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ABSTRACT
Objectives: To overview preclinical animal trials and quantify the effect size that stem cell therapy has on the regeneration of
periodontal tissue complex.
Material and Methods: A systematic MEDLINE (PubMed) online library search was conducted for preclinical animal
studies in vivo, using autologous periodontal ligament, dental pulp, cementum, alveolar periosteal, gingival margin or adipose
stem cell types for periodontal tissue complex regeneration purposes. Studies had to be published between 2007.09.01 and
2017.09.01 in the English language.
Results: Online library search yielded 2099 results. After the title, abstract and full-text screening ten studies fit inclusion
criteria and were pooled into meta-analysis. Overall the stem cell regenerative therapy had a statistically significant positive
influence on the periodontal tissue regeneration when compared to the control groups. The biggest influence was made to the
regeneration of cementum (standardised mean difference [SMD] 2.25 [95% confidence interval (CI) = 1.31 to 3.2]) while the
smallest influence was made to the alveolar bone (SMD 1.47 [95% CI = 0.7 to 2.25]) the effect size for periodontal ligament
regeneration was (SMD 1.8 [95% CI = 1 to 2.59]). Subgroup analysis showed statistically significant (P < 0.05) differences
between different cell types in the alveolar bone and cementum regeneration groups and in alveolar bone group in relation to
scaffold materials.
Conclusions: Stem cell therapy has a positive impact on periodontal tissue complex regeneration. Such therapy has the biggest
influence on cementum regeneration meanwhile alveolar bone regeneration is influenced by the least amount. However more
and less diverse preclinical studies are needed to have a greater statistical power in future meta-analyses.
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INTRODUCTION
The periodontium is a complex organ comprising of
four mesenchymal tissue components (cementum,
alveolar bone, gingiva and periodontal ligament) that
act as a functional unit, providing the tooth with a
masticatory load dampening system and an attachment
to the surrounding alveolus. Periodontal tissues are
capable of withstanding substantial masticatory
forces. However, they are susceptible to damage from
mechanical, chemical trauma or bacterial infection.
Periodontal disease is one of the most prevalent
diseases in the field of dentistry, found in 20 to 50% of
the global adult population [1,2]. It is the leading cause
of tooth loss due to the degeneration of periodontium
[2], which leads to substantial reduction in oral
health and overall quality of life [2-4]. The goals of
periodontal therapy include the arrest of periodontal
disease progression and the regeneration of damaged
periodontal tissues by promoting the formation of
alveolar bone, cementum, and periodontal ligament
structures. Various periodontal tissue regenerative
therapies such as guided tissue regeneration, bone
grafting and placement of various biomaterials, such
as enamel matrix proteins, platelet-rich plasma (PRP)
have been routinely utilized in clinical practice for
decades [5,6]. These therapies result in an overall
improvement to periodontal tissue health. However
clinical results have limited predictability due to being
sensitive to patient behaviour, surgical approach and
periodontal defect morphology, favouring narrow,
confined intrabony defects [7,8].
In recent years scientific advances in cytotherapeutics
led to the increasing emphasis on developing a cellbased periodontal tissue treatment [9-11]. Periodontal
tissue contains many types of cells including mature
multipotent mesenchymal stem cells (MSCs)
[10,11]. They are self-renewable, highly proliferative
progenitor cells with a potential to differentiate into
adult mesenchymal cell types, including fibroblastic,
osteoblastic, and cementoblastic lineages [10-13].
Because of these unique properties, MSCs delivered in
situ to tissue defects can stimulate neovascularization
and lead to faster tissue regeneration [10,14].
Furthermore due to immuno-modulatory functions,
observed in MSCs, they may halt the development
of tissue injury and allow regenerative processes to
take place [10]. Various stem cell types, including but
not limited to periodontal ligament, adipose tissue,
alveolar periosteal and dental pulp stem cells have
been used as a treatment option for periodontal tissue
regeneration [10,15]. A number of literature reviews
overviewing periodontal tissue regeneration by stem
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cell therapy have been published previously [16-20].
However, only one meta-analysis was published on
this topic, which did not involve periodontal ligament
regeneration analyses and put emphasis only on the
regeneration of alveolar bone, and cementum tissues
[16]. Therefore, this study aims to compare various
types of mesenchymal stem cells, different periodontal
defect treatment durations and various scaffolding or
cell carrier materials in relation to the regeneration of
periodontal tissue defects. Particular emphasis is put
on quantitative data on the regeneration of alveolar
bone, periodontal ligament, and cementum.
MATERIAL AND METHODS
Protocol
This systematic review was conducted following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement for systematic
reviews [21].
Focus questions
The following focus questions were developed
according to the population, intervention, comparison,
and outcome (PICO) study design:
Does stem cell therapy make a statistically significant
improvement in the quantitative results of periodontal
tissue (periodontal ligament, alveolar bone,
cementum) regeneration?
Which type of stem cell, scaffold material, and
treatment duration has the biggest influence to
periodontal tissue regeneration?
Types of publications
The review included studies on animals in vivo
published in the English language.
Types of studies
This review included preclinical in vivo animal trials.
Systematic literature reviews, meta-analyses, pilot
studies and case reviews were excluded.
Information sources
Systematic article search was
MEDLINE (PubMed) online library.

performed

in

Literature search strategy
The online search strategy was: “Periodont*” AND
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“Regenerat*” AND (“Stem” OR “Adipose” OR
“Periodontal” OR “Pulp”) AND “Cell”. Search was
limited to studies published in the English language
from September 2007 to September 2017. Flow
diagram of search results according to PRISMA
guidelines is presented in Figure 1.
Selection of studies

Identification

A primary literature search was performed by
screening article titles. Abstracts were read when
relevant titles were found. Full texts were screened
when abstracts were relevant or unavailable. Full
texts fitting our inclusion criteria were included in
the meta-analysis. Systematic literature search and
data collection were repeated by two independent
researchers (A.G. and V.P.). Disagreements about

Screening

Abstracts screened
(n = 210)

Filtered

Eligibility

study inclusion were resolved by a method of
discussion with a third independent researcher (M.P.).
Inclusion and exclusion criteria
Inclusion criteria for the selection were: preclinical
animal trials conducted in vivo, whose primary aim
had to be periodontal defect regeneration using
therapy utilizing autologous stem cells from the
following origin sites: periodontal ligament, dental
pulp, cementum, alveolar periosteum, gingival margin
or adipose tissue. Periodontal defects had to be caused
by a controlled mechanical intervention (surgery).
Studies had to report quantitative data on regeneration
in both treatment and control groups on at least one
of the following periodontal tissues: periodontal
ligament, alveolar bone, cementum.

Systematic MEDLINE (PubMed) online library search:
- Search terms: “Periodont*” AND “Regenerat*” AND (“Stem” OR “Adipose”
OR “Periodontal” OR “Pulp”) AND “Cell”.
- Publication dates: September 2007 to September 2017.
- Languages: English.
Search results (n = 2099)

Filtered

Full-text articles assessed
for eligibility
(n = 49)

Filtered

Included

Gaubys et al.

Records excluded based on
irrelevant titles (n = 1889)
Abstracts excluded with reasons
(n = 161):
• Main aim of study is not
periodontal tissue
regeneration (n = 55);
• Literature reviews (n = 36);
• Irrelevant stem cell origin sites
(n = 20);
• Xenogeneic stem cells
(n = 20);
• Allogeneic stem cells (n = 18);
• Human studies (n = 9);
• Case reports (n = 3).
Full-text articles excluded with reasons
(n = 39):
• Irrelevant stem cell origin sites
(n = 13);
• Allogeneic stem cells (n = 9);
• Xenogeneic stem cells (n = 6);
• Literature reviews (n = 3);
• Standard deviations not reported
(n = 3);
• Quantitative data on tissue
regeneration not reported (n = 3);
• Periodontal defects were not
created by mechanical means
(n = 2).

Studies included in quantitative
study (meta-analysis)
(n = 10)

Figure 1. Flow diagram of studies selection according PRISMA guidelines.
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Exclusion criteria for the selection were: systematic
literature reviews, meta-analyses, pilot studies and
case reviews or preclinical studies conducted on
humans or animals ex vivo or in vitro whose main
aim was not the regeneration of periodontal defects.
Studies in which periodontal defects were caused
by degeneration of tissues due to local or systemic
infection. Studies in which quantitative data on
periodontal tissue regeneration was not reported or
did not include one or more of the following pieces
of statistical information: mean treatment effect size
in treatment or control groups, effect size standard
deviation, and the total number of cases in treatment
and control groups.
Sequential search strategy
All article titles were independently screened by two
researchers (A.G. and V.P.) to eliminate irrelevant
publications considering the exclusion criteria.
Next, irrelevant studies were excluded based on data
obtained after reading the abstracts. Disagreements
about study inclusion were resolved by a method of
discussion with a third independent researcher (M.P.).
At the final stage, the full texts were screened based
on the inclusion criteria to confirm the eligibility of
each study.
Data extraction
The data were independently extracted from the
studies according to the aims and themes of the
present review. Data collection form was employed to
ensure systematic recording of data.
Data items
Data were collected from the included articles and
arranged in the following fields (Table 1):
• “Study or subgroup” - reveals the author and year
of publication.
• “Animal type” - describes the type and number
(n) of animals who were treated with stem cell
therapy. The age of animals was recorded when
reported.
• “Cell source” - describes the tissue MSCs have
been isolated from.
• “Defect type (dimensions)” - describes the
type of created periodontal tissue defects, their
dimensions (height in occlusoapical direction,
the width in mesiodistal direction and length in
buccolingual direction) and number (n) of defects
in each treatment group.
• “Treatment duration” - reveals the duration of
treatment in weeks.
http://www.ejomr.org/JOMR/archives/2018/2/e3/v9n2e3ht.htm
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•

“Scaffold” - describes the type of scaffold material
used in the study.
• “Treatment groups” - describes the individual
treatment groups. Irrelevant treatment groups
(such as groups using stem cell types irrelevant to
the present study) were not reported and were not
used in the meta-analysis of this study.
• “Number of defects treated” - describes the
number of defects treated in each treatment group.
• “Periodontal ligament regeneration” - describes
the quantitative data (mean and standard
deviation) on periodontal tissue regeneration in
treatment and control groups. Regenerated tissue
height was either measured in millimetres from
defect baseline or was compared with the total
defect height and expressed as a percentage value,
as reported by study authors.
• “Alveolar bone regeneration” - describes the
quantitative data (mean and standard deviation)
on periodontal tissue regeneration in treatment
and control groups. Regenerated tissue height
was either measured in millimetres from defect
baseline or was compared with the total defect
height and expressed as a percentage value, as
reported by study authors.
• “Cementum regeneration” - describes the
quantitative data (mean and standard deviation)
on periodontal tissue regeneration in treatment
and control groups. Regenerated tissue height
was either measured in millimetres from defect
baseline or was compared with the total defect
height and expressed as a percentage value, as
reported by study authors.
Studies, which had more than one experimental
treatment group were included as separate substudies in the meta-analysis, such sub-studies were
denoted with ‘a’ or ‘b’ subscript letters in forest plots.
Treatment groups which did not involve any therapy
after the surgical creation of periodontal tissue defects
were classified as control groups.
Risk of bias assessment
Individual study bias was assessed according to
the Cochrane’s risk of bias tool [22]. Following
criteria were used to determine the bias level of
each study: random sequence generation, allocation
concealment, blinding of personnel, blinding of
outcome assessment, incomplete outcome data,
selective reporting and other sources of bias (Table 2).
The studies were categorized as low risk of bias if all
following criteria were met, moderate risk of bias if
one of the latter criteria were not included, high risk
of bias if two or more criteria were missing.
J Oral Maxillofac Res 2018 (Apr-Jun) | vol. 9 | No 2 | e3 | p.4
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Table 1. Studies included in the meta-analysis
Materials and methods
Year of
publication

Outcome measures

Animal type
(n)

Cell source

Defect type
(dimensions)

Treatment
duration
in weeks

2016

Male Beagle dogs.
6 - 8 months of age
(n = 6)

Periodontal ligament

3-wall intrabony
periodontal defect
(H x W x L = 5 x 4 x 3 mm)

12

2012

Adult Beagle dogs.
1 year old
(n = 4)

Periodontal ligament
and cementum

3-wall intrabony
periodontal defect
(H x W x L = 4 x 4 x 4 mm)

Liu et al. [64]

2008

Miniature pigs.
12 months old
(n = 12)

Periodontal ligament

3-wall intrabony
periodontal defect
(H x W x L = 7 x 3 x 5 mm)

12

HA/TCP

Jiang et al. [65]

2010

Adult Beagle dogs
(n = 4)

Alveolar periosteum

Class III furcation defect
(H x W = 4 x 3 mm)

12

β-TCP

Study

Jiang et al. [62]
a
Nuñez et al. [63]

b
a,b

a
Park et al. [66]

b

Adult Beagle dogs
(n = 8)

2011

a,b
Suaid et al. [67]

Adult Beagle dogs
(n = 7)

2011
a

Tsumanuma et al. [68]

b

Adult Beagle dogs
(n = 4)

2011

a,b
2012

Adult Beagle dogs
(n = 7)

Khorsand et al. [70]

Tobita et al. [71]

Suaid et al. [69]

12

Circumferential
periodontal defect
(W = 3 mm)

Periodontal ligament
and dental pulp

12

One-wall intrabony
periodontal defect
(H x W = 5 x 5 mm)

Periodontal ligament;
alveolar periosteum

Collagen sponge

Collagen sponge

8

Class II furcation defect
(H x L = 5 x 2 mm)

Periodontal ligament

Scaffold

8

Number of
defects treated

PDLCs + collagen membrane

9

Control

9

CSCs + collagen sponge

8

PLDCs + collagen sponge

8

No scaffold

Collagen sponge

Class III furcation defect
(H = 5 mm)

2013

Male, Mongrel dogs.
1 - 2 years of age
(n = 10)

Dental pulp

3-wall intrabony
periodontal defect
(H x W x L = 5 x 8 x 3 mm)

8

Bio-Oss

2013

Beagle dogs.
9 - 10 months old
(n = 8)

Adipose tissue

Class III furcation defect
(H = 5 mm)

8

PRP

Collagen sponge

No data

No data

Alveolar bone
regeneration,
mean (SD)

Cementum
regeneration,
mean (SD)

29.1 (6.6)%

29.2 (16.4)%

15.2 (4.9)%

19.4 (4.3)%

2.6 (0.4) mm

4 (0.6) mm

3.1 (1.1) mm

4.1 (1) mm
1.6 (0.4) mm

Control

8

2.6 (0.7) mm

PDLSC + HA/TCP

24

3.5 (0.7) mm

Control

12

APSCs + β-TCP

4

33.6 (13.8)%

60.2 (18.2)%

50.8 (8.2)%

17.7 (5.4)%

22.6 (7.3)%

31.7 (12.9)%

Control

4

PDLSCs

8

DPSCs

8

No data

0.5 (0.4) mm

No data

82.8 (7.9)%
No data

50.8 (9.6)%

No data

Control

8

PDLCs + collagen sponge

7

7.3 (1) mm

9 (2.3) mm2

8.1 (1.1) mm

47.9 (13.4)%
3.9 (1.2) mm

7 (0.6) mm

6 (1.5) mm

Control

7

PDLCs + PGA

4

APSCs + PGA

4

Control

4

PDLCs + Sponge + GTR

7

3.4 (1.4) mm

Woven
polyglycolic acid

Periodontal ligament

12

Treatment groups

Periodontal ligament
regeneration,
mean (SD)

2

72.3 (32.6)%
No data

67.6 (21.6)%

No data

67.5 (14.3)%
5.5 (1.6) mm

4.8 (0.6) mm

Control

7

0.7 (0.6) mm

1.9 (1) mm

1.7 (0.6) mm

DPSCs + Bio-Oss

10

3.3 (1.1) mm

3.6 (1.1) mm

3.8 (1.3) mm

Control

10

1.8 (1.3) mm

3.1 (0.8) mm

2.4 (1.4) mm

ASC + PRP

8

63.6 (8.6)%

84.7 (3.2)%

Control

8

40.3 (7.6)%

61.7 (10.5)%

No data

n = number of animals; SD = standard deviation; PDLCs = periodontal ligament stem cells; DPSCs = dental pulp stem cells; ASC = adipose tissue stem cells; PRP = platelet-rich plasma; GTR = guided tissue regeneration; CSCs = cementum stem cells; PGA = woven
polyglycolic acid; APSCs = alveolar periosteal stem cells; β-TCP = β-tricalcium phosphate; HA/TCP = hydroxyapatite/tricalcium phosphate.
‘a’ and ‘b’ letters denotes different treatment groups within the same study.
Table 2. Assessment of risk of bias in individual studies
Random
sequence
generation

Allocation
concealment

Blinding of
personnel

Blinding of
outcome
assessment

Incomplete
outcome data

Selective
reporting

Other
sources of
bias

Overall
bias

Jiang et al. [62]

+

?

?

+

+

+

-

?

Nuñez et al. [63]

+

?

?

+

+

+

-

?

Liu et al. [64]

+

-

-

?

-

+

-

-

Jiang et al. [65]

+

?

?

?

+

+

-

-

Park et al. [66]

+

?

?

?

-

+

-

-

Suaid et al. [67]

+

?

?

?

+

+

-

-

Tsumanuma et al. [68]

?

?

?

+

+

+

-

-

Suaid et al. [69]

+

-

+

?

-

+

-

-

Khorsand et al. [70]

+

?

?

?

-

+

-

-

Tobita et al. [71]

?

?

?

?

-

+

-

-

Study

+ = low risk of bias; ? = unclear risk of bias; - = high risk of bias.
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Statistical analysis

Study characteristics

Statistical analysis was performed using Review
Manager (RevMan Version 5.3. Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration,
2014). Separate meta-analyses were performed on
periodontal ligament, alveolar bone, and cementum
regeneration measures by using Z test with random
effects weighted inverse variance method. Due to the
differing quantitative periodontal tissue regeneration
measures standardised mean difference meta-analysis
was chosen. Study heterogeneity was assessed using
Cochran’s Q and I2 tests. Due to a high level of
heterogeneity across pooled studies subgroup analyses
were performed using Chi-square test according to
the scaffold type, treatment duration and stem cell
types. The results were considered significant when
P < 0.05.

Periodontal defect types varied across studies with
the majority being three-wall intrabony defects (4
studies) [62-64,70], three studies created Class III
furcation defects [65,69,71]. Class II furcation defects
[67], circumferential periodontal tissue defects [66]
and one-wall intrabony periodontal defects [68] were
created in 1 study each. Periodontal defect dimensions
varied across studies. Only four articles [65,67,69,70]
reported all of the three dimensions of created defects:
height in occlusoapical direction, width in mesiodistal
direction and length in buccolingual direction. Nine
out of 10 studies were performed on dogs [62,63,6571], the majority of them were adult Beagle dogs (8
studies), 1 study was conducted on adult Mongrel
dogs [70]. Miniature pigs were treated in one
study [64]. Treatment duration varied from 8 to 12
weeks across different studies. The most frequently
adopted treatment duration was 12 weeks (6 out
of 10 studies) [62-65,67,69]. Different scaffolding
materials were also used in our study pool with the
most common scaffolding material being collagen
sponges [62,63,67,69]. The included studies and study
characteristics are shown in Table 1.

RESULTS
Study selection
Online library search yielded 2099 results. After title
screening for relevancy, 210 abstracts were found
relevant. After abstract screening, 161 abstracts were
excluded and 49 full-text articles were reviewed
according to our study selection criteria. Thirty-nine
full-text articles [23-61] were excluded with reasons.
Ten articles [62-71] fit our inclusion criteria and were
pooled into the meta-analysis (Figure 1).
Exclusion of studies
The reasons for excluding studies after a full-text
assessment were as follows: irrelevant stem cell
origin sites (n = 13) [23-35], allogeneic stem cells (n
= 9) [36-44], xenogeneic stem cells (n = 6) [45-50],
literature reviews (n = 3) [51-53], standard deviations
not reported (n = 3) [54-56], quantitative data on
tissue regeneration not reported (n = 3) [57-59],
periodontal defects were not created by mechanical
means (n = 2) [60-61].
Risk of bias in individual studies
Jiang et al. [62] and Nuñez et al. [63] conducted
studies categorized as having medium risk of bias.
All of the other studies were deemed as having a high
risk of bias [64-71]. Most of the studies conducted
randomization of test and control groups [6267,69,70]. None of the reviewed articles submitted
selective reporting. All of the included studies
presented other forms of bias, such as not calculating
sample size (Table 2).
http://www.ejomr.org/JOMR/archives/2018/2/e3/v9n2e3ht.htm

Efficacy of stem cell therapy for periodontal tissue
regeneration
Periodontal ligament regeneration
Four studies [65,67,69,70] reported data on
periodontal ligament regeneration after the
regenerative therapy. Study results were slightly
heterogeneous (I2 = 25%; Chi-square = 4; P = 0.26).
All of the studies reported stem cell therapy having
a positive impact on periodontal ligament treatment
results. Overall stem cell regenerative therapy
significantly enhanced the regeneration of periodontal
ligament (standardised mean difference [SMD]
of 1.8 [95% confidence interval (CI) = 1 to 2.59];
P < 0.00001) (Figure 2).
Subgroup analyses indicated that the biggest positive
impact on periodontal ligament regeneration occurred
in groups, where stem cells were of periodontal
ligament origin, treatment duration was 12 weeks and
collagen sponges were used as a scaffold (Figures
3 - 5). However, none of these results are statistically
significant and all of the subgroups had only 1 to 2
studies thus indicating a low statistical power.
Alveolar bone regeneration
All of the ten studies reported data on the alveolar
bone regeneration. Study results were of high
J Oral Maxillofac Res 2018 (Apr-Jun) | vol. 9 | No 2 | e3 | p.6
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Figure 2. Forest plot showing combined periodontal ligament regeneration measures across the studies.
SD = standard deviation; CI = confidence interval; df = degrees of freedom.

Figure 3. Forest plot for periodontal ligament regeneration measures stratified by stem cell type.
SD = standard deviation; CI = confidence interval; df = degrees of freedom.

Figure 4. Forest plot for periodontal ligament regeneration measures stratified by treatment duration.
SD = standard deviation; CI = confidence interval; df = degrees of freedom.
http://www.ejomr.org/JOMR/archives/2018/2/e3/v9n2e3ht.htm
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Figure 5. Forest plot for periodontal ligament regeneration measures stratified by scaffold material type.
SD = standard deviation; CI = confidence interval; df = degrees of freedom.

heterogeneity (I2 = 80%; Chi-square = 61.21;
P < 0.00001). All of the studies showed a net
positive effect of stem cell therapy on alveolar
bone treatment results. However 2 study subgroups
reported no difference in treatment effect when
compared with control groups. Nunez et al. [63]
reported no difference in regenerative outcome when
comparing cementum stem cell group (subgroup a)
with the control group. However periodontal ligament
stem cell group (subgroup b) produced a positive
treatment outcome. Tsumanuma et al. [68] reported
no positive alveolar bone regeneration results in
alveolar periosteal stem cell group (subgroup b)
and positive results in periodontal ligament stem
cell subgroup (subgroup a). Overall the treatment
significantly enhanced the regeneration of alveolar
bone (SMD 1.47 [95% CI = 0.7 to 2.25], P = 0.0002)
(Figure 6).
Subgroup analyses showed that there is a statistically
significant difference in alveolar bone regeneration
in relation to different stem cell types. Adipose tissue
stem cells had a tendency to enhance the alveolar
bone regeneration the most (SMD 2.71 [95% CI =
1.25 to 4.18]) however, only one study [61] formed
this subgroup, and thus this result has low statistical
power. Cementum stem cells did not affect the
regeneration of alveolar bone, however, there was
only one study [63] that used cementum stem cells,
so this result might not represent the actual effect
size that cementum stem cells have on alveolar bone
regeneration (Figure 7). Treatment duration of 12
weeks had the biggest improvement for alveolar
http://www.ejomr.org/JOMR/archives/2018/2/e3/v9n2e3ht.htm

bone regeneration (SMD 1.87 [95% CI = 0.65 to
3.09]) however this result was not statistically
significant when compared to 8 weeks of treatment
(Figure 8). In the scaffold subgroup analysis there
was a statistically significant difference between
different scaffold materials (P = 0.009). β-tricalcium
phosphate had the biggest effect on the alveolar bone
regeneration (SMD 3.7 [95% CI = 1.38 to 6.01])
(Figure 9).
Cementum regeneration
Seven out of ten studies [62,63,65,67,69-71] reported
data on the cementum regeneration. Pooled study
results were of high heterogeneity (I2 = 72%; Chisquare = 24.7; P < 0.00001). All of the studies
reported positive treatment impact on cementum
regeneration. Overall the treatment resulted in a
statistically significant improvement in cementum
regeneration when compared to the control group
(SMD 2.25 [95% CI = 1.21 to 3.2]; P < 0.00001)
(Figure 10).
Cementum stem cells had the biggest and significantly
different effect size compared to other stem cell types
(SMD 4.45 [95% CI = 2.42 to 6.48]; P < 0.00001)
however there was only one study [63] in this
subgroup thus this observation has a low statistical
power (Figure 11).
There were no statistically significant differences
among treatment and control groups in relation to
different treatment duration and scaffold type (Figures
12 and 13).
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Figure 6. Forest plot showing combined alveolar bone regeneration measures across the studies.
SD = standard deviation; CI = confidence interval; df = degrees of freedom.
‘a’ and ‘b’ subscript letters next to the year of study: denotes different treatment groups within the same study.

Figure 7. Forest plot for alveolar bone regeneration measures stratified by stem cell type.
SD = standard deviation; CI = confidence interval; df = degrees of freedom.
‘a’ and ‘b’ subscript letters next to the year of study: denotes different treatment groups within the same study.
http://www.ejomr.org/JOMR/archives/2018/2/e3/v9n2e3ht.htm
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Figure 8. Forest plot for alveolar bone regeneration measures stratified by treatment duration.
SD = standard deviation; CI = confidence interval; df = degrees of freedom.
‘a’ and ‘b’ subscript letters next to the year of study: denotes different treatment groups within the same study.

Figure 9. Forest plot for alveolar bone regeneration measures stratified by scaffold material.
SD = standard deviation; CI = confidence interval; df = degrees of freedom.
‘a’ and ‘b’ subscript letters next to the year of study: denotes different treatment groups within the same study.

Figure 10. Forest plot showing combined cementum regeneration measures across the studies.
SD = standard deviation; CI = confidence interval; df = degrees of freedom.
‘a’ and ‘b’ subscript letters next to the year of study: denotes different treatment groups within the same study.
http://www.ejomr.org/JOMR/archives/2018/2/e3/v9n2e3ht.htm
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Figure 11.Forest plot for cementum regeneration measures stratified by stem cell type.
SD = standard deviation; CI = confidence interval; df = degrees of freedom.
‘a’ and ‘b’ subscript letters next to the year of study: denotes different treatment groups within the same study.

Figure 12.Forest plot for cementum regeneration measures stratified by treatment duration.
SD = standard deviation; CI = confidence interval; df = degrees of freedom.
‘a’ and ‘b’ subscript letters next to the year of study: denotes different treatment groups within the same study.

Figure 13.Forest plot for cementum regeneration measures stratified by scaffold material.
SD = standard deviation; CI = confidence interval; df = degrees of freedom.
‘a’ and ‘b’ subscript letters next to the year of study: denotes different treatment groups within the same study.
http://www.ejomr.org/JOMR/archives/2018/2/e3/v9n2e3ht.htm
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Summary of the results
The stem cell regenerative therapy made a statistically
significant difference to the periodontal tissue
regeneration when compared to the control groups.
Such therapy seemed to make the biggest influence
to the regeneration of cementum (SMD 2.25 [95%
CI = 1.31 to 3.2]) and the smallest influence was made
to alveolar bone (SMD 1.47 [95% CI = 0.7 to 2.25])
the effect size for periodontal ligament regeneration
was (SMD 1.80 [95% CI = 1 to 2.59]). The study
data seemed to be highly heterogeneous on both
cementum and alveolar bone regeneration results.
Subgroup analyses did not explain the possible cause
of this heterogeneity. Subgroup analyses showed a
statistically significant difference in alveolar bone and
cementum regeneration groups based on treatment
duration. However, this result might be biased due to a
small number of studies (1 - 2 studies) grouped in the
latter subgroup meta-analyses.
DISCUSSION
Regeneration of the periodontal ligament, cementum
and alveolar bone has been of significant clinical
interest in scientific literature. Although there have
been some advances made in this field, there is still no
optimal treatment for periodontal tissue regeneration.
This study contributes evidence of mesenchymal stem
cell efficacy for the regeneration of animal periodontal
defects. Results of this study show that mesenchymal
stem cell-based therapy can be expected to result
in a favourable clinical outcome for periodontal
tissue regeneration. These results are consistent with
previously published systematic reviews [16-18].
Despite experimental evidence showing that
periodontal regeneration can occur in an experimental
setting, predictable regeneration in humans remains
an elusive clinical goal [18]. For periodontal
regeneration to occur, the potential of stem/progenitor
cells to recapitulate periodontal development needs
to be studied. Although cytotherapeutic approach to
periodontal regeneration is in its beginning stages,
the future for this kind of regenerative therapy looks
very encouraging [16,17]. Nonetheless, before this
becomes a routine clinical procedure, a number of
relevant topics need to be assessed, such as: designing
appropriate cell delivery matrices, understanding
the immunogenic and immunoregulatory properties
of these cells, defining which cells can have the
greatest effect on tissue regeneration [72]. Another
consideration would be the cost to benefit ratio. Given
that periodontitis is not a terminal disease, any therapy
http://www.ejomr.org/JOMR/archives/2018/2/e3/v9n2e3ht.htm
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should be entirely justified. The first step in this
process has been to undertake studies in preclinical
animal models. As our study has shown, stem cell
therapy can be beneficial regarding periodontal tissue
regeneration in animal models. The second step is
the undertaking of human studies which has ethical
implications associated with harvesting biopsy
specimens from living human subjects. Researchers
have already attempted to regenerate periodontal
defects in humans [73-76]. However, all of these
studies utilized noninvasive methods to measure
tissue regeneration levels: radiologic evaluation,
probing depth, clinical attachment level, and gingival
recession evaluation. Chen et al. [74] concluded that
implantation of autologous periodontal ligament
stem cells into periodontal intrabony defects did not
produce any noteworthy adverse effects. Zanwar et al.
[75] noted that stem cell therapy is beneficial in the
treatment for gingival recession. Provided that future
researchers would adhere to similar study protocols,
profound insight into this treatment method could
be made. Considering current scientific trends and
advances, it would seem that it is now appropriate to
consider progressing from preclinical animal studies
to human studies.
Limitations of the study
Selected studies showed a significant amount of
heterogeneity in the meta-analysis. Although a high
level of heterogeneity was expected because of the
variety of methodologies, and clinical variations.
This observation was also noted in other systematic
reviews studying periodontal tissue regeneration
utilizing stem cell therapy [16-18]. Pooled studies
varied in stem cell type, scaffold material and the
duration of treatment. Thus, data from this metaanalysis should be interpreted with caution. There is
scientific evidence that scaffold material can increase
or decrease the speed and quality of periodontal
tissue regeneration results [76,77]. Different studies
also reported the regeneration of two or only a single
tissue component of the periodontal complex (alveolar
bone, cementum or the periodontal ligament). Studies
were divided into a number of subgroups stratified
by different stem cell types, treatment duration and
scaffold materials in an attempt to explain the present
heterogeneity among results. As a result, some
subgroups pooled only 1 to 2 studies. Hence the data
from this meta-analysis has low statistical power.
Nonetheless, the overall positive impact of stem cell
treatment was apparent as the majority of the studies
demonstrated a statistically significant improvement
in periodontal complex tissue regeneration measures.
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CONCLUSIONS
Current scientific data is unanimous on the fact that
stem cell therapy has a positive impact on periodontal
tissue complex regeneration. Such therapy has
the most significant on cementum regeneration
meanwhile alveolar bone regeneration is influenced
by the least amount. Preclinical data also show that
the type of stem cells used in therapeutic procedures
is a significant factor considering alveolar bone and
cementum tissue regeneration results while scaffold
materials are a significant factor in alveolar bone

Gaubys et al.

regenerative therapy. Regarding treatment duration,
the greatest effect on periodontal tissue regeneration
was observed after 12 weeks. However more and less
diverse preclinical studies are needed to have higher
statistical power in future meta-analyses.
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