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Background: Concentrated growth factor (CGF) is a novel biomaterial that can effectively promote 
tissue growth, but it is uncertain whether adding CGF can product additional effects in the periodontal 
tissue growth. The purpose of this meta-analysis was to assess the efficacy of CGF combined with grafting 
materials versus grafting materials alone for the treatment of periodontal intrabony defects.
Methods: The PubMed, Embase, Cochrane Library, Web of Science, China National Knowledge 
Infrastructure (CNKI), China Biology Medicine Disc (CBM), Wanfang, and VIP databases were searched 
from inception date to June 2022. The inclusion criteria were: (I) randomized controlled trials (RCTs) 
comparing CGF combined with grafting materials with the single use of grafting materials for the treatment 
of periodontal intrabony defects, (II) studies providing outcomes of probing depth (PD) and clinical 
attachment loss (CAL). The literature searches and screening, data extraction, and quality assessment were 
performed by two reviewers, respectively. The Cochrane bias risk assessment tool was used to assess the 
quality of the literature. Meta-analysis was performed using Stata 15.0.
Results: A total of 8 randomized controlled trials (RCTs) were obtained, including 150 intrabony 
defect sites in the combination groups and 153 sites in the control groups. Meta-analysis showed that the 
combination groups was more effective than the control groups in PD [weighted mean difference (WMD) 
=−0.73, 95% confidence interval (CI): −0.94, −0.51, P=0.005], CAL (WMD =−0.56, 95% CI: −0.94, −0.19, 
P=0.003), and bone filling (BF) (WMD =−0.43, 95% CI: −0.65, −0.21, P=0.001), but the difference was not 
statistically significant between two groups in the change of gingival recession (REC) (WMD =−0.15, 95% 
CI: −0.44, 0.14, P=0.312). One study presented a high risk of bias due to lost follow-up, and the rest were 
unclear risk of bias.
Conclusions: For the treatment of periodontal intrabony defects, our meta-analysis showed that CGF 
combined with grafting materials was more effective than the use of grafting materials alone. However, the 
findings should be interpreted with caution due to the average quality of RCTs. 
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Introduction

Periodontitis, with the common symptoms of gingival 
bleeding and chewing weakness, is a prevalent inflammatory 
condition (1). Its typical pathologic feature is the destruction 
of periodontal connective tissue and bone, with the main 
outcome of tooth loss in humans (2). The teeth defects 
lead to poor mastication, which not only reduces the living 
quality of patients with periodontitis, but also impairs their 
speech and aesthetic functions, which inhibits their social 
function (3). Subgingival scaling and root planing (SRP) 
have been employed as the main way to eliminate the local 
periodontal irritation, which can first stop inflammation 
from developing. However, restoring the periodontal 
tissues to their original state is an ideal outcome that 
SPR alone cannot fundamentally address (4,5). Given the 
large proportion of periodontitis patients worldwide, the 
exploration of preferable treatment has long represented a 
hot research topic. In the 1980s, guided tissue regeneration 
(GTR) involved the establishment of a barrier membrane 
around the intrabony defects to prevent the interlacing 
growth of epithelial cells and fibroblasts, providing suitable 
conditions for periodontal tissue regeneration (6). However, 
it is not easy to completely regenerate periodontal tissue 
due to inherent defects under the barrier membrane (7). 

With the development of biomaterials, periodontal flap 
surgery combined with autologous bone, allograft bone, 
and xenografts has become a common clinical method. 
These tissues can support the growth and maturation of 

blood clots. However, the success of bone induction is still 
unpredictable (8,9). Exploring a valuable approach is critical 
to achieve the goal of optimal treatment of periodontal 
intrabony defects.

Endogenous regeneration technology has received 
increasing attention in recent studies focusing on functional 
regeneration of non-renewable tissues based on the 
autologous ‘regeneration agents’ (10,11). Autologous 
platelet concentrates (APCs) is an imperative candidate 
for endogenous regeneration technology. APCs, with their 
superior properties and convenient preparation, are widely 
used in all areas of oral therapy through the generation 
transition from platelet rich plasma (PRP) to platelet rich 
fibrin (PRF) (12,13). 

Concentrated growth factor (CGF) is the third generation 
and is produced by the variable speed centrifugation. With 
higher fibrinogen matrix density and growth factor levels 
compared to the previous two generations (14), CGF makes 
it possible to promote true tissue regeneration. A previous 
study has proved that CGF have a role in promoting 
differentiation and growth of cells involved in the 
periodontal healing (15). However, it has also been claimed 
that adding CGF has no greater benefits in the treatment of 
periodontal intrabony defects than using grafting materials 
alone (16,17). A growing number of clinicians are choosing 
to use CGF in combination with grafting materials to 
promote tissue regeneration. To date, no evidence-based 
recommendations regarding CGF combined with grafting 
materials have more clinical advantages than grafting 
materials alone has been carried out. The purpose of this 
meta-analysis was to quantitatively assess all published 
randomized controlled trials (RCTs) and evaluate whether 
adding CGF could yield additional clinical benefits based on 
grafting materials, and determine CGF important for future 
treatment of periodontal intrabony defects. We present the 
following article in accordance with the PRISMA reporting 
checklist (18) (available at https://atm.amegroups.com/
article/view/10.21037/atm-23-891/rc).

Methods

Protocol and registration

The study was performed according to the Cochrane 
Handbook for Systematic Reviews of Interventions (19). 
The registration number of literature in PROSPERO is 
CRD42022319325. 

Highlight box

Key findings 
• Concentrated growth factor (CGF) in combination with grafting 

materials is more effective than the use of grafting materials alone 
in the treatment of periodontal intrabony defects.  

What is known and what is new?  
• CGF is known to promote tissue regeneration.
• Our new finding is that CGF in combination with grafting 

materials improves tissue regeneration compared to grafting 
materials alone.

What is the implication, and what should change now? 
• For the treatment of periodontal intrabony defects, CGF has a 

significant additive effect when combined with grafting materials. 
In the future, we can prioritize CGF in combination with grafting 
materials for the treatment of periodontal intrabony defects to 
achieve optimal therapeutic outcomes.

https://atm.amegroups.com/article/view/10.21037/atm-23-891/rc
https://atm.amegroups.com/article/view/10.21037/atm-23-891/rc
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Search strategy

The databases of PubMed, Embase, Cochrane Library, 
Web of Science, China National Knowledge Infrastructure 
(CNKI), China Biology Medicine Disc (CBM), Wanfang, 
and VIP were searched by 2 reviewers (MY and JH) for 
RCTs in English or Chinese that had been published by 
the end of June 2022. Search items were based on the 
combination of keywords and medical subject headings 
(MeSH), including ‘Periodontal disease’, ‘Periodontitis’, 
‘intrabony defect*’, ‘infrabony defect*’, ‘bone defect*’, 
‘osseous defect*’, ‘periodontal defect*’, ‘periodontal 
atrophy’, ‘Bone regeneration’, ‘concentrated growth factor*’, 
and ‘CGF’. Then, two authors (MY and JH) independently 
searched the electronic databases and retrieved the 
relevant studies. Article titles and abstracts were screened 
following removal of duplicates. After excluding the non-
related literature, the remaining full texts were read for re-
screening in order to determine the final included studies. 
Reference lists of included studies, conference materials, 
and unpublished studies were also searched for potential 
eligible studies. 

Inclusion and exclusion criteria

The following people, intervention, comparison, outcomes, 
and study (PICOS) standards were applied: participants 
(P) were people who had periodontal intrabony defects 
confirmed by imaging and conformed to the indications 
of periodontal surgery; intervention (I) was the CGF 
combined with grafting materials as applied in the test 
group; comparison (C) was the single use of grafting 
materials in the control group; primary outcomes (O) 
included probing depth (PD) and clinical attachment loss 
(CAL), and secondary outcomes included gingival recession 
(REC) and bone filling (BF). The BF consists of the 
distance from the apex of the alveolar ridge defect to the 
bottom of the alveolar bone defect (A-B), the distance from 
the cementum-enamel junction to the apex of the alveolar 
bone defect (CEJ-A), and the distance from the cementum-
enamel junction to the bottom of the alveolar bone defect 
(CEJ-B). The study (S) included only published RCTs.

The inclusion criteria were as follows: (I) RCTs include 
CGF combined with bone grafting materials compared 
to the single use of grafting materials; (II) periodontal 
intrabony defects were confirmed with clinical examination 
and imaging; (III) the outcomes included at least the 
primary outcome.

The exclusion criteria were as follows: (I) animal and 
in vitro studies; (II) case report, reviews, and conference 
summaries; (III) studies for which data were not available.

Data extraction

The 2 reviewers (MY and JH) conducted literature 
screening and data extraction independently, and any 
disagreements were resolved through discussion (LJ, 
RG, and XW). Data extraction included the following: 
(I) basic information about the included studies; (II) basic 
characteristics of participants; (III) interventions and follow-
up; (IV) key elements of risk of bias assessment; and (V) 
primary clinical and imaging outcome measurement.

Risk of bias assessment

The Cochrane Collaboration’s risk of bias assessment tool 
(Cochrane RoB 2.0) (20) was used to assess the quality of 
8 RCTs. The items of Cochrane tool included: random 
sequence generation, allocation concealment, blinding 
of participants and personnel, blinding of outcome 
assessment, incomplete outcome data, selective reporting, 
and other sources of bias. The risk of bias in each item can 
be classified into three categories: low, high, and unclear 
risk of bias. If risk of bias in all items turns out to be “low” 
then the study is low risk of bias. If the risk of bias in 
some items is assessed as “unclear” and there is no “high”, 
then the study is unclear risk of bias. As long as one item 
of risk of bias assessment results “high” then the study is  
high risk.

Statistical analysis

The software Stata 15.0 (StataCorp., LLC, College Station, 
TX, USA) was employed for the meta-analysis. Weighted 
mean difference (WMD) with the 95% confidence interval 
(95% CI) was applied as pooled statistics for PD, CAL, 
REC, and BF. Heterogeneity testing was processed by chi-
square test (α=0.1), and I2 statistics was verified to evaluate 
the heterogeneity. P value was two-sided and <0.05 was 
significant. A fixed-effect model was applied if I2<50%. 
When I2>50%, random-effect models were used and the 
source of heterogeneity was analyzed. Subgroup analysis 
was used to investigate the source of high heterogeneity. 
Sensitivity analysis was performed to determine the stability 
of the results. Publication bias was summarized if more than 
10 articles were included in the study.
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Results 

Included studies

There were 570 articles identified, and 416 retrieved after 
removing duplicates. Through screening titles and abstracts, 
57 articles remained, and after full-texts screening, 8 studies 
were finally included. There were 303 intrabony defect sites 
in 252 patients. Figure 1 depicts the literature screening 
process, and Table 1 depicts the basic characteristics of the 
articles included.

Risk of bias

Based on the Cochrane Collaboration’s tool, a total of 8 
RCTs (21-28) were evaluated. Only 1 of the studies (25) 
employed randomized digital table method. There was no 

mention of allocation hiding in any of the articles. A total 
of 5 studies (21,22,26-28) used the double-blind method, 
four reported blinding outcome assessment. One study (21) 
reported 4 cases lost to follow-up, and all studies had no 
selective reporting bias. Figure 2 depicts the results of the 
assessment. One article showed a high overall risk of bias 
due to loss of follow-up, while the rest showed an unclear 
overall risk of bias, as shown in Figure 3.

Results of meta-analysis

Among all the included RCTs, CGF combined with grafting 
materials was set as the test group, whereas single use of 
grafting materials was set as the control group. A further 
two subgroups were set based on follow-up duration (6 and 
12 months after surgery). The short-term and long-term 

Identification of studies via databases
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Records identified from 
databases (n=570): 

• PubMed (n=18)
• Embase (n=36)
• Cochrane Library (n=53) 
• Web of Science (n=254)
• CNKI (n=113)
• CBM (n=30)
• Wanfang (n=48)
• VIP (n=18)

Records screened
(n=416)

Records sought for retrieval
(n=57)

Records assessed for eligibility
(n=14)

Studies included in meta-analysis 
(n=8)

Records excluded: (n=359)
• Inappropriate PICOS (n=235)
• Animal and in vitro studies (n=124)

Reports not retrieved
(n=43)

Reports excluded:
• No available data (n=6)

Records removed before screening:
• Duplicate records removed 

(n=154)

Figure 1 PRISMA diagram for the selection of literature search. After removing duplicate literature and excluding literature that did not 
meet the inclusion criteria, 8 studies were included in this meta-analysis finally. PRISMA, Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses; PICOS, people, intervention, comparison, outcomes, and study; CNKI, China National Knowledge Infrastructure; 
CBM, China Biology Medicine Disc.
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Table 1 Characteristics of the included studies

Study
Sample size 

(female/male)
Age (years; mean ± 

SD or range)

Intervention
Site (T/C)

Follow-up 
(months)

Outcome indicator
T C

Xu 2019 (21) 58 (32/26) 55.2±8.3 CGF + Bio-Oss® Bio-Oss® 30/30 6, 12 PD, CAL

Qiao 2016 (22) 17 (8/9) 47.7±13.9 CGF + Bio-Oss® Bio-Oss® 15/16 12
PD, CAL, REC, 
CEJ-A, CEJ-B, A-B

Zhao 2021 (23) 30 (13/17)
T: 36.36±5.50  
C: 37.31±4.24

CGF + DFDBA DFDBA 14/16 6 PD, CAL, A-B, CEJ-A

Xu 2020 (24) 57 (22/35) 32.9±1.28 CGF + Bio-Oss® Bio-Oss® 23/23 6, 12 PD, CAL, A-B

Qiao 2017 (25) 15 (ND) 20–60 CGF + Bio-Oss® Bio-Oss® 16/15 12 PD, CAL, REC

Zhang 2021 (26) 39 (ND) 20–55 CGF + Bio-Oss
®

Bio-Oss
®

20/20 6, 12 PD, CAL

Li 2020 (27) 16 (ND) 20–60 CGF + Bio-Oss
®

Bio-Oss
®

17/18 12 PD, CAL, REC

Hu 2018 (28) 20 (ND) 25–60 CGF + Bio-Oss® Bio-Oss® 15/15 12 PD, CAL

ND, no data; SD, standard deviation; T, test group; C, control group; CGF, concentrated growth factor; Bio-Oss®, deproteinated bovine-
derived xenograft products; DFDBA, demineralized freezedried bone allograft; PD, probing depth; CAL, clinical attachment loss; REC, 
gingival recession; CEJ-A, distance from the CEJ to the most coronal extension of the alveolar bone crest; CEJ-B, distance from the CEJ 
to the base of the defect; A-B, defined as CEJ-A-CEJ-B.
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Hu, 2018 

Li, 2020 

Qiao, 2016 
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Xu, 2019 
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Zhang, 2021 

Zhao, 2021

Figure 2 Summary of the risk of bias of the included studies.

effects were evaluated respectively.

PD
All 8 studies (21-28) evaluated changes of PD. The meta-
analysis based on random-effect model (P=0.31, I2=14.1%) 
indicated that the test group was greater than the control 
group (WMD =−0.73, 95% CI: −0.94, −0.51, P=0.005). 
Meanwhile, the short-term effect (WMD =−0.70, 95% CI: 
−1.20, −0.20, P=0.006) and long-term effect (WMD =−0.69, 
95% CI: −0.95, −0.42, P=0.001) were consistent with the 
results (Figure 4).

CAL
All 8 studies (21-28) evaluated improvements of CAL. 
The meta-analysis based on random-effect model (P=0.02, 
I2=52.7%) indicated that the CAL of the test group was 
greater than that of the control group (WMD =−0.56, 95% 
CI: −0.94, −0.19, P=0.003). In long-term effect, CAL was 
greater in test group (WMD =−0.68, 95% CI: −1.16, −0.19, 
P=0.007), but there was no statistically significant difference 
between the two groups in the short-term effect (WMD 
=−0.40, 95% CI: −1.05, 0.26, P=0.234) (Figure 5).

REC
There were 3 studies (22,25,27) that reported the REC at 
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12 months after surgery. According to the meta-analysis, 
no statistically significant difference was found between the 
two groups (WMD =−0.15, 95% CI: −0.44, 0.14, P=0.312) 
(Figure 6).

BF
In addition to 1 study (23) that reported the BF at 6 months 
after surgery, 2 other studies (22,24) reported bone defect 
recovery at the 12th month post-surgery. The results were 
divided into three subgroups, depending on the content of 
evaluation. Meta-analysis based on the fixed-effect model 
(P=0.25, I2=23.9%) indicated that A-B, CEJ-A, and CEJ-B 
recovered in the test group more than the controls (WMD 
=−0.43, 95% CI: −0.65, −0.21, P=0.001) (Figure 7).

Sensitivity analysis and publication bias 

Sensitivity analysis of the primary outcomes PD and CAL 
were performed. By eliminating 1 article at a time, we found 
little change in the merged results of the remaining papers, 
indicating that the results were stable (Figure 8). Since the 
number of included studies was 8 only, we did not conduct 
the publication bias.

Discussion

Summary of evidence

Periodontitis-induced intrabony defects remain a major 
challenge to periodontal treatment and the question of 

Random sequence generation (selection bias) 

Allocation concealment (selection bias) 

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias) 

Incomplete outcome data (attrition bias) 

Selective reporting (reporting bias) 

Other bias

0%         25%        50%        75%       100%

Low risk of bias Unclear risk of bias High risk of bias

Figure 3 Graph of the overall risk of bias of the included studies. Only one study showed a high risk of bias.

Figure 4 Forest plots evaluated the effect of test group or control group on PD reduction. Results in the test group were more effective 
generally. WMD, weighted mean difference; CI, confidence interval; PD, probing depth.
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how to achieve predictable tissue regeneration is still  
unanswered (29). What seems certain is that the application 
of APCs provides a new direction for functional regeneration 
of periodontal tissues (30,31). CGF is not constant 
centrifugation, but centrifugation from the autologous 
venous blood at variable velocities (2,400 to 3,000 rpm) (32).  
A previous study has shown that CGF had greater tensile 
strength and induces the growth of osteoblasts and 
gingival fibroblasts than second generation PRF (33). 
Previous studies have found that CGF has advantages in 
expediting wound healing and promoting tissue formation 
when used to treat hollowing following tooth extraction 

(34,35). Moreover, the bone mineral density and trabecular 
architecture recovery of tissues after the addition of CGF 
were better than those without CGF (36,37).

Although most studies have shown that CGF can 
improve tissue regeneration efficiency, a study has indicated 
that CGF has no clinical advantage in promoting periodontal 
tissue recovery (38). After all, the use of CGF increases the 
financial burden on patients to some extent. The present 
meta-analysis evaluated the efficacy of CGF in combination 
with grafting materials and grafting materials alone for 
periodontal intrabony defects based on published RCTs. 
The results showed that the combination was more effective 

Figure 5 Forest plots evaluated the effect of test group or control group on CAL gain. Results in the test group were more effective 
generally. WMD, weighted mean difference; CI, confidence interval; CAL, clinical attachment loss.

Figure 6 Forest plots evaluated the effect of test group or control group on REC at 12 months after surgery. There was no statistical 
difference between two groups. WMD, weighted mean difference; CI, confidence interval; REC, gingival recession.
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Figure 7 Forest plots evaluated the effect of test group or control group on BF after surgery. Results in the test group were more effective 
generally. A-B, defined as CEJ-A-CEJ-B; CEJ-A, distance from the CEJ to the most coronal extension of the alveolar bone crest; CEJ-B, 
distance from the CEJ to the base of the defect; WMD, weighted mean difference; CI, confidence interval; BF, bone filling.

Xu (2019) 

Xu (2019) 

Qiao (2016) 

Zhao (2021) 

Xu (2020) 

Xu (2020) 

Qiao (2017) 

Zhang (2021) 

Zhang (2021) 

Li (2020) 

Hu (2018)

−1.00 −0.94                   −0.73                      −0.51       −0.39

Meta-analysis estimates, given named study is omitted
Lower CI limit Estimate Upper CI limit

Xu (2019) 

Xu (2019) 

Qiao (2016) 

Zhao (2021) 

Xu (2020) 

Xu (2020) 

Qiao (2017) 

Zhang (2021) 

Zhang (2021) 

Li (2020) 

Hu (2018)

−1.05  −0.94                        −0.56                        −0.19 −0.10

Meta-analysis estimates, given named study is omitted
Lower CI limit Estimate Upper CI limit

A B

Figure 8 Sensitivity analysis of the primary outcomes PD and CAL. (A) Sensitivity analysis of PD; (B) sensitivity analysis of CAL. CI, 
confidence interval; PD, probing depth; CAL, clinical attachment loss.

in PD, CAL, and BF improvement, providing a reference 
for the selection of a clinical treatment that achieves the 
desired outcome. However, due to the lack of clarity in the 
risk bias assessment of most RCTs, indicating the average 
quality of RCTs, caution is needed in interpreting the 
findings of this study.

In view of the superior structural properties of CGF, 
the addition of CGF not only saved the amount of grafting 
materials, but also provided a fiber scaffold for stem cell 
migration and new tissue growth (39). Fang et al. indicated 
that CGF induces durable osteogenesis in jaw defects (40). 

This may be a consequence of a large amount of growth 
factors, such as transforming growth factor-β (TGF-β), 
platelet-derived growth factor (PDGF), and vascular 
endothelial growth factor (VEGF), which contribute to 
the expansion of new tissue (41,42). These growth factors 
attach to a dense network of fibrinous scaffolds, not only 
protecting growth factors from early proteolysis, but also 
decelerating the release of growth factors, thus ensuring 
optimal outcomes for wound healing in the early- and long-
term (43-45). However, based on the available research, the 
current findings are limited to Asian populations.
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In PD, CAL, and BF, we found that the test group was 
more effective than the control group at the post-surgical 
12th month, whereas there was no statistical difference in 
CAL between two groups at the 6th month. This outcome 
appears to influence the type of bone wall defects. It is well 
known that the repair of intrabony defects depends not only 
on the regenerative potential of residual tissue, but also on 
the local characteristics of the defect, such as the complexity 
of periodontal pocket and the number of bone walls (46,47). 
A previous study has shown that only 1-wall defects respond 
well to tissue regeneration surgery, whereas 2- and 3-wall 
defects do not have such high tissue regeneration due to 
excessive tissue collapse (48). The study included different 
types of wall defects, which may explain the uncertain 
clinical outcome.

Vaid et al. reported that fresh bone was detectable in 
the CGF group with or without grafting materials at the 
6th month after surgery, and the formation of fresh bone 
was not significant between two groups (49). These results 
may suggest that the single use of CGF could achieve the 
same clinical benefit as combination of grafting materials 
in some cases, providing evidence for future use of CGF 
alone, thus saving the use of grafting materials. In our meta-
analysis, we found no significant difference in the treatment 
of REC between CGF combination and individual grafting 
materials. The results are consistent with previous studies 
and indicate that CGF does not provide additional benefit 
in the treatment of REC (50). However, due to the limited 
number of included articles, the outcome of REC treatment 
should be interpreted with caution. 

Currently, the clinical CGF has two forms of adaptation: 
1 is to mix the clot with grafting materials and put it into 
the defect, and the other is to press CGF into the film and 
then cover the defect surface (51). The membrane forms a 
barrier for rapid tissue repair in the intrabony defects area. 
Its barrier function in epithelial cells could influence the 
ultimate clinical outcome (52). Therefore, when CGF is 
applied, the format should also be considered.

Limitations

In the present study, the random sequence generation and 
allocation concealment in some of the original articles 
are not detailed enough, so the potential risk of bias 
persisted. In addition, only vertical tissue regeneration 
has been pooled due to the limitation of original studies. 
Actually, tissue reparation of intrabony defects should be 

evaluated from 3 dimensions. Further detailed and high-
quality studies are needed to explore the stability of CGF 
after combining with grafting materials in the treatment of 
periodontal intrabony defects.

Conclusions

In our current meta-analysis, CGF combined with grafting 
materials is more effective than grafting materials alone in 
Asian patients. Its advantages are mainly in PD and CAL 
reduction, and BF gain.
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