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INTRODUCTION 

Implant dentistry is an every-day practice and 
a common treatment modality to replace missing 
teeth and rehabilitate both completely and partially 
edentulous cases. Since Branemark introduced 
his revolutionary and contemporary concept of 

osseointegration, the dental implant has become an 

integral component of modern dental practice.(1) The 

ambitions, expectations, and success criteria  have 

shown a great shift from just mere osseointegrated 

implants to full esthetic rehabilitation including soft 

tissue management and bone augmentation. 
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ABSTRACT

Background: Restoring posterior maxilla with implants is challenging due to lack of bone 
quantity and quality. 

Objective: Assess the effect of adding platelet rich fibrin (PRF) to bovine bone mineral (Bio 
oss) as sinus graft with simultaneous implant placement.

Patients and methods: Sixteen implants were placed in 16 augmented sinuses divided into two 
groups; the first (study) group sinus augmentation was done using Bio oss and PRF and the second 
(control) group using Bio oss alone. Implant stability and bone density were assessed. 

Results: The sinuses grafted with Bio oss mixed with PRF showed significantly higher bone 
density and implant stability after 6 months.

Conclusion: The use of Bio oss mixed with PRF as a graft materiel in sinus lifting procedure 
is highly superior to Bio oss alone with respect to the implant stability and bone density around the 
implant.

KEY WORDS: PRF, sinus augmentation, implant stability, Osstell ISQ. 
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The ideal candidate for dental implant procedure 
must have sufficient bone volume in both maxillary 
and mandibular ridges to accommodate these 
implants.2 Good bone quality also is an important 
ruling factor in the implant stability and future 
success.3 Unfortunately, many cases present as 
complicated or even deteriorated.  It is obviously 
known that natural resorption occurs after extraction 
that causes deficiency in bone volume, thus 
augmentation of the alveolar ridge before implant 
placement will be needed. 4 Moreover, the posterior 
maxilla has some anatomic limitations such as flat 
palatal vault, inadequate posterior alveolar width, 
and deficient alveolar height. In general, maxillary 
bone is mostly trabecular with less bone density and 
quantity than the premaxilla or mandible. Adjacent 
cortices of compact bone are generally very thin, 
providing minimal strength.2

In the immediate period following maxillary 
posterior teeth extraction, initial decrease in 
alveolar width takes place due to resorption and/or 
loss of buccal bone. Furthermore, continuous bone 
remodeling, absence of periodontal ligament and 
proprioceptive stimulation, loss of bone height and 
density along with increase in antral pneumatization 
lead to more deterioration of the residual bone 
condition. The maxillary sinus pneumatization is 
due to progressive hollowing out of alveolar process 
from the apical aspect mediated by osteoclasts 
and increase in positive intra-antral pressure. In 
such a situation, the residual vertical bone height 
is decreased making standard implant placement 
difficult. 5, 6  

In the past 3 decades, implant dentistry has 
passed through development and innovation in 
adjunctive surgical techniques, biomaterials, and 
grafting materials and techniques to facilitate 
implants placement in complicated situations. In 
the third Millennium, a well-trained operator can 
replace teeth defects usually in most instances for 
an adult individual who is willing to cooperate, 

comply with the treatment plan details, and to 
provide the required financial contribution. Owing 
to such development in surgical techniques, the 
contraindications for implants due to bone volume 
and density deficiency have become little. 5

The sinus lift and augmentation is among the 
most important surgical approaches to help im-
plant insertion in the posterior maxilla. There are 
two main surgical approaches to augment the sinus 
and since their introduction, they have been pre-
dictable as well as reproducible. The Tatum lateral 
sinus approach using a Caldwell-Luc osteotomy is 
historically the first main technique and has been 
developed in the mid-1970s. 7,8 The axial or crestal 
approach via the implant osteotomy itself was first 
developed by Tatum to simplify the procedure with-
out the surgical opening of the sinus cavity.9,10 His 
objective was to use the natural osteogenic capabili-
ties of the Schneiderian membrane to gain the miss-
ing few millimeters of bone around the implant tip. 
Misch first published it in 1987 11 but it became more 
famous after Summers published a similar tech-
nique in 1994 and since then it became popular as 
“Summers Osteotomy”. 12 This approach also helps 
to reduce the grafting volume to the minimum. The 
height of the residual bone between the floor of the 
sinus and the alveolar crest is the key determinant 
factor that dictates the choice of the sinus augmen-
tation approach, either the lateral via Caldwell- Luc 
osteotomy or axial via Summers osteotomy. 8,13,14,15 

Some of the sinus lift approaches involve 
simple minimal elevation of the Schneiderian  
membrane, 16 while others include placement of 
various types of grafts. Many graft materials are 
used to augment the maxillary sinus like autogenous 
bone, allografts, xenografts, bone morphogenetic 
proteins, and alloplastic materials as β-tricalcium 
phosphate or hydroxyapatite. There is consensual 
belief that most of the used materials are efficient for 
such surgery, bearing in mind the high osteogenic 
potential of the Schneiderian membrane being 
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having a periosteum-like behavior. However, the 
choice of certain graft material or combination of 
several ones will influence the waiting period before 
optimum healing and remodeling of the grafted 
area and hence future implant placement and / or 
functional loading.17,18

Choukroun et al in France first described 
Choukroun’s platelet-rich fibrin (PRF) in 2001.19 
This fibrin clot autologous biomaterial releases 
large amounts of growth factors in vitro during, at 
least, seven days such as platelet-derived growth 
factor, vascular endothelial growth factor, and 
transforming growth factor β1.20  PRF applications 
were described in oral and maxillofacial surgery, 
preimplant and implant surgery. 21-25 Moreover, 
PRF proved efficacy when employed in sinus 
augmentation for both lateral and osteotome sinus 
lift approaches. 26,27

Implant stability in the alveolar bone comprises 
two main entities, which interlace with each other. 
The initial primary stability at the time of implant 
insertion and the secondary long-term stability. In 
general, it is a crucial issue for the implant prognosis 
and success. Good primary implant stability is a key 
factor for successful immediate loading. It favors the 
osseointegration since it limits micro-movements 
at the bone-implant interface. Accordingly, most 
studies recommended that poor primary stability 
is an exclusion factor for immediate loading. 28,29 
Several methods had been used to assess implant 
stability however, the most popular of which are the 
reverse-torque or removal torque test, the periotest, 
and resonance frequency analysis (Osstell method). 

29,30 The current study aimed to evaluate the effect 
of adding PRF to the sinus graft material along 
with simultaneous implant insertion on the implant 
stability, bone quality, and the overall outcome. 

PATIENTS AND METHODS

This study took place at the outpatient clinic of 
oral and maxillofacial surgery department, Faculty 

of dentistry, Suez Canal University. 

Patients sampling and study design:

This case series comprised placing sixteen 
implants in grafted sinuses after Schneiderian 
membrane elevation using buccal lateral (Caldwell-
Luc) approach.

 The main inclusion factor was to recruit patients 
with missed maxillary posterior teeth for long 
time with pneumatization of the maxillary sinus 
so that they have crestal bone height of minimum 
5 mm, which was insufficient for routine implant 
placement. This criterion followed the Misch 
subantral (SA) classification and coincided with his 
subantral (SA) option number 3 that would allow 
simultaneous implant placement with good initial 
stability depending on the residual minimum bone 
height. 8  

Exclusion criteria included smoking patients, 
patients with immunologic diseases, uncontrolled 
diabetes mellitus, and patients that had chemo-
therapy or radiotherapy or long term intravenous 
bisphosphonates intake. Other contraindicating sys-
temic conditions affecting bone healing were also 
excluded.

The Sixteen implants were divided randomly 
and equally into two groups:

 Group one (study group): The sinus augmen-
tation was done using a mixture of bovine bone xe-
nograft and PRF.

Group two (control group): The sinus augmen-
tation was done using bovine bone xenograft alone.

Preoperative assessment:

All patients had read and signed an informed 
consent concerning their approval to be enrolled 
in the study protocol. The consent explained 
the study methodology briefly pointing out the 
personal and societal benefits as well as explaining 
the alternatives and potential hazards. Digital 
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panoramic radiographs (OPG) were performed for 
the patients preoperatively to detect if the patient 
needed sinus lift procedure and assess provisionally 
that the residual bone height conformed to our 
inclusion criteria. It was also beneficial to rule out 
any central lesions or pathology involving the sinus. 
The neighboring teeth condition and their relation to 
the edentulous site as well as any root curvatures or 
abnormality that might affect the treatment plan was 
assessed. Cone Beam computerized tomography 
(CBCT) (Scanora 3D, Soredex, Tuusulu, Finland) 
was performed to examine the area of interest. 
We measured bone width and height making sure 
that the selection of the implant size was suitable 
for the residual bone and that the patients had a 
minimum residual height of bone at the edentulous 
area conforming to the Misch SA option number 
3 (Fig. 1, A and B). Clinical assessment and study 
models were done to assess the interarch space, the 
mesiodistal space, the width of the ridge, and the 
mucosal biotype.

Operative procedures

All patients had read and signed an informed 
consent declaring their approval to undergo the 
surgical procedures. The consent explained in 
detail the surgical procedures and their potential 
hazards as well as the alternatives to such surgery. 
The same surgeon, using standardized techniques 

under aseptic conditions, performed all the 
surgical procedures. All surgical procedures were 
carried out under local anesthesia using Articaine 
hydrochloride 4% with 1:100.000 epinephrine  
(Ubistesin forte, 3M ESPE Germany). Anesthesia 
was achieved by buccal infiltration technique for 
the buccal mucoperiostium, maxillary sinus, and 
alveolar bone and palatal infiltration technique for 
the palatal mucosa.

Preparation of Platelet-Rich Fibrin

PRF was prepared twenty minutes before 
starting surgery, 10 mL of venous blood was 
collected in a sterile dry, neutral glass tube without 
an anticoagulant. Centrifugation was performed 
immediately at (3000 rpm) for 10 minutes. The 
platelet-poor plasma, which accumulated at the top 
of the glass tube was discarded. PRF was dissected 
approximately 2 mm below its connection to the 
red corpuscle layer beneath to include remaining 
platelets, which have been proposed to localize 
below the junction between PRF and the red 
corpuscle (Fig. 2, A, and B). 19

Surgical procedures

Incisions were performed and a standard three-
incision line pyramidal flap (trapezoid flap) was 
reflected with a mucoperiosteal elevator.  A surgical 
ruler was used to detect the outline of the buccal 

Fig. 1. A, Photograph showing preoperative digital panoramic radiograph (OPG) B, Photograph showing para-axial cut of 
preoperative CBCT to detect bone width and height at the area of interest.
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window and its position from the alveolar crest. A 
large round diamond bur mounted on a low speed 
high torque straight hand piece was used to create 
the buccal window under copious saline irrigation. 
Sinus membrane was elevated cautiously using Ace 
sinus elevators (Ace surgical supply Co. USA). 
Implant preparation osteotomy was performed 
according to the manufacturer directions. Platelet 
rich fibrin, prepared prior to the surgery, was mixed 
with bovine bone xenograft (Bio oss, Geistlich 
Pharma AG, Wolhusen Switzerland) (Fig. 3, A 
and B). In the study group cases, this mixture was 
gently packed as sinus grafting material inside 
the previously elevated sinus cavity,  right next to 
the elevated membrane on the medial side of the 
proposed implant position. Osstem implant (Osstem 

Implant Co., Ltd. South Korea) with suitable 
diameter and length according to residual bone 
was then placed in the desired previously prepared 
position (Fig. 4). Afterwards, the graft material was 
gently packed on the lateral aspect of the implant 
to fill the whole osteotomy window. In the control 
group, bovine xenograft (Bio oss) was packed alone 
in the sinus and then the packing pattern and implant 
placement continued entirely similar to that of the 
study group.

Two cases in the study group had an accidental 
minor tear in the Schneiderian membrane during 
elevation and was dealt with promptly. A portion 
of the prepared PRF was compressed between two 
sterile glass slabs and used as a membrane to cover 

Fig. 2. A, A diagram showing the three layers after centrifugation with the PRF layer in the middle and a poor platelet plasma 
(PPP) above and red corpuscles beneath. B, A clinical photograph showing the glass tube with the PRF layer in before its 
dissection from the red cell corpuscles beneath.

Fig. 3. A, Clinical photograph showing PRF after separation kept in a sterile glass container. B, A clinical photograph showing 
bovine bone graft mixed with PRF. 
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the membrane tear site. One case in the control group 
had the same membrane tear while proceeding with 
the elevation. We used an absorbable lyophilized 
collagen membrane (Biocollagen, Bioteck, Vicenza, 
Italy) to cover the tear and allow packing of bone 
graft. The wounds were closed with absorbable 
polyglycolic acid suture (Egysorb, Taisier-med, 
Egypt). The patients were asked to keep biting on a 
sterile gauze pack for one hour postoperatively.

The appropriate postoperative instructions 
regarding the postoperative sequelae as pain and 
swelling was explained to the patients and given 
also in printed form to ensure their compliance and 
safety. The sinus protection instructions to prevent 
any changes in the intra-antral pressure by avoiding 
whistling, blowing, using a straw, sneezing and/or 
nose blowing were all explained to the patients and 
printed also as well.

The appropriate postoperative drugs were 
prescribed for all patients. The antibiotic, Amoxicillin 
trihydrate 875mg + Clavulanate potassium 125mg  

(Augmentin 1gm, Medical Union Pharmaceuticals, 
MUP,  Egypt for GlaxoSmithKline pharmaceuticals 
Ltd., GSK, London, UK) was recommended twice 
daily orally for one week.  The analgesic and anti-
inflammatory Ibuprofen (Brufen 400 mg, El Kahira/
ABBOTT, Egypt) was prescribed three times a day 

orally for 5 days. Alpha Chymotrypsin 5 mg (Amoun 
Pharmaceutical Co., Egypt/ Leurquin, France) was 
prescribed once daily for three days.  Xylometazoline 
Hydrochloride 0.1% (Otrivine Adult Nasal Drops 
0.1 %, GlaxoSmithKline Consumer Healthcare, 
UK) was prescribed three times  daily for 3-5 days.

Postoperative assessment:

Digital panoramic radiograph was taken for 
each patient one day postoperatively to assess the 
surgical procedure (Fig. 5). Each patient returned 
for clinical follow up once weekly for three weeks 
postoperatively. CBCT was used for assessment 
of bone density around the implants after 4 and 6 
months postoperatively and the CBCT software was 
used to detect the bone density around the imlpant 
(Figs. 6-9). The implant stability was assessed using 
Osstell ISQ device (Integration Diagnostics Ltd. 
Company, Sävedalen, Sweden) immediately after 
implant insertion, after 4 months, and 6 months 
postoperatively. The abutment placement decision 
was based on the Osstell readings. When the 
reading was 70 or more, the abutment was placed 
and proceeding with finishing the temporary or the 
final prosthesis was carried out (Figs. 10-13).

The data collected from the bone density 
measurements and the Osstell readings as well as 

Fig. (4) A clinical photograph showing the implant in position 
extending in the sinus cavity surrounded by a mixture 
of PRF and bovine bone (Bio oss).

Fig. (5) Photograph showing postoperative digital panoramic 
radiograph revealing the implant in good alignment 
inside the grafted sinus.
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Fig. (6) Photograph of para-axial CBCT cut at 4 months 
postoperatively showing bone graft healing around the 
implant.

Fig. (8) Photograph showing CBCT software application to 
detect bone density around the implant in the newly 
formed bone.

Fig. (10) Clinical photograph showing the smart peg in place, 
attached to the implant, and the Osstell ISQ device 
probe placed near to it to assess the implant stability. 

Fig. (7) Photograph showing CBCT software to detect bone 
density

Fig. (9) Photograph of para-axial cut CBCT at 6 months 
postoperatively showing bone around the implant 
filling the augmented sinus and the abutment attached 
to the implant. 

Fig. (11) Clinical photograph showing Osstell ISQ device 
reading for a case from the study group.
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the clinical and personal data was saved, tabulated, 
and statistically tested.

RESULTS

Sixteen implants were inserted in 16 patients in 
the current study to detect the efficacy of Platelet 
Rich Fibrin (PRF) when mixed with the graft 
material during sinus lift with simultaneous implant 
placement. The cases were divided randomly and 
equally into two groups; a study group (that received 
PRF mixed with bovine bone) and a control group 
(that received bovine bone only).                                              

The mean age of the cases among the study 
group was 40.3 years old and that among the 
control group was 40.1 years with an overall mean 
of 40.2 years for the entire sample. Regarding the 
gender, 37.5% of the cases among the study group 
were males while 62.5% were females, whereas, 
among the control group, males and females were 
equally distributed. The majority of the cases were 
females with a percentage of 56.3% (Table 1). The 
differences between the research groups in both age 
and gender were not statistically significant.                                                         

The clinical assessment showed almost 
uneventful healing for most of the cases. The edema 
subsided after three days for all cases except for 

two.  Those were from the control group and had 
edema that lasted for five days. The cases that had 
accidental tear in the Schneiderian membrane had 
no postoperative complications during the various 
follow up sessions. Wound dehiscence was observed 
in two cases only in the control group and they had 
a secondary healing closure later at the third week 
postoperatively with meticulous care for the oral 
hygiene.           

The values of mean bone density among the 
study group when measured at 4 and 6 months 
postoperatively were 311.2 HU and 553.1 HU 
respectively. Moreover, the increase in the density 
values was statistically significant (Table 2)

The values of mean bone density among the 
control group when measured at 4 and 6 months 
postoperatively were 319.9 HU and 398.8 HU 
respectively. However, the difference in the density 
values was not statistically significant (Table 3)

On comparing both groups, the difference 
between the bone density values at 4 months 
postoperatively was in favor of the control group 
however, this was not statistically significant. On 
the other hand,   the mean bone density of the study 
group was much higher than that of the control 
group at 6 months postoperatively. Moreover, that 

Fig. (12) Clinical photograph showing the abutment attached 
to the implant with surrounding good gingival healing.

Fig. (13) Clinical photograph showing porcelain fused to metal 
final prosethsis after cementation. 
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TABLE (1): Frequency distribution of the studied subjects according to their personal data (N=16):  

Variable
No.

Study group (n=8) Control group (n=8) TOTAL
P-value

% No. % No. %

Age 
Mean ± SD 40.38 ± 3.6 40.13 ± 2.9 40.25 ± 3.2

0.672 (*)

Min - Max 35 – 46 36 – 45 35 – 46 

Gender 
Male 3 37.5% 4 50% 7 43.8%

0.614 (*)

Female 5 62.5% 4 50% 9 56.3%

(*) Not statistically significant, using Chi square t-test.

TABLE (2): Frequency distribution of the studied subjects among the study group according to the change 
in the mean bone density (N=8)

Variable 4 month measurement 6 month measurement P-value

Measurement 
Mean ± SD 311.2± 39.56 553.1±100.1

0.001(*)

Min – Max 260.77– 372.73 403.72 – 671.3

(*) Statistically significant, using ANOVA test.

TABLE (3): Frequency distribution of the studied subjects among the Control group according to the change 
in the mean bone density (N=8):

Variable 4 month measurement 6 month measurement P-value

Measurement 
Mean ± SD 319.9± 68.2 398.8±64

0.702(*)

Min – Max 238.47– 430.16 324.61– 498.31

(*)Not statistically significant, using ANOVA test.

TABLE (4): Frequency distribution of the studied subjects between both groups according to the change in 
the mean bone density at the different stages of assessment (N=8):

Variable Study group Control group P-value

4 months measurement 
Mean ± SD 311.2 ± 39.56 319.9 ± 68.2

0.332(*)

Min – Max 260.77 – 372.73 403.72 – 671.3

6 months measurement
Mean ± SD 553.1 ± 100.1 398.8 ± 64

0.04(**)

Min – Max 403.72 – 671.3 324.61 – 498.3

(*)Not statistically significant, using ANOVA test.        (**) Statistically significant, using ANOVA test.
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difference was found to be statistically significant 
(Table 4. Fig. 14). 

The mean implant stability quotient (ISQ) 
among the study group was measured immediately 
after implant insertion, after 4 months, and 6 months 
postoperatively. The values were 65, 70, and 74 re-

spectively. After 6 months, all implants reached the 
desired value for loading (70 ISQ) and were loaded.  
The increase in the ISQ was significant (Table 5).

The mean implant stability quotient (ISQ) among 
the control group was measured immediately after 
implant insertion, after 4 months, and then 6 months 
postoperatively. The values were 64, 66, and 67 
respectively. No implant reached the loading eligible 
value so the loading was delayed. The difference 
between values at various assessment sessions was 
not found statistically significant. (Table 6).

On comparing the ISQ values between both 
groups, the difference between the mean ISQ 
immediately after implant insertion was not 
statistically significant. Likewise, the difference 
between both groups at 4 months postoperative 
assessment was not significant also although the 
study group showed higher mean value. However, 
at the 6 months postoperative assessment session 

TABLE (5): Frequency distribution of the studied subjects among the study group according to the change 
in the mean implant stability quotient (ISQ) (N=8): 

Variable
Immediate  

measurement
4 month 

measurement 
6 month 

measurement  
P-value

Measurement
Mean ± SD 65± 2.9 70±0.7 74±0.6

0.003(*)

Min - Max 61– 69 69 – 71 71 – 78

(*)Statistically significant, using Chi square t-test.

TABLE (6): Frequency distribution of the studied subjects among the control group according to the change 
in the mean implant stability quotient (ISQ) (N=8):

Variable
Immediate  

measurement
4 month 

measurement 
6 month 

measurement  
P-value

Measurement
Mean ± SD 64 ± 4.1 66±3.1 67±2.2

0.302 (*)

Min - Max 56– 68 60 – 69 63 – 69

(*)Not statistically significant, using Chi square t-test.

Fig. (14) Graphical representation of the change in bone density 
in both groups throughout the postoperative assessment 
sessions.
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the study group also showed higher ISQ mean value 
and the difference between both groups was found 
statistically significant (Table 7. Fig. 15).

DISCUSSION

The current study aimed to evaluate the effect of 
adding PRF to the sinus graft material on the osseo-
integration outcome as assessed via implant stabil-
ity (ISQ value) and bone density. Sixteen implants 
were inserted in a 5 mm minimum height of bone si-
multaneously with sinus augmentation fulfilling the 

Misch SA option number 3. 8 The rationale for such 
choice was to minimize the healing and rehabilita-
tion time as the implants would osseointegrate with 
the graft maturation. The presence of the implants 
projecting into the sinus cavity helps to keep the 
Schneiderian membrane up to an adequate height 
acting as tent pegs. This supports the graft material 
holding enough room for the newly formed bone to 
occupy.31 Besides, the implant osteotomy performed 
in the residual bone at the sinus floor elicits regional 
acceleratory phenomenon that involves intense lo-
calized bone modeling and remodeling to help post-
operative healing. 32,33

We used the CBCT in the present study to detect 
the bone density around the implants after 4 and 6 
months postoperatively. OPG was used immediately 
after the procedure to check the position and the 
angulation of the implant and the overall outcome 
of the sinus augmentation. We did not use the 
CBCT postoperatively to avoid false density values 
about the augmented sinus, as it was to give the 
density of the bone graft material and not the newly 
formed bone around the implants. Besides, ethical 
obligation to avoid subjecting the patients to four 
CBCT examinations within a period of 6 months 
particularly if the immediate postoperative was 
not valid as a measurement tool. Thus, OPG was 
performed to decrease the x-ray dose to the patients. 

Fig. (15) Graphical representation of the increase in mean 
implant stability quotient (ISQ) among both the study 
and the control groups throughout the whole study.  

TABLE (7): Frequency distribution of the studied subjects between Both groups according to the change in 
the mean implant stability quotient (ISQ) at the different stages of assessment (N=8):     

Variable Study group Control group P-value

Immediate 
Mean ± SD 65 ± 2.9 64 ± 4.1

0.402(*)

Min – Max 61– 69 56 – 68

4 months measurement 
Mean ± SD 70 ± 0.7 66 ± 3.1

0.261(*)

Min – Max 69 – 71 60 – 69

6 months measurement
Mean ± SD 74 ± 0.6 67 ± 2.2

0.003(**)

Min – Max 71 – 78 63 – 69

(*)Not statistically significant, using ANOVA test.       (**) Statistically significant, using ANOVA test.                                                            
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The edentulous maxillary posterior region is a 
great challenge to rehabilitate with dental implants. 
This area has the poorest bone quality in the oral 
cavity with almost 50 % D3 bone and 40% D4. 
In D4 bone, the implant-bone contact is the least 
compared to higher bone densities. Bearing in 
mind the high masticatory stresses in the premolar 
molar area, the load directed to an implant in such 
weak bone will not be confined to the crest only but 
will likely extend farther toward the implant apex 
leading to bone resorption. Furthermore, the lack of 
cortical bone on the crest weakens the initial implant 
stability besides loss of bone volume rapidly after 
extraction due to maxillary sinus pneumatization 
and bone resorption.3,34 Such challenges necessitates 
the application of suitable osteotomy techniques, 
bone augmentation modalities, and appropriate 
reliable biomaterials to improve the bone quality, 
implant stability, and long term survival. 

The primary implant stability is the outcome of 
several interacting factors. Those are the surgical 
osteotomy technique employed, bone density, 
and implant design and surface treatment.29,35 The 
osteotomy technique has an impact on both bone 
quality and quantity around dental impalnts.36 Bone 
density is indicative of bone quality and has been 
assessed in the current study by CBCT. Assessing 
the implant stability, in a quantified manner, 
in research had been tried using reverse torque 
testing. This method is invasive and can jeopardize 
the bone-implant interface and hence destroy 
osseointrgration. It could be only useful at the 
time of insertion but not later so it is not clinically 
reliable.29 The Periotest system designed to measure 
tooth mobility was used as a quantitative method 
to assess implant stability. However, this technique 
was found sensitive to a wide range of factors such 
as device tip placement angle, pillar height, and the 
metallic tip-implant distance.30 Meredith described 
the resonance frequency analysis or Osstell 
method as a noninvasive clinical modality to detect 
implant stability.37 Over the last decade, several 

generations of this device have been developed 
for implant stability measurement and had gained 
more popularity.28,29 However, the method involves 
a device and smart pegs to be attached to the tested 
implants. Those pegs also add to the cost, as they 
are not reusable or amenable to sterilization. The 
reproducibility and reliability of Osstell ISQ had 
been tested and well proven.38 Thus, it was the device 
of choice in our study for monitoring stability.

Wallace and Forum performed a systematic 
review to investigate the effect of sinus augmentation 
on the survival of dental implants. According to 
that study, some authors advocated that the lateral 
osteotomy window of the maxillary sinus should 
be protected with a membrane (such as collagen 
membranes) to avoid what they called invagination 
of the mucogingival tissues. Moreover, they added 
that a logical explanation for such phenomenon was 
that the sinus cavity, after removal of the cortical 
lateral wall, must be protected with a barrier like 
a guided bone regeneration area. In a case series 
among the investigated, PRF membranes were 
utilized as the only external protection membrane 
for the sinuses. The radiographic follow up of such 
case series did not show any invagination. The 
results seemed to point out that PRF membranes 
were capable of protecting the sinus-augmented 
area.13 In our study, PRF membrane could not be 
placed in the control group to avoid violating its 
reliability as control with absence of PRF as the 
controlled variable. In the study group, we relied on 
presence of the PRF as an integral part of the graft. 

Tarnow et al investigated bilateral sinus 
augmentation with or without barrier membrane in 
12 patients. They concluded that barrier placement 
increased vital bone formation and had a positive 
effect on implant survival. They also recommended 
that barrier placement should be considered for 
all sinus elevations.39 Tawil and Mawla placed 
61 implants in 30 sinuses augmented with Bio 
oss with or without concomitant use of collagen 
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barrier (Bio-gide). They performed that via lateral 
osteotomy approach and followed up the patients 
for an average of 22.4 months. They concluded 
that membrane coverage of the osteotomy site led 
to improvement of the graft healing quality and 
the survival rate of the implants that were loaded 
6 to 9 months after insertion.40 The current study 
methodology and findings are contradicting to 
the hypothesis of the necessity of using a barrier 
membrane over the lateral osteotomy. The use 
of membrane could have added to cost as well as 
adding another control variable. The clinical and 
radiographic follow up findings of our study had 
shown normal buccal cortical plate contour and no 
mucogingival invagination. Tawil and Mawla had 
placed more than one implant in each augmented 
sinus so this might be an indication for membrane 
barrier, when performing larger osteotomy.40 We 
believe that single implant lateral sinus osteotomy 
does not necessitate placing a barrier membrane and 
if needed, PRF membrane would be sufficient.

Choukroun et al conducted a histologic 
assessment of the effect of adding PRF to freeze-
dried bone allograft (FDBA) on sinus graft 
maturation.26 They concluded that adding PRF to 
FDBA in sinus augmentation led to healing time 
reduction prior to implant placement. Furthermore, 
from a histologic perspective, they added that 
healing time could be reduced to 4 months. Diss et 
al performed a pilot study in which they placed 35 
implants in osteotome sinus elevation using PRF 
as the sole graft material.27 They followed up the 
cases for one year and the survival rate was 97.1 % 
(1 implant loss). They concluded that PRF helped 
endosinus bone formation and after 1 year, new 
recognizable bone was verified radiographically. 
Furthermore, they found that a healing time of 2-3 
months was sufficient to resist the torque applied 
during abutment tightening (25 N.cm). The results 
of the current study were quite similar to these 
findings. The addition of PRF to the Bio oss bovine 
bone in sinus augmentation led to significantly 

higher values of implant stability as well as bone 
density at 6 months postoperatively. Accordingly, 
all the implants of study group were loaded after 
six months as they showed ISQ values more than 
70.  Whereas  the loading of all the implants in the 
control group was delayed for up to ten months 
to reach the eligible ISQ. The survival rate after 
10 months was 100%. These findings were likely 
attributed to the ability of PRF to enhance the bone 
maturation. 

Two cases in the study group had small tear of 
the membrane during the lifting procedure, PRF 
membrane was used to cover the tear successfully. 
The management of the tear with PRF was simple 
and economic. One case in the control group had 
small membrane tear and collagen membrane was 
used to manage it. The collagen membrane was 
more technique sensitive in use and was obviously 
more expensive. The PRF membrane may improve 
the healing of a Schneiderian membrane and stim-
ulate its periosteum-like behavior and perhaps in-
crease or stabilize the bone volume around the im-
plant end.41-43

From the practical point of view, PRF addition 
to the Bio oss for sinus augmentation is cost 
effective via reducing the amount of xenograft 
used. Likewise, the use of PRF membrane on a 
Schneiderian membrane tear or as a barrier over 
the lateral osteotomy window is a very simple, 
economic, and biologic protection that can be used 
as a daily practice. Thus, it has been concluded that 
PRF addition to the sinus augmentation is more 
superior due to its bone maturation enhancing 
ability that resulted in higher implant stability and 
bone density and reduced loading time.
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