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Modern Bone Regeneration Instead of Bone Transplantation:
A Combination of Recombinant Human Bone
Morphogenetic Protein-2 and Platelet-Rich Plasma
for the Vertical Augmentation of the Maxillary Bone—
A Single Case Report
Karl-Heinz Schuckert, D.M.D., M.D., Ph.D., Stefan Jopp, M.D., Ph.D., and Magdalena Osadnik, D.M.D.

This publication describes the clinical case of a 75-year-old woman. She suffered from total alveolar ridge
atrophy due to 20 years of wearing dentures. Bone transplantation, including harvesting of the iliac crest, was
rejected by another clinic due to various existing diseases and risk of blood loss on donor side. Moreover, the
minimal residual alveolar ridge did not allow bone fixation using screws nor did it allow osteodistraction. Before
deciding which bone tissue engineering techniques should best be employed in this surgical treatment, cardiological and internistic consultations and treatments were carried out. In addition, anesthetic preparations were
made. The surgical treatment was performed implementing special bridge flap techniques to preserve the
periosteum. Tricalcium phosphate blocks soaked with recombinant human bone morphogenetic protein-2 and
platelet-rich plasma were implanted on the narrow alveolar ridge. They were attached by tightening the soft
tissue, including the periosteum. Four months later, after complication-free wound healing and bone regeneration, six dental implants were inserted into the new alveolar ridge. The histology of all bone samples showed
vital lamellar bone. Three months after implantation, a new dental structure was fixed on the implants. The
patient’s quality of life improved significantly with this new situation.

the other for implantation. For some patients this can
cause complications associated with the donor side.
2. Regarding the bone transplantation, risks of wound
infection, necrosis, and resorption, representing up to
30% of the transplanted material,1,2 have been observed.

Introduction and Scientific Background

W

earing dentures in the edentulous maxilla for a long
time causes alveolar ridge atrophy in a large group of
patients. The consequences are a bad fixation of the dentures
in the maxilla, followed by problems of ingestion and a decrease in quality of life. To improve both, a new alveolar
ridge, mostly achieved through bone transplantation and
harvesting from the iliac crest, is required. Traditionally, the
vertical augmentation of alveolar atrophy is carried out
using autogenous bone, sometimes in combination with allografts, xenografts, or synthetic biomaterials. The transplantation of autogenous bone, until today, is well known as
the gold standard. Each year, more than 2 million autogenous bone transplantations are carried out globally in humans. The osteoinductive and the osteoconductive character
of autogenous bone has been demonstrated and led to a
number of successful results in the past. However, there are
disadvantages:
1. In most cases, two surgical procedures are necessary—
one for bone harvesting (e.g., from the iliac crest) and

In cases of alveolar ridge atrophy, in addition to bone
transplantation, a special technique (called distraction osteogenesis) is employed. In this treatment, the alveolar ridge
is split into two parts horizontally. Osteodistraction devices
are fixed on both sides. The gap between both parts of the
bone is filled with autogenous bone, or this gap regenerates
through osteogenesis distracting both sides at a rate of 0.5–
1 mm a day. This treatment is carried out for 1–2 weeks
followed by consolidation for 2–3 months. Due to this, patients have to wear this osteodistractor for several months,
which means a severe impairment of their quality of life.3–8
In those cases where the fixation of screws for the stabilization of the transplantation material is impossible and no
osteodistraction devices can be fixed, traditional surgical
treatments are unable to help. Here, only bone regeneration
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by means of tissue engineering techniques seems to provide
a solution for the patients.
Bone Tissue Engineering Using Bone
Morphogenetic Proteins
A variety of different techniques have been developed in
bone tissue engineering during the last 20 years. In 1965,
Urist wrote about bone growth by induction.9 Meanwhile,
several thousand international articles have been published
on this innovative treatment. Zheng et al.10 reported at an
early stage that recombinant human bone morphogenetic
protein (rhBMP-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, and
3. differentiation of circulating osteoclast precursor cells
into osteoclasts.
Raida et al.11 proved that rhBMP-2 promotes vascularization.
In the field of oral and maxillofacial surgery, Nevins
et al.,12 Boyne,13 Terheyden et al.,14 Barboza et al.,15 and Ripamonti et al.16 have reported about newly regenerated bone
in animal models using growth factors. Except for Terheyden
et al.,14 who used rhBMP-7 (OP-1; Stryker), all other authors
used rhBMP-2 (INFUSE, US/InductOs, Europe; Wyeth
Medicine). Boyne et al.,17,18 Cochran et al.,19 Wikesjö et al.,20
and Fiorellini et al.21 have published the first clinical studies
about bone regeneration in humans with rhBMP-2 in dental
applications. Jung et al.22 (rhBMP-2) and Warnke et al.23
(rhBMP-7) combined xenogenic deproteinized natural bone
mineral with BMPs for jawbone reconstruction in single
cases. The other material commonly used is bovine collagen.
OP-1 contains a mixture of rhBMP-7 powder and granulated
absorbable collagen sponge (ACS). INFUSE (US/InductOs,
Europe) is provided as rhBMP-2 powder and a separate
collagen sponge (ACS). Only INFUSE (US/InductOs, Europe) enables a complete splitting of both parts. In the presented case, ACS was not used because it is a xenogenic
material that causes immunological reactions in 18% of patients.24 Moreover, ACS is not able to provide suitable
structural support for the agglomeration of osteoblasts to
reconstruct larger bony defects.25 We have demonstrated the
advantages of using rhBMP-2 in combination with other
carrier materials and scaffolds instead of ACS.25 Whereas
Boyne et al.17,18 used 1.77–3.4 mg17 (1.5 mg/mL18) rhBMP-2
in combination with ACS per sinus floor augmentation,
Marx26 reported on cases where he implanted 12–24 mg
(1.5 mg/mL) into one maxilla sinus. We achieved comparable results by combining rhBMP-2 with demineralized bone
matrix using 1.3–1.5 mg (1.5 mg/mL) rhBMP-2 per sinus
floor augmentation.25
Negative Aspects of BMPs
Although most of the authors present favorable results
using BMPs, the disadvantages have to be mentioned. For
example,
1. high cost and
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2. BMPs induce the development of osteoblasts and osteoclasts, which means a contrary development to the
main target is also initiated.
This negative effect can partly be counteracted by combining
the BMPs with platelet-rich plasma (PRP). Cenni et al.27
proved the inhibition of osteoclast activation using PRP.

Platelet-Rich Plasma
The use of PRP therapy was introduced in the late 1990s.
There is still controversial discussion regarding the use of
PRP and whether or not it favors bone regeneration.28,29
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 (Intini30).
Among others, epidermal growth factor, basic fibroblast
growth factor (bFGF), insulin-like growth factor-1, and
platelet-derived growth factor are very important in bone
regeneration. Vascular endothelial growth factor and plateletderived endothelial cell growth factor play an essential role in
angiogenesis.
New publications and overviews indicate the advantages
of PRP in bone regeneration. In 1998 Marx et al.31 proposed
the use of PRP to enhance the initial phase of the bone
wound healing.
Bertoldi et al.32 pointed out the importance of controlled
release systems of growth and differentiation factors using
biomaterials in combination with PRP, whereas Hu et al.33
highlighted the enhancement of osteogenesis and angiogenesis. This also applies to necrotic bone as Yokota et al.34
stated. Hu et al.33 concluded that PRP possibly starts the
process of angiogenesis recruiting the endothelial cells which
line blood vessels and begin the initiation of bone regeneration. Park et al.35 presented an in vitro study using rhBMP-2
and PRP. As a result they pointed out that PRP with suboptimal doses of rhBMP-2 improves bone formation and
enhances bone density.
Cenni et al.27 proved that PRP reduces the osteoclastmediated bone collagen degradation, which suggests the
inhibition of osteoclast activation. Calori et al.36 reported on a
randomized clinical study in the treatment of persistent long
bone nonunions. They demonstrated that the application of
rhBMP-2 as a bone-stimulating agent is superior compared
to that of PRP with regard to their clinical and radiological
efficacy. Hakimi et al.37 presented an animal trial with minipigs where he showed that only defects, where PRP was
added, regenerated entirely. The control group received autologous cancellous bone graft without PRP. This result is
supported by Mariano et al.38 Hartmann et al.39 highlighted
in their clinical study that the use of PRP provides a faster
fusion and higher density of the newly generated bone.
Messora et al.40 presented the importance of the activation of
PRP using calcium chloride or thromboplastin solution. Lu
et al.,41 however, pointed out that good results depend on
consistent delivery of PRP-derived growth factors.
Wan et al.42 reported on the interactive regulation between
rhBMP-2 and vessels endothelial growth factors (recombinant human vascular endothelial growth factor) signaling
pathways during osteoclastogenesis. Wang et al.43 proved
that a combination of rhBMP-2 and bFGF significantly increases early bone marrow stromal cell proliferation and
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differentiation in vitro compared to rhBMP-2 or bFGF alone.
When combined, rhBMP-2 and bFGF synergistically promote
new bone formation. Due to these facts, the combination of
rhBMP-2 and PRP, which releases bFGF, supports each other
in bone regeneration and angiogenesis.
In addition, the positive effect of PRP in bone regeneration
was reported by Wiltfang et al.,44 Choi et al.,45 Fennis et al.,46
Okuda et al.,47 and Marx.48 Wiltfang et al.44 demonstrated a
significant effect on bone regeneration in mini-pigs using a
combination of PRP, tricalcium phosphate (TCP), and autogenous bone. Choi et al.45 stressed the advantage of PRP on
bone regeneration in combination with autogenous bone
grafts over autogenous bone alone in a canine model. Fennis
et al.46 compared autogenous irradiated cortical scaffolds
with PRP and autogenous bone graft from the iliac crest
versus the original bone alone to bridging the defect. All
goats had undergone bone remodeling. Okuda et al.47 presented a comparative controlled clinical study in humans
using PRP combined with porous hydroxyapatite grafts for
the treatment of intrabony periodontal defects. They compared the results with a control group without PRP. Their
results showed significantly better clinical improvement in
the test group than in the control group. Graham et al.49
pointed out the relevance of platelet-derived growth factors
and the transforming growth factors (TGF-al and TGF-32) for
bone regeneration.
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and loss of attachment is high. This might have caused
the poor results. Modern bone regeneration in periodontology using PRP or/and BMPs requires a totally
different surgical procedure. We presented the bridge
flap technique as a new approach to avoid wound
healing disturbances and to increase the results of surgical treatments.63
Polycaprolactone and TCP in Combination
with BMPs and PRP
The combination of polycaprolactone with PRP and 1.2 mg
rhBMP-2 (1.5 mg/mL) also showed excellent results.64
TCP is a well-known anorganic augmentation material in
bone surgery throughout the world.1,2 The osteoinductive

Negative Comments on the Use of PRP
The publications with negative results over the last years
can be summarized in four groups:
1. The use of PRP in combination with anorganic bovine
bone mineral (ABBM). Mooren et al.,50 Döri et al.,51
Pradeep et al.,52 and Camargo et al.53 found no advantage in bone development using PRP in addition to
ABBM. Osteoblasts have difficulties in adhering to
smooth surfaces, but ABBM has a smooth surface. Due
to this, most attempts in creating new bone using
ABBM may not be able to provide close contact between bone and the bovine material under reproducible
conditions.
2. The second group combined PRP with autogenous
bone. Schaaf et al.,54 Nagata et al.,55 and Luaces-Rey
et al.56 could not improve the results by adding PRP to
the autogenous bone. The background for these results
seems to be unclear because there are other authors
who increased the bone level by combining autogenous
bone and PRP (Hakimi et al.37 and Mariano et al.38).
3. The third group, Gürbüzer et al.57 and Forriol et al.,58
tried to create new bone using PRP without any scaffold. Without structure-providing matrices the development of newly grown bone seems to be an
unobtainable target.
4. The fourth group, representing Piemontese et al.,59
Trombelli and Farina,60 Powell et al.,61 and Harnack
et al.,62 reported on periodontal bone regeneration using the well-known muco-periosteal flap technique. In
this surgical procedure the papilla is cut and a mucoperiosteal flap is prepared from the alveolar bone. The
reunification of the buckle and oral parts of the papilla
turns out to be a major difficulty because of the contained situation. Due to this, the risk of wound infection

FIG. 1. (a–c) Models of bone regeneration. Color images
available online at www.liebertonline.com/ten.
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Models of Bone Tissue Engineering

FIG. 2.

Preoperative orthopantomography.

potential of hydroxyapatite and injectable biomaterials for
regenerating bone was demonstrated by Tsiridis et al.65 and
Kretlow et al.66 Basically, the use of PRP in bone regeneration
has improved the results in bone surgery. Heliotis et al.67 and
Ripamonti et al.68 described in their overviews the potential
of growth factors and their relevance for bone induction in
clinical use. Wikesjö et al.69–72 and Leknes et al.73,74 highlighted the new method of alveolar ridge augmentation using implants coated with BMPs.

FIG. 3.

Many animal trials have been carried out to regenerate
new bone in critical-sized defect models. Rats are often used.
Defects from 8 to 9 mm in diameter are created in their cranium. Under animal model conditions the periosteum must
be removed before the implantation of augmentation material. A totally different treatment is required in the regeneration of human cranial bone defects. Spector75 pointed out
the advantage of regenerating tissues in vivo. In this context,
he stressed the importance of periosteum for nutrition of the
augmentation area. Bone surgeons try to preserve the periosteum while treating humans with bony defects. Figure 1a
explains bone regeneration in critical-sized defects of the
cranial bone in humans. Figure 1b shows the same situation
in long bone defects. In both situations, the periosteum is
visible surrounding the augmentation material or at least is
visible from both sides of the augmentation material. A totally different issue appears in the model for bone tissue
engineering in the vertical dimension using onlay technique
(Fig. 1c). In this case the periosteum is only visible on top of
the augmentation material. Due to this, nutrition is predominantly initiated from one side, which means that a greater
number of cells or a greater variety of cells is necessary. In
addition, it also signifies that a greater number or a greater

(a–d) Preoperative CT with minimal residual bone in the maxilla (caudal to cranial levels).
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FIG. 4. Tricalcium phosphate blocks soaked with platelet-rich
plasma and recombinant human bone morphogenetic protein2. It must be mentioned that the TCP blocks were soaked with
PRP and rhBMP-2. Color images available online at www
.liebertonline.com/ten.
variety of signaling molecules have to be inserted in the augmentation material to recreate new bone in the required space.
Surgical Case
The 75-year-old woman in this case could receive neither
bone transplantation nor osteodistraction to recreate the alveolar ridge in her maxilla. Screws could not be driven in
because of the minimal residual bone. Figure 2 represents the
preoperative orthopantomography performed by a different
clinic, and Figure 3a–d shows a preoperative CT (120 kV,
100 mA) from caudal to cranial. Both X-rays demonstrate the
minimal residual bone in the maxilla of this patient. As part of
the perioperative process conducted by an anesthetist, 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 15 min/3600 rpm: separation of the PRP). Calcium chloride (100 mg/mL) was used to
activate the PRP. The surgical procedure was carried out
under analgosedation with local anesthesia and antibiotic
therapy (amoxicillin, 31000 mg/day over 2 weeks).
Only transversal cuts through the soft tissue were made.
Following this, the complete soft tissue including the periosteum was separated from the bone using the bridge flap
technique developed in our institute.
A TCP block of 100255 mm (Vitoss; Stryker) was cut
into smaller pieces and was soaked with activated PRP and
rhBMP-2 (12 mg) (1.5 mg/mL) (InductOs, Europe/INFUSE,
US; Wyeth Medicine) (Fig. 4). These blocks were implanted
endoscopically assisted between the residual bone and the
periosteum (Fig. 5a). They were attached by tightening
the soft tissue including the periosteum. Figure 5b explains
the postoperative situation immediately at the end of the
surgical treatment. The amount of augmentation material
is visible in Figure 6 (orthopantomography postoperative)
(Siemens Orthopantomograph; 75 kV, 15 mA).

FIG. 5. (a) Implantation of soaked tricalcium phosphate
blocks between residual bone and bridge flap and (b) maxilla
situation at the end of surgery. Color images available online
at www.liebertonline.com/ten.
mitted the removal of the sutures and the patient was able to
wear dentures again 2 weeks later. At the same time, a
control CT (Fig. 7a–d) was carried out to ensure that enough
augmentation material had been implanted in the transversal
direction. Controls were made at intervals of every 2–3 weeks.
Four months later, six dental implants were placed into the
newly grown bone (Fig. 8). Before implant drilling, bone
samples were taken at all implant positions for histology,

Results
One week after the implantation of the TCP scaffold with
PRP and rhBMP-2, a complication-free wound healing per-

FIG. 6.

Postoperative orthopantomography.
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FIG. 7.

(a–d) CT 2 weeks postoperative with augmentation material (caudal to cranial levels).

using a trephine drill (diameter 2.5 mm). All bone samples
from the maxilla demonstrate vital lamellar bone with small
parts of soft tissue in histological specimens (stained elastic
van Gieson), (Fig. 9a–c right side; Fig. 10b,c left side) except
for the one from the anterior position left side (Fig. 10a). The
histology from this sample presents capillary-rich connective
tissue with a small fragment of lamellar bone and slightly

FIG. 8.

Orthopantomography control after implantation.

arranged osteocytes. Figure 11 shows the 1-year follow-up
orthopantomography with a stable dental structure fixed on
the implants (12 months after augmentation, 8 months after
implantation) and Figure 12 the situation in the patient’s
maxilla.
Discussion
The results of this single case are comparable to those of
other authors who augmented the alveolar ridge in the
maxilla of patients using autogenous bone grafts or autogenous bone grafts in combination with other materials. The
major difference is the initial situation where surgeons are
unable to carry out the well-known techniques using screws
for fixation of graft materials or osteodistraction devices.
Demarosi et al.76 presented their results using a special
osteotome technique that widens the space between the two
cortical bone parts. This can only be carried out if the residual alveolar ridge is wide enough to split and screw in
implants. In their clinical study they presented the results of
23 patients with 36 implants and reported of little morbidity
and good results. Sbordone et al.77 presented a review of the
treatment of 14 patients with 32 iliac crest or chin grafts in
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FIG. 9. (a–c) Bone histologies from maxilla right side
(newly grown bone). Color images available online at www
.liebertonline.com/ten.

FIG. 10. Histology from maxilla left side: (a) anterior position; (b, c) newly grown bone. Color images available
online at www.liebertonline.com/ten.

onlay position. After 1 year they realized an average resorption rate of 42% in the anterior maxilla. Positioning implants at an earlier stage could perhaps have avoided such
an enormous resorption rate. In a second article, Sbordone
et al.78 presented the treatment of 40 patients with 48 onlay
grafts in the maxilla. They realized a mean resorption in the
maxilla in the buccal side of 4.6  0.9 mm and 3.8  0.8 mm in

the palatinal side, using chin grafts and 3.4  1.7 mm buccally and 2.6  1.4 mm palatally using iliac grafts. These resorption rates appear to be very high. Contar et al.79
reconstructed the maxilla alveolar ridge using fresh frozen
tibia bone chips as allografts in 15 patients. The re-entry with
setting implants after 9 months proved a well-incorporated
and vascularized bone situation. They concluded that bone
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FIG. 11.
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Orthopantomography—1 year after surgery.

allografts can be successfully used as graft material for the
treatment of maxilla ridge defects. If adequate surgical
techniques are adopted, this type of bone graft can be safely
used in regions of implant placement as a suitable alternative
to autogenous grafts. This article does not contain any information regarding resorption of the augmentation material. Barone and Covani80 presented a clinical study
including 56 patients with iliac crest grafts for maxilla alveolar ridge augmentation. Dental implants were screwed in
4–5 months after augmentation. Three out of the 129 grafts
needed to be removed due to early exposure occurring with
the bone grafts. Corinaldesi et al.81 combined autogenous
bone with bovine porous bone mineral (BPBM) for alveolar
bone augmentation in 12 patients. In addition, they used a
titanium micromesh. At the time of implant insertion, 8–9
months after grafting, bone biopsies were taken. They reported that the BPBM particles were surrounded completely
by newly formed bone without signs of resorption. It can
therefore be concluded that the BPBM particles were not
biodegraded. Valentini et al.82 published a retrospective
analysis on 233 patients with facial bone defects having been
reconstructed with autogenous bone grafts. In 215 cases they
found adequate integration of the graft material. Complications occurred in 7 of 72 patients in which bone grafts had
been fixed with wire fixation, and in 11 of 161 patients in
which bone grafts had been fixed with rigid internal fixation.

Sjöström et al.83 reported on 29 patients with iliac graft
augmentation of the alveolar ridge in the maxilla. Implants
were screwed in 6 months after augmentation. They presented an implant survival rate of 90% at the 3-year followup. From Zerbo et al.84 and Acocella et al.,85 we know that the
majority of the osteocytes of the monocortical bone that were
transplanted did not survive grafting. They also reported on
new vascularization of nonvital grafted bone. Their results
explain that the remodeling process takes up to 7 months
after grafting. Krenkel and Grunert3 inserted a special osteodistraction device, the so-called endodistractor. They
treated 18 patients in the anterior mandible and presented a
mean distraction amplitude of 11.3 mm (8–14 mm). The mean
retention time was 186.6 days (37–309 days). They realized
two mandibular fractures occurring 6 weeks after placing the
endodistractor. Robiony et al.4 treated 12 patients with osteodistraction osteogenesis using autogenous bone graft and
PRP. They reported on a distraction rate of 0.5 mm/day and
removed the distraction device after a 60-day period of
consolidation. They concluded that long-term results confirm
the combination of autogenous bone–platelet gel with alveolar distraction osteogenesis as an effective and predictable
procedure in restoration of severe atrophic mandible. Rachmiel et al.5 used a distraction rate of 0.8 mm/day for 10–16
days, also followed by a consolidation period of 60 days.
They achieved good results without adding autogenous
bone. Marchetti et al.6 reported on 10 patients, where osteodistraction was carried out in 2 patients in the maxilla and in
8 patients in the mandible. They used a distraction rate of
1 mm/day and proved well-organized lamellar bone in all
bone samples. Raghoebar et al.7 used vertical distraction osteogenesis in edentulous mandibles of 10 patients. Two
months after the final day of distraction, a bone biopsy was
taken with a trephine and afterward both distraction screws
were replaced by endosseous implants. Radiographical and
histomorphological examination of the bone biopsies revealed the presence of two cortical zones, one at each end of
the biopsies and a poorly mineralized, fibrous interzone in
the middle of the distraction gap.
Advantages of Bone Tissue Engineering
Comparing the abovementioned results of different authors using the transplantation of autogenous bone with or
without other materials and/or osteodistraction to those we
achieved with modern bone regeneration using rhBMP-2,
PRP, and TCP, we conclude that there seem to be advantages
of bone tissue engineering.
1. No bone harvesting was carried out; as a result, none of
the negative effects of bone harvesting occurred.
2. No resorption of newly grown bone was visible because
of loading with implants at an early stage.
3. The total procedure of bone tissue engineering prevented an impairment of the patient as far as it was
possible. The perioperative stress, the surgical risk, and
the perioperative risk for the patient were reduced.

FIG. 12. Prosthetic construction on implants. Color images
available online at www.liebertonline.com/ten.

From the first publication on bone induction via growth
factors reported on by Urist in 1965,9 a number of animal
models and clinical studies on bone regeneration with BMPs
have been carried out. Since 2002, rhBMP-2 and rhBMP-7
have been available as therapeutics for use in humans. The
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number of patients having received bone tissue engineering
treatments meanwhile amounts to more than 100,000 world
wide.
The development from a tiny residual part of the alveolar
ridge to a size that enables the surgeon to set six implants
into the newly grown bone is a special challenge in modern
bone regeneration in oral and maxillofacial surgery. The
demonstrated surgical procedure, including the bridge flap
technique and the intensive perioperative precautions to
avoid swelling and wound infection, opens more options in
oral and maxillofacial surgery than ever before.
It is important to take into account that this is only the
presentation of one single case. In addition, expert knowledge and special equipment are necessary to treat such patients. From our present point of view, clinical studies
concerning this technique have to follow to assess whether
this technique is effective in a wide range of patients or
whether it requires further development.
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