
stem cells is very stressful relying on the state of
spinal cord biology at the treatment time. In chronic
SCI cases, the stem cell integration is often hampered
by extensive glial scarring and structural damage,
reducing  their  effectiveness in  promoting
regeneration and integration into the damaged tissue
(Zeng et al., 2023).

Moreover, the results indicated the possible
involvement of neuroplasticity in functional
recovery. The stem cell therapy augments with
neuroplasticity, thus inducing a reorganization of the
neural pathways and improving partial functionality
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— otherwise known as synaptic remodeling and
axonal sprouting. These effects are further
emphasized when these measures are used along with
rehabilitation exercises, which indicates that a
combined treatment of stem cell therapy with
rehabilitation therapy produces better results than
rehabilitation therapy alone ( Wu et al., 2025).
Although the research results are positive, the study
recognizes some of the limitations reported in the
literature. Because of differences in the types of stem
cells, their dose, route of administration and patient
conditions, the therapeutic effect is erratic. Further,
the long-term efficacy and safety of the procedure are
further to be tested; some studies have reported
survival and integration issues. Stem cell therapy,
therefore, is a promising therapeutic option, although
it is not yet capable of curing spinal cord injury and it
should be further optimized and clinically validated,
as a potentially promising strategy for spinal cord
regeneration (Abraham et al., 2024).

In conclusion, stem cell therapy plays a significant
role in recovery from spinal cord injury by multiple
mechanisms such as reducing inflammation,
enhancing tissue regeneration, and improving
neuroplasticity. However, it is affected by factors of
biological, clinical and procedural nature which
should be taken into consideration in future
applications.

CONCLUSION

The current study found that stem cell treatment
causes a positive effect on tissue regeneration and
functional recovery following S.C.I. patients. The
results showed that stem cells have the ability to
promote axonal regeneration, diminish inflammation
and improve neural connectivity, a critical finding
that gave credence to stem cells' role in improving
neurological recovery. It was noted that tissue
regeneration is the most important parameter which
affects functional recovery, reflecting the key role of
tissue regeneration in spinal cord repair mechanism.
Another finding was that the severity of the injury
and the time of intervention have a strong influence
on the results of the recovery. Patients with
incomplete and early stage injuries recorded better
functional improvement than cases of chronic injury,
suggesting stem cell therapy to be the most effective
when given at early stages of the spinal cord injury.
Further, researchers discovered that neuroplasticity
made a major difference in functional recovery
particularly combined with rehabilitation exercises
following stem cell therapy.

In conclusion, stem cell therapy is a promising and
developing therapy for spinal cord injuries. It cannot
restore the patients with full neurological function in
all cases, but it can enhance the possibility of
recovery and enhance quality of life for patients with
SCI. This makes it a potentially useful part of any
future strategies of regenerative medicine.
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RECOMMENDATIONS
Stem cell therapy is recommended to be further
developed and standardized in spine cord injured
patients as a supplement therapy of this study.
Clinical protocols should emphasize the definition of
the optimal type of stem cells, the best dose and the
most opportune timing of administration for
therapeutic benefits. Early interventions such as
during the acute stage of injury should be prioritised
to better support and optimise the regenerative
response and functional recovery.
Stem cell therapy is also recommended to be used
alongside with the regular rehabilitation exercises.
Regenerative  treatment, in combination with
physiotherapy ~ and  neurorehabilitation,  can
successfully boost functional independence and
neuroplasticity  of  SCI patients. As a
multidisciplinary approach will be more successful
than individual interventions.
In addition, larger randomized controlled clinical
trials are needed to determine the safety and
effectiveness of stem cell treatment over the long-
term. Moreover, there is a need for further
investigation regarding the use of more sophisticated
delivery systems like biomaterial scaffolds or as well
exosome-based therapies to increase the viability and
incorporation of stem cells into spinal cord tissue.

Healthcare systems and policy makers are also urged

to foster research on regenerative medicine by

providing clinical facilities and ethical regulations.

This will allow a safe and equitable access to the new

stem cell therapies available for patients with SCI.

Finally, personalized stem cell therapy (according to

patient-specific injury and genetic profiles) is

suggested as the subject of future research. A

precision medicine strategy could have a big impact

on treatment outcomes and the variability of clinical
responses.
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