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Bone Tissue Engineering in Oral Surgery:
A New Method of Bone Development
in Periodontal Surgery

Karl-Heinz Schuckert, M.D., D.D.S., Ph.D., and Magdalena Osadnik, D.M.D.

This article describes the development of a new surgical approach to periodontal treatment. Twenty patients
who suffered from bone defects without existing bony walls due to adult periodontitis were treated in three
different groups using methods of bone tissue engineering. At that time no surgical technique existed that could
be applied to those patients to generate new bone. The periodontal surgeries were performed between 2004 and
2008. All patients received follow-up examinations at 6, 12, and 24 months after surgical procedure. Measured
parameters were compared to baseline. The surgical approach and the augmentation material have been im-
proved based on the results of the previous group. This strategy was applied because of the ethical fact that a
medical treatment of patients has to be carried out with the knowledge and experience of previous settings. All
groups received recombinant human bone morphogenetic protein 2 and platelet-rich plasma. The above-
mentioned procedure had been approved in other indications in the field of oral and maxillofacial surgery. The
first group underwent conventional muco-periosteal flap technique and obtained an augmentation with ab-
sorbable collagen sponge (ACS). The second and third groups were treated using endoscopically assisted mi-
crosurgery due to wound healing disturbances that appeared in the first group. The augmentation was carried
out with demineralized bone matrix (DBM) instead of ACS (group 2) or tricalciumphosphate as a further
development instead of DBM (group 3). The radiological control 12 months (group 1), 18 months (group 2), and
2 years (group 3) after surgery proved the following results—first group: 1.7 mm (average) vertical bone de-
velopment (VBD); second group: 2.5mm (average) VBD; third group: 3.2 mm (average) VBD. These results of
single patient treatment open new ways into periodontal surgery. They have to be confirmed by prospective case
series and multicenter studies.

Introduction and Scientific Background The standard techniques in periodontal surgery are as
follows:

ADULT PERIODONTITIS FOLLOWED by bone loss and loss of
soft tissue attachment appears to be the major disease in

the oral cavity of adult human beings. This is caused by the
bacteria of the oral cavity and is influenced by genetic fac-
tors."* As a first approach, the reduction of bacteria and in-
crease of oral hygiene is considered the most important step.
Conventionally, the initial therapy includes professional
dental cleaning and educating the patient in proper oral
hygiene, scaling, root planning, and killing of bacteria. In
cases of bone defects with loss of soft tissue with the resul-
tant reduction of attached gingiva (gingiva in close contact to
the dental roots) different surgical techniques were de-
scribed. All of them aimed at recreating the initial healthy

1. Guided tissue regeneration (GTR) with the use of dif-
ferent types of membranes which cover the bone defect
and protect it from insertion of soft tissue in combina-
tion with wound healing'~*

2. Implantation of hard and soft tissue:

a. autogenous bone’
b. demineralized freeze-dried bone allograft (DFDBA)*
c. xenogene materials, for example, anorganic bovine
bone mineral®
d. synthetic materials, for example, tricalciumphosphate
(TCP), bio—glasses(”7
3. Use of enamel matrix proteins (EMPs)&10

situation as optimally as possible. It must be mentioned that The common surgical approach of the above appears to be
the below listed techniques need at least two or three bony a conventional muco-periosteal flap technique. The papillae
walls to produce new bone. are cut and the flaps are prepared both at the buccal and oral
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sides. Because of the narrow situation at the end of the pa-
pillae the reunification of these parts of the soft tissue appears
to be the major difficulty. Wound healing disturbances occur
in a high amount of surgical treatments in this position.>"!

Some authors report on adding platelet-rich plasma (PRP)
to the augmentation material to enhance the bone develop-
ment and healing of the soft tissue.'*"*

The use of PRP therapy in surgery was introduced in the
late 1990s. There is still controversial discussion regarding the
use of PRP and whether or not it favors bone regeneration.'>'

However, all authors agree that platelets are the main
regulators of the inflammatory phase and play an essential
role in the proliferation and differentiation phase.'”

Today there seems to be a consensus on the following facts
and influence concerning PRP:

1. Importance of controlled release systems of growth and
differentiation factors using biomaterials in combina-
tion with PRP*®

2. Enhancement of osteogenesis and angiogenesis

. Inhibition of osteoclast activation®!

4. The enhancement of bone density adding PRP to a
suboptimal doses of recombinant human bone mor-
phogenetic protein 2 (thBMP-2)*

5. The activation of PRP using calcium chloride or/and
thromboplastin solution®

6. Positive effect of PRP in bone regeneration in animal
trials and clinical studies in humans®*2’

19,20

W

The history of bone regeneration using BMPs instead of
bone transplantation dates back to the 1960s. In 1965, Urist
wrote about bone growth by induction.”® A variety of differ-
ent techniques have been developed in bone tissue engineer-
ing during the last 20 years. Meanwhile, many international
articles have been published on this innovative treatment.

Zheng et al.*® reported at an early stage that thBMP-2
induces endochondral ossification. It supports

1. Proliferation and differentiation of mesenchymal cells
into chondroblasts and osteoblasts

2. Production and maturation of cartilage and bone matrix

3. Differentiation of circulating osteoclast precursor cells
into osteoclasts

Raidaetal.® proved that thBMP-2 promotes vascularization.

In the field of oral and maxillofacial surgery, different au-
thors have reported about newly regenerated bone in animal
models and clinical studies in humans using growth fac-
tors,®% such as rhBMP-2 (INFUSE®; InductOs®; Wyeth
Medicine). The other material commonly used is bovine col-
lagen (absorbable collagen sponge [ACS]). INFUSE /InductOs
is provided as thBMP-2 powder and a separate collagen
sponge (ACS). Thus, INFUSE/InductOs enables a complete
splitting of both parts. We have demonstrated the advantages
of using thBMP-2 in combination with other carrier materials
and scaffolds instead of ACS.>%°

Although most of the authors present favorable results
using BMPs the disadvantages have to be mentioned. For
example,

1. High cost

2. BMPs induce the development of osteoblasts and oste-
oclasts, which means a contrary development to the
main target is also initiated
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This negative effect can partly be counteracted by com-
bining the BMPs with PRP. Cenni et al.* proved the inhi-
bition of osteoclast activation using PRP.

The release of transforming growth factor-B from PRP
seems to be most important for inhibiting osteoclast devel-
opment. We presented this in a literature overview and
compared it with our own experiences in 2011.%°

The delivery of BMPs in the past was predominantly
carried out using collagens, for example, the bovine collagen
ACS. Thus, this is xenogenic material that causes immuno-
logical reactions in 18% of patients.*” Moreover, ACS is not
able to provide suitable structural support for the agglom-
eration of osteoblasts to reconstruct larger bony defects.”

Demineralized bone matrix (DBM), a form of allograft, has
been applied in bone surgery worldwide. It possesses the
properties of osteoinductivity*' and osteoconductivity.** A
large body of data obtained from extensive preclinical
studies has supported the effectiveness of DBM or DFDBA in
human clinical settings. Nevertheless, it is important to
mention that DBM products differ concerning their biologi-
cal properties due to the host environment, the methods of
allograft preparation, particle size and shape, and donor
selection criteria. DBM functions best in a healthy tissue bed
but should be expected to have little impact in an anoxic or
avascular tissue bed.*> Allogenic material such as DBM
opens the potential for disease transmission.

Due to the well-known disadvantages of ACS, DBM was
used in combination with BMPs. While Lin et al.** and Zhao
et al.* reported on a limited BMP-2 binding ability of DBM,
which could be increased using heparin or cyclic thioimidate,
Tsiridis et al.*® proved an optimized osteoinduction using
DBM combined with thBMP-7 compared with DBM alone.
These results are supported by Clokie and Sandor*” in their
review of 10 clinical cases with major mandibular defects.
They implanted DBM soaked with rhBMP-7 and were suc-
cessful in growing new bone.

However, no bone development could be achieved in
periodontal surgery using DBM.***

TCP is an established anorganic augmentation material in
bone surgery throughout the world. It is applied in combina-
tion with cells, signaling molecules, and autogenous bone.> "t
An important aim implementing modern bone regeneration is
the reduction of risks compared with bone transplantation.
Therefore, materials that include risks of infection and allergenic
reactions should be avoided as far as possible. In the conse-
quence of this, synthetic materials like TCP as matrices have to
be preferred to products of allogenic or xenogenic origin.

Materials and Methods

Between 2004 and 2008, 20 patients with 45 periodontal
bone defects without existing bony walls were surgically
treated. Each of the patients was regarded as a single case,
which could not be cured using common care. All patients
received comprehensive information concerning rhBMP-2,
including off-label use and the fact that the suggested ther-
apy was a new approach in periodontal treatment.

The ethical authorities were aware of this medical treat-
ment. Different to a clinical study this treatment of single
cases needed no approval and review, because this is not a
structured clinical study. In fact it is the development of a
new periodontal therapy.
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The presented article has to be regarded as a review on the
treatment of 20 patients aged between 43 and 78 years at the
time of surgical treatment, an average age of 57 years. Sur-
gical treatment was carried out on 9 women and 11 men;
pregnant women and smokers were excluded. All teeth that
needed bone development due to a loss of bone >2mm in
vertical dimension were included (molars, premolars, and
incisors) in the treatment. Regarding this article only data
from those teeth that presented bony defects without existing
bony walls by proof of radiograph and optical presentation
during surgery were considered. Thus, the preoperative
status of defects are comparable.

The surgical approach and the augmentation material
have been improved based on the results of the previous
group. This strategy was applied because of the ethical fact
that a medical treatment of patients has to be carried out
with the knowledge and experience of previous settings.

The first group of patients was treated in 2004. In these
cases we used the surgical technique well known at that
time—the muco-periosteal flap technique. Cuts were made
according to the marginal gingiva and through the papillae.
The muco-periosteal flaps were separated from the hard tis-
sue. Granulation tissue was removed from the bone defects.
Afterward thBMP-2 (INFUSE; InductOs; Wyeth Medicine) on
ACS was implanted and prepared PRP was added. The muco-
periosteal flaps were readapted and fixed with interdental
stitches. Eight patients belonged to this group, three female
and five male, with 18 periodontal defects without bony walls.

The second group was treated in 2005. Due to wound
healing disturbances caused by the swelling of ACS in the
first group, we developed a new surgical approach—the
bridge flap technique to prevent the papillae and avoid de-
hiscences. This surgical approach had to be carried out en-
doscopically assisted. Vertical incisions were made and,
afterward, the mucoperiostal bridge flap was elevated from
the alveolar ridge. After the insertion of the endoscope, the
soft tissue was removed using microsurgical instruments. As
augmentation material we used DBM (Grafton®; Nether-
lands Bonebank Foundation) instead of ACS and added
rhBMP-2 and prepared PRP. Another reason for replacing
ASC with DBM was new information concerning the insuf-
ficient structural support provided by ACS.*” The augmen-
tation was performed endoscopically. This group consisted
of five patients, one female and four male, with 11 peri-
odontal defects without bony walls.

The third group of patients was cured between 2006 and
2008. The surgical approach was the same as in the second
group with an endoscopically assisted surgical treatment.
Instead of DBM we used TCP (Vitoss®; Stryker) as aug-
mentation material in combination with thBMP-2 and PRP.
This change was implemented because of the development
of bone tissue engineering in other parts of oral and maxil-
lofacial surgery. The main reasons were the risk of disease
transmission caused by DBM and a better structural support
provided by TCP.*’ Seven patients belonged to this group,
five female and two male, with 16 periodontal defects
without bony walls.

Preoperative preparation

The preoperative screening contained x-ray, using analog
orthogonal dental radiographs, measurement of pocket
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depth (PD) at six points per tooth using pocket explorer
(mesio-buccal, buccal, disto-buccal, mesio-palatal, palatal,
and disto-palatal) and determination of periodontal bacteria
using polymerase chain reaction (micro-IDent®; Hain Life-
Science). Analyzed bacteria were Haemophilus actinomyce-
temcomitans, Porphyromonas gingivalis, Prevotella intermedia,
Tannerella forsythia, Treponema denticola, Peptostreptococcus
micros, Fusobacter nucleatum/periodonticum, Campylobacter rec-
tus, Eubacterium nodatum, and Eikenella corrodens Capnocyto-
phaga spec. Samples were taken using sterile paper-tips. All
patients received professional dental cleaning, root planning,
and education in hygiene. Depending on the results of bac-
teria assignment, antibiotic therapy was given to them (e.g.,
Metronidazol, Clindamycin, or a combination of both).

Surgical procedure

All surgical treatments were carried out under analgose-
dation with local anesthesia and perioperative antibiotic
therapy (Amoxicillin 3x1000 mg/day over 1 week or Ce-
phalosporine 400mg/day over 1 week). As part of the
perioperative process conducted by an anesthetist, 20-80 mL
of venous blood was drawn and centrifugated in two steps
(first centrifugation 10 min/2400 rpm—separation of plasma
with platelets—second centrifugation 15min 3600 rpm—
separating of the PRP). The analysis of platelet concentration
in the PRP compared to venous blood presented results be-
tween 3.6 and 9.1-fold, an average of 6.9-fold. Except for the
first group, where the traditional muco-periosteal flap was
carried out (Fig. 1) the second and third groups received a
surgical treatment with transversal cuts through the soft
tissue. After this, the complete soft tissue, including the
periosteum, was separated from the bone using the bridge
flap technique developed in our institute. The augmentation
material containing thBMP-2 (INFUSE; InductOs; Wyeth
Medicine) (between 0.6 and 2.0mg in total [1.5mg/mL]))
was implanted.

Results

Stitches were removed between 6 and 10 days after the
surgical treatment. A wound healing disturbance occurred
on one periodontal defect from one patient of the first group.
In this defect 1mm of bone was reabsorbed. On one peri-
odontal defect from one patient of the second group with a
wound healing defect no bone development could be
achieved.

All patients underwent hygiene control with measurement
of PD, plaque, and calculus removal in intervals of 2-3
months during the control period.

For our analysis, we present interdental PDs (deepest point
of interdental pocket) measured 6 months, 12 months, and 2
years after the surgical treatment and compared to baseline:
group 1: PD reduction (average) from 54mm (baseline) to
2.4mm after 2 years; group 2: from 5.4 mm to 2.6 mm; group
3: from 4.9mm to 2.6 mm. The average results of all groups
are illustrated in Figure 2. There seem to be no differences in
pocket reduction concerning all three groups of patients. The
slight increase of PD in group 3 between measurement at the
point of 6 months and 2 years can be explained by different
levels of oral hygiene at the time of control.

Bone level (the distance from the deepest point of the bone
defect to the root tips) was measured radiographically at
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FIG. 1. Periodontal surgery, conventional flap technique. (a)
Bone defects in anterior part of maxilla. (b) Augmentation
material (absorbable collagen sponge soaked with rhBMP-2)
implanted. Color images available online at www liebertonline
.com/tec

baseline and 12-24 months after treatment. Radiographs
were taken orthogonal and using, in addition, orthopanto-
mography (correction factor 1.27) concerning anterior teeth
in maxilla due to projection problems according to the arch
of anterior maxilla. Analysis was carried out analogously

pocket depth average
54

| baseline

86 months

812 months |

024 months

group 1 - ACS

group 2-DBM  group 3 - TCP

FIG. 2. Pocket depth average, 6 months, 12 months and 2
years compared with baseline. Numbers indicate pocket
depth average in mm. Color images available online at
www.liebertonline.com/tec
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using diagnostic magnifying glasses. In this article we pres-
ent radiographs of one patient from each group representing
the different technologies and results.

The dental radiographs (Fig. 3) explain the bone situation
of a patient belonging to the first group before and 1 year
after treatment. A slight difference of bone level is visible.

By using the dental radiographs from a part of the man-
dible, we indicate the newly grown bone in a patient from
the second group (Fig. 4).

VBD in the molar region of the left side in the mandible of
a patient belonging to group 3 is demonstrated using dental
radiographs (Fig. 5).

ACS and DBM are translucent materials under aspects of
radiology. Thus, newly visible hard tissue can be regarded
as bone. TCP is radio-opaque. In combination with BMPs,
TCP is biodegraded in <1 year. This was proved in im-
plant treatment after bone development by means of tissue
engineering (TE)-techniques using bone samples.?*>

VBD was achieved in group 1 (-1 to 3 mm; average:
1.7 mm); group 2 (0 to 4 mm; average: 2.5 mm); and group 3
(1 to 7 mm; average: 3.2mm) (Fig. 6).

Statistical analysis

Although this article does not present results from a
clinical study, we tried to verify whether the amounts of
newly grown bone demonstrate a significant difference.
Statistical analysis was performed in addition to clinical
observation.

We used t-test for statistical evaluation (significance level
2=0.05). No significance could be determined comparing
VBD results of

Group 2 with group 1 | ¢ |=1.685<2.120=¢ (1-0/2, f)=¢
(0.975, 16) and

Group 3 with group 2 | t |=0.801<2.074=¢ (1-/2, f)=t
(0.975, 22).

The comparison of group 3 with group 1 | ¢ |=
2.607>2.258=t (1-a/2, f)=t (0.975, 20) proved statistical
significance. This can be attributed to the endoscopically

FIG. 3.

(a) Dental radiography before surgery, bone defects
without bony walls. (b) Dental radiography 12 months after
surgery, new bone in vertical dimension visible.
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FIG. 4. (a) Dental radiography, anterior part of mandible,
bone defect without bony walls. (b) Dental radiography 18
months after treatment, new bone.

assisted surgery as well as to the combination of augmen-
tation material.

Therefore, we conclude that the combination of rhBMP-2
and PRP in addition to TCP and the endoscopically assisted
surgery leads to the best results.

FIG. 5. (a) Dental radiography molar region left side in
mandible, bone defect without bony walls. (b) Dental radi-
ography 2 years after treatment, new bone. The horizontal
line indicates the bone level. The vertical line indicates the
distance from the root tip to the bone level.

bone development average

3

35
25
E 2
£15
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Egroup 1-ACS (-1 to 4mm)
Bgroup 2 - DBM (0 to Smm)

Bgroup 3-TCP (1 to 7mm)

FIG. 6. Vertical bone development average, result after 2
years compared with baseline. Numbers indicate vertical
bone development average in mm. Color images available
online at www liebertonline.com/tec

Since the development of soft tissue was not our main
target, no special soft tissue measurement was performed.
However, in addition to the newly grown bone, a consider-
able development of soft tissue could be achieved in several
cases. Figure 7 explains the development of soft tissue in the
case presented from the first group. Figure 8 details the same
development concerning the patient from group two.

Discussion

Many authors report on good results using different types
of augmentation in periodontal bone defects. Their articles are
all based on defects with existing bony walls (two or three
walls). They all compare PD at the end of control period with
baseline. Some of them also indicate bone development.

Guided tissue regeneration

Polimeni et al.®® and Nygaard-@stby et al.®> reported
problems using poly (DL-lactide) (PLA) membranes. Of the
PLA barriers, 89% became exposed within 3 weeks after
surgery,2 and did not resorb within a 12-month healing in-
terval.” Nygaard-Ostby et al.> proved 1.2mm bone fill at
GTR side and also when only autologous bone was trans-
planted into the defects. They concluded that using a bior-
esorbable PLA membrane does not provide additional value
to reconstructive surgery including autogenous bone graft-
ing in intra-bony periodontal defects. Our own experiences
using resorbable membranes during the 1990s point in the
same direction as Polimeni et al.>® and Nygaard-@stby et al.?
reported. In addition, most of the membranes—also called
barriers—protect the defects from the periosteum, which is
necessary for angiogenesis. Due to this, wound healing dis-
turbances often occur'' and reduce the positive effect of
augmentation.

Implantation of hard and soft tissue and EMPs

Nygaard-@stby et al.> and Orsini et al.” treated intra-bony
periodontal defects using autogenous bone grafts. While
Nygaard-@stby et al.” reported on 1.2-mm new bone, Orsini
et al.’ presented no information on bone development.



FIG. 7. Clinical situation (belongs to patient from Figs. 1 and
3). (a) Initial situation with loss of soft tissue. (b) Situation 2 years
after treatment, new soft tissue in addition to newly grown bone.
Color images available online at www liebertonline.com/tec

Markou et al.* and Aspriello et al.>* used DFDBA alone or
in combination with PRP* or enamel matrix derivative®* for
treatment of human periodontal intra-bony defects. Okuda
et al,® Santana et al.”” and Heinz et al.” applied hydroxy-
apatite to intra-bony defects. Okuda et al.® added PRP and
human cultured periosteum sheets. The bone development
on the surface of existing bony walls can be achieved up to
the top of the bone defect using DBM, which is comparable
to DFDBA in combination with PRP.’® Hydroxyapatite
possesses osteoconductive potential, which enables it to heal
bone defects with surrounding walls.””

Several authors reported on the advantages of using EMPs
in addition to different periodontal surgical techniques.”®*°
They all proved better results concerning PD after treatment
compared to baseline. No information pertaining to bone
development could be found in their articles. Only Sculean
et al.'’ presented data on newly grown bone using EMPs
combined with a biphasic calcium phosphate. They stated
that the amount of newly formed bone was limited and
varied from 0.0 to 0.7mm. The treated initial situation in
parts was comparable to the patients of our review, as the
authors accounted on 1 and 2-wall intra-bony defects. A 1-
wall defect is described as a defect with bone contact only at
one side of a tooth. Due to this, bone development has to be
achieved predominantly in the vertical dimension.
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FIG. 8. Clinical situation (belongs to patient from Fig. 4). (a)
Situation before treatment, loss of papilla. (b) Situation one
year after treatment, new papilla visible. Color images
available online at www. liebertonline.com/tec

The above-mentioned publications point out the current
state of the art in surgical periodontal treatment including
the limits concerning bone regeneration.

Our scientific work is based on this accepted background
and includes options offered by bone tissue engineering. The
first group of patients received the muco-periosteal flap as
the surgical approach and rhBMP-2 combined with ACS,
which is part of the medical equipment used instead of other
conventional augmentation material. Parallel to other indi-
cations, we realized that ACS is not able to provide suitable
structural support.37’38’52

In addition, the swelling of the soft tissue particularly in
the papillae region forced us to develop a totally new sur-
gical approach. We designed the endoscopically assisted
periodontal surgery. This technique avoids wound healing
disturbances and invasion of bacteria.”"

As an alternative to ACS we utilized DBM containing al-
logenic collagens to release the BMP-2 and provide better
structure compared to ACS. This combination was carried
out in the second group of patients.

Because DBM is an allogenic material, it contains risks of
transferring diseases.®® Because of this information, we
looked for a synthetic material with a better structure than
collagen.

Corresponding to the application of DBM in other indi-
cations we replaced it by TCP.>?

The third group of patients presented the best results. No
wound healing disturbances occurred. We are convinced
that the implementation of microsurgical approaches using
endoscopically assisted surgery, paved the way to peri-
odontal bone development in onlay technique.

As far as we know, this is the first presentation of a group
of patients who received periodontal surgery treatment by
means of TE techniques endoscopically assisted using PRP,
rhBMP-2 and various scaffolds.

With this new TE technique we were able to recreate new
bone in periodontal defects of patients in a manner that
did not exist before. Clinical studies are needed to prove
the technique and our results. The creation of a synthetic
scaffold, which is not radio-opaque (e.g., polycaprolactone)
and available in a suitable size and shape for periodontal
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surgery, will ensure bone development without taking bone
samples in the future.

From our point of view the following criteria have to be
fulfilled before starting the surgical treatment mentioned
above:

An optimal preparation including

1. Analysis of bacteria and antibiosis

2. Clarification of internistic background
3. No untreated diabetes, HbAlc <5.9%
4. No smoking

Acknowledgments

These reviewed cases were performed with the knowledge
of the ethical authorities. Unlike clinical studies, in the run-
up to these single cases in off-label use, no written applica-
tion or final acceptance is required. The authors wish to
thank Ms. Helberg and Mr. Jochen Eichholtz for their tech-
nical support and Ms. Conny Helbling for her linguistic re-
view as a native speaker.

Disclosure Statement

No competing financial interests exist.

References

1. Needleman, 1.G., Worthington, H.V., Giedrys-Leeper, E.,
and Tucker, RJ. Guided tissue regeneration for periodon-
tal infra-bony defects. Cochrane Database Syst Rev (2),
CD001724, 2001.

2. Nygaard-Ostby, P., Bakke, V., Nesdal, O., Nilssen, HK.,
Susin, C., and Wikesjo, UM. Periodontal healing following
reconstructive surgery: effect of guided tissue regeneration
using a bioresorbable barrier device when combined with
autogenous bone grafting. A randomized controlled clinical
trial. ] Clin Periodontol 35, 37, 2008.

3. Orsini, M., Orsini, G., Benlloch, D., Aranda, ].J., and Sanz, M.
Long-term clinical results on the use of bone-replacement
grafts in the treatment of intrabony periodontal defects.
Comparison of the use of autogenous bone graft plus cal-
cium sulfate to autogenous bone graft covered with a
bioabsorbable membrane. ] Periodontol 79, 1630, 2008.

4. Markou, N., Pepelassi, E., Vavouraki, H., Stamatakis, H.C.,
Nikolopoulos, G., Vrotsos, 1., and Tsiklakis, K. Treatment of
periodontal endosseous defects with platelet-rich plasma
alone or in combination with demineralized freeze-dried
bone allograft: a comparative clinical trial. ] Periodontol 80,
1911, 20009.

5. Taheri, M., Molla, R., Radvar, M., Sohrabi, K., and Najafi,
M.H. An evaluation of bovine derived xenograft with and
without a bioabsorbable collagen membrane in the treat-
ment of mandibular Class II furcation defects. Aust Dent |
54, 220, 2009.

6. Okuda, K., Yanamiya, K., Kawase, T., Mizuno, H., Ueda, M.,
and Yoshie, H. Treatment of human infrabony periodontal
defects by grafting human cultured periosteum sheets
combined with platelet-rich plasma and porous hydroxy-
apatite granules: case series. ] Int Acad Periodontol 11,
206, 2009.

7. Heinz, B., Kasaj, A., Teich, M., and Jepsen, S. Clinical effects
of nanocrystalline hydroxyapatite paste in the treatment of
intrabony periodontal defects: a randomized controlled
clinical study. Clin Oral Investig 14, 525, 2010.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

7

Bosshardt, D.D. Biological mediators and periodontal re-
generation: a review of enamel matrix proteins at the cellular
and molecular levels. ] Clin Periodontol 35, 87, 2008.
Zeldich, E., Koren, R., Dard, M., Weinberg, E., Weinreb, M.,
and Nemcovsky, C.E. Enamel matrix derivative induces the
expression of tissue inhibitor of matrix metalloproteinase-3
in human gingival fibroblasts via extracellular signal-
regulated kinase. ] Periodontol Res 45, 200, 2010.

Sculean, A., Windisch, P., Szendrsi-Kiss, D., Horvéth, A.,
Rosta, P., Becker, J., Gera, 1., and Schwarz, F. Clinical and
histologic evaluation of an enamel matrix derivative com-
bined with a biphasic calcium phosphate for the treatment
of human intrabony periodontal defects. J Periodontol 79,
1991, 2008.

Cheng, C.F, Lee, Y.Y., Chi, LY., Chen, Y.T., Hung, S.L., and
Ling, L.J. Bacterial penetration through antibiotic-loaded
guided tissue regeneration membranes. ] Periodontol 80,
1471, 2009.

Piemontese, M., Aspriello, S.D., Rubini, C., Ferrante, L., and
Procaccini, M. Treatment of periodontal intrabony defects
with demineralized freeze-dried bone allograft in combina-
tion with platelet-rich plasma: a comparative clinical trial. J
Periodontol 79, 802, 2008.

Powell, C.A., Bannister, S.R., Mackey, S.A., Maller, S.C,,
McDonnell, H.T., and Deas, D.E. Periodontal wound healing
with and without platelet-rich plasma: histologic observa-
tions and assessment of flap tensile strength. ] Periodontol
80, 985, 2009.

Harnack, L., Boedecker, R.H., Kurtulus,I., Boehm, S., Gon-
zales, J., and Meyle, ]J. Use of platelet-rich plasma in peri-
odontal surgery—a prospective randomised double blind
clinical trial. Clin Oral Investig 13, 179, 2009.

Plachokova A.S., Nikolidakis, D., Mulder, ]., Jansen, J.A.,
and Creugers, N.H. Effect of platelet-rich plasma on bone
regeneration in dentistry: a systematic review. Clin Oral
Implants Res 19, 539, 2008.

Nikolidakis, D., and Jansen, J.A. The biology of platelet-rich
plasma and its application in oral surgery: literature review.
Tissue Eng Part B Rev 14, 249, 2008.

Intini, G. The use of platelet-rich plasma in bone recon-
struction therapy. Biomaterials 30, 4956, 2009.

Bertoldi, C., Pinti, M., Zaffe, D., Cossarizza, A., Consolo, U.,
and Ceccherelli, G.B. Morphologic, histochemical, and
functional analysis of platelet-rich plasma activity on skele-
tal cultured cells. Transfusion 49, 1728, 2009.

Hu, Z.M., Peel, S.A., Ho, S.K., Sandor, G.K., and Clokie,
C.M. Comparison of platelet-rich plasma, bovine BMP, and
rhBMP-4 on bone matrix protein expression in vitro. Growth
Factors 27, 280, 2009.

Yokota, K., Ishida, O., Sunagawa, T., Suzuki, O., Nakamae,
A., and Ochi, M. Platelet-rich plasma accelerated surgical
angio-genesis in vascular-implanted necrotic bone: an ex-
perimental study in rabbits. Acta Orthop 79, 106, 2008.
Cenni, E., Avnet, S., Fotia, C., Salerno, M., and Baldrini, N.
Platelet-rich plasma impairs osteoclast generation from
human precursors of peripheral blood. ] Orthop Res 28,
792, 2010.

Park, E.J., Kim, E.S., Weber, H.P., Wright, R.F., and Mooney,
D.J. Improved bone healing by angiogenic factor-enriched
platelet-rich plasma and its synergistic enhancement by
bone morphogenetic protein-2. Int J Oral Maxillofac Im-
plants 23, 818, 2008.

Lu, HH,, Vo, ] M., Chin, HS,, Lin, J., Cozin, M., Tsay, R,,
Eisig, S., and Landesberg, R. Controlled delivery of platelet-



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

rich plasma-derived growth factors for bone formation. J
Biomed Mater Res A 86, 1128, 2008.

Wiltfang, J., Kloss, F.R., Kessler, P., Nkenke, E., Schultze-
Mosgau, S., Zimmermann, R., and Schlegel, K.A. Effects of
platelet-rich plasma on bone healing in combination with
autogenous bone and bone substitutes in critical size defects.
Clin Oral Implants Res 15, 187, 2004.

Fennis, J.P.M., Stoelinga, P.JJW., and Jansen, J.A. Re-
construction of the mandible with an autogenous irradiated
cortical scaffold, autogenous corticocancellous bone-graft
and autogenous platelet-rich plasma: an animal experiment.
Int J Oral Maxillofac Surg 34, 158, 2005.

Okuda, K., Tai, H., Tanabe, K., Suzuki, H., Sato, H., Kawase,
T., Saito, Y., Wolff, L.F., and Yoshiex, H. Platelet-rich plasma
combined with a porous hydroxyapatite graft for the treat-
ment of intrabony periodontal defects in humans: a com-
parative controlled clinical study. ] Periodontal 76, 890,
2005.

Marx, R.E. Platelet rich plasma: evidence to support its use.
J Oral Maxillofac Surg 62, 489, 2004.

Urist, M.R. Bone: formation by autoinduction. Science 150,
893, 1965.

Zheng, M.H., Wood, D.J., Wysocki, S., Papadimitriou, ].M.,
and Wang, E.A. Recombinant human bone morphogenetic
protein-2 enhances expression of interleukin-6 and trans-
forming growth factor-beta 1 genes in normal human
osteoblast-like cells. J Cell Physiol 159, 76, 1994.

Raida, M., Heymann, A.C., Giinther, C., and Niederweiser.
D. Role of bone morphogenetic protein 2 in the crosstalk
between endothelial progenitor cells and mesenchymal stem
cells. Int ] Mol Med 18, 735, 2006.

Boyne, P.J. Animal studies of application of rthBMP-2 in
maxillofacial reconstruction. Bone 19, 83, 1996.

Ripamonti, U., Crooks, J., Petit, ].C., and Rueger, D.C. Per-
iodontal tissue regeneration by combined applications of
recombinant human osteogenic protein-1 and bone mor-
phogenetic protein-2. A pilot study in Chacma baboons
(Papio ursinus). Eur J Oral Sci 109, 241, 2001.

Boyne, P.J., Marx, R.E., Nevins, M., Triplett, G., Lazaro, E.,
Lilly, L.C., Alder, M., and Nummikoski, P. A feasibility
study evaluating thBMP-2/absorbable collagen sponge for
maxillary sinus floor augmentation. Int J Periodontics Re-
storative Dent 17, 11, 1997.

Cochran, D.L,, Jones, A.A,, Lilly, L.C., Fiorellini, J.P., and
Howell, H. Evaluation of recombinant human bone mor-
phogenetic protein-2 in oral applications including the use of
endosseous implants: 3-year results of a pilot study in hu-
mans. ] Periodontol 71, 1241, 2000.

Wikesjo, UM., Qahash, M., Thomson, R.C., Cook, A.D,,
Rohrer, M.D., Wozney, ].M., and Hardwick, W.R. rhBMP-2
significantly enhances guided bone regeneration. Clin Oral
Implants Res 15, 194, 2004.

Boyne, PJ., Lilly, L.C., Marx, R.E., Moy, P.K,, Nevins, M.,
and Spagnoli, D. De novo bone induction by recombinant
human bone morphogenetic protein-2 (thBMP-2) in maxil-
lary sinus floor augmentation. ] Oral Maxillofac Surg 63,
1693, 2005.

Schuckert, K.H., Jopp, S., and Miiller, U. Bone tissue engi-
neering with BMPs—frst experiences and results in oral
surgery by using thBMP-2 in humans. Int ] Oral Maxillofac
Surg 34, 68, 2005.

Schuckert, K.H., Jopp, S., and Teoh, S.H. Mandibular defect
reconstruction using three-dimensional polycaprolactone
scaffold in combination with platelet-rich plasma and recom-

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

SCHUCKERT ET AL.

binant human bone morphogenetic protein-2: de novo synthesis
of bone in a single case. Tissue Eng Part A 15, 493, 2009.
Schuckert, K.H., Jopp, S., and Osadnik, M. The use of
platelet rich plasma, bone morphogenetic protein-2 and dif-
ferent scaffolds in oral and maxillofacial surgery—literature
review in comparison with own clinical experience. ] Oral
Maxillofac Res 2, €2, 2011.

Medtronic Sofamor Danek, Inc. USA. Summary of Safety
and Effectiveness Data. Memphis, TN: INFUSE™ Bone
Graft, 2002.

Katz, J.M., Nataraj, C., Jaw, R., Deigl, E., and Bursac, P.
Demineralized bone matrix as an osteoinductive biomaterial
and in vitro predictors of its biological potential. ] Biomed
Mater Res B Appl Biomater 89, 127, 2009.

Drosos, G.I., Kazakos, K.I., Kouzoumpasis, P., and Verettas,
D.A. Safety and efficacy of commercially available demi-
neralised bone matrix preparations: a critical review of
clinical studies. Injury 38, 13, 2007.

Kinney, R.C., Ziran, B.H., Hirshorn, K., Schlatterer, D., and
Ganey, T. Demineralized bone matrix for fracture healing:
fact or fiction? ] Orthop Trauma 24, 52, 2010.

Lin, H., Zhao, Y., Sun, W., Chen, B., Zhang, J., Zhao, W.,
Xiao, Z., and Dai, ]. The effect of crosslinking heparin to
demineralized bone matrix on mechanical strength and
specific binding to human bone morphogenetic protein-2.
Biomaterials 29, 1189, 2008.

Zhao, Y., Zhang, ]., Wang, X., Chen, B., Xiao, Z., Shi, C,,
Wei, Z., Hou, X.,, Wang, Q., and Dai, J. The osteogenic ef-
fect of bone morphogenetic protein-2 on the collagen scaf-
fold conjugated with antibodies. ] Control Release 141,
30, 2010.

Tsiridis, E., Ali, Z., Bhalla, A., Heliotis, M., Gurav, N., Deb,
S., and DiSilvio, L. In vitro and in vivo optimization of im-
paction allografting by demineralization and addition of rh-
OP-1. ] Orthop Res 25, 1425, 2007.

Clokie, C.M., and Sandor, G.K. Reconstruction of 10 major
mandibular defects using bioimplants containing BMP-7.
J Can Dent Assoc 74, 67, 2008.

Aichelmann-Reidy, MLE., and Reynolds, M.A. Predictability
of clinical outcomes following regenerative therapy in in-
trabony defects. ] Periodontol 79, 387, 2008.

Kaya, Y., Yalim, M., Bahgecitapar, M., and Balos, K. Com-
parison of applying particulate demineralized bone matrix
(DBM), putty DBM and open flap debridement in peri-
odontal horizontal bone defects. A 12-month longitudinal,
multi-center, triple-blind, split-mouth, randomized, con-
trolled clinical study. Part 1- clinical and radiographic
evaluation. J Oral Rehabil 36, 524, 2009.

Betz, R.R. Limitations of autograft and allograft: new syn-
thetic solutions. Orthopedics 25, 561, 2002.

Horch, H.-H., and Pautke, C. Regeneration instead of repa-
ration. Mund Kiefer Gesichtschir 10, 213, 2006.

Schuckert, K.H., Jopp, S., and Osadnik, M. Modern bone
regeneration instead of bone transplantation—a combina-
tion of human recombinant thBMP-2 and PRP for the ver-
tical augmentation of the maxillary bone—a single case
report. Tissue Eng Part C Methods 16, 1335, 2010.
Polimeni, G., Koo, K.T., Pringle, G.A., Agelan, A., Safadi,
F.F., and Wikesjo, U.M. Histopathological observations of a
polylactic acid-based device intended for guided bone/
tissue regeneration. Clin Implant Dent Relat Res 10, 99, 2008.
Aspriello, S.D., Ferrante, L., Rubini, C., and Piemontese, M.
Comparative study of DFDBA in combination with enamel
matrix derivative versus DFDBA alone for treatment of



BONE TISSUE ENGINEERING IN ORAL SURGERY

55.

56.

57.

58.

59.

periodontal intrabony defects at 12 months post-surgery.
Clin Oral Investig 15, 225, 2011.

Santana, R.B., de Mattos, C.M., and Van Dyke, T. Efficacy of
combined regenerative treatments in human mandibular
class II furcation defects. ] Periodontol 80, 1756, 2009.
Schuckert, K.H., and Jopp, S. Bone Tissue Engineering with
BMPs—are there any advantages of using thBMP-2 instead
of DBM and the transplantation of autogenous bone? Im-
plants 4, 14, 2007.

Kruyt, M.C., Dhert, W]., Yuan, H., Wilson, C.E., van
Blitterswijk, C.A., Verbout, A.J., and de Bruijn, J.D. Bone
tissue engineering in a critical size defect compared to
ectopic implantations in the goat. ] Orthop Res 22, 544,
2004.

Fickl, S., Thalmair, T., Kebschull, M., Bohm, S., and Wachtel,
H. Microsurgical access flap in conjunction with enamel
matrix derivative for the treatment of intra-bony defects: a
controlled clinical trial. J Clin Periodontol 36, 784, 2009.
Esposito, M., Grusovin, M.G., Papanikolaou, N., Coulthard,
P., and Worthington, H.V. Enamel matrix derivative (Em-
dogain(R)) for periodontal tissue regeneration in intrabony
defects. Cochran Database Syst Rev (4), CD003875, 2009.

60. Crea, A., Dassatti, L., Hoffmann, O., Zafiropoulos, G.G., and
Deli, G. Treatment of intrabony defects using guided tissue
regeneration or enamel matrix derivative: a 3-year prospective
randomized clinical study. ] Periodontol 79, 2281, 2008.

61. Schuckert, K.H., Jopp, S., and Miiller, U. Use of rhBMP-2 in
periodontal surgery—micro surgical reconstruction and
flap. Deutsche Zahnarztl Z 5, 259, 2006.

Address correspondence to:

Karl-Heinz Schuckert, M.D., D.D.S., Ph.D.
Institute Indente-Institute of Innovative Oral
Surgery and Medicine

Centre for Tissue Engineering

Ellernstrafie 23

Hannover 30175

Germany

E-mail: k-h.schuckert@indente.de

Received: April 13, 2011
Accepted: July 6, 2011
Online Publication Date: September 5, 2011






