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ABSTRACT

Background: Biological agents are growth factors that aid in bone regeneration and increase healing potential. They are
used to compensate for the shortcomings associated with bone grafts.

Aim: The aim of this systematic analysis was to assess the effects of combining different biological agents with different
types of bone grafts in lateral maxillary sinus lifting. The assessment considers newly formed bone, augmented bone height,
soft tissue healing and post-operative complications.

Methodology: Three electronic databases were searched, and manual searching was performed for relevant articles
published before 2020. All relevant articles were independently screened for specific inclusion criteria. Primary outcomes
were bone formation, soft tissue healing, and the percentage of remaining graft particles. Secondary outcomes were clinical
findings and complications, survival, and success of implant.

Result: Eight randomized clinical trials met the inclusion criteria. No statistically significant difference was found between
different bone graft types. A borderline statistical difference was observed between Xenograft.

Conclusion: There was no statistical or clinical difference between different biological agents that were combined with bone
grafts when performing lateral sinus lifting procedures. The use of biological agents might be beneficial in short-term

healing and in promoting bone regeneration.
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INTRODUCTION

Post extraction of maxillary molars causes a proliferation
of osteoclast activity in the Schneiderian membrane,
leading to rapid sinus pneumatization [1]. The use of
dental implants in posterior maxilla, as the gold standard
treatment, is complicated by a rapid and large amount of
vertical bone loss. Lateral sinus augmentation is one of the
most highly predictable surgical approaches for the
treatment of severely atrophic maxillary process [2,3].

In order to encourage predictable and acceptable
quantities, and consistency, of regenerated tissue, the
application of grafting materials, barrier membranes
and/or biological agents must be carefully chosen [4].
Different bone grafting materials have been used in sinus
augmentation to encourage new natural bone formation
with capillary infiltration and support the implant with
sufficient bone volume. Autogenous bone has
osteogenesis, osteoinduction and osteoconduction
capabilities, in addition to also containing growth factors.

However, rapid resorption of the bone graft ,at gained
height and width, is considered a major issue with
autogenous bone [5].

Bone substitutes in the form of xenografts, allografts, and
alloplasts have also been used; however, they also have
their associated limitations such as inconvenience, cost,
and delayed healing [5,6]. The use of bone alone as a
scaffold typically fails to generate sufficient osteogenic
induction and conduction for regeneration and the
reconstruction of lost sinus height. Biological agents
comprise various growth factors present in natural bone
that are known to aid in bone regeneration and increase
healing potential [7]. They are used to compensate for
disadvantages of bone grafts by mimicking the presence of
important factors. A range of widely studied growth
factors [e.g, PDGF, PRP, PRF] are released by blood
platelets. Research and clinical experience
has highlighted the potential of these growth factors in
improving periodontal regeneration, demonstrating
greater bone formation, reduced healing times, and an
improvement in the regeneration process [8,9]. Another
biological agent, enamel matrix derivative (EMD), consists
of various proteins related to enamel, mainly amelogenin
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(90%), and shows an improvement in regeneration
potential.

Bone morphogenic proteins (BMPs) are members of the
transforming growth factor-beta (TGF-f) superfamily,
and play an important role in the generation of high
osteoinductive potential and increasing the expression of
mineral tissue markers [4]. Some other agents, such as
hyaluronic acid (HA)-a major component of the
extracellular matrix in natural carbohydrates-has also
been proposed to play an important role in the healing of
periodontal wounds [10]. The aim of this systematic
analysis was to assess the effects of various biological
agents (including fibrin glue, platelet rich fibrin (PRF),
rh-PDGF, EMD, HA, and BMPs) in addition to different
types of bone grafts in lateral maxillary sinus lifting. The
assessment considers newly formed bone, augmented
bone height, soft tissue healing and post-operative
complications.

The PICO was as follows

Population (P): Systematically healthy patients requiring
bilateral maxillary sinus augmentation.

Intervention (I): Treated with bone graft combined with
biological agents on one side and bone graft alone on the
contralateral side.

Comparison (C): Grafting material with and without
biological agents.

Outcomes (0): Newly formed bone, augmented bone
height, soft tissue healing and post-operative
complications implant stability and implant survival.

MATERIALS & METHODS

We conducted a thorough search of the literature using
the electronic databases MEDLINE, EMBASE, and the
Cochrane Central Register for Controlled Trials.

Selection criteria

Studies in which patients were treated with a maxillary
sinus floor elevation with bone graft and additional
biological material (or growth factor) were searched for.

Inclusion criteria

¢ Randomized clinical trials (RCTs) or clinical trials
(CTs) or studies with a minimum follow-up period of
six months or more.

e Surgical regenerative interventions using biological
agents (fibrin glue, platelet rich fibrin, platelet rich
plasma growth factors (rh-PDGF), enamel matrix
derivative (EMD), hyaluronic acid (HA), and bone
morphogenic proteins (BMPs) in addition to bone
graft.

e Sites undergoing bilateral lateral maxillary sinus

augmentation  without simultaneous implant
placement.
¢ Comparative studies assessing histological,
histomorphometric, clinical, and radiographic
outcomes.

¢ Human adults with good general health status.
¢ Non-smokers.
e Articles published in English language.

Exclusion criteria

¢ Non-adult patients.

¢ Patients with any systemic disease.

¢ Unilateral sinus lifting.

¢ Patients with aggressive periodontitis.

¢ Smokers.

e Studies on regeneration of periodontal intrabony and
furcation defects.

e Studies with inclusion of a total of less than five
patients in the final analysis.

e Prospective and retrospective cohort studies and case
series.

¢ Invitro studies.

e Preclinical (animal) studies.

Search strategy

The search strategy used was a combination of MeSH
terms and free text words.

‘Maxillary sinus lift’ [MeSH] OR (sinus augmentation) OR
(sinus floor elevation) OR (maxillary sinus lift) OR (sinus
graft) AND ‘(“Platelet rich fibrin” OR “platelet rich
plasma” OR “PRP” OR “PRF” OR “PRGF” OR “growth
factor” OR “Hyaluronic acid” OR “HA” OR “bone
morphogenic proteins” OR “BMP” OR “fibrin glue” OR
“Enamel Matrix Derivative “OR “EMD” OR “PDGF” OR
“platelet derived growth factor” OR “PDGF”). The
references of eligible studies were checked. Titles and
abstracts were assessed independently by two
examiners. Cohen’s Kappa score was used to assess inter-
reviewer agreement of selection process [11]. Full-text
documents were obtained and manual searches of the
bibliographies of the full-text articles were also
performed. Disagreements were resolved by discussion
and consensus was reached.

Data extraction

Pre-designed extraction forms were developed to assess
the following data: author name(s), publication year and
place, study design, sample size, follow-up period,
selection and description of the study population,
definition and measurement method of the intervention,
controls, outcomes, results and their variation, and risk
of bias.

Data synthesis

Data synthesis was performed by organizing data in an
evidence table and a descriptive summary was created to
determine study characteristics (Table 1). Primary
outcomes were the percentage of newly formed bone,
percentage of residual-bone substitute material, and
percentage of soft tissue area assessed by
histomorphometric analysis. Furthermore, augmented
bone height (mm) was assessed by radiographic
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evaluation and clinical outcomes in terms of implant
stability, implant survival, and  postoperative
complications.

Risk of bias in individual studies

Critical appraisal for potential risk of bias was done by
the Cochrane Collaboration’s tool for assessing risk of
bias [12]. Studies were classified as either “low risk”,
“unclear risk”, and “high risk” of bias.

RESULTS

A flowchart of article selection is shown in Figure 1. The
PubMed and Cochrane search resulted in 200 studies.
After assessing titles and abstracts, 146 studies were
excluded. Thirteen studies were eligible after full-text
assessment.

Figure 1: Flow diagram of the article selection
process.

However, five studies were excluded in this step: one
study did not have a control group, and the remaining
four studies did not include a bilateral comparison. The
manual search did not reveal additional studies to be
included (Table 1). The k-value for inter-reviewer
agreement on the methodological appraisal was 0.8.

Study design and patient features

The articles included in this study were published in the
period from 2009 to 2020 with a total of 178 sinus lift
procedures performed in eight studies. Different
treatment modalities including the bone graft type and
biological agent added are shown in Table 1. Substantial
heterogeneity existed regarding patient populations,
bone graft material, and outcome measures. The age of
the participants ranged from 40 to 68 years. Four studies

compared xenograft alone to xenograft mixed with
platelet concentrates [13-16], two studies compared
alloplastic bone materials with EMD [17] and one study
included blood-derived growth factors (BDGF) [18].
Autologous platelet concentrate was used with
autogenous bone in one study [19]. The final study
included a comparison of allograft alone versus allograft
mixed with concentrated growth factor (CGF) [20].

Medications prescribed and post-operative
management

Pre-operative prescriptions were discussed in five
studies, including prophylactic antibiotics administered
one hour prior to surgical intervention [13-15,17,18].
Post-operative care and medication were given in all
studies except in the Bettega, et al. [19] study. Detailed
post-operative care was mentioned in two studies
[15,18]. Dexamethasone (4mg) was prescribed in one
study for a period of three days [18].

Outcomes measured

Table 2 summarizes the reported similar outcome
measures (i.e, percentage of new bone formation,
residual graft etc.) according to data presented in each
study:.

Risk of bias assessment

The results of the bias assessment of the included studies
are presented in Figure 2. Robvis was used to create the
plot [21]. No studies obtained the highest score in the
quality analysis. Two studies reported adherence to the
CONSORT statement recommendations [15,18].
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Figure 2: Risk of bias.

Table 1: Characteristics of included studies arranged by year.

Author/year Patients (n) Mean age Bone graft Biological agent Outcome measures
Bettega et al. 2009 [19] 18 50.5 Iliac crest graft (cancellous Autologous platelet Histological and
bone) concentrate (APC), radiographic analysis
biological glue
Yilmaz et al. 2013 [16] 10 56.9+ 5.95 Bovine-derived xenograft ~ Platelet rich plasma (PRP) Radiographic and
(BDX) histological analysis
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Froum etal. 2013 [13] 12 61.2+7.7 Anorganic bovine bone Recombinant human Histomorphometric
matrix (ABBM) platelet derived growth analysis
factor (hPDGF)
Taschieri etal. 2015 [15] 6 59.5 Deproteinized bovine bone  Platelet rich plasma (PRP) Histological and
Histomorphometric
analysis
Nizam etal. 2017 [14] 13 49.92 +10.37 Deproteinized bovine bone Leukocyte and platelet rich Histological and
fibrin (L-PRF) radiographic analysis
Nery etal. 2017 [17] 10 55 Biphasic calcium Enamel matrix proteins Histological and
phosphate (B-TCP) derivatives (EMD) Histomorphometric
analysis
Mourdo et al. 2018 [18] 10 56.5 Nanostructured Blood-derived growth Radiographic analysis
carbonated hydroxyapatite factors (BDGF)
(cHA)
Adali et al. 2020 [20] 10 57 Allograft Concentrated growth Histomorphometric and
factor (CGF) radiographical analysis
Table 2: Main results.
Author/year Histomorphometry Radiographic Clinical
Vital bone Residual graft Soft tissue Bone height (pre) Bone height Complications Implant survival
(post)
Bettega et al. 2009 C:42.5% NM NM 3(1.75-6.25) 10.5(8.5-16.25) NM NM
(191
T:37.1% 3.5 (2-5.25) 11.5 (9.5-16)
Yilmaz et al.2013 NM NM NM C:3.13+1.05 C:12.76+1.93 5 small NM
perforations
T:3.2+0.68 T:12.77+2.45 (<5mm); 3 in test
and 2 in control. All
sealed with
collagen
membrane.
Froum etal. 2013 C:21.4+8.6 C:40.3+6.7 C:45.96+8.36 NM NM NM NM
[13]
T: 19.5+10.7 T:35.5+9.4 T:52.12.53
Taschieri et al. C:22.72+9.21 NM NM 2.4+1.08 NM Less swellingand ~ 100% survival after
2015 [15] B — hematoma in the 1year
T:30.7 + 7.89 2.8+1.04 test side.
Nizam etal. 2017 C:21.25+5.59 C:32.79+5.89 C:38.4+6.6 2.53+0.61 13.53+1.2 1 patient had 100% survival after
[14] excessive bleeding 1year
T:21.38+8.78 T: 25.95+9.54 T:44.2+10.4 2.45+0.79 13.6+1.09 in both sides.
Nery etal. 2017 C:43.3+6.1 C:35.3+9 C:21.3+6.8 NM NM NM NM
(17]
T:43+9 T: 35.5+8.2 T:21.5+5.3
Mourdo et al. 2018 NM NM NM Measuring NM NM NM
[18] panoramic and CT:
P>0.05
Adal et al. 2020 C:35.49% C5.1 NM NM NM 2 (<2mm) 100% survival after
[20] perforations; 1 in 1 year
T:36.41% T:5.8 each group.
NM: Not Mentioned, C: Control group, T: Test group
DISCUSSION could be performed. The addition of biological agents to

The present systematic review focused on RCTs of
external sinus lifting using different biological agents.
The aim of this review was to evaluate the literature on
combining various biological agents in lateral sinus lifting
in regard to effect on bone regeneration, soft tissue
healing, and amount of bone gained prior to implant
placement. The selected publications revealed
heterogeneous conclusions, due to low power and
incomplete recording of the data. Thus, no meta-analysis

bone grafts was found to overcome the limitations of
using bone graft alone [22]. The stimulation of bone
augmentation decreased healing time, and stabilization
of gained bone height were found to be the results of
adjunct use of the biological agents [5,23,24].

Under the criteria of this study, eight RCTs were eligible
for final analysis. Despite the different bone graft
materials used, the studies evaluated the effect of sole
bone grafting in comparison to the addition of a
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biological agent. Since a variety of biological materials
were collected, and to simplify the findings, we
interpreted the results in accordance with the bone graft
material used:

Autogenous bone graft

One study [19] used a combination of cancellous bone of
iliac crest with autologous platelet concentrate (APC)
(test group) compared to bone alone in 18 patients
(control group). The mature vital bone structure reached
37.1% in the test group compared to 42.5% in control
group with no significant difference. Radiographic bone
height was not significantly different between the two
groups. The one significant difference found was that less
bone was needed to fill the sinus in the test group.

Alloplast bone graft

One study used hydroxyapatite in combination with
BDGF [18]. BDGF proved to be efficacious, even when
used with immediate implant placement without grafting
material. However, this RCT found that BDGF had no
additional effect on bone volume. The type of bone graft
used in this study (nanostructured carbonated
hydroxyapatite  microspheres) might have also
contributed to the results, as it's claimed to promote
formation of bone [25]. Another study used enamel
matrix proteins added to B-tri-calcium-phosphate with
hydroxyapatite bone ceramic [17]. No additional effect
was found in histological analysis, which indicated that
both groups had successful implant installation.

Allograft

One study in this category used demineralized allograft
mixed with CGF (20). CGF has previously been shown to
improve regenerative capacity as it is comprised of a
mixture of growth factors. The results demonstrated that
using CGF with allografts supports the stabilization of
gained vertical bone height after sinus augmentation,
even though no histological or radiographical differences
were reported.

Xenograft

Other studies used xenografts mixed with platelet-
derived agents. The preparation techniques of platelets
influence the released types of growth factors. Several
generations of platelet concentration preparations, which
were initially used to generate material to improve
wound healing [26], were followed by PRP and PRGF
isolation techniques in the Ilate nineties. The
development of the Choukroun technique facilitated and
improved the use of platelet concentrates [27]. The
newest generation of platelet includes L-PRF and PRFF,
which have more favorable mechanical properties and
results in a constant release of growth factors, improved
bone formation and osseointegration [28].

In this analysis, four papers used bovine bone with PRP,
PDGF and L-PRF. The first study, performed in Turkey,
used PRP with a bovine-derived xenograft. This resulted
in a satisfactory bone height, in addition to more

prominent and mature bone formation observed at sites
treated with the combination [16]. In another study,
anorganic bovine bone matrix was used in combination
with rhPDGF [13]. The effect of this combination was
found to be strong within the first six months of
treatment, but this effect dissipated in the long-term. The
study concluded that more rapid formation of vital bone
with the addition of rhPDGF may allow for earlier
implant placement. A further study [15] utilized PRP and
deproteinized bovine bone matrix. The addition of pure
PRP to deproteinized bovine bone mineral enhanced vital
bone formation in the first six months of healing. The
final study mixed L-PRF with bovine bone and found no
significant difference in comparison to bone graft alone
[14]. Although there were discrepancies in sample size,
technique used, and materials used in the collected
articles, the strict criteria of having at least six months of
healing might have affected the findings. The healing
period used in these studies might have masked the
effect of biological agents in promoting healing and bone
maturation. Due to the variation in study design and
measured outcomes between studies, the results are
inconclusive. Another important consideration in the
context of this procedure is the maintenance of sinus
height after sinus lifting procedures. In the above-
mentioned studies, only one took this factor into
consideration where sinus height was measured
immediately after grafting and before implant placement
six months later [20]. The clinical implication of
combining biological agents with bone graft material
seems promising; however, extensive studies focusing on
the best healing period before placing the implant, the
preservation of sinus height, and long-term survival and
success of implants placed in lifted sinuses with the
addition of biological agents are recommended.

CONCLUSION

In conclusion, this systemic review offers an insight into
the effects of various biological agents combined with
different types of bone grafts in lateral maxillary sinus
lifting procedures. While the findings presented in this
review are not conclusive.
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