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Abstract
Objectives The aim of the present study was the histological investigation of an allogeneic spongious bone block for horizontal
and vertical ridge augmentation in humans. The amount of new bone, soft tissue, and residual bone substitute were
histomorphometrically assessed after a mean healing period of 6 months.
Materials and methods Fourteen patients received augmentation with an allogeneic spongious bone block (Tutobone®,
Tutogen Medical, Neunkirchen, Germany). After 6 months of healing, 28 implants were placed with simultaneous
harvesting of bone biopsies for histological and histomorphometrical analysis. Moreover, samples from the bone
blocks were collected as blanks and analyzed histologically. The formation of new bone, connective tissue, and remaining bone
substitute material as well as vascularization and formation of multinucleated giant cells (MNCGs) within the augmentation bed
were analyzed.
Results New bone formation could be observed primarily in close proximity to the bone block. Histomorphometrical
analyses showed 18.65 ± 12.20% newly formed bone, 25.93 ± 12.36% allogeneic spongious bone block, and 53.45 ±
10.34% connective tissue. MNCGs were observed on the biomaterial surface. Furthermore, organic residues were
evident, as donor-related cellular remnants within the osteocyte lacunae were found in the blank bone blocks and in
the analyzed biopsies.
Conclusion Despite the presence of donor-related organic remnants, the bone block shows the ability to serve as a scaffold for
new bone formation.Within the limits of the present study, the detect organic remnants seemed not to affect the bone formation or
influence the host in the long term.
Clinical relevance Clinicians have to make a conscious choice of the applied biomaterials with regard to their components and
structure to support tissue regeneration and maintain patient safety.

Keywords Allogeneic bone substitute material . Horizontal augmentation . Multinucleated giant cells . Histomorphometric
analysis . Purification
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Introduction

In the past decades, dental implants have become a reliable
and common approach for replacing missing teeth and
retaining dentures since their introduction by Branemark [1].
Because of bone loss by atrophy, resective surgery, or trau-
matic influences, the bone amount in the prospective implant
site is often reduced and requires augmentation of the alveolar
crest. The achievement and maintenance of a sufficient
amount and quality of hard tissue are important for a long-
lasting and stable placement of dental implants. Several sur-
gical techniques such as sinus floor augmentation and hori-
zontal or vertical augmentation have proved to form a suffi-
cient implant bed with more or less burden to patients and
challenge to surgeons [2]. Autologous bone, e.g., harvested
from the iliac crest or different enoral sites, is postulated to be
the gold standard in augmentation procedures because of its
osteoinductive, osteoconductive, and osteogenic potential
[2–5]. However, harvesting autologous bone has numerous
associated disadvantages such as donor site morbidity, the
requirement for general anesthesia, and the risk of additional
complications in the donor site [6–10].

Thus, in the past years, numerous approaches have been
made to avoid autologous bone transfer and therefore avoid
additional burdens and risks to patients. Beside xenogeneic
bone substitute materials and synthetic bone substitute mate-
rials, allogeneic bone substitute materials from living or de-
ceased donors may provide an almost equal alternative to
autologous bone [10–16]. A clinical study evaluating the effi-
cacy of allogeneic bone block grafts used for ridge augmen-
tation before implant placement showed good integration into
the recipient site and stable augmented bone. The author con-
cluded that the use of allogeneic bone block grafts is a viable
alternative to autogenous grafts in selected patients with alve-
olar ridge deficiencies [10].

Especially in vertical and horizontal augmentation proce-
dures, which are esthetically important, such as the upper an-
terior region, or challenging, such as the lower molar region,
vascularization is necessary for sufficient integration of the
graft material. Block augmentations with allogeneic bone
blocks combine a three-dimensional matrix for ingrowth of
bone from the graft-host interface with dimensional stability
and tailored fit to the recipient area [10, 17]. However, the
small surface contact to vital bone in relation to the volume
of the applied graft questions the complete bony fusion of the
grafted bone block.

Moreover, the purification of naturally derived bone sub-
stitute materials including allogeneic and xenogeneic mate-
rials by removal of cellular remnants, thus reducing their an-
tigenicity, is an important issue, not only for patient safety and
ethical considerations but also for biomaterial scientists and
practitioners. Some allogeneic bone blocks aim to include
organic extracellular matrix in the form of collagen as an

additional component to enhance new bone formation, be-
cause collagen is known to support bone regeneration [18].
However, the inclusion of collagen is often accompanied by
the preservation of further organic structures and cellular rem-
nants. In a recent ex vivo investigation of our group of differ-
ent blank bone blocks from xenogeneic and allogeneic origin
that were analyzed histologically and histochemically to de-
tect inorganic matrix, cellular, or organic matrix components,
it was shown that the investigated allogeneic bone blocks
exhibited the required structure of trabecular, lamellar ar-
ranged bone, with additional signs of organic components
such as collagen, fatty-like structures, and cellular remnants
[19]. The aim of the present clinical study was to evaluate the
clinical application of a commercially available alloge-
neic spongious bone block (Tutobone®, Tutogen Medical,
Neunkirchen, Germany) for horizontal and vertical augmen-
tation of the alveolar crest in the upper anterior and lower
molar region before the placement of dental implants.
The present investigation was specifically focused on
cellular tissue response within the augmentation bed to
the allogeneic bone block. By conducting histological and
histomorphometrical analyses, the fraction of newly formed
bone, connective tissue, and remaining bone substitute within
the implantation bed was determined.

Materials and methods

Study design

In the present study, 14 patients (9 women, 5 men) who re-
ceived horizontal augmentation, vertical augmentation, or a
combination of both in the upper (9 patients) or the lower (5
patients) jaw with a commercially available for clinical appli-
cation allogeneic spongious bone block (Tutobone®, Tutogen
Medical, Neunkirchen, Germany) were enrolled. The study
was approved by the ethics commission of the University
Clinic, Frankfurt, Germany (377/16) and conducted according
to the World Medical Association Declaration of Helsinki
(version 2008) and the STROBE guidelines for observational
studies. The enrolled patients had a mean age of 60 years
(range, 26–78 years) and had to meet the following criteria:
reduced alveolar crest in the vertical and/or horizontal dimen-
sion for placement of dental implants that does not allow
placement of implants simultaneous to a GBR procedure,
minimum age of 18 years (or older), no untreated periodontal
disease, smoking more than 15 cigarettes per day, no general
disease that influences surgical treatment, no oncologic anam-
nesis or oncologic treatment in the head and face region, com-
pliance with the study. Treatment was conducted in a private
practice by one of the authors (M.S.). All patients were in-
formed about indication of surgery, treatment alternatives, dis-
advantages, and drawbacks of implanted biomaterial and gave
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informed consent before the surgical procedure. At an average
of 6 months after augmentation (range, 5–9 months) with the
spongious allogeneic bone block, a total of 28 dental implants
(Astra Osseo Speed, Astra Tech Implant system, Dentsply
Sirona Implants, York, USA) were placed in the augmented
regions. Simultaneously with implantation, 14 bone biopsies,
one per patient , were taken for histological and
histomorphometrical analysis of the augmented region. In pa-
tients who receivedmore than one implant within the augmen-
tation region, the sample for histological analysis was ran-
domly assigned. Inclusion criteria for participating in the pres-
ent study were, besides a reduced dentition in combination
with a reduced alveolar crest, an adequate oral hygiene, no
persistent infection of the augmentation site, and no general
or medical contraindications such as bisphosphate treatment
or radiation. Table 1 provides a detailed overview of included
patients and the performed augmentation procedures. In addi-
tion to the analysis of human bone biopsies, five randomly
allocated blanc allogeneic bone blocks were analyzed histo-
logically to determine the structure and components of the
bone block.

Surgical procedure

In all 14 patients, the augmentation procedure was conducted
under local anesthesia (Ultracain 1:200.000). Through a crest-
al incision and mobilization of a full-thickness mucoperiostal
flap, the alveolar crest was exposed, and according to the
morphology of the alveolar crest, the allogeneic spongious
bone block was individually tailored chairside to the prospec-
tive augmentation site. After placement, the block was fixed
with at least two osteosythesis retaining screws with a diam-
eter of 1.2 mm and a length between 10 and 14 mm (MONDE
pre-implant Osteosynthesis, Mondeal Medical Systems,
Mühlheim, Germany). In all augmentation procedures,
a collagen membrane (Bio-Gide, Geistlich Biomaterials,
Wolhusen, Switzerland) was used for covering the aug-
mentation site. The flap was enlarged by a horizontal periostal
incision, and primary wound closure was achieved with ab-
sorbable tension-free single sutures. Postoperative medication
consisted of penicillin for 5 days, a 0.2% chlorhexidine mouth
rinse, and 400mg ibuprofen. At an average of 6months (range,
5–9 months) after augmentation, a total of 28 implants were
inserted in the augmented regions through a crestal approach.
In this context, it has to be mentioned that the healing period
varies between 5 and 9 months and was chosen individually
and is therefore kind of heterogeneous. In the study protocol, a
minimal healing period of 5 months was determined.

Simultaneous to implant drilling, biopsies from the aug-
mented regions, where the implants were inserted, were
harvested with trephine burrs of 3 to 5 mm according to
the inserted implant’s diameter for histological and
histomorphometrical analysis.

Figure 1 shows clinical images of horizontal and vertical
augmentation with the allogeneic bone block in the lower jaw
of the right side in patient 6.

Investigated biomaterial

For augmentation of the alveolar crest, an allogeneic
spongious bone block (Tutobone®, Tutogen Medical,
Neunkirchen, Germany) was used. The biomaterial is
manufactured from human tibia or femur head spongiosa, har-
vested after joint replacement from living donators, and proc-
essed by the Tutoplast® procedure consisting of, among
others, gamma sterilization. This processing results in a natu-
ral trabecular system of interconnecting pores with a pre-
served collagen matrix. At the same time, this procedure aims
to remove unwanted materials such as cells, fat, antigens, and
viruses, and to inhibit pathogens.

Tissue preparation and histology for blanc
and human bone biopsies

In accordance with previously described methods, the harvest-
ed biopsies were fixed in 4% formalin for 24 h. The further
processing consisted of decalcification in 10% tris-buffered
ethylenediamine tetraacetic acid (EDTA) (Carl Roth,
Karslruhe, Germany) at 37 °C for 4 days and dehydration in
alcohol in a series of increasing concentrations and, finally, in
xylol. Subsequently, the processed biopsies were embedded in
paraffin longitudinally. Sections of 3 to 4 μm were cut from
the biopsies’ central region with a microtome (Leica, Wetzlar,
Germany). The slices were stained with hematoxylin and eo-
sin, Masson-Goldner’s trichrome, Azan, and tartrate-resistant
acid phosphatase (TRAP) according to previously described
methods [12, 20–23].

Qualitative histological and quantitative
histomorphometrical analysis

To evaluate the tissue reaction and the potential inflammatory
reaction to the allogeneic bone block, the processed sections
were analyzed histologically with a conventional light micro-
scope (Nikon, Tokyo, Japan) in combination with a digital
camera with a sight control unit (Nikon, Tokyo, Japan).
Each biopsy was assessed by two independent investigators
(J.L and A.K).

In addition to the histological analysis, a histomorphometric
evaluation was performed to determine the tissue composition
within the augmentation bed (ratio of newly formed bone, con-
nective tissue, and remaining bone substitute material) as well
as number of multinucleated giant cells (MNCGs), vessel den-
sity (i.e., number of vessels per mm2), and the percent vascu-
larization (i.e., area of vessels within the implantation bed).
According to previously published methods, images were
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recorded with a DS-Fi1 digital camera and analyzed with the
software NIS-Elements (Nikon, Tokyo, Japan) [12, 20–23].
One hundred to 120 images of the region of interest were
matched to a total scan of the implantation bed and the peri-
implant tissue with an Eclipse 80i histological microscope
(Nikon, Tokyo, Japan) and an automatic scanning table (Prior
Scientific, Rockland, MA).

Statistical analysis

Data from the quantitative histomorphometric analysis are
shown as mean ± standard deviation (SD) and a one-way uni-
variate analysis of variance accompanied by least significant
difference (LSD). Post hoc assessment was used to compare
groups using SPSS 16.0.1 software (SPSS Inc., Chicago, IL,
USA). Differences were considered significant (*) at P < 0.05
and highly significant (**) at P < 0.01 as well as (***) at P <
0.001. Graphs were prepared with SigmaPlot 11.0 software
(SigmaPlot, Systat Software Inc., Erkrath, Germany).

Results

Clinical results

In all 14 patients, an uneventful healing could be observed. All
bone blocks could be placed stable leading to no mobility or
dislocation. One further patient (female, 78 years of age) ini-
tially included in the present study with augmentation of the
lower jaw of the right side presented a sterile soft tissue de-
hiscence without signs of an acute infection (pus, secretion)
after 3 months. The bone block showed at that time point an

advanced integration and therefore implant placement was
considered at an earlier time point. However, as 3 months of
integration time was significantly shorter than the integration
time of the other 14 patients, this patient was excluded from
further investigation. In the other 14 patients, no signs of early
or late wound dehiscence or wound infections could be ob-
served. At the re-entry for implant placement, the bone block
showed well integration in the host tissue and no signs of
rejection or necrosis could be found. All implants placed in
the augmentation could be placed in a satisfying primary sta-
bility and showed well osseointegration and could therefore
be used for prosthetic rehabilitation, consisting of single
crowns or bridge constructions.

Qualitative histology of the analyzed bone block
blank samples

The blanc bone block samples showed a trabecular structure
with preserved lamellar substructure. The intertrabecular area
exhibited organic remnants. In addition to cellular residues
within some osteocyte lacunae, the haversian canals showed
remaining extracellular material (Fig. 2a–d).

Qualitative histology of the analyzed biopsies

Histological analysis of the bone cores extracted from the
allogeneic spongious bone block augmentation beds showed
the bone substitute material adjacent to the residual bone in all
evaluated biopsies (Fig. 3a, b). The differentiation between the
biomaterial, i.e., the allogeneic bone block, and the newly
formed bone was possible according to the brighter appear-
ance of the biomaterial compared to the newly formed bone.

Table 1 Overview of the included patients, localization of the augmentation procedure, and the placed implants (F: female;M: male; UJ: upper jaw; LJ:
lower jaw; HA: horizontal augmentation; VA: vertical augmentation)

Patient Age (years) Gender Localization Augmentation procedure Localization of
placed implant(s)

Integration period after
augmentation (months)

1 54 F UJ HA +VA 21 6

2 26 F UJ HA +VA 12 5

3 61 F UJ HA +VA 11, 12 8

4 28 M UJ HA +VA 11 6

5 69 W UJ HA 26, 27 5

6 72 W LJ HA +VA 45, 46, 47 7

7 61 W LJ HA 43, 45, 46 8

8 71 M UJ HA +VA 13 9

9 75 W LJ HA 46 6

10 49 M UJ HA +VA 14, 15, 16 6

11 78 W UJ + LJ HA +VA 12, 13, 22, 42, 32 5

12 54 W UJ HA +VA 11, 13 6

13 68 M UJ HA +VA 11 5

14 74 M LJ HA 45, 46 5
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Moreover, the newly formed bonematrix was detectable with-
in the bone substitute material and exhibited a more woven
structure (Fig. 4a). New bone formation seemed to start from
the bone-block interface and grow toward the peripheral re-
gions of the block. Osteoblasts on the surface of the bone
substitute material seemed to generate new bone formation.
Regarding the cellular colonization within the augmentation
bed, mononuclear cells were observed within each investigat-
ed biopsy. Furthermore, the tissue reaction constituted of mul-
tinucleated giant cells (MNGCs) distributed all over the biop-
sy located in close proximity the biomaterial surface (Fig. 4b).
The TRAP enzyme staining showed that most of the MNGCs
were TRAP-positive (Fig. 4c). Each biopsy showed a large
amount of connective tissue. Within the allogeneic bone
block, primarily empty lacunae from former osteocytes were

observed; however, some organic material was observed in
some osteocyte lacunae (Fig. 4d).

Histomorphometric analysis of the tissue
composition, vascularization, and MNCG formation
within the extracted bone cores

Tissue composition

In addition to histologic analysis of the bone biopsies, the
tissue composition within the implantation bed as well as vas-
cularization and MNCG formation were determined.
Quantitative analysis showed a ratio of newly formed bone
of 18.65 ± 12.20%, allogeneic spongious bone block of 25.93
± 12.36%, and connective tissue of 53.45 ± 10.34% (Fig. 5).
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Fig. 1 Clinical images of patient
6 with horizontal and vertical
augmentation in the lower jaw of
the right side. a and b show the
atrophic augmentation site
previous to augmentation
procedure. c shows the allogeneic
bone block adapted to the
morphology of the jaw and fixed
with osteosynthesis screws. d
shows the augmentation site at re-
entry after a healing period of
7 months. The allogeneic bone
block shows well integration. e
shows implant drilling in regions
45, 46, and 47. f and g show
insertion of dental implants in the
augmentation site. h shows the
bone biopsy extracted
simultaneous with implant
placement for histological and
histomorphometrical analysis



Subanalysis of the tissue composition in patients who re-
ceived horizontal augmentation and patients who received a

combination of horizontal and vertical augmentation revealed
non-statistically significant differences (newly formed bone
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Fig. 2 Ex vivo histological analysis of the bone block. a, b Cellular
residues within the osteocyte lacunae (black arrows) as well as within
the intertrabecular area (red arrows), (Giemsa staining, a = × 400
magnification; b = × 100 magnification). c organic residues within the

intertrabecular region including multinucleated giant cell (red arrow),
(Azan staining, × 400 magnification). d cellular residues within the
osteocytes lacunae (black arrows) as well as within the haversian canal
(yellow arrow), (Giemsa staining, × 200 magnification)

Fig. 3 a Total scan of the
augmentation region in
longitudinal section shows the
interface (dashed line) between
the residual bone (RB) and the
newly generated bone (red
arrows) adherent to the allograft
bone substitute material (BSM).
The (BSM) appears surrounded
by the connective tissue, Azan
staining, × 100 magnification,
100-μm scale bar. b A horizontal
augmentation using the allograft
bone block at the time of biopsy
harvesting (dashed line = biopsy;
RB = residual bone; CT =
connective tissue; BSM= bone
substitute material)



19.48 ± 9.23% in HA and 15.61 ± 12.02% in HA +VA, allo-
geneic spongious bone block 24.55 ± 13.98% in HA and
28.14 ± 12.06% in HA + VA, connective tissue 55.12 ±
12.12% in HA and 55.72 ± 11.85% in HA+VA).

Vascularization

Analysis of the vascularization showed newly formed, homo-
geneously distributed vessels within the biopsies. The
histomorphometric analyses of the vascularization within the
implantation bed showed a vessel density of 4.73 ± 3.59 ves-
sels/mm2 and a percent vascularization of 0.51 ± 0.52% (Fig. 6).

Multinucleated giant cell formation

The histomorphometric analysis of the total number of
biomaterial-associated TRAP-positive MNCGs showed
10.13 ± 3.32 MNCG/mm2 in the augmentation site, whereas
fewMNCGswere sparsely detectable within the residual bone
in some biopsies, 0.82 ± 2.97 MNCG/mm2 (Fig. 7).

Discussion

In the present study, a commercially available allogeneic
spongious bone block was used for horizontal and vertical aug-
mentation in case of alveolar crest atrophy to form a sufficient
implantation bed before implant placement. Histological anal-
ysis of the blank bone block and the harvested biopsies was
performed to evaluate the structure and components of this
bone block as well as its regenerative potential. Moreover,
histomorphometrical analysis was performed to determine the
tissue composition within the implantation bed, i.e., the ratio of
newly formed bone, connective tissue, and bone substitute ma-
terial. Furthermore, vascularization and presence of TRAP-
positive MNCGs were assessed.

Qualitative histologic results showed preserved donor-
related organic remnants within the blank bone blocks before
implantation, reflecting the lack of purification of this bioma-
terial. Knowing that this biomaterial is commercially available
for clinical application, it should be highlighted that allogeneic
bone blocks are derived from humans. Thus, purification is of
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Fig. 4 a The allograft bone substitute material (BSM) adjacent to the
newly generated bone (asterisks), Azan staining, × 40 magnification,
500-μm scale bar. b The interface between the allograft bone substitute
material (BSM) and the newly formed bone (asterisks) as well as the
presence of multinucleated giant cells in close proximity to the bone
substitute material (black arrow heads), Azan staining, × 400
magnification, 20-μm scale bar. c TRAP-positive multinucleated giant

cells (black arrow heads) in close proximity to the allograft surface
TRAP staining, × 100 magnification, 100-μm scale bar. C1 TRAP-
positive multinucleated giant cells within the surrounded connective
tissue at higher magnification, TRAP staining, × 200 magnification, 50-
μm scale bar. d The allograft bone substitute material (BSM) including
cellular remnants within the osteocyte lacunae (black arrows),
hematoxylin and eosin staining, × 200 magnification, 100-μm scale bar



utmost importance to avoid disease transmission, genetic
transmission, and adverse immune response such as host-
versus-graft reactions. Generally, purification methods aim
to eliminate immunogenic components and inactivate patho-
gens. However, lack of standardized purification processes,
especially in bone blocks, is reported in the literature [19,
24]. Recently, our group compared the components as stated
by the manufacturer of five commercially available allogeneic
and xenogeneic bone blocks with the histological analysis of
their structure and constitutions. The results showed discrep-
ancies between the components stated by the manufacturer
and the histologic results in three of five blocks with regard
to the presence of organic remnants such as fatty and connec-
tive tissue and cellular residues [19]. Thereby, the present
study evaluated the commercially available allogeneic bone
block histologically after clinical application. The histo-
logical analysis of the biopsies showed that the bone
block’s augmentation region included newly formed
bone and connective tissue with primarily mononuclear
cells in the implantation bed. In addition, MNGCs were
shown on the biomaterial surface. Initial new bone formation
was observable in direct proximity to the bone block.
However, the formation of connective tissue was predominant,
as shown by histomorphometrical analysis. This finding is in
accordance with the primary difficulties in vertical and hori-
zontal augmentation procedures, especially in cases of ad-
vanced alveolar atrophy. This study highlighted that the allo-
geneic bone block rather serves as a scaffold and space holder
for the ingrowth of bone by osteoconduction, instead of under-
going a full remodeling. In this context, it has to be mentioned

that in general healing period needs to be prolonged in case of
vertical augmentation or horizontal augmentation of larger vol-
umes to allow sufficient vessel ingrowth within the augmenta-
tion bed [5, 13].

The present study also demonstrated that the majority of
MNGCs showed the expression of TRAP and were accord-
ingly classified as TRAP-positive MNGCs. MNGCs are cells
formed by the union of several distinct cells (usually macro-
phages, which can appear in case of infection or in case of a
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Fig. 7 Histomorphometrical analysis of the distribution pattern of TRAP-
positive multinucleated giant cells within the residual bone and the
augmentation bed

Fig. 5 Histomorphometrical analysis of the tissue composition within the
augmentation bed (***P < 0.001)

Fig. 6 Histomorphometrical analysis of the vascularization pattern (vessel
density and percent vascularization) of the augmentation region



foreign body within the human organism (foreign body giant
cell). By staining MNGCs with the enzyme tartrate-resistant
acid phosphatase (TRAP), the cells can be divided in TRAP-
positive and TRAP-negative subforms. TRAP is highly
expressed by osteoclasts and activated macrophages, which
allows a statement about the activity of the MNGCs in the
tissue reaction to biomaterials [25].

The presence of MNGCs, especially TRAP-positive within
the biomaterial augmentation region, was previously described
as foreign body giant cells [21, 22]. Moreover, different studies
described the biomaterial-related MNGCs as foreign body gi-
ant cells [26, 27]. Thereby, the presence of these cells within
the implantation material reflects that, although human-de-
rived, this bone block induced the aforementioned MNGCs.
This kind of cell has also been previously observed within the
implantation bed of synthetic and xenogeneic bone substitute
materials, which were frequently shown to exhibit only miner-
alized extracellular bone matrix without further organic com-
ponents [19, 20, 28]. In former clinical studies of our group, the
ability of bone substitute materials of different origin (synthet-
ic, xenogeneic) to enhance new bone formation in the implan-
tation bed has been investigated. It was shown that the tissue
reaction, especially the formation of MNGCs, is dependent on
the biomaterial’s physico-chemical properties [12, 20–23]. In a
split-mouth sinus augmentation trial, the tissue reaction to a
xenogeneic, bovine-based and a synthetic, hydroxy-apatite-
based bone substitute material were compared. It could be
detected that the synthetic bone substitute material was popu-
lated with significantly more MNGCs compared to the xeno-
geneic bone substitute and induced a MNGC-triggered tissue
reaction, which was accompanied by a comparable higher vas-
cularization. In contrast, the tissue reaction to the bovine-based
bone substitute material consisted of mainly mononucle-
ar cells, only a few MNGCs, and a comparably lower
vascularization. However, regarding the tissue formation,
no significant difference in new bone formation or bone
graft resorption could be observed [21]. The present
histological and histomorphometrical investigation of the al-
logeneic bone substitute material with preserved donor-related
organic structures completes the investigations of the afore-
mentioned xenogeneic and synthetic bone substitute materials
on the understanding of the cellular mechanisms and its rela-
tion to the physico-chemical properties of the investigated
biomaterials. Furthermore, investigation of a human biopsy
extracted 3 years after sinus augmentation with a synthetic
bone substitute material also showed the presence of
MNGCs after a relatively long biomaterial-host period [22].
The foreign body response to the synthetic bone substitute
material seems to be encapsulated without further contribution
to degradation-related regeneration [22]. On the basis of the
previous clinical observations and the present outcomes, it
appears as if one reason for the induced foreign body reaction
is the physico-chemical composition of the applied bone

substitute material and the quality of its surface, rather than
the origin from which it was derived. Thus, with the present
outcomes as the completion of our clinical investigation se-
ries, it becomes obvious that the formation of foreign body
MNGCs is independent of the bone substitute origin, i.e., syn-
thetic, xenogeneic, or allogeneic. A further aspect that
has to be discussed when investigating or applying al-
logeneic biomaterials is impurity. The histological eval-
uation of the biopsies allowed a qualitative differentia-
tion between the donor bone block and the newly built
bone. The bone block lacunae were filled with osteo-
cytes residues, which are most likely to be donor related. The
applied histological and histomorphometrical methodology,
however, does not allow a statement if the cellular remnants
show biological activity. Furthermore, within the limits of this
study, it is still questionable to what extent the impurity of bone
substitute materials has an effect on the long-term integration
or encapsulation of the biomaterials as well as the clinical
performance of the dental implants placed afterward.
Therefore, long-term studies are highly needed to evaluate
the function and in situ survival period of implants inserted
in an allogeneic augmentation bed. Nonetheless, it might be
that because of the necessary processing (e.g., sterilization), the
biological capacity of the biomaterial is reduced and trans-
forms the donor tissue in a biologically inactive scaffold. The
histomorphometric results showing predominantly the forma-
tion of connective tissue (17.69 ± 11.33% newly formed bone,
26.81 ± 13.56% allogeneic spongious bone block, and 55.50 ±
10.85% connective tissue) questioning the capacity of this bio-
material to support new bone formation. The high amount of
connective tissue can be explained with the type of augmenta-
tion performed in the present study (horizontal and vertical
augmentation). As seen in the histological results, the amount
of newly formed bone decreased from the bone-block interface
toward the peripheral region, where mostly connective tissue
was visible; therefore, the high amount of connective tissue can
most likely be explained by the large augmentation volume.
However, clinically, it was possible to insert implants within
the augmentation region with sufficient primary stability. This
could be explained by the stable lamellar structure of the pres-
ent biomaterial that could serve as an adequate implantation
bed. Moreover, the histomorphometrical analysis is in accor-
dance with the results of previous studies, which evaluated an
allograft fresh-frozen bone in three-dimensional atrophied pos-
terior mandible showing similar histomorphometrical results
(18.9 ± 8.1% newly formed bone and 32.5 ± 14.8% allograft
residual bone) [29, 30]. Independently of the histological and
histomorphometrical results of the present study, a clinical
study by one of the authors (M.S.) could shown that bone
grafting with an allogeneic bone block achieved equivalent
results to autologous bone grafts regarding the esthetic out-
come of the implant-retained prosthetics after a mean follow-
up period of 49.5 ± 25.8 months [31].
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In conclusion, the three-dimensional allogeneic bone
blocks are able to form a stable framework and scaffold for
larger three-dimensional defects. In contrast to particulate
bone substitute materials, tension or pressure from the cover-
ing soft tissue or loading forces do not impair the stability of
the graft. The aim of biomaterial research should therefore be
to develop a bone substitute material that combines the advan-
tages of allogeneic bone blocks, such as the scaffold function
for bone ingrowth and the framework stability, with a high
purity and safety. Therefore, there still seems to be the need
for autologous bone transfer, which is accompanied by several
disadvantages to the patient, as mentioned previously. A fur-
ther promising approach for increasing the regenerative capac-
ity of biomaterials is an autologous fibrin matrix (platelet-rich
fibrin, PRF) [32, 33]. This concentrate of peripheral-venous
blood cells is a type of natural drug delivery system and has
proved to carry numerous cells and growth factors that are
involved in the tissue regeneration process [32, 33]. The com-
bination with a bone substitute material of high biocompati-
bility and safety that serves as three-dimensional framework
could make autologous bone transfers less necessary.

However, the development of bone substitute materials that
can remove the need for autologous bone transfer, especially
in cases of severe atrophy and defects of challenging anatomy,
is in an early phase. Furthermore, the results of the present
study demonstrated the critical aspects in applying allogeneic
bone grafts, which include organic and cellular remnants to
attract clinicians’ attention to the choice of the biomaterials
and their component to support tissue regenerationwith regard
to patient safety.

Conclusion

The present study reports the use of an allogeneic spongious
bone block for horizontal and vertical crest augmentation be-
fore implant placement. Histologic and histomorphometric
analysis showed a foreign body reaction to the bone block in
the peri-implant tissue without signs of rejection or adverse
effects. Within the implantation bed 18.65 ± 12.20% newly
formed bone, 25.93 ± 12.36% allogeneic spongious bone
block, and 53.45 ± 10.34% of connective tissue could be de-
tected histomorphometrically. A cellular reaction consisting of
primarily mononuclear cells, but also TRAP-positiveMNCGs
was observed. Furthermore, blank bone block samples and
biopsies showed that osteocyte lacunae are filled with donor-
related cellular residues. Thus, the present study outlined the
critical aspects about allogeneic block purification to draw
clinicians’ attention to the choice of the used biomaterials
and its constituents. However, it is still unclear to what extent
their presence in bone substitute materials have an effect on
the regeneration capacity of the biomaterials as well as the
clinical performance of the dental implants placed afterward.
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