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Abstract. – OBJECTIVE: The aim of the study 
is to investigate the efficacy of cell-based thera-
py in the surgical treatment of periodontal intra-
bony defects. 

MATERIALS AND METHODS: PRISMA guide-
lines were followed, and the study protocol was 
regis-tered in PROSPERO. Electronic and hand 
searches were carried out on electronic data-
bases and major international journals of peri-
odontology. All randomized clinical trials (RCTs) 
comparing cell-based therapies combined with 
surgery to surgery alone for the treatment of 
periodontal intrabony defects were considered. 
Quality assessment was performed using the 
Cochrane Risk of Bias Tool for randomized clin-
ical trials (RoB 2). Quantitative evaluation of da-
ta was performed by meta-analysis. 

RESULTS: Five hundred twenty-eight records 
were initially screened and 5 RCTs fulfilling the 
eligibility criteria were included. Periodontal lig-
ament stem cells, dental pulp stem cells, perios-
teum-derived stem cells, gingival fibroblasts and 
their associated stem cells were used in com-
bination with different surgical techniques to 
treat intrabony periodontal defects. Meta-analy-
sis showed a statistically significant effect in fa-
vor of cell-based groups for clinical attachment 
level gain (p=0.004), with a difference in means 
of 1.7 mm (95% CI 0.5; 2.9). This was replicated 
for intrabony defect depth reduction (p=0.006), 
with a difference in means of 1.3 (95% CI 0.4; 2.3).

CONCLUSIONS: Cell-based therapies have 
been positively applied for the surgical treatment 
of intrabony periodontal defects with promising 
results. However, the results obtained should be 
interpreted with caution due to the low number 
of available RCTs, the study design heterogene-
ity, and the limited extension of the follow-up.

Key Words:
Cell-based therapy, Stem cells, Periodontitis, Intra-

bony defects, Surgical therapy, Systematic review, Me-
ta-analysis.

Introduction

Periodontitis is a chronic multifactorial inflam-
matory disease associated with dysbiotic plaque 
biofilms and characterized by progressive de-
struction of the tooth-supporting apparatus1. It is 
the leading cause of tooth loss in adults2. Severe 
periodontitis is found in 5-20% of middle-aged 
(35-44 years) adults in Europe and up to 40% of 
older people (65-74 years)3. 

Periodontal treatment aims to control the in-
fection and arrest the progression of the disease. 
Supragingival and subgingival instrumental ther-
apy by hand or powered instruments is the first 
phase of periodontal treatment4. With a re-eval-
uation visit, the clinician can ascertain if addi-
tional therapies are required, including surgical 
treatment5, aiming to eliminate residual pockets 
through a conservative, resective or regenerative 
approach. Periodontal regenerative therapy is in-
dicated only in selected cases, particularly for 
the treatment of periodontal intrabony defects6. 
When the bottom of a periodontal defect is lo-
cated apically compared to the crestal bone peak, 
it is defined as intrabony7. Different periodontal 
regenerative techniques exist, including guided 
tissue regeneration (GTR) and induced tissue 
regeneration (ITR)8. The first one is based on the 
application of a membrane that excludes the cells 
of supra-crestal soft tissues and allows the prolif-
eration of deep periodontal tissues9. The second 
one is based on the use of enamel matrix deriv-
ative (EMD), a protein matrix derived from por-
cine tooth buds, mainly composed of amelogenin. 
EMD gel is locally applied in periodontal defects 
and promotes the proliferation of cementum and 
periodontal ligament cells, while inhibiting epi-
thelial proliferation10. 
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Recently, a new type of regenerative, cell-
based therapy has been proposed in periodontal 
therapy11.

Cell therapies aim to repair the mechanisms un-
derlying disease initiation and progression. Multi-
ple cell types can be utilized in such treatments, 
including stem, progenitor, or primary cells. The 
most common are mesenchymal stem cells (MSCs). 
Once harvested, isolated, and amplified, cells can 
be intravenously injected or directly transplanted 
into the injured organ to induce tissue repair12. 
The application fields for this type of therapy are 
various: type 1 diabetes mellitus13, stroke14, or liver 
diseases15. In literature, the safety of this kind of 
therapy has been deeply discussed, but such an in-
novative approach seems to be safe, since no asso-
ciation with toxicity, organ system complications, 
infections, or malignancy was found16.

Cell-based approaches have shown the ability 
to regenerate periodontal tissues in different ani-
mal models17-20. Pre-clinical results are encouraging, 
showing a positive impact of cell-therapy on peri-
odontal tissue regeneration, although the results are 
influenced by the type of cells and scaffolds used21.

Initial evidence of the efficacy of using oral 
stem cell populations for the surgical therapy of 
periodontal defects has recently been provided22.

The purpose of this systematic review and 
meta-analysis is to investigate the effects of cell-
based therapies in the surgical treatment of peri-
odontal defects by the analysis of the available 
randomized controlled trials (RCT).

Materials and Methods

The study protocol of the present systemat-
ic review and meta-analysis was registered in 
PROSPERO (CRD42021233504). The search 
strategy used was based on the PRISMA (Pre-
ferred Reporting Items for Systematic reviews 
and Meta-Analyses) guidelines (http://www.pris-
ma-statement.org)23. 

Focused Question
The focused question for this systematic re-

view was: “What is the efficacy and the support-
ing evidence of cell-based therapies in combina-
tion with any surgical approach for the treatment 
of periodontal defects compared to surgery alone 
in patients affected by periodontitis?”. Clinical 
questions were formulated according to the PICO 
framework for evidence-based practice24 com-
prising: patients affected by periodontitis (P), 

surgical periodontal cell-based therapies as inter-
vention (I), compared to surgical therapy alone or 
with placebo as control (C), clinical attachment 
level (CAL) or relative attachment level (RAL) 
gain and intrabony defect depth (IBD) reduction 
(or bone fill) as investigated outcomes (O).

Search Strategy
A literature search was carried out in January 

2021 by two independent and calibrated review-
ers in PubMed (MEDLINE), EMBASE, Clinical-
Trials.gov, Researchgate, and the Cochrane Cen-
tral Register of Controlled Trials (CENTRAL). 
The authors used an ad-hoc search string: “(stem 
OR mesenchymal OR stromal OR MSC OR “cell 
sheet” OR “cell culture” OR “cell therapy” OR 
“cell-based therapy” OR “tissue based therapy” 
OR “tissue engineering”) AND (“periodontal re-
generation” OR “periodontal tissue regeneration” 
OR “intrabony defects” OR “infrabony defects” 
OR “intraosseous defects” OR “furcation de-
fects” OR “periodontal defects” OR “intrabony 
periodontal defects” OR “infrabony periodontal 
defects” OR “guided tissue regeneration” OR “in-
duced tissue regeneration” OR “bone fill”) AND 
(random OR randomized OR randomly OR ran-
domization)”. A hand search was also conducted 
on the major international journals of periodon-
tics. The reference lists of all studies identified 
to be relevant to the subject were scanned for 
possible additional studies. 

Two independent reviewers (G.C. and A.I.) 
screened the title and abstract of studies identified 
by the search strategy and, in case of disagreements 
on the selection process, a consensus was achieved 
through discussion. For abstracts meeting the el-
igibility criteria or not providing sufficient data, 
the full texts were carefully read and analyzed for 
inclusion and data extraction. The inter-examiner 
agreement was verified by kappa coefficient, and 
any discrepancy resolved via discussion. 

All RCTs with a test group assessing the effica-
cy of cell-based therapies combined with surgery 
for the treatment of periodontal defects compared 
to surgery alone were considered. In particular, 
articles were screened, and full-text reading and 
data extraction were performed when the follow-
ing selection criteria were fulfilled.

Inclusion Criteria:
– Study design: RCTs with both parallel-group 

and split-mouth design;
– At least 6-month follow-up;
– Patients with periodontitis diagnosis;
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– Intervention group should use cell-based ther-
apy as a sole adjunct to surgical periodontal 
therapy;

– The control group should comprise surgical 
periodontal therapy alone or associated with 
placebo;

– The outcome should include at least one peri-
odontal measurement, such as CAL or RAL 
gain, IBD reduction, or bone fill.

Exclusion Criteria:
– Non-RCT studies;
– Animal studies;
– Letters;
– Reviews;
– Conference abstracts.

No language or publication date restrictions 
were applied. In case of doubtful or incomplete 
data, the author responsible for the work was 
contacted. After analysis of the selected studies, 
clinical data were extracted by two independent 
reviewers (P.P. and L.N.).

Primary outcomes were considered: CAL (or 
RAL) gain and IBD reduction (or bone fill).

Secondary outcomes were considered: probing 
depth (PD) reduction, gingival recession (REC 
or GR) increase, or gingival marginal position 
(GMP), bleeding on probing (BOP), plaque index 
(PI), and gingival index (GI).

Mean changes from the baseline for the mea-
sured outcomes and their standard deviations 
were recorded when available. The following 
information for each study was also registered: 
study design, number of patients/defects, gender, 
age, study groups, type of defect, type of cells 
and source, application method and protocol, 
follow-up, outcomes evaluated, method of evalu-
ation, and conclusions.

Risk of Bias (Quality) Assessment  
The quality of the included studies was as-

sessed using the Cochrane Risk of Bias Tool for 
randomized clinical trials (RoB 2) (updated on 
22 August 2019)25 by two independent calibrated 
examiners (G.C. and L.G.) to ensure agreement 
on the scoring system. Each study was judged as 
at low, high, or with some concerns risk-of-bias, 
based on five domains: (1) bias arising from the 
randomization process; (2) bias due to deviations 
from intended interventions; (3) bias due to miss-
ing outcome data; (4) bias in the measurement 
of the outcome; (5) bias in the selection of the 
reported result.  

Strategy for Data Synthesis 
Data were descriptively presented and, when 

possible, a meta-analysis was performed on pri-
mary and secondary outcomes to compare treat-
ment results. Data were displayed as a difference 
in means, with 95% confidence intervals. The 
study-specific estimates were pooled using the 
random effects model if significant heterogeneity 
was found. Forest plots were created to illustrate 
the effects of the different studies and global es-
timation. Comprehensive Meta-analysis software 
(Biostat Inc., North Dean Street Englewood, NJ, 
USA) was used to perform all analyses. Statistical 
significance was defined as a p-value < .05.

The statistical heterogeneity among the in-
cluded studies was evaluated using Cochrane’s 
Q-test, with significance set at p < 0.1, and the 
I² test with a >75% value corresponding to high 
heterogeneity. If the meta-analysis contained suf-
ficient trials to make a visual inspection of the 
plot meaningful (ten trials minimum), funnel 
plots were considered as a tool for assessment of 
publication bias.

Results

Study Selection 
One-hundred ninety-three items in MED-

LINE/PubMed, 122 items in Embase, and 213 
in other sources were found after the initial 
search. After duplicates and items with no data 
available were removed, 498 records remained. 
After screening titles and abstracts for inclusion/
exclusion criteria, 489 studies were excluded, and 
9 studies remained. After full-text assessment, 
four studies were excluded. Those of Dhote et 
al 201526 and Shalini & Vandana 201827 were 
excluded because cell-therapy was not the only 
difference between test and control groups. Sali 
& Pauline George 201628 did not use living cells 
but freeze-dried preparations. Finally, the study 
of Hernández-Monjaraz et al 202029 was excluded 
because it did not report study outcomes of inter-
est (CAL or IBD). 

Finally, 5 RCTs published between 2008 and 
2020 were included in this systematic review 
(Figure 1). A high level of agreement was found 
between the reviewers at both screening stages 
(K=0.91). 

Study Characteristics 
The number of participants ranged from 2030,31 

to 30 patients32,33. The age of participants ranged 
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from 25 to 70 years old. All patients were sys-
temically healthy (or with controlled chronic 
diseases) and non-smokers; they suffered from 
periodontitis and had intrabony defects eligible 
for surgical treatment. All the RCTs had a paral-
lel group design. A total of 140 intrabony defects 
were treated in the included RCTs.

The effect of periodontal ligament stem cells 
was assessed in 2 studies30,32, dental pulp stem 
cells were used in 1 study34, periosteum derived 
stem cells in another RCT33 and gingival fibro-
blasts and their associated stem cells in another 
study31. Two studies30,32 evaluated the adjunctive 
effects of periodontal ligament stem cells associ-
ated with a slow resorption xenograft, and one of 
these32 also covered the graft with a collagen mem-
brane both in the test and control groups. Yamami-
ya et al33 used periosteum-derived stem cell sheets 
in association with platelet-rich plasma (PRP) and 
porous hydroxyapatite. Abdal-Wahab et al31 inves-
tigated the effects of gingival fibroblasts and their 
associated stem cells with collagen membrane and 
β-calcium triphosphate (β-TCP). Ferrarotti et al34, 
in their study, used a minimally invasive surgical 
technique (MIST) and a collagen sponge with 
(test) or without (control) dental pulp micro-grafts. 
The main characteristics of the selected studies are 
described in Table I.

Clinical parameters such as CAL gain and 
PD reduction were evaluated in all studies. BOP 
was evaluated in one study33. Ferrarotti et al34 
considered full-mouth bleeding score (FMBS). 

Abdal-wahab et al31 and Yamamiya et al33 evalu-
ated GI. Plaque index (PI), FMPS, or full mouth 
plaque index (FMPI) were evaluated in almost 
all studies. Gingival recession or gingival margin 
position were reported in 4 studies30,32-34.

Radiographic parameters, such as IBD (or bone 
fill), measured as the radiographic distance be-
tween the bone crest and the bottom of the bone 
defect, or bone defect depth (BDD), measured as 
the distance from the cement-enamel junction 
(CEJ) of the tooth and the bottom of the defect, or 
the distance CEJ-ABC (alveolar bone crest) were 
measured in 4 studies31-34. The clinical and radio-
graphic parameters were reported in Table II.

Risk of Bias and Power of Analysis
The overall risk of bias for each study included 

is presented in Figure 2. Three of the assessed 
RCTs fulfilled all criteria with a low risk of bi-
as30,32,34. Two studies showed an unclear (some 
concerns) risk of bias31,33.

Meta-Analysis
Only data at 6- and 12-month follow-up were 

considered for meta-analysis.
Four studies were included in the quantitative 

analysis of CAL gain, PD reduction30,31,33,34, and 
IBD reduction31-34, while three studies30,33,34 were 
included in the analysis of REC increase.

Since high data heterogeneity was found, a 
random effect model was preferred in all cases.

Due to the limited number of included studies, 
additional investigations regarding publication 
bias or sensitivity analysis were not performed.

Regarding CAL gain (Figure 3a), three stud-
ies31,33,34 showed a statistically significant effect 
size in favor of cell-based therapies groups. In 
contrast, only one study30 showed no statistically 
significant differences between test and control 
groups. The overall effect size was in favor of 
cell-based therapies in a statistically significant 
way (p=0.004) with a difference in means of 1.7 
mm (95% CI 0.5; 2.9), and a significant data het-
erogeneity (Q 13.5, p=0.004; I2 77.9%).

Two of the four studies included in the me-
ta-analysis of PD reduction showed a statistically 
significant effect size in favor of cell-based thera-
pies31,34 and two30,33 did not show statistically sig-
nificant inter-group differences (Figure 3b). An 
overall effect size in favor of cell-based therapies, 
although not statistically significant (p=0.067), 
was found, with a difference in means of 1.4 mm 
(95% CI -0.1; 3.0) and a significant data heteroge-
neity (Q 32.3, p=0.000; I2 90.7%).Figure 1. Flow diagram of sources selection process.
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Table I. Study populations.

  Pats/ Gender     Source   External  
 Authors, year defs (M/F) Age  Test  Control  Cells of cells Invasiveness Manipulation resources Time Cost

Yamamiya et al 30/30 2/28 55.8 (mean) PRP + HA PRP + HA PdSC Harvested High (periosteum Substantial Cell culture 6-7 w High
200833   ± 9.1 (SD) gran-ules + gran-ules  periosteum samples; 25 mm2)  lab
     HCP sheets       

Chen et al 30/41 8/33 18-65 BBM +  BBM + PDLSC Extracted High (low only Substantial Cell culture 4-5 w High
201632    collagen  collagen  teeth for scheduled  lab 
    membrane +  membrane   extractions) 
    PDLSC  
    sheets         

Ferrarotti et al  29/29 14/15 36-69 Collagen Collagen DPSC Extracted High (low only Minimal None (tissue Minutes Medium
201834    sponge +  sponge  teeth for scheduled  disaggregator)  (device
    DPSCs     extractions)    cost)

Sánchez et al  20/20 14/6 25-70 XBS + XBS PDLMSC Extracted High (low only Substantial Cell culture Not High
202030    PDLMSC   teeth for scheduled   lab specified 
        extractions)   (weeks) 

Abdal-Wahab 20/20 9/11 32-50 β-TCP + β-TCP + HGF/ Gingival Moderate Substantial Cell culture 2-3 w High
et al 202031    collagen collagen GMSC biopsies (low only for  lab
    membrane + membrane   scheduled   
    HGF/GMSC    gingival    
        surgery)   

Pats/defs: number of patients/defects; PRP: platelet-rich plasma; HA: hydroxyapatite; HCP: human cultured periosteum; PdSC: periostium-derived stem cells; PDLSC: periodontal 
ligament stem cell; BBM: bovine bone mineral; DPSC: dental pulp stem cell; OFD: open flap debridement; XBS: xenogeneic bone substitute; PDLMSC: periodontal ligament-
derived mesenchymal stem cells; β-TCP: β-calcium triphosphate; HGF/GMSC: gingival mesenchymal stem cell.
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 Authors, year Method of evaluation Test Control Additional effects Adverse effects

Yamamiya et al33 Periodontal probe; periapical  12 m 12 m
2008  standardized radiographs  CALgain: 4.1 ± 1.2 CALgain: 5.3 ± 1.5 CALgain, IBDred significant None
  PDred: 2.9 ± 0.4  PDred: 3.3 ± 1.0 difference 
  RECinc: 1.3 ± 1.3  RECinc: 2.1 ± 1.4 
  IBDred: 0.4±0.9  IBDred: 1.7 ± 1.2   

Chen et al32 Periodontal probe; standardized 6 m 6 m Not statistically significant None
2016  periapical radiographs  IBDred: 4.61 ± 1.87 IBDred: 5.11 ± 1.53  
  12 m 12 m  
  IBDred: 4.49 ± 2.03 IBDred: 4.80 ± 1.41  

Ferrarotti et al34 Periodontal probe; standardized  6 m 6 m PDred, CAL, IBDred significant None
2018  periapical radiographs CALgain:5.4 ± 1.2 CALgain:6.6 ± 1.3 difference
  PDred:3.5 ± 0.8 PDred:4.6 ± 1.0  
  RECinc:1.9 ± 1.2 RECinc:2.0 ± 1.1  
  IBDred:2.7 ± 0.8 IBDred:4.1 ± 0.9  
  12 m 12 m  
  CALgain: 5.5 ± 1.1 CALgain: 6.5 ± 1.2  
  PDred: 3.4 ± 0.9 PDred: 4.5 ± 1.0  
  RECinc: 2.1 ± 1.3 RECinc: 2.0 ± 1.2  
  IBDred: 2.5 ± 0.7 IBDred: 4.0 ± 0.8  

Sánchez et al30 Electronic pressure-sensitive  12 m 12 m Not statistically significant None
2020  periodontal probe  CALgain: 9.44 ± 2.35 CALgain: 9.10 ± 2.18  
  PDred: 4.33 ± 1.00 PDred: 4.70 ± 2.11  
  RECinc: 5.33 ± 2.29 RECinc: 4.40 ± 1.35  

Abdal-Wahab31 Periodontal probe; CBCT 6 m 6 m PDred, CALgain, IBDred None
et al 2020  CALgain: 2.30 ± 1.16  CALgain: 4.20 ± 1 significant difference 
  PDred: 3.10 ± 0.88 PDred: 5.20 ± 0.8  
  IBDred: 3.14 ± 1.33 IBDred: 1.91 ± 0.16   

Table II. Clinical and radiographic parameters at 6 and 12 months.

CALgain: clinical attachment level gain; PDred: probing depth reduction; RECinc: gingival recession increase; IBDred: intrabony defect depth reduction. CBCT: Cone-beam 
Computed Tomography.
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Regarding REC increase, three studies showed 
a tendential, although insignificant, effect esti-
mate in favor of control therapies30,33,34 (Figure 
3c). The overall effect estimate followed the same 
trend with an insignificant (p=0.277) difference 
in means in favor of control of -0.3 mm (95% CI 
-0.8; 0.2) and insignificant data heterogeneity (Q 
1.3, p=0.5; I2 0%).

Regarding IBD reduction, three studies31,33,34 
showed a statistically significant effect estimate 
in favor of cell-based therapies, while only one 
study showed no differences between groups32 
(Figure 3d). The overall effect was in favor of 
cell-based therapies in a statistically significant 
way (p=0.006) with a difference in means of 1.3 
(95% CI 0.4; 2.3) and a significant data heteroge-
neity (Q 21.7, p=0.000; I2 86.2%).

Discussion

The present systematic review and meta-anal-
ysis focused on the effects of cell-based therapies 
in the surgical treatment of intrabony periodon-
tal defects. In order to include studies with the 
highest level of evidence, only RCTs were con-
sidered. Furthermore, all the studies in which the 
cell-based therapy was not the only difference 
between test and control groups were excluded. 
This was important in order to minimize con-
founding factors and discriminate the real ad-
junctive effect of cell-based therapies.

Periodontal regeneration is defined as the for-
mation of new cementum, alveolar bone, and a 
functional periodontal ligament on a root surface 

previously affected by periodontitis8. The regener-
ation of deep periodontal tissues can be achieved 
through different techniques, such as GTR35 or 
ITR via EMD application36. Both techniques im-
proved long term results in terms of PD reduction 
and CAL gain compared to other periodontal 
therapies37,38. However, periodontal regenerative 
surgery still presents certain limits, since there is a 
lack of evidence for its efficacy in the regeneration 
of suprabony defects or the supracrestal component 
associated with intrabony defects39. Consequently, 
efforts aiming to improve the results of such tech-
niques are being carried out continuously.

Tissue engineering is a therapeutic approach 
in regenerative medicine that aims to induce new 
functional tissue regeneration via the synergistic 
combination of cells, biomaterials, and/or growth 
factors40. Cell-based therapy has also been pro-
posed in periodontology, in order to improve the 
results of regenerative surgical techniques, using 
different sources of stem cells and biomaterials/
biological mediators. Stem cells are undifferenti-
ated cells with the potential of proliferating and 
differentiating in several cell types with specific 
functions41. MSCs are post-natal stem cells isolat-
ed from a great variety of tissues41. Compared to 
embryonic stem cells, MSCs have a lower prolif-
eration and differentiation potential depending on 
their tissue source42. Among the studies included 
in the present review, periodontal ligament30,32, 
dental pulp34, periosteum33, and gingival tissue31 
were used as a source of MSCs.

A meta-analysis was performed with 6- and 
12-month follow-up data from the included stud-
ies for four outcomes: PD reduction, CAL gain, 

Figure 2. Risk of Bias assessment of the included RCTs.
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REC increase and IBD reduction. Such a quan-
titative analysis showed an overall effect size 
favoring cell-based therapies in a statistically 
significant way only for CAL gain and IBD re-
duction, although with high heterogeneity.

The overall quality of the RCTs included in the 
present systematic review was moderate-high, 
since only 3 of 5 studies showed a low risk of 
bias. However, the marked heterogeneity found in 
the study design and the different types of cells 
used impose some caution in data interpretation, 
also in consideration of the small number of 
available studies. A balanced sex distribution was 
reported by most of the analyzed studies. Patients 
were healthy (or with controlled chronic diseas-
es), and the periodontal defects were all intrabony 

ones. Smoking was considered an exclusion crite-
rion in all the RCTs, due to its negative effects on 
periodontal healing8.

No study reported adverse effects, indicating 
a relative safety of cell-based therapies applied 
to periodontal surgical therapy. However, the 
maximum follow-up of the RCTs was 12 months, 
and longer follow-up periods are recommended to 
better evaluate possible long term adverse events. 

The application of a cell-based approach 
showed positive effects in the surgical treatment 
of intrabony periodontal defects, although the 
isolation of stem cells requires tissue harvesting. 
Such a procedure has intrinsic invasiveness that 
can vary based on the source of cells and the 
withdrawal method. Four studies included in the 

Figure 3. Forest plot and heterogeneity test for RCTs assessing 6- and 12-month CAL gain (a), PD reduction (b), REC 
increase (c), and IBD reduction (d) using cell-based therapy compared to any other surgical technique alone. Overall effect and 
effect for each study are presented.
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present review used cells obtained from extracted 
teeth. Chen et al32 and Sanchez et al30 used peri-
odontal ligament stem cells, while Ferrarotti et 
al34 used dental pulp stem cells. In this case, teeth 
selected for cell harvesting need to be already 
scheduled for extraction, limiting the availability 
of the stem cell source. Similarly, Abdal-Wahab 
et al31 withdrew cells from gingival tissue, during 
a scheduled periodontal surgery. In contrast, the 
withdrawal procedure of a 25 cm2 periosteum 
sample adopted by Yamamiya et al33 was done 
during a dedicated harvesting surgical procedure 
with an increased invasiveness. When utilizing 
stem cells, the need for external resources for 
cell culture and amplification has to be con-
sidered. These procedures can require several 
weeks, influencing the overall treatment costs 
and duration. An alternative to external facilities 
may be the use of a commercially available tissue 
disaggregator (Rigenera®, Human Brain Wave, 
Italy). Ferrarotti et al34 used such a device to fil-
ter progenitor cells from dental pulp micrografts 
through a 50 μm microgrid. An accurate evalua-
tion of the cost-benefit ratio must be made, both 
from a biological and an economic point of view 
also in consideration of satisfactory results al-
ready obtainable with currently used techniques 
in daily clinical practice.

Other review articles focused on stem cells and 
cell-based therapies in periodontal regenerative 
surgery11,43. However, the number of the included 
studies in those papers is lower compared to the 
present review. 

Despite the promising results of the present 
systematic review, some limitations must be con-
sidered for a comprehensive interpretation, such 
as the paucity, the heterogeneity and the short 
follow-up of the available studies, together with 
the pooling of different follow-up time points in 
the meta-analysis. Further research is necessary 
to evaluate the clinical benefit of these techniques 
compared with traditional, non-cell-based tech-
niques and to investigate alternative, simple, rap-
id, and economical methods for cell harvesting 
and manipulation.

Conclusions

Cell-based therapies have been positively 
applied for the surgical treatment of intrabo-
ny periodontal defects with promising results. 
Quantitative analysis of data from the available 
studies showed a significant difference in terms 

of CAL gain and IBD reduction in favor of cell-
based therapies compared to control treatments. 
However, these results must be interpreted with 
caution due to the limited number of available 
studies, the study design heterogeneity, and the 
limited follow-up extension. Furthermore, the ef-
fectiveness of such therapies is severely restricted 
by high costs, lengthy duration, complexity of 
procedures and invasiveness. Larger RCTs with 
an appropriate design and longer follow-up are 
required to better evaluate positive effects of 
cell-based therapy in the surgical treatment of 
periodontal intrabony defects. In addition, more 
appropriate strategies to enhance the effective 
applicability in clinical practice should be found.
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