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Abstract

Objective: To probe the potency and safety of transplantation of Mesenchymal Stem Cells (MSCs) in periodontal
tissue regeneration.

Methods: The following electronic data bases were used to retrieve: Cochrane Library, PubMed, Ovid, CBM, and
CNKI Data from its incipiency to December 2017. Inclusion criteria were clinical studies in humans, on the
application of MSCs in periodontal tissue regeneration. Meta-analysis was implemented only for experimental
studies (Randomized Controlled Trials (RCTs) and Controlled Trials (CTs)) concerning periodontal tissue
regeneration. The two authors screened the literature according to inclusion and exclusion criteria, extracted data,
estimated the risk of bias. The meta-analysis was applied using Review Manager, version 5.1.

Results: 4 studies and 109 teeth were included in this meta-analysis. The results demonstrated that the use of
MSCs group was preferable to the control group with statistical significance in the PD (SMD=0.79, 95% CI [0.39,
1.18], 12=0%, P<0.0001) and CAL (MD=0.54, 95% CI [0.16, 0.92], 12=78%, P=0.005). No serious adverse events
were reported.

Conclusion: It is suggested that the MSCs-based therapy for periodontal tissue regeneration is effective.

However, more high-quality evidences are still required for further inquiry to promote clinical utilization of MSCs.

Keywords: Mesenchymal stem cells transplantation; Periodontal
tissue regeneration; Metanalysis

Abbreviations: MSCs: Mesenchymal Stem Cells; RCTs: Randomized
Controlled Trials; GTR: Guided Tissue Regeneration; PD: Probing
Depth; CAL: Clinical Attachment Level; GR: Gingival Recession; PDL:
Periodontal Ligament; SD: Standard Deviation; SE: Standard Error;
SMD: Standardized Mean Difference; Cls: Confidence Intervals

Introduction

Periodontitis is a chronic multifactorial disease of the periodontal
tissues and is characterized by the destruction of the periodontium,
including the loss of cementum, Periodontal Ligament (PDL), and
alveolar bone, eventually leading to periodontal defects [1]. It is
particularly known that chronic periodontitis is caused by bacterial
infection and host immune response [2,3]. The terminal objective of
periodontal treatment is to restore and reform the demolished
periodontal tissues, which consists of gingival connective tissue, PDL,
cementum and alveolar bone. At present, periodontitis treatment
includes conventional approaches such as oral hygiene instructions,
scaling and root planning. However, these approaches could not obtain
desired the regeneration of damaged periodontal tissues stays a clinical
challenge [4]. New periodontitis treatments contain the introduction of

bone grafts, Guided Tissue Regeneration (GTR), gene therapy, and a
variety of growth factor-mediated treatments. However, to date these
tactics fail to accurately achieve the thorough new periodontal tissues
impaired by severe periodontitis [5-7].

At present, MSCs-based periodontal tissue regeneration is identified
as a promising way of periodontitis therapies, especially periodontal
tissue engineering as a treatment for periodontitis. MSCs are reliable
seed cells for tissue regeneration owing to their multilineage
differentiation and self-renewal characteristics [8-10]. In fact, effective
preclinical outcomes have been acquired in an extensive variety of in
vitro and in vivo models [11-24]. On the basis of these preclinical
studies, recent studies have been concentrated on stem cells
transplantation therapies to treat periodontal tissue defects in the
clinic. MSCs can be injected directly into the intrabony defects as a
way of cell suspension or applied with biomaterial scaffolds. Although
several publications in clinical studies, the effectiveness of MSC-
mediated methods for periodontal tissue regeneration remains
inconsistent. Some studies showed that MSC-based treatment methods
had a positive impact on periodontal tissue regeneration in
comparison with control groups [25-28], while others revealed that
there were no significant statistical differences between experimental
groups with MSCs and control groups without MSCs [29-30].
Therefore, these paradoxical results have posed doubt about the safety
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and capacity of MSC-mediated ways of the improvement of
periodontal tissue regeneration.

Thus, the aim of this study was to implement a systematical review
and a meta-analysis with regard to MSC-based way of periodontal
tissue regeneration in clinical studies to get more clinical evidence on
their effectiveness.

Materials and Methods

Study design

The methods of systematic review were pre-specified and recorded
in the protocol executed by the review authors. The type of studies
selection, appraisal of risk of bias, data extraction, and report quality
were operated by two normative reviewers (HNN and JL) in duplicate.
The dissents between them were settled by argument and the
unresolved question was communicated to a third author to achieve
consensus.

Inclusion and exclusion criteria

Studies in conformity with the inclusion criteria are as follows: 1)
most important type of study designs to resolve the center issues were
RCTs and CTs; 2) participants who were diagnosed as periodontal
disease by clinical and radiological estimation without restriction in
age, race, gender, and social and economic status; 3) participants were
in good general health without any symbol of systematic disease; 4)
The clinical outcomes of management from baseline to follow-up time
points (or before/after therapy) should include Probing Depth (PD),
Clinical Attachment Level (CAL) and Gingival Recession (GR); 5) all
participants included in this study received standard initial periodontal
therapy. Exclusion criteria were studies where participants were
smoking within the last 6 months before surgery and pregnancy.
Literature reviews, meta-analysis, repeated studies, and experimental
model researches were also excluded.

Search strategy

Systematic searches were performed in Cochrane Library, PubMed,
Ovid, CBM, CNKI, Data from its inception to December 2017, to
collect RCTs and CTs of stem cell transplantation for periodontal
tisuue regeneration. Published languages involve English and Chinese.
Medical Subject Headings (MeSH) and free words such as “stem cell,”
“stem cells, “cellsy “mesenchymal stem cells) “transplantation,”
“implantation,” “cells implantation,” “mesenchymal stem cell (MSC)
transplantation,” “cell-based therapy, “periodontitis,” “periodontal
diseases,” “periodontal intrabony defects] “periodontal tissue
regeneration,” “periodontal tissue restoration,” “guided tissue
regeneration,” and “periodontium repair” The search methods were
combined with the Cochrane Highly Sensitive Search Strategy to
distinguish randomized control trials.

The titles and abstracts were first filtrated to obtain any research that
matched the requirements, and full texts were attained for further
consideration.

Risk of bias assessment

Assessed the risk of bias were estimated by two authors
independently according to the inclusion and exclusion criteria. The
Cochrane Collaboration tool was used to assess the risk of bias
including the following terms: (1) sequence generation, (2) allocation

concealment, (3) blinding of participants, (4) blinding of outcome
assessors, (5) incomplete outcome, (6) selective data reporting, and (7)
other biases [15]. The risk of bias of each field was ranged as follows: A,
low risk; B, unclear risk; and C, high risk. In addition, for the included
studies the risk of bias of was further categorized as one of the
following classifications: “a low risk of bias” if the 7 fields were assessed
as A; “an unclear risk of bias” if one or more fields were categorized as
B; and “a high risk of bias” if one or more fields were categorized as C.
For each outcome, the risk of bias of depended on the indispensable
fields. For the objective appraisal, the fundamental fields were fields 1,
2,5, 6, and 7, and for the subjective evaluation, the master fields were
fields 1,2, 3,5, 6,and 7.

Data extraction

Extracted data in the light of the inclusion and exclusion criteria
was by two authors independently. A data extraction table was
designed and extracted data from the included studies. The following
terms were extracted: including authors, year of paper publication,
patients’ average age, gender, treatment group/control group, number
of teeth, follow-up, and outcome appraisals, mean value, SD (Standard
Deviation) or SE (Standard Error). If the outcomes were evaluated for
>1 time points, only included the last time of assessment was included.

Data analysis/statistical analysis

Reviewer Manager 5.1 was chosen for the quantitative data of mean
difference (MD) or Standardized Mean Difference (SMD) and 95%
Confidence Intervals (Cls) to meta-analysis. I> was used to evaluate
heterogeneity. If no remarkable heterogeneity or low heterogeneity
between researches was observed, the fixed effects model was utilized.
If the significant statistical heterogeneity between researches was
detected, the reasons for heterogeneity would be analyzed. Subgroup
analysis and random-effects model would be used instead of fixed-
effects model. Finally, to assess the publication bias, the funnel plot
analysis was performed.

Results

Records identified through database searching

(n=287 )

J

’ Records ater duplcates removed ‘

Full-text articles assessed Full-text articles excluded (n = 5 ).

Records screened
=37 )
for eligibility [*| Inadequate study design: 3;
n=11) Duplicate study: 2.

Records excluded
(n=26)

l

Studies included in
qualitative synthesis
(n=6)

Studies included in
quantitative synthesis
(meta-analysis)
(n=2)

Figure 1: Flow of the study inclusion of systemic review.
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Study characteristics

A total of 287 papers were screened by electronic retrievals. After
identifying based on the titles and abstracts, 11 studies were taken into
consideration to be qualified, and full texts of them were recovered.
Finally, 4 studies included and 5 studies were excluded (Figure 1).

All the included studies were parallel RCTs with 109 teeth
diagnosed as periodontal intrabony defects. Other two studies reported

as clinical studies. The follow-up period changed from 3 to 12 months
(Table 1).

Intervention
Gender Numbers of
Investigator (M/F) Age teeth (1/C) Intervention Group Control Group | Follow-up (mo) Outcome
Chen 2016 Aug-30 30.04+£7.9 20/21 dental MSCs + Bio-oss Bio-oss 3,6,12 PD, CAL
Umbilical Stem cells +
Kushal 2017 X 35 16/14 PLA/PGA PLA/PGA 6 PD, CAL, GR
Umbilical MSCs + rh-
Dhote 2015 X 32.62 + 6.99 12-Dec PDGF-BB OFD 6 PD, CAL,
Riccardo 2009 01-Jun 30.29 £ 5.87 07-Jul dental MSCs + Scaffold Scaffold 12 PD
Table 1: Characteristics of included studies.
Quality assessment and bias risk basis of two clinical variables, and we concentrated on three clinical
M dies had ) isk of bias (Table 2 variables: type of MSCs interventions, type of control group
ost studies had an unclear risk of bias (Table 2). interventions, and follow-up time period. To analyse each clinical
Domain variable by interplaying with GR or CAL changes which were observed
coincidentally, including assessment of subgroup outcomes and
Investigator 1 2 |3 |4 |5 |6 |7 heterogeneity analysis (Tables 3 and 4). Therefore, when the follow-up
periodtype of control group with/without scaffold, and type of MSC
Chen 2016 A (random number) ATA A A A A were analyzed, GR and CAL were improved respectively. However, the
Kushal 2017 A (coin flip) B !B |B |B |A |A heterogeneity was still existed.
Dhote 2015 B B B B A A A
Experimental Control Std. Mean Difference Std. Mean Difference
Riccardo 2009 B B B B A A A Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chen 2016 42 086 20 379 055 21 396% 0.56 [0.07,1.19] T
Dhote 2015 45 1.08 12 35 09 12 212% 087(012,1.83 —
Kushal 2017 114 024 16 085 037 14 268% 0.921(0.16,1.68] 7+
Table 2: Risk of bias assessment of included studies. Framozots 82 23 7 44 12T 3% 0921020204
Total (95% CI) 55 54 100.0% 0.79[0.39,1.18] *>
Heterogeneity. Chi*= 0.86, df= 3 (P = 0.84), P= 0% T 3

Meta-analysis and effect evaluation

A meta-analysis of 4 studies was conducted to give a quantitative
assessment of the SMD of PD between the experimental and control
group. The four studies reported changes of PD reduction [27-30].
Three studies pointed out CAL gains enhancement [28-30], however,
GR reduction was no significant change. The outcomes of meta-
analysis were as below: PD (SMD=0.79, 95% CI [0.39, 1.18], >=0%,
P<0.0001, (Figure 2), CAL (MD=0.54, 95% CI [0.16, 0.92], 1>=78%,
P=0.005, (Figure 3), GR (MD=-0.19, 95% CI [-0.5, 0.12], 1*>=77%,
P=0.23 (Figure 4). The outcomes of PD and CAL after the combination
were beneficial to the stem cell implantation group. The differences
were statistically significant.

I? index was utilized to measure the heterogeneity. The formal
experiment testified that GR and CAL were the existence of extensive
heterogeneity (GR: 12=77%, P=0.23; CAL: 12=78%, P=0.005). In order
to analyse the substantial heterogeneity was detected, subgroup
analysis was used to further estimate the clinical effectiveness on the

Test for overall effect Z=3.92 (P <0.0001) F‘awuvs‘:wmw\ Favours stem cell

Figure 2: Meta-analysis of MSCs treatment versus no MSCs for
reduction.

Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean _ SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Chen 2016 489 173 20 481 193 21 115% 0.08[-1.04,120]
Dhote 2015 12 168% 183[0.90,276)
Kushal 2017 14 718% 031 [0.14,0.76) b

391 137 —_—

199 083

12 208 08
16 168 036

Total (95% CI) 48
Heterogeneity. Chi*=9.09, df= 2 (P= 0.01); F= 78%
Testfor overall efect = 2.78 (P = 0.005)

o
47 100.0% 0.54[0.16,0.92) -

-2 - 1 2
Favours control Favours stem cell

Figure 3: Meta-analysis of MSCs treatment versus no MSCs for
improved CAL gains.
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S0 Total Weight

Mean Difference
IV, Fixed, 95% Cl

Mean Difference
IV, Fixied, 95% Cl

Experimental Control
Study or Subgroup  Mean  SD Total Mean
Chen 2016 128 082 20 154 096 XN
Dihote 2015 058 079 12 14 066 12
Kushal 2017 157 089 16 1.24 047 14
Total (95% CN) 48 47

Hetaroganeity Ch*=8.70, df= 2 (P=0.01), P= 77%
Testfor overall efiect Z=1.21 (P=0.123)

100.0% -0.19[-0.50,0.12)

326% -0.26 F0.81,0.29)
6% -082(1.40,-0.24]
IBT% 033047083

—

Il L
2 0 01
Favours control  Favours

[

tem cell

i

Figure 4: Meta-analysis of MSCs treatment versus no MSCs for GR reduction.

Subgroup Mean difference (95% ClI) 12 (%)
Follow-up period

<6 months -0.26 (-0.81, 0.29) -

2 6 months -0.19 (-0.75, 0.37) 86
Type of control group

Scaffold 0.06 (-0.31, 0.43) 59
Non-scaffold -0.82 (-1.4,-0.24) -

Cell type

Dental MSC -0.26 (-0.81, 0.29) -
Non-dental MSC -0.19 (-0.75, 0.37) 86

Table 3: The heterogeneity of GR was studied by subgroup analysis.

Subgroup Mean difference (95% ClI) 12 (%)
Follow-up period

<6 months 0.04 (-0.57, 0.66) -
26months 0.87 (0.29, 1.44) 68
Type of control group

Scaffold 0.28 (-0.14, 0.69) 0
Non-scaffold 1.52(0.60, 2.45) -

Cell type

Dental MSC 0.04 (-0.57, 0.66) -
Non-dental MSC 0.87 (0.29, 1.44) 68

Table 4: The heterogeneity of CAL gains was studied by subgroup
analysis.
Discussion

MSCs appear to be a promising method in the context of tissue
engineering and cell-based therapy. MSCs have also been

demonstrated to form new cementum, PDL and alveolar bone in vivo
after transplantation into periodontal lesions in animal models
[11-25], suggesting that MSCs may be useful seed cells for periodontal
tissue regeneration. Tassi et al. estimated 22 researches on preclinical
experimental model of MSCs treatment through a systematic review
and demonstrated that MSC-mediated treatment had promoted the
animals’ periodontal regeneration and diminished the inflammation of
periodontal lesions [31]. Yan et al. surveyed the influence of preclinical
mesenchymal stromal cells transplantation on animal models of
periodontitis and demonstrated that MSC had favorable therapeutic
effect, and the results were related to the type of MSC, approach of
transplantation, newly bone formation, cementum and PDL ([32].
Therefore, according to these triumphant results of preclinical animal
experimental studies, the clinical application of MSCs for periodontal
tissue regeneration in humans has begun. Feng et al. used the local
adhibition of autologous Periodontal Ligament Stem Cells (PDLSCs)
or gingival stem cells to treat patients with periodontitis in the
previous study, the results showed that neither obvious adverse effects
nor an enhanced significantly any autoantibodies were detected;
however, there were only three case reports of long-term observation
[13]. To transfer MSC-mediated periodontal therapeutic approach
from preclinical experimental research and case report into clinical
application, Chen et al. evaluated the safety and ability of utilizing
autologous PDLSCs as an auxiliary to graft materials in GTR to treat
periodontal intrabony lesions caused by periodontitis, the results
revealed that a compelling raised in the height of alveolar bone
(decrease in the bone lesion depth) as time gone on, suggesting that
the application of autologous PDLSCs to treat periodontal bone lesions
is effective and does not induce remarkable adverse reactions [29]. All
those studies confirmed that the MSC-mediated periodontal tissue
regeneration has a promising utilization in the future dental clinic.

The objective of this research was to systematically assess the
current evidence for the validity of MSC-mediated treatments for
periodontal tissue regeneration in clinical applications. In this study, a
systematic review and meta-analysis of RCT studies on stem cell
implantation for periodontal defects were conducted to analyze the
possible publication bias and to explore the effects of cell-based
methods on periodontal tissue regeneration, as shown by the positive
impact of detected outcomes on new cementum, PDL, and alveolar
bone formation. A total of 4 studies engaged 109 teeth with intrabony
defects, and the patients with periodontal disease must have met WHO
diagnostic criteria of periodontitis. Aggressive periodontitis was ruled
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out in these patients by CT or X-ray. Each group must have more than
5 patients. The type of interventions comprised dental tissue-derived
MSCs, and non-dental tissue-derived MSCs. Finally, a meta-analysis
was used to analyse 4 studies and 55 teeth treatment interventions; the
clinical outcomes of therapeutic approaches from baseline to follow-up
time points involved PD, CAL, and GR which all improved to some
extent, with no obvious adverse reactions. The present systematic
review implicated that the outcomes of PD and CAL after the
consolidation were propitious to MSCs transplantation group, and
there are significant differences in statistics. However, the formal test
confirmed that GR and CAL were the exsitence of substantial
heterogeneity (GR: 1’=77%, P=0.23; CAL: ’=78%, P=0.005). To
account for the expected heterogeneity, we used 3 clinical variables
(type of MSCs interventions, type of control group interventions, and
follow-up period) to interplay with 2 outcome variables (CAL and GR)
and found that the GR of patients who received non-dental tissue-
derived stem cells transplantation were superior to those who applied
dental tissue-derived stem cells. Some previous studies compared the
reproductive capacity of dental tissue-derived stem cells with BMSCs
(bone marrow stem cells), and the results revealed that dental tissue-
derived stem cells were the more eligible cell population for
periodontal tissue regeneration, as remarkable more well-oriented PDL
fibers, newly formation of cementum and alveolar bone were
discovered on transplantation of dental tissue-derived stem cells [24,
33]. However, in the current study the results of these subgroup
analyses showed that there were opposite results. In addition, when the
follow-up time was analyzed, the outcome of CAL was improved,
however, the analysis of these subgroups did not significantly decrease
the heterogeneity. The main cause is that a lot of studies had flaws in
the aspects of blindness, the integrity of data, trial designs, and the
number of experiments in subgroups was less, and there was still a
certain bias in the process of evaluation.

Conclusion

In conclusion, the current systematic review and meta-analysis
indicate that MSC-based therapies have a beneficial influence on
periodontal regeneration compared to control groups. However, as a
consequence of less clinical trials of MSCs transplantation treatment,
the less periodicity of participants, and possible the risk of bias
problems in clinical trial designs, the occurrence of possible bias was
still existed. As a result, further higher quality and more experimental
data researches are still required to prove the safety and effectiveness of
MSCs transplantation in clinical applications in the future.
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