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Introduction

Spinal cord injury (SCI) causes persistent motor, sensory and
autonomic impairment, with limited spontaneous regeneration.
Secondary inflammation, glial scarring, extracellular matrix
changes and tissue loss further restrict axonal regeneration and
functional repair [1:2:4-9],

Tissue-engineered scaffolds aim to overcome these barriers by
bridging the lesion, supporting cellular interactions and
promoting axonal growth, vascularisation and tissue integration.
They can also deliver cells, growth factors, drugs and other
}gerapeutlc components to modify the injured environment 310~

However, preclinical evidence is highly heterogeneous, with
scaffold composition and architecture, animal species, injury
models, treatment timing and outcome measures varying
substantially['2-4l- Behavioural, histological, molecular and
electrophysiological outcomes therefore capture different
aspects of recovery.

Aim: To evaluate the effectiveness of tissue-engineered scaffolds for
spinal cord regeneration in preclinical animal models by synthesising
behavioural, histological, molecular and elactrophyslologlcal
outcomes, while ing i quality and
potential.
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Summary

1. SClis difficult to repair.
Spinal cord injury causes lasting neurological impairment, while damaged spinal
tissue has limited regenerative capacity.

2. Scaffolds aim to support repair.
They can bridge the injury, support cells and axons, and deliver cells, drugs or
growth factors.

3. 622 animal studies were analysed.
The review assessed experimental efficacy, scaffold design features and readiness
for clinical translation.

4. Efficacy was favourable, but no clear material winner emerged.
Differences between materials, architectures and combination therapies were
difficult to isolate because studies often changed several features simultaneously.

5. The major gap is translation.
The literature shows that scaffolds can improve experimental outcomes, but
provides much less evidence on which features drive recovery, whether findings are
reproducible, and whether benefits will persist under clinical conditions.

1 - A Favourable Signal, But Not the Whole Story

Methods

2. Search Strategy
MEDLINE (Ovid), Embase and Web of
Science were searched from database
inception to 10 July 2026, with no
publication-date restriction. Searches
combined controlled vocabulary and

free-text terms relating to SCl and tissue
glish-L

1. Design
Systematic review of
preclinical animal studies,
designed and reported
according to PRISMA 2020
0]

studies were eligible, and reference Llsts
of relevant studies were screened.

5. Synthesis

Due to substantial heterogeneity,
quantitative meta-analysis was not
performed. Predefined functional,

histological/molecular and
electrophysiological regeneration scores
were and combined into an
overall regeneration score where
sufficient data were available.

6. Quality &
Translation
Risk of bias was assessed
using SYRCLE (16,
Translational potential was
assessed using a

Readiness Index (TRI).

Discussion

Scaffold-based interventions consistently improve experimental
SCl outcomes.
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3. Eligibi
Animal models with experimentally
induced SCl receiving a biomaterial

scaffold, either alone or combined with
cells, growth factors, drugs or other

therapeutic components. Cell-, drug- or
growth-factor-only interventions were
excluded. Eligible comparators included
untreated SCI, sham, vehicle or
standard-treatment controls.

4. Screening and Extraction
Duplicates were removed in Zotero.
Titles/abstracts and full texts were
screened against predefined criteria.
Data were extracted into a standardised
Excel form covering animal/injury
characteristics, scaffold composition
and architecture, therapeutic
components and outcomes.

2 -There is no obvious “best” material
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The field should shift from creating increasingly
complex scaffolds towards validating which design
features actually drive durable, reproducible and

622 preclinical studies show a broadly favourable
experimental efficacy signal for scaffold-based SCI

No broad scaffold class clearly outperformed
another, suggesting that material labels alone are

poor predictors of recovery.

therapies.

Translation remains the major weakness: only 4.5%
of studies assessed electrophysiological outcomes

clinically relevant recovery.

and 10.5% reported independent laboratory
validation.
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