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Abstract
Objective  To evaluate the possible additional clinical benefit from autologous platelet concentrate (APC) treatment adjunct 
to non-surgical periodontal therapy (NSPT).
Methods  Electronic (MEDLINE/Embase/Cochrane/MedNar/CORE) and hand searches were conducted. Following stud-
ies selection, evidence tables were formed, and meta-analyses were performed for the following outcomes: probing pocket 
depth (PPD) reduction, clinical attachment level (CAL) gain, and bleeding on probing (BoP) reduction. The protocol for this 
systematic review was registered in PROSPERO (CRD42023514388).
Results  After de-duplication, the initial search yielded 194 citations, from which ten papers were eligible for quantitative 
synthesis. The APC group comprised 270 patients, while the control group included 230. The meta-analysis revealed that 
a single APC application resulted in a 0.6 mm greater PPD reduction (MD = -0.62; 95% CI: -1.03, -0.22) and 0.8 mm more 
CAL gain (MD = -0.77; 95% CI: -1.18, -0.37) at the 6–12 weeks follow-up. At six months, the APC group exhibited a 0.6 mm 
greater PPD reduction (MD = -0.61; 95% CI: -1.13, -0.09) and 1.1 mm more CAL gain (MD = -1.14; 95% CI: -1.94, -0.34) 
compared to the NSPT only group. In contrast, BoP indices did not reveal a statistically significant difference between the 
groups after 6–12 weeks (MD = -10.54; 95% CI: -25.21, 4.14). High heterogeneity and unclear to high risk of bias were 
detected.
Conclusion  Over six months, the adjunctive APC use appears to provide additional benefits in PPD reduction and CAL gain 
compared to NSPT alone.
Clinical relevance  The adjunctive use of APCs seems to promote further improvements in clinical outcomes following NSPT.

Keywords  Autologous · Platelet · Periodontitis · Meta-analysis · Non-surgical periodontal therapy · Professional 
mechanical plaque removal

Introduction

Non-surgical periodontal therapy (NSPT), recently defined 
as professional mechanical plaque removal [1], irrespec-
tive of the type of instruments used, alters the subgingival 
ecological environment by removing calculus deposits and 
disrupting the microbial biofilm, thereby reducing soft-
tissue inflammation and promoting wound healing [1, 2]. 
The periodontal treatment endpoints of favourable treat-
ment response are defined as an absence of residual pockets 
with probing pocket depth (PPD) > 4 mm with bleeding on 
probing (BoP) and a complete absence of residual pockets 
with PPD ≥ 6 mm as surrogate measures of healing of the 
periodontium [3]. Pocket closure occurs in approximately 
three-quarters of sites after NSPT [1], indicating surgical 
interventions may be necessary in the remaining quarter of 
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periodontal pockets, thereby imposing additional biological 
and financial burdens on the patient. Thus, there is a pressing 
clinical need to improve non-surgical treatment outcomes 
over the current gold standard of NSPT. This highlights the 
need for the incorporation of adjunctive therapies to address 
the current shortcomings [4–8].

It is traditionally believed that healing by repair [9] occurs 
after NSPT, with histological evidence of alveolar bone 
repair and formation of the long junctional epithelium (LJE) 
[10]. As an alternative to repair, the concept of periodontal 
regeneration aims to restore the original structure and func-
tion of the lost tissues by reactivating fundamental healing 
mechanisms employed in their formation.

Autologous platelet concentrates (APCs) are biologics 
obtained from the individual’s own blood that contain highly 
elevated platelet concentrations, mimicking the coagulation 
cascade’s end stage [11]. They are generated by the cen-
trifugation of venous whole blood at varying speeds, with or 
without the inclusion of exogenous substances. Depending 
on the preparation technique, there are 3 main categories of 
APCs: platelet-rich plasma (PRP) [12], platelet-rich fibrin 
(PRF) [13], and concentrated growth factors (CGF) [14].

APCs, abundant in growth factors (GFs), cytokines, and 
other bioactive molecules, play an essential role in creating 
a favourable wound healing environment by actively engag-
ing in critical phases of the healing process. The platelets’ 
release of GFs stimulates cell recruitment, proliferation, dif-
ferentiation, angiogenesis, and extracellular matrix synthe-
sis, which acts as a scaffold for cell migration and provides 
structural support during the healing process [15–20]. Fur-
thermore, their anti-inflammatory properties help to modu-
late the immune response at the treatment site, promoting 
tissue remodeling and maturation [17, 21, 22].

Numerous studies have demonstrated the efficacy of 
APCs as a regenerative tool for reconstructing both hard and 
soft tissues in patients suffering from periodontal disease, 
mostly utilizing them in surgical procedures [21, 23–29]. 
These promising results have prompted the investigation into 
utilizing APCs as an adjunctive modality in NSPT [30–35]. 
As there is a need to try and maximize the efficacy of non-
surgical periodontal therapy, it is important to assess the 
potential role of different APC subtypes and APC as a whole 
as adjuncts to NSPT. Therefore, the aim of this systematic 
review and meta-analysis was to assess the clinical effects 
of APCs when used as an adjunctive treatment in NSPT.

Materials and methods

Protocol development and focused question

The protocol was co-designed by all authors and reg-
istered in PROSPERO on 29 February 2024 under ID 

CRD42023514388. No protocol amendments have been 
made after its registration. This review was reported using 
the Preferred Reporting Items for Systematic Review 
and Meta-Analyses (PRISMA 2020) guidelines [36]; the 
PRISMA statement is attached in Appendix 1.

The primary objective of this systematic review was to 
assess the potential role of APCs in the outcomes of NSPT 
by answering the following focused question: “Do autolo-
gous platelet concentrates provide beneficial effects when 
used as adjuncts to non-surgical periodontal therapy?”.

The research question was formulated based on the fol-
lowing PICOST criteria:

•	 Population: Adult patients with periodontitis.
•	 Intervention: NSPT (standard, modified, hand or pow-

ered) with adjunctive APCs.
•	 Comparison: NSPT (standard, modified, hand, or pow-

ered) without adjuncts.
•	 Outcomes:

•	 Primary: Probing Pocket Depth (PPD) reduction.
•	 Secondary: Clinical Attachment Level (CAL) gain, 

Gingival Recession Depth (RD), Bleeding on Prob-
ing (BoP) reduction, pocket closure (defined as 
PPD ≤ 4 mm without BoP or PPD ≤ 3 mm solely), 
radiographic parameters (radiographically linear 
detected depth (RLDD) and radiographic bone fill), 
local and systemic inflammatory changes (e.g., 
cytokine levels in GCF, saliva, circulation), patient-
reported outcomes (PROMs).

•	 Type of studies: Randomized controlled trials (RCTs).
•	 Timing: ≥ 6 weeks after NSPT.

Eligibility criteria

Studies were included if they met the following eligibility 
criteria:

(i)	 Study design: RCTs.
(ii)	 Studies including 10 or more test subjects.
(iii)	 Adult participants (≥ 18 years old) diagnosed with peri-

odontitis and have undergone NSPT, with one arm hav-
ing adjunctive APCs.

(iv)	 Includes full-mouth periodontal parameters after NSPT, 
such as:

a.	 PPD,
b.	 RD,
c.	 CAL,
d.	 BoP,
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e.	 Percentage or number of ‘closed pockets’ 
(PPD ≤ 3 mm or PPD ≤ 4 mm without BoP) out of 
the total number of pockets at baseline (PPD > 3 mm 
or PPD > 4 mm),

f.	 Changes in the percentage of pockets before and 
after NSPT,

g.	 The mean number of residual pockets after NSPT,
h.	 Radiographic outcomes.

(v)	 Follow-up time of at least 6 weeks.

Definitions

Definition of 'non‑surgical periodontal therapy’

Within the context of this review, ’non-surgical periodon-
tal therapy’ was defined as the disruption of the microbial 
biofilm and removal of soft and hard subgingival deposits, 
recently defined as professional mechanical plaque removal 
[1], but previously also known as scaling and root planning 
(SRP), root surface debridement, subgingival scaling, etc., 
without any restrictions on the type of instruments used and 
the mode of delivery.

Definition of ‘intrabony defects’ and ‘radiographically linear 
defect depth (RLDD)’

Intrabony defects, which may also be referred to as verti-
cal or angular defects, were defined as periodontal defects 
within the bone, surrounded by one, two, or three bony 
walls or a combination thereof [37]. Although this system-
atic review will not focus solely on intrabony defects, this 
definition will allow differentiation of studies focusing on 
intrabony defects from others, including a combination of 
other types of periodontal defects.

RLDD was defined as the radiographically linear detected 
depth of the intrabony defect, which, in different studies, 
may be measured from the alveolar crest or the cemento-
enamel junction (CEJ) to the defect base. Because of dif-
ferences in definitions between various studies, the present 
study will focus solely on the difference in RLDD before and 
after NSPT delivery.

Definition of ‘autologous platelet concentrates’

For this review, they were defined as autologous platelet 
concentrates prepared by obtaining the patient’s own blood 
and chair-side centrifugation (liquid or solid forms of plate-
let-rich fibrin (PRFs), platelet-rich plasma (PRP), plasma 
rich in growth factors (PRGF), and concentrated growth 
factors (CGF)).

Search methods

The search strategy aimed to ensure comprehensive cov-
erage by combining controlled vocabulary (MeSH terms) 
and free-text terms. It was then tested for a balance between 
sensitivity and precision, focusing on broad search cover-
age without any language restrictions in the initial search. 
Electronic databases, including MEDLINE (Ovid), Embase 
(Ovid), Cochrane Central Register of Controlled Trials 
(CENTRAL), MedNar, and CORE, were queried up to Feb-
ruary 26, 2024, with no limitations on publication year. The 
search strategies for all electronic databases are presented 
in Appendix 2. Related narrative and systematic reviews 
were also searched and reviewed to identify suitable papers. 
Search results from all databases were combined, and dupli-
cates were removed. To maximize the inclusion of relevant 
studies, the bibliographies of papers that matched the eli-
gibility criteria were also screened to identify any further 
relevant references, which were then subject to the same 
screening and selection process.

Study selection

The citations identified from the literature searches and ref-
erence list checking were imported to EndNote 21 (Clari-
vate, Philadelphia, USA), and duplicates were identified and 
manually removed. Two independent reviewers (authors TL 
and NK) conducted the study selection in two stages. In 
the first stage, potentially relevant papers were identified 
by screening all titles and abstracts against the inclusion 
criteria. This resulted in a complete database by merging 
studies included by at least one reviewer. In the second stage, 
full-text versions of papers identified as possibly relevant 
were retrieved and screened against the inclusion criteria; 
studies not meeting the inclusion criteria were excluded. In 
the presence of disagreement between reviewers, the deci-
sion regarding study eligibility was attempted by discus-
sion. If consensus could not be reached, an arbitrator (author 
LN) judged the study’s inclusion. The level of agreement 
between reviewers was calculated using kappa statistics for 
the first- and second-stage screening.

Data collection

A data extraction form was developed to extract study char-
acteristics. Two reviewers (authors TL and NK) worked 
independently to collect relevant data from the included 
studies in a duplicated form. If a study compared more than 
two arms fulfilling the inclusion criteria, the data from the 
arms of interest were extracted.
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Data items

The following data were extracted:

•	 Study characteristics: Author, year, source of publication, 
funding, study design, and setting (country, hospital, uni-
versity, community, other).

•	 Population: The number of patients, patients’ demo-
graphics (age, gender, ethnicity, smoking, socioeconomic 
factors, body mass index/obesity), definition and diagno-
sis of periodontitis.

•	 Intervention: Types of instruments used for NSPT deliv-
ery (manual and/or powered), details of the type of APCs 
used and their application (single/multiple), and follow-
up times.

•	 Outcomes: Periodontal clinical parameters before and 
after NSPT (PPD, RD, CAL, BoP), percentage or num-
ber of closed pockets (PPD ≤ 4 mm without BoP or 
PPD ≤ 3 mm) out of the total number of pockets at base-
line (PPD > 3 mm or PPD > 4 mm), changes in the per-
centage of pockets before and after NSPT, mean number 
of residual pockets after NSPT, radiographic outcomes, 
local and systemic inflammatory changes (e.g., cytokine 
levels in GCF, saliva, circulation), and PROMs.

Data on study characteristics, population, and interven-
tions were transferred into an evidence table to summarize 
the included studies.

The primary outcome was PPD reduction expressed in 
millimetres. Secondary outcomes included CAL gain, RD, 
and BoP. Additional consideration was given to radiographic 
parameters, local and systemic inflammatory changes, and 
PROMs. The number of time points at which the outcome 
was measured was not limited, and data were extracted for 
all time points. All data in the Excel spreadsheets were 
reviewed to assess their suitability for synthesis and were 
subsequently entered into R 4.2.3 (R Foundation for Statisti-
cal Computing, Vienna, Austria) for quantitative analysis.

Risk of bias assessment

Two reviewers (TL and NK) independently and in duplicate 
assessed the risk of bias in all included studies using the revised 
RoB 2.0 tool recommended by the Cochrane Collaboration for 
assessing the risk of bias in randomized controlled trials [38]. 
Each study was graded according to five items (randomiza-
tion, deviation from intended interventions, missing outcome 
data, measurement of the outcome, and selection of the reported 
result), and an overall score for risk of bias was assigned.

To evaluate the presence of publication bias, we consid-
ered generating and visually inspecting contour-enhanced 
funnel plots for the meta-analyses comprised of 10 or more 
studies [39].

Effect measures and data synthesis

Meta-analysis was considered to assess the Mean Difference 
(MD) with the 95% Confidence Interval (CI) of the same 
continuous outcomes (PPD, CAL, GR) and dichotomous 
outcomes (BoP, pocket closure) across different studies in 
the presence of a sufficient number of similar studies (at 
least 3).

The type of APCs used and the length of follow-up were 
considered when interpreting study findings and determining 
which outcomes were sufficiently similar to be combined 
for synthesis. As APC subtypes have different compositions 
and mechanisms of action, their biological effects on the 
periodontium could differ. Furthermore, study settings and 
patient populations were expected to vary among studies; 
therefore, a random-effects model was deemed a priori more 
appropriate to capture variability and calculate the average 
distribution of treatment effects across studies [40] and a 
standard inverse variance estimate was chosen.

To assess the heterogeneity between studies, we inspected 
forest plots, examined tau2 (absolute heterogeneity) and I2 
(relative inconsistency), and calculated uncertainty intervals 
for all heterogeneity estimates. We also evaluated the locali-
zation of heterogeneity within the forest plot and existing 
uncertainties. We used 95% prediction intervals to account 
for existing heterogeneity and to assist in the meta-analytical 
interpretation by presenting a range of possible future effects 
across various clinical settings [41]. No methods were uti-
lized to address the missing data values. Sensitivity analy-
ses were performed by excluding studies identified as hav-
ing a high risk of bias from the meta-analysis. All analyses 
were performed using R 4.2.3 (R Foundation for Statistical 
Computing, Vienna, Austria) by a single researcher (author 
GNA) with open data provision [42]. Two-sided P-values 
and an alpha level of 5% were applied.

Certainty of evidence

We reviewed the overall results for each outcome and 
assessed the level of certainty in the evidence as high, mod-
erate, low, or very low, using the GRADEpro Guideline 
Development Tool (McMaster University and Evidence 
Prime, 2024; gradepro.org).

Results

Search results

The electronic and hand searches yielded 334 results. Dupli-
cate removal resulted in 194 citations to be independently 
screened by title and abstract. The first screening stage led 
to the rejection of 178 papers, with the interrater agreement 
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considered almost perfect, indicated by a kappa value of 0.87 
(97.94%). 16 papers were eligible for full-text reading. Fol-
lowing the second screening stage, 11 papers were deemed 
eligible for inclusion in the review, with the interrater agree-
ment again being deemed almost perfect at 93.75% and a 
kappa value of 0.85. The flow chart of study selection is 
illustrated in Fig. 1.

Study characteristics

Table 1 provides descriptive summaries of the 11 included 
studies, listed chronologically by publication year and then 
alphabetically if published in the same year. Table 2, where 
the studies are listed by APC type and then chronologically 
where the same APC type was used, details the preparation 
and delivery of APCs along with post-operative instructions.

The majority of the included studies had a split-mouth 
design, while the study by Amin et al. employed a com-
bination of split-mouth and parallel designs. All the stud-
ies were conducted within single-centre university settings, 
most in Middle Eastern and South Asian regions. The pub-
lication year was similar in all studies (2020–2024) except 
for Agarwal & Dev Gupta (2015), corresponding with PRP 

as an early subtype of APCs used in the given study. Stud-
ies varied significantly in site selection criteria, follow-up 
times, post-operative instructions, and handling of possible 
modifying factors, such as smoking. All included studies, 
except for Shunmuga et al., included systemically healthy 
subjects, while the latter included subjects with uncontrolled 
(HbA1c values > 7) Type 2 Diabetes Mellitus (DM2) and 
was therefore excluded from quantitative synthesis.

The included studies scarcely detailed the NSPT deliv-
ery protocols. Most employed a combination of hand and 
powered instruments, with full-mouth SRP conducted either 
in a single session or two sessions over a 24-h period. Al-
Rihaymee et al. and Cin et al. reported NSPT delivery in 
two sessions, with subgingival instrumentation following 
supragingival scaling after 7 days. The majority of the stud-
ies employed a single application of APCs; however, Amin 
et al. administered PRP and i-PRF three times at 14-day 
intervals. Furthermore, due to the different preparation 
methods of different APC subtypes, their physical state dif-
fered, with eight studies utilizing liquid APC forms (PRP, 
iPRF, PRGF) and three studies using a solid APC form (PRF 
membrane).

Fig. 1   PRISMA 2020 Flow chart of study selection
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Four studies [30–33] investigated biomarker changes 
associated with the adjunctive use of APCs to NSPT; how-
ever, the outcomes were insufficiently similar for quanti-
tative analysis. Furthermore, two studies [43, 44] reported 
on pocket closure; however, the low number of studies and 
different methodologies and definitions used did not allow 
for a quantitative synthesis. None of the included studies 
reported the occurrence of radiographic changes or PROMs.

Synthesis

Among the eleven included studies, the distribution of inves-
tigations into adjunctive APC applications was as follows: 
PRP was examined in two studies [45, 46], PRF in three 
studies [32, 33, 35], i-PRF in five studies [30, 31, 34, 46, 47], 
and PRGF was investigated in one study [43].

Quantitative synthesis was performed on 11 study groups 
from 10 independent studies, divided into 4 subgroups by 
the type of APCs used (PRP, PRF, i-PRF, and PRGF). 
Meta-analyses were possible for the following outcomes: 
PPD reduction and CAL gain at 6–12 week and 6-month 
follow-ups, and BoP reduction at 6–12 weeks follow-up. The 
meta-analysis results are illustrated in Figs. 2, 3, 4, 5, and 6. 
The sensitivity analysis results, which excluded the high risk 
of bias studies [34, 46], are illustrated in Figs. 9, 10, and 11 
(Appendix 3) and presented in Table 3.

PPD reduction

Figure 2a illustrates the results of the meta-analysis of 
PPD reduction conducted across 4 subgroups (iPRF, PRP, 
PRF, and PRGF) from 9 studies with a single APC appli-
cation [30, 32–35, 43–45, 47] at 6–12 weeks follow-up. 
The overall random effects model showed a pooled MD 
of −0.62 mm (95% CI: −1.03, −0.22, I2 = 91%), indicat-
ing a statistically significant reduction of PPD in the APC 
group compared to the no APC group. Similarly, after the 
inclusion of the study conducted by Amin et al., which 
employed multiple APC applications, the overall random-
effects model displayed a pooled MD of −0.58 mm (95% 
CI: −0.92, −0.24, I2 = 89%), also favouring the APC group.

Figure 3 presents the meta-analysis outcomes at the 
6-month timepoint for 4 subgroups (iPRF, PRP, PRF, and 
PRGF) aggregated from 4 studies [30, 32, 43, 45]. The 
overall random effects model demonstrated a statistically 
significant reduction in PPD with the MD of −0.61 (95% 
CI: −1.13, −0.09, I2 = 81%), favouring the APC group.

CAL gain

Figure 4a displays the results of the meta-analysis for 
CAL at the 6–12  weeks follow-up for studies with a 
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Fig. 2   PPD changes at the 6–12 week follow-up in (a) studies with a single APC application and (b) all included studies
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Fig. 3   PPD changes at the 6-month follow-up in studies with a single APC application

single APC application, including 4 subgroups (iPRF, 
PRP, PRF, and PRGF) across 8 studies [30, 32–35, 44, 
45, 47]. The random effects model showed a statistically 
significant improvement in CAL with an MD of −0.77 
(95% CI: −1.18 to −0.37, I2 = 85%), favouring the APC 
group. Similarly, the analysis presented in Fig. 4b, which 
included the study by Amin et al., also favoured the APC 
group, with an MD of −0.67  mm (95% CI: −1.02 to 
−0.31, I2 = 83%).

The results of the meta-analysis of CAL changes at the 
6-month follow-up are displayed in Fig. 5. It included 4 
subgroups (iPRF, PRP, PRF, and PRGF) across 4 stud-
ies, of which all utilized a single APC application [30, 
32, 43, 45]. The overall random effect model showed a 
statistically significant improvement in CAL favouring 
the APC group, with an MD of −1.14 (95% CI: −1.94 to 
−0.34, I2 = 93%).

BoP change

The results of the meta-analysis of BoP percentage changes 
at the 6–12 weeks follow-up are displayed in Fig. 6. The 
analysis included 2 subgroups (iPRF and PRF) across 6 stud-
ies with a single APC application [30, 32–34, 44, 47]. The 
overall random effects model did not display a statistically 
significant result, with an MD of −10.54 (95% CI: −25.21 
to 4.14, I2 = 75%).

Heterogeneity

The overall analysis consistently displayed high hetero-
geneity (I2 values ranging from 75 to 91%), while the 

subgroup analyses revealed varying levels of heterogene-
ity. Low heterogeneity (I2 values ranging from 0 to 6%) 
was present in the 6–12 weeks follow-up PPD change 
analyses (Fig. 2) and the PRP subgroup of the 6–12 weeks 
follow-up CAL change analysis (Fig. 4), while high heter-
ogeneity (I2 values ranging from 74 to 75%) was revealed 
in the 6–12 weeks follow-up CAL change iPRF and PRF 
subgroup analyses (Fig. 4).

Risk of bias

The results from the RoB 2.0 tool are presented in Fig. 7. 
The risk of bias assessment revealed different levels of meth-
odological quality among the included studies. Two studies 
(18.2%) were rated as having a low risk of bias across all 
domains. Seven studies (63.6%) exhibited an unclear risk 
of bias, predominantly due to insufficient details regarding 
random sequence generation and allocation concealment. 
The remaining two studies (18.2%) were judged to have a 
high risk of bias, mainly attributed to the lack of blinding of 
participants and outcome assessors.

Figure  8 presents funnel plots assessing publica-
tion bias in PPD and CAL changes meta-analyses at the 
6–12 weeks follow-up in all included studies. Moderate 
asymmetry was observed in both. Comparatively, greater 
asymmetry was observed for the PPD rather than CAL 
meta-analysis.

Certainty of evidence

The strength of evidence was deemed severely limited due to 
the very low degree of certainty assessed across all examined 
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Fig. 4   CAL changes at the 6–12 week follow-up in (a) studies with a single APC application and (b) all included studies
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Fig. 5   CAL changes at the 6-month follow-up

Fig. 6   BoP changes at the 6–12 week follow-up

Table 3   Sensitivity analysis comparing the main single APC application results at the 6–12 week follow-up with high-risk studies excluded

Outcome measure Analysis type Effect size (MD) 95% CI P-value Number of studies Heterogeneity (I2)

PPD reduction 
(mm)

Main  − 0.62  − 1.03; − 0.22  < 0.01 9 91%
Sensitivity  − 0.65  − 1.10; − 0.19  < 0.01 8 92%

CAL gain (mm) Main  − 0.77  − 1.18; − 0.37  < 0.01 9 85%
Sensitivity  − 0.82  − 1.27; − 0.36  < 0.01 8 87%

BoP reduction (%) Main  − 10.54  − 25.21; 4.14  < 0.01 6 75%
Sensitivity  − 3.88  − 11.04; 3.29 0.19 5 34%
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Fig. 7   Risk of bias presented for individual studies and as a percentage of included studies according to domain

Fig. 8   Funnel plots assessing publication bias for a) PPD changes and b) CAL changes at the 6–12 week follow-up in all included studies

outcomes. The GRADE assessment results are presented in 
Table 4, with detailed explanations in the footnotes.

a. I2 = 91%, minimal overlap of confidence intervals, 
observed differences across subgroup effects.

b. Wide confidence interval (98% CI: −1,18; −0.37), 
wide prediction interval (PI: −2.01; 0.83), I2 = 91%, small 
sample size.

c. Unavailability of protocols or registrations in 6 out of 
9 studies, funnel plot inspection (Fig. 8).

d. I2 = 89%, minimal overlap of confidence intervals, 
observed differences across subgroup effects, studies with 
single and multiple APC applications.

e. Wide confidence interval (98% CI: −1,85; −0.68), wide 
prediction interval (PI: −1.85; 0.68), I2 = 81%, small sample 
size.

f. Unavailability of protocols or registrations in 7 out of 
10 studies.

g. I2 = 81%, minimal overlap of confidence intervals, 
observed differences across subgroup effects.

h. Wide confidence interval (98% CI: −1,13; −0.09), 
wide prediction interval (PI: −2.96; 1.73), I2 = 81%, small 
sample size.

i. Unavailability of protocols or registrations in 3 out of 
4 studies.



	 Clinical Oral Investigations (2025) 29:7474  Page 18 of 23

j. I2 = 85%, minimal overlap of confidence intervals, 
observed differences across subgroup effects.

k. Wide confidence interval (98% CI: −1,18; −0.37), 
wide prediction interval (PI: −2.21; 0.66), I2 = 85%, small 
sample size.

l. I2 = 83%, observed differences across subgroup effects, 
studies with single and multiple APC applications.

m. Wide confidence interval (98% CI: −1,02; −0.31), 
prediction interval (PI: −1.96; 0.63), I2 = 83%, small sam-
ple size.

n. I2 = 93%, observed differences across subgroup effects, 
minimal overlap of the confidence intervals, and the inclu-
sion of studies with single and multiple APC applications.

o. The confidence interval (98% CI: −1.94; −0.34), wide 
overall prediction interval (PI: −4.88; 2.61), and the high 
I2 value of 93%, together with a small sample size, suggest 
extremely serious imprecision.

p. The confidence interval (98% CI: −25.21; 4.14), wide 
prediction interval (PI: −58.88; 37.81), and the I2 value of 

Table 4   GRADE assessment

Abbreviations: CI Confidence interval; MD Mean difference
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75%, together with a small sample size, suggest extremely 
serious imprecision.

q. Unavailability of protocols or registrations in 3 out of 
6 studies.

Discussion

This systematic review investigated the potential benefits 
of using different APC subtypes and APCs as a whole as 
an adjunctive treatment modality in NSPT. Despite the sub-
stantial variations in study populations, protocols, number 
of applications, and the type of APCs used, their use appears 
to benefit periodontal treatment outcomes.

The meta-analyses of single-application studies favoured 
the APCs group, indicating a greater reduction in PPD of 
0.62 mm (95% CI: −1.03, −0.22) and further gain in CAL 
of 0.77 mm (95% CI: −1.18, −0.37) at 6–12 weeks follow-
up, as well as a greater reduction in PPD of 0.61 mm (95% 
CI: −1.13, −0.09) and further gain in CAL of 1.14 mm 
(95% CI: −1.94, −0.34) at the 6-month follow-up com-
pared to NSPT group alone. The difference in BoP reduc-
tion between the groups at the 6–12 week follow-up was 
not statistically significant (MD = −10.54; 95% CI: −25.21, 
4.14). The inclusion of the study by Amin et al., which 
applied APCs multiple times during the trial period, did 
not significantly influence the overall results of the meta-
analyses. The analyses nevertheless favoured the APCs 
group, indicating a higher PPD reduction and CAL gain at 
6–12 weeks follow-up (MD = −0.58 mm; 95% CI: −0.92, 
−0.24, and MD = −0.67 mm; 95% CI: −1.02, −0.31, respec-
tively), and at the 6-month follow-up (MD = −0.61; 95% 
CI: −1.13, −0.09, and MD = −1.14; 95% CI: −1.94, −0.34, 
respectively) when compared to NSPT alone. Similarly, the 
exclusion of the studies by Amin et al. and Rakhewar et al., 
which were deemed at high risk of bias, did not significantly 
affect the results (Appendix 3). The results at the 3-month 
follow-up still favoured the APC group in PPD reduc-
tion (MD =—0.65; 95% CI: −1.10, −0.19) and CAL gain 
(MD = −0.82, 95% CI: −1.27, −0.36), while no statistically 
significant difference was detected in BoP reduction between 
the groups (MD = −3.88, 95% CI: −11–04, 3.29).

We observed varying degrees of mean PPD reduction 
across the included studies. To assess the included studies’ 
treatment efficacy, we compared the mean PPD reduction of 
the control groups who underwent NSPT without adjuncts 
to the benchmark described by Suvan et al., who showed 
a mean PPD reduction of 1.5 mm and 1.6 mm in initially 
shallow pockets (4–6 mm) respectively at 3–4 months and 
6–9 months, and 2.6 mm at both timepoints for initially 
deep pockets (> 6 mm) [1]. The results of studies report-
ing a mean PPD < 7 mm were consistent with Suvan et al.’s 
findings at both 6–12 weeks (ranging from −1.04 ± 0.8 mm 

to −2.25 ± 0.8 mm) and 6-month follow-ups (ranging from 
−1.16 ± 1 mm to −2.87 ± 0.5 mm) [32–35, 43–47]. How-
ever, Cin et al. reported lower than expected PPD reduc-
tions for deep pockets at both 3 and 6-month follow-ups 
(−1.53 ± 0.6 mm and −1.65 ± 0.7 mm, respectively) [30].

The magnitude of the additional PPD reduction 6 months 
after treatment (0.61 mm; 95% CI: −1.13, −0.09), even 
though not measurable with a conventional periodontal 
probe in a single site, is considered clinically relevant in the 
periodontal literature, when it is obtained as mean. Our find-
ings align with the findings of a systematic review published 
by Teughels et al., investigating the efficacy of adjunctive 
systemic antimicrobial use in NSPT, which unquestionably 
leads to further pocket reductions, although with poten-
tial adverse events [55]. They reported an additional PPD 
reduction of 0.417 mm (95% CI: 0.306; 0.528) for initially 
shallow and 0.969 mm (95% CI: 0.755; 1.183) for initially 
deep pockets at 6 months post-treatment. Furthermore, they 
reported 0.389 mm (95% CI: 0.267; 0.511) of additional 
CAL gain 6 months post-treatment. The CAL gain in the 
present meta-analysis was higher at 1.14 mm (95% CI: 
−1.94; −0.34); however, with a wide prediction interval (PI: 
−4.88; 2.61), it is less reliable.

Only two of the included studies reported on pocket clo-
sure, which prevented us from conducting a meta-analysis. 
Panda et al. reported solely the change in the number of 
pockets with PPD > 4 mm and PPD < 4 mm, which was 
found to statistically significantly favour the PRGF group 
at 6 months (90.9% of the sites reduced to PPD < 4 mm in 
the test group as compared to 59.1% in the control group) 
[43]. Albonni et al. defined pocked closure as PPD = 4 mm 
without BoP and reported statistically insignificant results of 
14.5% pocket closure in the i-PRF group and 12.4% pocket 
closure in the control group [44]. A comparison with previ-
ously published literature did not seem appropriate because 
of the difference in definitions of ’pocket closure’.

The use of the first APC generation as an enhancement 
factor for wound healing in oral and maxillofacial surgery, 
PRP, was first described by Whitman et al. in 1997 [12]. 
The preparation method, without a standardized protocol, 
included the addition of xenogeneic thrombin and calcium 
chloride. Similarly, sodium citrate is added as an antico-
agulant during the preparation of PRGF [56], which raised 
concerns about potential adverse effects due to the addition 
of exogenous substances. Subsequently, the second gen-
eration of APCs was introduced to simplify blood process-
ing without biochemical modifications, making them fully 
autologous products formed through natural polymerization 
during centrifugation and significantly reducing the risk of 
adverse reactions compared to synthetic materials. [13, 14, 
29, 49, 52, 57, 58].

APCs mimic the end stage of the coagulation cascade 
by forming a fibrin matrix. Its structural properties depend 
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on the centrifugation speed, with lower centrifugation 
speeds creating a denser fibrin network. The fibrin matrix 
enables a slow, controlled release of GFs as it undergoes 
degradation, ensuring a prolonged availability of GFs at 
the injury site and allowing a sustained effect on tissue 
healing and regeneration [16, 59, 60]. Platelets’ α-granules 
contain storage pools of GFs, specifically basic fibroblast 
growth factor (bFGF), vascular endothelial growth factor 
(VEGF), insulin-like growth factor-1 (IGF-1), transform-
ing growth factor β−1 (TGF-β1), and platelet-derived 
growth factor-BB (PDGF-BB) [18]. Furthermore, they 
release cytokines, including platelet factor 4 (PF4) and 
CD40 ligand (CD40L), chemokines, and newly synthe-
sized active metabolites [20]. Although, theoretically, 
substantial differences exist in the production of GFs 
among the three APC preparation methods (PRP, PRF, 
and CGF), only the levels of bFGF in CGF and PRF have 
been demonstrated to be significantly higher than those 
in activated PRP [15]. However, Kobayashi et al. demon-
strated that APCs exhibit different release kinetics. While 
PRP exhibited the advantage of releasing substantially 
higher protein levels at earlier time points, PRF displayed 
a consistent and sustained release of growth factors over 
a 10-day duration [61]. The release of GFs from platelets 
stimulates cell recruitment, proliferation, differentiation, 
angiogenesis, and extracellular matrix synthesis, which 
serves as a scaffold for cell migration and offers structural 
support throughout the healing process [15–20].

Furthermore, APCs can modulate the immune response 
by downregulating the expression of proinflammatory 
cytokines, such as interleukin (IL) 1 beta (IL-1β), IL-6, and 
tumour necrosis factor-alpha (TNF-α), thereby reducing 
inflammation and promoting healing [62]. They also pos-
sess anti-inflammatory properties that help modulate the 
immune response at the treatment site, promoting tissue 
remodelling and maturation [17, 21, 22, 63]. Three of the 
studies included in the present systematic review reported on 
biomarker-level changes in gingival crevicular fluid (GCF) 
after APC applications. Cin et al. found that the administra-
tion of i-PRF increased the levels of VEGF and IL-10 while 
decreasing TNF-α levels in GCF [30]. Özcan et al. observed 
an increased collagen-1 (Col-1) and transforming growth 
factor-beta (TGF-β) expression [32], and Al-Rihaymee & 
Mahmoud observed elevated GCF periostin levels following 
the application of PRF [33].

Therefore, the ability of APCs to provide structural sup-
port and stimulate cell growth, differentiation, and angio-
genesis, alongside their immunomodulating and anti-inflam-
matory properties, can significantly contribute to enhanced 
healing. Specifically, the higher PPD reduction and CAL 
gain observed in the APCs group underscore their efficacy 
in promoting rapid tissue regeneration and improving peri-
odontal clinical outcomes.

None of the included studies reported harmful or adverse 
events following the APC application. The only discomfort 
experienced was due to repeated blood collection after fail-
ing to find an appropriate blood vessel [47], suggesting uti-
lizing APCs is a clinically safe procedure. However, their 
use in clinical practice involves several considerations, 
including costs, time consumption, and potential logistical 
challenges. APC preparation can be costly due to the need 
for specialized equipment for sample processing and trained 
personnel for sample collection. Their preparation and appli-
cation may require longer appointment times, which adds 
another layer of complexity for the practitioners considering 
this treatment modality.

The meta-analyses indicated substantial overall heteroge-
neity among the included studies, as evidenced by I2 values 
ranging from 75 to 91%, indicating that differences in study 
populations, methodologies, and interventions strongly 
influenced the summary effects. Correspondingly, the wide 
prediction intervals for the overall effect sizes suggested 
considerable uncertainty about the effect size in future 
studies, reflecting the substantial heterogeneity among the 
existing studies. While the overall findings indicate signifi-
cant improvements in PPD reduction and CAL gain with the 
adjunctive use of APCs, the variability necessitates cautious 
interpretation.

The risk of bias assessment indicated a spectrum of 
methodological quality among the studies included in this 
systematic review (Fig. 7). The ambiguity largely stemmed 
from inadequate reporting of random sequence generation, 
allocation sequence procedures, and the absence of blinding 
for both participants and outcome assessors. The majority of 
the included studies failed to present pre-registered trial pro-
tocols [32, 34, 35, 43, 45, 46] or reported registry numbers 
that did not correspond with the published study [47]. Fur-
thermore, the asymmetry observed in the funnel plots raised 
concerns about potential publication bias, which could have 
led to an overestimation of the treatment effects in the pre-
sent meta-analysis. However, while the asymmetry might 
indicate publication bias, it could also be influenced by the 
heterogeneity among the included studies, the variations 
in the study quality, differences in study methodologies, or 
chance. Future studies should ensure detailed and transpar-
ent reporting of randomization procedures, enhancement 
of blinding practices, and adopt comprehensive publicly 
accessible pre-registered protocols adhering to established 
guidelines such as CONSORT [64], thereby increasing the 
reliability of the findings and improving the overall quality 
of the research.

This systematic review has several limitations that 
should be considered when interpreting the findings. The 
potential for publication bias, which we accounted for 
when assessing the certainty of the evidence, could have 
influenced the results. Despite the comprehensive search 
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strategy, some relevant studies may have been omitted, 
and while the data extraction was performed meticulously, 
the possibility of errors can not be entirely eliminated. 
The heterogeneity among the included studies, with vari-
ations in populations and interventions, including varia-
tions in the preparation of APCs, presented data synthesis 
and interpretation challenges. The overall quality of the 
included studies varied, with most exhibiting an unclear 
risk of bias, which may affect the reliability of the conclu-
sions, and the included studies had relatively small sample 
sizes, which limits the precision of the findings and may 
have contributed to the imprecision of the overall results.

Furthermore, the preparation protocols for APCs are 
not universally standardized, which presents challenges in 
comparing clinical outcomes across studies and optimizing 
therapeutic applications. While general preparation princi-
ples exist, protocols vary due to equipment, clinical objec-
tives, and differences in commercial systems. While efforts 
such as the Dohan Ehrenfest classification and consensus 
guidelines by the International Cellular Medicine Society 
have sought to standardize APC preparation by defining 
platelet concentration thresholds and cellular content [60], 
biological variability among patients, the volume of blood 
used to generate the APCs, and differences in activation 
methods contribute to the lack of uniformity. These incon-
sistencies underscore the need for rigorous documentation 
and adherence to published protocols in research and clini-
cal practice to improve reproducibility and comparability.

Conclusion

Despite its limitations, this systematic review provides a 
comprehensive synthesis of the available evidence and high-
lights areas for future research. The use of APCs, regard-
less of their subtype, appears to provide additional benefits 
in PPD reduction and CAL gain compared to NSPT alone. 
When applying these findings to practice, clinicians should 
consider patient-specific factors and clinical contexts. Cre-
ating standardized APC preparation protocols, followed by 
additional studies with consistent research protocols and 
reporting methodologies could significantly strengthen the 
evidence base, providing more straightforward guidance for 
clinical decision-making in applying APCs to NSPT.
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