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Abstract

Objectives: To evaluate the efficacy of the combination of platelet-rich fibrin (PRF) and mineralized bone allograft on the volume
of the new bone formation in the sinus floor augmentation of the severely atrophic residual alveolar crest with simultaneous
dental implant placement. Materials and Methods: All clinical and radiological data of patients treated with sinus floor
augmentation using the combination of PRF and demineralized bone allograft with simultaneous dental implant placement
between 01/04/2013 and 01/03/2020 were retrieved from the archives. The main inclusion criterion for the study was a residual
ridge height less than 2 mm. The volume of the maxillary sinus cavity was measured by a software program on pre-operative
and post-operative cone beam computerized tomography (CBCT) sections. The graft volume was calculated by subtracting
pre-operative and post-operative total sinus volume. Residual and post-operative ridge heights were measured by the software
program on the mid-coronal and mid-sagittal sections of pre-operative and post-operative CBCT images. Results: Eighteen
patients with 26 sinus augmentations were included in the study. Forty-six dental implants were placed simultaneously with
sinus floor augmentation. The follow-up periods of cases varied between 19 and 29 months. All cases showed new bone
regeneration on axial, coronal and sagittal sections of post-operative CBCT data. The mean volume of newly regenerated bone
was calculated as 2.1(±0.9) ml. Post-operative ridge heights was significantly increased compared to pre-operative residual ridge
heights (p<0.05). There was no sign of a relationship between residual and post-operative ridge heights (p>0.05). Conclusion:
The PRF and demineralized bone allograft combination used in sinus floor augmentation may provide healthy new bone that
supports simultaneously placed dental implants in function in the severely atrophic alveolar crests with a residual ridge height
less than 2 mm. Keywords: Sinüs floor augmentation ; allograft ; cone-beam computed tomography ; dental implant

Introduction

Sinus floor augmentation is a bone regeneration technique performed by creating a void between the Schnei-
derian membrane and native bone and filling this empty cavity with block or particulate bone grafts of
various origin. Different types of bone grafts such as autogenous, alloplastic, allogenic, or xenografts have
been used in the sinus augmentation procedures in varying success levels. Autogenous bone graft is the har-
vested native bone that is to be transferred to the surgical site with a bone insufficiency and reported as the
gold standard in sinus floor augmentation procedure due to its osteoinductive and osteogenetic properties.(1,
2) However, the donor site morbidity and increase in surgical sites are the most important handicaps in
autogenous bone harvesting. The use of allogenic bone grafts does not cause donor site morbidity and they
are reported to have osteoconductive and osteoinductive properties.(3, 4) However, it was suggested that
the new bone produced by bone allografts was insufficient in quality and quantity. (5, 6) The use of the
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combination of bone allografts with xenogenic or alloplastic materials is the preferred technique and shows
satisfying results in acquiring new bone formation in the sinus floor augmentation.(7, 8)

The timing of dental implant placement in the augmented sinus is controversial. Simultaneous implant
placement with sinus floor augmentation is generally recommended if the residual crestal height is equal to
or greater than 4 mm.(9-11) A two-staged procedure of dental implant placement is suggested as appropriate
due to the difficulty of obtaining the primer stability and the need of osseous regeneration of bone graft when
the residual ridge height is less than 4 mm.(12) However, several studies reported that simultaneous dental
implant placement can be successfully performed in patients with residual ridge heights between 1 and 3
mm.(9, 11)

The combination of biological mediators with non-autogenous bone grafts has been proposed in order to
increase the osteogenic and osteoinductive capacity of the bone graft.(13) Platelet-rich fibrin (PRF) is a
blood substitute and includes several growth factors and cytokines such as transforming growth factor beta-
1 (TGFB-1), vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF), and bone
morphogenic protein-1 (BMP-1) that act as biological mediators when it is implemented into a wound.(14,
15) PRF also forms a solid fibrin network that enables cell migration and proliferation.(16) Several reports
showed the efficacy of PRF on new bone regeneration when combined with demineralized bovine bone matrix
(DBBM) or allogenic bone graft in sinus floor augmentation.(17, 18)

The aim of this study is to evaluate the efficacy of the combination of PRF and demineralized bone allograft
on the volume of the new bone formation in the sinus floor augmentation of the severely atrophic residual
alveolar crest with simultaneous dental implant placement.

Materials and Methods

Patients

The study was approved by the local Clinical Research Ethics Committee with approval number 2020-469-12
and performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and
its later amendments. All clinical and radiological data of patients with posterior alveolar ridge height lower
than 2 mm treated with sinus floor augmentation with simultaneous dental implant placement and posterior
maxillary implant-supported fixed dentures between 01/04/2013 and 01/08/2020 were retrieved from the
archives. The inclusion criteria of the study were;

Availability of intact clinical data

Availability of unharmed digitalized volumetric computerized tomography data in DICOM format taken at
pre-operative and post-operative control evaluations of patients treated with sinus floor augmentation using
the mixture of demineralized cortico-cancellous bone allograft and PRF.

Exclusion criteria were;

1- Patients with chronic metabolic diseases such as diabetes and hypertension

2- Smokers and patients with poor oral hygiene

PRF preparation

Venous access was established with a vascular cannula and blood was collected with a 20 ml syringe before the
initiation of the surgery. The blood was transferred immediately in dry glass tubes without anticoagulant and
immediately centrifuged at a speed of 2700 rpm for 10 minutes. The whitish-yellowish PRF clot was separated
from the basal red cell accumulation layer with the aid of a tissue scissor and cut into small fragments which
were mixed with 2 ml demineralized cortico-cancellous bone allograft (Maxxeus, Community Tissue Services,
Ohio, USA) (Figure 1). Two PRF clots were used for each sinüs augmentation procedure. One of them was
used for the bone allograft and PRF mixture. The other PRF clot was used as a membrane on the lateral
sinüs osteotomy site.
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Sinus augmentation and implant placement

Sinus floor augmentation surgery was performed by the same researcher (NS) with lateral osteotomy techni-
que. A rectangular osteotomy was prepared at the lateral sinus wall after full-thickness mucosal flap reflection
under local anesthesia (Fullcain Fort 2 ml, Onfarma Pharmaceutical Ltd. Company, Samsun, Turkey) with
a piezosurgery device (Piezosurgery® Touch Unit, Mectron, Carasco, Italy) under constant irrigation. The
rectangular bony window was gently removed to expose the osteotomy site and the Schneiderian membra-
ne was elevated with sinus elevators until the membrane was completely freed from the sinus floor. The
mixture of demineralized cortico-cancellous bone allograft and PRF was inserted into the prepared cavity.
OsseoSpeedTM TX dental implants with TiO2-blasted fluoride-modified surface (OSTX) were placed simul-
taneously under constant physiological saline irrigation. The bony window was replaced on the osteotomy site
and covered with a PRF membrane. Flaps were sutured with 3-0 vycril sutures. Patients were administered
antibiotics (1000 mg amoxicillin-clavulanate, 2x1), non-steroid anti-inflammatory drugs (550 mg naproxen
sodium, 3x1), and oral antiseptics (%0.12 Chlorhexidine digluconate, 3x1) for post-operative prophylaxis.
Sutures were removed at post-operative 10th day.

Healing caps were mounted under local anesthesia with full-thickness flap elevation under local anesthesia
(Fullcain Fort 2 ml, Onfarma Pharmaceutical Ltd. Company, Samsun, Turkey) 6 months after surgery, and
fixed partial prosthesis were fabricated 1 week after healing cap placement by one independent clinician.

Volume and Ridge Height Measurement

Cone-beam computerized tomography (CBCT) images were procured in a standing position with a CBCT
machine (Planmeca Promax 3D mid, Helsinki, Finland) and taken under the following exposure parameters:
94 kVp tube voltage, 14 mA tube current, and 27 second time. The CBCT data was transferred to a software
program (SYNAPSE version 4.4.000, Fujifilm, Tokyo, Japan) in DICOM format. The tomographic data was
evaluated with 0.4 mm slice thickness and 2 mm slide sections. As the first stage of the segmentation process,
the borders of the sinus cavity were traced (Figure 2) with a border marker tool and the volume of the sinus
cavity was determined on the axial section. After that, the deficient and distorted areas were modified and
corrected with the same border marker tool on sagittal (Figure 3), and coronal (Figure 4) sections. The
volume of the marked air-filled cavity was highlighted automatically with the reconstruction feature of the
software program when the segmentation procedure was completed (Figure 5). A subtraction method was
used to measure the total graft volume. In this method, graft volume was determined by subtracting the
volume of the complete sinus cavity which was measured by the computer program on pre-operative and
post-operative follow-up CBCT data. The same tracing software was used to measure the ridge heights on
the posterior maxilla. The residual ridge heights were measured with a measurement marker tool on the
mid-sagittal and mid-coronal sections in the central region of sinus floor augmentation (Figure 6-A, B).
Post-operative ridge heights were measured with the marker tool adjacent to the dental implant on sagittal
and coronal sections (Figure 6-C, D).

The measurements were performed by only one researcher (GT). For intraobserver agreement, the examiner
performed tomographic measurements in 10 patients with a sinus floor augmentation which were not included
in the current study before the initiation of actual measurements of the study.

Statistical Analysis

An independent statistician reviewed the methodology and results of the study. SPSS version 21.0 Statistical
Software (IBM, Chicago, USA) was used for statistical analysis of the results. Kolmogorov-Smirnov and
Shapiro-Wilk tests (p>0.05) showed that the measurement scores were normally distributed. The difference
in the alveolar ridge heights between pre-operative and post-operative control evaluations was analyzed with
paired t-test. Pearson correlation coefficient was used in the analysis of the relationship between residual
and post-operative ridge heights.

Results

Eighteen patients with 26 sinus floor augmentations were included in the study. The mean age was 58,1±8,7.
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Twelve patients were male and 6 of them were female. The follow-up periods varied between 19 and 29
months.

There was a perforation in the sinus membrane in 1 case during the membrane elevation. In this case, the
perforation was gently repaired with the use of a PRF membrane. There were no continuing complications as
the result of the perforation in this case at the post-operative follow-up period. No other complications were
observed during the treatment period. All implants were also functional without any sign of peri-implantitis
at the time of control evaluations.

Forty-six dental implants were placed simultaneously with sinus floor augmentation. The region of dental
implant placement, lengths, and widths of implants used were shown in Table 1.

Pre-operative and post-operative mean volumes of operated sinus cavities were 19.5(±6) and 17.3 (±5.6) ml,
respectively (Table 2 ). The mean volume of newly regenerated bone was calculated as 2.1(±0.9) ml (Table
2). The mean values of residual and post-operative ridge heights were shown in Figure 7. Post-operative
ridge heights showed a significant increase compared to residual ridge heights (p<0.05)(Table 3). There was
no sign of a relationship between residual and post-operative ridge heights (p>0.05) (Table 4).

Discussion

Residual alveolar ridge height less than 3 mm is suitable for two-staged dental implant surgery to prevent
complications after the sinus augmentation process and achieve success in the long term.(19) However, sinus
floor augmentation with simultaneous implant placement in severely atrophic residual crests with a residual
ridge height under 3 or 4 mm can be successful if the native bone is of high quality. In the study of Peleg
et al.(11), twenty patients with posterior alveolar ridge height of 1-2 mm were treated with sinus floor
augmentation and simultaneous implant placement using a mixture of autogenous bone and demineralized
freezed-dried bone allograft (DFDBA) and it was concluded that inserted dental implants were in good
condition without any marginal bone loss with satisfactory bone consolidation around them after 26.5 months
average follow-up period. Mardinger et al.(20) reported that dental implants placed simultaneously with sinus
floor augmentation in the residual alveolar bone with 1-3 mm vertical height showed 92% success rate after a
mean follow-up of 36.8 months. Tilaverdis et al.(9) reported that mineralized cancellous bone allograft could
be successfully used in the sinus floor augmentation with simultaneous dental implant placement in severely
atrophic posterior ridges with alveolar bone heights between 1 and 3 mm. In the current study, a prominent
volume of bone regeneration around simultaneously placed dental implants in sinus floor augmentation in
the severely atrophic posterior maxilla with a residual ridge height less than 2 mm. There was also a marked
increase in the post-operative ridge height in the control evaluation. However, there was no correlation
between residual ridge height and post-operative ridge height. This finding may show that the PRF and
demineralized bone allograft combination produced high levels of new bone regardless of residual alveolar
bone quantity.

Simultaneous implant placement with sinus augmentation in cases with residual ridge heights less than 3-4
mm is unfavorable due to the main disadvantage of decreased implant support and difficulty in achieving pri-
mer stability which is a prerequisite for healthy osseointegration. Dental implants placed in severely atrophic
and fragile alveolar crests may undergo positional changes during the placement process with the screwing
handpiece or after the surgery with traumatic forces. It was reported that the maneuver of unscrewing the
cover screws also may mobilize the dental implant and affect angulation.(20) In the current study, the os-
teotomy was prepared and finished in lower diameter than the diameter of the last drill that was designated
as the final drill for that diameter of the dental implant by the manufacturer in order to provide a solid
feeling of pressure when inserting the implant and increase primary stabilization. With this technique, the
control of the angulation of the dental implant was established during the placement of the cover screw. It
was also reported that meticulous graft placement into the sinus cavity supports dental implants that are
simultaneously placed with sinus augmentation and contributes to primary stabilization (9) which is one of
the primer necessities in the successful reconstruction in the severely atrophic maxilla.

The use of panoramic radiography in the new bone formation after sinus floor augmentation is not recom-
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mended due to the limitations of inadequate display of the graft area due to the two-dimensional nature of
the radiography and difficulty in establishment of outlines of the matured graft due to the superpositions
and artifacts on the radiography.(21) Volumetric measurement of the bone regeneration in the sinus floor
augmentation is relatively new and aids the clinicians to properly determine the success in the post-operative
period. Various computer software and methods have been used for the measurement of bone regeneration
in the sinus cavity.(22-26) The segmentation method is an indirect way of measuring graft maturation. In
this method, the outlining of the air-filled sinus cavity is marked with a measurement tool on the axial,
sagittal and coronal tomographic sections and the volume of the sinus cavity is automatically calculated
by the software program. The graft volume is determined indirectly by subtracting pre-operative and post-
operative sinus volumes. Several studies reported direct measurement of the sinus bone graft by manually
reconstructing the grafted area based on threshold values selected according to the gray values of adjacent
structures such as native bone or soft tissue.(27, 28) The matured bone graft may usually be irregular and
not well-defined. In tomographic sections, the measurement and distinguishing of air-filled areas may be
easier when compared with dense bone-like regions because Hounsfeld unit (HU) value of air-filled cavities
is always below zero.(29) However, the radiopacity of the maturing graft may vary and it can be difficult to
manually delineate the borders of the bone graft.

The combination of a bone grafting material with PRF is an emerging technique in sinus augmentation
surgery. The addition of PRF fragments into the bone grafts not only provides a binding medium for the
bone graft particles but also facilitates bacterial defense mechanisms and prevents bacterial infection after
sinus floor augmentation. (30) Bolukbası et al.(31) reported that the effectiveness of PRF is mainly based
on the characteristics of the graft combined with PRF and it is effective in the early phases of the bone
regeneration process. There is yet no consensus on the terms and algorithm of the use of the combination
of PRF with other grafting materials. However, several authors reported that new bone regeneration was
observed after sinus floor augmentation with the combination of PRF and bovine bone graft or demineralized
bone allograft.(17, 18, 31) It is suggested that PRF should be combined with additional bone grafting
materials if the bucco-palatal dimension of the sinus exceeds 15 mm.(32) In the current study, all included
cases had increased bucco-palatal dimensions due to extensive pneumatization and atrophy in the posterior
maxilla.

Conclusion

The use of the combination of PRF and demineralized cortico-cancellous bone allograft may be a working
option in the sinus floor augmentation with simultaneous dental implant placement. The success of dental
implants and the bone graft is related to the good primer stability in the severely atrophic posterior maxilla.
The primer stability of simultaneously placed dental implants may be secured by using a wider dental implant
than the osteotomy width.
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Figure Legends

Figure 1. PRF was cut into small fragments and mixed with particulate demineralized cortico-cancellous
bone allograft in a sterile container immediately before usage.

Figure 2. A- The marking of the cavity borders was commenced on the anterior part of the sinus cavity
with a pink border marking tool. B- The whole sinus cavity was marked with the marking tool. C- The
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. sinus cavity in the remaining consecutive tomographic sections were marked with the pink marking tool. D-
The volume of the cavity was determined by a green volume measurement tool after all borders were marked
in the axial section.

Figure 3. The deficient areas in the sagittal sections were observed and corrected by the same marking and
measurement tool.

Figure 4. The deficient areas in the coronal sections were observed and corrected by the same marking and
measurement tool.

Figure 5. The final volume of the sinus cavity was determined with the reconstruction feature after all
corrections were made in sagittal and coronal sections.

Figure 6. The residual ridge height was measured on the mid-crestal region of mid-sagittal (A) and
mid-coronal (B) planes with a measurement tool that automatically shows the diameter in mm. The post-
operative ridge height was measured on mid-sagittal (C) and mid-coronal (D) planes in close proximity to
dental implants placed simultaneously with sinus floor augmentation.

Figure 7. Residual and post-operative ridge heights of all study patients.
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