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Case Series
Clinical, Histologic, and Histomorphometric Analyses
of Regenerated Bone in Maxillary Sinus Augmentation
Using Fresh Frozen Human Bone Allografts
Claudio Stacchi,* Giovanna Orsini,† Donato Di Iorio,‡§ Lorenzo Breschi,*
and Roberto Di Lenarda*

Background: The purpose of the present study was
the clinical and the histologic evaluation of fresh frozen human bone (FFB) allografts used for maxillary
sinus-augmentation procedures.
Methods: Ten subjects were treated with maxillary
sinus augmentations using FFB. Radiologic measurements were recorded on computed tomography scans
preoperatively and 5 months after the sinus surgeries.
At 5 months, during implant placement, 10 core
biopsies were retrieved and processed for histomorphometric evaluation under light microscopy (LM).
Clinical and histomorphometric measurements are
presented as mean – SD.
Results: At baseline, the height of the alveolar
ridge measured 4.3 – 1.3 mm (mean); after augmentation procedures, at implant positioning, it had a mean
height of 16.0 – 1.8 mm. All 22 dental implants were
clinically healthy after 5 months. LM showed that
most of the specimens presented newly formed bone
that was completely integrated with preexisting
bone. The interface areas between new and old
bone were not discernible. Woven bone was present
in some areas of the biopsies; however, in the majority
of the examined regions, there was mature osseous tissue presenting features of trabecular bone. There was
no evidence of an acute inﬂammatory inﬁltrate. Histomorphometry revealed that the percentage of bone
was 48.15% – 14.32%, whereas marrow spaces occupied the rest of the area.
Conclusion: FFB is a biocompatible material that
can be successfully used for maxillary sinus augmentations without interfering with normal reparative
bone processes. J Periodontol 2008;79:1789-1796.
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I

nsufﬁcient bone volume in the posterior maxilla
can be one of the major problems accompanying
dental implant insertion. One of the goals of sinusaugmentation procedures is the creation of vital
bone to provide a sufﬁcient volume of osseous tissue
to obtain the osseointegration of implants placed in
the posterior maxilla.1-3
The goals of biomaterial research for bone regeneration are the continuous development and improvement of biocompatible substances that induce a
predictable and rapid healing of the tissues at the interface with dental implants.4 The integration of bone
substitutes implicates a series of biologic events critical for long-term clinical success, some of which take
place at the bone–biomaterial interface, mainly during
the ﬁrst period of bone healing.4
Different materials have been proposed for sinusaugmentation procedures, but it is still not clear which
graft materials are most clinically suitable for bone regeneration.5-11 Although autogenous bone has long
been considered the gold standard for sinus-augmentation procedures, its disadvantages include limited
intraoral availability, a tendency to undergo partial resorption, the need for an additional surgery in case
of extraoral donor sites, and associated morbidity.5
Moreover, recent literature reviews9,12,13 demonstrated
that xenografts exhibited better results in terms of
implant survival rate and stability of the graft in augmented maxillary sinuses. Nevertheless, autogenous
bone has some important advantages: there have been
more published reports on autogenous bone than on
any other biomaterial, the healing of the autograft is
faster, and its bioabsorbability makes it much safer
in case of accidental dissemination of the material into
the sinus cavity.12
Among human bone grafts, impacted morselized
bone grafts have been successfully used to treat the
bone loss in revision total hip arthroplasties.14-16
For this technique, femoral heads or iliac crests are
most often used from a bone bank according to
doi: 10.1902/jop.2008.070649
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the standards of the Musculoskeletal Council of the
American Association of Tissue Banks (AATB) and
the European Association of Musculo Skeletal Transplantation (EAMST).17,18 Immediately after removal,
the bone tissue is stored at -80C for ‡6 months; if
there are no contraindications emerging from the results of the screening procedures, the fresh frozen
bone (FFB) can be used for implantation.19
Newly formed bone occurs in the graft by means of
revascularization, bone resorption, and formation of
woven bone and is then replaced by lamellar bone.
All of these phases are mediated by the inﬂuence of
loading.15,16 Previous studies20,21 showed that the processing and storage of FFB kills eukaryotic and prokaryotic cells through disruption of the cell membranes as
a result of ice crystal formation. Conversely, there is
general concern about the possibility of introducing
viral, bacterial, and/or oncogenetic contamination
with the donor bone.22 Despite the high standards of
screening tests and procurement procedures for donors, there have been several reports23-27 on the development of infectious diseases due to the transplantation
of contaminated musculoskeletal allografts. However,
allograft transplantation has been demonstrated to be
safe because recent protocols have reduced graft
antigenicity while preserving cell viability.19,28,29 Fast
freezing using the cryoprotective substance dimethyl
sulfoxide (DMSO) has proven to be a promising
means to improve immune tolerance of allograft bone
and to enhance the biologic function by maintaining
viable cells capable of giving rise to cell growth.28-30
The successful use of FFB in orthopedic surgery19,28-31
has paved the way to introduce this procedure in oralsurgery and dental-regenerative techniques to augment maxillary sites in case of insufﬁcient bone volume
before dental implant placement.
The aim of the present study was to report the clinical outcomes together with histologic and histomorphometric results in specimens retrieved 5 months
after maxillary-sinus augmentation using human
FFB allografts.
MATERIALS AND METHODS
Ten subjects (seven males and three females; age
range: 41 to 69 years; mean age: 60.2 – 8.8 years)
requiring unilateral maxillary sinus augmentation
participated in this study. Subjects were enrolled
between October 2004 and October 2005. The protocol was approved by the Ethics Committee of the University of Trieste, and all subjects signed a written
informed consent form. Inclusion criteria were a maxillary partial (unilateral) edentulism involving the premolar/molar areas and the presence <6 mm of crestal
bone between the sinus ﬂoor and the alveolar ridge.
General exclusion criteria were acute myocardial infarction within the past 6 months, uncontrolled coag1790
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ulation disorders, uncontrolled metabolic diseases
(diabetes mellitus and bone pathologies), radiotherapy to the head/neck within the past 24 months, treatment with intravenous bisphosphonates, psychologic
or psychiatric problems, heavy smoking (>10 cigarettes/day), and alcohol or drug abuse. Local exclusion criteria were maxillary sinus pathologies, oral
infections, and uncontrolled periodontal disease. At
the initial visit, all subjects underwent a clinical and
occlusal examination, periapical and panoramic radiographs, and study models. Then a prosthetic evaluation with diagnostic waxing was done, and computed
tomography (CT) scans with a template were performed to study the programmed implant sites as well
as to evaluate the morphology of the bony walls and
possible intrasinusal pathologies.
Surgical Protocol
Each subject was draped to guarantee maximum
asepsis. The skin was disinfected using iodopovidone
10%,i and the subjects were asked to rinse with chlorhexidine mouthwash 0.2%¶ for 30 seconds. Under
local anesthesia with ropivacaine HCl, 2 mg/ml,# a
crestal incision, slightly toward the palatal aspect
throughout the length of the edentulous segment,
was performed supplemented by buccal releasing incisions mesially and distally. A full-thickness ﬂap was
elevated to expose the alveolar crest and the lateral
wall of the maxillary sinus. Using a piezoelectric device,** a trapdoor was made in the lateral sinus wall,
scraping off the bone until reaching the sinus membrane.32 The membrane was elevated using a piezoelectric-speciﬁc insert and manual sinus curets of
different shapes until it became completely detached
from lateral, medial, and lower walls of the sinus.
Cortical chips of FFB†† were carefully packed into the
narrow and undercut areas of the sinus, then a corticocancellous FFB block was inserted and ﬁxed to the sinus
ﬂoor using titanium miniscrews.‡‡ The packing was
completed with additional cortical FFB chips (Fig. 1).
A bioabsorbable membrane§§ was positioned
against the packed sinus window. The mucoperiosteal
ﬂap was replaced and sutured with multiple horizontal
mattress sutures. Amoxicillin/clavulanate potassium
(875 + 125 mg) tabletsii (one tablet twice a day) and
ibuprofen¶¶ (600 mg, twice a day) were prescribed
for 1 week. Sutures were removed 10 days after
surgery. Post-surgical visits were scheduled at monthly intervals to check the course of healing. After 5
i
¶
#
**
††
‡‡
§§
ii
¶¶

Betadine, Purdue Pharma, Stamford, CT.
Corsodyl, SmithKline Beecham, Brentford, Middlesex, U.K.
Naropin, AstraZeneca, London, U.K.
Piezosurgery, Mectron, Carasco, Italy.
Banca dei Tessuti della Regione Veneto, Treviso, Italy.
SQ 17, Nuova Geass, Pozzuolo del Friuli, Italy.
Gore Resolut Adapt, W.L. Gore & Associates, Flagstaff, AZ.
Augmentin, GlaxoSmithKline, Brentford, Middlesex, U.K.
Brufen, Abbott Laboratories, Abbott Park, IL.
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was to ensure that tissues retrieved from donors were
of acceptable quality without posing unacceptable
risks for recipients. Medical history and clinical, hemodynamic, biochemical, and pharmacologic parameters were fundamental prerequisites to assess
the general suitability of the deceased persons as tissue donors. Microbiologic and serologic tests were
performed to minimize the risk for transmission of infectious disease.
The microbiology monitoring included histologic and
liquid collection in every phase of the processing procedure, searching for contamination with aerobic or anaerobic bacteria, mycobacteria, or fungi. The following
serologic tests were performed: hepatitis B surface antigen (HBsAg), anti-HB core antigen antibody (anti-HBc
Ab), anti-HBs Ab, anti–hepatitis C virus Ab (anti-HCV
Ab), anti–human immunodeﬁciency virus (HIV) (1/2)
Ab, anti–human T-lymphotropic virus (anti-HTLV) (1/2)
Ab, anti-cytomegalovirus (anti-CMV) Ab (immunoglobulin G [IgG] and M [IgM]), anti-toxoplasma Ab
(IgG and IgM), and a syphilis test. Finally, a polymerase chain reaction test for HIV, hepatitis B virus (HBV),
and HCV RNA was performed. If any test indicated an
active or previous disease, the donor bone was discarded. Then the bone was disinfected in a medium
with a multiantibiotic solution for 72 hours, packed,
and frozen using a cryoprotectant (10% DMSO).
Figure 1.

A) After the membrane elevation and the packing of the undercut
areas of the sinus with FFB cortical chips, a properly shaped FFB
corticocancellous block was inserted into the cavity with the cortical side
apically oriented. B) The block was ﬁxed with a crestal titanium
miniscrew (arrows), and the packing of the cavity was completed with
more FFB cortical chips.

months, a second CT scan with the template was performed, and the dimension of the regenerated osseous
tissue was evaluated. At the time of implant surgery, 10
bone cores were harvested from the alveolar crest using a 3.5 · 10-mm-diameter trephine under cold, sterile
saline solution irrigation. The 10 retrieved bone cores
were marked with a notch on the crestal side for a correct orientation and processed for light microscopy.
Then the osteotomies in the biopsy sites were completed to permit the insertion of titanium dental implants with a dual acid-etched surface.## Implants
were buried, and the second-stage surgery was carried
out after an additional healing period of 5 months.
FFB allograft preparation was performed in accordance with the approved guidelines of UNI EN
ISO9001:2000IQ-NETIT/25398. The bone-banking
procedures are described in detail.
The potential donors gave their informed consent
and were screened by a questionnaire with regard to
their medical, social, and sexual history (following
the AATB and EAMST guidelines).17,18 The objective

Specimen Processing
Light microscopy. The 10 maxillary sinus bone biopsies were immediately ﬁxed in 10% buffered formalin
and processed to obtain thin ground sections with a
specially designed system.*** The specimens were
dehydrated in an ascending series of alcohol rinses
and embedded in a London resin.††† After polymerization, the specimens were sectioned, along their longitudinal axis, with a high-precision diamond disk at
;150 mm and ground to ;40 mm with a specially designed grinding machine. The slides were stained with
acid fuchsin and toluidine blue or with acid fuchsin and
a mixture of methylene blue and Azzurro staining.‡‡‡
The slides were observed under normal transmitted
light with a light microscope.§§§ The histomorphometry
was performed using the light microscope connected
to a high-resolution video cameraiii and interfaced
to a monitor and personal computer.¶¶¶ This optical
system was associated with a digitizing pad### and
a histometry software package with image-capturing
capabilities.****
## Osseotite, Implant Innovations, Palm Beach Gardens, FL.
*** Micromet, Remet, Casalecchio di Reno, Italy.
††† LR White Resin, London Resin, Theale, Berkshire, U.K.
‡‡‡ Azzurro II, Merck, Darmstadt, Germany.
§§§ Leitz Laborlux, Leica Microsystems, Wetzlar, Germany.
iii
3CCD JVC KY-F55B, JVC, Yokohama, Japan.
¶¶¶ Intel Pentium III 1200 MMX, Intel, Santa Clara, CA.
### Matrix Vision, Oppenweiler, Germany.
**** Image-Pro Plus 4.5, Media Cybernetics, Silver Spring, MD; Immagini &
Computer, Milan, Italy.
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Statistical Analysis
Baseline and post-treatment measurement data of newly formed
bone were presented as means –
SD using a statistical software
package.††††
RESULTS
Clinical Observations
There were no dropouts during
the entire period of observation. In
one case, a 3.0-mm-wide perforation of the sinus membrane occurred during the antrostomy and
membrane-elevation procedures
Figure 2.
A and B) Preoperative CT scan with a template. C) The template (arrowhead) was helpful to
(7.14% prevalence); however, after
evaluate native crestal bone, sinus anatomy, and possible sinus pathologies. The height of the
covering it with a bioabsorbable
alveolar ridge measured ;4 mm. The asterisk shows a slightly hypertrophic Schneiderian membrane.
membrane,‡‡‡‡ the grafting of the
sinus was completed normally. No
other intra- and postoperative complications were present during the
sinus-augmentation procedures or
at the time of implant surgeries.
On baseline CT scans, the
height of the alveolar ridge coronal
to the ﬂoor of the maxillary sinus
ranged from 1.8 to 6.0 mm, with
a mean of 4.3 – 1.3 mm (Fig. 2).
At the time of implant positioning,
the heights on CT scans varied
from 13.1 to 19.2 mm (average,
16.0 – 1.8 mm), with a mean bone
height gain of 11.7 – 1.7 mm (Fig.
3). In addition, we observed that if
the Schneiderian membrane was
hypertrophic at baseline, the hypertrophy was very often signiﬁFigure 3.
A through C) CT scan at 5 months after implant positioning (arrows) to evaluate quantity of
cantly reduced 5 months after the
regenerated tissue and sinusal reactions to the grafting. *Reduction of the Schneiderian membrane
grafting. After 5 months of healing,
hypertrophy.
all 22 implants with a dual acid§§§§
etched surface (4.0 · 13 mm)
appeared osseointegrated at clinical examination and
a rim of osteoblasts that were actively depositing it
on radiographs. After the abutment connection, all
(Fig. 4B). Many osteocytes trapped in their mineralsubjects received provisional ﬁxed acrylic resin prosized matrix were present in the newly formed mature
theses and, after 6 months, they underwent deﬁnitive
osseous tissue. The FFB allografts were completely
prosthetic rehabilitation with cemented metal-ceramic
integrated, and it was not possible to discern the residcrowns. All subjects were followed for a minimum of
ual FFB from the preexisting bone. The newly formed
1 year after abutment connection; at this time, all imbone mainly surrounded the preexisting bone and/or
plants were successful.
residual FFB, presenting features of mature bone,
with well-organized lamellae and numerous small osLight Microscopy
teocytic lacunae (Fig. 5). In some regions, osteonic
Most of the FFB allograft and chips were fused and not
structures were also present (Fig. 5A). The lamellae
distinguishable from the minimal preexisting bone,
and active osteogenesis was observed in the outer
†††† Primer 4.02, McGraw Hill, New York, NY.
layer of the allograft (Fig. 4A). The newly formed bone
‡‡‡‡ Gore Resolut Adapt, W.L. Gore & Associates.
was strongly stained by acid fuchsin and was lined by
§§§§ Osseotite, Implant Innovations.
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Figure 4.

A) The histologic specimen was characterized by trabecular bone with
large marrow spaces (MS). Most of the FFB chips (*) were fused and
almost not distinguishable from the minimal preexisting bone (old bone
[OB]). Newly formed bone (NB) was observed at the periphery of the
FFB particles forming bone bridges connecting them (arrowheads). B)
The newly formed bone (NB) was strongly stained by acid fuchsin and
lined by a rim of osteoblasts (Ob) that were actively depositing it.
There were many osteocytes (Oc) trapped in their mineralized matrix.
(Toluidine blue and acid fuchsin, A; acid fuchsin and Azzurro II, B;
original magniﬁcation: A, ·5; B, ·40.)

formed at different times were characterized by
slightly different afﬁnities for the fuchsin staining
and were delimited by cement lines (Fig. 5B). In most
ﬁelds, the majority of newly formed trabeculae were
united by bone bridges delimiting marrow spaces
(Fig. 6A), in which numerous newly formed vessels
were present, a sign of intense angiogenesis (Fig.
6B). No acute inﬂammatory inﬁltrate or evidence of
aberrant tissue reactions was present.
In summary, two different features of bone formation were observed in the specimens: 1) remodeling
regions in which the preexisting bone was surrounded
by newly formed bone that was already well-organized
in multiple mature lamellae and 2) regions of trabec-

Figure 5.

A) The newly formed bone (NB) was in close contact with the
preexisting bone (old bone, OB) and presented features of mature
bone, with well-organized lamellae, numerous osteocytes (Oc), and
forming osteones (arrowheads). B) At higher magniﬁcation, it was
possible to tell that the bone lamellae formed at different times were
delimited by cement lines (arrows). (Toluidine blue and acid fuchsin;
original magniﬁcation: A, ·20; B, ·40.)

ular newly formed bone that was not well organized,
with numerous marrow spaces and signs of extensive
angiogenesis. Some reactive connective tissue and a
few inﬂammatory cells were observed in very limited
ﬁelds of two retrieved specimens (data not shown).
Histomorphometry showed that the percentage of
bone was 48.15% – 14.32%, whereas the rest of the
specimen was occupied by marrow spaces.
DISCUSSION
Maxillary sinus–augmentation surgical techniques as
well as the osteoconductive potential of various bone
substitutes have evolved greatly over the past few
years, allowing the predictable placement of dental implants in the regenerated posterior maxillary region.9-13
1793
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Figure 6.

A) Areas of newly formed trabeculae (NB) were united by bone bridges
delimiting numerous marrow spaces (MS). B) A high-magniﬁcation
detail of the box in A shows a marrow space containing numerous small
newly formed vessels, indicating intense angiogenesis (arrowheads).
(Toluidine blue and acid fuchsin; original magniﬁcation: A, ·10; B, ·20.)

The events occurring after biomaterials implantation consist of two components: the response of the
host to the biomaterial and the behavior of the material in the host.33 Light microscopy provides the most
important information about the presence of bone or
soft tissue contact, but it does not give additional
information about the amount of osseous tissue
formed.34-37 Thus, the quantitative histomorphometric evaluation is important to deﬁne the effective
regeneration that has occurred.7,10,37 In our specimens, histologic and histomorphometric analyses
were performed on non-decalciﬁed core biopsies,
and all samples showed newly formed bone in contact
with preexisting bone, with cells in the osteocytic lacunae. The results of this study conﬁrmed reports1-13 in
the literature, where in all of the cases in which regenerative procedures were associated with different
allografts, that clinical and biologic responses were
1794
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favorable and allowed dental implant placement.
However, to the best of our knowledge, our work presents the ﬁrst clinical data, supported by histologic
ﬁndings, on the use of human FFB allografts in oraland dental-regenerative procedures in maxillary
bone. Despite some in vitro studies19,28-30 on the accepted biocompatibility of these allografts in the recent scientiﬁc literature and a clinical report31 in
orthopedic hip surgeries, to the best of our knowledge
no clinical study has been corroborated by histologic
data on this human derived biomaterial in oral surgery. A recent systematic review13 reported that implant survival in augmented sinuses varied from
92% for implants placed into autogenous and autogenous/composite grafts to up to 95.6% for implants
placed into xenografts; in general, regardless of the
graft material(s) used, favorable results using this regenerative technique can be achieved.
Other forms of human bone grafts, such as mineralized and demineralized freeze-dried bone, have
been largely used in sinus-augmentation techniques.2,10,38,39
However, these latter human bone preparations, although possessing a more limited immunogenicity
than fresh grafts and being easily incorporated,10,38,39
have not been shown to contain vital cells, whereas, as
shown by Heyligers and Klein-Nulend,19 the fresh
(banked) bone, obtained according to the standards
of the AATB and the EAMST, contained living cells
with growth capacity. The vital cells obtained from
the allogenic bone fragments were derived from superﬁcially located osteocytes, not from the bone marrow stroma.40 A question that has to be asked is
whether the vital cells from stored frozen allografts
positively contribute to bone regeneration in impaction grafting. It was found that human allografts stimulated the release of factors that are capable of
inducing osteoclastic bone resorption.41 Graft proteins were shown to inﬂuence osteoconduction in an
animal model.42 It might also be possible that these
cells stimulate the recruitment of blood vessels by
chemotaxic agents. It is well documented that the process of new bone formation in impaction grafting
starts with vascularization, followed by resorption of
the grafted bone by osteoclasts and formation of woven bone by osteoblasts.15,43
A major possible negative consequence of the
presence of viable cells is acute allograft-rejection responses. It was demonstrated that bone stored at
-80C has greater immunogenic capacity than bone
stored at -20C.19 Egli et al.28 reported that transplantation of frozen bone allografts was associated
with signiﬁcant local complications, such as graft infections, fatigue fractures, and non-unions. These
complications mostly have been attributed to the remaining graft antigenicity and to the devitalized grafts
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not being able to contribute to incorporation into the
host tissue. However, Aho et al.44 reported that
subjects undergoing massive human osteoarticular
allografts, with a follow-up of 11 years, might have
shown a low to moderate cutaneous immune response but did not develop important signs of immunologic reaction, and no episode of clinical rejection
was recorded.
The strategy to improve the clinical outcome of
allograft transplantation should reduce graft antigenicity while preserving the biologic function and simultaneously maintaining graft viability.28,29 The
freezing protocol, in combination with DMSO, led to
a selective depletion of the main source of antigenpresenting cells in the frozen graft, accompanied by
a decrease in its immunogenicity.28 DMSO has been
used as a cryoprotectant in cryobiology and is still an
important constituent of cryoprotectant vitriﬁcation
mixtures used to preserve organs, tissues, and cell
suspensions. Fast freezing blocked the biologic function of osteoblasts, chondrocytes, periosteum, and
osteoclasts; however, if DMSO was present during
the cryopreservation, some residual cell proliferation,
and thus, partial viability, could be preserved within
the marrow cavity of the osteochondral tissue.28 Both
effects, the inactivation of immune cells and the maintenance of cell viability, may be of importance in the
revascularization of transplanted cryopreserved osteochondral grafts.29,43,45 Therefore, it is possible
that the proliferating cells observed in cryoprotectant
dimethyl sulfoxide (cryoDMSO) rapidly frozen grafts
are involved in the process of revascularization, a prerequisite for successful graft incorporation.43-45
The FFB allografts used in the current study were
rapidly stored at -80C and treated following the
above-mentioned precautions. To our knowledge,
no acute allograft rejection responses after impaction
grafting in maxillary sinus augmentation have been
published, and this phenomenon has not been seen
in our clinical practice. The documented safety of this
fresh-frozen graft,28,29 associated with the previously
mentioned advantages of human bone allografts and
the fact that its cost is comparable to other biomaterials and that many subjects prefer human bone instead of animal bone, can render FFB a potential
candidate for sinus augmentations as well as for large
oral and maxillofacial reconstructions.
CONCLUSIONS
The present study showed that human FFB, when
used alone, may promote bone formation and can
be safely used because it does not interfere with
bone-regeneration processes and implant osseointegration. These ﬁndings could increase the scientiﬁc
knowledge of the clinician in understanding the biologic interactions occurring in the proximity of

fresh-frozen bone substitute, showing that bone in
contact with it presents all phases of bone formation
and shows features similar to the preexisting osseous
tissue, thus indicating the biocompatible properties of
this graft. Further clinical trials and additional longterm histologic analyses are forthcoming.
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