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Bone Regeneration in Standardized Bone Defects
with Autografts or Bone Substitutes in Combination

with Platelet Concentrate: A Histologic and 
Histomorphometric Study in the Mandibles 

of Minipigs
Simon Storgård Jensen, DDS1/Nina Broggini, DMD, MS, Dr Med Dent2/Gernot Weibrich, DDS, MD, PhD3/

Erik Hjôrting-Hansen, DDS, Prof Dr Odont4/Robert Schenk, MD, Prof Dr Med5/
Daniel Buser, DDS, Prof Dr Med Dent6

Purpose: To evaluate the effect of the addition of platelet concentrate (PC) to autografts or bone substi-
tutes on bone regeneration in standardized bone defects. Materials and Methods: Three standardized
bone defects were prepared in both mandibular angles of 12 adult minipigs. The defects were grafted
with autograft, anorganic bovine bone, or synthetic �-tricalcium phosphate (�-TCP). PC was added to
only 1 side. The animals were divided into 4 groups, which were sacrificed at 4 different time points (1,
2, 4, and 8 weeks) for histologic and histomorphometric analysis. The concentrations of platelets and
growth factors were measured to identify correlation to the histologic and histomorphometric results.
Results: No correlation was found between platelet count in whole blood and platelet count in PC (rp =
0.36). Furthermore, no correlation could be demonstrated between the platelet count of the PC and the
concentrations of PDGF-AB (rp = –0.27) and TGF-� (rp = 0.34). There were no signs of a stimulating
effect of PC on bone formation in combination with autografts or bone substitutes at any time point (P =
.89). Addition of PC did not alter the pattern of graft degradation. Discussion: The present study under-
lines the need for further investigation to identify the optimal concentrations of platelets and combina-
tions of growth factors to achieve a predictable stimulatory effect on bone regeneration. One of the first
steps to achieve this goal will be the development of a reliable method for the procurement of PC. Con-
clusion: PC had no impact on bone formation and graft degradation in standardized bone defects in the
mandibles of minipigs. INT J ORAL MAXILLOFAC IMPLANTS 2005;20:703–712

Key words: autogenous bone grafting, bone regeneration, bone substitutes, growth factors, platelet
concentrates, platelet-rich plasma 

In the past few years, utilization of platelet concen-
trate (PC), also called “platelet-rich plasma” (PRP),

has been increasingly recommended in patients
undergoing osseous reconstruction to enhance
bone regeneration. PC has gained much attention
since Marx and coworkers published promising
results in regard to bone density achieved by adding
PC to iliac cancellous cellular bone marrow grafts in
the reconstruction of mandibular continuity
defects.1 It has been speculated that the stimulating
effect of PC is the result of the accumulation of auto-
genous platelets, providing a high concentration of
platelet growth factors with a well-documented
impact on bone regeneration.2,3 Platelet-derived
growth factor (PDGF) and transforming growth fac-
tor-� (TGF-�) are both known to play major roles in
bone healing,4 and both have been identified in the
�-granules of platelets. The concept of using autoge-
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nous growth factors is attractive, since there is no risk
of disease transmission, and it is relatively inexpen-
sive compared to growth factors produced by
recombinant techniques.

Since Marx and coworkers published these results
in 1998, only 1 additional human clinical study has
been published. Wiltfang and coworkers performed
45 sinus grafting procedures in 39 patients.5 In 23
cases, the sinus was grafted with �-tricalcium phos-
phate (�-TCP) alone, and in 22 cases PC was added.
Six months after implant placement, bone biopsies
showed a statistically significant increase (8% to
10%) in bone regeneration in the PC group as com-
pared to the non-PC group. The limited effect of
adding PC in this study (38% versus 30% bone den-
sity) compared to the study by Marx and associates1

may be the result of the fact that no autogenous
bone was added to the bone substitute. Marx stated
that PC must be combined with an autogenous bone
graft for PC to have a beneficial effect, since the auto-
genous platelet growth factors stimulate viable
osteogenic target cells only.6

A series of clinical case reports and case series
have presented the use of PC in different applica-
tions,7–20 leading to divergent recommendations.
Documentation of a possible accelerating or stimu-
lating effect of PC in bone regeneration procedures
must be obtained from controlled clinical studies or
well-designed experimental studies.

Data from experimental studies evaluating the
addition of PC to bone graft materials have been con-
flicting.21–33 A wide range of different well-docu-
mented animal models and PC preparation techniques
have been used in these studies. Therefore, the results
are difficult to compare. Moreover, none of the studies
have analyzed the growth factor content in the
applied PC. A recent investigation34 analyzed the influ-
ence of PC platelet concentration in an in vivo model.
They achieved the most positive biologic effect on
bone regeneration with a platelet concentration of
about 1,000,000 platelets/uL (a 3- to 5-fold increase
compared to whole blood). The addition of PC with a
lower concentration (ie, PC with a 0- to 2-fold increase)
did not affect bone regeneration. There seemed to be
an inhibitory effect on bone regeneration when higher
concentrations were used (6- to 11-fold increased con-
centration compared to whole blood).34

PC can be procured by the discontinuous cell sep-
aration method. Typically, 400 to 450 mL whole blood
is withdrawn from a central vein catheter.1,20 The pro-
curement takes place preoperatively in a transfusion
institute20 or intraoperatively.1 After preparation of
the PC, the red blood cells are returned to the circula-
tion. Alternatively, a few systems that allow the sur-
geon to produce smaller amounts of PC have

recently become commercially available.35 Using
these methods, approximately 50 mL of whole blood
is withdrawn from a peripheral vein on the day of
surgery. These latter “point-of-care” preparation
methods are less time-consuming, have lower costs,
and can usually be performed on an outpatient
basis. The large amount of blood required for PC
obtained by the discontinuous cell separation
method limits the use of this technique in medically
compromised patients and in the elderly because of
the high levels of cardiovascular stress it causes.

The purpose of the present investigation was to
conduct a well-designed animal experiment to

• Evaluate the impact of PC on bone regeneration
in standardized bone defects from the time of the
initial organization of the blood clot to the point
at which complete bone fill was obtained

• Evaluate whether the presence of osteoprogeni-
tor cells in the autograft is a prerequisite for PC to
have a beneficial effect

• Analyze the content of platelets, leukocytes,
PDGF-AB, and TGF-� in the applied PC

• Correlate the PC content with the observed bone
regeneration, qualitatively and quantitatively

MATERIALS AND METHODS

The study protocol was approved by the Committee
for Animal Research, State of Bern, Switzerland
(approval no. 107/01). Twelve adult Gottingen minip-
igs (mean weight ± SD 43.3 ± 7.8 kg) were used in
this study.

Surgical Procedure
The surgeries were per formed in the Surgical
Research Unit of the Department of Clinical Research
and Clinic for Large Animals, University of Bern,
Switzerland. The animals received no food for at least
12 hours before premedication with an intramuscu-
lar injection of ketamine 20 mg/kg body weight (Nar-
ketan 10; 100 mg/mL; Vétoquinol, Bern, Switzerland)
and xylazine 2 mg/kg body weight (Xylapan; 20
mg/mL; Vétoquinol). General anesthesia was induced
by an intravenous infusion of atropine 0.05 mg/kg
body weight (1 mg/mL; Sintetica, Mendrisio, Switzer-
land) and midazolam 0.5 mg/kg body weight
(Dormicum, Roche Pharma, Basel, Switzerland)
through an ear vein. Endotracheal intubation was
performed, and the animal was kept at a controlled
respiration frequency of 12 breaths/min. Isofluran
with a volume of 10 mL/kg body weight 1.0% to
1.5% (Forene; Abbott, Baar, Switzerland) was added
to a mixture of oxygen and N2O (ratio 1:3).
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Prior to surgery, the animals were given 1 g of pro-
phylactic amoxicillin (Clamoxyl; GlaxoSmithKline, Lon-
don, UK) intramuscularly. A paramedian incision was
made anteriorly on the neck to get access to the
external jugular vein. Through a central vein catheter,
45 mL of whole blood was procured. PC was prepared
using the Platelet Concentrate Collection System
(PCCS; 3i/Implant Innovations, Palm Beach Gardens,
FL) according to the manufacturer’s instructions.

Through a subangular incision, the lateral portion
of the mandibular body and ramus were sufficiently
exposed to prepare 3 standardized intraosseous
defects using a trephine with copious saline irrigation
(Fig 1a). The defects measured 9 mm in diameter and
5 mm in depth. The corticocancellous blocks were
ground to a particulate size of 1 to 2 mm using a
bone-mill (R. Quetin, Leimen, Germany). Additional
cancellous bone chips were harvested using a chisel
and were mixed with the particulated autogenous
bone, aiming at a 1:1 ratio of cortical bone to cancel-
lous bone. Each defect was filled with a different graft-
ing material: autogenous bone chips; anorganic
bovine bone with a particle size of 1 to 2 mm (Bio-Oss;
Geistlich, Wolhusen, Switzerland), ie, a deproteinized
cancellous bovine bone substitute; or synthetic �-TCP,
with a particle size of 0.7 to 1.4 mm (CEROS TCP;
Robert Mathys, Solothurn, Switzerland) (Fig 1b).

In the first animal, the augmentation materials
were assigned at random to the 3 defects. In the sub-
sequent animals, the order of placement was always
changed 1 defect distally. The augmentation material
was mixed with blood and placed into the osseous
defects on 1 side. On the contralateral side, 1 mL of PC
was added to approximately 1 g of augmentation
material in combination with a few drops of calcium
chloride (CaCl2) 10% (Streuli, Uznach, Switzerland) for
initiating the coagulation process. All 3 defects were

covered with a Gore-Tex membrane (GT9; W. L. Gore &
Associates, Newark, DE) stabilized with 4 fixation
screws (Memfix Plus; Institut Straumann, Waldenburg,
Switzerland). The surgical site was closed in multiple
layers using resorbable sutures (Vicryl 3-0 and 2-0,
Johnson & Johnson/Ethicon, Somerville, NJ). A fen-
tanyl plaster (Durogesic TTS 50 µg/h; Johnson & John-
son/Janssen-Cilag, Baar, Switzerland) was applied for
postoperative pain control, and the animals received
antibiotics for 7 days postoperatively (Ilcocillin
PS200,200, 1 mL/25 kg body weight; Novartis, Basel,
Switzerland). The animals were checked daily for the
first postoperative week for signs of infection.

Laboratory Analysis
A sample of whole blood and PC was analyzed for
platelet count and white blood cell count at the
Hämatologisches Zentrallabor (Inselspital, Bern,
Switzerland). Another PC sample was analyzed for
content of PDGF-AB and TGF-� using Quantikine
ELISA kits DB100 and DHD00 (R & D Systems, Min-
neapolis, MN) according to the manufacturer’s instruc-
tions. Growth factor analysis was carried out at the
Institute of Clinical Chemistry and Laboratory Medi-
cine, Johannes Gutenberg University, Mainz, Germany.

Healing Periods
The 12 animals were divided into 4 groups of 3 ani-
mals. The animals in each group were allowed 1
week, 2 weeks, 4 weeks, or 8 weeks to heal. At the end
of each designated healing period, the animals were
sacrificed by induction of deep anesthesia followed
by withdrawal of the entire blood volume. The
mandibles were bilaterally cut just above the
mandibular foramen and anterior to the masseter to
harvest 2 blocks each containing 3 defects for histo-
logic preparation.

Fig 1 (a) Three standardized defects were prepared on each side of the mandible. (b) The defects were grafted identically on each side,
apart from the addition of PC. (From left) In this sample, autograft, �-TCP, and anorganic bovine bone can be observed.
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Histologic Preparation
The harvested mandibular blocks were fixed in 10%
neutral buffered formalin combined with 1% CaCl2 for
2 weeks. A radiograph was obtained to identify the
exact location of the individual defects, whereupon
each block was dehydrated and embedded in methyl-
methacrylate resin. Using an EXAKT low-speed dia-
mond saw with copious cooling (EXAKT Apparatebau,
Norderstedt, Germany), each defect was sectioned in
the buccolingual direction, yielding 7 to 8 consecu-
tive, nonrandomized, undecalcified sections (about
500 µm in thickness). The sections were mounted on
opaque acrylic plastic with acrylic glue and ground to
a final thickness of about 80 um. Finally, the sections
were superficially stained with toluidine blue.36

Histomorphometric Evaluation
The 3 most central sections per defect were histo-
morphometrically analyzed by an experienced exam-
iner (BH) who was blinded to the treatment modali-
ties. The 1-week sections were dominated by the
presence of a coagulum throughout the defects. His-
tomorphometric evaluation of the sections from this
earliest healing period was excluded, and only quali-
tative descriptions were performed.

In the 2-, 4-, and 8-week specimens, the volume
fractions (%) of newly formed bone, residual grafting
material, and soft tissue/marrow space occupying
the defects were determined by point counting
directly in the microscope, using a square grid (dis-
tance between 6 � 6 testlines = 255 �m) at a magni-
fication of 6.35.37

Statistical Analysis
Standard regression and analysis of variance with
due regard to “pairing” (measurements on the same
animal) were used, leading to standard Student t
testing of effects of interest. The level of significance
used was 5%. For the assessment of the effect of

using PC on the amount of bone formed, the volume
percentage data could be used without any need for
scale transformation. For the analysis of correlations
between laboratory values, Pearson correlation coef-
ficients (rp) were calculated.

RESULTS

Clinical Evaluation
All minipigs remained healthy during the healing
period and healed uneventfully.

Laboratory Analysis of PC
Laboratory values are summarized in Table 1. The
platelet concentration in PC was on average 4.4
times (range, 3.5 to 5.8) higher than the concentra-
tion in whole blood. It was not possible to demon-
strate any statistically significant correlation between
the initial platelet concentration in whole blood and
the final platelet yield in PC (rp = 0.36).

No statistically significant correlations could be
identified between platelet count in PC and concen-
trations of PDGF-AB (rp = –0.27) or TGF-� (rp = 0.34).
No statistically significant relationships were found
between white blood cell counts in PC and concen-
trations of PDGF-AB (rp = 0.12) or TGF-� (rp = 0.09).

Histology
1 Week. All defects, irrespective of grafting material,
were dominated by the presence of a blood clot. Gran-
ulation tissue could be seen proliferating from the
defect walls, leaving a convex central portion with only
grafting material and a fibrin network (Fig 2). In a few
sections, a limited amount of woven bone could be
seen growing from the floor of the defects, especially
in areas where the defects comprised the cancellous
portion of the mandible.There were no indications of a
more extensive vascular ingrowth or advanced soft tis-
sue maturation in defects where PC had been added.

2 Weeks. At 2 weeks, the blood clot had been
replaced by granulation tissue that extended all the
way to the bioinert barrier membrane. Woven bone
was consistently formed only from the defect walls.

Some of the defects in the cancellous portion of
the mandible that were grafted with autografts
showed woven bone formation almost to the level of
the membrane (Fig 3), whereas others that were
placed in more compact bone exhibited limited
bone formation (Fig 4). In defects filled with the 2
bone substitutes, much less bone formation could be
observed. The differences in bone formation seemed
to be independent of the addition of PC.

4 Weeks. All defects filled with autografts showed
bone formation to the level of the membrane, and all
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Table 1 Laboratory Values

Mean SD Range

PC (mL) 6.75 0.62 5.5 to 7.5
Platelet count in 421 82 346 to 639
whole blood (� 109/L)
White blood cell count 8.6 1.6 6.4 to 11.8
in whole blood (� 109/L)
PDGF-AB concentration 565 210 370 to 1,165
in PC (pg/mL)
TGF-� concentration 69 15 50 to 97
in PC (ng/mL)
Platelet count in PC 1870 317 1486–2420
(� 109/L)
White blood cell count 16.5 6.4 5.2–25.5
in PC (� 109/L)

Jensen.qxd  9/16/05  3:56 PM  Page 706



The International Journal of Oral & Maxillofacial Implants 707

Jensen et al

graft particles were embedded in newly formed bone
(Fig 5). Defects filled with anorganic bovine bone and
�-TCP also contained newly formed bone through-
out the defect, but in smaller amounts and with less
maturity than seen in sites with autografts (Figs 6 and
7). �-TCP granules and small autograft particles had
almost disappeared and were substituted by bone.
The anorganic bovine bone particles remained sta-
ble, although osteoclast-like cells often could be
identified on the surfaces. No differences could be
observed in bone maturation or degradation of graft-
ing material in relation to the addition of PC.

8 Weeks. All defects showed trabecular bone fill
with a fully developed bone marrow. In most defects,
more compact bone was newly established beneath
the membrane, leading to a new cortex formation
(Fig 8). Only a few remnants of �-TCP granules (Fig 9)
and of the larger autograft particles (Fig 8) could be
identified in the defects. These were predominantly
embedded in newly formed bone. Anorganic bovine
bone particles showed osseous integration as well
(Fig 10), but with a slow substitution rate. Identical
healing patterns were still observed in both defects
where PC was used and those where it was omitted.

Histomorphometry
The results of the histomorphometric analysis are pre-
sented in Figs 11 through 13. Whether bone forma-
tion, residual graft material, or soft tissue occupying
the defects (vol%) was analyzed, the PC effect exhib-
ited no significant heterogeneity over graft materials
or time points. In fact, the difference between results

with and without PC (averaged over the 3 animals
that held information about a given material at each
time point) varied less than had been expected (the 3
F values were < 1). As there were no differences in PC
response between time points or grafting materials,
the assessment of the overall PC effect was reduced
to a simple paired comparison: Likewise, it was non-
significant (estimated effect: 0.17% [SE = 1.2%, P =
.89]). Comparison of the grafting materials, including
patterns of degradation and osteoconduction, will be
presented in a separate publication.

Figure 14 illustrates the differences of bone for-
mation on the PC side versus the non-PC side. It is
noteworthy that no pattern for the material as a
whole could be seen for the 3 different grafting
materials or for the 3 healing periods.

Fig 2 Defect grafted with autogenous bone with PC after 1
week. A convex central portion is seen occupied by autograft (A)
and coagulum (C). Granulation tissue (G) proliferated from the
defect walls. The borderline between granulation tissue and
coagulum is marked with black arrows. An expanded polytetraflu-
oroethylene (e-PTFE) membrane (M) delineates the defect and
separates the grafted area from the masseter muscle (Mm) (tolui-
dine blue; original magnification �3).

Fig 3 Defect grafted with autogenous bone (A) with PC after 2
weeks. Woven bone (W) proliferated in proximate relation to the
vessels (V), almost to the level of the e-PTFE membrane (M) (tolui-
dine blue; original magnification �125).

Fig 4 Defect grafted with autogenous bone (A) with PC after 2
weeks. In contrast to Fig 3, no woven bone can be observed in
the area beneath the e-PTFE membrane (M). Instead, granulation
tissue surrounded the autograft particles (toluidine blue; original
magnification �100).
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Fig 5 Bony incorporation of autograft (A) without PC after 4
weeks. A scaffold of woven bone (W) and parallel-fibered bone (P)
connected the remnants of the autogenous particles (A) through-
out the defect to the level of the e-PTFE membrane (M) (toluidine
blue; original magnification �250).

Fig 6 Bony incorporation of anorganic bovine bone (B) with PC
after 4 weeks. A scaffold of woven bone bridges the bovine bone
granules throughout the defect. In a few places, the reinforce-
ment of the woven bone with parallel-fibered bone can be seen.
The e-PTFE membrane (M) is seen at the top of the section (tolui-
dine blue; original magnification �160).

Fig 7 Bony incorporation of �-TCP (T) without PC after 4 weeks.
Predominantly woven bone (W) was observed around remnants
of �-TCP. The presence of osteoblastic seams indicates early
deposition of parallel-fibered bone (P). The e-PTFE membrane (M)
is seen at the top of the section (toluidine blue; original magnifi-
cation �160).

Fig 8 Defect grafted with autogenous bone without PC after 8
weeks. A new cortex formation (NC) was developing just beneath
the e-PTFE membrane (M) with primary osteons (arrows). Rem-
nants of an autograft particle can be observed surrounded by
both newly formed bone and mature marrow (*) (toluidine blue;
original magnification �63).

Fig 9 Defect grafted with �-TCP with PC after 8 weeks. A few
remnants of graft particles (T) almost completely covered by new
bone can be observed (toluidine blue; original magnification
�125). 

Fig 10 Defect grafted with anorganic bovine bone without PC
after 8 weeks. Graft particles (B) are seen fully integrated in
newly formed parallel-fibered (P) and woven bone (W) (toluidine
blue; original magnification �250). 
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DISCUSSION

In the present study, PC was analyzed for its possible
stimulating effect on bone regeneration in combina-
tion with particulated autografts or 2 commercially
available bone substitutes of equal particle size.
Selection of the minipig for the present investigation
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Fig 11 Percentage of newly formed bone, resid-
ual grafting material, and soft tissue occupying the
defects grafted with autogenous bone with and
without PC (SD indicated with vertical bars).
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was based on its close similarity to humans in terms
of platelet count, platelet size, clotting parameters,
and bone structure.38 The created defects were
non–critical-size defects.39 The purpose of choosing
this experimental design was to be able to visualize
the healing process from the stage of early ingrowth
of new vessels to maturation of the newly formed
bone and to evaluate its dependence on PC addition.
Each minipig served as its own control.

For preparation of PC, the PCCS was chosen since it
is a well documented “point of care” PC system with a
high collection efficiency, platelet count, and growth
factor concentration.23,35,40 The concentration of
platelets in PC was on average 4.4 times higher than
in whole blood. This increased concentration thus ful-
fills the definition of PRP by Marx.6 The observed lack
of correlation between initial platelet concentration
in whole blood and the final concentration in PC may
be the result of a low number of specimens. However,
a previous study in a larger population of humans
also concluded that no reliable prediction of platelet
concentration in PC could be made from the platelet
concentration in whole blood and that only limited
predictions could be made of the growth factor con-
centration based on platelet count in PC.35 In contra-
diction hereto, another comparative laboratory study
of 3 different PC preparation methods demonstrated
for a limited number of volunteers (n = 12) a strong
correlation between platelet count in PC and the cor-
responding concentration of growth factors using the
same immunoassay technique used in the present
study.41 A possible explanation for these differences
might be differences in handling of the involved vol-
unteers, as it has been shown that different levels of
mental and physiologic stress influence both platelet
aggregability and degranulation.42,43 The concentra-
tion of PDGF-AB and TGF-� in whole blood was unfor-
tunately not evaluated in the present study. It is
therefore not known whether the collection effi-
ciency of the individual growth factors was as unpre-
dictable as that of the platelets.

The concentration of PDGF-AB in the present
material is remarkably low when compared with ear-
lier reports in which human PC was prepared by the
PCCS.35,41 This finding may be the result of the use of
a new line of test kits from the manufacturer (the kits
used in previously mentioned publications are no
longer available), or minipig platelets might contain
lower amounts of PDGF-AB. However, mitogenic
activity was demonstrated, since the addition of acti-
vated PC from minipigs caused proliferation of gingi-
val fibroblasts in a dose-dependent manner.31

The impact of PC on bone healing in pigs has ear-
lier been evaluated in relation to the placement of
dental implants,26,33 in sinus grafting procedures,27,31

and in standardized critical-size defects in the frontal
bone.23,30 The implant studies demonstrated
increased bone-to-implant contact (BIC) and bone
density in the early healing phase. After 8 to 12
weeks, the effect of PC was no longer evident. Analy-
ses of the applied PC were not performed, which
makes a discussion of the large variances in the
results of the 2 studies difficult.26,33 In the 2 sinus
grafting studies, the addition of PC to pure anorganic
bovine bone31 or to combinations of anorganic
bovine bone and cancellous bone from the iliac
crest27 was investigated. PC had no stimulating effect
on BIC or bone density when bovine bone was used
alone or in combination with autografts (85% bovine
bone and 15% autograft).

These findings correspond well with the present
study. However, increased bone density was obtained
when PC was added to a combination of 50% anor-
ganic bovine bone and 50% autograft, although no
influence was observed on BIC. A possible explana-
tion for the increased bone density might be that
pure spongiosa from the iliac crest was used.This type
of autogenous bone graft contains the highest
amount of osteogenic cells and the least protection
against resorption.44 When combined with the very
slowly substituted anorganic bovine bone particles,
the autografts might be protected against resorption,
leaving the chemotactic and mitogenic factors in PC
to act on the many osteogenic target cells. In most
dento-alveolar augmentation procedures, bone is har-
vested from intraoral donor sites. Depending on the
specific site, a different ratio of cortical and cancellous
bone can be obtained. In the present study, a 1:1 mix
of cortical and cancellous chips simulated such an
intraoral bone harvesting. As seen in humans,45 bone
from the minipig mandible probably contains less
osteogenic cells than bone from the iliac crest, which
might explain the increased bone density observed
by Terheyden and colleagues27 as compared to the
present data. Unfortunately, the concentrations of
platelets and growth factors in PC were not reported
in that study,27 which excludes a comparison of this
parameter. In sheep, the addition of PC to cancellous
bone grafts from the iliac crest in sinus grafting proce-
dures caused no increase in bone formation or bone-
to-graft contact after 4 or 12 weeks of healing.32

Standardized critical-size defects in the frontal
bone of minipigs may be expected to demonstrate a
similar healing pattern compared to the defects in
the mandibular angle, despite a different embryonic
origin.23,30 Schlegel and coworkers30 compared the
effect of 2 different PC preparations in combination
with autografts alone, autografts combined with an
algae-derived bone substitute(1:3 ratio), and auto-
grafts combined with a bioactive glass (1:1 ratio). PC
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prepared by the PCCS method yielded a concentration
of platelets that was 6.5 times the concentration found
in whole blood, whereas the corresponding value for
PC derived from the Curasan method was 4.1. As
shown in the present material, none of the PC concen-
trations had a relevant stimulating effect in combina-
tion with any of the bone substitutes. However, they
did demonstrate an accelerated mineralization in the
very early healing phase (2 weeks) in defects grafted
with autografts. This effect was most pronounced in
the defects with the most concentrated PC. After 4
weeks, this effect seemed to be reversed. Unfortu-
nately, it was not clear from the article whether these
early tendencies were statistically significant.

Both in clinical and experimental PC studies, it has
been assumed that higher concentrations of platelets
would result in higher concentrations of growth fac-
tors and thus would increase the stimulation of the
osteogenic cells.46 On the other hand, in vitro studies
on human osteoblast cell lines have indicated that a
linear relationship between concentration and effect
does not exist, and that PC with more than a 5-fold
platelet concentration actually might have an
inhibitory effect.47,48 Studies with recombinant
growth factors have indicated that increasing doses
of TGF-� may actually inhibit bone healing compared
with lower doses,49 and that combinations of bone
stimulating growth factors can act antagonistically.50

In vivo data from a rabbit model support the hypoth-
esis of a concentration-dependent biologic effect of
autogenous platelet growth factors and their
inhibitory effect at very high platelet concentrations
(≥ 1,750,000 platelets/�L PC).34

CONCLUSION

In summary, no correlations were found in the present
study between platelet count in whole blood and in
PC. In addition, no correlation could be demonstrated
between the platelet count in PC and the concentra-
tions of PDGF-AB and TGF-�. There were no signs of a
stimulating effect of PC on new bone formation in
combination with autografts or bone substitutes, nor
could an altered pattern of graft degradation be
demonstrated. The presented results and a review of
the literature suggest that no methods are currently
available to produce standardized PC in which a cer-
tain whole blood platelet count will result in PC with a
predictable amount of platelets and combination of
growth factors. Use of autologous growth factors is
simple and safe compared to allogenic and xenogenic
preparation methods. Consistent results, however,
cannot be expected until the ideal concentration of
platelet growth factors has been identified and reli-
able PC preparation methods have been developed.

ACKNOWLEDGMENTS

The authors wish to thank Mrs B. Hoffmann for her valuable
assistance in preparing the histologic sections and in relation to
the histomorphometry, Ms C. Moser for her professional help dur-
ing all surgeries, PD Dr G. Hafner and Mrs R. Schweigert for per-
forming the growth factor analysis, the whole staff at the Surgical
Research Unit (ESI) at the University of Bern for excellent han-
dling of the animals, and Dr J. Hilden for his assistance with the
statistical analysis. The study was supported by grants from the
Robert Mathys Foundation, Bettlach, Switzerland and the ITI
Foundation for the Promotion of Implantology, Basel, Switzerland.
Barrier membranes and bone substitutes were made available
free of charge by W. L. Gore & Associates, Newark, DE; Geistlich,
Wolhusen, Switzerland; and Mathys, Bettlach, Switzerland. None
of the authors have any financial interests in any of the investi-
gated biomaterials or products.

REFERENCES

1. Marx RE, Carlson ER, Eichstaedt RM, Schimmele SR, Strauss JE,
Georgeff KR. Platelet-rich plasma. Growth factor enhancement
for bone grafts. Oral Surg Oral Pathol Oral Med Oral Radiol
Endod 1998;85:638–646.

2. Slater M, Patava J, Kingham K, Mason RS. Involvement of
platelets in stimulating osteogenic activity. J Orthop Res
1995;13:655–663.

3. Oprea WE, Karp JM, Hosseini MM, Davies JE. Effect of platelet
releasate on bone cell migration and recruitment in vitro. J
Craniofac Surg 2003;14:292–300.

4. Khan SN, Bostrom MP, Lane JM. Bone growth factors. Orthop
Clin North Am 2000;31:375–388.

5. Wiltfang J, Schlegel KA, Zimmermann R, et al. Beurteilung der
Knochenreparation nach kombinierter Anwendung von
Platelet-rich plasma und Knochenersatzmaterialien im Rahmen
der Sinusbodenelevation. Dtsch Zahnärztl Z 2002;57:38–42.

6. Marx RE. Platelet-rich plasma (PRP): What is PRP and what is
not PRP? Implant Dent 2001;10:225–228.

7. Anitua E. Plasma rich in growth factors: Preliminary results of
use in the preparation of future sites for implants. Int J Oral
Maxillofac Implants 1999;14:529–535.

8. Kassolis JD, Rosen PS, Reynolds MA. Alveolar ridge and sinus
augmentation utilizing platelet-rich plasma in combination
with freeze-dried bone allograft: Case series. J Periodontol
2000;71:1654–1661.

9. de Obarrio JJ, Arauz-Dutari JI, Chamberlain TM, Croston A.The
use of autologous growth factors in periodontal surgical ther-
apy: Platelet gel biotechnology—Case reports. Int J Periodon-
tics Restorative Dent 2000;20:486–497.

10. Anitua E.The use of plasmarich growth factors (PRGF) in oral
surgery. Pract Proced Aesthet Dent 2001;13:487–493.

11. Danesh-Meyer MJ, Filstein MR, Shanaman R. Histological eval-
uation of sinus augmentation using platelet rich plasma
(PRP): A case series. J Int Acad Periodontol 2001;3:48–56.

12. Lozada JL, Caplanis N, Proussaefs P, Willardsen J, Kammeyer G.
Platelet-rich plasma application in sinus graft surgery: Part I—
Background and processing techniques. J Oral Implantol
2001;27:38–42.

13. Petrungaro PS. Using platelet-rich plasma to accelerate soft
tissue maturation in esthetic periodontal surgery. Compend
Contin Educ Dent 2001;22:729–745.

14. Shanaman R, Filstein MR, Danesh-Meyer MJ. Localized ridge
augmentation using GBR and platelet-rich plasma: Case
reports. Int J Periodontics Restorative Dent 2001;21:345–355.

The International Journal of Oral & Maxillofacial Implants 711

Jensen et al

Jensen.qxd  9/16/05  3:56 PM  Page 711



15. Thor A. Reconstruction of the anterior maxilla with platelet
gel, autogenous bone, and titanium mesh: A case report. Clin
Implant Dent Relat Res 2002;4:150–155.

16. Camargo PM, Lekovic V, Weinlaender M, Vasilic N, Madzarevic
M, Kenney EB. Platelet-rich plasma and bovine porous bone
mineral combined with guided tissue regeneration in the
treatment of intrabony defects in humans. J Periodont Res
2002;37:300–306.

17. Froum SJ, Wallace SS, Tarnow DP, Cho SC. Effect of platelet-rich
plasma on bone growth and osseointegration in human max-
illary sinus grafts: Three bilateral case reports. Int J Periodon-
tics Restorative Dent 2002;22:45–53.

18. Robiony M, Polini F, Costa F, Politi M. Osteogenesis distraction
and platelet-rich plasma for bone restoration of the severely
atrophic mandible: Preliminary results. J Oral Maxillofac Surg
2002;630–635.

19. Rodriguez A, Anastassov GE, Lee H, Buchbinder D, Wettan H.
Maxillary sinus augmentation with deproteinated bovine
bone and platelet rich plasma with simultaneous insertion of
endosseous implants. J Oral Maxillofac Surg 2003;61:157–163.

20. Thorn JJ, Sørensen H, Weis-Fogh U, Andersen M. Autologous
fibrin glue with growth factors in reconstructive maxillofacial
surgery. Int J Oral Maxillofac Surg 2004;33:95–100.

21. Kim E-S, Park E-J, Choung P-H. Platelet concentration and its
effect on bone formation in calvarial defects: An experimental
study in rabbits. J Prosthet Dent 2001;86:428–433.

22. Fennis JPM, Stoelinga PJW, Jansen JA. Mandibular reconstruc-
tion: A clinical and radiographic animal study on the use of
autogenous scaffolds and platelet-rich plasma. Int J Oral Max-
illofac Surg 2002;31:281–286.

23. Wiltfang J, Kloss FR, Zimmermann R, Schultze-Mosgau S,
Neukam FW, Schlegel KA.Tierexperimentelle Studie zum Ein-
satz von Knochenersatzmaterialien und thrombozytenrei-
chem Plasma in klinisch relevanten Defekten. Dtsch Zahnärztl
Z 2002;57:307–311.

24. Siebrecht MAN, De Rooij PP, Arm DM, Olsson ML, Aspenberg P.
Platelet concentrate increases bone ingrowth into porous
hydroxyapatite. Orthopedics 2002;25:169–172.

25. Aghaloo TL, Moy PK, Freymiller KG. Investigation of platelet-
rich plasma in rabbit cranial defects: A pilot study. J Oral Max-
illofac Surg 2002;60:1176–1181.

26. Schlegel KA, Kloss FR, Schultze-Mosgau S, Neukam FW,Wiltfang
J. Implantat-Einheilvorgänge bei unterschiedlichen lokalen
Knochenmassnahmen. Dtsch Zahnärztl Z 2002;57:194–199.

27. Terheyden H, Roldan J-C, Miller J, Jepsen S, Acil Y. Platelet-rich
Plasma in der Knochenregeneration—Erste Ergebnisse zweier
experimenteller Studien. Implantologie 2002;10:195–205.

28. Kim SG, Kim WK, Park JC, Kim HJ. A comparative study of
osseointegration of Avana implants in a demineralized freeze-
dried bone alone or with platelet-rich plasma. J Oral Maxillo-
fac Surg 2002;60:1018–1025.

29. Kim SG, Chung CH, Kim YK, Park JC, Lim SC. Use of particulate
dentin-plaster of Paris with/without platelet-rich plasma in
the treatment of bone defects around implants. Int J Oral
Maxillofac Implants 2002;17:86–94.

30. Schlegel KA, Kloss FR, Schultze-Mosgau S, Neukam FW, Wilt-
fang J.Tierexperimentelle Untersuchung zum Einfluss ver-
schiedener Thrombozytenkonzentrate auf die Defektregene-
ration mit autogenem Knochen und Kombinationen von
autogenem Knochen und Knochenersatzmaterialien (Biogran
und Algipore). Mikroradiographische Ergebungsbewertung.
Mund Kiefer Gesichtschir 2003;7:112–118.

31. Fürst G, Gruber R, Tangl S, et al. Sinus grafting with autoge-
nous platelet-rich plasma and bovine hydroxyapatite. A histo-
morphometric study in minipigs. Clin Oral Implants Res
2003;14:500–508.

32. Jakse N, Tangl S, Gilli R, et al. Influence of PRP on autogenous
sinus grafts. An experimental study on sheep. Clin Oral
Implants Res 2003;14:578–583.

33. Zechner W, Tangl S, Tepper G, et al. Influence of platelet-rich
plasma on osseous healing of dental implants: A histologic
and histomorphometric study in minipigs. Int J Oral Maxillofac
Implants 2003;18:15–22.

34. Weibrich G, Hansen T, Buch R, Kleis W, Hitzler WE. Effect of
platelet concentration in platelet-rich plasma on peri-implant
bone regeneration. Bone 2004;34:665–671.

35. Weibrich G, Kleis WKG, Hafner G. Growth factor levels in the
platelet-rich plasma produced by 2 different methods:
Curasan-type PRP kit versus PCCS PRP system. Int J Oral Max-
illofac Implants 2002;17:184–190.

36. Schenk RK, Olah AJ, Herrmann W. Preparation of calcified tis-
sues for light microscopy. In: Dickson GR (ed). Methods of Cal-
cified Tissue Preparation. Amsterdam: Elsevier, 1984:1–56.

37. Weibel ER. Stereological Methods. Vol 1: Practical methods for
biological morphometry. New York: Academic Press, 1979.

38. Hönig J, Merten HA. Das Göttinger Miniatureschwein (GMS)
als Versuchstier in der humanmedizinischen osteologischen
Grundlagenforschung. Z Zähnarztl Implantol 1993;2:244–254.

39. Schmitz J, Hollinger J.The critical size defect as an experimen-
tal model for cranio-mandibulofacial nonunion. Clin Orthop
Relat Res1986;205:299–308.

40. Weibrich G, Kleis WKG. Curasan PRP kit vs. PCCS PRP system.
Collection efficiency and platelet counts of two different
methods for the preparation of platelet-rich plasma. Clin Oral
Implants Res 2002;13:437–443.

41. Appel TR, Pötzsch B, Müller J, von Lindern J-J, Bergé SJ, Reich
RH. Comparison of three different preparations of platelet
concentrates for growth factor enrichment. Clin Oral Implants
Res 2002;13:522–528.

42. Mundal HH, Rostrup M. Blood platelet responses to laboratory
stress in young men.The effect of awareness of high blood
pressure. Am J Hypertens 1996;9:12–17.

43. Tomoda F, Takata M, Kagitani S, et al. Different platelet aggre-
gability during mental stress in two stages of essential hyper-
tension. Am J Hypertens 1999;12:1063–1070.

44. Burchardt H.The biology of bone graft repair. Clin Orthop
Relat Res 1983;174:28–42.

45. Springer ING, Terheyden H, Geiss S, Härle F, Hedderich J, Acil Y.
Particulated bone grafts—Effectiveness of bone cell supply.
Clin Oral Implants Res 2004;15:205–212.

46. Dugrillon A, Eichler H, Kern S, Klüter H. Autologous concen-
trated platelet-rich plasma (cPRP) for local application in bone
regeneration. Int J Oral Maxillofac Surg 2002;31:615–619.

47. Gruber R, Varga F, Fischer MB, Watzek G. Platelets stimulate
proliferation of bone cells: Involvement of platelet-derived
growth factor, microparticles and membranes. Clin Oral
Implants Res 2002;13:529–535.

48. Weibrich G, Gnoth S-H, Otto M, Reichert TE, Wagner W. Wachs-
tumsstimulation von humanen osteoblastähnlichen Zellen
durch Thrombozytenkonzentrate in vitro. Mund Kiefer
Gesichtschir 2002;6:168–174.

49. Lind M. Growth factor stimulation of bone healing. Effects on
osteoblasts, osteotomies, and implants fixation. Acta Orthop
Scand 1998;69:2–37.

50. Vonau RL, Bostrom MP, Aspenberg P, Sams AE. Combination of
growth factors inhibits bone ingrowth in the bone harvest
chamber. Clin Orthop 2001;386:243–251.

712 Volume 20, Number 5, 2005

Jensen et al

Jensen.qxd  9/16/05  3:56 PM  Page 712


	COPYRIGHT © 2005 BY QUINTESSENCE PUBLISHING CO, INC: 
	   PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY: 
	  NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER: COPYRIGHT © 2005 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORMWITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.




