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Abstract

Background. Bone reconstruction with appropriate quality and quantity for dental implant
replacement in the alveolar ridge is a challenge in dentistry. As dental pulp stem cells (DPSCs)
could be a new perspective in bone regeneration in the future, this study investigated the bone
regeneration process by DPSCs.

Methods. Electronic searches for articles in the PubMed, EMBASE, and Scopus databases were
completed until 21 April 2022. The most important inclusion criteria for selecting in vivo
studies reporting quantitative data based on new bone volume and new bone area. The quality
assessment was performed based on Cochrane’s checklist.

Results. After the title, abstract, and full-text screening of 762 studies, 23 studies were included.
A meta-analysis of 70 studies that reported bone regeneration based on new bone area showed
a statistically significant favorable influence on bone tissue regeneration compared to the
control groups (P<0.00001, standardized mean difference [SMD]=2.40, 95% Cl: 1.55-3.26;
[=83%). Also, the meta-analysis of 14 studies that reported new bone regeneration based on
bone volume showed a statistically significant favorable influence on bone tissue regeneration
compared to the control groups (P=0.0003, SMD=1.85, 95% Cl: 0.85-2.85; I>=84%).
Conclusion. This systematic review indicated that DPSCs in tissue regeneration therapy
significantly affected bone tissue complex regeneration. However, more and less diverse
preclinical studies will enable more powerful meta-analyses in the future.
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Introduction

Reconstruction of bone defects is often a clinical
challenge, especially in dentistry. Maxillofacial bone
deficiencies result from tooth loss, periodontitis, trauma,
tumor removal, congenital anomalies, and radiation-
related osteonecrosis. Periodontitis and ridge remodeling
following tooth loss is the most common cause of the
alveolar bone defect. Successful implant placement
requires adequate bone quality and quantity to avoid
implant failure; therefore, reconstructing the alveolar
ridge is a substantial issue for dental implant-supported
prostheses.'?

Autogenous bone grafting is the gold standard for bone
regeneration. However, mitigating the complications
associated with the harvest of autologous bone was the
primary impetus for developing bone graft substitutes.
Reconstructing bone defects with tissue engineering using
dental pulp stem cells or DPSC is one of the most modern
rehabilitation methods that can revolutionize future

treatments.’

DPSCs can include self-renewal capacity, multilineage
differentiation capacity, high proliferation potential,
and clonogenic efficacy. These features have made them
the most promising mesenchymal stem cells (MSCs) for
clinical purposes. However, many issues and challenges
must be addressed before using these cells in clinical
treatment.%’

Tissue engineering scaffolds can facilitate the
proliferation and differentiation of progenitor cells.
Combining osteogenic cells, osteogenic factors,
biocompatible scaffolds, and angiogenesis are the
elements of bone tissue engineering. Treatment with
bone-related factors, gene transfection, and gene
overexpression enhances the bone regeneration potential
of DPSCs.>*

Due to the limited clinical trials conducted in the
field of bone regeneration by DPSCs, they have not yet
been effectively used in clinical treatments. Further
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investigation of the studies conducted in this field will lead
to achieving suitable study designs and, ultimately, the
progress of therapy using DPSCs. Since the quantitative
evaluation of bone regeneration by DPSCs has not been
carefully evaluated in the previous systematic reviews, this
study aimed to evaluate the potential of DPSCs in clinical
and preclinical bone regeneration from a quantitative
point of view. For this purpose, this review study analyzed
the amount of bone volume and bone area regenerated
by DPSCs.

Methods

Protocol

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement® was the protocol of
this systematic review.

Focus questions
The objective of this study was to review the literature to
answer the focused question systematically:

Do DPSCs improve the quantitative results of bone
regeneration?

Which samples, scaffold type, final follow-up, and
defect type significantly impact bone regeneration?

Eligibility criteria
The inclusion criteria for the selection were:

In vivo studies, bone defect regeneration therapy
utilizing DPSCs, studies reporting quantitative data in the
form of new bone volume percentage or new bone area
percentage, and studies published in the English language.

The exclusion criteria for the selection were:

Studies reporting only qualitative results of bone
regeneration.

In studies where the results of bone regeneration had
been reported quantitatively, the exclusion criteria were
these items:

Standard deviations were not apparent, the numbers
of samples were not reported, the created bone defects
were not filled by scaffolds seeded with DPSCs in the test
group, and an acellular scaffold did not fill the created
bone defects in the control group.

Information sources

Electronic searches were completed for articles in
MEDLINE (PubMed), EMBASE, and Scopus databases
until 21 April 2022. Also, related systematic references
were added.

Search strategy
The search strategy was: “regenerate *” AND “bone*”
AND (“stem” or “pulp”), AND “cell.”

Selection process

The studies were evaluated by two reviewers separately
(NM and FO), and the third reviewer (FE) reviewed the
differences.

Data collection process
Two reviewers (NM and FO) collected data from each
report independently.

Data items
The list and definition of outcomes are as follows:

“Author-year” specifies the author and year of
publication.

“Sample” specifies the type of animals with bone defects.

“Number” specifies the total number of test and control
group samples.

“Site and size of bone defects” specifies the type of
the created bone defects and their dimensions or the
dimensions of the bur used.

“Final follow-up” specifies the final duration of
treatment by week.

“Laboratory method” specifies the laboratory method.

“Scaffold” specifies the scaffold used.

“Regenerated bone area” specifies the study outcome
based on bone area percentage. The results of the test and
control groups for each study are stated in this column.
In the test group, the defect was filled by scaffolds seeded
with DPSCs, and in the control group, the defect was
supplied with an acellular scaffold.

“Regenerated bone volume” specifies the study outcome
based on bone volume percentage. The results of the
test and control groups for each study are stated in this
column. In the test group, the defect was filled by scaffolds
seeded with DPSCs, and in the control group, the defect
was supplied by an acellular scaffold.

Study risk of bias assessment

Cochrane’s risk of bias tool was used to assess the risk
of bias in the included studies.’® The criteria used were
as follows: random sequence generation (selection
bias), allocation concealment (selection bias), blinding
of personnel (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data
(attrition bias), selective reporting (reporting bias), and
other sources of bias.

The classification of studies based on seven criteria of
risk of bias assessment was as follows:

A study had a low risk of bias if it had none of the types
of preferences, a study had a moderate risk of bias if it had
one of the types of bigotry, and a study had a high risk of
bias if it has more than one type of bias.

Statistical analysis
Review Manager (RevMan, Computer program, Version
5.4, The Cochrane Collaboration, 2020) was used for
statistical analysis. Separate meta-analyses were performed
according to regenerated bone volume and area. In
addition, subgroup analyses were performed according to
the sample, defect, follow-up, and scaffold types.
Meta-analyses were performed using the Z test with
random effects weighted inverse variance method.
The effect size was measured using standardized mean

J Dent Res Dent Clin Dent Prospects, 2022, Volume 16, Issue 4 | 2B



Moeenzade et al

differences (SMDs) and 95% confidence intervals.
SMD<0.2 was considered a ‘small’ effect size, SMD
between 0.2 and 0.8 represented a ‘medium’ effect size,
and SMD >0.8 was considered a ‘large’ effect size. The
results were considered significant when P <0.05. The
heterogeneity was assessed using the I* test. If I> was > 75%,
it was interpreted as highly heterogeneous.

Results

Study selection

A total of 762 records were identified through database
searches. After removing duplicate articles, in vitro
articles, review articles, and articles that did not investigate
bone tissue regeneration, the full texts of 78 studies were
reviewed. The reasons for excluding studies after a full-
text assessment were as follows: The quantitative data
were not reported (n=27)""%; the percentage of new bone
volume or new bone area was not reported (n=9)*"
the number of the samples was not reported (n=2)""*;
stem cells from human exfoliated deciduous teeth were
used as MSCs (n=2)*"% the created bone defects in the
test group were not filled by scaffolds seeded with DPSCs
(n=10)"""%; and the created bone defects in the control
group were not filled by an acellular staging (n=5).9%

Finally, 23 studies were included in the meta-analysis.®>®

Figure 1 shows the flow chart.

Study characteristics

The samples used in the studies were rats in 9
StudieS)65,67,69,71,74,76,78,79,85 mice in 5 Studies,80,81,83,84,87 rabbits
in 4 studies,”*””7%% sheep in 2 studies,®*’® and pigs in 2
studies.”>%¢

The bone defects were created in the cranium in 15
studies,*>6768727479.8082-8486 iy the mandible in 2 studies,*”
in the alveolar bone in 4 studies,*®**75% and in the femur
in 2 studies.”*® Dimensions of defect, Scaffolding used,
and final follow-up varied across studies.

The results were in the form of a new bone area in
10 studies®>s87071737476787984 and new bone volume in 7
Studies 69,75,80,81,83,85,86

Six studies reported outcomes in both forms.
Table 1 shows the study characteristics.

66,67,72,77,82,87

Risk of bias in studies

In this category, 2,8, and 13 articles showed alow, medium,
and high risk of bias, respectively. Figures 2 and 3 show
reviewing authors’ judgments about each risk of bias item
presented.

[ Identification of studies via databases ]

Records identified from*:

Databases (n =762 )

Records removed before screening:
Duplicate records removed (n =236 )

Records removed for other reasons

Identification

(n =356 )
Review article

In vitro article

(n=78)

Studies included in review

2| | o)
E

l Tissue formation other than bone
—y
Records screened
#| Records excluded
(n=170)
(n=82)
l Tissue formation other than bone
Reports sought for retrieval
2 (n=25) *| Reports not retrieved
g l (n=23)
Reports assessed for eligibility Reports excluded:

Qualtative data (n = 27)

Quantitative data other than bone
volume and bone area (n=9)

Using SHEDs as MSCs (n =2 )
Number of samples (n =2 )
Unfavorable test group(n =10 )

Unfavorable control group (n =5 )

Figure 1. Flow diagram for included searches of databases. Abbreviations: MSCs: mesenchymal stem cells; SHEDs: stem cells from human exfoliated deciduous teeth
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Table 1. Classification of in vivo studies based on their features

Site and size of Final

Regenerated bone

Regenerated bone

Author, year Sample Number bone defects I Laboratory method Scaffold area volume
Vater et al, . Femur Histology T=29.45+19.5%
2022 Mice 23 15.7 mm’ 6Weeks oy MEM C=28.28+12.8%
Colorado et al, Calvarium Histology T=5.14+0.13%
202265 Rats .10 5 mm 10Weeks ¢ diology SEM PLGAHA C=4.98+0.16%
Histology
Chan et al, . Calvarium Histomorphometry T=39.78+2.45% T=41.32+3.57%
202277 Rabbits 12 6 mm 8Weeks | munohistochemistry T TCP C=38.01+2.45% C=39.81+3.16%
uCT
Maillard et al, Mice 10 Calvarium 8 Weeks g:ztglrs?r/ hometr Hydrogel T=11.67+2.85%
20229 3.5x 1 mm? WCT P Y yaros C=4.8422.33%
. Histology
Zhu et al, . Calvarium . T=32.51+2.46% T=55.86+3.31%
2021 Mice 18 2 mm 8 Weeks Eéi'omgy Collagen C=24.64+2.03% C=47.56+2.33%
Shiu et al, Rabbits 8 Calvarium & Weeks :'Ztg'rgif hometr ﬁ%ﬁié;? . T=39.8457%  T=41.0+14%
2021% ' 6 mm : P Y weaic C=383£6.0%  C=38.4+1.3%
uCT phosphate)
) . Histology
Shiu et al, . Calvarium . . T=421+2.7% T=41.2+3.4%
2021 Rabbits 8 6 mm 8 Weeks EclsTtomorphometry Bio-Oss Cot13235% C=39.051%
) Histology
Park et al, . Calvarium . . Dense collagen T=3.62+1.94%
2020 Mice 8 4 mm 8 Weeks Lrgr_}"tunohlstochemlstry (553P4) Co6.47+4.08%
. Mandible Histology T=6.15+£0.55% T=26.03+3.53%
67
Jinetal 20197 Rats 10 2x1 mm? 6 Weeks o1 Hydrogel C=130+029%  C=8.95+3.25%
Granular
. deproteinized
Colpak et al, Alveolar bone Histology . . T=29+1.07%
2019 Sheep 32 3.7x10 mm? 6 Weeks Histomorphometry bovine bo'ne with C=18.45+0.33%
10% porcine
collagen
Lin et al Alveolar bone Histology T=47.61+7.08%
’ . = . x /. o
2079 Rats 20 2><1!,5><0.5 2 Weeks uCT Matrigel C=30.08+2.13%
mm
Histology .
Campos et al, . Femur . Bonelike® plus T=77.5+3.2%
20197 Ovine 12 5 mm 17 Weeks  Histomorphometry ;o) o C=67.9+3.9%
Radiology
Histology
. ; T=48.3=3.0%
Lee YC et al, . Calvarium Histomorphometry ) T=33.5+9.3% B o
2019 Rabbits 12 6 mm 6Weeks | munohistochemistry 2© O C=256£9.7%  C-435x0.9%
uCT
Histology
Yuan etal, Calvarium Histomorphometry ) T=34.69+4.68%
20187 Rats - 20 5 mm 12Weeks | munchistochemistry 512088 C=24.69+2.44%
uCT
Collignon et al . Calvarium Histology T=65.01+11.38%
2018 % Mice 12 35 mm 12 Weeks :jés_lt_omorphometry Collagen C=35.95418.47%
Histology
Wongsupa et . Calvarium Histomorphometry PCL/BCP T=1136+3.56% T=25.33+0.61%
al, 201772 Rabbits 6 11 mm 8Weeks oy C=6.68=138%  C=13.28+2.46%
Clinical
Chamieh et al Calvarium Histology T=9.86+1.92%
, . =3J.00x 1. o
20165 Rats 15 5 mm 5 Weeks Histomorphometry Collagen C=3.07+052%
uCT
Kuo et al, . Mandible Histology T=69.7+4.9%
20157 Pigs 8 6 mm 8 Weeks Histomorphometry csb C=33.9+9.9%
Histology
Caoetal, . Alveolar bone Histomorphometry T=56+3.6%
2015% Pigs 8 sx7x3mm 2 WVEKS b diology HA-TCP C=0.47+2.19%
Clinical
Petridis et al, Calvarium Histology T=32.78+9.24%
20157 Rats 30 5mm 8 Weeks Histomorphometry Hydrogel C=24.40+8.29%
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Table 1. Continued

P, g el i Site and size of Final el ] scaffold Regenerated bone  Regenerated bone
bone defects follow-up area volume
Granular
- . . deproteinized
Annibali et al, ) Calvarium Histology ) . T=17.67+20.17%
20147 Mice 10 4x1 mm? 8 Weeks Histomorphometry bovine boAne with C=16.21+9.74%
10% porcine
collagen
Histology
Maraldi et al, Calvarium Histomorphometry T=56.80+4.34%
20137 Rats 20 5x8x1.5 mm’ 4 Weeks Immunohistochemistry Collagen C=43.58+7.15%
Radiology
Pisciotta et al Calvarium Histology T=69.03+7.87%
/ ) =69.03+7.87%
20127 Rats 10 5%8x15mm* © Weeks Hlstomorphometry‘ Collagen C=39.91+4.36%
Immunohistochemistry
Liu et al Alveolar bone Histology T=35.95+2.53%
’ B . = . L. o
201178 Rabbits 12 10x4x3 mm: 12 Weeks PRi;Zti(z)rll:)(;ryphometry nHAC/PLA C292.86+0.55%

T: test group; C: control group; pCT: X-ray micro-computed tomography; SEM, Scanning electron microscopy; MCM, Mineralized collagen matrix; HA-TCP,
Hydroxyapatite /Tricalcium phosphate; HA, hydroxyapatite; PLGA, Polylactide-co-glycolide; CSD, Calcium sulfate dehydrate; PCL/BCP, polycaprolactone/-
tricalcium phosphate; HA, Hydroxyapatite; TCP, Tricalcium phosphate; nHAC, Nanohydroxyapatite/ collagen; PLA, poly(L-lactide).

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 26% 50% 76%  100%

.an risk of hias

DUncIearrisk ofbias

[l High risk of hias

Figure 2. Risk of bias graph: reviewing authors’ judgments about each risk of bias item presented as percentages across all included studies

Analysis based on new bone area percentage
Seventeen studies reported results based on bone area
percentage. t>6667697174-8284-86 - Gyydy  results were highly
heterogeneous. Bone formation was significantly
enhanced in the test groups compared to the control
groups (P<0.00001, SMD=2.40, 95% CI: 1.55-3.26;
participants =289; studies = 17;1*=83%) (Figures 4 and 5).

Subgroup analyses showed a statistically significant
difference in bone regeneration with different scaffold
and defect types. The granular deproteinized bovine
bone group enhanced bone regeneration the most
(SMD=12.99 [95% CI: 9.52-16.46]). However, only one
study formed this subgroup, and thus this result has low
statistical power (Figure 6). The alveolar bone defect
subgroup had the biggest and significantly different effect
size compared to other defect types (Figure 7 ). The SMDs
in the alveolar and mandibular bone defect subgroup were
9.73 ([95% CI: 3.65-15.89], studies =2) and 6.46 ([95% CI:
0.69-12.23], studies=2), respectively, higher than that in
the calvarium bone defect subgroup (SMD=1.39 [95%
CI: 0.84-1.95], studies = 12) (Figure 7).

There were no significant differences in final follow-
up and sample types. The most positive impact on bone

regeneration occurred in groups where the final follow-
up was six weeks, and the sheep were used as samples
(Figures 8 and 9). The outcome of sample types subgroup
analysis without considering the subgroups including
less than two studies was as follows: The biggest SMD
occurred in the rat subgroup (SMD=2.19 [95% CI:
1.05-3.33], studies=6), and the smallest SMD occurred
in the rabbit subgroup (SMD=0.97 [95% CI: 0.10-1.84],
studies=5) (Figure 6).

Analysis based on new bone volume percentage
Fourteen studies reported results based on new bone
volume percentage S6676870727577808387  Study  results
were highly heterogeneous. Bone formation was
significantly enhanced in the test groups compared
to the control groups (P<00001, SMD=1.85, 95% CL
0.85-2.85; participants=205; studies=14; I*=84%)
(Figures 10 and 11). All the studies showed a net positive
effect of DPSCs therapy on bone treatment outcomes.
However, two study subgroups”® reported a negative
effect compared to the control groups.

Subgroup analyses showed a significant difference in
bone regeneration with all the subgroups. However, all

208 |
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Annibali 2014
C olpaket 2019
Campos 2018
Can 2015
Chamieh 2016
Chan 2022
Collignaon 2018
Colorado 2022
Jin 2014

Kuo 20145

Lee ¥ 20149
Lin 20149

Liu 2011
Maillard 2022
Maraldi 2013
Park 2022
Petrides 20145
Pisciotta 2012
Shiut,201
Shiu 22021
Water 2022
Wongsupa 20017
Yuan 2018

Zhu 2021

OO OO OO0 DO 0D OO0 D D000 09 9 9 9| rndomsequencegeneration (selection hias)

® O 00 00 0000 50 ®» 0 9 9| otonconcealment iselection kias)

® O 0000 000 ® ® | ® 0O blidngopatcpants and personnel (performance hias)

O 000000 OO0 OO0 ® 000D OO O 0 0 9 9 9 0| ctndngofoutcomeassessment (detection bias)

® OO0 00 00 660000 o 0 ® ® ® 0| nompktoutome data (attrition bias)

OO0 OO OO OO O ® 00D 0 0 0O |=eecerepoing (reporting hias)
OO OO0 000000000000 ® O® ® ®|oterhias

Figure 3. Risk of bias summary: reviewing authors’ judgments about each

risk of bias item for each included study

the subgroups had only one to two studies, indicating low
statistical power. In addition, subgroup analyses showed
high heterogeneity (Figures 12, 13, 14, and 15).

Subgroup analyses showed that the most positive
impact on bone regeneration occurred in groups where
bone defects were created in the alveolar bone, and the
pigs were used as samples (Figures 12 and 13). More
precisely, the outcomes of subgroup analyses without
considering subgroups including less than two studies
were as follows: The SMD in the alveolar bone defect
subgroup (SMD =8.48 [95% CI: -4.03-20.96], studies=2)
was higher than that in the calvarium bone defect
subgroup (SMD=1.58 [95% CI: 0.47-2.69], studies=10)
(Figure 13). In the sample type subgroups, the SMDs
in the rat, rabbit, and mice subgroups were 4.01 ([95%
CIL: 2.99-5.03], studies=3), 1.15 ([95% CI: -0.16-2.45],
studies=5), and 0.94 ([95% CI: -0.36-2.24], studies=5),
respectively (Figure 12).

The most significant positive impact on bone
regeneration occurred in groups where the final follow-up
was 12 weeks, and hydroxyapatite/tricalcium phosphate
(HA-TCP) was used as a scaffold (Figures 14 and 15).

Reporting biases

There was a possibility of bias due to the small number
of studies. Also, the funnel plots of the new bone area
and new bone volume indicated an asymmetrical shape.
The asymmetrical shape might have been caused by
publication bias, study heterogeneity, and methodological
anomaly (Figures 5 and 11).

Discussion

Bone tissue engineering by DPSCs has been the subject
of many studies as a method that could have a promising
future in alveolar ridge reconstruction. However, despite
many advances in this field, the high heterogeneity of
studies and the few studies with complete statistical data
make high-power statistical analysis impossible and
the clinical application and effectiveness of stem cell
utilization unclear.

This meta-analysis evaluated the impact of tissue
engineering by DPSCs on bone regeneration based on
the new bone volume and new bone area formation.
Two previous systematic reviews®® mentioned a
positive impact of tissue engineering by DPSCs on bone
regeneration based on qualitative data. The present study
is the first to evaluate the effect of tissue engineering by
DPSCs on bone regeneration based on quantitative data.

According to this review, DPSCs and scaffold
complexes significantly increase bone regeneration.
Clinical diversity and high methodological heterogeneity
should be considered in the interpretation of the meta-
analysis. Analyses were performed in the subgroups of
sample type, scaffold type, final follow-up and defect
types. Although heterogeneity decreased in the majority
of subgroup analyses, a few studies in subgroups caused
the low statistical power of meta-analysis. Nonetheless,

J Dent Res Dent Clin Dent Prospects, 2022, Volume 16, Issue 4
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Test Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean 5D Total Mean SD Total Weight IV, Random, 85% Cl IV, Random, 95% Cl
C olpaket 2019 29 1.07 16 1845 033 16 3.5% 12,99 [9.52, 16.46] —_—*
Campos 2018 TTA 3.2 36 67O 38 12 7.5% 2.79[1.92, 367] -
Chan 2022 3878 245 B 3801 245 ] T.0% 067 [-0.51,1.84] T
Coallignon 2018 B0.01 11.38 B 3525 18497 G 6.8% 1.461[0.12, 2.80] —
Colorado 2022 514 013 5 4898 016 5 6.7% 0.99 [-0.37, 2.35] ™
Jin 2014 615 0.55 5 1.3 029 5 1.7% 9896 [4.22,15.71]
Kuo 2015 B9.7 4.9 4 3349 9.9 4 4.0% 3.99[0.91, 7.08] —
LeeC 20149 334 9.3 12 256 a7 12 7.5% 0.80 [-0.04, 1.64] .
Liu 2011 3582 243 6 2286 055 ] 35% f.58[3.18, 3.99] EEE—
taraldi 2013 568 434 10 4358 714 10 T1% 2141[0.93, 3.29] -
Petrides 2015 3278 9.4 15 244 8.3 16 77 % 0.931[0.18,1.68] ™
Pisciotta 2012 B9.03 787 B 3921 436 4 4.7% 3.88[1.41,6.55] —
Shiut,2021 398 57 4 383 ] 4 6.7% 022117, 1.632] -
Shiu 2,2021 421 2.7 4 413 345 4 6.7 % 022117, 1.62] -
Wongsupa 2017 1136 3.68 3 G663 1.38 3 5.5% 1.39[-0.70, 3.47] T
Yuan 2018 3469 468 10 2463 244 10 G.9% 257 [1.32,3.81] —
Zhu 2021 3251 248 9 2464 203 ] G.4% 3.311[1.78, 4.84] I
Total (95% CI) 157 132 100.0% 2.40 [1.55, 3.26] &
Heterogeneity: Tau®= 2.33; Chi®= 9559, df=16 (P = 0.00001); F=83% f t f t

Test for overall effect 2= 5.2 (P = 0.00001)

-10 -5 0 5 10
Control Test

Figure 4. Forest plot for new bone area measures

o SE(SMD)

, ‘ L , ‘ SMD
& } f } ) f

=10 -3 0 5 10

Figure 5. Funnel plot for new bone area measures

the use of DPSCs and scaffold caused a significant increase
in the reconstruction of bone defects.

In addition, it is necessary to pay attention to this
point that this meta-analysis has not reviewed the
impact of other factors, such as growth factors, on bone
regeneration. Bone-related factors, gene transfection,
and gene overexpression enhance the bone regeneration
potential of DPSCs.>® However, meta-analysis was
impossible due to the high heterogeneity of methodology
in the studies examining these factors’ impact on bone
tissue engineering. Therefore, we can expect a more
significant amount of bone regeneration by DPSCs with
the application of growth factors, gene transfection, and
gene overexpression.

Using growth factors such as tetrahydroxystilbene
glucoside,” rhBMP-2,”® and osteogenic culture medium*
increased bone regeneration. In addition, overexpression
of SIRT1, Runx2, EphrinB2, and DPSCs derived from PN3
Wntl-CRE-Rosa™™" mouse molar in separate studies™
showed a significant increase in bone regeneration.

Compared to other stem cells, studies comparing the

ability of DPSCs to bone marrow MSCs did not show
a significant difference in bone regeneration.*>%%
However, evaluation of the osteogenic potential of
adipose tissue-derived stem cells” and amniotic fluid stem
cells’ showed a significant increase in bone regeneration
compared to DPSCs.

Overall, using DPSCs with appropriate scaffold, growth
factor, and gene therapy will result in the maximum
bone regeneration percentage. Finally, as mentioned in
previous systematic reviews, bone tissue engineering can
be expected to result in a favorable clinical outcome.**

Few clinical studies examined bone reconstruction in
Mansfield.**4043%091 Most of these studies have reported
new bone regeneration based on probing depth and
clinical attachment loss. Future clinical trials should also
evaluate the extent of bone regeneration in other ways,
such as micro-computed tomography.

Future research should concentrate on humans or
samples closer to humans, such as dogs and sheep, than
on mice and rats. The results should be in the form of
statistical data such as bone volume, trabecular number,
bone mineral density, and mineral content.

The new bone formation could include maxillary
or mandibular bone defects rather than cranium or
subcutaneous ones. Future research should compare
the effect of different growth factors, scaffolds, and gene
overexpression on bone regeneration.

Conclusion

Bone tissue engineering by DPSC is one of the promising
ways for bone regeneration in the future. This study
was designed in response to the question of whether the
current clinical studies quantitatively indicate the ability
of DPSC to regenerate bone properly. In this review
article, the meta-analysis conducted on the results of
the studies showed a significant increase in the amount
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Test Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean 5D Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
5.1.1 Collagen
Collignon 2018 G001 11.38 B 3525 18497 G BE8% 1.46 012, 2.80] =
Maraldi 2013 a6.8 434 10 4358 715 m 7% 214 [0.89, 3.249] -
Pisciotta 2012 .03 FET B 3821 438 4 4T% 388 [1.41, 659 B
Thu 2021 32A1 248 9 2484 203 9 B4% 331[1.78,4.84] -
Subtotal {95% Cl) k| 29  25.0% 2.45[1.48, 3.41] L
Heterogeneity: Tau®*=0.37; Chi*= 486, df=3 (F=0.18); F= 38%
Test for averall effect; £= 4. 96 (P = 0.00001)
5.1.2 Hydrogel
Jin 2014 G158 0485 g 1.3 024 a  17% 986 [4.22,15.71]
Petrides 2015 3278 924 15 244 83 16 7% 083[018,1.68] ™~
Subtotal {95% CI) 20 21 9.4% 4,98 [-3.82,13.78] —oai——
Heterogeneity: Tau®= 3643, Chif=934 df=1 (P=0.002); F=89%
Testfor overall effect Z=1.11 (F=0.27)
5.1.3 Polycaprolactone /B-tricalcium phosphate (PCLIBCP)
Wangsupa 2017 11.36 3.86 3 6EBE  1.38 3 85% 1.39 [-0.70, 3.47] T
Subtotal {95% Cl) 3 3 5.5% 1.39 [0.70, 3.47] <
Heterogeneity: Mot applicable
Testforaverall effect Z=1.30F=019)
5.1.4 Bonelike® plus Tisseel Lyo®
Campos 2018 A 3.2 I/ BTY 34 12 74% 279[1.82 367] -
Subtotal {95% Cl) 36 12 7.5% 2.79[1.92, 3.67] L ]
Heterogeneity: Mot applicahle
Test for averall effect: Z= .25 {F = 0.000013
5.1.5 Nanohydroxyapatite/ collagen/poly(L-lactide){ nHAC/PLA)
Liu 2011 35092 2583 B 2286 D055 G 35% G.58[3.18,9.949] e
Subtotal {95% CI) 6 ] 3.5% 6.58 [3.18, 9.99] -l
Heterogeneity: Mot applicable
Testfor overall effect Z=3.79 (F = 0.0002)
5.1.6 Calcium sulfatedehydrate (C5D)
kua 2014 69.7 449 4338 94 4 40% 3.99[0.91, 7.06] —_—
Subtotal {95% CI) 4 4 4.0% 3.99 [0.91, 7.06] -
Heterageneity: Mot applicable
Testfor overall effect Z= 254 (F=0.01)
5.1.7 Granular deproteinized bovine bone with 10% porcine collagen{ GDPB)
C,olpaket 2019 29 107 16 1845 033 16 34% 12.99[3.52, 16.46] e
Subtotal {95% Cl) 16 16 3.5% 12.99 [9.52, 16.46] il
Heterageneity: Mat applicable
Test for averall effect: Z2=7.34 {F = 0.000013
5.1.8 Bio Oss
Lee ¥ 2014 334 9.3 12 256 a7 12 745% 0.80 -0.04,1.64] =
Shiu 22021 421 7 4 413 35 4 BT% 022147, 1.62] -
Yuan 2018 3469 468 10 2469 244 10 B49% 287 [1.32, 381 -
Subtotal {95% Cl) 26 26 21.2% 1.19 [-0.07, 2.46] >
Heterogeneity: Tau®=0.90; Chi*= 731, df =2 {F=003), F=73%
Test for averall effect: Z=1.85 {F = 0.08)
5.1.9 Hydroxyapatite [Tricalcium phosphate{HA-TCP)
Chan 2022 3978 245 B 3801 245 G T70% 0.67 [F0.51,1.84] T
Subtotal {95% CI) 6 ] 7.0% 0.67 [0.51, 1.84] »
Heterogeneity: Mot applicable
Test for overall effect Z=111 (F=0.27)
5.1.10 MBCP|{ Hydroxyapatite (HA) and _tricalcium phosphate)
Shiut,2021 9.8 8.7 4 383 4 4 BT% 0.22 1.7, 1.64] T
Subtotal {95% CI) 4 4 6.7% 0.22 [1.17,1.62] L 3
Heterageneity: Mot applicable
Test for overall effect Z=0.31 (P=0.75)
5.1.11 Polylactide-co-glycolide! hydroxyapatite (PLGA/HA)
Colorado 2022 a14 013 5 4498 016 a  Bi% 0.89 [-0.37, 2.39] ™
Subtotal {95% Cl) 5 5 6.7% 0.99 [-0.37, 2.35] »
Heterageneity: Mat applicable
Testfor averall effect Z=143{F =013
Total (95% CI) 157 132 100.0% 2.40 [1.55, 3.26] *
Heterogeneity: Tau®= 2.33; Chi®= 95.50, df= 16 (P = 0.00001); F= 83% f f f
Test for overall effect Z=5.52 (P = 0.00001) -20 -0 v 1 a0

i ) Control Test
Testfor subgroup differences: Chi®= 66.70, df=10(P = 0.00001}, F= 85.0%
Figure 6. Forest plot for new bone area measures stratified by scaffold type
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Test 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
3.1.1 Mandible
Jin 2019 515 045 ] 13 029 5 1.7% 9.96 [4.22,15.71]
luo 2015 59.7 4.9 4 3349 9.9 4 4.0% 3.99[0.91, 7.06] —
Subtotal (95% CI) 9 9 5.7% 6.46 [0.69, 12.23]
Heterogeneity: Tau?= 12.35; Chi*= 3.24, df= 1 (P = 0.07); F= 63%
Testfor averall effect Z=219(F=0.03)
3.1.2 Alveolar bone
C.olpaket 20149 29 1.07 16 18484 033 16 3.5% 12.88[9.44, 16.32] —
Liu 2011 35.92 2453 B 2286 0485 B 3.5% 6.58 [3.18, 9.949] —
Subtotal (95% CI) 22 22 7.0% 9.73 [3.56, 15.89] i
Heterogengity: Tau?= 16.75; Chi*= 6.49, df= 1 (P = 0.01) F=85%
Testfor overall effect Z=3.08 (P=0.002)
3.1.3 Calvarium
Chan 2022 39.78 245 B 3801 245 b T.0% 0.67 [-0.91, 1.84] T
Collignon 2018 60.01 11.38 B 3525 18487 b 6.8% 1.46[0.12, 2.800 ™
Colorado 2022 514 013 4 4483 0416 b B.7% 0.99 [-0.37, 2.35] T
Lee ¥ 2019 334 9.3 12 256 9.7 12 T.5% 0.80 [-0.04, 1.64] -
Maraldi 2013 6.8 4.34 10 4358 714 10 TA% 214 [0.99, 3.29] -
Petrides 2015 3278 9.24 18 244 8.3 16 7% 0.93[0.18, 1.66] ™~
Fisciotta 2012 69.03 787 B 3921 436 4 4.7% 398 [1.41, 6.55] —
Shiut, 2021 39.9 8.7 4 383 3] 4 B.7% 022117, 1.62] -
Shiu 2,2021 421 27 4 413 348 4 B.7% 022117, 1.62] -
Wongsupa 2017 1136 258 3 GEE 138 3 55% 1,38 [0.70, 3.47] T
Yuan 2018 3468 463 10 2468 244 10 B68% 257 [1.32, 3.81] -
Zhu 2021 3251  2.48 9 2464 203 9 BA% 3.31 [1.78, 4.84] -
Subtotal (95% CI) 90 89 79.8% 1.39 [0.84, 1.95] +
Heterogeneity: Tau?= 0.50; Chi*= 24.89, df= 11 (P = 0.009); F= 56%
Testfor overall effect 2= 491 (P = 0.00001)
3.1.4 Femor
Campos 2018 7rg 3.2 36 BT 39 12 T.5% 2.791.92, 3.67] -
Subtotal (95% CI) 36 12 7.5% 2.79 [1.92, 3.67] 4
Heterogeneity: Mot applicable
Test for overall effect £= 625 (F = 0.00001)
Total (95% CI) 157 132 100.0% 2.40 [1.55, 3.26] L
Heterogeneity: Tau®= 2.33; Chi*= 95.46, ¢f = 16 (P < 0.000013; = 83% 20 -1’0 5 110 2’0
Testfor overall effect Z=552 (P = 0.00001) Contral Test
Testfor subaroup differences: Chi*=15.80, df= 3 (P =0.001), F=81.0%
Figure 7. Forest plot for new bone area measures stratified by defect type
Test 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
211 Rats
Colorado 2022 914 013 5 498 016 <) B.7% 0.99 [-0.37, 2.35] T
Jin 2019 615 0455 5 1.3 0249 5 1.7% 9.96[4.22,15.71]
Maraldi 2013 968 434 10 4358 715 10 T1% 214 [0.89, 3.249] -
Fetrides 2015 3278 924 15 244 8.3 16 TE% 0.93 018, 1.68] ~
Pisciotta 2012 B9.03 787 B 39217 4368 4 4.6% 3.98 [1.41, 6.59] —
‘uan 2018 3469 468 10 2469 244 10 69% 2.5711.32,3.81] bl
Subtotal (95% CI) 51 50 34.6% 219 [1.05, 3.33] &
Heterogeneity: Tau®=1.26: Chi*=18.42, df= 5 (P = 0.003); F= 73%
Test for overall effect Z= 3.76 (P = 0.0002)
2.1.2 Rabbits
Chan 2022 3978 245 B 3801 245 3] T.0% 0.67 [-0.51,1.84] T
Lee i 2018 3348 93 12 258 9.7 12 7.48% 0.80 [-0.04, 1.64] -
Liu 2011 3285 253 B 2286 055 B 4.4% 5.09 [2.36, 7.8%] —
Shiut, 2021 398 5.7 4 383 3] 4 6.6% 0.22[1.17,1.62] T
Shiu 2,2021 421 27 4 4.3 35 4 6.6% 0.22[1.17,1.62] T
YWangsupa 2017 11.36 3486 3 668 1.38 3 a54% 1.39 [0.70, 3.47] T
Subtotal (95% CI) 35 5 37.6% 0.97 [0.10, 1.84] [ 4
Heterogeneity: Tau®= 0.60; Chi*=11.15, df= 5 (P = 0.05); F= 55%
Testfor overall effect: Z= 218 (P = 0.03)
2.1.3 Mice
Callignon 2018 6001 11.38 6B 3525 18497 4] 6.7% 1.46 [0.12, 2.80] ~
Zhu 2021 32481 248 9 2464 203 9 B.4% 331 [1.78, 4.84] -
Subtotal (95% CI) 15 15 13.1% 2.34 [0.54, 4.15] &>
Heterogeneity: TauF=1.17 Chi*= 317 df=1 (P=0.08); F= 68%
Test for averall effect: Z= 2.54 (P = 0.01)
2.1.4 Sheep
C.nlpaket 2019 29 107 16 18.45 0.33 16 34% 12.99[9.52, 16.46] —
Campos 2018 TrE 3.2 36 BYE 348 12 T.A% 2.79101.82 3.67] -
Subtotal (95% CI) 52 28  10.9% T.75[-2.24,17.73] —
Heterogeneity: Tau®= 50.31; Chi®= 31.21, df= 1 (P < 0.00001); F=97%
Testfor averall effect Z=1.52 (P=0.13)
2.1.5 Pigs
Kuo 2015 BY.7 4.9 4 339 9.9 4 3.9% 3.99 [0.81, 7.068] —
Subtotal (95% CI) 4 4 3.9% 3.90 [0.91, 7.06] .
Heterogeneity: Mat applicable
Testfor overall effect: Z= 2,84 (P = 0.01)
Total (95% CI) 157 132 100.0% 2.37 [1.53, 3.21] +
Heterogeneity: Tau®= 2.26: Chi*= 93.62, df= 16 (P = 0.00001); F= 83% N R T 5

Testfor overall effect: 2= 5.52 (P = 0.00001)
Testfor subaroup differences: Chi®= 744, df= 4 (P =011}, F= 463%

Control Test

Figure 8. Forest plot for new bone area measures stratified by animal type
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Test Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
4.1.1 4 weeks
tdaraldi 2013 6.8 4.34 10 4358 7414 10 TA4% 2,140,985, 3.29] -
Subtotal {95% CI) 10 10 7.4% 214 [0.99, 3.29] L 2
Heterogeneity: Mot applicable
Testfor overall effect £= 3.66 (F = 0.0003)
4,1.2 6 weeks
olpaket 20149 28 1.07 16 1845 033 16 3.6% 12,959 [9.52, 16.46] n—
Jin 2019 615 0.55 ] 1.3 02§ ] 1.8% 9.596 [4.22,14.71] -
Lee¥C 2018 335 9.3 12 256 a7 12 7.9% 0.50 [-0.04, 1.64] ™
Subtotal (95% CI) 33 33 13.4% 7.75[-1.44, 16.95] A
Heterogeneity: Tau®= 62.25; Chi®= 53.03, df= 2 (P = 0.00001}); F= 96%
Test for averall effect Z=1.65F =010}
4,1.3 8 weeks
Chan 2022 \re 245 6 3801 245 5 7A% 067 [-0.91,1.84] T
Kuo 2014 637 49 4 3385 9.4 4 41% 3.99[0.91, 7.08] I
Petrides 2015 3278 924 15 244 83 16 8.0% 0.93[0.18,1.68] ™~
Shiu1,2021 388 a7 4 383 5 4 7.0% 022117, 1.62] -
Shiu 2,2021 421 2.7 4 413 35 4 7.0% 022117, 1.62] -
Wongsupa 2017 11.36 3586 3 BBES  1.38 3 5.7% 1.39[-0.70, 3.47] T
Zhu 2021 3251 248 9 2464 203 g 6.68% 3.311[1.78, 4.84)] -
Subtotal (95% CI) 45 46  46.1% 1.23 [0.38, 2.09] L2
Heterogeneity: Taur=0.73; Chi*=1515 df= 6 {P=0.02); F= 60%
Testfor averall effect Z= 2.83 (P = 0.0045)
4.1.4 12 weeks
Collignan 2018 B0.01 11.38 G 3525 18497 4 T1% 1.46[0.12, 2.80] +
Liu 2011 3592 243 B 2286 055 4 3T% B.58 [3.18, 9.59] I
‘fuan 2018 3469 468 10 2469 244 10 7.3% 257 [1.32,3.81] -
Subtotal (95% CI) 22 22 18.1% 2.92 [0.95, 4.89] . 2
Heterogeneity: Tau®= 2.08, Chif=7.74, di=2 (P=0.02), F= 74%
Testfor averall effect Z=2.91 (P = 0.004)
4.1.510 weeks
Colorado 2022 514 013 5 498 016 ] 71% 0.99 [-0.37, 2.39] ™
Subtotal (95% CI) 5 5 7.1% 0.99 [-0.37, 2.35] >
Heterogeneity: Mat applicahle
Testfor overall effect Z=1.43{F=0.15)
4.1.6 17 weeks
Campos 2018 778 3z 36 BT 38 12 7.9% 2.79[1.92, 367] -
Subtotal (95% CI) 36 12 7.9% 2.79[1.92, 3.67] »
Heterogeneity: Mat applicahle
Testfor overall effect Z=6.25 (P = 0.00001)
Total (95% CI) 151 128 100.0% 2.32 [1.45, 3.20] L 2
Heterogeneity: Tau®= 2.31, Chif= 82.44 df=15 (P = 0.00001}); F=84% f t ; ;

=20 -0 0 10 20

Testfor averall effect Z=523 (P = 0.00001) Contral Test

Testfor subaroup diferences: Chi*= 1074, df= 5 {P = 0.06), F=453.5%

Figure 9. Forest plot for new bone area measures stratified by final follow-up

Test Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Random, 95% CI IV, Random, 95% Cl
Annibali 2014 1767 24 5 1621 4974 ] 6.3%  1.46[7.35, 10.27] T
Cao 2015 86 36 4 047 219 4 7.3% 55.53[51.40, 59.66] -
Charmieh 2016 986 1.52 15 3.07 042 15 7.6% 6.7 [5.78, 7.80] -
Chan 2022 3981 316 B 4132 347 4 7.4% -1.81 F5.32, 2.30] -T
Jin 2019 26.03 3.53 5 BO5 325 5 T.3% 17.08[1287 21.249] -
Lee¥C 2019 48.3 3 12 435 049 12 7.6% 4.80[3.03, 6.57] -
Lin 20149 47 61 F.08 10 3008 213 10 T2% 175311295 2211] -
taillard 2022 11.67 2.84 10 4.84 233 10 7.89% 6.83[4.55, 9.11] -
Park 2022 362 1.54 4 647 4.07 4 7.3% -2.857.27,1.87] =
Shiut,2021 41 1.4 4 384 1.3 4 7.6% 2.60[0.73, 4.47] "
Shiu 2,201 41,2 34 4 34 a1 4 G.9% 220 [3.81,8.21] T
Water 2022 28945 1495 12 2828 128 11 5.0% 1AT7[F12.21,14.55] I
Wongsupa 2017 2533 061 31328 246 3 TA%  1205[918, 1492] -
Zhu 2021 5586 3.3 9 4756 233 ] 7.5% 8.30 [5.66,10.94] -
Total (95% CI) 103 102 100.0%  9.67 [4.52, 14.82] &
Heterageneity: Tau®= 90,07, Chi®= 65367, df=13 {F = 0.00001); F= 38% t f {

100 -a0 0 a0 100

Testfor overall effect £= 368 (F=0.0002) control Test

Figure 10. Forest plot for new bone volume measures

J Dent Res Dent Clin Dent Prospects, 2022, Volume 16, Issue 4 | 213



Moeenzade et al

D__SE(MD) |
O
a. i
O |
2__ |
g 8 o
|
|
o |
|
|
4T :
o
|
|
|
|
T |
|
a
|
|
|
8 1
|
|
|
i
|
| MWD
10 t } f !
-100 -50 0 an 100
Figure 11. Funnel plot for new bone volume measures
Test Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
7.1.1 Rats
Chamieh 2016 986 1.92 15 307 0.52 15 TE% B.79[5.78, 7.80] -
Jin 20149 26.03 3.53 5 B95 325 5 TaA% 17.08[12.87, 21.29 -
Lin 20149 47 61 F.08 10 3008 213 10 T2% 17483[1285 2211] -
Subtotal (95% CI) 30 30 22.1% 13.59[5.25, 21.93]
Heterageneity: Tau®= 51.01; Chi®= 39,89, df= 2 (P = 0.00001); F= 5%
Testfor overall effect 2= 318 (F = 0.001)
7.1.2 Rabbits
Chan 2022 3981 316 6 4132 3.57 G 4% -1.81 [F5.32, 2.30] -T
LeeyC 2019 48.3 3 12 435 049 12 TE% 4.80[3.03, 6.57] -
Shiut,2021 41 14 4 384 13 4 TE% 2ED[0.73, 4.47] o
Shiu 2,2021 412 34 4 38 A 4 B.9% 220 [3.81,8.21] T
Wongsupa 2017 2533 0.681 3 1328 248 3 TA% 12050918 1492 -
Subtotal (95% CI) 29 29  36.9% 4.22[0.33, 8.10] | 3
Heterogeneity: Tau®= 16.66; Chi®= 40759, df= 4 (P = 0.00001); IF= 80%
Testfor overall effect: £=213 (F=0.03)
7.1.3 Mice
Annibali 2014 1767 24 5 1621 8.74 5 B.3% 146 [-7.35,10.27] -1
Maillard 2022 11.67 2.85 10 484 233 10 TA% 683 [4.55, 9.11] -
Park 2022 362 1.94 4 647 407 4 Rk -2.858[7.27,1.87] -
Water 2022 2945 1494 12 2828 128 11 a0% 147[12.21,14.55] I
Zhu 2021 5586 3.31 9 4756 2.33 ] TA% 8.30 [5.66, 10.94] -
Subtotal (95% CI) 40 39 33.6% 3.81[-0.59, 8.20] »
Heterageneity: Tau®= 16549, Chi®= 2032, df= 4 (P = 0.0004}; F= 80%
Testfor overall effect: £=1.70 {F = 0.09}
7.1.4 Pigs
Cao 2015 56 3B 4 047 2149 4 7.3% 5543 [51.40, 59.66] -
Subtotal (95% CI) 4 4 7.3% 55.53[51.40, 59.66] L
Heterageneity: Mot applicable
Test for overall effect: £=26.36 (P = 0.00001)
Total (95% CI) 103 102 100.0% 9.67 [4.52, 14.82] L 3
Heterageneity: Tau®= 80.07; Chi®= 6G53.67, df=13 (P = 0.00001}; F= 98% 5_1 oo _550 b
Test for owerall effect: £=3.68 (P = 0.0002) Control Test

Testfor subaroup differences: Chif= 402.05, df= 3 (P = 0.00001), F= 499.3%

Figure 12. Forest plot for new bone volume measures stratified by animal type
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Test Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
8.1.1 Calvarium

Annibali 2014 1767 25 5 1621 9.74 g B.3% 1.46 [7.35,10.27] -1
Chamieh 2016 9.86 1.92 16 307 052 15  7E% 6.79[5.78, 7.80] -

Chan 2022 39.81 316 6 4132 3487 6 T4% -1.81 [5.32, 2.30] -
LeeC 2019 18.3 3 12 435 049 12 T.E% 4.80[3.03, 6.587] -
Maillard 2022 11.67 285 10 484 233 10 75% £.83 [4.55, 9.11] -

Park 2022 362 1.94 4 647 407 4 Ta% -2.85 [7.27,1.57) =

Shiut, 2021 41 14 4 384 13 4 T.E% 260[0.73, 4.47] ~

Shiu 22021 1.2 34 4 39 a1 4 BA% 2.20[-3.81,8.21] T
YWongsupa 2017 25.33 0.81 31328 246 3 TA% 12.05[9.18,14.92) -
Fhu 2021 55.86 3.3 9 47586 2.33 9 T.A% 8.30 [5.66, 10.94] -
Subtotal (95% CI) 72 72 73.14% 4.62 [2.41, 6.83] ]
Heterogeneity: Tau®= 9.60; Chi*= 69.76, df= 9 (P = 0.00001); P=87%

Test for overall effect: Z=4.10 (P = 0.0001)

8.1.2 Mandible

Jin 2018 2603 353 5 8495 3325 g T3% 17.08[12.87, 2129 -
Subtotal (95% CI) 5 5  7.3% 17.08[12.87,21.29] [
Heterogeneity: Mot applicable

Test for overall effect: Z= 7 96 (P = 0.00001)
8.1.3 Alveolar bone

Cao 2015 56 36 4 047 2189 4 T.3% 55.53[51.40, 59.66] -
Lin 2019 47.61 7.08 10 3008 213 10 7.2% 17.83[12.95 22.11] -
Subtotal (95% CI) 14 14.5% 36.54[-0.70,73.78] ———
Heterogeneity: Tau®= 717.05;, Chi*=145.78, df=1 (P = 0.00001); F=99%
Testfor averall effect Z=1.92 (P = 0.048)
8.1.4 Femur
Water 2022 29.45 1848 12 2828 128 1 50% 117 [12.21,14.59] -1
Subtotal (95% CI) 11 50% 1.17 [-12.21, 14.55] -
Heteroneneity: Mot applicable
Testfor averall effect Z=0.17 (P = 0.86)
Total (95% CI) 103 102 100.0%  9.67 [4.52, 14.82] *
Heterogeneity: Tau‘:I 90.07; Chi*= 6583.67, df=13 (P = 0.00001); F=98% R 20 p e e
Testfor overall effect: Z= 3.68 (P = 0.0002) Control Test
Test for subgroup differences: Chi®= 29.58, df= 3 (P = 0.00001), = 89.9%
Figure 13. Forest plot for new bone volume measures stratified by defect type
Test Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
9.1.1 2 weeks

Lin 2019 4761 708 10 30.08 213 10 7.2% 17.83[12.95 22.11] -
Subtotal (95% CI) 10  7.2% 17.53[12.95,22.11] »
Heterageneity: Mot applicable

Testfor overall effect: Z=7.50 (P = 0.00001)

9.1.2 5 weeks

Chamieh 2016 9.86 1.92 15 307 052 15 7.6% 6.79[5.78, 7.80] -
Subtotal {95% CI) 15 15 7.6% 6.79 [5.78, 7.80] ]
Heterogeneity: Mot applicable

Test for averall effect: Z=13.22 (P = 0.00001}

9.1.3 6 weeks

Jin 2019 26.03 353 5 B85 325 5  7a% 17.08[1287 11.29 -

Lee ¥C 2019 183 3 12 435 089 12 T.6% 4.80[3.03,6.57] -

Water 2022 29.45 195 12 28.28 128 11 50% 1.A7[F12.21,14.59] e
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Figure 14. Forest plot for new bone volume measures stratified by the final follow-up
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Figure 15. Forest plot for new bone volume measures stratified by scaffold type
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of bone regenerated by DPSCs. It also showed a ‘large’
effect size by DPSC on bone regeneration. However,
more studies in the future will provide the possibility of
meta-analysis with more power. Furthermore, to achieve
the best method of transplanting DPSCs in bone tissue
engineering, future studies should compare the effects
of growth factors, types of biological scaffolds, and other
factors affecting bone regeneration by DPSCs. Therefore,
more preclinical and clinical studies should be conducted
in this field to overcome the clinical challenges of tissue
engineering by DPSCs.
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