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ABSTRACT

Objective: This study aimed to evaluate, through a systematic review with meta-analysis, the effects of incorporating
natural substances into sodium alginate scaffolds on human dental pulp stem cells (hDPSCs), considering outcomes
such as adhesion, proliferation, and differentiation. Material and Methods: A comprehensive literature search
was conducted in PubMed, LILACS, Scopus, Web of Science, and Embase using the MeSH descriptors “Stem Cells”
and “Alginates,” combined with the Boolean operator “AND” and their respective entry terms. In vitro studies
without language or date restrictions that incorporated natural substances into alginate and evaluated their effects
on hDPSCs were included. Two independent reviewers performed study selection and data extraction. Risk of
bias was assessed, and Cohen’s d with 95% confidence intervals (CIs) was calculated for proliferation outcomes.
Results: Out of 14,290 records retrieved, five studies met the inclusion criteria, all with a low risk of bias. Three
studies (n = 48 samples) were included in the meta-analysis, which revealed a significant positive effect of
incorporating natural substances on hDPSC proliferation (Cohen’s d = 2.66; 95% CI = 1.27-4.05). Substances such
as hydroxyapatite, gelatin, agarose, plasma rich in growth factors (PRGF), growth factors, nano-hydroxyapatite,
and lactose-modified chitosan (QTL) were used to enhance alginate properties. Notably, hydroxyapatite and
PRGF improved both proliferation and osteogenic differentiation. Conclusion: The incorporation of natural
substances into sodium alginate scaffolds appears to enhance biological responses of hDPSCs, supporting their
potential use in regenerative endodontics and tissue engineering.
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RESUMO

Objetivo: Avaliar, por revisdo sistematica com meta-andlise, os efeitos da incorporacdo de substancias naturais
em scaffolds de alginato de sédio sobre células-tronco da polpa dental humana (hDPSCs), considerando desfechos
como adesdo, proliferacdo e diferenciacdo. Materiais e Métodos: Foi realizada uma busca abrangente nas bases
PubMed, LILACS, Scopus, Web of Science e Embase utilizando os descritoresi MeSH “Stem Cells” e “Alginates”,
combinados pelo operador booleano “AND” e seus termos de entrada. Foram incluidos estudos in vitro, sem
restricdo de idioma ou data, que incorporaram substancias naturais ao alginato e avaliaram seus efeitos sobre
hDPSCs. Dois revisores independentes realizaram a selecio dos estudos e a extracdo dos dados. O risco de viés foi
avaliado, e o d de Cohen com intervalos de confianca (ICs) de 95% foi calculado para proliferacdo. Resultados:
Dos 14.290 registros identificados, cinco atenderam aos critérios de inclusdo, todos com baixo risco de viés.
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Trés estudos (n = 48 amostras) foram incluidos na meta-analise, que revelou um efeito positivo significativo
da incorporacéo de substancias naturais na proliferacdo de hDPSCs (d de Cohen = 2,66; IC 95% = 1,27-4,05).
Substancias como hidroxiapatita, gelatina, agarose, plasma rico em fatores de crescimento (PRGF), fatores de
crescimento, nano-hidroxiapatita e quitosana modificada por lactose (QTL) foram utilizadas para aprimorar
propriedades do alginato. Hidroxiapatita e PRGF melhoraram a proliferacdo e a diferenciacdo osteogénica.
Conclusdes: A incorporacdo de substancias naturais aos scaffolds de alginato de sédio parece aprimorar as
respostas biologicas das hDPSCs, apoiando seu uso potencial em endodontia regenerativa e engenharia de tecidos.

PALAVRAS-CHAVE

Polpa dentdria; Alginato de sédio; Células-tronco; Engenharia tecidual; Alicerces teciduais.

INTRODUCTION

The use of stem cells (SCs) has made it possible
to reconstruct the structure and function of various
tissues and organs in vitro, due to their unique
capabilities of self-renewal and differentiation
into different types of specialized cells. These
characteristics make SCs a versatile source of cell
substitutes with countless applications [1-3].

SCs can be classified, according to their
nature, as embryonic stem cells and adult stem
cells [4]. Due to the technical difficulties and
ethical issues involved, stem cell studies have
focused on using adult mesenchymal stem
cells [5]. Although adult stem cells have less
differentiation capacity compared to embryonic
stem cells, they can be used as a source of
autologous grafts throughout life [6].

In the oral cavity, several sources of adult stem
cells are found, such as dental pulp, periodontal
ligament, dental follicle, gums, bone, and dental
papilla [7]. Human dental pulp stem cells (hDPSCs)
are the easiest to obtain, have a greater capacity
for differentiation, and are most commonly used
in dental research*. Furthermore, adult stem
cells can remain undifferentiated in the absence
of signaling molecules, have the capacity to self-
replicate for long periods, and maintain their ability
to differentiate into multiple cell types [8,9].

Biomaterials act as scaffolds, which are
three-dimensional structures that serve as support
for cell growth. The ideal biomaterial must have
the following characteristics: biocompatibility,
low cost, mechanical and structural integrity,
availability, and tissue biomimetization [10].
Therefore, several studies use biomaterials of
natural origin, such as those based on proteins
(like collagen and fibrin) as well as those based
on polysaccharide materials (such as chitosan,
sodium alginate, glycosaminoglycans, and
hyaluronic acid). Because they are of natural

origin, these biomaterials generally have good
compatibility and low immunogenicity, which are
very important factors in this area [11].

Sodium alginate, in turn, has been extensively
studied due to its characteristics, which make it a
biomaterial with great potential to promote the
regeneration of tissues damaged by disease or
trauma. Sodium alginate is a polysaccharide extracted
from seaweed, and due to its biodegradability
properties and lack of toxicity, it has been used
in the manufacture of scaffolds. Chemically,
it is a high molecular weight natural anionic
copolymer composed of different combinations of
the monomers guluronic acid and mannuronic acid,
arranged in blocks, and has the ability, under the
correct conditions, to form a type of hydrogel [12].

However, pure sodium alginate hydrogels
show high degradation in vitro and in vivo due to
their greater water absorption, poor mechanical
stability, and low biological activity [13]. These
properties can be improved by combining sodium
alginate with other biomaterials, such as gelatin
and hydroxyapatite [14,15]. Therefore, it is
necessary to carry out studies that evaluate the
effects of natural substances incorporated into
sodium alginate, in order to analyze the direct
influence of these materials on cell cultivation.

The present study aimed to analyze the
results of in vitro tests, which evaluated the
effects of adding natural substances to sodium
alginate used as a scaffold in the cultivation of
human dental pulp stem cells.

MATERIAL AND METHODS

This study is a systematic literature review
conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [16] guidelines for
conducting a systematic review and registered
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in the Prospective International Registry of
Systematic Reviews (PROSPERO) database with
the registration number CRD42023454407.

The search was carried out based on the
PICOS elements:

Population (P): Dental pulp stem cells;

Intervention (I): Cultivation with sodium alginate
incorporated with different natural substances;

Control (C): Sodium alginate without the
substance or cells without scaffold;

Effects of incorporating natural substances into sodium
alginate in the cultivation of human dental pulp stem cells:
a systematic review with meta-analysis

Outcome (O): Viability, proliferation, and
differentiation;

Type of study (S): In vitro studies,

To carry out the search, the descriptors
“Stem Cells” and “Alginates,” registered in
the Medical Subject Headings (MeSH), were
combined using the Boolean operator “AND,”
together with their entry terms. The search was
conducted in the PubMed, Lilacs, Scopus, Web of
Science, and Embase databases (Table I).

Table | - Search strategy used for each database and truncations

Database and trucations

PUBMED

(CCeeeeececcccc"stem Cells"[Mesh]) OR "Cell, Stem") OR "Cells, Stem") OR "Stem Cell") OR "Progenitor Cells") OR "Cell,
Progenitor") OR "Cells, Progenitor") OR "Progenitor Cell") OR "Mother Cells") OR "Cell, Mother") OR "Cells, Mother") OR
"Mother Cell") OR "Colony-Forming Unit") OR "Colony Forming Unit") OR "Colony-Forming Units") OR "Colony Forming

Units") AND ((((CCCCCCCCCCCCCCcccccccc"Alginates"[Mesh]) OR "Alginate") OR "Kaltostat") OR "Vocoloid") OR "Calginat") OR
"Potassium Alginate") OR "Alginate, Potassium") OR "Alginic Acid, Potassium Salt") OR "Sodium Alginate") OR "Alginate,

Sodium") OR "Alginic Acid, Sodium Salt") OR "poly(Mannuronic Acid), Sodium Salt") OR "Kalrostat 2") OR "Sodium Calcium
Alginate") OR "Alginate, Sodium Calcium") OR "Calcium Alginate, Sodium") OR "Barium Alginate") OR "Alginate, Barium")

OR "Alginic Acid, Barium Salt") OR "Calcium Alginate") OR "Alginate, Calcium") OR "Alginic Acid, Calcium Salt") OR

"Copper Alginate") OR "Alginate, Copper") OR "Alginic Acid, Copper Salt") OR "Alloid G") OR "Kalrostat") OR "Xantalgin")

LILACS

(tw:( "Stem Cells" OR "Cell, Stem" OR "Cells, Stem" OR "Stem Cell" OR "Progenitor Cells" OR "Cell, Progenitor" OR "Cells,
Progenitor" OR "Progenitor Cell" OR "Mother Cells" OR "Cell, Mother" OR "Cells, Mother" OR "Mother Cell" OR "Colony-Forming
Unit" OR "Colony Forming Unit" OR "Colony-Forming Units" OR "Colony Forming Units") AND (tw:( "Alginates" OR "Alginate" OR
"Kaltostat" OR "Vocoloid" OR "Calginat" OR "Potassium Alginate" OR "Alginate, Potassium" OR "Alginic Acid, Potassium Salt" OR
"Sodium Alginate" OR "Alginate, Sodium" OR "Alginic Acid, Sodium Salt" OR "poly(Mannuronic Acid), Sodium Salt" OR "Kalrostat

2" OR "Sodium Calcium Alginate" OR "Alginate, Sodium Calcium" OR "Calcium Alginate, Sodium" OR "Barium Alginate" OR

"Alginate, Barium" OR "Alginic Acid, Barium Salt" OR "Calcium Alginate" OR "Alginate, Calcium" OR "Alginic Acid, Calcium Salt"

OR "Copper Alginate" OR "Alginate, Copper" OR "Alginic Acid, Copper Salt" OR "Alloid G" OR "Kalrostat" OR "Xantalgin") )

SCOPUS

(TITLE-ABS-KEY ("Stem Cells" OR "Cell, Stem" OR "Cells, Stem" OR "Stem Cell" OR "Progenitor Cells" OR "Cell, Progenitor"
OR "Cells, Progenitor" OR "Progenitor Cell" OR "Mother Cells" OR "Cell, Mother" OR "Cells, Mother" OR "Mother Cell" OR
"Colony-Forming Unit" OR "Colony Forming Unit" OR "Colony-Forming Units" OR "Colony Forming Units") AND TITLE-
ABS-KEY ("Alginates" OR "Alginate" OR "Kaltostat" OR "Vocoloid" OR "Calginat" OR "Potassium Alginate" OR "Alginate,
Potassium" OR "Alginic Acid, Potassium Salt" OR "Sodium Alginate" OR "Alginate, Sodium" OR "Alginic Acid, Sodium Salt"
OR "poly(Mannuronic Acid), Sodium Salt" OR "Kalrostat 2" OR "Sodium Calcium Alginate" OR "Alginate, Sodium Calcium"
OR "Calcium Alginate, Sodium" OR "Barium Alginate" OR "Alginate, Barium" OR "Alginic Acid, Barium Salt" OR "Calcium
Alginate" OR "Alginate, Calcium" OR "Alginic Acid, Calcium Salt" OR "Copper Alginate" OR "Alginate, Copper" OR "Alginic
Acid, Copper Salt" OR "Alloid G" OR "Kalrostat" OR "Xantalgin") )

WEB OF SCIENCE

TOPIC: ("Stem Cells" OR "Cell, Stem" OR "Cells, Stem" OR "Stem Cell" OR "Progenitor Cells" OR "Cell, Progenitor" OR
"Cells, Progenitor" OR "Progenitor Cell" OR "Mother Cells" OR "Cell, Mother" OR "Cells, Mother" OR "Mother Cell" OR
"Colony-Forming Unit" OR "Colony Forming Unit" OR "Colony-Forming Units" OR "Colony Forming Units") AND TOPIC:
("Alginates" OR "Alginate" OR "Kaltostat" OR "Vocoloid" OR "Calginat" OR "Potassium Alginate" OR "Alginate, Potassium"
OR "Alginic Acid, Potassium Salt" OR "Sodium Alginate" OR "Alginate, Sodium" OR "Alginic Acid, Sodium Salt" OR
"poly(Mannuronic Acid, Sodium Salt" OR "Kalrostat 2" OR "Sodium Calcium Alginate" OR "Alginate, Sodium Calcium"
OR "Calcium Alginate, Sodium" OR "Barium Alginate" OR "Alginate, Barium" OR "Alginic Acid, Barium Salt" OR "Calcium
Alginate" OR "Alginate, Calcium" OR "Alginic Acid, Calcium Salt" OR "Copper Alginate" OR "Alginate, Copper" OR "Alginic
Acid, Copper Salt" OR "Alloid G" OR "Kalrostat" OR "Xantalgin")

EMBASE

("Stem Cells" OR "Cell, Stem" OR "Cells, Stem" OR "Stem Cell" OR "Progenitor Cells" OR "Cell, Progenitor" OR "Cells, Progenitor"
OR "Progenitor Cell" OR "Mother Cells" OR "Cell, Mother" OR "Cells, Mother" OR "Mother Cell" OR "Colony-Forming Unit" OR
"Colony Forming Unit" OR "Colony-Forming Units" OR "Colony Forming Units") AND ("Alginates” OR "Alginate" OR "Kaltostat"
OR "Vocoloid" OR "Calginat" OR "Potassium Alginate" OR "Alginate, Potassium" OR "Alginic Acid, Potassium Salt" OR "Sodium
Alginate" OR "Alginate, Sodium" OR "Alginic Acid, Sodium Salt" OR “poly(Mannuronic Acid), Sodium Salt" OR "Kalrostat 2" OR
"Sodium Calcium Alginate" OR "Alginate, Sodium Calcium" OR "Calcium Alginate, Sodium" OR "Barium Alginate" OR "Alginate,

Barium" OR "Alginic Acid, Barium Salt" OR "Calcium Alginate" OR "Alginate, Calcium" OR "Alginic Acid, Calcium Salt" OR "Copper

Alginate" OR "Alginate, Copper" OR "Alginic Acid, Copper Salt" OR "Alloid G" OR "Kalrostat" OR "Xantalgin")
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3.824
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Eligibility criteria

The inclusion criteria established in vitro
tests without language limitations or publication
period, in which natural substances incorporated
into sodium alginate were used in the cultivation
of stem cells from human dental pulp. Studies
such as literature reviews, in vitro research with
synthetic substances or using other types of
cells, and articles not available were excluded
(Table II).

Study selection

The selection of studies was carried out in
two stages. In phase 1, two of the review authors
(LSA and SJMM) independently evaluated the
titles and abstracts of all studies obtained with
the search strategy using the Rayyan program
(Qatar Foundation). Prior to the selection
process, the reviewers were calibrated through
a pilot screening of a random sample of studies
to ensure consistency in applying the eligibility
criteria. Inter-rater reliability was assessed
using Cohen’s Kappa coefficient, which yielded
k=0.921, indicating excellent agreement. All
articles that did not meet the inclusion criteria
(as per Table IT) were excluded. In phase 2,
the same reviewers independently applied the
inclusion criteria to the full texts of the articles.
Any disagreement in the first or second phase
regarding the eligibility of the included studies
was resolved through discussion, consensus, or
by a third reviewer (PGBS). Only articles that
met all the eligibility criteria were included in
the systematic review.

Data extraction

Data were extracted using a standardized
spreadsheet in Microsoft Office Excel 2016,
recording the following information about the
selected studies: year of publication, country, type
of study, incorporated substance, concentration,
geometric form, type of scaffold preparation,

Table Il - Inclusion and exclusion criteria

Inclusion criteria

In vitro laboratory assays

Research using natural substances incorporated into sodium alginate

Effects of incorporating natural substances into sodium
alginate in the cultivation of human dental pulp stem cells:
a systematic review with meta-analysis

control used, and outcomes of interest for the
systematic review.

Risk of bias

The risk of bias was assessed by two
independent reviewers (LSA and SJMM). For
this, the Joanna Briggs Institute critical appraisal
checklist for experimental studies [17] was used,
which consists of the following questions: 1)
Was the study’s objective clearly stated? 2) Was
the sample size justified? 3) Was allocation to
treatment groups truly random? 4) Were the
outcome assessors blinded to the treatment
allocation? 5) Were the control and treatment
groups comparable at baseline? 6) Were the
groups treated identically, except for the named
interventions? 7) Was the preparation protocol
clearly described? 8) Was the experimental
protocol clearly described? 9) Were outcomes
measured in the same way for all groups? 10)
Were outcomes measured reliably? 11) Was
appropriate statistical analysis used? If the
authors reported the assessed parameter, the
article received a “yes” for each question; if
the information could not be found, the article
received a “no.” Articles where one to four items
received a “yes” were classified as high risk of
bias, five to eight items as moderate risk of bias,
and nive to eleven items as low risk of bias.

Meta-analysis

As the quantitative data were heterogeneous
(different proliferation assays), a meta-analysis
was performed using the standardized mean
difference based on the respective mean differences
to calculate Cohen’s d coefficient. The inverse
variance method with random effects was applied
to pool the quantitative data, and the inter-study
heterogeneity coefficient (I?) was used to assess
heterogeneity. Additionally, a sensitivity analysis
was conducted using a leave-one-out approach,
individually removing the results of each study
to verify their influence on the overall estimates.

Exclusion criteria
Literature reviews

Research with synthetic substances

Research evaluating the effect on the cultivation of human dental pulp stem cells

No time period limitation

No language limitation

Braz. Dent. Sci. 2026; 29 : e4837
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All analyses were performed using RevMan
software, adopting a 95% confidence interval
(CD.

Quality of evidence

The quality of evidence was assessed according
to the GRADE (Grading of Recommendations,
Assessment, Development and Evaluation)
approach using GRADE pro-GDT software [18].
Depending on the severity of certain aspects
(study design, risk of bias, consistency, indirect
evidence, precision, publication bias, and other
aspects reported by studies included in the
systematic review), the quality of evidence can
be downgraded by one or two levels for each
aspect.

Effects of incorporating natural substances into sodium
alginate in the cultivation of human dental pulp stem cells:
a systematic review with meta-analysis

RESULTS

Selected studies

After applying the search strategies, a total
of 14,290 articles were initially found in the six
main databases. After removing duplicates and
reading the titles and abstracts, 12 potentially
relevant studies were selected for full-text reading.
After applying the eligibility criteria, seven studies
were excluded: one in vivo study, one study that
used a synthetic substance, one study that did not
use hDPSCs, two studies that did not evaluate the
outcome of the systematic review, and two studies
that did not use a well-defined control. In the end,
five studies met the inclusion criteria and were
considered for this systematic review (Figure 1).

Records identified through database search

» Records excluded

™
Records identified through
S database search (n= 14.290):
= PubMed (n = 1.857)
£ LILACS (n= 2.191)
€ Scopus (n= 2.725)
S Web of Science (n= 3.824)
EMBASE (n= 3.693)
L
Records evaluated by title and
abstract (n = 2.290)
A4
Full-text arlicles assessed for
> elegihility (n = 12)
@ v
Full-text articles included (n = 12)
N’
 m
2 Studies included (n = 5)
£
—

Figure 1 - Flowchart of selected studies.
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Use of synthetic substances
{n=1)

Did not use hDPSCs (n=1)
They did not evaluate the
outcome of the review (n= 2)
They did not use a well-
defined control (n = 2)




Aratijo LS et al.

Study characteristics

Seven types of natural substances were
evaluated in this review, considering all
the included studies, among which were:
gelatin, hydroxyapatite, nano-hydroxyapatite,
PRGF, agarose, lactose-modified chitosan,
and growth factors. Additionally, different
concentrations of sodium alginate, shapes, and
types of scaffold preparation were reported
in the selected studies. Among the control
groups described in the studies, sodium
alginate scaffolds without the addition of the
evaluated substance and cells without the
scaffold were used. Table III represents the

Table 111 - Main characteristics of the selected studies
Gelatin,
Anitua et al. [19] hydroxyapatite and 2%
PRGF
Oliver-Ferrandiz et al. [20] Agarose 3%
. Gelatin and o
Aoy i elk (1] nanohydroxyapatite e

Growth factors

il 2t el [27] (VEGF and FGF-2)

Not reported

Hydroxyapatite and
lactose-modified 2%
chitosan

Porrelli et al. [23]

Cylindrical

Effects of incorporating natural substances into sodium
alginate in the cultivation of human dental pulp stem cells:
a systematic review with meta-analysis

general characteristics and outcomes of all
the selected studies.

Risk of bias

All articles reported a clear objective of the
study, the control and treatment groups were
comparable, the experimental protocols were
clearly described, there was no randomization
of groups or blinding of assessments, and the
outcomes were measured reliably. However, 2
studies (40%) did not justify the sample size
used, 1 study (20%) did not clearly describe the
preparation protocol, and 1 study (20%) did
not describe the statistical analysis. All articles
presented a low risk of bias (Graphic 1).

Increased cell adhesion and chemotaxis.

Eylipelrel Extrusion The addition of HAp and PGRF
bioprinting caused a higher cell proliferation and
differentiation rate in osteogenic medium
Solution Significant increase in the expression
Disc cross-linked of aggrecan and type Il collagen in
with CaCl2 differentiation medium
Mitochondrial activity increased 1.26 times
N after 3 weeks. Increased levels of osteogenic
. eedle . :
Microcapsule S . genes (BMP-2, osteocalcin, osteonectin

and RUNX-2) and enhanced hDPSCs
differentiation in the presence of HAp.

Increase in the number of viable cells. The

Conical plug Not reported presence of growth factors induced cell

proliferation in the first 7 days of culture.

Lactose-modified chitosan did not show
a significant effect on cell proliferation,
Solution even though a slight positive effect was
cross-linked observed. There was an increase in alkaline
with CaCl2 phosphatase and extracellular matrix
deposition. Cell adhesion was improved
and osteogenic differentiation increased.

Joanna Briggs Institute Clinical Appraisal Checklist for
Experimental Studies

Was appropriate statistical analysis used?

Were outcomes measured in a reliable way?

Were outcomes measured in the same way for all groups?
Was the experimental protocol clearly described?

Was the preparation protocol clearly described ? i —

Were groups treated identically other than for the interven...
Were control and treatment groups comparable at entry?

Were those assessing the outcomes blind to the treatment as...
Was the assignment to treatment groups truly random?

Was the sample size justified? e ——

Was the aim of the study clearly stated?
0%

Graphic 1 - Risk of Bias of All Selected Studies.

20% 40% 60% 80% 100%

6
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Meta-analysis

Out of the 5 studies included in the systematic
review, only two were not included in the meta-
analysis. The studies by Anitua et al. [19]
and Porrelli et al. [23] were excluded for not
specifying the number of samples used in each
study group. The 3 included articles compared
hDPSC proliferation between experimental and
control groups after 1, 7, and 14 days [22], 3
weeks [21], and 4 weeks of cultivation [20].

In the meta-analysis, 48 specimens evenly
distributed across the two study groups were
evaluated. There was a significant benefit from
incorporating natural substances into alginate with
a Cohen’sd of 2.66 [95% CI = 1.27 to 4.05]. There
was no significant heterogeneity between studies
(I2 = 24%, p = 0.240), and leave-one-out analysis
showed that removing data from Bhoj et al. [22]
significantly diluted the benefit found in the meta-
analysis (Figure 2). Assessment of publication bias
was not performed because the small number of
included studies (n = 3) does not allow reliable
application of funnel plots or regression-based tests.

Quality of evidence

According to the GRADE criteria assessment,
the certainty of the evidence was considered
moderate. Bias risk, imprecision, inconsistency,
and indirect evidence were deemed “not serious”;
however, publication bias was classified as highly

Effects of incorporating natural substances into sodium
alginate in the cultivation of human dental pulp stem cells:
a systematic review with meta-analysis

suspicious. Thus, bias risk affected the overall
quality of evidence. The evidence assessment can
be seen in Table IV.

DISCUSSION

This systematic review identified and
analyzed the available scientific evidence on in
vitro studies evaluating the effect of incorporating
natural substances into sodium alginate used as a
scaffold in the cultivation of human dental pulp
stem cells (hDPSCs). According to the specific
eligibility criteria, only five articles met the
established inclusion criteria, highlighting the
scarcity of studies using these materials.

For the meta-analysis, studies comparing the
effects of substance incorporation into sodium
alginate on cell proliferation were considered.
As described in the results, 2 out of the 5 articles
selected for the systematic review were excluded
for not describing the number of samples used.

Dental pulp stem cells (DPSCs) are defined
by their ability for self-renewal, proliferation,
and differentiation into adult cells with various
morphofunctional aspects. Stem cell populations
are identified and characterized based on their
tissue origins and differ in their differentiation
capacities. Some stem cells have the potential to
differentiate into various cell types composing
human body tissues, while others differentiate
into a limited number [24].

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alipour, 2011 11175 1273 3 3664 1032 3 B2% 519007, 10.44]
Bhoj, 2015 (D1 + VEGF) 0.08 0009 3 0.068 0008 3 18.0% 2.07 [-0.449, 4.83] I
Bhoj, 2015 (D1 + VEGF + FGF) 0.11 0007 3 0.068 0008 3 T.E% 4,47 [-0.13,8.07]
Bhoj, 2015 (014 + VEGF) 0158 0014 3 0112 0008 3 122% 323028, 6.73) ¥ %
Bhoj, 2015 (D14 + VEGF + FGF) 0218 0038 3 0.088 0008 3 B1% 437014, 8.88] 1
Bhoj, 2015 (D7 + VEGF) 0129 0.011 3 0.082 0009 3 101% 374 [-0.21, 7.69] ¥ ¥ -
Bhoj, 2015 (D7 + VEGF + FGF) 0173 0022 3 0.068 0008 3 BA% 5.07 [0.08,10.23]
Oliver-Ferrandiz, 2021 276 7.2 3 244 1.9 3 30.3% 049118 2158 A |
Total (95% CI) 24 24 100.0% 2.66 [1.27, 4.05] -"-
Heterogeneity: Tau®=0.94; Chi*=9.24 di=7 (P=0.24); 7= 24% 11 0 1 5 :55 150

Test for overall effect: Z2=3.75 (P =0.0002)

Favours [Control]  Favours [Experimental]

=

Figure 2 - Leave-one-out analysis of the effects of incorporating natural substances into sodium alginate on hDPSC proliferation.

Table IV - Summary of findings from GRADE (Grading of Recommendations Assessment, Development and Evaluation criteria) table

Certainty assessment

Inaccuracy  Publication bias  Certainty of evidence

Highly suspicious ©OOO Moderate

Not serious

Participants (studies) Risk of bias Inconsistency Indirect evidence
Cell proliferation assays
48 (3 ECRs) Not serious Not serious Not serious

*Asymmetrical distribution of points in the funnel plot.
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The dental pulp of permanent and deciduous
teeth is a promising source of stem cells, namely
hDPSCs, which can differentiate into various
cell lineages such as osteoblasts, adipocytes,
and chondrocytes [25]. Despite this versatile
characteristic beneficial in tissue engineering,
further research is needed to better understand
their physiology, differentiation protocols, and
thereby maximize their reparative potential [26].

Choosing the appropriate biomaterial
for scaffold construction is crucial as it plays
a fundamental role in providing cells with a
suitable structure for adhesion, proliferation, and
differentiation [27]. Natural origin biomaterials
are interesting due to their microstructure,
stability, biocompatibility, and ability to offer
natural adhesion sites for cells. These can
be biopolymers composed of amino acids or
sugars, found both as components of the natural
extracellular matrix (ECM) like collagen and
fibrinogen, and in substances not naturally
present in the ECM such as chitosan and sodium
alginate. Moreover, when combined with other
biopolymers, they allow for improvements in their
properties [28-30].

Sodium alginate has been widely studied
and used in tissue engineering due to its
biocompatibility, biodegradability, ability to
create three-dimensional structures tailored to
specific applications, and use as scaffolds for cell
culture and tissue regeneration matrices [31,32].
The ease of chemical modification of alginate
also allows for the incorporation of bioactive
compounds, growth factors, and cells to enhance
its physical and biological properties [12].

Hydroxyapatite (Hap) is the main inorganic
component of bones and teeth, comprising about
70% of the minerals present in bone structures.
Chemically, hydroxyapatite belongs to the
mineral group of apatites and is composed of
calcium, phosphate, and hydroxyl ions in its
crystalline matrix [33]. In tissue engineering,
it has shown to be an important biomaterial
due to its biocompatible and osteoconductive
properties [34]. When incorporated into sodium
alginate, Hap has been effective in promoting
osteogenic proliferation and differentiation by
providing biological signaling through the release
of Ca and P ions [19,23].

Nanohydroxyapatite (nHap) is a nanocrystalline
form of hydroxyapatite distinguished by its
nanometric characteristics. Due to its small size and

Effects of incorporating natural substances into sodium
alginate in the cultivation of human dental pulp stem cells:
a systematic review with meta-analysis

features like biocompatibility, osteoconductivity,
lack of toxicity, and ability to be reabsorbed into
bone tissue, nHap exhibits greater reactivity and
interaction capability with cells and biological
tissues at the molecular level, making it a valuable
component in scaffolds for bone repair. nHap
crystals enhance collagen fiber strength, facilitate
and promote bone formation with increased cellular
adhesion [21,35,36].

Gelatin, a natural biopolymer structurally
similar to collagen, has been used over the years
as a scaffold because it is biocompatible, mimics
the ECM structure, and exhibits cell-responsive
properties by allowing easy diffusion of growth
factors and cytokines [37]. In seeking less
invasive and more personalized therapies for
tissue lesions, gelatin’s ability to mimic the ECM
and facilitate cell adhesion has been combined
with sodium alginate’s ability to support calcified
matrix deposition, resulting in increased viability
and proliferation of hDPSCs. This viability results
from an appropriate pore size, providing a matrix
with a permeable membrane that facilitates
nutrient and oxygen transmission to cells [21].

Platelet-Rich Growth Factor (PRGF) is a
platelet-derived product that involves separating
and concentrating growth factors present in the
patient’s blood, which has been researched as an
inducer of regenerative processes and healing.
PRGF contains a variety of bioactive molecules,
including growth factors and cytokines, which
play crucial roles in modulating the cellular
environment and regulating the inflammatory
response [38,39]. Scaffolds with added PRGF have
shown significant improvements in cell adhesion,
chemotaxis, and proliferation. Additionally, this
platelet derivative has been effective in promoting
osteogenic differentiation due to the presence of
growth factors and biological mediators involved
in major tissue regeneration processes [19,40,41].

Agarose is a polysaccharide extracted
from red seaweed that has been used in three-
dimensional cell culture by allowing cellular
growth and differentiation [42]. This compound
has an adjustable capacity for water adsorption,
and due to its rigidity and functional groups, it can
also favor cell adhesion and proliferation [20].
Agarose combined with sodium alginate resulted
in increased expression of collagen type II and
aggrecan in hDPSC culture, consistent with its
chondrogenic differentiation capacity described
in the literature [43].
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Chitosan, a polysaccharide derived from
chitin, possesses interesting properties such as
biocompatibility and biodegradability. When
modified by introducing lactose groups, it can
influence its interaction with proteins and
tissues, facilitating controlled release of bioactive
substances and regulation of inflammatory
responses. Addition of lactose-modified chitosan
(QTL) improved hDPSC adhesion on sodium
alginate scaffold with hydroxyapatite [23]. It
has been found to promote differentiation into
chondrocytes [44] and neurons [45], but no effect
was observed on cell proliferation. Furthermore,
there was strong alkaline phosphatase expression,
a marker of osteoblastic differentiation, when
differentiation stimuli (dexamethasone,
B-glycerophosphate, and potassium phosphate)
were added. QTL acts as a multivalent ligand
that, similar to ECM glycans, triggers a more
responsive receptor clustering to differentiation
stimuli [23].

Another approach being studied is the
incorporation of growth factors into scaffolds due
to their ability to direct cells to differentiate into
specific cell types and stimulate proliferation.
Studies have demonstrated the potential
of adding growth factors to other types of
biomaterials to induce cell homing, angiogenesis,
and mineralized tissue formation due to their
chemotactic effects [46-48].

One of the key elements in successful tissue
engineering lies in maintaining vascularization of
newly formed tissue to support its growth [49].
Some growth factors are more related to the
onset of vasculogenesis, such as FGF-2 and VEGF,
which are necessary for hemangioblast formation
and allow differentiation and proliferation into
angioblasts [50,51]. The effects of combining
two types of growth factors (VEGF and FGF-2)
in a sodium alginate scaffold model for use in
pulp regeneration led to increased viable hDPSC
numbers and cell proliferation [22].

Overall, the selection of a biomaterial used
in scaffold creation represents a crucial step
in ensuring an environment conducive to cell
adhesion, proliferation, and differentiation, given
that the materials used and their characteristics
will have a direct influence on cell behavior [22].
Understanding the interaction between cells,
biomaterials, and growth factors is essential
to optimize the creation of more effective
scaffolds [43,52,53].
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This review has some limitations that should
be considered. First, although the Joanna Briggs
Institute checklist was used to assess methodological
quality, some items such as randomization and
blinding are not applicable to in vitro studies,
which restricts the direct comparability of risk
of bias across different study designs. Second,
the number of eligible studies was limited, and
only three could be included in the quantitative
synthesis, which precluded a reliable assessment of
publication bias through funnel plots or regression-
based methods. These factors highlight the need for
caution in interpreting the results and reinforce the
importance of future investigations with larger and
more standardized experimental designs.

CONCLUSION

Under the conditions of the present study,
it can be concluded that the addition of different
natural substances to sodium alginate, used as a
scaffold, may contribute to creating a more favorable
environment for the adhesion, proliferation, and
differentiation of human dental pulp stem cells.
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