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ABSTRACT

Purpose: Dental rehabilitation of partially or totally edentulous patients with dental implants 
has become a routine treatment in the last decades. However, unsuitable local conditions of the 
alveolar ridge, due to atrophy, gingival disease, and trauma sequelae, may provide inadequate bone 
volume or unfavorable vertical, horizontal, and sagittal intermaxillary relationships, which may 
render dental implant placement impossible or incorrect from a functional and esthetic viewpoint. 
Different bone graft materials have been used for sinus augmentation. 

Aim: The aim of the study was to evaluate bone quality and quantity by using bovine xenograft 
versus β-TCP in open maxillary sinus augmentation. 

Patients and methods: A total of 12 sinus (in 12 patients) were randomly divided into 2 groups. 
For group A patients received open sinus augmentation with xenograft (Tutobone) while patients in 
group B received open sinus augmentation with β-TCP. After 6 months, a second cone beam C.T 
was performed for each patient and compared to the first cone beam to evaluate bone quantity. A 
core biopsy was taken at the time of implant placement at 6 month of healing period for histological 
and histomorphometric evaluation of bone quality. 

Results: Histological results showed that most of the particles of the two biomaterials were 
surrounded by new bone. The histomorphometry showed characteristics of new bone formation 
around the grafted particles in both groups.

Conclusion: β-TCP showed superior bone quality and quantity compared to bovine xenograft 
for sinus augementation.
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INTRODUCTION 

The maxillary posterior edentulous region 
presents a challenging condition in implant dentistry 
when compared to other areas of the mouth as 
the process of ridge resorption is bidirectional 
(1). The loss of upper posterior teeth results in an 
initial reduction in bone width at the expense of 
the labial bony plate at a more rapid rate than any 
other regions of the jaws. This is associated with 
remarkable vertical bone loss cause by maxillary 
sinus pneumatization.  The resorption process is 
accelerated by the loss of vascularization of alveolar 
bone and the existing fine trabecular bone type (2, 3).

Reconstruction of posterior maxillary bone 
volume has been achieved by different procedures 
such as onlay grafts, Le Fort I osteotomies and sinus 
lift (4-6) surgeries. Maxillary sinus augmentation is 
considered one of the most useful procedures for 
augmenting bone in the posterior maxilla. It was 
first presented by Tatum in the mid-1970s. (7, 8).

An ideal maxillary sinus bone grafting material 
should provide osteoinduction, osteoconduction and 
volume stability (9, 10). Autogenous bone represented 
for years the gold standard in bone grafting 
procedures for its osteogenic, osteoinductive and 
osteoconductive properties.  On the other hand, 
its availability is limited by the little amount of 
intra oral graft sites, unpredictable resorption and 
the morbidity due to the need of a double surgical 
site. This has prompted the researchers to develop 
alternative procedures using bone substitutes (11- 14).

Different grafting materials (as xenograft 
and alloplast) are have always been studied as an 
alternative for autogenous bone in maxillary sinus 
floor augmentation procedures. In this type of 
surgery, it should always be a priority to reduce 
patient morbidity to a minimum. Moreover, bone 
substitutes are potentially available in unlimited 
amounts, in different sizes and shapes. (15, 16). 

Xenograft materials have been widely used 
in maxillary sinus lifting. They are derived from 
animals of various species (mostly from bovine 

origin). Anorganic bovine bone is one of the most 
widely used xenografts because of its similarity 
to human. It shows high biocompatibility, 
osteoconductivity and volumetric stability when 
used in sinus floor augmentation procedures (17, 18).

On the other hand, it has been suggested that the 
use of demineralized bone or that of bovine origin 
leads to ethical problems due to the theoretical risk 
of cross infection transmission. For this reason, 
different osteoconductive synthetic materials have 
been developed.(19-21)  Much researches has been 
dedicated to bone alternatives, including the purely 
synthetic materials such as the calcium phosphates, 
the hydroxyapatites, the tricalcium phosphates 
(TCPs) (α - and β-TCP).(22, 23) Some of the calcium 
phosphates, such as the hydroxyapatites are non-
resorbable or partially resorbable, while the β-TCP 
is resorbable. The use of resorbable materials is 
preferred since they will be in the long term replaced 
by bone, which is able to adapt to the loads it is 
exposed to. (24)

Tricalcium phosphate [Ca3(PO4)
2], a synthetic 

bone-promoting biomaterial, has been applied and 
investigated as a biodegradable bone replacement 
for repair of different shapes and sizes of bone 
defects, due to its good biocompatibility and 
osteointegrative property.(25) It is generally 
considered that TCP is highly osteoconductive but not  
osteoinductive.(26-30) As it allows osteoprogenitor 
cells to grow on its surface or into its porosity and 
differentiate into osteoblasts, thus bringing about 
bone deposition.(31) Moreover, it has been suggested 
that the graft material should be impregnated with 
the patient’s blood. It has been demonstrated that 
the β-TCP crystals can preserve the integrity of 
blood cells and, hereby, the graft can gain some 
osteoinductive properties. (32)

The aim of this study was to evaluate bone quality 
and quantity by using different graft materials for 
maxillary sinus augmentation histologically and 
histomorphometrically.
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PATIENTS AND METHODES

Study Design

This was a randomized controlled clinical trial 
conducted on 12 maxillary sinuses in 12 patients. 
The sinus was randomly dived into 2 groups 
according to the graft materials. Group A received 
sinus augmentation with xenograft (Tutobone, RTI 
BiologicsTM Tutogen medical GmbH, Germany) and 
Group B received sinus augmentation with β-TCP 
(Bioresorb classic – Herrlichkeit 4.28199 Bermen 
- Germany). The sudy was conducted in Faculty of 
Dentistry, Cairo University.

The Ethics Committee of the Faculty of 
Dentistry, Cairo University approved the protocol, 
and a detailed informed written consent including 
the details of surgery and the possible complications 
was obtained from all patients. 

Eligibility Criteria

The selected patients had missing posterior 
maxillary teeth with insufficient available bone 
height (less than 5mm in bone height) for implant 
placement indicating the need for maxillary sinus 
floor augmentation before implantation. 

The patients included in the study fulfilled the 
following criteria: 

·	 Patients with missing posterior bilateral 
maxillary teeth with insufficient available bone 
for implant placement indicating the need for 
maxillary sinus floor augmentation before 
implantation.

·	 Patients should be free from any systemic 
disease that may affect normal healing of bone, 
and predictable outcome.

·	 Normal complete blood count (CBC).

·	 Patients should be free from any sinus disease 
that might affect the health and integrity of the 
sinus lining.

·	 Non-smokers.

Randomization

The patients were allocated randomly in the two 
groups using allocation ratio 1:1. The randomization 
was performed using 12 opaque envelopes, 6 for 
group A and 6 for group B. 

Preoperative Preparation

At the initial visit, all patients underwent a 
clinical and occlusal examination and digital 
panoramic radiographs were obtained to determine 
the residual alveolar bone height. It also helps for 
detection of any remaining roots or bony pathoses 
in the posterior maxillary region. Maxillary sinus 
was examined for any opacities or prominent sinus 
septa.

A total of 26 implants were inserted in the 
augmented sites. There were 6 specimens evaluated 
for each biomaterial. A total of 12 specimens were 
retrieved and evaluated.

Surgical method

Immediately before surgery the patient was 
allowed to rinse with Chlorohexidine Gluconate 
0.1% mouth wash (Antiseptol, Kahira Pharma 
Co, Cairo, Egypt.). All surgical procedures were 
performed under local anesthesia (Articane 4 % 
with 1: 100 000 epinephrine, UbistesinTM forte, 3M 
ESPE, Germany.) using maxillary nerve block with 
buccal infiltration. Maxillary sinus floor elevation 
was performed using lateral window technique. A 
mucosal crestal incision was performed with anterior 
releasing incisions and a full-thickness flap was 
reflected to expose the lateral wall of the sinus. A 
round diamond bur (sinus bur) was used to delineate 
the outline of the antrum on the lateral wall of the 
maxilla. Once the outline was completed, special 
elevators (surgical sinus freers) were used to gently 
push the sinus membrane inward. As the dissection 
continued, the membrane was elevated from the 
floor, lateral wall, medial wall and anteroposteriorly 
to provide a large compartment for graft placement. 
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The grafting materials packed in the sinus cavity 
under the lifted membrane especially in the posterior 
and anterior parts and a resorbable collagen 
membrane (Biocollagen, Bioteck, Italy) was 
positioned to cover the graft material and the lateral 
window. The mucoperiosteal flap was repositioned 
and sutured with 000 vicryl suture material. 

For group A, the Bovine xenograft (Tutobone, 
RTI BiologicsTM Tutogen medical GmbH, Germany) 
packed in the sinus cavity under the lifted membrane 
especially in the posterior and anterior parts. For 
group B, the β-TCP (Bioresorb classic – Herrlichkeit 
4.28199 Bermen - Germany) packed in the sinus 
cavity under the lifted membrane especially in the 
posterior and anterior parts. Postoperatively, the 
patients were instructed to use extraoral ice packs 
for the first postoperative six hours. Non-steroidal 
anti-inflammatory analgesic (Diclofenac potassium 
50mg, Catafast 50 mg tablets, Novartis Pharma 
AG, Cairo, Egypt.) was prescribed three times daily 
for three days. Antibiotic (clindamycin 300 mg, 
Clindam 300 mg capsules, Sigma pharmaceutical 
industries, Egypt) was prescribed three times daily 
for five days. The mouth wash was started 24 hours 
after surgery 3 times a day for 1 week. 

The patients instructed to avoid creation of 
negative pressure as blowing the nose, suckling 
through a straw, and sneezing (if it occurs, should 
be done with the mouth open). All patients were 
recalled 1 week; 1, 3, and 6 months postoperatively 
for clinical evaluation. The clinical evaluation 
included assessment of complications during 
surgery and postoperative healing (inflammation 
and wound dehiscence). Postoperative cone beam 
CT radiographs were taken for every patient 1 week 
(T0) and 6 months (T6) postoperatively (Figures 
1 and 2). The radiographs were made with the 
same machine and same exposure parameters 

(Scanora3D, Sorredex- Finland, 15mA, 85 KV.). 
Image reconstruction was performed using special 
software (Ondemand 3D version 1.0.9, Cybermed, 

Korea.). Radiographic evaluation was focused on 
bone quantity. 

Alveolar crest, original sinus floor and grafted 
sinus floor were traced and the following measures 
were recorded in T0 and T6: 

·	 Residual bone height (R): The distance from the 
marginal bone crest to the original sinus floor.

·	 Bone graft height (G): The distance from the 
original sinus floor to the new sinus floor.

·	 Total bone height (H): The distance from the 
marginal bone crest to the new sinus floor.

·	 Bone loss (L): The difference between graft 
height at immediate and 6-month radiographs 
(G0-G6).

·	 The Percentage of bone loss (L%): The 
percentage of the bone loss (L) to the bone 
height of the graft (G0). 

After a healing period of 6 months, a core biopsy 
was taken from each sinus and an implant with the 
suitable length and diameter was selected according 
to the previous radiographic examination. 

A trephine bur with 3 mm internal diameter was 
used to obtain a core biopsy from the previously 
grafted site according to the surgical stent (Figure 
3). The bone biopsy was then separated and kept in 
a labeled bottle containing a preservative. After 4 
months, the final impressions were obtained and the 
definitive ceramometal restorations were fabricated 
and delivered to the patient.

 Specimen Processing 

Each core bone biopsy contained both the 
grafted area and the native alveolar crest of the 
maxillary sinus floor. Biopsy samples were fixed 
in 10% buffered formalin and sent for histological 
examination. Decalcification of the specimen was 
obtained by suspension in EDTA 10% solution for 
one week with regular renewal of the solution daily. 
After the decalcification, the specimen dehydrated 
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Fig. (1): Cone beam CT 1 week postoperatively

Fig. (2): Cone beam CT 6 months postoperatively
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by using ascending alcohol, followed by clearing 
in xylol. Then the specimen was embedded in 
paraffin wax to form a block. The paraffin block 
was sectioned using a microtome into thin paraffin 
sections, each of approximately 5 microns thick.  
Sections were stained using Masson trichrome stain. 

Histomorphometric Analysis

Area of newly formed trabecular bone and 
remnants of bone substitute as a percentage of 
the total area was measured at 40 power fields. In 
masson Trichrome stained samples, mineralized 
trabecular bone is identified in deep blue, while 
bone substitute remnants identified in red (Figure 
4,5).

Statistical analysis

Statistical analysis was performed using SPSS 
(Statistical package for the social sciences).  The 
data were represented as mean + standard deviation. 
An Independent sample t-test was used to compare 
variables between the 2 groups. The results were 
considered statistically significant if the p- value 
was less than 0.05.

RESULTS

This study was conducted in 12 patients with 
missing posterior maxillary teeth with insufficient 
available bone for implant placement indicating 
the need for maxillary sinus floor augmentation. 12 
sinus lifts were performed.

Clinical assessment

No obvious sinus membrane perforation was 
observed during the sinus lift procedures. No 
complications occurred during the healing period of 
the 2 groups.

Histomorphometric results

 The histomorphometric analysis of samples 
showed that in group A, the amount of newly 
formed bone was recorded with an average of 12.4 
± 5 %; the average of the remaining bone substitute 

Fig. (3): Core biopsy harvested followed by implant placement 
after a 6-months healing period.

Fig. (5): histomorphometric evaluation of the biopsy section 
of group B. Mineralized trabecular bone appears deep 
blue, while β-TCP remnants appear red.

Fig. (4): histomorphometric evaluation of the biopsy section 
of group A. Mineralized trabecular bone appears deep 
blue, while xenograft remnants appear red.
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was 27.7 ± 10.8 %; while the medullary space and 
connective tissue was 60 ± 11.9 %.  For group B, 
the amount of newly formed bone was recorded 
with an average of 19.5 ± 2.4 %; the average of the 
remaining bone substitute was 26 ± 6.7 %; while the 
medullary space and connective tissue was 54.5 ± 
5.8 % (Table 1).

Newly formed bone

The mean value of newly formed bone was 
higher in group B compared to group A. There was 
statistically significant difference between both 
groups (table 2).

TABLE (2)

Mean
Std. 

Deviation
P value

Group A 12.4 % 5
0.933

Group B 19.5 % 2.4

RADIOGRAPHIC EVALUATION:

Analysis of cone beam CTs showed the following 
results:

Mean bone height:

The mean values of different measures in the 2 
groups are reported in the following table (table 3).

TABLE (3)

Group A Group B

Residual bone height 
(R)

5.31 ± 1.8 mm 5.76 ± 1.1 mm 

Total bone height after 
1 week (H0)

18.97 ± 2.49mm 17.7 ± 3.6 mm

Total bone height after 
6 months (H6)

16.95 ± 2.09mm 16.6 ± 4.03mm

Bone graft height after 
1 week (G0)

13.66 ± 3.5 mm 11.93±3.35mm

Bone graft height after 
6 months (G6)

11.64 ± 3.3 mm 10.8 ± 3.8 mm

Percentage of bone loss:

Group A showed higher bone loss compared to 
group B, there was a statistical significant difference 
between both groups (table 4).

TABLE (4) Showing the average percentage of bone 
loss in both groups.

Mean
Std. 

Deviation
P value

Group A 15.02% 8.5
0.646

Group B 10.49% 7.12

TABLE (1) Showing the histomorphometric results of the 2 groups.

New bone Bone substitute Connective tissue

Mean Std. Deviation Mean Std. Deviation Mean Std. Deviation

Group A 12.4 ± 5 % 27.7 ±10.8 % 60 ± 11.9 %

Group B 19.5  ± 2.4 % 26 ± 6.7% 54.5 ± 5.8%
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DISCUSSION

This study was conducted to evaluate bone 
quality and quantity by using different graft materials 
for maxillary sinus augmentation histologically and 
histomorphometrically and implant placement. An 
ideal maxillary sinus bone grafting material should 
provide biologic stability, volume maintenance, 
and allow the occurrence of new bone formation 
and bone remodeling. (33) The most important factor 
influencing reduction in vertical bone height by time 
after sinus augmentation is the grafting material, 
followed by the presence of a functional implant. (34)  

In group A, the xenograft (Tutobone) packed in 
the sinus cavity under the lifted membrane while for 
group B, the β-TCP packed in the sinus cavity under 
the lifted membrane especially in the posterior and 
anterior parts. 

Histological evaluation of the newly formed 
tissues in sinus augmentation procedures will be 
helpful in understanding issues like the nature and 
amount of newly formed bone and the grafting 
material that remains. Complete resorption of the 
bone graft, which is to be replaced by new bone at a 
later stage, is preferable. (35) 

At the time of implant insertion, the histological 
evaluation of the core biopsy for group A and B 
revealed that the presence of newly formed irregular 
osteoid bone trabeculae rimmed by osteoblasts 
is higher in group B compared to group A and 
we also found that Group A showed higher bone 
loss compared to group B. These findings were 
emphasized by Zerbo et al. (36) that reported that in 
sinus floor elevation, the first few β-TCP particles, 
lying directly over the residual or original bone of 
the maxilla, were often partially or even completely 
replaced by bone after 6 months. The particles of 
β-TCP more apical to these were progressively less 
infiltrated or surrounded by bone. This slow rate of 
resorption allows the β-TCP to act as a scaffold for 
new bone formation.

The second primary outcome of this study was 
the volumetric stability of the graft. Volumetric 
stability is mainly affected by the grafting material 
type followed by the presence of functional implant. 
While the particles size showed no or minimal effect 
on changes of sinus graft height. Anorganic bovine 
xenograft showed minor or no changes in bone 
height when compared to β-TCP particles (37, 38). 

However, there is some controversy regarding the 
xenograft resorption and new bone formation. Many 
authors consider that due to its slow resorption, it 
is a long-lasting material. On the other hand, some 
authors think that this long-term stability avoids 
undesirable bone volume resorption due to the bone 
remodeling process (16). 

CONCLUSIONS

This study showed that β-TCP showed superior 
bone quality and quantity compared to bovine 
xenograft in case of open sinus augemntation. 
However, with our study, we may confirm that 
different grafting materials can be safely used, and, 
depending on the preference of the clinician. In 
each case, selection of the appropriate biomaterial 
has to be performed considering advantages and 
disadvantages, and keeping in mind that we may 
expect predictable results and clinical success.
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