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INTRODUCTION 

The task of restoring the edentulous posterior 
maxilla with an implant-supported prosthesis may 
represent a challenge for the clinician. A major 
reason for this may be the lack of sufficient vertical 

bone height for stable implant placement after tooth 
loss. 

The problem of lack of bone at the posterior 
maxillary area is thought to be the result of two 
simultaneous processes: resorption of the maxillary 
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ABSTRACT
Purpose: To evaluate maxillary sinus and alveolar crest dimensional changes after posterior 

maxillary tooth extraction, using bovine bone graft (Bio-Oss®) and platelet-rich fibrin membrane 
for ridge preservation. 

Patients and methods: Twenty-four patients were selected from those attending outpatient 
clinics of the Department of Oral and Maxillofacial Surgery, Faculty of Dentistry for boys Al-
Azhar University, presented with maxillary posterior molar indicated for extraction. All selected 
patients randomly allocated into two equal groups. Group one is a Study group, extraction one of 
maxillary posterior teeth with application of Bio-Oss® and platelet-rich fibrin membrane for ridge 
preservation. Group two is a Control group, extraction one of maxillary posterior teeth without any 
grafting material. The measurements were performed includes: distance from the bone crest (BC) to 
the sinus floor (SF), distance from SF to the sinus roof (SR) to evaluate maxillary sinus and alveolar 
crest dimensional changes after posterior maxillary tooth extraction in both groups. 

Results: There was statistically significant decrease in alveolar ridge height (BC to SF) 
and significant increase is sinus vertical dimension (SF to SR) for both groups. While there is a 
significant increase of bone quantity in the study group than the control group.  

Conclusion:  It can be concluded that tooth extraction in the posterior maxilla may lead to sinus 
pneumatization and crestal bone loss, using Bio-Oss® and platelet-rich fibrin seemed to reduce 
sinus pneumatization along with minimizing crestal bone resorption. 
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alveolus and pneumatization of the maxillary sinus. 
Alveolar resorption has been shown by many to 
occur after the extraction of a tooth. This resorption 
results in both vertical and horizontal alveolar 
dimension loss intraorally. Beyond intraoral 
resorption, teeth extracted in the posterior maxilla 
may also result in intra-antral resorption via inferior 
expansion of the maxillary sinus (1,2 (. 

Pneumatization of the maxillary sinus is a normal 
physiologic process that results in an increased 
volume of the sinuses during development (3(. 
Reasons why sinus pneumatization takes place 
after growth cessation and following extraction of 
posterior maxillary teeth are poorly understood. 
However, several factors including heredity, bone 
density, previous sinus surgery, and extraction of 
posterior maxillary teeth have been postulated 
as factors that influence the amount of sinus 
pneumatization (4). 

It has been reported that ridge preservation after 
tooth extraction minimizes the bone resorption of 
the socket walls therefore maintaining the anatomic 
shape of the alveolar ridge (5,6). Ridge preservation 
becomes common practice with different grafting 
materials and techniques in different locations 
within both maxillary and mandibular arches (7). 
Many recent studies supported using of bovine 
bone and platelet rich fibrin (PRF) in socket and 
ridge preservation. (8,9). Recent researches also 
have been hypotheses that, if ridge preservation 
acts by limiting the loss in hard tissue volume of 
the alveolus intraorally, it may also inhibit post-
extraction sinus pneumatization. (10,11).   The purpose 
of this study was to evaluate maxillary sinus and 
alveolar crest dimensional changes after posterior 
maxillary tooth extraction, using Bio-Oss® bone 
graft and platelet-rich fibrin membrane for alveolar 
ridge preservation.

MATERIALS AND METHODS

Study Design and Population was selected to 

address the purpose of this research. A prospective 
randomized control study was designed and 
performed. The study population included twenty-
four patients were selected randomly from those 
attending outpatient clinics of the Department of 
Oral and Maxillofacial Surgery, Faculty of Dental 
Medicine, Boys, Cairo, Al-Azhar University. The 
inclusion criteria included: Patients who underwent 
extraction of either of the posterior maxillary 
teeth related to maxillary sinus, free of any sinus 
problems and medically free. The exclusion criteria 
included: Cases of immediate implant placement, 
intra-operative sinus perforation, patients with 
Osseo-metabolic disorder. e.g. rheumatoid arthritis 
and patients with systemically compromised 
situations like uncontrolled diabetes, liver and renal 
disorders, taking steroids or anti-cancer drugs. The 
included patients were randomly divided equally 
and allocated into two groups. Group 1: was the 
study group (12 patients 8 males and 4 females 
ranged in age between 41.0–46.0 years with a mean 
age of 43.83 ± 1.83 years) in which Bio-Oss® bone 
graft and platelet-rich fibrin membrane used for 
ridge preservation after posterior maxillary molar 
extraction. Group 2: was the control group (5 males 
and 7 females ranged in age between 33.0 - 36.0 
years with a mean age 34.50 ± 1.05 years) so, there 
was no any graft used after extraction. 

In accordance with the Declaration of Helsinki, 
written informed consent was taken from all patients, 
and the local ethics review committee of the Faculty 
of Dental Medicine for Boys at Al-Azhar University 
approved the study.

Presurgical preparation:

Extra oral and intra oral examinations were 
carried out for all patients of both groups; hard and 
soft tissue structures were evaluated for detection 
any local signs of inflammation. Oral hygiene 
measures (scaling and root planning). Preoperative 
radiograph:  CBCT was done preoperatively for 
each patient (Fig.1).
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PRF preparation:

The PRF was prepared as described by 
Choukroun et al. (12), 10 ml of the patient’s venous 
blood was drawn and placed in vacuum tube without 
anticoagulant, and was immediately centrifuged 
at 3000 rpm for 10 minutes at room temperature 
(Fig.2). After centrifugation, the PRF clot was 
removed from the tube using sterile tweezer. Then 
the PRF clot was separated from the attached RBC 
base using scissors, then compressed to be used as 
a membrane.

All patients were asked to take a single dose of 

prophylactic antibiotic, one hour before surgery 

(Amoxicillin 875 mg + Clavulanic acid 125mg).

Surgical procedures:

All the patients were anesthetized locally 
with routine buccal and palatal infiltration local 
anesthesia. Atraumatic extraction of the targeted 
tooth was performed. A careful socket debridement 
was performed manually from the bottom of the 
socket up to the gingival margin. In the study 
group: Bio-Oss® bone graft was applied into the 
extraction socket and covered by platelet-rich fibrin 
for ridge preservation. The PRF membrane was 
seated over the graft material and sutured with soft 
tissue margins to act as a barrier membrane and 
assure proper healing (Fig.3&4). In the control 
group: The extraction sockets were left to heal 
spontaneously without any preservation procedure. 

Fig. (1): Preoperative CBCT showing badly decayed maxillary 
second molar to be extracted and its relation to the sinus 
and adjacent structures.

Fig. (2): prepared PRF ready to use.

Fig. (3): Maxillary 1st molar indicated for extraction 
preoperative

Fig. (4) Graft and membrane postoperative  
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Patients were instructed to bite down gently but 
firmly on the gauze packs that have been placed 
over the extraction areas, making sure they remain 
in place and not to change them for the first hour 
unless the bleeding was not controlled, avoid rinsing 
vigorously and hot drinks and stick to soft diet.

Postoperative evaluation:

All patients received analgesics (nonsteroidal 
anti-inflammatory drugs for 3 days) and antibiotics 
for 1 week (amoxicillin plus clavulanic acid). 
Sutures were removed after 7 days and patients 
entered in a follow-up protocol:

Clinical evaluation: Assessment of extraction 
socket healing.

Radiographic evaluation: CBCT (Vatech, 
Korea, Scientific zone Egypt) radiograph was 
taken immediately after operation, and at interval 
three months and then six months after extraction 
for all patients of both groups. All the radiographic 
measurements were performed which included 
identification of landmarks, matching of radiographs 
and measurements as the following: 

·	 Distance from BC to SF in the middle of the 
extraction site (fig. 5) 

·	 Distance from SF to SR in the middle of the 
extraction site (fig. 6).

Statistical evaluation:  F test (ANOVA) with 
repeated measures, Sig. bet. periods were done using 
Post Hoc Test (p:  p value for comparing between 
the studied periods in each group, p1: p value for 
comparing between Immediate and 3 months, p2: 
p value for comparing between Immediate and 
6 months, p3: p value for comparing between 3 
months and 6 months. *: Statistically significant 
at p ≤ 0.05). U: Mann Whitney test also was 
applied for comparing between the studied groups  
(*: Statistically significant at p ≤ 0.0)

RESULTS

When comparing the demographic data of both 
groups, there were statistically non-significant 
difference between the two groups regarding the 
mean of age and gender distributions. Alveolar bone 
resorption which represented by BC-SF (mm) was 
taken place in both groups and showed a significant 
decrease in mean BC- SF (mm) measurements 
from immediate post-operative to 3 and 6 months 
postoperative (9.36 ± 1.54, 8.62 ± 1.44, 8.42 ± 1.39) 
for group 1 and (8.95 ± 1.51, 7.60 ± 1.47, 7.16 ± 
1.77 for group 2) respectively. When comparing the 
immediate, 3 months, and 6 months postextraction 
periods there was a statistically non-significant 
difference in mean BC- SF (mm) in both groups 
(tab.1&2). 

Fig. (5): BC to SF distance measurement. Fig. (6):  SF to SR distance measurement.



THE EFFICACY OF RIDGE PRESERVATION ON MAXILLARY SINUS PNEOMATIZATION (1073)

Regarding the sinus pneumatization measure-
ments which represented by SF-SR (mm): Both 
groups showed a statistically significant increase 
in mean SF-SR (mm) measurements from immedi-
ate post-operative to 3 and 6 months postoperative 
(28.10 ± 1.06, 28.83 ± 1.22, 28.98 ± 1.20) for group 
1 and (27.90 ± 1.79, 29.41 ± 2.14, 29.92 ± 2.48) 
for group 2 respectively. In immediate, 3 months, 
and 6 months postextraction periods there was a sta-
tistically non-significant difference in mean SF-SR 
(mm) in the two groups. (tab.3&4). 

When comparing the change of BC- SF (mm) 

at 3, and 6 months periods, there was a statistically 

significant difference in mean BC- SF (mm) in the 

two groups. Study group showed a less change of 

BC- SF (mm) than control group. Regarding change 

of SF-SR (mm) at 3 and 6 months: there was a 

statistically significant difference in mean SF-SR 

(mm) in the two groups. Study group showed a less 

change of SF-SR (mm) than control group. (tab.5).

TABLE (1): The Mean and SD of BC- SF (mm) in both groups through the study periods.

Groups Time
BC- SF (mm)

Min. Max. Mean ± SD Median
95% CI

LL UL

Study 
(n = 12)

Immediate 8.0 11.30 9.36 ± 1.54 8.79 7.75 10.98
3 months 7.10 10.30 8.62 ± 1.44 8.46 7.11 10.13
6 months 6.90 10.0 8.42 ± 1.39 8.36 6.96 9.88

Control 
(n = 12)

Immediate 7.0 10.0 8.95 ± 1.51 9.86 7.36 10.54
3 months 5.70 8.59 7.60 ± 1.47 8.50 6.05 9.14
6 months 4.90 8.59 7.16 ± 1.77 8.0 5.30 9.02

TABLE (2): Comparison between BC- SF (mm) in both groups through the study periods.  

BC- SF (mm)
F P

Immediate 3 months 6 months

Study 9.36 ± 1.54 8.62 ± 1.44 8.42 ± 1.39 31.924* 0.002*

Sig. bet. grps. p1=0.007*, p2=0.007*, p3=0.008*

Control 8.95 ± 1.51 7.60 ± 1.47 7.16 ± 1.77 102.125* <0.001*

Sig. bet. grps. p1<0.001*, p2<0.001*, p3=0.097

TABLE (3): The Mean and SD of SF -SR (mm) in both groups through the study periods.

Groups Time
SF-SR (mm)

Min. Max. Mean ± SD Median
95% CI

LL UL

Study 
(n = 12)

Immediate 27.90 30.20 28.10 ± 1.06 28.59 27.79 30.00
3 months 28.89 31.40 28.83 ± 1.22 28.20 28.55 31.11
6 months 28.94 31.50 28.98 ± 1.20 28.50 28.72 31.24

Control 
(n = 12)

Immediate 24.81 28.80 27.90 ± 1.79 27.10 25.02 28.78
3 months 26.12 30.90 29.41 ± 2.14 29.20 26.16 30.66
6 months 26.16 31.70 29.92 ± 2.48 29.90 26.32 31.52
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DISCUSSION

After dental extraction, the alveolar bone un-
dergoes a remodeling process resulting in horizon-
tal and vertical reduction of crestal dimensions (13). 
Posterior maxillary ridge resorption and maxillary 
sinus pneumatization after molars extraction may 
lead to inadequate bone volume for dental implants 
insertion and create both functional and esthetic 
problems during prosthetic rehabilitation(1,14). In this 
study alveolar bone resorption and maxillary sinus 
pneumatization has been recorded for both the study 
and control groups through 6 months study period. 

Many surgical solutions are currently in use 
to regenerate an adequate amount of bone in the 
atrophied posterior maxilla, including lateral and 
trans-crestal sinus floor elevation, guided bone 

regeneration, and block grafting (15-17). However, 
all of these options are associated with significant 
rate of complications, increased morbidity, high 
costs, and prolonged time of therapy (18). In the 
attempt to reduce the need for advanced surgical 
procedures and to simplify the treatment plan, 
Alveolar ridge preservation were developed to 
reduce post extraction ridge resorption and decrees 
sinus pneumatization in posterior maxilla. with the 
application of different biomaterials, is the most 
common procedure aiming to control crestal bone 
resorption following dental extractions (5-10). In this 
study the Bio-Oss® bovine bone graft was applied 
into the extraction socket and covered by platelet-
rich fibrin for ridge preservation and it has been 
noticed that it is easy, economic technique without 
any major complications or morbidities.

TABLE (4): Comparison between SF- SR (mm) in both groups through the study periods.   

SF-SR (mm)
F p

Immediate 3 months 6 months

Study 28.10 ± 1.06 28.83 ± 1.22 28.98 ± 1.20 20.765* 0.006*

Sig. bet. groups. p1=0.017*, p2=0.018*, p3=0.080

Control 27.90 ± 1.79 29.41 ± 2.14 29.92 ± 2.48 45.581* <0.001*

Sig. bet. groups. p1=0.002*, p2=0.003*, p3=0.057

TABLE (5): Comparison between the two studied groups according to change of BC- SF and SF-SR.

Change from Immediate to
Study 

(n = 12)
Control 
(n = 12)

U p

BC- SF (mm)

3 months 0.74 ± 0.32 1.36 ± 0.11 0.000* 0.002*

6 months 0.94 ± 0.41 1.79 ± 0.41 4.000* 0.026*

SF- SR (mm)

3 months 0.73 ± 0.49 1.50 ± 0.47 2.000* 0.009*

6 months 0.88 ± 0.58 2.02 ± 0.71 4.000* 0.026*
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The results of this study suggest that ridge 
preservation by using of Bio-Oss® bovine bone 
graft was applied into the extraction socket and 
covered by platelet-rich fibrin after extraction of 
maxillary posterior teeth may reduce the alveolar 
bone resorption and pneumatization normally seen 
in the maxillary sinuses after those teeth extraction. 
From the histologic point of view this due to  new 
bone formation which was encouraged by distinct 
grafts as a result of osteoconduction at the apical 
and the middle part of the socket, while the coronal 
part and  the central portion of the socket was 
discovered to be  primarily occupied by particles of 
graft surrounded by  dense connective tissue, also 
after many months after  Surgery for alveolar ridge 
preservation. Finally, the larger percentage of the 
newly produced bone was discovered at the coronal 
region was of the woven-type, while lamellar-type 
bone has been found predominantly in apical and 
middle area. (19). Regarding change of BC- SF (mm) 
at 3 and 6 months in this study: Sinuses associated 
with sockets that received graft material after 
extraction showed a less change of BC- SF (mm) than 
control group. Regarding change of SF-SR (mm) at 
3 and 6 months: Sinuses associated with sockets 
that received graft material after extraction showed 
a less change of SF-SR (mm) than control group.  
This in agree with previous studies by Cha et al and 
Park et al 11,20. Data presented in this study appear 
to support the notion that significant post extraction 
alveolar bone resorption and sinus pneumatization 
might be reduced via ridge preservation.  

CONCLUSION

Based on the result of this study it was concluded 
that posterior maxillary teeth may lead to alveolar 
crestal bone loss and sinus pneumatization, using 
of bovine bone graft (Bio-Oss®) and platelet-
rich fibrin membrane for ridge preservation after 
extraction of posterior maxillary teeth seemed to 
reduce the sequalae of sinus pneumatization along 
with minimizing alveolar crest bone resorption.

REFERENCES
1.	 Cavalcanti MC, Guirado TE, Sapata VM, Costa C, Pan-

nuti CM, Jung RE, César Neto JB. Maxillary sinus floor 
pneumatization and alveolar ridge resorption after tooth 
loss: a cross-sectional study. Braz Oral Res. 2018; 32:64.

2.	 Keceli HG, Dursun E, Dolgun A, Velasco-Torres M, 
Karaoglulari S, Ghoreishi R, Sinjab K, Sheridan RA, Ku-
bilius M, Tözüm MD, Galindo-Moreno P, Yilmaz HG, 
Wang HL, Juodzbalys G, Tözüm TF. Evaluation of Single 
Tooth Loss to Maxillary Sinus and Surrounding Bone 
Anatomy With Cone-Beam Computed Tomography: A 
Multicenter Study. Implant Dent. 2017; 26:690-9. 

3.	 Whyte A, Boeddinghaus R. The maxillary sinus: physiol-
ogy, development and imaging anatomy. Dentomaxillofac 
Radiol. 2019; 48:205-20.

4.	 Bornstein MM, Ho JKC, Yeung AWK, Tanaka R, Li JQ, 
Jacobs R. A Retrospective Evaluation of Factors Influenc-
ing the Volume of Healthy Maxillary Sinuses Based on 
CBCT Imaging. Int J Periodontics Restorative Dent. 2019 
Mar/Apr;39(2):187-93.

5.	 MacBeth N, Trullenque-Eriksson A, Donos N, Mardas N. 
Clin Oral Implants Res. Hard and soft tissue changes fol-
lowing alveolar ridge preservation: a systematic review. 
2017; 28:982-1004.

6.	 Duong M, Mealey BL, Walker C, Al-Harthi S, Prihoda 
TJ, Huynh-Ba G.Evaluation of healing at molar extraction 
sites with and without ridge preservation: A three-arm his-
tologic analysis. J Periodontol. 2020; 91:74-82

7.	 Majzoub J, Ravida A, Starch-Jensen T, Tattan M, Suárez-
López Del Amo F.The Influence of Different Grafting 
Materials on Alveolar Ridge Preservation: a Systematic 
Review. J Oral Maxillofac Res. 2019; 10:6-19.

8.	 Areewong K, Chantaramungkorn M, Khongkhunthian P. 
Platelet-rich fibrin to preserve alveolar bone sockets fol-
lowing tooth extraction: A randomized controlled trial. 
Clin Implant Dent Relat Res. 2019; 21:1156-63.

9.	 Mayer Y, Ginesin O, Zigdon-Giladi H. Socket preserva-
tion using xenograft does not impair implant primary sta-
bility in sheep: clinical, histological and histomorphomet-
ric study. J Oral Implantol. 2020; 21:19-37.

10.	 Lombardi T, Bernardello F, Berton F, Porrelli D, Rapani 
A, Camurri Piloni A, Fiorillo L, Di Lenarda R, Stacchi 
C. Efficacy of Alveolar Ridge Preservation after Maxil-
lary Molar Extraction in Reducing Crestal Bone Resorp-
tion and Sinus Pneumatization: A Multicenter Prospective 
Case-Control Study. Biomed Res Int. 2018; 4:130-9.



(1076) Mohmmad A.  Shuman and Ahmad A. H. El-Feky. E.D.J. Vol. 67, No. 2

11.	 Cha JK, Song YW, Park SH, Jung RE, Jung UW, Thoma DS. 
Alveolar ridge preservation in the posterior maxilla reduces 
vertical dimensional change: A randomized controlled clini-
cal trial. Clin Oral Implants Res. 2019; 30:515-523.

12.	 Choukroun J, Diss A, Simonpieri A, Girard MO, Schoef-
fler C, Dohan SL, Dohan AJ, Mouhyi J, Dohan DM. 
Platelet-rich fibrin (PRF): a second-generation platelet  
concentrate. Part V: histologic evaluations of PRF effects 
on bone allograft maturation in sinus lift. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod. 2006; 101:299–303.

13.	 Canellas JVDS, da Costa RC, Breves RC, de Oliveira GP, 
Figueredo CMDS, Fischer RG, Thole AA, Medeiros PJD, 
Ritto FG. Tomographic and histomorphometric evaluation 
of socket healing after tooth extraction using leukocyte- and 
platelet-rich fibrin: A randomized, single-blind, controlled 
clinical trial. J Craniomaxillofac Surg. 2020; 48:24-32

14.	 Iorio-Siciliano V, Ramaglia L, Blasi A, Bucci P, Nuzzolo 
P, Riccitiello F, Nicolò M. Dimensional changes follow-
ing alveolar ridge preservation in the posterior area using 
bovine-derived xenografts and collagen membrane com-
pared to spontaneous healing: a 6-month randomized con-
trolled clinical trialClin Oral Investig. 2020; 24:1013-23.

15.	 Wang Q, Li D, Tang ZH. Beijing Da Xue Xue Bao Yi Xue 
Ban. Sinus floor elevation and simultaneous dental im-

plantation: A long term retrospective study of sinus bone 
gain. 2019; 51:925-30.

16.	 Stacchi C, Spinato S, Lombardi T, Bernardello F, Bertoldi 
C, Zaffe D, Nevins M. Minimally Invasive Management 
of Implant-Supported Rehabilitation in the Posterior Max-
illa, Part I. Sinus Floor Elevation: Biologic Principles 
and Materials. Int J Periodontics Restorative Dent. 2020; 
40:85-93.

17.	 Stacchi C, Spinato S, Lombardi T, Bernardello F, Bertoldi 
C, Zaffe D, Nevins M. Minimally Invasive Management 
of Implant-Supported Rehabilitation in the Posterior Max-
illa, Part II. Surgical Techniques and Decision Tree. Int J 
Periodontics Restorative Dent. 2020; 40:95-102.

18.	 Candotto V, Gallusi G, Piva A, Baldoni M, Di Girolamo 
M. Complications in sinus lift. J Biol Regul Homeost 
Agents.  2020; 34:139-42.

19.	 Molly L, Vandromme H, Quirynen M, Schepers E, Ad-
ams JL, van Steenberghe D. Bone formation following 
implantation of bone biomaterials into extraction sites. J 
Periodontol. 2008; 79:1108-15.

20.	 Park SH, Song YW, Sanz-Martín I, Cha JK, Lee JS, Jung 
UW. Clinical benefits of ridge preservation for implant 
placement compared to natural healing in maxillary teeth: 
A retrospective study. J Clin Periodontol. 2020; 47:382-91


