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ABSTRACT

Objectives: The purpose of this article was to review and critically assess the use of platelet rich plasma, recombinant human 
bone morphogenetic protein-2 and different scaffolds (i.e. tricalciumphosphate, polycaprolactone, demineralized bone matrix 
and anorganic bovine bone mineral)  in oral and maxillofacial surgery comparing the relevant literature and own clinical 
experience. 
Material and Methods: A literature review was conducted using MEDLINE, MEDPILOT and COCHRANE DATABASE 
OF SYSTEMATIC REVIEWS. It concentrated on manuscripts and overviews published in the last five years (2006-2010). 
The key terms employed were platelet rich plasma, bone morphogenetic proteins and their combinations with the above 
mentioned scaffolds. The results of clinical studies and animal trials were especially emphasized. The statements from the 
literature were compared with authors’ own clinical data.
Results: New publications and overviews demonstrate the advantages of platelet rich plasma in bone regeneration. The results 
from the literature review were discussed and compared with the publications detailing authors’ own experiences. 
Conclusions: A favourable outcome concerning newly grown bone was achieved combining platelet rich plasma in addition 
to optimal matrices with or without recombinant human bone morphogenetic protein-2, depending on the clinical case. As a 
consequence, the paradigm shift from transplantation of autogenous bone to bone tissue engineering appears promising.

Keywords: platelet-rich plasma; growth factors; bone morphogenetic protein 2, tissue engineering; bone regeneration; bone 
replacement materials.

Accepted for publication: 18 January 2011 
To cite this article:
Schuckert KH, Jopp S, Osadnik M. The Use of Platelet Rich Plasma, Bone Morphogenetic Protein-2 and Different Scaffolds 
in Oral and Maxillofacial Surgery - Literature Review in Comparison with Own Clinical Experience.
J Oral Maxillofac Res 2011 (Jan-Mar);2(1):eX
URL: http://www.ejomr.org/JOMR/archives/2011/1/eX/v2n1eXht.htm
doi:

http://www.ejomr.org/JOMR/archives/2011/1/eX/v2n1eXht.htm	 J Oral Maxillofac Res 2011 (Jan-Mar) | vol. 2 | No 1 | eX | p.1
(page number not for citation purposes)

mailto:gintaras%40stilusoptimus.lt%0D?subject=


http://www.ejomr.org/JOMR/archives/2011/1/eX/v2n1eXht.htm	 J Oral Maxillofac Res 2011 (Jan-Mar) | vol. 2 | No 1 | eX | p.2
(page number not for citation purposes)

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH                                                             Schuckert et al.

INTRODUCTION

Traditionally, the augmentation of bony defects in 
humans is carried out using allografts, xenografts, 
autogenous bone, and synthetic biomaterials. The 
transplantation of autogenous bone is regarded as the 
“gold standard”. Globally, there are more than 2 million 
autogenous bone transplantations in humans each 
year in all parts of bone surgery [1,2]. Because of the 
osteoinductive and osteoconductive character [3] of 
autogenous bone, there are a number of good results 
obtained from transplantation [4,5]. However, there are 
disadvantages [6-9], namely:

1. In most cases, two surgical procedures are 
necessary: one for bone harvesting (e.g., from the 
iliac crest) and the other for implantation. This can 
cause suffering in some patients due to complications 
associated with the donor site (e.g. wound infection, 
chronic pain, nerve injuries, functional complications, 
bone fractures);

2. The risks in bone transplantation in the recipient 
site include wound infection, necrosis, and resorption, 
representing up to 30% of the transplanted material 
[1,2].
Therefore the use of growth factors such as recombinant 
human bone morphogenetic protein-2 (rhBMP-2) and 
platelet rich plasma (PRP) has broken new ground in 
bone tissue engineering.  
The purpose of this article was to review and critically 
assess the use of platelet rich plasma and recombinant 
human bone morphogenetic protein-2 combined with 
different scaffolds in oral and maxillofacial surgery 
comparing the relevant literature and own clinical 
experience.

MATERIAL AND METHODS

A literature review was conducted using MEDLINE, 
MEDPILOT and COCHRANE DATABASE OF 
SYSTEMATIC REVIEWS. It concentrated on 
manuscripts and overviews published in the last five 
years (2006-2010). The key terms employed were 
platelet rich plasma (PRP), bone morphogenetic 
proteins (BMPs) and scaffolds used in combination. 
The results of clinical studies and animal trials were 
especially emphasised. We compared the statements 
from the literature with our own publications.

Platelet rich plasma (PRP)

The use of PRP therapy was introduced in the late 
1990s. PRP offers an easy and cost-effective way  

to obtain high concentrations of growths factors for 
tissue healing and regeneration. It is a volume of 
plasma fraction of autologous blood having platelet 
concentrations above baseline (concentration in blood) 
obtained by two different steps of centrifugation. The 
concentration of PRP as well as the total amount that 
is inserted in the defect play an important role in the 
efficiency. In the published literature, there seems to be 
controversial discussion regarding the use of PRP and 
whether or not it favours bone regeneration [10,11]. 
Publications concerning animal trials and clinical 
studies in humans are not comparable to each other due 
to different methods. Hence different statements are 
presented as results regarding the effect of PRP on bone 
development.
However, all authors agree on the fact that platelets are 
the main regulators of the inflammatory phase and play 
an essential role in the proliferation and differentiation 
phase [12]. Disruption of the vascular structure as 
a result of injury leads to the formation of fibrin and 
platelet aggregation. A stable blood clot is then formed 
by coagulation of the blood. Subsequently, several 
growth factors are released into the injured tissue from 
the platelets and other cells that induce and support 
healing and tissue formation. To improve these effects 
surgeons developed higher concentration of platelets 
compared to baseline.
Amongst others, transforming growth factor (TGF-β), 
epidermal growth factor (EGF), insulin-like growth 
factor-1 (IGF-1) and platelet-derived growth factor 
(PDGF) are very important in bone regeneration 
[13,14]. For example, TGF-β enhances the proliferative 
activity of fibroblasts, stimulates biosynthesis of type 
I collagen and fibronectin, induces deposition of bone 
matrix and inhibits osteoclast formation and bone 
resorption. EGF induces cellular proliferation and 
differentiation of epithelial cells. IGF-1 stimulates 
protein synthesis and enhances bone formation by 
proliferation and differentiation of osteoblasts. PDGF 
supports angiogenesis and enhances collagen synthesis 
and proliferation of bone cells [13,14].
In addition, vascular endothelial growth factor (VEGF), 
basic fibroblast growth factor (bFGF), and platelet-
derived endothelial cell growth factor (PDECGF) 
play an essential role in angiogenesis, which is most 
important for nutrition of cells [15-17].
Most publications and overviews demonstrate the 
advantages of PRP in bone regeneration [18-20]. In 
1998, Marx et al. proposed the use of PRP to enhance the 
initial phase of the bone wound healing [21]. A wound 
healing process is composed of three major phases: 

1. The acute inflammatory phase which includes 
platelet aggregation and activation and the migration of 
granulocytes and macrophages;
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2. The mesenchymal cell proliferation and 
differentiation phase;

3. The phase of regeneration of the missing tissue by 
tissue-specific cells.
Marx et al. stated that monoclonal antibody assessment 
of cancellous cellular marrow grafts demonstrate cells 
that were capable of responding to the growth factors by 
bearing cell membrane receptors [21]. The additional 
amounts of these growth factors obtained by adding 
PRP to grafts evidenced a radiographic maturation rate 
which is 1.62 to 2.16 times higher than that of grafts 
without PRP. As assessed by histomorphometry, he also 
proved a greater bone density in grafts in which PRP 
was added (74.0% ± 11%) than in grafts in which PRP 
was not added (55.1% ± 8%; P = 0.005) [21].
Current publications which support the positive effect of 
PRP to bone regeneration concentrate on the following 
facts and influence concerning PRP:

1.	Importance of controlled release systems of 
growth and differentiation factors using biomaterials in 
combination with PRP [22];

2.	Enhancement of osteogenesis and angiogenesis 
[23,24];

3.	Inhibition of osteoclast activation [25];
4.	The enhancement of bone density adding PRP 

to a suboptimal doses of rhBMP-2 [26];
5.	The activation of PRP using calcium chloride 

or/and thromboplastin solution [27];
6.	A significant increase of early bone marrow 

stromal cells (BMSCs) proliferation and differentiation 
using the combination of rhBMP-2 and bFGB (one of 
the signaling molecules of PRP) [28];

7.	Positive effect of PRP in bone regeneration in 
animal trials and clinical studies in humans [29-33];

8.	Relevance of PDGF and transforming growth 
factors (TGF-al and TGF32) for bone regeneration [34].
The publications which point out 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): several authors did 
not find any advantage in using PRP in addition to 
ABBM in bone development [35-37]. Fan et al. [38], 
Graziano et al. [39], Mata et al. [40], Kim et al. [41], Le 
Guehennec et al. [42] highlighted that osteoblasts have 
difficulties in adhering to smooth surfaces, but ABBM 
has a smooth surface [43,44]. Due to this, most attempts 
of 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, but could not improve the results by adding PRP 
to the autogenous bone.
Schaaf et al. used PRP for sinus lift augmentation 
with 11 - 12 fold concentration to baseline [45]. From 

the other authors, we learned, that high concentrations 
of PRP produce negative effects such as suppression of 
proliferation of osteoblasts [46,47]. Three and a half fold 
to 8 fold concentrations of platelets in PRP compared to 
baseline seem to have the best effect. 
Luaces-Rey et al. used only 10 ml of venous blood to 
obtain PRP for alveolar cleft reconstruction [48]. This 
quantity seems to be insufficient. Our own experiences 
revealed that 10 ml of venous blood lead to approximately 
0.3 ml of PRP after two steps of centrifugation. The 
total amount of PRP which is needed to be combined 
with suitable scaffolds depends on scaffold structure, 
porosity and surface.
Soaking 1 cm³ of TCP (Vitoss Micro-Morsels®, 
Orthovita, PA, US) needs approximately 0.3 ml of PRP.
The same volume of polycaprolactone (PCL) 
(OsteoMesh®, Osteopore, Singapore) is able to absorb 
approximately 0.7 ml of PRP. The needed quantity of 
augmentation material and PRP depends on the volume 
that has to be augmented [49,50].
Nagata et al. [47] and Mariano et al. [51] worked on a 
rat calvarium model using critical sized defects (CRD) 
of 5 mm in diameter. The rat calvarium model however 
is established as 8 - 9 mm in literature [47,51].
The critical size defect model (CSD) is often used to 
study augmentation materials. It has been defined 
as the smallest in situ bone defect that could not heal 
spontaneously by bone formation during the lifespan 
of the animal. The CSD created on the bony vault of 
the cranium (calvaria) represents a severe test for bone 
graft substitutes. Compared with long bones, the skull 
is biologically rather inert due to a poor blood supply 
and a relative deficiency of bone marrow. CSDs in the 
calvaria have been established for different animal 
species [52-55]. 
In addition, investigators should remove the periosteum 
instead of preserving it during the bone formation in the 
bone graft model [56]. The remove of periosteum is an 
important part of a critical size defect model in animals, 
different to clinical applications in humans where the 
periosteum has to be preserved.
Other authors increased the bone level by combining 
autogenous bone and PRP [18,57]. Nagata et al. 
highlighted that there might be an optimal proportion 
between autogenous bone and PRP to influence bone 
healing in CSDs in rat calvaria [58]. 

3. The third group, Gürbüzer et al. [59], Forriol et al. 
[60], Pradeep et al. [61], 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. [62], Trombelli and Farina [63], Harnack et al. 
[65], Powell et al. [64] reported on periodontal bone 
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regeneration using the established muco-periosteal flap 
technique. In this surgical procedure the papilla is cut 
and a muco-periosteal flap is prepared from the alveolar 
bone. The reunification of the buckle and oral parts 
of the papilla results in a major difficulty because of 
the contained situation. Due to this, the risk of wound 
infection and loss of attachment is high. This might 
have caused the poor results. In addition, Harnack et al. 
[64] provided no information on activating the PRP but 
he reported on re-entry surgery after 6 months without 
implementing the background. We used calcium 
chloride (100 mg/ml) to activate the PRP [50].
Modern bone regeneration in periodontology using 
PRP or/and BMPs requires a totally different surgical 
procedure. We have presented the bridge flap technique 
as a new approach to avoid wound healing disturbances 
and to increase the clinical outcome [66]. The important 
difference to the well-known flap technique is the 
preservation of the papillae. Thus, the invasion of 
bacteria in this critical region can be avoided.

Models of bone tissue engineering

Bone tissue engineering can be described in three 
different models: 

1.	CSD-model in cranial bone;
2.	CSD-model in long bone;
3.	Vertical bone development (onlay technique).

1. A great number of publications using PRP in 
combination with different scaffolds or in combination 
with autogenous bone could be found reporting on critical 
sized calvarial bone defects in rats and other animals. 
They all proved better results in the combination with 
PRP than without PRP [67,68].
A totally different treatment is required in the 
regeneration of human cranial bone defects. Spector 
pointed out the advantage of regenerating tissues in 
vivo [56]. 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 1 explains bone 
regeneration in critical sized defects of the cranial bone.

2. Figure 2 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. In 
animal trials the periosteum has to be removed before 
augmentation. As in the above-mentioned CSD-model 
concerning cranial defects several authors proved benefit 
of adding PRP to augmentation material in regenerating 
CSD in long bones in animal trials [57,69,70].

3. A totally different issue appears in the model for 
bone tissue engineering in the vertical dimension using 
onlay technique (Figure 3). In this case, the periosteum 
 

Figure 1. Model of bone regeneration in critical sized defects of 
cranial bone in humans (vertical and lateral view), augmentation 
material containing cells matrices and signaling molecules, 
surrounding bone and periosteum, nutrition is predominantly carried 
out by the periosteum.

Figure 2. Model of bone regeneration in critical sized defects of 
long bone defects in humans, augmentation material containing cells 
matrices and signaling molecules, surrounding bone and periosteum, 
nutrition is predominantly carried out by the periosteum.

Figure 3. Model of vertical bone tissue engineering in humans, 
augmentation material containing cells matrices and signaling 
molecules, bone and periosteum only at one side, nutrition is 
predominantly carried out by 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 variety of signalling 
molecules has to be inserted in the augmentation 
material to recreate new bone in the required space.
No publication was found representing vertical bone 
development using PRP and scaffolds without adding  
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signalling molecules in animal trials or clinical use in 
humans. Literature research presented a huge number 
of publications concerning autogenous bone grafting in 
onlay technique [71-79].
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 horizontally into two parts. 
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 by 
distracting both sides at a rate of 0.5 to 1 mm a day. This 
treatment is carried out for one to two weeks followed 
by a period of consolidation of two to three months. 
Due to this, patients have to wear this osteodistractor 
for several months, which means a severe impairment 
of their quality of life [80-85].
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 by means of tissue engineering techniques 
seems to provide a solution for the patients.
Without bone grafting, concentrated growth factors 
must be added to scaffolds in order to obtain vertical 
development of a newly grown bone. This was proved 
by Polimeni et al. using dental implants covered with 
growth factors [86]. Schuckert et al. reported on vertical 
augmentation of maxillary bone in a single case using 
TCP, PRP and rhBMP-2 [50]. Between 6 and 8 mm of 
vertical and horizontal bone development was achieved.

Bone tissue engineering using bone morphogenetic 
proteins (BMPs)

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 [87]. 
Meanwhile, several thousand international manuscripts 
have been published on this innovative treatment.
Zheng et al. reported at an early stage that rhBMP-2 
induces endochondral ossification [88]. 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.
Furthermore, Raida et al. [89] proved that rhBMP-2 
promotes vascularisation.
In the field of oral and maxillofacial surgery, different 
authors have reported about newly regenerated bone 
in animal models using growth factors [90-99]. They 
have published the first clinical studies about bone 

regeneration in humans with rhBMP-2 in dental 
application. Jung et al. [100] and Warnke et al. [101] 
combined xenogenic anorganic bovine bone mineral 
with BMPs (rhBMP-2 and rhBMP-7 with OP-1 [Stryker, 
Kalamazoo, MI, USA]) for jawbone reconstruction 
in single cases.  Both BMPs are prefabricated with 
a bovine collagen sponge as carrier material. OP-1 
contains a mixture of rhBMP-7 powder and granulated 
absorbable collagen sponge. INFUSE®/InductOs® 
(Medtronic Sofamor Danek, MN, USA) is provided 
as rhBMP-2 powder and a separate collagen sponge. 
Absorbable collagen sponge is bovine (xenogenic) 
material that causes immunological reactions in 18% of 
patients [102]. Moreover, absorbable collagen sponge 
is not able to provide suitable structural support for 
the agglomeration of osteoblasts to reconstruct larger 
bony defects [103]. Only INFUSE®/InductOs® enables 
a complete splitting of both parts. 
We have demonstrated the advantages of combining 
rhBMP-2 with other carrier materials such as 
demineralised bone matrix (DBM - Grafton®, Osteotech, 
NJ, US) which is allogenic material and scaffolds 
instead of absorbable collagen sponge [103,104].

Negative aspects of bone morphogenetic proteins 
(BMPs)

Although most of the authors present favourable results 
using BMPs the disadvantages have to be mentioned. 
One of them is high cost. Furthermore, BMPs induce 
the development of osteoblasts and osteoclasts, which 
means that a contrary development to the main target 
is also initiated. This negative effect can be partly 
counteracted by combining the BMPs with PRP.
Cenni et al. proved the inhibition of osteoclast activation 
using PRP [25]. He stated that the effect of PRP on 
osteoclasts has been only scarcely investigated even 
though these cells are crucial for bone remodelling. The 
aim of his research was the evaluation of the effects 
of thrombin-activated platelets on osteoclastogenesis 
from human blood precursors. PRP even at a low 
concentration reduces the osteoclast-mediated bone 
collagen degradation.

Demineralized bone matrix (DBM)

Demineralized bone matrix (DBM), a form of allograft, 
possesses the properties of osteoinductivity [105-
107] and osteoconductivity [108]. A large body of 
data obtained from extensive preclinical studies has 
supported the effectiveness of DBM or demineralized 
freeze-dried bone allograft (DFDBA) in human clinical 
settings. But it is important to mention that DBM 
products differ concerning their biological properties 
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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 
can be expected to have little impact in an anoxic or 
avascular tissue bed [109]. As an allogenic material, 
DBM opens the potential for disease transmission.

Clinical relevance of demineralized bone matrix 
(DBM)

In in vitro tests DBM enhanced the osteogenetic 
differentiation [110]. DBM proved good results as a graft 
extender for spinal fusion [111] and as augmentation 
material used to treat uncomplicated bone defects 
[112]. Compared to autologous bone, DBM performed 
equally well in posterolateral lumbar spine fusion [113] 
and in anterior cervical fusion [114]. An allogenous 
DBM represents a potential scaffold for bone tissue 
engineering [115]. Pieske et al. demonstrated in their 
clinical study, using autologous bone graft versus DBM 
in the internal fixation of ununited long bones that the 
application of DBM compared to iliac crest autologous 
bone grafting led to a better outcome and simultaneously 
to a decreased quantity of adverse effects [116]. The 
combination of DBM and PRP increases the proliferation 
of human bone marrow stromal cells (hBMSC), as well 
as the osteoblastic differentiation and bone formation 
compared with PRP alone [117] or DBM alone [118]. 
The augmentation of bone defects in the oral cavity 
using DBM exclusively was reported by Kuvat et al. 
[119] and Sohn et al. [120]. Both authors presented an 
increased bone volume in combination with Le Fort I 
osteotomy and maxillary sinus augmentation. However, 
no bone development could be achieved in periodontal 
surgery using DBM alone [121,122].

Combination of demineralized bone matrix (DBM) 
and bone morphogenetic proteins (BMPs)

While Lin et al. [123] and Zhao et al. [124] 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 rhBMP-7 compared with DBM 
alone [125]. These results are supported by Clokie 
and Sándor in their review of 10 clinical cases with 
major mandibular defects [126]. They implanted DBM 
soaked with rhBMP-7 and were successful in restoring 
the defects. Due to this background and the negative 
aspects of absorbable collagen sponge, we substituted 
DBM by absorbable collagen sponge. In addition, DBM 
provided a scaffold function which absorbable collagen 
sponge did not.  In 2006, we presented the first case 
with successful bone regeneration without existing bony  

walls in periodontal surgery using DBM in combination 
with rhBMP-2 and PRP [66].

Polycaprolactone (PCL) in combination with bone 
morphogenetic proteins (BMPs) and platelet rich 
plasma (PRP)

Hutmacher [127] and Zein [128] have presented a 
suitable three-dimensional PCL scaffold that can be 
used for augmentation purposes. This scaffold has 
been tested as a delivery system for PRP [129] and for 
rhBMP-2 [130,131]. The reconstruction of critical sized 
defects in the oral cavity of humans was successfully 
achieved using PCL soaked with PRP and rhBMP-2. In 
this connection, the long time of biodegradation of PCL 
(approximately 12 months) proved as disadvantage in 
our treatment [49].
 
Tricalcium phosphate (TCP) in combination with 
bone morphogenetic proteins (BMPs) and platelet 
rich plasma (PRP)

Tricalcium phosphate (TCP) is an established anorganic 
augmentation material in bone surgery throughout 
the world [1,2]. The osteoinductive potential of 
hydroxyapatite and injectable biomaterials for 
regenerating bone was demonstrated by Tsiridis et al. 
[132] and Kretlow et al. [133]. Basically, the use of 
PRP in the bone regeneration has improved the results 
in the bone surgery. Ripamonti et al. [134] and Heliotis 
et al. [135] described in their overviews the potential of 
growth factors and their relevance for bone induction 
in the clinical use. Wikesjö et al. [136-139] and Leknes 
et al. [140,141] highlighted the new method of alveolar 
ridge augmentation using implants coated with bone 
morphogenetic proteins.
The combination of TCP, rhBMP-2 and PRP enables 
us not only to regenerate bone in defects but also to 
recreate bone in a vertical direction. Compared with 
PCL, combinations of PRP, rhBMP-2 and TCP can 
be shaped easily during the surgical treatment. TCP is 
available as blocks and strips, which are flexible, and in 
form of granules. PCL, however, is not provided as small 
shaped particles. In 2010, we published a case where 
we regenerated a complete alveolar ridge in the maxilla 
of a woman, who suffered from alveolar ridge atrophy 
due to a long time of wearing a denture [50]. A TCP 
block of 100 x 25 x 5 mm (Vitoss®, Stryker, Malvern 
PA, US) was cut into smaller pieces and was soaked 
with activated PRP and rhBMP-2 (12 mg; 1.5 mg/ml) 
(INFUSE®/InductOs®, Medtronic Sofamor Danek, MN, 
USA). These blocks were implanted endoscopically 
assisted between the residual bone and the periosteum. 
They were attached by tightening the soft tissue 
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including the periosteum. Four months after 
augmentation, newly grown bone could be proved 
radiographically and by taking bone samples in 
combination with the placement of six dental 
implants. Another four months later, the implants were 
osseointegrated and could be loaded.
To our knowledge this is the first case which could be 
treated successfully this way.

CONCLUSIONS

It is not possible to compare the published clinical 
studies and animal trials concerning PRP and/or BMPs 
against each other due to the varying methodologies 
applied. However, single results especially in their 
summation could be evaluated.
From our point of view, comparable multicenter clinical 
studies should be carried out in the future. 
Our critical assessment of the literature seems to 
emphasise, that bone tissue engineering techniques 
using suitable scaffolds combined with PRP and 
rhBMP-2 offer new options in reconstructive bone 
surgery. Current publications point out advantages in 
the bone regeneration using PRP combined with suitable 
scaffolds in comparison to the use without PRP. This 
was proved in critical sized defects in animals as well 
as in the treatment of humans and depends on signalling 
molecules released through the platelets. The induction 
of angiogenesis plays an important role concerning 
bone regeneration.
In cases of vertical bone development, the 
transplantation of autogenous bone is regarded as 
the “gold standard” till today. Due to the background 
of inevitable risks on the harvesting as well as 

on the recipient site, the transplantation of autogenous 
bone must be considered critically. Especially in the 
surgical treatment of multimorbid old patients the 
minimisation of risks has to be taken into account. 
Here, the new bone tissue engineering techniques offer 
alternatives. Cases, in which the residual bone does not 
allow to fix screws, can only be treated by means of 
tissue engineering  techniques. 
Adding PRP to BMPs suppresses the osteoclast 
induction of BMPs which counteracts to 
the development of newly grown bone. Thus, the 
amount of added signalling molecules can be reduced. 
Therefore, the clinical results can be improved and the 
costs decrease. 
In the field of oral and maxillofacial surgery, where 
surgeons deal with well vascularised soft tissue, 
conditions for bone regeneration appear better than 
in trauma surgery. In addition, most interventions are 
performed as elective surgery. Thus the approach can 
be prepared precisely and performed with greater care. 
Hence, surgeons are able to preserve the covering 
periosteum which is necessary for nutrition and 
therefore for bone regeneration. 
As a consequence, the paradigm shift from 
transplantation of autogenous bone to bone tissue 
engineering appears promising.
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