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Introduction
Insufficient bone height often prevents 
placement of standard dental implants in the 
posterior edentulous maxilla. This pathological 
condition is most commonly the result of alveolar 
bone loss due to severe periodontitis, tooth 
loss, sinus pneumatization, or a combination 
of these.1 Maxillary sinus augmentation is a 
surgical procedure that compensates for 
this pathological condition by increasing the 
alveolar bone height prior to or simultaneous 
with endosseous implant placement. 2,3 The 
procedure was first presented by Tatum in 
the late 1970's4 and was first published by 
Boyne in 19805. The technique has been 
repeatedly modified.6-10

Sinus lift procedure adequately increases the 
vertical dimension of the resorbed alveolar 
process in the posterior maxilla. thus enabling 
placement of implants of sufficient length at this 
site. Grafting materials, including autogenous 
bone,5,9 demineralized freeze-dried bone 
allograft (DFDBA),11-14 mineralized freeze-

dried bone allograft (FDBA),14 xenografts,15-18 
hydroxyapatite preparations,7,15 calcium sulfate 
preparations,19 and growth factors embedded 
in different carrier materials 21-23 have been 
successfully used to augment the floor of the 
maxillary sinus. The fear of bovine spongiform 
encephalopathy (BSE) ("Mad cow disease") 
transferring to humans (although no report 
of this has been made in the literature)24 and 
the discovery of human immunodeficiency 
viruses surviving in allogenic bone after 
tissue processing 25,26 have drawn attention 
to the possibility of disease transmission 
from xenografts and allografts to humans. 
However, the use of alloplast materials is 
a viable alternative and is well accepted 
by the patients. Bioceramics made of a 
mixture of hydroxyapatite and beta tricalcium 
phosphate have demonstrated bioactivity 
and osteoconductivity.27-29

The aim of the present case report is 
to radiographically histologically and 
histomorphometrically evaluate the regenerative 
potential of 4Bone in sinus lift procedures. 

Materials and Methods 
M.D a 57 year old male nonsmoker with 
no systemic disorders and no history of 
sinusitis, required rehabilitation of the maxillary 
edentulous posterior maxilla. The patient, after 
being informed about alternative treatment 
plans, preferred maxillary sinus elevation 
followed by the placement of endosseous 
implants. The patient signed an informed 
consent form in which the procedure was 
explained in detail. Evaluation of the medical 
history, intra and extra oral examination, 
panoramic radiographs and a relevant CT 
scan showed that the patient was suitable 
for the treatment plan (Fig. 1).

The sinus lift procedure was performed using 
4Bone, a fully synthesized homogenous 
hydroxyapatite and beta tricalcium phosphate 
(HA : ß-TCP) 60 : 40 as a filler bone substitute. 
Biopsies were harvested from the proposed 
implant site immediately prior to implant 
placement.

Fig. 1  MD- Initial radiographic presentation showing the enlarged sinus cavity.
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Surgical Technique

The patient was premedicated 1 hour before 
surgery with 8 mg Dexamethasone† 30 and 
875 mg amoxicillin-clavulonate potassium. 
Local anesthesia included 3% Lidocaine 
HCl (2-6 cc) and base norepinephrine§ (0.04 
mg). The patient rinsed his mouth with 0.2% 
chlorhexedine gluconate solution for 1 minute, 
immediately preoperatively, to obtain a better 
surgical antiseptic environment.

Surgical procedures were performed according 
to the technique described by Smiler and 
Holmes.7 Briefly, at the edentulous region 
distal to the position of the first premolar, a 
mucoperiosteal buccal flap was elevated, 
exposing the lateral bony wall of the sinus 
antrum. A round diamond bur, 2 mm in diameter, 
was used to outline the demarcation of the lateral 
window that was removed, completely exposing 
the underlying Schneiderian membrane. The 
membrane was separated from the housing 
bone, and a tension-free reflection exposing 
the sinus walls was achieved by gently pushing 
it away using large flat curette#. An inner 
occlusive native collagen membrane** was 
placed underneath the reflected Schneiderian 
membrane, serving as a "roof" to the augmented 
space prior to graft placement, as previously 
described31. The membrane was adapted 
to the Schneiderian membrane "roof" thus 
defining a space limited by peripheral bony 
walls,  an osseous floor below, and an upper 
border created by a collagen barrier covering 
the Schneiderian membrane.

The established void was filled with 4 cc of 
saline-wet 4Bone grafting material, followed 
by placement of a collagen membrane** over 

the lateral window32 and primary soft-tissue 
closure using 4/0 silk suturesΦ. Postoperatively, 
systemic antibiotic (amoxicillin-clavulonate ≈

, 875 mg) was prescribed twice daily for 1 
week. and naproxen sodiumχ (one 275 mg 
tablet every 6-8 hours for 24 hours)was used  
for pain control. DexamethasoneΦ (4 mg daily) 
was administered for an additional 2 days30 
to minimize edema. Antiseptic mouth wash 
(0.2% chlorhexidine gluconate δ ) was used 
twice daily (30 seconds each time) for 2 weeks. 
Sutures were removed after 14 days, followed 
by uneventful soft-tissue healing.

A CT scan performed 9 months after sinus 
augmentation demonstrates radiographic 
stability of the graft material and normal thickness 
of the Schneiderian membrane (Fig. 2). At this 
stage, immediately prior to implant placement,a 
biopsy measuring 2 mm in diameter and 14 
mm in length was harvested from the proposed 
implant site using a surgical guide and a 
trephine drilla. The biopsy specimen was fixed 
in 10% neutral buffered formalin for 96 hours, 
decalcified in 5% formic acid for 14 days, and 
embedded in paraffin.33

Blocks were cut to 5um-thick slides and stained 
with Hematoxylin & Eosin (H&E). The biopsy 
site was enlarged into a regular osteotomy 
and two Lance implants 16 mm in length and 
5 mm in diameter were placedT. 

Histomorphometric Analysis
Histomorphometric measurements were taken 
using a microscope millimeter eyepiece grid, at 
x200 magnification. Each grid was composed 
of 121 intersections and the slide was measured 
at 10 different sites (for a total of 1,210 readings 

per slide). Measurements were taken from 
both the pristine bone, which was identified 
according to lack of graft material, and from 
the newly formed tissue superior to it.  The 
relative percentages of newly formed bone, graft 
particles, and connective tissue were calculated 
by counting the number of recordings of each 
tissue type on every grid intersection. The total 
count of all points of each tissue type divided 
by 1,210, represents the relative percentage 
of each component involved in the area of the 
newly regenerated tissue.

Histomorphometry

Bone surface area was calculated using a 
microscope equipped with a drawing tube (Leitz, 
WetzIar, Germany), connected to a computer 
using Axioplan II (Zeiss, Kontron, Image Analysis 
Division, Oberkochen, Germany).Only the grafted 
area was considered; the border between 
the newly regenerated area and the pristine 
bone was clearly indicated by the presence 
of remaining 4Bone granules (Fig. 5).

The contact length of the new bone/graft particles 
was divided by the circumference and multiplied 
by 100. thus expressing the osteoconductive 
value as a percentage (Fig 5).

Fig. 2  MD- 9 months after sinus grafting showing stability of the grafted material.
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Results

A CT scan performed 9 months later 
demonstrated volumetric stability of the 
radiopaque zone covered by a thin layer of 
soft tissue (Fig. 2).

Histology

The biopsy included both pristine and 
newly formed bone. Newly formed bone 
was equally dispersed along the biopsy 
(apically-corronally). The graft particles were 
surrounded by and showed intimate contact 
with the bone and the connective tissue 
surrounding it (Figs. 4, 5). Osteoblasts were 
seen lining graft particles in conjunction with 
newly formed bone (Fig. 5). There was no 
evidence of inflammatory infiltrate. 

Histomorphometry

New bone formation accounted for 28% of the 
total surface. The percentage of connective 
tissue was 31% and residual graft particles 
averaged 41%. In comparison to pristine bone, 
the mineralized material (new bone formation 
and graft particles) was higher (59% vs. 39%). 
The connective tissue compartment of the 
pristine bone was 61% (Fig. 3). The interface 
between bone and 4Bone particles surface 
was 61% of the total particles surface.

Discussion

New bone formation in the present study 
averaged 28%. This value is lower than the 
41% and 36% recorded by Cammack,14 
who used FDBA and DFDBA respectively 
for the same procedure. The results of the 
present study are equal to the new bone 

formation fraction reported by Kolerman et 
al.31 who used FDBA (oragraft) and internal 
collagen membrane for sinus augmentation 
(29%), and to the  (28.3%)  reported by 
Froum et al 34. of new bone formation using 
a mineralized cancellous bone allograft for 
the same procedure. This fraction is lower 
than the 40.33% of new bone formation 
reported by Noumbissi 35 using the same 
bone allograft. Deproteinized bovine bone 
mineral is well documented as augmentation 
material for sinus floor elevation.15,17,33-35 In a 
study in which Bio-Oss was used for sinus 
augmentation, newly formed bone increased 
from 21.1% to 27.6% between 6-12 months17, 
The graft particles compartment decreased 
from 39.2% to 27% in the same period. The 
mineralized area (which is new bone and 
graft particles) remained constant around 
60%. This is equal to the value achieved in 
the present study. Ample data was reported 
regarding new bone formation in sinus 
floor elevation procedures; however, very 
few articles dealt with the osteoconductive 
values of the materials grafted.35-37 Proussaefs 
et al.36 found that 40.17% of the Bio-Oss 
particles were in contact with bone. whereas 
Tadjoedin et al. 37 found that only 34%-38% 
of the Bio-Oss surface was in contact with 
bone. Noumbissi et al.35 reported the same 
values for Bio-Oss (34.75%) and higher 
values using puros (54.33%). All the above 
mentioned values are lower than the 61% 
found in the present study using 4Bone. The 
advantages of using a barrier membrane in 
sinus augmentation over the lateral bony 
window (i.e. increasing the amount of vital 
bone formation) are well documented.32,38,39  
In contradiction, Fugazzotto and Vlassis40 
reported on a 98.6% success rate when 
placing a resorbable membrane over the 
lateral window, while a similar success 

rate (99.2%) was observed when an 
external membrane was not used. Using 
an internal collagen membrane underneath 
the Schneiderian membrane as a routine 
procedure has never been investigated. In 
the present case, a collagen membrane was 
placed underneath the reflected Schneiderian 
membrane, although the membrane appeared 
clinically intact. Care was taken not to cover 
the peripheral bony walls. The use of an 
internal membrane offers an additional 
barrier that may help to prevent passage of 
graft particles and bacterial contamination to 
and from the sinus cavity through potential 
small tears.40-42

Within the limits of the present case, it is 
suggested that 4Bone, is biocompatible 
and osteoconductive permitting new bone 
formation similar to deproteinized bovine 
bone mineral and allograft materials when 
used in conjunction with an internal sub- 
Schneiderian collagen membrane for sinus 
augmentation procedures. Although our 
data are based on a single case, the 4Bone 
seems to be an accepted material for sinus 
augmentation.
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Fig. 3  MD- 9 months biopsy. Pristine bone. (Hematoxilyn & Eosin, x100 magnification) Fig. 4 MD- 9 months biopsy after grafting with 4Bone. Graft particles surrounded        
by vital bone and connective tissue. (Hematoxilyn & Eosin, x100 magnification)
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Introduction
Insufficient bone height often prevents 
placement of standard dental implants in the 
posterior edentulous maxilla. This pathological 
condition is most commonly the result of alveolar 
bone loss due to severe periodontitis, tooth 
loss, sinus pneumatization, or a combination 
of these.1 Maxillary sinus augmentation is a 
surgical procedure that compensates for 
this pathological condition by increasing the 
alveolar bone height prior to or simultaneous 
with endosseous implant placement. 2,3 The 
procedure was first presented by Tatum in 
the late 1970's4 and was first published by 
Boyne in 19805. The technique has been 
repeatedly modified.6-10

Sinus lift procedure adequately increases the 
vertical dimension of the resorbed alveolar 
process in the posterior maxilla. thus enabling 
placement of implants of sufficient length at this 
site. Grafting materials, including autogenous 
bone,5,9 demineralized freeze-dried bone 
allograft (DFDBA),11-14 mineralized freeze-

dried bone allograft (FDBA),14 xenografts,15-18 
hydroxyapatite preparations,7,15 calcium sulfate 
preparations,19 and growth factors embedded 
in different carrier materials 21-23 have been 
successfully used to augment the floor of the 
maxillary sinus. The fear of bovine spongiform 
encephalopathy (BSE) ("Mad cow disease") 
transferring to humans (although no report 
of this has been made in the literature)24 and 
the discovery of human immunodeficiency 
viruses surviving in allogenic bone after 
tissue processing 25,26 have drawn attention 
to the possibility of disease transmission 
from xenografts and allografts to humans. 
However, the use of alloplast materials is 
a viable alternative and is well accepted 
by the patients. Bioceramics made of a 
mixture of hydroxyapatite and beta tricalcium 
phosphate have demonstrated bioactivity 
and osteoconductivity.27-29

The aim of the present case report is 
to radiographically histologically and 
histomorphometrically evaluate the regenerative 
potential of 4Bone in sinus lift procedures. 

Materials and Methods 
M.D a 57 year old male nonsmoker with 
no systemic disorders and no history of 
sinusitis, required rehabilitation of the maxillary 
edentulous posterior maxilla. The patient, after 
being informed about alternative treatment 
plans, preferred maxillary sinus elevation 
followed by the placement of endosseous 
implants. The patient signed an informed 
consent form in which the procedure was 
explained in detail. Evaluation of the medical 
history, intra and extra oral examination, 
panoramic radiographs and a relevant CT 
scan showed that the patient was suitable 
for the treatment plan (Fig. 1).

The sinus lift procedure was performed using 
4Bone, a fully synthesized homogenous 
hydroxyapatite and beta tricalcium phosphate 
(HA : ß-TCP) 60 : 40 as a filler bone substitute. 
Biopsies were harvested from the proposed 
implant site immediately prior to implant 
placement.

Fig. 1  MD- Initial radiographic presentation showing the enlarged sinus cavity.
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Surgical Technique

The patient was premedicated 1 hour before 
surgery with 8 mg Dexamethasone† 30 and 
875 mg amoxicillin-clavulonate potassium. 
Local anesthesia included 3% Lidocaine 
HCl (2-6 cc) and base norepinephrine§ (0.04 
mg). The patient rinsed his mouth with 0.2% 
chlorhexedine gluconate solution for 1 minute, 
immediately preoperatively, to obtain a better 
surgical antiseptic environment.

Surgical procedures were performed according 
to the technique described by Smiler and 
Holmes.7 Briefly, at the edentulous region 
distal to the position of the first premolar, a 
mucoperiosteal buccal flap was elevated, 
exposing the lateral bony wall of the sinus 
antrum. A round diamond bur, 2 mm in diameter, 
was used to outline the demarcation of the lateral 
window that was removed, completely exposing 
the underlying Schneiderian membrane. The 
membrane was separated from the housing 
bone, and a tension-free reflection exposing 
the sinus walls was achieved by gently pushing 
it away using large flat curette#. An inner 
occlusive native collagen membrane** was 
placed underneath the reflected Schneiderian 
membrane, serving as a "roof" to the augmented 
space prior to graft placement, as previously 
described31. The membrane was adapted 
to the Schneiderian membrane "roof" thus 
defining a space limited by peripheral bony 
walls,  an osseous floor below, and an upper 
border created by a collagen barrier covering 
the Schneiderian membrane.

The established void was filled with 4 cc of 
saline-wet 4Bone grafting material, followed 
by placement of a collagen membrane** over 

the lateral window32 and primary soft-tissue 
closure using 4/0 silk suturesΦ. Postoperatively, 
systemic antibiotic (amoxicillin-clavulonate ≈

, 875 mg) was prescribed twice daily for 1 
week. and naproxen sodiumχ (one 275 mg 
tablet every 6-8 hours for 24 hours)was used  
for pain control. DexamethasoneΦ (4 mg daily) 
was administered for an additional 2 days30 
to minimize edema. Antiseptic mouth wash 
(0.2% chlorhexidine gluconate δ ) was used 
twice daily (30 seconds each time) for 2 weeks. 
Sutures were removed after 14 days, followed 
by uneventful soft-tissue healing.

A CT scan performed 9 months after sinus 
augmentation demonstrates radiographic 
stability of the graft material and normal thickness 
of the Schneiderian membrane (Fig. 2). At this 
stage, immediately prior to implant placement,a 
biopsy measuring 2 mm in diameter and 14 
mm in length was harvested from the proposed 
implant site using a surgical guide and a 
trephine drilla. The biopsy specimen was fixed 
in 10% neutral buffered formalin for 96 hours, 
decalcified in 5% formic acid for 14 days, and 
embedded in paraffin.33

Blocks were cut to 5um-thick slides and stained 
with Hematoxylin & Eosin (H&E). The biopsy 
site was enlarged into a regular osteotomy 
and two Lance implants 16 mm in length and 
5 mm in diameter were placedT. 

Histomorphometric Analysis
Histomorphometric measurements were taken 
using a microscope millimeter eyepiece grid, at 
x200 magnification. Each grid was composed 
of 121 intersections and the slide was measured 
at 10 different sites (for a total of 1,210 readings 

per slide). Measurements were taken from 
both the pristine bone, which was identified 
according to lack of graft material, and from 
the newly formed tissue superior to it.  The 
relative percentages of newly formed bone, graft 
particles, and connective tissue were calculated 
by counting the number of recordings of each 
tissue type on every grid intersection. The total 
count of all points of each tissue type divided 
by 1,210, represents the relative percentage 
of each component involved in the area of the 
newly regenerated tissue.

Histomorphometry

Bone surface area was calculated using a 
microscope equipped with a drawing tube (Leitz, 
WetzIar, Germany), connected to a computer 
using Axioplan II (Zeiss, Kontron, Image Analysis 
Division, Oberkochen, Germany).Only the grafted 
area was considered; the border between 
the newly regenerated area and the pristine 
bone was clearly indicated by the presence 
of remaining 4Bone granules (Fig. 5).

The contact length of the new bone/graft particles 
was divided by the circumference and multiplied 
by 100. thus expressing the osteoconductive 
value as a percentage (Fig 5).

Fig. 2  MD- 9 months after sinus grafting showing stability of the grafted material.

News 22, March 20093

Results

A CT scan performed 9 months later 
demonstrated volumetric stability of the 
radiopaque zone covered by a thin layer of 
soft tissue (Fig. 2).

Histology

The biopsy included both pristine and 
newly formed bone. Newly formed bone 
was equally dispersed along the biopsy 
(apically-corronally). The graft particles were 
surrounded by and showed intimate contact 
with the bone and the connective tissue 
surrounding it (Figs. 4, 5). Osteoblasts were 
seen lining graft particles in conjunction with 
newly formed bone (Fig. 5). There was no 
evidence of inflammatory infiltrate. 

Histomorphometry

New bone formation accounted for 28% of the 
total surface. The percentage of connective 
tissue was 31% and residual graft particles 
averaged 41%. In comparison to pristine bone, 
the mineralized material (new bone formation 
and graft particles) was higher (59% vs. 39%). 
The connective tissue compartment of the 
pristine bone was 61% (Fig. 3). The interface 
between bone and 4Bone particles surface 
was 61% of the total particles surface.

Discussion

New bone formation in the present study 
averaged 28%. This value is lower than the 
41% and 36% recorded by Cammack,14 
who used FDBA and DFDBA respectively 
for the same procedure. The results of the 
present study are equal to the new bone 

formation fraction reported by Kolerman et 
al.31 who used FDBA (oragraft) and internal 
collagen membrane for sinus augmentation 
(29%), and to the  (28.3%)  reported by 
Froum et al 34. of new bone formation using 
a mineralized cancellous bone allograft for 
the same procedure. This fraction is lower 
than the 40.33% of new bone formation 
reported by Noumbissi 35 using the same 
bone allograft. Deproteinized bovine bone 
mineral is well documented as augmentation 
material for sinus floor elevation.15,17,33-35 In a 
study in which Bio-Oss was used for sinus 
augmentation, newly formed bone increased 
from 21.1% to 27.6% between 6-12 months17, 
The graft particles compartment decreased 
from 39.2% to 27% in the same period. The 
mineralized area (which is new bone and 
graft particles) remained constant around 
60%. This is equal to the value achieved in 
the present study. Ample data was reported 
regarding new bone formation in sinus 
floor elevation procedures; however, very 
few articles dealt with the osteoconductive 
values of the materials grafted.35-37 Proussaefs 
et al.36 found that 40.17% of the Bio-Oss 
particles were in contact with bone. whereas 
Tadjoedin et al. 37 found that only 34%-38% 
of the Bio-Oss surface was in contact with 
bone. Noumbissi et al.35 reported the same 
values for Bio-Oss (34.75%) and higher 
values using puros (54.33%). All the above 
mentioned values are lower than the 61% 
found in the present study using 4Bone. The 
advantages of using a barrier membrane in 
sinus augmentation over the lateral bony 
window (i.e. increasing the amount of vital 
bone formation) are well documented.32,38,39  
In contradiction, Fugazzotto and Vlassis40 
reported on a 98.6% success rate when 
placing a resorbable membrane over the 
lateral window, while a similar success 

rate (99.2%) was observed when an 
external membrane was not used. Using 
an internal collagen membrane underneath 
the Schneiderian membrane as a routine 
procedure has never been investigated. In 
the present case, a collagen membrane was 
placed underneath the reflected Schneiderian 
membrane, although the membrane appeared 
clinically intact. Care was taken not to cover 
the peripheral bony walls. The use of an 
internal membrane offers an additional 
barrier that may help to prevent passage of 
graft particles and bacterial contamination to 
and from the sinus cavity through potential 
small tears.40-42

Within the limits of the present case, it is 
suggested that 4Bone, is biocompatible 
and osteoconductive permitting new bone 
formation similar to deproteinized bovine 
bone mineral and allograft materials when 
used in conjunction with an internal sub- 
Schneiderian collagen membrane for sinus 
augmentation procedures. Although our 
data are based on a single case, the 4Bone 
seems to be an accepted material for sinus 
augmentation.
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Fig. 3  MD- 9 months biopsy. Pristine bone. (Hematoxilyn & Eosin, x100 magnification) Fig. 4 MD- 9 months biopsy after grafting with 4Bone. Graft particles surrounded        
by vital bone and connective tissue. (Hematoxilyn & Eosin, x100 magnification)
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Introduction
Insufficient bone height often prevents 
placement of standard dental implants in the 
posterior edentulous maxilla. This pathological 
condition is most commonly the result of alveolar 
bone loss due to severe periodontitis, tooth 
loss, sinus pneumatization, or a combination 
of these.1 Maxillary sinus augmentation is a 
surgical procedure that compensates for 
this pathological condition by increasing the 
alveolar bone height prior to or simultaneous 
with endosseous implant placement. 2,3 The 
procedure was first presented by Tatum in 
the late 1970's4 and was first published by 
Boyne in 19805. The technique has been 
repeatedly modified.6-10

Sinus lift procedure adequately increases the 
vertical dimension of the resorbed alveolar 
process in the posterior maxilla. thus enabling 
placement of implants of sufficient length at this 
site. Grafting materials, including autogenous 
bone,5,9 demineralized freeze-dried bone 
allograft (DFDBA),11-14 mineralized freeze-

dried bone allograft (FDBA),14 xenografts,15-18 
hydroxyapatite preparations,7,15 calcium sulfate 
preparations,19 and growth factors embedded 
in different carrier materials 21-23 have been 
successfully used to augment the floor of the 
maxillary sinus. The fear of bovine spongiform 
encephalopathy (BSE) ("Mad cow disease") 
transferring to humans (although no report 
of this has been made in the literature)24 and 
the discovery of human immunodeficiency 
viruses surviving in allogenic bone after 
tissue processing 25,26 have drawn attention 
to the possibility of disease transmission 
from xenografts and allografts to humans. 
However, the use of alloplast materials is 
a viable alternative and is well accepted 
by the patients. Bioceramics made of a 
mixture of hydroxyapatite and beta tricalcium 
phosphate have demonstrated bioactivity 
and osteoconductivity.27-29

The aim of the present case report is 
to radiographically histologically and 
histomorphometrically evaluate the regenerative 
potential of 4Bone in sinus lift procedures. 

Materials and Methods 
M.D a 57 year old male nonsmoker with 
no systemic disorders and no history of 
sinusitis, required rehabilitation of the maxillary 
edentulous posterior maxilla. The patient, after 
being informed about alternative treatment 
plans, preferred maxillary sinus elevation 
followed by the placement of endosseous 
implants. The patient signed an informed 
consent form in which the procedure was 
explained in detail. Evaluation of the medical 
history, intra and extra oral examination, 
panoramic radiographs and a relevant CT 
scan showed that the patient was suitable 
for the treatment plan (Fig. 1).

The sinus lift procedure was performed using 
4Bone, a fully synthesized homogenous 
hydroxyapatite and beta tricalcium phosphate 
(HA : ß-TCP) 60 : 40 as a filler bone substitute. 
Biopsies were harvested from the proposed 
implant site immediately prior to implant 
placement.

Fig. 1  MD- Initial radiographic presentation showing the enlarged sinus cavity.
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Surgical Technique

The patient was premedicated 1 hour before 
surgery with 8 mg Dexamethasone† 30 and 
875 mg amoxicillin-clavulonate potassium. 
Local anesthesia included 3% Lidocaine 
HCl (2-6 cc) and base norepinephrine§ (0.04 
mg). The patient rinsed his mouth with 0.2% 
chlorhexedine gluconate solution for 1 minute, 
immediately preoperatively, to obtain a better 
surgical antiseptic environment.

Surgical procedures were performed according 
to the technique described by Smiler and 
Holmes.7 Briefly, at the edentulous region 
distal to the position of the first premolar, a 
mucoperiosteal buccal flap was elevated, 
exposing the lateral bony wall of the sinus 
antrum. A round diamond bur, 2 mm in diameter, 
was used to outline the demarcation of the lateral 
window that was removed, completely exposing 
the underlying Schneiderian membrane. The 
membrane was separated from the housing 
bone, and a tension-free reflection exposing 
the sinus walls was achieved by gently pushing 
it away using large flat curette#. An inner 
occlusive native collagen membrane** was 
placed underneath the reflected Schneiderian 
membrane, serving as a "roof" to the augmented 
space prior to graft placement, as previously 
described31. The membrane was adapted 
to the Schneiderian membrane "roof" thus 
defining a space limited by peripheral bony 
walls,  an osseous floor below, and an upper 
border created by a collagen barrier covering 
the Schneiderian membrane.

The established void was filled with 4 cc of 
saline-wet 4Bone grafting material, followed 
by placement of a collagen membrane** over 

the lateral window32 and primary soft-tissue 
closure using 4/0 silk suturesΦ. Postoperatively, 
systemic antibiotic (amoxicillin-clavulonate ≈

, 875 mg) was prescribed twice daily for 1 
week. and naproxen sodiumχ (one 275 mg 
tablet every 6-8 hours for 24 hours)was used  
for pain control. DexamethasoneΦ (4 mg daily) 
was administered for an additional 2 days30 
to minimize edema. Antiseptic mouth wash 
(0.2% chlorhexidine gluconate δ ) was used 
twice daily (30 seconds each time) for 2 weeks. 
Sutures were removed after 14 days, followed 
by uneventful soft-tissue healing.

A CT scan performed 9 months after sinus 
augmentation demonstrates radiographic 
stability of the graft material and normal thickness 
of the Schneiderian membrane (Fig. 2). At this 
stage, immediately prior to implant placement,a 
biopsy measuring 2 mm in diameter and 14 
mm in length was harvested from the proposed 
implant site using a surgical guide and a 
trephine drilla. The biopsy specimen was fixed 
in 10% neutral buffered formalin for 96 hours, 
decalcified in 5% formic acid for 14 days, and 
embedded in paraffin.33

Blocks were cut to 5um-thick slides and stained 
with Hematoxylin & Eosin (H&E). The biopsy 
site was enlarged into a regular osteotomy 
and two Lance implants 16 mm in length and 
5 mm in diameter were placedT. 

Histomorphometric Analysis
Histomorphometric measurements were taken 
using a microscope millimeter eyepiece grid, at 
x200 magnification. Each grid was composed 
of 121 intersections and the slide was measured 
at 10 different sites (for a total of 1,210 readings 

per slide). Measurements were taken from 
both the pristine bone, which was identified 
according to lack of graft material, and from 
the newly formed tissue superior to it.  The 
relative percentages of newly formed bone, graft 
particles, and connective tissue were calculated 
by counting the number of recordings of each 
tissue type on every grid intersection. The total 
count of all points of each tissue type divided 
by 1,210, represents the relative percentage 
of each component involved in the area of the 
newly regenerated tissue.

Histomorphometry

Bone surface area was calculated using a 
microscope equipped with a drawing tube (Leitz, 
WetzIar, Germany), connected to a computer 
using Axioplan II (Zeiss, Kontron, Image Analysis 
Division, Oberkochen, Germany).Only the grafted 
area was considered; the border between 
the newly regenerated area and the pristine 
bone was clearly indicated by the presence 
of remaining 4Bone granules (Fig. 5).

The contact length of the new bone/graft particles 
was divided by the circumference and multiplied 
by 100. thus expressing the osteoconductive 
value as a percentage (Fig 5).

Fig. 2  MD- 9 months after sinus grafting showing stability of the grafted material.
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Results

A CT scan performed 9 months later 
demonstrated volumetric stability of the 
radiopaque zone covered by a thin layer of 
soft tissue (Fig. 2).

Histology

The biopsy included both pristine and 
newly formed bone. Newly formed bone 
was equally dispersed along the biopsy 
(apically-corronally). The graft particles were 
surrounded by and showed intimate contact 
with the bone and the connective tissue 
surrounding it (Figs. 4, 5). Osteoblasts were 
seen lining graft particles in conjunction with 
newly formed bone (Fig. 5). There was no 
evidence of inflammatory infiltrate. 

Histomorphometry

New bone formation accounted for 28% of the 
total surface. The percentage of connective 
tissue was 31% and residual graft particles 
averaged 41%. In comparison to pristine bone, 
the mineralized material (new bone formation 
and graft particles) was higher (59% vs. 39%). 
The connective tissue compartment of the 
pristine bone was 61% (Fig. 3). The interface 
between bone and 4Bone particles surface 
was 61% of the total particles surface.

Discussion

New bone formation in the present study 
averaged 28%. This value is lower than the 
41% and 36% recorded by Cammack,14 
who used FDBA and DFDBA respectively 
for the same procedure. The results of the 
present study are equal to the new bone 

formation fraction reported by Kolerman et 
al.31 who used FDBA (oragraft) and internal 
collagen membrane for sinus augmentation 
(29%), and to the  (28.3%)  reported by 
Froum et al 34. of new bone formation using 
a mineralized cancellous bone allograft for 
the same procedure. This fraction is lower 
than the 40.33% of new bone formation 
reported by Noumbissi 35 using the same 
bone allograft. Deproteinized bovine bone 
mineral is well documented as augmentation 
material for sinus floor elevation.15,17,33-35 In a 
study in which Bio-Oss was used for sinus 
augmentation, newly formed bone increased 
from 21.1% to 27.6% between 6-12 months17, 
The graft particles compartment decreased 
from 39.2% to 27% in the same period. The 
mineralized area (which is new bone and 
graft particles) remained constant around 
60%. This is equal to the value achieved in 
the present study. Ample data was reported 
regarding new bone formation in sinus 
floor elevation procedures; however, very 
few articles dealt with the osteoconductive 
values of the materials grafted.35-37 Proussaefs 
et al.36 found that 40.17% of the Bio-Oss 
particles were in contact with bone. whereas 
Tadjoedin et al. 37 found that only 34%-38% 
of the Bio-Oss surface was in contact with 
bone. Noumbissi et al.35 reported the same 
values for Bio-Oss (34.75%) and higher 
values using puros (54.33%). All the above 
mentioned values are lower than the 61% 
found in the present study using 4Bone. The 
advantages of using a barrier membrane in 
sinus augmentation over the lateral bony 
window (i.e. increasing the amount of vital 
bone formation) are well documented.32,38,39  
In contradiction, Fugazzotto and Vlassis40 
reported on a 98.6% success rate when 
placing a resorbable membrane over the 
lateral window, while a similar success 

rate (99.2%) was observed when an 
external membrane was not used. Using 
an internal collagen membrane underneath 
the Schneiderian membrane as a routine 
procedure has never been investigated. In 
the present case, a collagen membrane was 
placed underneath the reflected Schneiderian 
membrane, although the membrane appeared 
clinically intact. Care was taken not to cover 
the peripheral bony walls. The use of an 
internal membrane offers an additional 
barrier that may help to prevent passage of 
graft particles and bacterial contamination to 
and from the sinus cavity through potential 
small tears.40-42

Within the limits of the present case, it is 
suggested that 4Bone, is biocompatible 
and osteoconductive permitting new bone 
formation similar to deproteinized bovine 
bone mineral and allograft materials when 
used in conjunction with an internal sub- 
Schneiderian collagen membrane for sinus 
augmentation procedures. Although our 
data are based on a single case, the 4Bone 
seems to be an accepted material for sinus 
augmentation.
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Fig. 3  MD- 9 months biopsy. Pristine bone. (Hematoxilyn & Eosin, x100 magnification) Fig. 4 MD- 9 months biopsy after grafting with 4Bone. Graft particles surrounded        
by vital bone and connective tissue. (Hematoxilyn & Eosin, x100 magnification)
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Fig. 5  MD- 9 months biopsy after grafting with 4Bone. Graft particles surrounded by   
          vital bone and connective tissue. (Hematoxilyn & Eosin, x400 magnification)
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Fig. 5  MD- 9 months biopsy after grafting with 4Bone. Graft particles surrounded by   
          vital bone and connective tissue. (Hematoxilyn & Eosin, x400 magnification)
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