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Aim: This review evaluates the latest studies on the effectiveness of growth factor concentrates and bone grafts (BGs) in maxillary
sinus lift (MSL) procedures, emphasizing their role in bone regeneration and healing. The aim is to determine their impact on
enhancing clinical outcomes by improving bone quality and accelerating the healing process.

Materials and Methods: A comprehensive literature search was conducted using the Scopus, Web of Science, and PubMed databases.
The following keywords were employed: “PRP,” “L-PRF,” “CGF,” “oral surgery,” and “sinus lift,” combined with the Boolean
operators “AND” and “OR.” A total of 727 studies were initially identified, of which 18 met the inclusion criteria for this review.
Results: The included studies demonstrate that the use of growth factors in conjunction with alloplastic and xenogeneic BGs
significantly promotes early vascularization and has potent proangiogenic effects in vivo. Furthermore, these combinations reduce
postoperative inflammation and discomfort, accelerating the healing process and enhancing tissue regeneration.

Conclusions: Although further research is necessary, current evidence suggests that autologous platelet concentrates hold promise
for improving clinical outcomes in MSL procedures. They may enhance bone height and thickness, improve vascularization, and
expedite postoperative healing, offering a valuable adjunct to traditional bone grafting techniques in oral surgery.
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Summary e Findings suggest that autologous platelet concentrates
What is known: may accelerate healing and improve bone quality.

e Growth factor concentrates and bone grafts (BGs) are
commonly used in maxillary sinus lift (MSL) procedures. 1. Introduction

o There is increasing interest in their role in bone regen-

eration and healing. Implant-prosthetic rehabilitation is a cornerstone of modern
dentistry, focusing on the restoration of masticatory, esthetic,
What this study adds: and phonetic functions compromised by partial or total

tooth loss [1, 2]. This therapeutic approach involves the

e This review evaluates the effectiveness of growth factor ~ use of dental implants, which serve as artificial roots to sup-
concentrates and BGs in enhancing clinical outcomes ~ port fixed or removable prostheses, enabling patients to
in MSL procedures. regain effective chewing, confident smiling, and smooth
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speech [3, 4]. Implant-prosthetic solutions are versatile, with
applications ranging from fixed total dentures to removable
superstructures, all aimed at providing stability and comfort
to the patient [5-10]. Additionally, implants play a crucial
role in preventing bone resorption and maintaining jawbone
health, particularly in cases of tooth loss due to trauma or
decay [11-18]. However, in the posterior regions of the max-
illa, severe bone atrophy often occurs due to sinus pneuma-
tization or previous osteolytic conditions [19-22].

In the context of sinus augmentation, two primary surgical
approaches are commonly employed: the lateral approach and
the crestal approach [23-43]. According to recent clinical
guidelines, the choice between lateral and crestal approaches
should not rely solely on the residual crestal bone height, but
also consider qualitative aspects of the residual bone, such as
cortical thickness and bone density. Stacchi et al. [44] pro-
posed a decision tree that emphasizes the role of residual bone
quality in determining the most appropriate surgical tech-
nique. The lateral approach, or “lateral window technique,”
involves creating a window in the lateral wall of the maxillary
sinus to allow for significant bone augmentation. This method
is particularly indicated when there is minimal residual crestal
bone (2-3 mm) [45-51]. Although effective, the lateral
approach is more invasive and carries a higher risk of com-
plications, such as sinus membrane perforation [52-60]. On
the other hand, the crestal approach, also known as “transcres-
tal sinus lift (SL),” is less invasive and is preferred when only a
small amount of bone augmentation is needed (4-5mm of
residual crestal bone). This technique involves creating a small
hole through the alveolar ridge and gently lifting the sinus
membrane [61-65]. Bone graft (BG) material is then intro-
duced through the hole, and in some cases, the dental implant
can be placed simultaneously [66—70]. The crestal approach is
associated with faster recovery times and a lower risk of com-
plications compared to the lateral approach [71, 72]. The
choice between these two techniques should be based on a
structured clinical decision-making process that takes into
account not only the residual bone height (RBH) but also
the bone quality, anatomical factors, and overall treatment
plan [44, 73]. Current literature suggests following standard-
ized protocols and decision trees, such as those proposed by
Stacchi et al., to improve outcomes and minimize complica-
tions [44, 74-76]. Despite the advantages of SL techniques,
several research limitations persist [77]. Clinical outcomes can
vary significantly due to individual differences in bone quality,
healing capacity, and graft response [78-81]. Complications
such as sinus membrane perforation and infection remain as
primary concern that can impact implant success and longev-
ity. In the realm of bone regeneration, there is growing interest
in the use of autologous platelet concentrates, such as concen-
trated growth factors (CGFs), platelet-rich fibrin (PRF), and
platelet-rich plasma (PRP) [82—89]. These concentrates, rich
in growth factors, have shown promise in promoting the
regeneration of both soft and hard tissues, thereby enhancing
the healing process and supporting bone regeneration. The
unique biocompatibility and regenerative potential of PRP,
PRF, and CGF make them valuable adjuncts in sinus augmen-
tation procedures (Figure 1). In the context of maxillary sinus
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augmentation, CGFs have shown promise in improving clini-
cal outcomes by accelerating the healing process and enhanc-
ing the quality of newly formed bone [90, 91]. When used in
combination with BG materials, whether autologous, alloge-
neic, xenogeneic, or synthetic, CGFs promote early vasculari-
zation, which is critical for the survival and integration of the
graft. The growth factors present in CGFs, such as transform-
ing growth factor-beta (TGF-f), vascular endothelial growth
factor (VEGEF), and platelet-derived growth factor (PDGF),
play pivotal roles in modulating inflammation, stimulating
angiogenesis, and enhancing the recruitment of osteoprogeni-
tor cells to the graft site. Furthermore, the use of CGFs in SL
procedures has been associated with a reduction in postoper-
ative complications. The anti-inflammatory properties of
these growth factors help minimize the risk of infection and
reduce patient discomfort during the recovery period. Addi-
tionally, CGFs can potentially decrease the incidence of sinus
membrane perforation by promoting faster and more effective
membrane healing [63, 64, 92-95]. The integration of CGFs
into sinus augmentation protocols not only optimizes the
regenerative environment but also allows for the use of less
invasive techniques, potentially reducing the need for exten-
sive grafting procedures.

Therefore, continued research is essential to address these
challenges, minimize complications, and improve long-term
outcomes, ultimately leading to safer and more effective treat-
ment modalities. The present systematic review aims to pro-
vide a comprehensive overview of the latest research on the
use of CGFs in SL procedures. Specifically, it will analyze
studies that investigate the effects of CGFs on bone regenera-
tion, healing, and clinical outcomes. Additionally, the review
will evaluate the efficacy of using CGFs in combination with
various graft materials, including allografts, xenografts, and
synthetic grafts, for sinus augmentation. The goal is to deter-
mine how these combinations influence early vascularization,
reduce inflammation, enhance postoperative healing, and
contribute to overall regenerative success.

2. Materials and Methods

2.1. Protocol and Registration. The Preferred Reporting Items
for Systematic Reviews and Meta-analysis (PRISMA) guidelines
were followed in the conduct of this research [96]. It has been
registered under the provisional number 551488 on The
International Prospective Register of Systematic Reviews
(PROSPERO).

2.2. Research Processing. The Boolean operator “AND” was
utilized in conjunction with the search phrases “(SL), oral
surgery, GF, and allograft” in the databases PubMed, Web of
Science, and Scopus to select papers for review.

The search was limited to only articles published in English
within the following time interval: 2014-2024 (Table 1).

2.3. Eligibility Criteria. The reviewers, who worked in pairs,
chose papers that met the following inclusion criteria: (1)
research exclusively on human subjects, (2) clinical studies
or case, and (3) articles focused on the analysis and evalua-
tion of sinus augmentation techniques, with a focus on the
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FIGURE 1: Preparation and mixing with allograft. (a) Venous sampling; (b) centrifuged venous blood; (c) detail of centrifuged blood; (d) PREF
and CGF; (e) PRF and CGF mixed with allograft; and (f) PRF and CGF mixed with allograft. The figure is an original figure created by the

authors of the manuscript.

TasLE 1: Database search indicators.

Database: Scopus, Web of Science, and
PubMed

Keywords: “PRP,” “PRF,” “L-PRE,”
“CGF,” “0S,” and “SL”
Boolean variable: “AND” and “OR”
Period: 2014-2024
English language

Item screening strategy

use of autologous growth factor concentrates to improve
bone regeneration and clinical outcomes. Exclusion criteria
were (1) animal studies; (2) in vitro studies; (3) narrative
reviews, systematic reviews, and meta-analyses; and (4) stud-
ies away from the topic of inclusion.

The review was conducted using PICO criteria as follows:

— Population: adults, both male and female, requiring SL.

— Intervention: biomaterials and growth factors used in
the SL technique.

— Comparison: SL technique with and without growth
factors.

— Outcome: effectiveness in SL.

2.4. Data Processing. Excluding any publications that did not
align with the issues reviewed was made feasible by the
screening process, which involved examining the abstracts
and titles of the papers selected during the identification step.
After that, the full texts of the articles judged to fit the preset
inclusion criteria were examined. Reviewers™ disagreements
on article selection were discussed and resolved.

2.5. Quality Assessment. The quality of the included papers
was assessed by two reviewers, Vincenzo Carpentiere and
Gaetano Del Vecchio, using the ROBINS-I tool. In order to
assess potential bias in the results of nonrandomized studies
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FiGURE 2: PRISMA flowchart [96].

evaluating the effects of two or more medicines on health,
ROBINS-I was developed. Every one of the seven assessed
points received a biased degree. Until a consensus was formed,
disagreements were discussed with Francesco Inchingolo, the
third reviewer. Reviewers were trained to evaluate potential
bias in seven domains: confounding, participant selection,
intervention classification, deviations from intended interven-
tions, missing data, outcome measurement, and choice of
reported results. They also followed guidelines when using
the ROBINS-I tool in order to increase the assessments’
impartiality and consistency; disagreements or disputes
among assessors were resolved through discussion and con-
sensus. A third reviewer made the ultimate judgment in cases
when a consensus could not be achieved. ROBINS-E was used
for bias assessment, which allowed for a thorough evaluation
of potential biases in the nonrandomized trials included in this
analysis. It made the benefits and drawbacks of the evidence
base clear, which improved the assessment of the overall qual-
ity and reliability of the results. By taking the possibility of bias
into consideration, the authors of this review were able to
draw more well-informed interpretations and conclusions
from the available data.

3. Results

Using keyword searches, the Web of Science (183), Scopus
(311), and PubMed (287) databases yielded a total of 781
papers. After removing duplicates (a total of 54 articles),
727 articles remained. 630 papers from these 727 studies
were excluded due to their noncompliance with the prees-
tablished inclusion criteria. Following the selection of 29
papers for this study, the screening procedure was completed
(Figure 2). Each study’s findings were presented in Table 2.

3.1. Bone Formation Outcomes
e Adali et al. [98] found increased new bone formation
when CGF was added to allografts.
e Dominiak et al. [105] reported effective bone forma-
tion with PRF over 3 years.
e Taschieri et al. [113] found no significant difference in
viable bone between PRP and control.

3.2. Implant Survival
e Khouly et al. [103] noted that high implant survival
correlated with PRGF use.
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Risk of bias domains
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H. Chen et al. [104]
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Study
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Domains:
D1: Bias due to confounding.

D2: Bias arising from measurement of the exposure.
D3: Bias in selection of participants into the study (or into the analysis)
D4: Bias due to postexposure interventions.

D5: Bias due to missing data.

Dé: Bias arising from measurement of the outcome.
D7: Bias in selection of the reported. f result.
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FIGURE 3: Bias evaluation with the Robins tool.

e Chen et al. [104] reported 100% success with osteo-
tome sinus floor elevation (OSFE) and CGF.

3.3. Soft Tissue Healing
e Gurler and Delilbasi [99] showed minor improve-
ments in healing with leukocyte-PRF (L-PRF).
e Sher Ling [100] reported enhanced healing using lig-
uid CGF as a membrane.

3.4. Complications and Morbidity
e Ntontoulos and Dabarakis [108] observed reduced
postoperative morbidity using Alb-CGF.
e Ratiu et al. [114] described initial complications fol-
lowed by bone regeneration with PRGF.

3.5. Quality Assessment and Risk of Bias of Included Articles.
Figure 3 indicates the risk of bias in the selected studies.
Confounding bias is a major source of bias in most research.
One parameter that has little chance of bias is measurement

bias. A low risk of bias in many research can be attributed to
participant selection bias. The significant variability makes it
impossible to assess bias resulting from postexposure. Many
studies have low bias rates because of missing data. There is
little bias resulting from outcome measurement. In most
research, there is a significant bias in the selection of the
published results. According to the findings, there is a low
risk of bias in five studies, a very high risk of bias in three,
and a high risk of bias in eight.

4. Discussion

Sinus floor elevation is a surgical procedure designed to
increase bone height in the posterior region of the upper
jaw to facilitate the placement of dental implants [113].
This technique is particularly useful in patients with signifi-
cant bone atrophy. In recent years, the use of CGF, such as
PRP, PRF, and L-PRF, combined with BGs has shown prom-
ising clinical results [108, 115].

A study by Younes et al. [97] investigated the use of bovine
deproteinized bone (deproteinized bovine bone mineral
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[DBBM]) as a filler material for SL. This prospective study
found that despite a significant decrease in graft volume
within the first 3 months, the graft volume stabilized thereaf-
ter, maintaining nearly 80% of the original volume at 2 years
[97, 116]. Patient-reported outcome measurements indicated
that postoperative discomfort, mainly pain, swelling, and
hematoma, was common initially but decreased significantly
over time. All placed implants showed good integration and
favorable clinical outcomes during the 2-year follow-up, sup-
porting the use of DBBM as a reliable filler material for these
procedures [104, 117, 118]. The use of CGF has been exam-
ined in some studies. A Ling’s case report describes the effec-
tiveness of CGF in promoting healing of large bone defects
when combined with BG [100, 119-121]. This protocol has
shown promising results in soft tissue closure and bone regen-
eration, highlighting the ability of CGF to protect the sinus
membrane and promote cell proliferation. In a prospective
study by Molemans et al., L-PRF’s effectiveness as the only
graft material for sinus floor elevation and concurrent implant
implantation was assessed [104, 107, 122]. The results showed
an average vertical bone gain of 3.4 + 1.2 mm for transalveolar
elevation and 5.4 £ 1.5mm for lateral elevation, with all
implants clinically integrated after 6 months. This demon-
strates the potential of L-PRF in promoting bone formation
and stabilizing implants. Mourao et al. explored the use of
nanostructured carbonated hydroxyapatite (cHA) micro-
spheres combined with blood-derived growth factors
(BDGFs) for sinus floor elevation [123, 124]. The results indi-
cated that although BDGF improved surgical maneuverability,
it did not significantly affect bone repair after 6 months.
Hydroxyapatite microspheres showed promising results for
bone formation, suggesting the need for further investigation
into the impact of BDGFs [101, 106, 125]. Adali et al. [98]
conducted a study comparing CGF mixed with allografts ver-
sus allograft alone. The results showed that CGF accelerated
bone formation and maintained stability of augmentation,
although histomorphometry differences were not significant
[109, 110]. This study underscores the potential of CGF in
bone regeneration, although larger-scale research is needed to
confirm the results. Another novel approach was reported by
Ding et al. [102], who used BMP2-loaded calcium phosphate
grafts for. This study showed an average bone gain of 6.8 mm
with stable implant function and minimal complications over
4-5years. The results suggest that BMP2-loaded calcium
phosphate is suitable for MSLS, especially in patients with
minimal bone height [119, 121]. Khouly et al. highlighted
PRGF use in combination with grafting materials to improve
bone regeneration and facilitate implant placement [103]. The
study showed that PRGF supplementation improved implant
survival with increased RBH, suggesting a potential clinical
benefit [111, 112, 126, 127]. Taschieri et al. [113] investigated
SL via lateral approach, comparing histologic and histomor-
phometric outcomes using pure PRP mixed with DBBM
against DBBM alone. In this split-mouth design study involv-
ing six patients, no significant differences were observed in the
percentage of vital bone between the test group (30.70%) and
the control group (22.72%). Both methods supported implant
success. Further studies with larger sample sizes were deemed
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necessary to confirm these results and explore the relationship
between native bone height and vital bone formation. R. S.
Pereira et al. compared beta-tricalcium phosphate (-TCP)
(chronOS) with autogenous BG in SL surgery. Three groups
were evaluated: -TCP alone, -TCP mixed with autogenous
bone (1:1), and autogenous bone alone. Histomorphometric
and immunohistochemical analyses were conducted on biop-
sies taken after 6 months. Bone formation percentages in the
p-TCP group were similar across regions, while the -TCP +
autogenous bone group showed lower values. The autogenous
bone group had varied results, with high cellular activity and
immature bone in the B-TCP + autogenous bone group,
unlike mature bone in the f-TCP and autogenous bone
groups. f-TCP demonstrated comparable behavior to autoge-
nous BGs, indicating its efficacy as a replacement for bone
[110]. I.H. Ghassib et al. explored the process of transalveolar
sinus floor elevation (TSFE), which increases the maxillary
sinus’s bone height. The study demonstrated the effectiveness
and stability of this technique, particularly when combined
with short implants and growth factor-rich plasma. Patients
undergoing this procedure showed stable bone gain over time.
The procedure involved local anesthesia, incision to expose
the site, creation of a lateral window in the maxillary sinus,
and sinus floor elevation. Dental implants were then placed,
followed by wound closure and postoperative care. An 8-
month follow-up showed significant bone formation around
the implant apex, with vertical gain. Combining a collagen
membrane with human PDGF-BB (rh-PDGEF-BB) yielded
positive results, though further studies were needed to validate
these results and assess long-term efficacy [111]. N. Doan et al.
analyze TSFE as a technique for increasing bone height in the
maxillary sinus, highlighting its effectiveness and stability,
especially in combination with short implants and growth
factor-rich plasma. An 8-month follow-up indicated signifi-
cant bone formation around the implant apex, with notable
vertical gain. Combining a collagen membrane with rh-
PDGF-BB showed promising results, warranting further stud-
ies to confirm long-term efficacy and clinical applicability on
larger scales [112]. J.R. Millan et al. examined dental implant
placement in the posterior maxilla, comparing implants in
native bone to those after SL. The retrospective study followed
163 patients for at least 5 years, recording bone loss, vertical
bone gain, and implant success and survival rates. No signifi-
cant differences in bone loss were found between groups,
though vertical bone gain was greater in the delayed implant
group than in the simultaneous implant group. The SL tech-
nique showed variable results but generally stabilized after the
first year. Implant survival rates were similar across groups
[106]. V. Ntontoulos and N. Dabarakis examined sinus floor
elevation using the Piezo-albumin-concentrated growth factor
(Alb-CGF) protocol, a procedure with minimum invasiveness
for dental implant insertion with RBH less than 6 mm. This
method avoids open lateral approaches, reducing morbidity
and postoperative complications like Schneiderian membrane
perforation and sinusitis. Five healthy patients were treated
using L-PRF (CGF) combined with denatured albumin. Pre
and postoperative CBCT scans showed a significant increase
in bone height and bone density, indicating effective bone
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regeneration with no adverse events. The study concluded that
the Piezo-Alb-CGF protocol is safe and effective for sinus floor
elevation in patients with low RBH, improving implant stabil-
ity and reducing patient discomfort [108].

Gurler et al. [99] examined the use of L-PRF in soft tissue
healing after direct. Although the differences from the control
group were not significant, L-PRF showed higher healing index
scores, indicating potential benefits in wound healing and
immune regulation. Ratiu et al. [114] presented a case of sinus
membrane elevation using only PRGF and fibrin clot. Despite
initial complications, such as a vestibular abscess, observation
at 8 months showed significant bone regeneration, allowing
reinsertion of implants and confirming the efficacy of PRGF.
Dominiak et al. [105] compared various grafting materials,
including DBBM, f-TCP, and autologous PRF, for implant
rehabilitation in edentulous jaws. The results indicated the
potential of PRF as the only graft material, although long-
term efficacy remains a subject of ongoing research.

5. Conclusions

The use of autologous growth factors like PRP, PRF, and CGF
with BGs enhances bone regeneration and soft tissue healing
by improving early vascularization, reducing inflammation
and pain, and accelerating tissue regeneration. These factors
can increase bone height and thickness and enhance dental
implant stability and integration. Their combination with allo-
plastic and xenogeneic materials is particularly effective,
though outcomes vary based on individual differences in
bone quality and healing. Some studies show no significant
improvements, highlighting the need for more research.

Nomenclature

Alb-CGF: Albumin-concentrated growth factor
BDGFs: Blood-derived growth factors
BMP: Bone morphogenetic protein
p-TCP: Beta-tricalcium phosphate

CBCT: Cone beam computed tomography
CGF: Concentrated growth factor

cHA: Carbonated hydroxyapatite
DBBM: Deproteinized bovine bone mineral
L-PRF: Leukocyte-rich fibrin

MSL: Macxillary sinus lift

OS: Oral surgery

OSFE: Osteotome sinus floor elevation
PBM: Photobiomodulation

PDGF: Platelet-derived growth factor
PES: Piezoelectric surgery

PRF: Platelet-rich fibrin

PRGFs: Plasma rich in growth factors
PRP: Platelet-rich plasma

RBH: Residual bone height

rhPDGF-BB:  Human platelet-derived growth factor-BB
SL: Sinus lift

TSFE: Transalveolar sinus floor elevation.
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