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ABSTRACT

Purpose: The purpose of this study was to evaluate the potential effects of plasma rich in growth factors (PRGF) technology
and its autologous formulations in five consecutive patients in which bilateral sinus lift augmentation was carried out.

Material and Methods: Five consecutive patients received bilateral sinus floor augmentation. All patients presented a
residual bone height of class D (1–3 mm). The effects of PRGF combined with bovine anorganic bone (one side) were
compared with the biomaterial alone (contralateral side). The effects of using liquid PRGF to maintain the bone window
and autologous fibrin membrane to seal the defect were evaluated. A complete histological and histomorphometrical
analysis was performed 5 months after surgery.

Results: One patient was excluded from the study as the Schneiderian membrane of the control side was perforated during
the surgery. In two patients, the biopsies obtained from the control sides 5 months postsurgery were not acceptable for
processing. PRGF technology facilitated the surgical approach of sinus floor elevation. The control area was more inflamed
than the area treated with PRGF technology. Patients referred also to an increased sensation of pain in the control area.
PRGF-treated samples had more new vital bone than controls. In patient number 1, image processing revealed 21.4% new
vital bone in the PRGF area versus 8.4% in the control area, whereas in patient number 2, 28.4% new vital bone was
quantified in the PRGF area compared with the 8.2% of the control side. The immunohistochemical processing of the
biopsies revealed that the number of blood vessels per square millimeter of connective tissue was 116 vessels in the PRGF
sample versus 7 in the control biopsy.

Conclusions: These preliminary results suggest that from a practical point of view, PRGF may present a role in reducing
tissue inflammation after surgery, increasing new bone formation and promoting the vascularization of bone tissue.
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INTRODUCTION

The treatment of the severely reabsorbed maxilla is one

of the most important challenges for the installation of

endosseous dental implants. The lack of bone in this

region is in general the result of the combination of

alveolar bone resorption after tooth loss, pneumatiza-

tion of maxillary antrum, and periodontal disease. Sinus

floor elevation has become a standard procedure in the

treatment of severely reabsorbed maxilla before the

insertion of dental implants after its first report 20 years

ago.1,2

Recently, we have reported a new lateral approach

for sinus elevation using plasma rich in growth factors

(PRGF) technology.3 The latter enables the preparation

of different formulations enriched in platelets, which

after activation release multiple growth factors and bio-

active proteins. Patients receiving dental implants after

this sinus floor augmentation surgery with PRGF tech-

nology showed 100% survival with a mean follow-up of

33 months.3

PRGF technology presents many advantages that

make its use in sinus lift augmentation encouraging.

It provides different formulations, including liquid
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supernatant, three-dimensional PRGF scaffold, and

fibrin biomaterial, which can be applied in different

stages of the procedure. These formulations, once

activated, secrete a large pool of proteins and factors

including platelet-derived growth factor, transforming

growth factor-b, vascular endothelial growth factor,

insulin-like growth factor, hepatocyte growth factor,

angiopoietins, platelet factor-4, and thrombospondin

among others to the local milieu, driving the tissue

regeneration mechanism.4,5 Some of the distinguishing

properties of PRGF include the moderated platelet

concentration that has been related with optimal bio-

logical benefit6 and the absence of leukocyte content

in its formulation that avoids the pool of metallopro-

teases that may provoke negative tissue-destroying

effects.7

The present paper studies the potential of PRGF

technology and its autologous formulations in sinus

elevation in two consecutive patients in which bilateral

sinus lift augmentation was carried out. The effects

of PRGF combined with bovine anorganic bone (one

side) were compared with the biomaterial alone

(contralateral side). Additionally, the use of liquid

PRGF to maintain the bone window as well as the use

of autologous fibrin membrane to seal the defect

are highlighted. A complete histological and histomor-

phometrical analysis was performed, and the level

of vascularization in the new forming bone was

determined.

MATERIAL AND METHODS

The protocol was approved following the national and

international (International Conference of Harmoniza-

tion rules) policies on clinical studies. This study was

carried out in Vitoria (Spain) and was composed of five

consecutive patients (three women and two men) with a

loss of height in the posterior maxilla that required

application of a sinus lift technique to allow rehabilita-

tion with dental implants. Selection of patients was

carried out considering that sizes of both sinuses (lateral

and contralateral) were equivalent or very similar. The

exclusion criterion was the absence of any local or sys-

temic diseases that might contraindicate the treatment

and the perforation of the Schneiderian membrane. All

patients included in the study presented a significant

alveolar atrophy and a residual bone height of class D

(1–3 mm).8

Elaboration of the Different PRGF
Technology Preparations

Peripheral blood (70–90 mL) from each patient was

taken by venipuncture before surgery and placed

directly into 9 mL blood-collecting tubes® (Biotechnol-

ogy Institute [BTI], Vitoria, Spain) that contain 3.8%

(wt/vol) sodium citrate as anticoagulant. Liquid PRGF

was prepared by centrifugation (PRGF System®, BTI,

Vitoria, Spain) at 580 g for 8 minutes at room tempera-

ture. The 1 mL plasma fraction located just above the

red cell fraction, but not including the buffy coat, was

collected and deposited in a glass dish (BTI). In order to

initiate clotting and the formation of a three-

dimensional fibrin matrix for the continuous release of

growth factors and proteins, PRGF activator® (BTI)

(calcium chloride) was added to the liquid PRGF prepa-

ration (50 mL PRGF activator per milliliter of prepara-

tion). In order to prepare the autologous fibrin

membrane, the 2 mL of plasma fraction located at the

top of the tubes was transferred to a glass bowl (BTI).

After adding PRGF activator, it was incubated at 37°C

for 40 to 45 minutes, allowing the formation of a bio-

compatible fibrin with excellent elastic and homeostatic

properties.

Surgical Protocol

Antibiotics (2 g of amoxicillin clavulanic acid) were

prescribed to each patient, starting 30 minutes before

surgery and during 6 days postsurgically. Midazolam

(7.5 mg, one tablet) was also administered 30 minutes

preoperatively. Dexamethasone (4 mg) was adminis-

tered orally before the surgery and for the next 3 days

with a decreasing dose (3, 2, and 1 mg, respectively).

Analgesics were used pre- and postoperatively during 2

to 3 days. Patients were instructed how to maintain

proper oral hygiene around implants.

Both operative areas (lateral and contralateral

sinuses) were reached by means of a full-thickness flap.

Access to each cavity was obtained using a periodontal

ultrasonic generator (BTI Ultrasonic®) combined with

an independent irrigation system with BTI sterile

pyrogen-free water.9 The osteotomy line was made by

cutting and dispersing the osseous table in a controlled

and progressive way. A complete osteotomy along the

perimeter of the osseous window is initiated and deep-

ened until tactile sensation of the Schneiderian mem-

brane. Once the osseous windows were separated from

both sinuses, one of them was placed in liquid PRGF
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whereas the other was maintained in saline solution

until they were placed again in their native anatomic

locations.3 Once the fenestrations were completed, the

Schneiderian membrane in the sinus floor was carefully

separated using the BTI membrane rasps to avoid any

perforation of the Schneiderian membrane.

The graft material used in the present protocol to fill

the cavity was a mixture of 1.5 to 2.5 g of bovine anor-

ganic bone with a particular diameter size of 1 to 2 mm

(Bio-Oss®, Geistlich Biomaterials, Wolhusen, Switzer-

land), with activated liquid PRGF in the case of one

sinus, and saline solution in the other. Both mixtures

were prepared 10 minutes before using them to fill the

sinus cavity and consisted in a proportion of 0.5 g of

bovine anorganic bone and 1 mL of PRGF or saline

solution.

Both bone windows were placed in their original

position after turning them 30°, obtaining an adequate

primary stability. Afterwards, one of the windows was

covered with autologous fibrin and sutured with a 5-0

monofilament suture while the other was left uncovered.

Five months after sinus elevation, high-resolution scans

of the mandibles were acquired with a computed

tomography scanner and a bone densitometry measured

using the BTI scan® program.

Sample Preparation and Histomorphometrical
Analysis

Samples from both sinuses (lateral and contralateral)

were obtained after a healing period of 5 months prior

to implant placement using a trephine hollow drill. Pro-

cessing and staining of the bone samples were carried

out using a standardized protocol. Briefly, the samples

were fixed in B5-fixative, decalcified with ethylenedi-

amine tetraacetic acid (EDTA), dehydrated in graded

series of alcohols, and embedded in paraffin. Then,

5 mm-thick serial sections were obtained and stained

with hematoxylin and eosin. For histomorphometric

analysis, histological samples were examined by conven-

tional optical microscopy using a Leica DMLB micros-

copy (Leica Microsystems, Wetzlar, Germany) and

photographed with a Leica DFC 300 FX digital camera

(Leica Microsystems). The digitized images were ana-

lyzed using the ImageJ software (version 1.41, National

Institutes of Health, Bethesda, MD, USA). For the deter-

mination of the vital bone content, a ¥25 magnification

was used, evaluating the complete section for each case;

approximately 7.5 mm2 were examined. The new bone,

bovine hydroxyapatite particles, and soft tissue areas

were measured semiautomatically and expressed as per-

centage of the total area. Slides stained with Alcian blue

pH 2.5 (Bio-Optica, Milano, Italy) were employed to

confirm the histomorphometrical analysis.

Vascular Immunohistochemistry

Immunostaining to assess the vascularity of the samples

was performed with a monoclonal antibody antihuman

CD34. Dako (Glostrup, Denmark) was the supplier of all

reagents. The samples were rehydrated in a similar way

as that for conventional histology, and the endogenous

peroxidase was blocked during 10 minutes with Dako

Peroxidase Blocking Reagent. After that, the slides were

pretreated for antigen unmasking with FLEX Target

Retrieval Solution High pH (Dako) for 20 minutes at

98°C. The sections were cooled and incubated with the

primary antibody antihuman CD34 (clone QBEnd 10)

during 30 minutes at room temperature. The color was

developed with the Envision system (Dako), composed

by two parts, a polymer conjugated with horseradish

peroxidase and a substrate chromogen. The positivity

was showed by the diaminobenzidine brown precipitate.

Finally, the slides were counterstained with hematoxylin

and mounted. The criterion for defining blood vessel

was the presence of endothelial positive cells delimiting

a lumen.

RESULTS

Surgical Technique and Inflammation Level

No major incidences or dental injuries were noted

during the procedures. One of the patients, however, was

excluded from the study as the Schneiderian membrane

of the control side was perforated during the surgery

(exclusion reason). Assuming that the PRGF-treated side

of the excluded patient was in correct conditions, we

decided to analyze and process the biopsy sample

accordingly. In two other patients, the biopsies obtained

from the control sides 5 months postsurgery were not

minimally acceptable for processing. In fact, the control

samples were inconsistent and they appear fragmented,

making their complete analysis impossible. Once again,

the biopsies obtained from PRGF-treated sides were

more mature, which facilitated their histological and

histomorphometrical processing. These determining

factors conditioned the final number of patients

involved in the study and clearly demonstrated that sides
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treated with PRGF from all the patients were in better

conditions and showed regenerated bone compared

with control sides.

From a practical point of view, the surgical proce-

dure was clearly simplified when PRGF technology was

used. As it is shown in Figure 1, the use of PRGF formu-

lations enabled the deposition of the bone window in a

growth factor-rich solution instead of saline solution.

The latter may have implications for the maintenance of

bone viability.10 Additionally, the handling and admin-

istration of bovine anorganic bone were drastically

improved when combined with activated PRGF, and the

sealing of the defect was feasible using the retracted and

hemostatic fibrin membrane.

Interestingly, the inflammation level of both sinuses

was carefully evaluated after the patients referred to an

increased sensation of pain and inflammation in the

control area. Figure 2 illustrates the inflammation level

of both hemiarcades at day 7 postsurgery. The control

area was clearly more inflamed than the area treated

with PRGF technology. Last but not least, patients

referred also to an increased sensation of pain in the

control area.

Histology, Histomorphology, and
Immunohistochemical Examination
Biopsy samples, taken with a trephine hollow drill,

were obtained from both hemiarcades in each of

the patients before implant placement. Results

showed that PRGF-treated samples were denser and

had more new vital bone than the controls (Figure 3).

In fact, in patient number 1, image processing revealed

21.4% new vital bone in the PRGF area versus 8.4%

in the control area. In the case of patient number 2,

results were similar, as 28.4% new vital bone was

quantified in the PRGF area compared with the 8.2%

of the control side. In the rest of the patients (the

three of them were excluded from the study), the per-

centage of new bone ranged from 24 to 30% (data not

shown).

Histomorphometrical analysis showed that, in

the area treated with PRGF, the bovine bone was

Figure 1 Plasma rich in growth factors (PRGF) technology facilitates the procedure of sinus floor elevation. A, The bone window
from the sinus can be placed in liquid PRGF to maintain its viability and functionality. B, PRGF improves the manipulation and
administration of anorganic bone particles into the sinus. C, The bone window is placed in its native position. D, The fibrin
membrane can be used to seal the defect.
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incorporated into the new bone formation (Figure 4).

The bone-like structure was denser and more compact

than in the control area in which the process of bone

regeneration was still immature.

The immunohistochemical processing of the biop-

sies was only successfully performed in one of the

patients because of the inconsistency of the other

control sample. Figure 5 compares the vascularization

degree of the sample treated with PRGF and the

untreated sample. The brown positivity shows the pres-

ence of endothelial cells. The quantification of the

number of blood vessels per square millimeter of con-

nective tissue resulted in 116 vessels in the PRGF sample

versus 7 in the control biopsy.

Finally, Figures 6 and 7 summarize the bilateral

sinus augmentation of both patients involved in the

study in which PRGF technology was used in one lateral

area and was not employed in the contralateral side.

DISCUSSION

The present paper has evaluated the potential of using

PRGF technology in the lateral approach of sinus floor

elevation. To address this issue, a number of bilateral

cases have been evaluated comparing the effects of

PRGF technology (one side) versus not using this bio-

medical approach (the contralateral side). This study

included initially five consecutive patients who under-

went bilateral sinus lift using the previously reported

Figure 2 Plasma rich in growth factors (PRGF) reduce the inflammatory level of the treated side. (A) Illustration of one of the
patients involved in the study. The inflammation is clearly reduced in the side treated with PRGF compared with the control area. (B)
Soft tissue is more inflamed in the control area (right side) than in the PRGF-treated area (left side). Magnifications of the PRGF side
(C) and control side (D).

Figure 3 New bone formation in the control area (in gray) and
plasma rich in growth factors-treated area (in black).
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A B

C D

Figure 4 Histological biopsies of case one (A) for plasma rich in growth factors (PRGF) and (B) for control, and case two (C) for
PRGF and (D) control. Note that the PRGF-treated biopsies have more new bone and are more compact than the controls. Biopsies
are prepared using hematoxylin–eosin and Alcian blue staining. Scale bar in all cases: 500 mm.

A B C

Figure 5 Immunohistochemical examination of vascular presence in case two: bilateral sample treated with plasma rich in growth
factors (PRGF) (A) and untreated (B). The brown positivity shows the presence of endothelial cells. Higher magnification (C)
showing a detailed insight of revascularization in the PRGF-treated sample. A vascular lumen is marked with an asterisk. Note the
new bone (NB) and the bovine hydroxyapatite (HA) after 5 months of healing. In addition, the presence of an osteoclast (arrow) is
also distinguishable. Scale bars: A and B, 250 mm; C, 100 mm.
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approach.3,9 One of the patients was excluded from the

study as the Schneiderian membrane of the control side

was perforated during the surgery. Unfortunately, when

the histological and histomorphometrical evaluation

of the biopsies was carried out, only in two of the cases

the control samples were acceptable for processing. In

general, the control biopsies were inconsistent and they

appear fragmented, making their complete analysis

impossible. Therefore, one important consideration of

this work is that PRGF provided a more mature bone in

only 5 months as all the samples obtained from the five

patients in the PRGF side were successfully processed

and evaluated.

The preliminary data presented here indicate some

potential advantages of PRGF technology that should be

more completely demonstrated in future studies involv-

ing more patients. One of the first advantages of using

this platelet-based preparation is that it facilitates the

protocol and improves the biosafety of the approach.

The former is because of the adhesive properties of the

PRGF scaffold that improve handling and administra-

tion of the bone substitute while avoiding the uncon-

trolled displacement of particular graft materials into

the sinus cavity, especially in the case of Schneiderian

membrane perforation. The latter is mainly because of

the biocompatible and hemostatic properties of the

fibrin membrane.11 This biomaterial can be used as an

autologous sealant agent not only to cover the window

but also in the case of Schneiderian membrane perfora-

tion. It has been reported that perforations of the

Schneiderian membrane represent the major intraop-

erative complication of the lateral approach in sinus

floor augmentation, with an incidence ranging from 20

to 25%.12–14 The use of a patient’s own fibrin membrane

is an excellent option to seal the membrane perforations,

especially when these are small or medium sized.

Another potential advantage of using the plasma-

derived and platelet-derived bioactive molecules present

in PRGF is the capacity to reduce tissue inflammation

after surgery. As it has been observed in both cases, but

also in other patients not included in this study, the

inflammation degree was clearly reduced in the PRGF-

treated area compared with the control side. It has been

observed that platelet products suppress monocyte

Figure 6 Summary of the first patient involved in the study. A, Pretreatment radiographs. B, Level of inflammation in both sides. C
and D, Final radiographs.
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cytokine release and limit inflammation.15 Furthermore,

recent results suggest that platelets cause an initial

suppression of interleukin-1 (IL-1) release from acti-

vated macrophages. The initial suppression of the

inflammatory response could have broad implications

in the explanation of a mechanism by which platelet-

rich products may act as an anti-inflammatory agent.16

In addition to this activity, some reports also indicate

that platelet-based products can exert potent antibacte-

rial effects against Staphylococcus aureus and Escherichia

coli.17

The complete histological and histomorphometrical

evaluation of the biopsies carried out 5 months after

surgery revealed that there was significantly more new

vital bone in the PRGF-treated area than in the control

area. These data suggest a role of PRGF in promoting and

stimulating bone formation. PRGF preparations contain

two to three times the concentration of platelets com-

pared with peripheral blood. Platelets can be considered

as a potential source of multiple autologous growth

factors and proteins, some of which are involved in bone

tissue regeneration.18 For example, platelet-derived

growth factor is a powerful mitogen for connective tissue

cells,19 transforming growth factor-b stimulates

osteoprogenitor cells to proliferate but also blocks in later

stages cell differentiation and mineralization,20 insulin-

like growth factor might promote the late-stage differen-

tiation and activity of osteoblasts, and vascular

endothelial growth factor induces endothelial cell prolif-

eration and migration, thus initiating the angiogenic

response21 and even acts directly on osteoblasts.22

To test this hypothesis, we performed an immuno-

histochemical evaluation of the samples to quantify the

presence of newly formed vessels in each biopsy. Results

indicated that PRGF-treated areas were more vascular-

ized than control sides. This may suggest that PRGF-

secreted bioactive molecules may initiate the sprouting

of blood vessels that will contribute to accelerate the

regeneration of bone tissue. In fact, actually, it is totally

accepted that there exists an intimate connection, both

physically and biochemically, between bone and blood

vessels.22 Inadequate or inappropriate bone vascularity

is also associated with decreased bone formation and

bone mass.23

Figure 7 Summary of the second patient involved in the study. A and B, Pretreatment radiographs. C, Reopening 5 months
postsurgery. D, Final radiograph.
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In the last decade, several methods to prepare

platelet-rich products have been published. This is a

particularly important issue as the different available

techniques yield to substantially different amounts of

platelets, growth factors, and proteins, leading to differ-

ent and sometimes conflicting biological effects. In fact,

in one intraindividual comparison of patients with

bilateral sinus floor augmentation, higher bone regen-

eration was observed in patients treated with platelet-

rich plasma (PRP).24 Similarly, the results of a clinical

trial with 16 patients who underwent bilateral sinus lift

seem to indicate a certain regenerative potential of PRP

when used with autologous bone.18 However, a recent

study showed no positive effects of PRP on bone density

in sinus floor augmentation.25

The technique presented herein is the pioneering

and unique procedure to prepare different 100% autolo-

gous platelet-based formulations with therapeutic

potential.4,5,26 Previous studies have suggested that this

new approach for sinus elevation and implant installa-

tion using PRGF technology can be considered safe,

simple, effective, and predictable.3,9 Although data pre-

sented in this case report should only be considered as

preliminary information, results suggest that from a

practical point of view and in the short-term evaluation,

PRGF may present a role in reducing tissue inflamma-

tion after surgery, increasing new bone formation and

promoting the vascularization of bone tissue.
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