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ABSTRACT

Human periodontal stem cells were proved as a source of mesenchymal stem cells due to the presence of
mesenchymal stem cell surface markers. This review of literature was aimed to assess clinical experiments, which
have evaluated the efficacy of human periodontal stem cells for bone regeneration. The search strategy was
based on the search strategy developed for MEDLINE (OVID) but revised appropriately for each database. We
searched MEDLINE and EMBASE via OVID (1990 to October 2017) and no restrictions were placed on the
language or date of publication when searching the electronic databases. Later all the references lists of the
included studies would have been checked manually to identify any additional studies. None of the studies
fulfilled our inclusion criteria and therefore no data analysis was conducted. There is little evidence relevant to
this subject. There would appear to be a need for robust clinical trials to assess the efficacy of periodontal stem
cells for regeneration.
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INTRODUCTION

Bone and tissue loss are common results of
various clinical conditions such as trauma,
periodontal diseases, tumors, malformations and
atrophy of alveolar ridges following tooth
extraction which need intervention to promote
repair [1, 2]. Periodontal ligament (PDL) is a is a
specialized, vascular, and highly cellular
connective tissue [3] which takes response in
attaching cementum to the inner wall of alveolar
bone [4] and it is constructed by different cell
types, including fibroblasts, osteoblasts, neuronal,

and endothelial cells [5]. The PDL plays important
roles in maintaining homeostasis, repairing
damaged tissue in response to disease or
mechanical trauma and particularly supporting
tooth function [5]. According to the recent studies,
PDL cells, as well as stem cells, express stem cell
markers and have pluripotent and colony-forming
abilities.(4, 6-8) Several in vivo studies showed
that, PDL cells have the potential to induce
cementum and PDL-like regeneration in
periodontal defects, thus they may be useful for
treatment of periodontal diseases [4, 9-11].

Tissue engineering as a new frontier in the
regeneration of lost tissues have developed during
the recent years first by Langer and Vacanti in
1993 [12]. Trilogy of Bone tissue engineering
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consists of key elements such as osteogenic cells,
scaffolds and signaling factors in order for a
mature bone structure to be created [13-15]. Stem
cells have self-renewal abilities and are capable of
colony-forming efficiency, self-renewal, and
multilineage differentiation [13, 16-18]. Obtaining
stem cells with confined morbidity and more
availability was achievable by deriving adult stem
cells from adipose, dental and periodontal tissues
instead of bone mesenchymal stem cells [11].
Human periodontal stem cells were proved as a
source of mesenchymal stem cells due to the
presence of mesenchymal stem cell surface
markers. Studies have provided the evidence to
suggest that these cells are capable of osteogenic,
dentinogenic, adipogenic, chondrogenic,
myogenic, and neurogenic differentiation [4, 11,
19].

The existence of PDL stem cells has been reported
[10] but the characterization of those cells has
been less issued in the literature. A high rate of
positivity for human periodontal mesenchymal
stem cell marker proteins such as CD44, CD73,
CD90, CD105, CD106(VCAM-1), CD146(MUC-18)
and STRO-1 and lack of hematopoietic markers
like CD31, CD34 and CD45 have been illustrated in
hPDLSC [20-22]. Further identification of more
stem cell specific markers are desired in order to
obtain pure populations of stem cells [23].

This review of literature was aimed to assess
clinical experiments, which have evaluated the
efficacy of human periodontal stem cells for bone
regeneration and analyzing the method of
characterizing of those cells.

MATERIALS AND METHODS

Procedure
Criteria for considering studies for this review

Table 1: Inclusion and Exclusion Criteria

We intended to report on any adverse effects
related to periodontal stem cell transplantation.

Search methods for identification of studies

The search strategy was based on the
methodology produced for MEDLINE (OVID) yet
overhauled suitably for every database. We
searched MEDLINE and EMBASE via OVID (1990
to October 2015) and no restrictions were placed
on the language or date of publication when
searching the electronic databases. Later every
one of the references arrangements of the
included investigations would have been checked
physically to recognize any extra examinations

Data collection and analysis

Selection of studies

Two authors, Shireen Shidfar (SS) and Ahad
Khoshzaban (AK), autonomously assessed the
titles and the abstracts of studies detected in the
searches. Full texts of all potentially relevant
studied were acquired. The full-text papers were
evaluated individualistically and any
disagreement on the suitability of trials was
settled through discussion and dialog, or if vital
through an outsider, Mohammad Taghi Baghani
(MTB).

Table 2: Extracted Data

The Following Data has been Extracted:

(a) method of allocation

(b) masking of participants and outcome assessors

(c) exclusion of participants after randomization and
proportion of losses at follow-up

(d) demographic characteristics including symptoms of bony
lesions, country of origin, sample size, age, sex

(e) type of intervention

(f) follow-up duration

(g) type of control or placebo

(h) Follow-up duration in the control group.

(i) primary and secondary outcomes

Inclusion Criteria Exclusion Criteria

¢ Only randomized controlled clinical

trials (RCTs) were included in this » Articles Which has

been written in

review. language other than
¢ Humans with defects of alveolar suag
bone English

¢ Data that has been
Published more than
once

¢ In Vitro Studies
and Animal Studies

¢ Periodontal stem cell
transplantation derived from
periodontal ligament into human
alveolar bone defects in clinical
studies

Data extraction and management

Although no investigations were incorporated into
this survey, if future examinations are recognized
and incorporated into updates, the accompanying
strategies for information extraction and
administration is recommended. Study subtle
elements will be gathered utilizing a pre-
destinated form intended for this reasin and went
into the Characteristics of included examination
table. Two review authors (SH and MTB) will
independently remove the applicable information.
Any variations will be forestalled by consulting
with a third author (Zahra Zohri (ZZ)) (Table 2).
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This data will be utilized to assess heterogeneity
and the external validity of the trials.

Assessment of risk of bias in included studies
In spite of the fact that we didn't identify any
relevant randomized controlled trials, we plan to
apply the following methods for assessing risk of
bias if further studies are distinguished in future
updates. Two review authors (SH and AK) will
evaluate the selected studies. The assessment will
be linked and any disagreements between the
reviewers will be discussed. The following fields
will be assessed as low, high or unclear risk of
bias:

1. Sequence generation;

2. Allocation concealment;

3. Blinding (of participants, personnel and
outcome assessors);

4. Incomplete outcome data;

5. Selective outcome reporting;

6. Other sources of bias.

After evaluation of the involved studies, the
articles will be labeled suitably as mentioned
below

(A) Low risk of bias (plausible bias unlikely to
seriously alter the results)

(B) Unclear risk of bias (plausible bias that raises
some doubt about the results)

(C) High risk of bias (plausible bias that seriously
weakens confidence in the results)

Measures of treatment effect
The data would have been analysed by SH and AK
using Review Manager (RevMan) 5 and reported.

Assessment of reporting biases

If a sufficient number of randomized controlled
trials had been found, we would have assessed
bias by a funnel plot.

RESULTS

Our search strategy pointd out studies, which
were autonomously assessed for relevance by two
of the authors (Shireen Shidfar (SS) and Ahad
Khoshzaban (AK)). We also conduct a free-text
search on Google Scholar for any potentially
qualified trials, which resulted in the finding of
publications. Full-text copies of these studies
were obtained. Then the bibliographical
references of these papers were searched for any
relevant studies and related studies were found.
Handsearching of the Iranian dental journals did
not include any related studies.

Included studies
We did not find any suitable study.

Risk of bias in included studies
No trials were included.

Effects of interventions
None of the studies fulfilled our inclusion criteria
and therefore no data analysis was conducted.

DISCUSSION

The aim of this systematic review was to assess
the effect of periodontal ligament stem cells for
bone regeneration in clinical usage. For this
purpose, clinical studies using periodontal stem
cells were detected according to a described list of
criteria to determine suitability for the review.
None of them could successfully fulfill the criteria.
Therefore, no meta-analysis of the data could be
accomplished.

There exists biological evidence that regeneration
can happen in human model, however there is not
consensus on predictability of this method as a
final complete treatment.

The first step in determining the potential of stem
cells to recapitulate periodontal development is to
develop studies in preclinical animal models. The
concept of stem cells locating in periodontal
tissues was first proposed by Melcher in 1985
[24]. Periodontal ligament stem cells had been
discussed in literature for almost two decades but
there existed little evidence to fully support their
usage [25-27]. The most potent evidence that
these cells were residing in the periodontal tissues
was proposed by McCulloch et al, in an in-vivo
and histological study [28].

The isolation of periodontal ligament stem cells
was first performed in 2004 [4] and there were
proved to have mesenchymal stem cell-like
features such as: plastic adherence; expression of
verified mesenchymal stem cell markers;
formation of clonogenic clusters resembling
fibroblasts; and the capacity to differentiate into
adipocytes and osteoblast and cementoblast-like
cells in vitro [29]. Surprisingly these cells were
qualified to produce cementum- and other
periodontal ligament-like tissues in vivo. In
addition, Periodontal ligament stem cells can
express some cementoblast and osteoblast
markers [30].
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The studies have illustrated the possibility and
feasibility usage of periodontal-derived stem cells
for periodontal and tooth regeneration in vivo and
in vitro.

The findings from previous systematic reviews
[27] indicate that in different animal models the
implantation of periodontal ligament stem cells
has a positive outcome in improving periodontal
regeneration. As a consequence of these
promising animal studies, the clinical application
of periodontal stem cells for the regeneration of
periodontal tissue may be considered.

To date, only one clinical human study has been
performed with the objective of assessing the
potential of periodontal ligament progenitors for
the reconstruction of periodontal intrabony
defects [31]. Autologous periodontal ligament
stem cells, in combination with bone grafting
material, were transplanted into periodontal
defects of three patients. In two patients,
additional gain in periodontal attachment was
detected. This study demonstrated that utilization
of autologous periodontal ligament cells in cell-
based surgical treatment for periodontitis may
enhance regenerative dentistry.

There is lots of work to be done to come to a
conclusion for outcomes of stem cell-based
periodontal regeneration but its future seems very
promising. According to excellent body of
evidence to support the notion that periodontal
ligament stem cells can be used for periodontal
regeneration in animals, it is time to progress to
human clinical trials.

CONCLUSION

Implications for practice

There is little evidence relevant to this subject,
only a case report study exists. In the absence of
any randomized controlled trials, clinicians should
base their decisions on clinical experience in
conjunction with patients situation.

Implications for research

Although there would appear to be a need for
robust clinical trials to assess the efficacy of
periodontal stem cells for regeneration, future
randomized controlled trials might emphasize
more closely on type of used scaffolds and method
of isolation and characterization of stem cells. Any
further trials that are carried out should be well

designed and reported according to the CONSORT
statement (www.consort-statement.org/).
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