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Lack of sufficient residual alveolar 
bone height is a common deter-
rent to the placement of dental im-
plants in the posterior maxilla. This 
can be a consequence of alveolar 
bone resorption following tooth 
loss, bone loss due to periodon-
tal disease, pneumatization of the 
maxillary sinus, or a combination 
of the above etiologies. Maxillary 
sinus augmentation surgery has 
proven to be a predictable way to 
correct this deficiency and allow 
for implant placement with high  
predictability.1–10

Autogenous bone has long 
been considered the gold standard 
augmentation material for maxil-
lary sinus grafting. There are, how-
ever, numerous negative factors to 
consider when using an autoge-
nous bone graft. These include the 
possibility of hospitalization for do-
nor harvest, the need for a second  
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surgical site, increased morbidity, 
an increased complication rate, 
and the propensity of wholly au-
togenous grafts to shrink during 
graft maturation.11 

Numerous bone replacement 
grafts have been used over the past 
20 years to overcome the short-
comings of the use of autogenous  
bone, such as the need for a sec-
ondary bone harvest and the po-
tential for resorption and loss of 
volume. Of all the major bone re-
placement grafts used today (al-
lografts, xenografts, alloplasts), 
the group with the most clinical re-
search to date are the xenografts. 

All of the aforementioned ev-
idence-based reviews that have 
evaluated graft material options for 
maxillary sinus augmentation have 
come to the conclusion that, when 
using the outcome measure of im-
plant survival, the results using xe-
nografts are equal to or superior to 
those achieved with autogenous 
bone.1–10

Xenografts (anorganic bovine 
bone matrix [ABBM]) have been 
used alone or as a composite with 
autogenous bone12,13 or other 
bone replacement grafts, such as 
allografts,14 for over 20 years with 
superior clinical, histologic, and 
histomorphometric results. Test-
ing procedures guarantee product 
safety, and clinical practice has at-
tested to this claim with no evi-
dence of disease transmission.15,16 

Clinicians have available two 
particle sizes when using the ma-
jority of xenografts: a large particle  
size of 1.0 to 2.0 mm and a small 
particle size of 0.25 to 1.0 mm. The 
material can be either cortical or 

cancellous bovine bone. While both 
particle sizes have been used with 
histologic and clinical success, there 
has been only one study to date that 
directly compares these two particle 
sizes in the human sinus model.35

Bio-Oss (Geistlich Pharmaceu-
tics) is one such ABBM. It is a bone 
substitute manufactured from bo-
vine bone mineral obtained from 
extremity bones of New Zealand-
sourced cattle that have been 
processed and sterilized by heat 
and strong alkaline solutions. Each 
batch is tested for protein resi-
dues and satisfies safety require-
ments in Europe as well as those of 
the United States Food and Drug  
Administration.   

The present prospective, ran-
domized, controlled clinical trial 
directly compares histologic and 
histomorphometric vital bone for-
mation and residual graft volume 
in 11 human bilateral sinus aug-
mentations performed with either 
large or small particle size Bio-Oss 
cancellous ABBM.  

Method and materials 

Patient selection

This study was approved by the 
Research Board of the University 
of Milan. The surgeries were per-
formed by three experienced sur-
geons at three centers (University of 
Milan and two private offices) that 
provided four, five, and four bilater-
al cases, respectively. Thirteen sub-
jects (five men, eight women) who 
were candidates for bilateral maxil-
lary sinus augmentation and chose 

this treatment option were selected 
from the private practices of clini-
cians participating in this study. 
There were no limitations to enroll-
ment due to sex, race, or ethnicity. 
Inclusion criteria required that less 
than 5 mm of residual crestal bone 
be present, as determined by a 
computed tomographic scan, and 
that each patient required bilater-
al maxillary sinus elevation for the 
placement of dental implants. Ex-
clusion criteria included the inabili-
ty to undergo standard oral surgical 
procedures for any reason, patients 
who smoked more than 10 ciga-
rettes a day, and women who were 
pregnant, considering pregnancy 
during the duration of the study, 
or were currently nursing. Each pa-
tient was informed of the require-
ments for the study and signed an 
appropriate consent form.

Surgical procedures

Subjects were premedicated with 
amoxicillin (875 mg) and clavu-
lanic acid (125 mg) twice daily 
(Augmentin, Roche) beginning the 
night before surgery and continu-
ing for 10 days. If the patient was 
allergic to penicillin, azithromycin 
(500 mg, Zitromax, Pfizer Italia) 
was substituted. Local anesthesia 
was administered with 4% artic-
aine chlorhydrate and adrenaline 
(1:100,000, Alfacaina N, Weimer 
Pharma). A full-thickness flap was 
reflected exposing the lateral wall, 
and a complete osteotomy was 
performed using Piezosurgery 
(Mectron, Carasco). If the window 
was removed, it was not added 
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to the graft material. The sinus 
membrane was elevated using a 
combination of Piezosurgery and 
hand elevators. Any perforations 
were covered with bioabsorb-
able collagen barrier membranes 
(Bio-Gide, Geistlich Pharmaceu-
ticals). Randomly, one subantral 
compartment was grafted with 
100% large particle Bio-Oss (1.0 to  
2.0 mm) and the contralateral sub-
antral compartment was grafted 
with small particle Bio-Oss (0.25 to 
1 mm). A bioabsorbable collagen 
barrier membrane (Bio-Gide) was 
placed over the window and 3 mm 
of surrounding bone. Primary clo-
sure was achieved with a combina-
tion of Gore-Tex suture (WL Gore 
and Associates) and chromic gut  
(Covidien) sutures. There were no 
simultaneous ridge augmentation 
procedures performed in any pa-
tient. Provisional fixed or remov-
able appliances were relieved over 
the surgical sites prior to insertion. 
Subjects continued the antibiotic 
protocol for 10 days, were pre-
scribed appropriate pain medica-
tions (nimesulide, Aulin, Roche), 
and placed on 0.12% chlorhexi-
dine digluconate rinses (Curasept, 
Curaden Healthcare, Saronno) for 
2 weeks.

At stage-one implant place-
ment surgery (24 to 32 weeks), a 
trephine core sample was taken  
(10 × 3 mm) from the superior- 
distal area of the former lateral win-
dow site as identified by measure-
ments taken at the time of sinus 
elevation. The 10-mm-long core 
extends to the middle of the sinus 
representing the least mature part 
of the graft. If the grafts were not 

performed simultaneously, core 
harvests were timed to equalize 
the maturation times. Appropri-
ate antibiotics and analgesics were 
prescribed. Suture removal was 
performed after 7 to 10 days.

Blinded histomorphometric 
analysis was subsequently per-
formed by a single experienced 
examiner (PT) to determine the 
percent of the various tissues in the 
biopsied samples.  

Histology and 
histomorphometry

The evaluated specimens were in-
filtrated with Remacryl resin from 
a starting solution of 50% ethanol 
and resin and subsequently 100% 
resin with each step lasting 24 
hours. Photopolymerization was 
obtained using a 48-hour exposure 
to blue light. After polymerization, 
the blocks were ground to remove 
the excess of resin and were then 
glued on plastic slides using a 
methacrylate-based glue. 

A Micromet high-speed rotat-
ing blade microtome (Remet) was 
used to obtain 250-μm sections. 
The sections were then ground to 
40 μm using an LS-2 grinding ma-
chine (Remet) equipped with wa-
ter-proof lining paper. Each section 
was then polished with polishing 
paper and a 3-μm grinding cream. 

Toluidine-blue staining was 
used for histologic evaluation. 
Histomorphometric analysis was 
performed by digitizing the micro-
scopic images via a JVC TK-C1380 
color video camera (JVC) and a 
frame grabber. The digital imag-

es were analyzed using IAS 2000  
(Delta Sistemi) image analysis soft-
ware. The parameters calculated 
were percent total bone (TB), per-
cent residual xenograft material 
(XG), and percent vital bone (VB). 
The percent of connective tissue/
bone marrow (CT/BM) was calcu-
lated by subtraction (100 – TB%).

Statistical analysis

The results of the histomorphomet-
ric evaluation were calculated as 
the mean ± standard deviation (SD) 
and ranges (95% confidence inter-
vals [CIs]) for each variable. The 
Student paired t test was used to 
assess the statistical significance of 
the difference between data from 
the small and large particle groups. 
A P value of .05 was considered as 
the significance threshold. 

Results

Of the 26 biopsies performed, two 
specimens (from different patients) 
had to be discarded due to prob-
lems in sample processing, and  
24 samples were available for his-
tologic/histomorphometric evalua-
tion. The paired analysis, however, 
could only be performed on 11 
bilateral cases. Three membrane 
perforations occurred in the 26 si-
nus surgeries performed. 

Histomorphometric analysis     

Tables 1 and 2 report the results of 
the histomorphometric evaluation. 
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Vital bone formation (primary out-
come measure) was 26.77% ± 9.63% 
vs 18.77% ± 4.74% for the large 
particle and small particle grafts, 
respectively. Residual xenograft 
was 20.01% ± 8.97% vs 21.66% ± 
10.47% for the large and small par-
ticle grafts, respectively. The statis-
tical analysis revealed that only the 
percent VB was significantly different 
between the groups (P = .02), while 
no significant difference was found 
for CT/BM percent (P = .25) and 
XG percent (P = . 69). The Shapiro-
Wilk test was performed for assess-
ing normality of distribution for vital 
bone  (P = .82), xenografts (P = .64), 
and bone marrow (P = .64).

Histologic analysis

Histologic analysis of the regener-
ated tissues showed the presence 
of nonresorbed graft particles  
(Fig 1) in both the newly formed 
bone tissue and the newly formed 
connective tissue. At the 24- to 
32-week time interval, the new 
bone appeared as woven bone 
with several large rounded osteo-
cyte lacunae (Fig 2). Polarized light 
microscope analysis showed the 
presence of a woven bone struc-
ture with several marrow-vascular 
spaces. In some areas, bone tra-
beculae had a more mature aspect 
with primary parallel-fibered bone 

filling the vascular spaces on the 
bulk of immature woven bone. 
In the most central areas of these 
trabeculae, the woven bone core 
could still be observed. The direct 
connection between the newly 
formed bone and the residual graft 
particles form “bridges” of trabec-
ular bone. These bridges tend to 
create, with the included particles, 
an irregular network of new trabec-
ulae, different from the trabecular 
structure of the native bone since 
their direction and interconnection 
is influenced by the arrangement 
of the granules that determined 
its formation. Bone remodeling 
is evidenced by the presence of  

Table 2 Histomorphometric analysis of 
small particle grafts 

Patient XG (%) VB (%) CT/BM (%)

1 19.6 16.4 64.0

2 12.1 16.2 71.7

3 37.8 15.2 47.0

4 9.9 19.7 70.4

5 6.9 18.5 74. 7

6 16.0 29.4 54.6

7 33.8 21.7 44.5

8 17.0 22.4 60.6

9 23.2 20.5 56.4

10 32.5 13.6 53. 9

11 29.6 13.0 57.4

Mean ± SD 21.7 ± 10.5 18.8 ± 4.7 59.6 ± 9.9

95% CI 15.5–27.8 16.0–21.6 53.8–65.4

XG = residual xenograft; VB = vital bone; CT/BM = connective tissue/
bone marrow; SD = standard deviation; CI = confidence interval.

Table 1 Histomorphometric analysis of 
large particle grafts 

Patient XG (%) VB (%) CT/BM (%)

1 1.7 23.6 74.7

2 10.6 38.6 50.8

3 20.2 11.5 68.3

4 15.6 40.9 43.5

5 35.4 28.0 36.6

6 25.5 24.2 50.3

7 22.9 34.4 42.7

8 15.4 34.9 49.6

9 23.3 14.5 62.1

10 26.6 24.6 48.8

11 22.9 19.1 57.9

Mean ± SD 20.0 ± 9.0 26.8 ± 9.6 53.2 ± 11.5

95% CI 14.7–25.3 21.1–32.5 46.4–60.0

XG = residual xenograft; VB = vital bone; CT/BM = connective tissue/
bone marrow; SD = standard deviation; CI = confidence interval.
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resorption lacunae and areas of 
new bone deposition. Thanks to 
the different chromatic affinity be-
tween grafted material and vital 
bone, it is possible to differenti-
ate Bio-Oss from new vital bone. 
Close contact between graft gran-
ules embedded in the mineralized 
bone and bone matrix is observed. 
The interface between particles 
and bone shows irregular borders 
that may be due to an initial re-
sorption process starting before 
bone integration.

Bone penetrates into the par-
ticle pores, in which capillaries can 
also be observed (Fig 3). It can be 
assumed that the initial healing 

process is mediated by a vascu-
lar invasion with subsequent bone 
deposition on the ceramic walls 
that leads to the subsequent pore 
obliteration. Vascular canals can be 
observed in the marrow spaces of 
the newly formed bone, and mul-
tinucleated macrophages can be 
seen on the graft surface (Fig 4).

Osteocytes in the newly formed 
bone, closely adhering to the gran-
ules surfaces, can be observed in 
the bonding areas between newly 
formed bone and the residual graft 
particles. The surface shows the 
typical cracks, presumably caused 
by histologic preparation.

1- to 2-mm particles
Biopsy specimens from large 
particle grafts show the porous 
structure of the grafted particles  
(Fig 5). Particle pores have the 
typical structure of the Haversian 
canals of the bovine bone from 
which the graft material is derived  
(Fig 6). Marrow cells and newly 
formed bone can be observed 
within these porosities. The surfac-
es of the graft particles are almost 
totally covered by newly formed 
bone. Bone density is considerably 
higher than that of the residual bas-
al bone. From a structural point of 
view, the residual particles, which 
are completely included in newly 

Fig 1  Histologic analysis of regenerated 
tissues (WB = woven bone, BM = bone 
marrow) shows the presence of several 
nonresorbed small graft particles (P) (tolu-
idine blue staining; original magnification 
×25). 

Fig 2  New bone appears as woven bone 
(WB) and lamellar bone (LB) with small graft 
particles (P) (toluidine blue staining, polar-
ized light; original magnification ×50). 

Fig 3  Bone penetrates into large graft 
particle (P) pores in which capillaries (C), 
Haversian canals (HC), and woven bone 
(WB) with large rounded osteocytes can be 
observed (toluidine blue staining; original 
magnification ×100).

Fig 4  Histologic analysis of large graft 
particle (P). Vascular canals (VC) and multi-
nucleated macrophages (M) are observed 
in the marrow spaces of the newly formed 
bone (toluidine blue staining; original mag-
nification ×200).

Fig 5  View of large graft particles (P) 
shows particle pores (PP) colonized by mar-
row cells. Bone bridging (BB) between the 
particles can be observed (toluidine blue 
staining; original magnification ×50).

Fig 6  View of a large graft particle. Pores 
exhibit the Haversian canal (HC) structure 
of bovine bone (toluidine blue staining; 
original magnification ×200).
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formed bone, become part of large 
bone trabeculae. A rather thick 
cortical bone layer often tends to 
surround the grafted granule while 
bone trabeculae develop.

0.25- to 1-mm particles
Biopsy specimens retrieved from 
this group show the presence of 
small, variably shaped particles 
(Fig 7). The pores that are typically 
observed in larger particles can-
not be observed in this case. Par-
ticles are evenly scattered within 
the biopsy sample volume and 
are randomly interconnected by 
newly formed bone bridges. These 
bridges tend to create, with the 
included particles, an irregular net-
work of new trabeculae, different 
from the trabecular structure of the 
native bone since their direction 
and interconnection is influenced 
by the arrangement of the ABBM 
granules that determine its forma-
tion. Newly formed bone can be 
observed from the coronal to the 
apical portion of the specimens, 
showing the excellent osteocon-
ductivity of this ABBM.

Wide marrow spaces can be 
seen throughout the specimen. 
These marrow areas contain adipose 
cells, vascular canals of different di-
mensions, capillaries, mesenchymal 
cells, and a few inflammatory cells. 
As with the large particle graft, 
bone density is higher than that of 
the residual native bone.

Discussion

Autogenous bone has long been 
considered the gold standard of 
grafting materials because of its 
ability to form bone though the 
three processes of osteogen-
esis, osteoinduction, and osteo-
conduction. While the value of 
autogenous bone in large out-of-
the-envelope regenerative proce-
dures has not been questioned, its 
use in maxillary sinus augmenta-
tion has. In fact, all evidence-based 
reviews that evaluate a variety of 
grafting material have shown that 
the use of osteoconductive xeno-
grafts (ABBM) results in equal or 
better implant survival outcomes 
than does the use of autogenous 
bone.1–10 With this in mind, it was 
the purpose of this study to evalu-
ate the possibility that ABBM parti-
cle size may have an effect on vital 
bone formation and ultimately a 
possible effect on implant survival.

A search of the literature yield-
ed 19 articles published from 1998 
to 201117–35 that used 100% Bio-
Oss as the grafting material and 
reported histomorphometric data 
(Osteograf/N, PepGen P-15, Nu-
Oss, and Endobon were excluded 
as the present study used Bio-Oss). 

The main characteristics and his-
tomorphometric findings of these 
studies are summarized in Table 3.  
Of these studies, 14 used 100% 
small particles, 4 used large parti-
cles, and 2 used a 50:50 mix of large 
and small particles. This results in a 
sample size of 266 small-particle 
and 30 large-particle histologic 
samples plus 24 50:50 histologic 
samples. The combined data indi-
cate a range of vital bone forma-
tion from 12.1% to 50% for small 
particle and 22.9% to 53% for large 
particle grafts. It would appear to 
be of little value to combine these 
data as the number of confounding 
variables (surgical protocol, time 
of sampling, site of core harvest, 
histomorphometric methodology, 
statistical analytic methodology) 
would negate any significance that 
could be accorded.  

There has been only one study 
that has directly compared the two 
particle sizes in a bilateral sinus 
model.35 In this randomized con-
trolled clinical trial of 10 bilateral 
cases, core samples taken from 
implant site preparations were 
evaluated at 6 to 9 months by both 
microcomputed tomography (CT) 
and histomorphometric analysis. In 
this study, the histomorphometric 
analysis was deemed the more ac-
curate of the two as the micro-CT 
analysis tended to underestimate 
the new bone formation. The histo-
morphometric analysis showed no 
statistical difference in new bone 
formation, with 27.14% ± 3.89% 
vs 28.6% ± 6.0% for the large and 
small particle grafts, respectively. 
Similarly, there were no differences 
in the residual graft or connective 

Fig 7  Residual small graft particles are 
evenly dispersed and randomly intercon-
nected by newly formed bone bridges 
(BB), creating an irregular network of new 
trabeculae between bone marrow (BM) 
(toluidine blue staining; original magnifica-
tion ×50).
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tissue components between the 
two groups.

The present study showed 
similar results to the Chackartchi 

et al35 study for the large particle 
graft (26.77% ± 9.63%) but had 
less favorable results for the small 
particle graft (18.77% ± 4.74%). 

This difference in results for only 
the small particle graft cannot be 
explained by any of the differences 
in study designs (6- to 8-month vs 

Table 3 Characteristics of studies providing histomorphometric data on Bio-Oss used for 
maxillary sinus augmentation

Author Year

Healing 
time 
(mo)

No. of 
samples

Granule 
size 

(mm)

Cover 
membrane 

type VB (%) XG (%)
CT/BM 

(%)

Valentini et al18 1998 12 1 0.25–1 None 28 28 44

Valentini et al17 2000 6
12

3
3

0.25–1 None 21.08
27.55

39.17
27.01

39.76
45.44

Yildirim et al19 2000 6, 8 22 0.25–1 Collagen 14.7 29.7 55.6

Artzi et al20 2001 12 10 0.25–1 Collagen 42.1 24.7 33.3

Karabuda et al21 2001 6 3 0.25–1 None 50 20 30

Froum et al22 2002 7.25
11

2
1

0.25–1 Collagen
e-PTFE

16
32

NR
NR

NR
NR

Hallman et al23 2002 14.75 10 0.25–1 Collagen 41.7 11.8 46.5

Tadjoedin et al24 2003 8 1 1–2 None 22.9 36.3 40.8

Wallace et al25 2005 6 to 10 46
83

6

0.25–1 e-PTFE
Collagen

None

16.9
17.6
12.1

51.2
56
63.6

31.9
26.4
24.3

Froum et al26 2006 6.6 13 50:50* Collagen 12.44 33 54.56

Lee et al27 2006 6
12

14
14

0.25–1 Collagen 18.3
26.6

29.8
28.7

52
44.7

Cordaro et al28 2008 6.7 23 0.25–1 Collagen 19.8 37.7 40.4

Froum et al29 2008 7.17 11 50:50* Collagen 22.27 26 51.73

Iezzi et al30 2008 60 1 0.25–1 Collagen 40 12 50

Simunek et al31 2008 9 10 1–2 None 34.2 30.8 35

Traini et al32 2008 20 10 0.25–1 None 38 29 36

Torres et al33 2009 6 5 0.25–1 None 21 50 29

Kim et al34 2009 4
6

5
4

1–2 Collagen 35.6
53

45.64
22.27

18.76
24.73

Chackartchi et al35 2011 6 to 9 10
10

0.25–1
1–2

Collagen 28
27.14

34.57
33.71

37.42
39.14

VB = vital bone; XG = residual xenograft; CT/BM = connective tissue/bone marrow; e-PTFE = expanded polytetrafluoroethylene; NR = not recorded.
*not included in statistical analysis.
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6- to 9-month sampling time, crest-
al vs lateral window sample sites, 
differences in histologic staining 
and technique, or differences in 
statistical method) as any differenc-
es should have affected both large 
and small particles alike. It would 
seem that the likely explanation is 
that the difference is the result of 
the small sample size in each study.

The low perforation rate in this 
study, 3/26 or 11.5%, is slightly 
higher than that reported in the 
literature for piezoelectric sinus  
elevation.37

It is of interest to note that 
there is no known relationship be-
tween the percentage of new vital 
bone and the implant survival rate 
with the use of ABBM in maxillary si-
nus grafting. A study by Proussaefs 
et al36 showed vital bone formation 
in bilateral sinus grafts with one 
side having a membrane perfora-
tion to be 33.58% on the nonper-
forated side and 14.17% on the 
perforated side. The resulting im-
plant survival rates were 100% and 
69.6%, respectively. This is likely 
due to other effects from the per-
foration than just poor bone qual-
ity. An earlier study by the present 
authors reported excellent bone 
formation following properly per-
formed collagen barrier membrane 
repairs.38 This conclusion is further 
evidenced by the very high implant 
survival rates in all the ABBM stud-
ies, regardless of the percentage 
of vital bone present.12  

Further, one might look at ear-
ly high failure rates of Branemark 
implants in poor quality bone39 

and reach a similar conclusion. 
This would be incorrect as the 

confounding variables of implant 
surface technology and implant 
macrogeometry may override poor 
bone quality by providing more fa-
vorable primary stability and great-
er implant-bone contact.40 

There is a practical benefit to 
the fact that vital bone produc-
tion is the same with both large 
and small particle ABBM grafts35 or 
higher with large particle grafts as 
in the present study. The volume 
of graft material in a 2-g bottle of 
Bio-Oss small particle is 4.2 mL. 
The volume of 2 g of large particle 
Bio-Oss is 7.2 mL. It is therefore 
obvious that fewer grams of graft 
material will be required, and a 
lower cost realized, to complete a 
sinus augmentation surgery if large 
particle graft material is used. 

Conclusions

The histologic results of this study 
reaffirm the osteoconductive abil-
ity of the ABBM (Bio-Oss) when 
used as the sole grafting material in 
maxillary sinus augmentation. The 
histomorphometric results indicate 
a statistically significant increase 
in vital bone formation when the 
larger particle size is used. Further 
studies with a larger sample size 
should be performed to validate 
these results.
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