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Abstract
Objective The aim of this study was to histomorphometrically test the hypothesis that graft consolidation originates from the
sinus floor.
Materials and methods This prospective, randomized split-mouth study investigated patients undergoing bilateral maxillary
lateral sinus floor augmentation using either freeze-dried bone allografts (FDBAs) or biphasic calcium phosphate (BCP) bone
substitute. Apico-coronal core biopsies were harvested during implant placement 9 months after sinus floor augmentation,
processed for histological observation, and measured histomorphometrically.
Results Biopsies were taken from 26 bilateral sites in 13 patients. The density of new bone (NB) decreased with increasing
distance from the sinus floor. The percentage mean surface of NB ranged from 31 ± 9.5% at 2 mm from the sinus floor (G1) to
27.7 ± 11.2% at 4 mm (G2) for the FDBA specimens and from 30.0 ± 11.0% atG1 to 23.5 ± 9.9% atG2 for the BCP specimens.
Evaluation of the residual graft particle (GP) area alone as a function of distance from the floor revealed a clear inverse gradient of
7.1 ± 6.6 to 9.1 ± 10.3 between G1 and G2 for the FDBA allografts, with the same tendency for the BCP alloplasts (21.9 ± 9.9 to
27.7 ± 6.6, respectively).
Conclusion Our results support the concept that osteogenesis initiates in regions proximal to the bonywalls of the maxillary sinus
and may be enhanced by them.
Clinical relevance The nature of the grafting material had a greater influence on the degree of NB formation in regions distant
from the native walls where there is reduced inherent osteogenic potential.

Keywords Biomaterials . Sinus floor elevation . Bone substitute . Native bone . Gradient

Introduction

An optimal bone substitute biomaterial should act as a tempo-
rary scaffold for supporting the adhesion, growth, prolifera-
tion, and differentiation of Bseed^ cells, degrade into nontoxic
products that can be metabolized via physiological

mechanisms, and maintain long-term volume stability for suc-
cessful implant outcomes [1]. The graft consolidation process
following surgical procedures is characteristic for each bioma-
terial, as reflected by the osteogenic response of the host and
the degradation profile of the bone substitute. In this study, the
inhomogeneous distribution of bone and biomaterials within
the augmented area was measured with a focus on selected
regions, beginning from the original sinus floor and ascending
coronally. During graft consolidation, new bone (NB) origi-
nating from the maxillary bone and peripheral to the blood
clot and graft material was shown to progress toward the aug-
mented area [2–4].

A gradual decrease in the NB density (surface percentage)
with increasing distance from the native sinus walls has been
observed in animal studies [2–5]. However, controversial data
claiming uniformity in vertical measures of NB in the grafted
area have suggested that the healing phenomenon may be
independent of directionality [6, 7]. To date, there is no
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consensus on the full spectrum of changes that occur within
the augmented sinus.

Another factor that has been suggested as being associated
with the variation in implant outcome is the preoperative re-
sidual bone height, with most failures occurring in implants
placed in residual ridges measuring less than 4 mm [8, 9]. It
may be speculated that the trabecular bone volume and dimen-
sions of the native bone support the primary stability of the
simultaneously inserted implant and eventually affect implant
success. Moreover, it has been suggested that native bone
constitutes a fundamental source of angiogenesis and that it
supplies osteogenic cells that migrate from the residual bone
into the clot and scaffold [10].

Recent reports on the possible transmission of infectious
diseases to humans from allografts [11] have led to an increase
in the use of alloplast materials, such as biphasic calcium
phosphate (BCP) [12, 13]. It has also been found that miner-
alized freeze-dried bone allograft (FDBA) materials result in
significantly more NB growth than demineralized freeze-dried
bone allograft (DFDBA) materials [14].

The aim of this study was to examine the hypothesis that
there is a gradual decrease in the NB density with increasing
distance from the sinus floor, as evaluated by histological
analysis of graft consolidation regions, with FDBA and BCP
serving as bone substitutes.

We additionally aimed to assess the association between
the native trabecular bone surface and the NB.

Materials and methods

Ethics

All participants signed a consent form after being fully in-
formed about the nature of the procedure. The ethics commit-
tee of Tel-Aviv University approved the study protocol.

Study population

The study population consisted of 13 consecutive patients
who underwent bilateral sinus lift procedures for posterior
implant placement (Table 1). In all, seven females and six
males aged 43–68 years (average, 57.8 ± 6.4 years) were in-
cluded. The exclusion criteria were chronic steroid therapy,
uncontrolled diabetes, cardiovascular disease prohibiting ex-
tensive surgery, past head and neck radiation therapy, maxil-
lary sinus cysts, active chronic sinusitis, smoking more than
10 cigarettes per day, and inability to perform proper oral
hygiene.

Table 1 New bone (NB) and residual graft particles (GPs) 9 months after sinus augmentation using BCP and FDBA related to distance from the sinus
floor

Patient Sex Age (year) FDBA BCP

2 mm 4 mm 6 mm 8 mm 2 mm 4 mm 6 mm 8 mm

NB GPs NB GPs NB GPs NB GPs NB GPs NB GPs NB GPs NB GPs

1 F 54 27.1 6.8 38.1 2.5 28.9 0.2 42.9 27.2 14.6 33.2 15.4 26.7 12.1 11.9

2 M 58 22.6 0.2 24.2 1.4 13.2 19.3 3.7 42.5 15.9 17.9 20.6 26.2

3 F 66 31.9 13.9 17.2 30.1 8.7 19.8 14.3 25.1 37.6 18.8 22.7 21.5 26.5 28.4 14.7 33.5

4 F 60 22.8 7.7 24.5 10.5 29.8 7.3 37.7 13.8 26.9 25.3

5 M 63 31.8 0.3 52.6 0.2 34.9 6.7 30.3 22.7 30.1 11.9 21.8 19.9

6 F 51 33.6 20.9 35.7 6.1 20.9 26.7 24.7 24.5 51.5 5.6 19.8 39.2

7 M 57 52.4 9.8 39.5 14.1 21.9 31.5 37.8 14.9 38.6 20.6 20.6 39.1 13.9 35.3

8 F 43 46.2 0.7 22.6 2.2 17.3 1.3 32.5 20.6 36.4 29.4

9 M 58 18.5 0.2 23.6 0.4 32.5 4.1 29.5 21.5 7.4 33.8

10 F 56 28.3 0.3 13.9 0.7 16.6 21.1 13.9 30.6 19.3 22.5

11 M 68 35.2 9.3 31.6 11.5 29.9 16.1 36.8 31.2 26.8 33.6 50.8 17.1

12 M 58 27.8 9.3 20.6 9.4 39.6 0.7 13.3 36.5 18.2 37.3 15.9 35.5 14.1 43.2

13 M 59 24.9 13.2 15.5 29.5 24.1 14.9 18.6 19.7 30.8 36.5 39.7 18.2 12.1 31.2

Mean 57.8 31.0 7.1 27.7 9.1 25.1 12.4 21.1 28.3 30.0 21.9 23.5 27.7 22.2 27.6 14.3 34.4

SD 6.4 9.5 6.6 11.2 10.3 9.1 10.6 12.8 8.2 11.0 9.9 9.9 6.6 13.6 11.3 0.6 1.3

Minimum 43 18.5 0.2 13.9 0.2 8.7 0.2 3.7 19.7 14.6 5.6 7.4 18.2 12.1 11.9 13.9 33.5

Maximum 68 52.4 20.9 52.6 30.1 39.6 31.5 42.9 42.5 51.5 37.3 39.7 39.2 50.8 43.2 14.7 35.3

Total mineralized tissue
(NBP + RBP) mean ± SD

38.1 ± 12.4 36.8 ± 12.1 37.5 ± 9.5 49.4 ± 10.6 51.8 ± 10 51.3 ± 8.4 49.8 ± 14.6 48.7 ± 0.7
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The study patients were treated by one periodontist (RK)
between 2008 and 2013. Alternative treatments, such as re-
movable prostheses and bridges, were also discussed in detail
with each patient when applicable. All 13 patients presented
with a moderately to severely atrophic posterior maxilla with
residual alveolar bone ranging from 1 to 5 mm.

A thorough presurgical evaluation was carried out, including
a full-mouth periodontal chart, occlusal analysis, study of the
mounted casts, and diagnostic wax-up. Initial periodontal ther-
apy included oral hygiene instructions and training until a
plaque index < 25% was achieved. Scaling and root planning
were performed, followed by a periodontal re-evaluation
6 weeks later. The patients also underwent periodontal surgery
for probing depth reduction and regeneration of the compro-
mised periodontal attachment apparatus when indicated.
Computed tomography (CT) was performed 1–2 weeks prior
to the surgical intervention to evaluate the residual bone height,
sinus membrane thickness, and any potential sinus pathologies.

All 26 surgical sites were treated via the staged approach
technique. Sinus floor augmentation procedures were follow-
ed by implant placement 9 months later. Mineralized 250–
710 μm FDBA (Raptos; Citagenix, Laval, Canada) material
was applied on one randomly selected side and a synthetic HA
and β-TCP (BCP) 60:40 alloplast (4Bone; Biomatlante,
Vigneux de Bretagne, France) with particle sizes ranging from
0.5 to 1 mm was applied on the contralateral side.

Surgical technique

Premedication with 8 mg of dexamethasone (Rekah
Pharmaceutical Industries; Holon, Israel) and 875 mg of
amoxyci l l in-c lavulanate potass ium (Augment in;
GlaxoSmithKline, Brentford, UK) was administered 1 h pre-
operatively. Immediately before surgery, the patients rinsed
their mouths with 0.2% chlorhexidine for 1 min (Tarodent
Mouthwash; Taro Pharmaceutical Industries, Haifa, Israel).
The surgical procedures followed a technique described in
detail elsewhere [12, 15]. Briefly, after exposure of the lateral
bony wall of the antrum and demarcation of the window
boundaries with a 3-mm diamond bur, the lateral bony wall
was completely removed, exposing the Schneiderian mem-
brane. The membrane was gently separated and reflected
using a broad, flat curette (Kramer-Nevins IMP6578; Hu-
Friedy, Chicago, USA), creating a space beneath the elevated
membrane and the peripheral bony walls.

A resorbable porcine collagen barrier membrane (Bio-
Gide; Geistlich Pharmaceuticals, Wolhusen, Switzerland)
was placed under the sinus membrane and adapted to the bony
walls peripherally. The established void was filled with either
FDBA (Raptos; Citagenix, Laval, Canada) or BCP (4Bone;
Biomatlante, Vigneux de Bretagne, France) in the left or the
right sinus, determined by tossing a coin. An identical outer
occlusive collagen barrier membrane was applied to cover the

entire external augmented site. Postoperatively, the same sys-
temic antibiotics (Augmentin, 875 mg twice daily) were ad-
ministered for 1 week, and 4 mg of dexamethasone was pre-
scribed for two successive days. A generic nasal decongestant
(Sinaf; Taro Pharmaceuticals, Haifa, Israel) was recommend-
ed. In addition, 0.2% chlorhexidine mouth rinse was used
twice a day for 2 weeks until suture removal.

At 9 months following the procedure, the exact location of
the grafted/regenerated location was determined by a CT scan
(Fig. 1). The implant sites were trephined using trephine burs
(Biomet; 3i, Florida, USA) with an inner diameter of 2 or 3 mm
and an outer diameter of 3 or 4 mm, respectively, depending
upon the implant to be inserted (3 mm outer diameter for
3.75 mm and 4.2 mm implants, and 4 mm outer diameter for
5 mm implants). Bony cores harvested from the implant sites
were placed in 10% neutral-buffered formalin solution, and
drilling to the final dimensions of each osteotomywas complet-
ed. Screw-type sandblasted and acid-etched surface bone level
titanium implants were used (Lance or Seven; MIS Implants,
Bar Lev, Israel). The longer and more intact core specimen was
processed for histomorphometric analysis when two or more
implants were placed on one side of the jaw. Cores were fixed
in 10% neutral-buffered formalin for 76 h, decalcified in 5%
formic acid for 14 days, and embedded in paraffin. Three of the
most central 5-μm-thick sections were stained with hematoxy-
lin and eosin (H&E) and Masson’s trichrome.

Histomorphometric analysis

Histomorphometric data gained from the total augmented area
(beginning from the original sinus floor) were defined as from

Fig. 1 CT scan obtained 9 months after bilateral sinus augmentation
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the grafted area G, which was divided into region 1 (G1 = 0–
2mm), region 2 (G2 = 2–4mm), region 3 (G3 = 4–6mm), and
region 4 (G4 = 6–8 mm) (Figs. 2 and 3). Native bone was
divided into regions N1 (oral, 0–2 mm) and N2 (antral, 2–
4 mm).

Stained specimens were photographed using a digital cam-
era (TCA-3; Tucsen Imaging Technology, Shenzhen, China)
under a light microscope (BH2; Olympus, Tokyo, Japan) at
*100 and *40 magnification. Each FDBA specimen was divid-
ed into 40–50 parts (100× magnification) to precisely identify
GPs that were similar to the NB except for the presence of
empty lacunae and separation from the NB by a delicate rever-
sal line. Native bone was identified by the complete lack of
graft material. BCP particles were identified by their typical
morphology and color. Measurements of the total field, NB,
and total GP areas were made using a manual trace of the
respective areas on the computer screen (Figs. 2 and 3). The
results are expressed as a percentage of the total field.
Measurements of the BCP biopsies were performed by dividing
each biopsy into 10–20 parts for the purposes of calculation.

Images were processed in order to produce a segmented,
pseudocolor image for identifying different tissue components
(i.e., NB, GP, bone marrow, and soft connective tissue) (Figs.
2 and 3). The total mineralized tissue (TMT) was composed of
NB +GPs. The percentage area of each component out of the
total biopsy area was assessed in Photoshop (Adobe; Dublin,

Ireland). The ratio between the native trabecular bone surface
area and the total native bone surface area was calculated [12].

Statistical analysis

Continuous variables are expressed as the mean ± SD. A gen-
eral linear model consisting of repeated measures ANOVAwas
used to determine whether a gradient of graft consolidation
(NB) was present when ascending into the augmented sinus
compartment. The same test was used to determine whether
there was an inverse gradient for the residual GPs and to ana-
lyze the TMTas a function of the distance from the sinus floor.
Pearson correlation was used to verify the potential effect of the
native trabecular bone surface on NB formation with increasing
distance from the original sinus floor. The graft material was the
independent variable in both tests, while residual GPs, NB, and
TMT as the dependent variables. All analyses were performed
using IBM SPSS Statistics for Windows v24.0.1 (IBM Corp;
New York, USA). A two-tailed p value of < 0.05 was consid-
ered statistically significant.

Results

All 26 augmented sites provided a bone thickness of at least
12 mm that was available for implant placement. Each

Fig. 2 a Histological section obtained at 9 months. FDBA particles are
observed close to newly formed bone and in contact with connective
tissue. The line demarcates the beginning of augmented bone (H&E,
original magnification 40×) and 2 mm intervals along the augmented

bone. b A segmented, pseudocolor image identifying graft particles
close to newly formed bone and in contact with connective tissue
(H&E, original magnification 40×). New bone (red), graft particles
(blue), and connective tissue
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augmented sinus provided at least one intact core that was 2–
3 mm in width and 7–13 mm in length. All specimens includ-
ed NB. However, in six specimens (two in the FDBA group
and four in the BCP group), native bone was missing due to
rupture during the release of the bone core from the trephine
(Tables 1 and 2).

Histology

Twenty biopsy specimens contained both native bone and NB.
An abrupt transition between the native bone and NB was
traced perpendicular to the long axis of the core biopsy after
identifying the oral part of the first GPs (Figs. 2 and 3). The

Fig. 3 a Histological section obtained at 9 months. BCP particles are
observed close to newly formed bone and in contact with connective
tissue (H&E, original magnification 40×). The line demarcates the
beginning of augmented bone (H&E, original magnification 40×) and

2-mm intervals along the augmented bone. b A segmented, pseudocolor
image identifying graft particles close to newly formed bone and in con-
tact with connective tissue (H&E, original magnification 40×). New bone
(red), graft particles (blue), and connective tissue (yellow) are shown

Table 2 Native trabecular bone
surface area (%) Patient Length (mm) FDBA Length (mm) BCP

N1 Oral N2 Antral N1 Oral N2 Antral

1 3.1 41.2 1.8 48.7

2 1.9 29.6 2.2 66.3

3 2.0 38.8 4.6 81.4 72.6

4 4.5 18.3 17.6 2.6 68.9

5 3.8 55.6 39.6 4.3 19.8 27.6

6 3.0 67.1 68.9 2.4 26.8

7 2.5 16.6 14.2 4.5 83.2 71.8

8 3.0 45.5 38.7 2.2 19.4

9 2.7 41.7 3.9 64.7 53.2

10 2.3 35.1

11 2.4 43.7

12 ND ND

13 ND ND

Mean 40.6 37.2 62.3 50.6

SD 22.5 14.4 29.5 21.2

Min 16.6 14.2 19.8 19.4

Max 67.1 68.9 83.2 72.6

ND: no data
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native bone consisted of low-density spongiosa and well-
vascularized bone marrow.

FDBA

NB was evident in all augmented sites. Allograft particles
were in intimate contact with NB and partly surrounded by
loose connective tissue (Fig. 2). There was no evidence of
inflammatory infiltrate.

BCP

NBwas evident in all specimens (Fig. 3). The sections showed
evidence of mild chronic inflammatory infiltrate consisting
mainly of lymphocytes and multinucleated giant cells. The
intertrabecular marrow consisted of loose connective tissue,
adipose tissue foci, and small blood vessels.

Histomorphometry

Due to the small number of samples included within the G3
and G4 zones, the counts were omitted from the comparative
statistics, and descriptive statistics were used for those sam-
ples. The NB measurements showed a statistically significant
difference between G1 and G2 (p = 0.026) for both graft ma-
terials (Table 1, Fig. 4a, b). The NB percentage decreased with
increasing distance from the floor, ranging from 31 ± 9. 5% at
G1 to 27.7 ± 11.2% atG2 for the allograft specimens and from
30.0 ± 11.0% at G1 to 23.5 ± 9.9% at G2 for the alloplast
specimens (Table 1). When the GP area alone was evaluated
as a function of the distance from the floor, there was a clear
inverse gradient between G1 and G2 of 7.1 ± 6.6 to 9.1 ± 10.3
for the allograft, with the same tendency (21.9 ± 9.8 to 27.7 ±
6.6, respectively) for the alloplast (although the number of
residual GPs was significantly higher in the alloplast group)
(Fig. 4c, b, Table 1). The TMT (NB +GPs) measured at G1
and G2 was higher in the BCP group than in the FDBA group
(Table 1). A positive correlation was found between the native
trabecular bone surface area (Table 2) and NB area at G1 on
the FDBA side (r = 0.75 p = 0.008).

Discussion

In the present study, we found that the NB density decreased
with increasing distance from the pristine bone sinus base in
patients who underwent bilateral sinus lift by means of either
FDBA or BCP grafts. This was evident for both materials at
9 months after sinus grafting. The current report is an exten-
sion of our previous study in which we demonstrated differ-
ences between filler materials used in sinus lift procedures
[13]. While a comparable amount of NB was demonstrated
in the FDBA- and BCP-treated sites (27.5% and 24%,

respectively), a higher residual graft ratio was found in the
alloplast sites. Additionally, the presence of multinucleated
giant cells was demonstrated only in BCP sites [13].

NB formation in any bone defect, including the augmented
sub-antral space of maxillary sinuses, occurs via a process of
neo-osteogenesis. This process requires the recruitment and
migration of osteogenic cells and their differentiation into os-
teoblasts, leading to the synthesis and deposition of a collag-
enous extracellular matrix for mineralization [16]. An envi-
ronment with an adequate blood supply [17, 18], mechanical
stability, and sufficient available space [10] is essential for this
process. Since osteogenesis extends progressively toward the
central areas of a graft [19, 20], it is important for the bioma-
terial to be highly osteoconductive to promote the ingrowth of
capillaries, perivascular tissue, and osteoprogenitor cells from
the recipient bed [21].

It has been assumed that the minimal NB fraction essential
to sustain osseointegration ranges between 25 and 35% [8].
The FDBA material used in the present study proved to be
more efficient than BCP by presenting sufficient NB forma-
tion even 4–6 mm away from the sinus floor surface. A de-
cline in NB formation was observed within the zones most
distant from the native vital bone walls, as evidenced by the
reduced % NB in regions G2, G3, and G4 compared with that
in G1 at 9 months after the procedure, regardless of the
grafting material.

The present findings support previous claims that there is a
diminishing gradient of NB formation with increasing dis-
tance from the sinus floor, while there are increasing propor-
tions of graft materials when ascending coronally. Notably,
while NB formation fractions in G1 for FDBA and BCP in
the present study were similar (31 ± 9.5% and 30 ± 11%, re-
spectively), the fractions of residual GPs were significantly
different (7.1 ± 6.6% vs. 21.9 ± 9.9%, respectively, p < 0.01).
This is in accordance with previous studies that demonstrated
high amounts of residual alloplast grafts [12, 13] or xenografts
[15] in the augmented bone compared with the amount of
residual FDBA [15].

Our findings are in accordance with previous reports prov-
ing that NB formation is more abundant in regions proximal to
the vital bone walls [2, 3, 22–27]. While our results support
the concept that the process of osteogenesis is initiated and
enhanced proximal to the bony walls of the maxillary sinus,
we cannot exclude the possible osteogenic potential of the
Schneiderian membrane, as shown by other researchers
[28–30]. Since our biopsies included only the apical 7–
13mm of the graft, the upper grafted area close to the elevated
Schneiderian membrane was not sampled.

The effects of the quality, structure, and trabeculation of the
native bone on the NB have not received much attention in the
literature, even though opinions vary on whether the residual
bone height affects implant survival by enhancing the primary
stability or the bone substitute graft outcome itself. A review
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by Wallace and Froum (2003) noted that the association be-
tween the residual bone height and implant outcome in pa-
tients undergoing lateral window sinus augmentation was un-
known [31]. In the present study, the residual trabecular bone
volume affected NB formation only in the first 2 mm proximal
to the trabecular bone in the FDBA samples. Our finding of
similar amounts of NB formation in both bone substitutes in
zones proximal to pristine bone, as opposed to the difference
between the two materials in the apical zones (G3, G4), is
probably associated with the enhanced inherent osteogenic
potential in regions proximal to the resident wall. Thus, the
nature of the grafting material has a greater influence on the
degree of NB formation in regions distant from the resident
walls.

The advantages of using a barrier membrane over the lat-
eral bony window are well documented [32, 33], although no
consensus has yet been reached on that issue, and some re-
ports claim that such barriers provide no additional benefits
[34]. In the present clinical protocol, like previous reports [12,
15], a native collagen membrane that allows early vasculari-
zation and rapid biodegradation [35] was placed beneath the
Schneiderian membrane, even if the membrane appeared in-
tact. Care was taken to avoid covering the peripheral bony
walls to allow maximal vascularization of the grafted space.
Although the effect of sinus membrane perforations upon im-
plant success continues to be controversial [34, 36], we be-
lieve that blood clot formation and subsequent bone growth
are more predictable when the provided space is protected and

Fig. 4 a Schematic presentation of themean new bone (NB) in the FDBA
specimens related to distance from the sinus floor. b Schematic presenta-
tion of the mean new bone (NB) in the BCP specimens related to distance
from the sinus floor. c Schematic presentation of the mean quantity of

graft particles (GPs) in the FDBA specimens related to distance from the
sinus floor. d Schematic presentation of the mean quantity of graft parti-
cles (GPs) in the BCP specimens related to distance from the sinus
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stabilized by an additional biological barrier. A perforated
sinus membrane carries the risks of spreading GPs into the
sinus space and spreading infection from the healing site due
to exposure to the external respiratory system [37, 38]. The
use of an internal membrane may therefore help to prevent the
passage of both GPs and bacterial contamination into and out
of the sinus cavity via small tears. It is noteworthy that al-
though the revascularization of the sinus augmentation mate-
rial is potentially delayed by covering an intact sinus mem-
brane with a resorbable membrane, Karabuda et al. concluded
that repairing perforations of the sinus membrane with a col-
lagen membrane did not compromise the osseointegration of
dental implants that were placed in the augmented sinus [39].

In the present study, comparison of the two materials
showed greater quantities of residual BCP particles than resid-
ual FDBA, which may indicate a difference in the mechanical
properties of the augmented bone. The different radiographic
appearance of the two materials was clearly demonstrated on
the CT scans obtained at 9 months. The use of CT in the
present study helped to assess the selected implant sites, as
well as their number, diameter, and length as a function of the
quality and quantity of the augmented bone [40]. However,
the use of cone-beam CT scans or panoramic X-rays is asso-
ciated with less radiation exposure, and it may be considered
as a viable alternative [41]. In the present study, biopsies were
harvested in an apico-coronal direction, thus permitting accu-
rate observation of the tissue dynamics along the installed
implant’s surface.

This study has several strengths and limitations. An impor-
tant strength is the split-mouth design of the study, which
enabled a reliable comparison between the two materials in
each patient. Additionally, all surgical procedures were per-
formed by the same clinician using similar particle sizes in all
cases, thereby minimizing possible confounders associated
with the density of the grafting material at application, the
particle size, and the histological preparation technique. A
major limitation is the two-dimensional analysis of the sam-
ples; considerably, more structural information can be
achieved by a three-dimensional micro-CT analysis [42].
However, for such an evaluation, the radiodensity of the bio-
material must be significantly higher than that of bone tissue,
which is true for only the BCP specimens. In the current study,
the differentiation between the human mineralized allograft
and the vital NB was indeed quite challenging and could be
done only with high-magnification microscopy (100× magni-
fication) based on the empty lacunae of FDBA. Another lim-
itation is the absence of upper sub-Schneiderian bone samples.
This is due to ethical considerations limiting the harvesting to
the upcoming implant length. The study population included
only 13 patients. However, the difference between the fast-
and slow-resorbing biomaterials (FDBA and BCP, respective-
ly) was rather high, similar to our previous findings (13).

Moreover, the statistical analysis revealed significant differ-
ences between the two materials.

Conclusion

This study describes a method for evaluating the process of
graft consolidation, exemplified by two well-investigated bio-
materials. The findings of this study, based on our
histomorphometric methodology, support the hypothesis that
NB originates from the maxillary bone and progresses toward
the augmented area during graft consolidation but cannot ex-
clude the possible osteogenic potential of the Schneiderian
membrane, as shown by others.
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