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Sinus floor elevation applied
tissue-engineered bone

Comparative study between mesenchymal stem
cells/platelet-rich plasma (PRP) and autogenous
bone with PRP complexes in rabbits

Key words: bone regeneration, mesenchymal stem cells (MSCs), platelet-rich plasma (PRP),
sinus floor elevation (SFE), tissue engineering

Abstract: In the present study, we compared bone regeneration ability in sinus floor
elevation between a tissue engineering method using mesenchymal stem cells (MSCs) and
platelet-rich plasma (PRP), and a promising new method using particulate cancellous bone
and marrow (PCBM) and PRP. Bilateral sinus floor elevation procedures were performed in
18 adult Japanese white rabbits. MSCs/PRP or PCBM/PRP complexes were grafted to each
maxillary sinus in the same rabbits. The MSCs were isolated from rabbit iliac crest marrow,
and PRP was obtained from peripheral blood. PCBM were collected from the rabbit iliac
crest and mixed with PRP. The animals were sacrificed at 2, 4, and 8 weeks after
transplantation, and the bone formation ability of each implant was evaluated
histologically and histometrically. According to the histological observations, both sites
(MSCs/PRP and PCBM/PRP) showed well newly formed bone and neovascularization at 2 and
4 weeks. However, at 8 weeks, the lameliar bone was observed to be occupied by fatty
marrow in large areas in both sites. There was no significant difference in bone volume or
augmented height between MSCs/PRP and PCBM/PRP groups each week, but there were
significant differences in bone volume and augmented height between 2 and 8 weeks in
PCBM/PRP or MSCs/PRP groups and in bone volume between 4 and 8 weeks in the PCBM/
PRP group (P<0.05). These results suggest that the MSCs/PRP complex may well be used for
bone regeneration in sinus floor elevation, compared with the PCBM/PRP complex.

The dental restoration of the posterior
maxilla using osseointegrated implants is
one of the most problematic in implant
dentistry. Patients with edentulous poster-
ior maxillae often present with atrophy of
the alveolar ridge and pneumatization of
the maxillary sinuses following teeth loss.
This situation limits the volume of bone
available for implant placement. These
clinical problems might be improved partly
by utilizing sinus floor elevation proce-
dures with autogenous bone grafts, which
are considered as an ideal graft material and
the gold standard to which other graft
materials are compared. The bone grafts
harvested from the iliac crest also have

shown excellent survival with implants
loaded and functional (Kent & Block
1989). However, the bone grafts have to
injure the normality organization besides
the operation field, and it involves morbid-
ity {Boyne et al. 1980; Tatum 1986;
Younger & Chapman 1989; Lundgren
et al. 1996). Other autogenous approaches
such as intraoral bone grafts generally re-
sult in less morbidity, but the bone volume
offers less bone availability than the iliac
crest as a donor site. Nowadays, bone
substitutes such as hydroxyapatite, B-tri-
calcium phosphate ceramics, or coral scaf-
folds {Kadiyara et al. 1997b; Petite et al.
2000} are used to provide alternatives to



autogenous bone for the improvement of
the bone volume. But in human speci-
mens, there were problems where graft
particles were still present after 4 years in
the sinus floor elevation {Leonardis &
Pecosa 1999; Piatelli et al. 1999). So it
has been said that an ideal bone substi-
tute should have the following character-
istics: it should be biocompatible and be
replaced by newly formed bone, and it
should have osteoinductive properties {Jen-
sen et al. 1996).

Langer & Vacanti {1993} have called
the process involving the morphogenesis
of new tissues formed from isolated cells
and biocompatible polymers and growth
factors ‘tissue engineering’. This form of
bone regeneration by autogenous cell trans-
plantation is one of the most promising
treatment concepts being developed, since
it eliminates the problems of donor site
morbidity for autologous grafts, the immu-
nogenicity of allogenic grafts, and loosen-
ing of alloplastic implants {Vacanti 1988;
Vacanti et al. 1988}. In this study, we used
mesenchymal stem cells (MSCs) as the
isolated cells, and platelet-rich plasma
(PRP) as the growth factors and scaffold.
MSCs have been thought to be multipotent
cells that can replicate as undifferentiated
cclls and that have the potential to differ-
entiate into lineages of mesenchymél tis-
sue including bone, cartilage, fat, tendon,
muscle, and marrow stroma (Caplan 1991;
Owen & Friedenstein 1998; Pittenger et al.
1999}, and have received widespread atten-
tion because of their potential utility in
tissue engineering applications. PRP is be-
lieved to result in early consolidation and
graft mineralization in approximately half
the time that it would take using an auto-
genous graft alone (Canalis 1981; Cho
et al. 1995; Marx et al. 1998; Anitua 1999)
and promote a 15-30% increase in the
trabecular bone density (Marx et al. 1998).

So we have attempted to regenerate bone
in a sinus floor clevation as for bone grafts
with minimal invasiveness and good plas-
ticity, and to provide a clinical altemative
to autogenous bone grafts using MSCs/PRP
complexes. Further, there are no reports
that sinus floor elevation applied MSCs/
PRP complexes and there have been com-
parative studies with autogenous bone
grafts/PRP complexes.

In this study, we compared the bone
regeneration ability in sinus floor elevation
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with the MSCs/PRP groups and particulate
cancellous bone and marrow (PCBM)/PRP
groups. This research will be useful as a
preliminary study for dental implant in-
stallation and as an improved method for
maxillary sinus augmentation with mini-
mal invasiveness.

Material and methods

Rabbit animal model and sinus
augmentation procedure

This study used 18 adult female Japanese
white rabbits that weighed 3.1-3.5kg. A
skin incision was made in the cheek a few
millimeters above the inferior border of the
incisive bone and maxilla. The subcuta-
neous tissue and the muscles were dis-
sected to expose the maxillary perios-
teum, which was incised and elevated
dorsally. A round diamond bur was used
to draw the outline of the trap door
(s mm x 5 mm with the distal vertical os-
teotomy line 2 mm mesial from the first
molar) in the lateral antral wall of the
maxilla. The trap door was removed,
and the antral membrane was elevated
carefully to avoid perforation. Exposure of
the maxillary sinus was performed bilater-
ally, and the MSCs/PRP complex was
placed into the left maxillary sinus, and
the PCBM/PRP complex was placed into
the right one. The periosteum and skin
flap were replaced, sutured, and allowed
to heal {Fig. 1a).

MSCs isolation and cultivation, PRP, PRP
gel preparation, and MSCs/PRP admixture
and PCBM/PRP admixture preparation

The PRP and the gel preparation were
carried out according to the same method
developed by Yamada et al. {2004c). At
first, approximately 3oml whole blood
was drawn from the Japanese white rabbits
into centrifuge tubes. The blood was first
centrifuged in a standard laboratory centri-
fuge machine, Himac CT (Hitachi Koki,
Hitachi, Japan), for s min at 203 g. Subse-
quently, the yellow plasma (containing
the buffy coat, which contained the plate-
lets and leukocytes) was taken up into a
neutral monovette with a long cannula.
A second centrifugation at 1050g. for
5 min was performed to combine the plate-
lets into a single pellet and the plasma
supernatant, which was platelet-poor
plasma {PPP) and contained relatively few
cells, was removed. The resulting pellet of

platelets, the buffy coat/plasma fraction
(PRP), was re-suspended in the residual
3ml of plasma and used in the platelet
gel. We evaluated the whole blood, PRP,
PPP, and blood platelets. The platelet
counts in the PRP and PPP were measured
in Beckman Coulter GEN*S™, and Beck-
man Coulter STKS ERE™ {Beckman Coul-
ter, Fullerton, CA, USA). Platelet counts
yielded a mean value of 227,000, with a
range of 214,000-250,000. The PRP mean
platelet count was 864,000 with a range of
834,000-892,000. These values confirmed
the platelet sequestration ability of the
process, which shows that the concentra-
tion was 383% above the baseline plate-
let counts. The PRP was stored at
room temperature in a conventional shaker
until use. Bovine thrombin in powder form
(10,000U) was dissolved in toml 10%
calcium chloride in a separate sterile cup.
Next, 6ooul PRP was aspirated into
a 1ml syringe, while in a second 1ml
syringe 1ooul of the thrombin/calcium
chloride mixture was aspirated. Here
the cells resuspended directly into PRP.
The two syringes were connected with a
T connector and the plungers of the
syringes were pushed and pulled altema-
tively, allowing the air bubble to trans-
verse the two syringes. Within 5-30s,
the contents assumed a gel-like consis-
tency as the thrombin affected the poly-
merization of the fibrin to produce an
insoluble gel.

The MSCs were isolated from the rabbits
left iliac crest marrow aspirates (1oml}
according to the previously reported
method (Kadiyara et al. 1997a, 1997b).
Briefly, the basal medium, low-glucose
Dulbecco’s modified Eagles medium, and
growth supplements {soml of mesenchy-
mal cell growth supplement, 10% fetal
bovine serum, 1oml of 200mM L-gluta-
mine, and 0.5 ml of penicillin-streptomy-
cin mixture containing 25 U of penicillin
and 25 pg streptomycin) were purchased
from Cambrex® Inc. (Walkersville, MD,
USA). Three supplements for inducing os-
teogenesis, Dexamethasone (Dex]), sodium
a-glycerophosphate («-GP), and L-ascorbic
acid 2-phosphate (AsAP) were purchased
from Sigma Chemical Co. {St Louis,
MO, USA). The cells were incubated at
37°C in a humidified atmosphere contain-
ing 95% air and 5% CO,. In culture, the
MSCs trypsinized and were used for
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Fig. 1. (a} Scheme of experimental protocol. {b) Portion grafted to rabbit maxillary sinus. The cutting plane is
standardized in the transverse plane at the rostrocaudal midpoint of the osteotomy window (O). 1, infraorbital

nerve and artery.

implanting. Then, 6oopul PRP and MSCs
{1 x 107 cells/ml) were aspirated into a
1 ml syringe, while in another 1 ml syringe
1ooul of the thrombin/calcium chloride
mixture was aspirated. Also, the graft vo-
lumes were standardized using a mold
(s mm x s mm x s mm], and the gel was
implanted into the maxillary sinus.

PCBM was harvested from the right iliac
crest of the animal from which the PCBM/
PRP complex was made by mixing with
PRP. The graft volumes were standardized
using a mold (smm x §mm x 5mm)}
{Fig. 1a). The groups were implanted into
the maxillary sinus area.
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Histological observation

The rabbits were sacrificed at 2, 4, or 8
weeks after the transplantation. The max-
illac were dissected and cut into smaller
blocks that included the nasal and sinus
cavities. Implants were fixed in buffered
10% formaldehyde and decalcified, em-
bedded in paraffin, sectioned at 4 pm thick-
ness, and stained with hematoxylin and
eosin (Fig. 1b). They were analyzed each
six sections per operative site.

Histomorphometric analysis
Each image of the calcified specimens at
the rostrocaudal midpoint of the antral wall

was copied on a color reversal film, digi-
tized as a 256 x 256 array of 8-bit density
values, and transferred to a microcomputer
for analysis {NIH Image, version 1.61, Na-
tional Institutes of Health). The augmen-
ted area was defined as the area that was
enclosed within the bone labels in the
residual maxilla and nasal wall, the sinus
membrane, and the antral wall. The vo-
lume of total bone [newly formed bone
and grafted bone) in the augmented area
and augmented height {the maximal height
of the augmented space) were quantified
using this computer-based image-analysis
system.

Statistical analysis -

Group means and standard deviations were
calculated for each measured parameter.
The data were compared using the paired,
two-tailed Student’s t-test for the total
bone between the PCBM/PRP and MSCs/
PRP groups. A P-value of <o.05 indicated
statistical significance.

Results

Histological observation of the
MSCs/PRP and PCBM/PRP groups

The elevated sinus membrane had no per-
foration and maintained the form of the
ciliated epithelium and serous glands in all
animals at each week.

At 2 weeks after transplantation, the
PCBM/PRP site showed a trabeculae of
newly formed bone that were composed
of woven bone around the grafted bone.
Most of the lacunae around the osteocytes
were large and all trabeculae were em-
bedded in fibrovasculae tissue. In the
MSCs/PRP site, newly formed trabeculae
were observed with abundant osteocyte,
cuboidal osteoblasts, fibrovascular tissue,
and many blood vessels {Fig. 2a-d).

At 4 weeks after transplantation in the
PCBM/PRP and MSCs/PRP sites, the tra-
beculae were more mature than at 2 weeks;
lamellar bone structure was apparent, wo-
ven bones decreased, and the bone lacuna
became narrow in comparison with 2
weeks (Fig. 3a—d).

At 8 weeks in both sites, cortical bone
formation was observed under the elevated
membrane and at the lateral sinus wall.
Trabeculae with clear lamellar structures
were embedded in the fatty marrow in both
sites (Fig. 4a-d).



Ohya et al . Sinus floor elevation applied tissue-engineered bone

Fig. 2. Histologic evaluation of PCBM/PRP and MSCs/PRP sites at 2 weeks. Section from the {a) PCBM/PRP
site {magnification x 3.125); (h) PCBM/PRP site {magnification x 50}; {c} MSCs/PRP site {magnification

x 3.125). [d) MSCs/PRP site {(magnification x s0). SC, sinus cavity; NC, nasal cavity; OSF, original sinus
floor; BV, blood vessels; N, newly formed bone; G, grafted bone; PCBM, particulate cancellous bone and
marrow; PRP, platelet-rich plasma; MSCs, mesenchymal stem cells. The sections were stained by hematox-
ylin and eosin.

Histomorphometric analysis

Bone volume

The volumes of total bone PCBM/PRP and
MSCs/PRP groups were 35 + 5.2% and
29.1 + 4.4% at 2 weeks, 28.6 + 3.4%
and 24.1 + 3.6% at 4 weeks, and
20.6 + 4% and 20.9 * 4.1% after 8
weeks, respectively. There was no differ-
ence in bone volume between MSCs/PRP
and PCBM/PRP groups each week. But
there were significant differences in bone

volume between 2 and 8 weeks in PCBM/
PRP or MSCs/PRP groups and between
4 and 8 weeks in the PCBM/PRP group
{P<o0.05) {Fig. 5a).

Augmented height

The augmented heights of PCBM/PRP
and MSCs/PRP groups were 2.1 £ 0.5 and
1.7 + o.2mm at 2 weeks, 1.7 + 0.6 and
1.5 + o.3mm at 4 weeks, and 1.3 + 0.4
and 1.3 + 0.3 mm after 8 weeks, respec-

tively. There was no difference in augmen-
ted height between MSCs/PRP and PCBM/
PRP groups each week. But there werc
significant differences in augmented height
between 2 and 8 weeks in PCBM/PRP or
MSCs/PRP groups {P<o0.05) {Fig. 5b).

Discussion

Generally, atrophy of the alveolar ridge is
because of tooth loss, and autogenous bone
grafts are used for the bone regeneration,
with dental implants utilized for altitude
absorbing of the upper jaw bone (Boyne
et al. 1980; Tatum 1986; Lundgren et al.
1996). In posterior maxilla restoration
using osseointegrated implants, sinus floor
elevation is often also undertaken by an
autogenous bone graft.

Autogenous bone graft is considered the
ideal graft to satisfy the following criteria:
(1) low risk of infection, {2) low antigeni-
city, {3) the ability to produce bone
by osteoinduction and osteoconduction,
and {4} easy correction (Block & Kent
1997). However, the preferred autogenous
material causes specific problems such as
its limited supply, attendant donor-site
morbidity, and the occasional unsuitability
for the proposed reconstruction because of
poor tissue quality, or the extremely diffi-
culty in shaping the graft (Laurie et al.
1984; Summers & Eisenstein 1984;
Younger & Chapman 1989). Therefore, in
this study we use tissue engineering tech-
nology with minimal invasiveness for bone
regeneration using MSCs as the autoge-
nous cell and PRP as growth factors and
scaffold. It is one of the most promising
treatment concepts being developed, since
it may be possible to eliminate the pro-
blems of donor site morbidity for autolo-
gous grafts (Vacanti 1988; Vacanti et al.
1988). The PRP also contains growth fac-
tors such as platelet-derived growth factor,
transforming growth factors-o, and insulin
growth factor PRP is also reported to
promote wound healing, bone formation,
and has attracted attention for use with
autogenous bone (PCBM) in clinical cases
(Marx et al. 1998; Wiltfang et al. 2003).

MSCs have been thought to be multi-
potent cells that can replicate as undiffer-
entiated cells, including bone, cartilage, fat,
tendon, muscle, and marrow stroma, and
have received widespread attention because
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Fig. 3. Histologic evaluation of PCBM/PRP and MSCs/PRP sites at 4 weeks. Section from the (a) PCBM/PRP
site (magnification x 3.125}; (b} PCBM/PRP site {magnification x so); (c) MSCs/PRP site {magnification

x 3.125); {d}) MSCs/PRP site {magnification x s50}. SC, sinus cavity; NC, nasal cavity; OSF, original sinus
floor; BV, blood vessels; N, newly formed bone; G, grafted bone; PCBM, particulate cancellous bone and
marrow; PRP, platelet-rich plasma; MSCs, mesenchymal stem cells. The sections were stained by hematox-
ylin and eosin. Original magnification of {a} and (c), x 3.125 for all prints.

of their potential utility in tissue engineer-
ing applications (Yoshikawa et al. 1996,
1998; Pittenger et al. 1999; Noshi et al.
2001; Yamada et al. 2004a, 2004b). Artifi-
cial bone utilizing MSCs and PRP-like
gel, which had a low immune rejection
response from autogenous blood, was re-
ported in a study using the mandible of
the dog (Yamada et al. 2004c). However,
the study did not investigate spaces such as
the maxillary sinus area for dental implant
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installation. Thus, we examined the ability
of sinus floor elevation using the tissue
engineering method with MSCs/PRP com-
plexes, and the promising PCBM/PRP
complexes.

According to the histological analysis,
woven bone was observed in both sites
{MSCs/PRP and PCBM/PRP sites) at the
early stage of 2 weeks after the transplant,
and the maturity of the newly formed bone
was observed at 4 weeks time dependently.

However, 8 weeks after grafting, most
newly formed or transplant bones were
absorbed in both sites and its fatty marrow
was found in the sinus floor area, and blood
vessel structure was hardly observed.
Therefore, it would be difficult to support
implants in the posterior maxilla at 8
weeks, because it was a bone volume of
around 20% with all that fatty tissue. The
results of Watanabe et al. (1999} or Wada
et al. (2001), which our experimental
model is based upon, also showed fatty
marrow in the entire the maxillary sinus
at 8 weeks after the transplant when a
block autogenous bone or PCBM without
PRP is transplanted in the maxillary sinus
floor of the rabbit. The fact that fatty
marrow was formed might be because of
the fatty marrow characteristic of the given
animal. It is probable that the adipocyte
cells were in a space where the general
hematopoiesis function declined and there-
fore thrived when hematopoiesis cells de-
creased, and was not promoted by a
physiological condition such as the addi-
tion of time. Conversely, when hematopoi-
esis cells increase, the necessary space for
adipocyte cells is reduced (Tavasori &
Crosby 1970; Tavassoli 1976a, 1976b). In
this experiment, we observed new bone
formation with newly abundant blood ves-
sels in the early stages {2 and 4 weeks) in
both groups {Figs 2 and 3), after which, the
blood vessel space might be in the adipo-
cyte cells. This stage may be a beneficial
period to load cells compared with an ear-
lier period prior to the remodeling of the
bone. This procedure may be applicable to
dental implants, for example, one-stage
procedures that combine both dental im-
plant installation and the bone graft, and in
fact this method was successful in clinical
situations {Ueda et al. 2005; Yamada et al.
2004a, 2004b), because new bone forma-
tion and active remodeling were observed
when the bone was mechanically stimu-
lated (Lanyon & Rubin 1984; Rubin &
Lanyon 1987), such as by micromovement
between 50 and 150 um that starts bone
formation (Szmukler-Moncler et al. 1998,
2000}.

According to histomorphometric analy-
sis, bone volume and augmented height
showed peaks as early as 2 weeks and
decreased over time after transplant in
this study (Fig. 5a, b}, whereas Wada et al.
{2001) reported that newly formed bone
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Fig. 4. Histologic evaluation of PCBM/PRP and MSCs/PRP sites at 8 weeks. Section from the (a} PCBM/PRP
group (magnification x 3.125); (b) PCBM/PRP site (magnification x so0}; {c) MSCs/PRP site {magnification

x 3.125). {d) MSCs/PRP site (magnification x so). SC, sinus cavity; NC, nasal cavity; OSF, original sinus
floor; BV, blood vessels; N, newly formed bone; G, grafted bone; FM, fatty marrow; PCBM, particulate
cancellous bone and marrow; PRP, platelet-rich plasma; MSCs, mesenchymal stem cells. The sections were
stained by hematoxylin and cosin.

volume reaches a peak at 4 weeks and the
volume showed the same value as our
value at 8 weeks in transplanted PCBM
without PRP to the same sinus floor eleva-
tion model. Thus, the early peak in the
present study might be because of a bone-
promoting effect by PRP, which is known
to enhance the formation of new bone and
accelerate wound healing (Marx et al.
1998). The use of PRP might provide
optimal conditions for more rapid and ef-

fective bone regeneration of the grafted
bone or MSCs. On the other hand, the
bone absorption rates in MSCs/PRP or
PCBM/PRP groups at 4 weeks from 2
weeks showed about 5% or 6.4%, respec-
tively. This might be related to the process
of bone formation such as the MSCs/PRP
group induced bone tissue formation,
which then MSCs self-organized according
to the surrounding environment, although
osteogenesis was induced from the sur-

. Sinus floor elevation applied tissue-engineered bone
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Fig. 5. Histomorphometrical  evaluation. Bone
volume (a) was 35 + 5.2%, 28.6 + 3.4%, 20.6 +
4% in the PCBM/PRP group (blue} and
29.1 + 4.4%, 24.1 + 3.6%, 20.9 £ 4.1% in the
MSCs/PRP group (red) at 2, 4, and 8 weeks after
transplantation, respectively. Asterisks indicate sig-
nificant differences (*P<o0.05). Augmented height
[b) was 2.1 + 0.5, 1.7 £ 0.6, 1.3 + 0.4mm in the
PCBM/PRP group {blue}and 1.7 + 0.2, 1.5 + 0.3,
1.3 + 0.3mm in the MSCs/PRP group {red} at
2, 4, and 8 weeks after transplantation, respectively.
Asterisks indicate significant differences (*P <0.05).
PCBM, particulate cancellous bone and marrow;
PRP, platelet-rich plasma; MSCs, mesenchymal
stem cells.

roundings of the grafted bone in the
PCBM/PRP group.

In summary, the MSCs/PRP complex
had well-formed newly formed bone and
neovascularization, compared with the
PCBM/PRP complex. The findings of this
experimental study indicate that the use of
a mixture of MSCs /PRP complex yielded
good results in osteogenesis and bone vo-
lume comparable with that achieved by
autogenous bone, and PCBM in sinus floor
elevation. Therefore, this application of
this promising new sinus floor elevation
method for dental implants with tissue
engineering technology deserves further
study.
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Résumé

La possibilité de régénérer 1’os dans 1'épaississement
du sinus a été comparée entre une méthode de travail
du tissu en utilisant des cellules souches primaires
mésenchymateuses (MSC) et du plasma riche en
plaquettes (PRP) et une nouvelle méthode utilisant
de l'os cortical et spongieux {PCBM) et PRP. L’épais-
sissement bilatéral des sinus a été effectué chez 18
lapins blancs japonais adultes. Les complexes MSC /
PRP ou PCBM/PRP ont été placés dans chaque sinus
de ces lapins. Les MSC étaient isolés a partir de la
moelle de la créte iliaque du lapin et le PRP était
obtenu du sang périphérique. Le PCBM étaient
collectés de la créte iliaque du lapin et mélangés au
PRP. Les animaux ont été sacrifiés deux, quatre et
huit semaines aprés la transplantation et 'habilité a
former de V'os de chaque implant a été évaluée tant
histologiquement que histométriquement. Suivant
les observations histologiques, les deux sites mon-
traient de 'os néoformé ainsi qu’une néovascular-
isation aprés deux et quatre semaines. Cependant,
aprés huit semaines, 1’os lamellaire était occupé par
une moelle grasse dans des grandes aires des deux
sites, Il n’y avait aucune différence significative dans
le volume osseux ou la hauteur d’épaississement
entre les deux groupes, mais il y avait des différences
significatives dans le volume osseux et la hauteur
d’épaississement entre deux et huit semaines dans
les deux groupes et dans le volume osseux entre les
semaines 4 et 8 dans le groupe PCBM/PRP
{p<o0,05). Le complexe MSC/PRP peut aussi hien

References

Anitua, E. {1999) Plasma rich in growth factors:
preliminary results of use in the treatment of
future sites for implants. International Journal of
Oral & Maxillofacial Implants 14: §29-535.

Block, M.S. & Kent, J.N. {1997} Sinus augmenta-
tion for dental implants: the use of autogenous

628 | clin. Oral Impl. Res. 16, 2005 [ 622-629

étre utilisé pour la régénération osseuse dans 1'épais-
sissement sinusal que le complexe PCBM/PRP.

Zusammenfassung

In dieser Arbeit verglichen wir die Knochenregener-
ationsfihigkeit von zwei verschiedenen Methoden
zur Sinusbodenelevation. Einmal behandelte man
das Gewebe mit mesenchymalen Stammzellen
{MSCs), vermischt mit plattchenangereichertem
Plasma (PRP), und einmal, eine vielversprechende
neue Methode, mit zerkleinertem spongidsem Kno-
chen und Knochenmark (PCBM], vermischt mit
PRP. Bei 18 erwachsenen japanischen weissen Ka-
ninchen fithrte man beidseits eine Sinusbodeneleva-
tion durch. Auf der einen Seite baute man den Sinus
maxillaris mit MSCs/PRP, auf der anderen Seite
desselben Kaninchens mit PCBM/PRP auf. Die
MSCs hatte man aus dem Knochenmark des Beck-
enknochens, das PRP aus venosem Blut desselben
Kaninchens gewonnen. PCBM hatte man vom
Beckenkamm des Kaninchens enthnommen und es
mit PRP gemischt. Die Tiere opferte man 2, 4 und 8
Wochen nach der Transplantation und untersuchte
dann histologisch und histometrisch die Knochen-
regenerationsfihigkeit jedes Implantates. Den histo-
logischen Beobachtungen =zufolge zeigten beide
Seiten (MSCs/PRP und PCBM/PRP} nach 2 und 4
Wochen neu gebildeten Knochen und Neueinspros-
sungen von Gefissen. Nach 8 Wochen aber beo-
bachtete man auf beiden Seiten, dass der lamellire
Knochen in grossen Teilen mit fetthaltigem Kno-
chenmark belegt war. Zu keinem Zeitpunkt fand
man zwischen den beiden Gruppen (MSCs/PRP und
PCBM/PRP) signifikante Unterschiede beziiglich
Knochenvolumen oder Hohe des Augmentates.
Wohl aber bestanden signifikante Unterschiede be-
ziiglich Knochenvolumen oder Hohe des Augmen-
tates zwischen Woche 2 und 8 bei beiden Gruppen
{MSCs/PRP und PCBM/PRP} und beziiglich Kno-
chenvolumeri zwischen Woche 4 und 8 bei der
PCBM/PRP-Gruppe {P<0.05). Diese Resultate las-
sen vermuten, dass ein Gemisch von MSCs/PRP
genausogut wie ein Gemisch von PCBM/PRP zur
Forderung der Knochenregeneration bei der Sinus-
bodenelevation verwendet werden kann.

Resumen

En el presente estudio, homos comparado la habili-
dad de regeneracion en la elevacion del seno maxilar
entre un método de ingenieria tisular usando células
madre mesenquimales (MSCs) y plasma rico en
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plaquetas (PRP), y un prometedor nuevo método
usando hueso esponjoso particulado y médula
(PCBM) y PRP. Se levaron a cabo procedimientos
de elevacion del seno bilateralmente en 18 conejos
blancos japoneses jovenes. Se injertaron complejos
MSCs/PRP o PCBM/PRP en cada seno maxilar en el
mismo conejo. Se aislaron las MSCs de la médula de
la cresta iliaca del conejo, y el PRP se obtuvo de la
sangre periférica. E] PCBM se recolect6 de la cresta
iliaca y se mezclé con el PRP. Los animales se
sacrificaron a las 2, 4 y 8 semanas tras el transplante,
y se evalué la habilidad de formacion de hueso de
cada implante histoldgica e histometricamente. De
acuerdo con las observaciones histolégicas, ambos
lados (MSCs/PRP y PCBM/PRP} mostraron hueso
neoformado y neovascularizacion a las semanas 2 y
4. De todos modos, a las 8 semanas, el hueso lamelar
se observé ocupado por medula grasa en amplias
areas de ambos lados. No hubo una diferencia sig-
nificativa en el volumen 6seo o en la altura aumen-

tada entre los grupos MSCs/PRP y PCBM/PRP

alrededor de cada semana, pero si hubo diferencias
significativas en el volumen 6seo y altura aumen-
tada entre las semanas 2 y 8 en los grupos PCBM/
PRP o MSCs/PRP y en el volumen dseo entre las
semanas 4 v 8 en el grupo PCBM/PRP {P <0.05).
Estos resultados sugieren que el complejo MSCs/
PRP puede muy bien ser usado para regeneracion
Gsea en elevacion del seno, comparado con el com-
plejo PCBM/PRP.
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Simultaneous implant placement and
bone regeneration around dental
implants using tissue-engineered bone
with fibrin glue, mesenchymal stem
cells and platelet-rich plasma

Key words: injectable tissue-engineered bone, mesenchymal stem cells (MSCs), platelet-
rich plasma (PRP), simultaneous implant placement, tissue engineering

Abstract: This study was undertaken to evaluate the use of tissue-engineered bone as
grafting material for alveolar augmentation with simultaneous implant placement. Twelve
adult hybrid dogs were used in this study. One month after the extraction of teeth in the
mandible region, bone defects on both sides of the mandible were induced using a
trephine bar with a diameter of 10 mm. Dog mesenchymal stem cells (dMSCs) were
obtained via iliac bone biopsy and cultured for 4 weeks before implantation. After
installing the dental implants, the defects were simultaneously implanted with the
following graft materials: (i) fibrin, (i) dMSCs and fibrin (dMSCs/fibrin), (iii) dMSCs, platelet-
rich plasma (PRP) and fibrin (dMSCs/PRP/fibrin) and (iv) control (defect only). The implants
were assessed by histological and histomorphometric analysis, 2, 4 and 8 weeks after
implantation. The implants exhibited varying degrees of bone-implant contact (BIC). The
BIC was 17%, 19% and 29% (control), 20%, 22% and 25% (fibrin), 22%, 32% and 42%
(dMSCs/fibrin) and 25%, 49% and 53% (dMSCs/PRP/fibrin) after 2, 4 and 8 weeks,
respectively. This study suggests that tissue-engineered bone may be of sufficient quality for
predictable enhancement of bone regeneration around dental implants when used

simultaneous by with implant placement.

The use of dental implants in oral rehabi-
litation is becoming a standard method of
care in dentistry. In the case of insufficient
bone volume, a procedure for augmenta-
tion is needed. The ability to augment the
alveolar ridge has gradually expanded the
scope of implant dentistry. During the past
10 years, alveolar augmentation techniques
have become established treatment modal-
ities. Dahlin et al. {1989) reported an ex-
perimental study on rabbits involving the
formation of new bone around titanium
implants using the membrane technique.
In addition, various bone-grafting materials
have been used for augmentation, includ-
ing autogenous grafts, freeze-dried bone
grafts, hydroxyapatite and xenografts

(Hirsch & Ericsson 1991; Smiler et al.
1992). Although the results of these inves-
tigations indicate that augmentation is
clinically successful for various graft mate-
rials, it is questionable whether these ma-
terials, except for autogenous bone, have
adequate osteogenic potential and biome-
chanical properties {Moy et al. 1993;
Wheeler et al. 1996). On the other hand,
autogenous bone, which currently remains
the material of choice, is available for bone
reconstructive procedures (Wood & Moore
1989). However, its use is limited due to
donor site morbidity and limited amounts
of graft material available for harvesting.
To avoid these problems, we attempted
to regenerate bone in a significant osseous
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defect with minimal invasiveness, and to
provide a clinical alternative to the graft
materials described above. The new tech-
nology that we developed is called ‘inject-
able tissue-engineered bone’ (Yamada et al.
2003, 2004a), and involves the morphogen-
esis of new tissue using constructs formed
from isolated cells with biocompatible
scaffolds and growth factor, and was estab-
lished based on tissue engineering concepts
{Langer & Vacanti 1993). We previously
reported that tissue-engineered bone in-
duces excellent bone regeneration and pro-
motes bone formation in a grafted area
treated with platelet-rich plasma (PRP),
which contains various growth factors
(Yamada et al. 2004a).

Recently, for dental implant treatments,
a two-step procedure, which allows for
placement of the implants after primary
healing and remodeling of the graft, has
been recommended for patients with less
than s mm of alveolar bone height in the
posterior maxilla or alveolar ridge. On the
other hand, the one-step procedure, which
places dental implants simultaneously
with the grafting for the patients who
have at least s mm of alveolar bone to
stabilize the implants (Jensen et al. 1990;
Raghoebar et al. 1993; Marx 1994), offers
the advantages of less surgical treatment
and coordinated consolidation of the graft
around the implants during healing, thus
reducing both the number of surgical pro-
cedures and the healing time.

Therefore, we explored the application of
tissue-engineered bone with plasticity for
the one-step procedure and the ability of
mesenchymal stem cells (MSCs), PRP and
fibrin to increase the rate of bone formation
and to enhance bone regeneration.

Material and methods

Canine animal model

All animal experiments were performed in
strict accordance with protocols approved
by the Institutional Animal Care Commit-
tee. After a period of housing, 12 adult
hybrid dogs with a mean age of 2 years
were operated on under general anesthesia.
The first molar, premolars and the second
and third premolars in the mandible region
were extracted and were then allowed to
heal for 1 month. Three bone defects each
in the right and left mandible were prepared
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using a to mm diameter trephine bar. After
& 3.75 x 7 mm Brinemark implants (No-
bel Biocare Norden AB, Gothenburg, Swe-
den) were installed into the defects, they
were implanted using the following graft
materials: fibrin glue (fibrin); dog me-
senchymal stem cells and fibrin glue
(dMSCs/fibrin); dMSCs, platelet-rich plasma
and fibrin glue {dAMSCs/PRP/fibrin); or con-
trol (defect only). Nonabsorbent membranes
(Gore-Tex®, W.L. Gore & Associates, Flag-
staff, AZ, USA) were used for preventing
connective tissue prolapse in this expen-
ment. The selection of the treatments and
localizations was random. Then, we exam-
ined the resultant osteogenesis by histolo-
gical and histomorphometric analyses.

MSCs isolation and cultivation

dMSCs were isolated from 1oml samples
of dog iliac bone marrow aspirates. Bone
marrow cell isolation and expansion was
performed according to previously pub-
lished methods (Kadiyala et al. 1997).
Briefly, basal medium (condition medium),
low-glucose Dulbecco’s modified Eagles
medium (DMEM) and growth supplements
consisting of soml of mesenchymal cell
growth supplement, 1oml of 200 mM -
glutamine and o.5 ml of a penicillin-strep-
tomycin mixture containing 25 U of peni-
cillin and 25 pg of streptomycin were
purchased from Cambrex® Inc. (Walkers-
ville, MD, USA). The three supplements
used for inducing osteogenesis, dexametha-
sone (Dex), sodium B-glycerophosphate (f-
GP) and v-ascorbic acid 2-phosphate
{AsAP), were purchased from Sigma Che-
mical Co. {St. Louis, MO, USA). The cells
were incubated at 37°C in a humidified
atmosphere containing 95% air and 5%
CO,. dMSCs were replated at a density of
3.1 x 10% cells/cm? in 0.2ml/cm? condi-
tion medium. Differentiated dMSCs were
identified by detecting alkaline phospha-
tase {ALP) activity using p-nitrophenylpho-
sphatase as a substrate. In culture, dMSCs
were trypsinized and used for implantation
(Fig. 1).

Preparation of fibrin glue

Pasteurized fibrin glue (Bolheal, the Che-.

mosero-Therapeutic Research Institute,
Kumamoto, Japan) was prepared by mixing
solutions A and B, where solution A con-
sisted of 80 mg/ml fibrinogen and 75 U/ml
fibrin-stabilizing factor XII dissolved in

1ml of plasmin inhibitor aprotinin (1000
kIM/ml) and solution B contained 250 U
of thrombin dissolved in 1 ml of 40 pM
CaCl,. The solutions were mixedina 1:1
{volume/volume) ratio. The clotting reac-
tion between A and B produced a semirigid
three-dimensional network in typical reac-
tions at room temperature.

The measurement of ALP activity of
MSCs mixed with various ratios of fibrin
and PRP in vitro dMSCs isolated as de-
scribed above were used. By mixing various
ratios of fibrin and PRP (0%, 20%, 40%,
60%, 80% and 100% of PRP, where 100%
means PRP only and 0% means fibrin
only) with the dMSCs, we investigated
the effect of this mixture as a scaffold for
bone formation in vitro by measuring ALP
activity. ALP activity was measured in the
supernatant of the homogenate of the
dMSCs/PRP/fibrin glue admixture in cul-
ture medium by using p-nitrophenylpho-
sphatase as a substrate at 1, 3, 6, 9, 12 and
18 days in vitro. Briefly, an aliquot {5 ul} of
the homogenate supernatant was added to
1ml of 50 mM p-nitrophenyl phosphate
containing 1 mM MgCl, and the mixture
was incubated for 3omin at 37°C. Two
milliliters of 0.2N NaOH was added
to stop the enzymatic reaction, and the
absorption at 4ronm was measured
spectrophotometrically. ALP activity was
expressed as micromoles of p-nitrophenol
released per composite after 30 min of in-
cubation at 37°C. Each value is the mean
value obtained from five independent
experiments.

PRP preparation and injection of dMSCs
and/or PRP /fibrin glue admixtures

Approximately soml of whole blood was
withdrawn from each dog into a centrifuge
tube containing roml of culture medium
with 250 U/ml of preservative-free he-
parin. The blood was first centrifuged in a
standard laboratory Himac CT centrifuge
(Hitachi koki, Hitachi, Japan) for §min
at rroorpm. Subsequently, the yellow
plasma containing the buffy coat with
platelets and leukocytes was taken up
into a neutral monovette with a long can-
nula. A second centrifugation at 2500 rpm
for romin was performed to combine the
platelets into a single pellet, and the plasma
supematant, which was platelet-poor
plasma (PPP) and contained relatively few
cells, was removed. The resulting pellet of



platelets, termed the buffy coat/plasma
fraction (PRP), was re-suspended in 5ml
of residual plasma and used for the platelet
gel. Platelet counts for the PRP and PPP
were measured using a BECKMAN
COULTER GEN#S™ and STKSeRE™
{Beckman Coulter, Fullerton, CA, USA).
The PRP was stored at room temperature
in a conventional shaker until use. Five
thousand units of bovine thrombin in pow-
dered form was dissolved in 5 ml of 10%
calcium chloride in a separate sterile cup.
Next, o.2ml of PRP, 1 x 107 dMSCs and
o.1s5ml of fibrin glue (Solution A) and
0.5 ml of air were aspirated into a 2.5 ml
syringe, and in a second 2.5 ml syringe
33l of the thrombin/calcium chloride
and o.15ml of fibrin glue (Solution B}
mixture was aspirated. The two syringes
were connected with a ‘T’ connector and
the plungers of the syringes were alterna-
tively pushed and pulled, thereby allowing
the trapped air bubble to transverse the two
syringes. Within s-30s, the contents as-
sumed a gel-like consistency as the throm-
bin affected the polymerization of the
fibrin to produce an insoluble gel. In the
in vivo study, the gel was injected into the
bone defect field using a 16-gauge needle
attached to a 5 ml syringe. Samples were
analyzed 2 ([n=6), 4 {[n=6), and 8 (n =6}
weeks after injection.

Histological and histomorphometric
analyses

The dogs were killed 2, 4 and 8 weeks after
dental implant insertion. Their mandibles
were dissected and cut into smaller blocks,
and block sections were fixed in 10% for-
maldehyde. The sections were then em-
bedded in methylmethacrylate {Technovit
7200VLC, Kulzer GmbH, Wehrheim, Ger-
many) and polymerized. They were next
sectioned and ground to 1oum thickness
using an Exact Cutting-Grinding System
(Exact Apparatebau, Norderstedt, Germany),
and stained with toluidine blue. Histological
analysis was performed to obtain a general
description of the tissue surrounding the
implants. Histomorphometrical analysis
was performed by using a light microscope
(Hitachi Tablet Digitizer HDG-1212D, Hi-
tachi Seiko Ltd., Tokyo, Japan) connected to
a PC equipped with a video and image
analysis system {System Supply Co. Ltd.,
Ina, Japan). The following histomorphome-
trical analyses were carried out:

Ito et al . Application of injectable tissue-engineered bone during simultaneous implant placement

Bone-implant contact {BIC) (%) = {total
length of bone contact/total length of
implant surfaces) x 100.

Statistical analysis

Group means and standard deviations
were calculated for each parameter. The
data were compared using the paired two-
tailed Student’s t-test between the controls
and the fibrin, dMSC/fibrin, dMSCs/PRP/
fibrin groups. A P-value of <0.05 was
considered to indicate statistical signifi-
cance.

Results

The dependence of ALP activity on the
mixing ratio between fibrin glue and PRP
plus cells (dMSCs) in vitro.

The mean platelet count of the PRP used in
this experiment was 1,155,000, with a
range of 680,000-1,630,000. These values
confirmed the platelet sequestration ability
of the process, which showed that the
concentration was 464% above the base-
line platelet counts. We investigated the
effect of PRP in fibrin glue on the produc-
tion of ALP activity to find the optimum
mixing ratio for the enhancement of bone

lliac bone marrow
biopsies

v

Collect whole blood

Cultivation of dMSCs
Culture medium:

The culture medium consisted of Dulbecco's

10% fetal bovine serum, L-glutamine and

1 modified Eagle's medium (DMEM) containing

antibiotics

PRP preparation

+

Induction medium

10—8 M Dexamethason, 80 ug/mi L-Ascorbic
acid phosphate magnesium salt n-hydrate and
10mM Na g-glycerophosphate

|

Graft materials
control: defect only
experimental group:

@ Control, @ Fibrin, ® dMSCs#ibrin ©® dMSCs/PRP/fibrin

\

Fig. 1. Schematic of the experimental protocol.

Simultaneous
Implantation
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formation. With the 0% and 20% mixing
ratios, ALP activity was hardly observed.
On the other hand, at ratios of 40% and
above, the ALP activity sharply increased
after 9 days (Table 1).

In vivo macro evaluation of the implants
(with fibrin, dMSCs/fibrin, dMSCs/PRP/
fibrin) compared with the control

Macroscopic findings showed that bone
regeneration around the dental implants
promoted by dMSCs/PRP/fibrin and
dMSCs/fibrin resulted in a natural mar-
ginal bone level, but regeneration induced
by fibrin or the control {defect only) was
incomplete. The dental implant thread was
exposed in the fibrin and control groups,
but not in the dMSCs/PRP/fibrin and
dMSC/fibrin groups (Fig. 2).

Histological findings and histomorpho-
metric analysis of osseointegrated dental
implants

All implants and guided bone regeneration
{GBR) membranes healed uneventfully and
rcmained stable throughout the experimen-
tal period, and experimental groups with
membrane exposure were excluded. At 2
weeks, the control, fibrin and dMSCs/fibrin
groups showed only very little new bone
formation around the dental implants. The
dMSCs/PRP/fibrin group showed partial
bone regeneration on the implant surface
(Fig. 3). At 4 weeks, the control and fibrin
groups were not sufficiently regenerated in
the buccal and lingual sites. At the dMSCs/
fibrin site, the buccal wall site had a thin
partial bony layer on the implant surface. At
the dMSCs/PRP/fibrin graft site, excellent
bone regeneration was seen in the buccal
and lingual sites, and the bone regenerated
by dMSCs/PRP/fibrin had a newly formed
woven and lamellar structure (Fig. 4). At 8
weeks, the control and fibrin sites still
posscssed partial regenerated bone connec-

Table1. The correlation between fibrin
glue and PRP in ALP activity

PRP/ tnduction time:days
o e

fiorin (%) "3 6 9 12 18

0 0.2 02 0.1 04 02 2

20 05 0.7 06 05 0.7 1.6
40 04 13 1.6 54 27 28
60 09 1.2 08 5 29 23
80 0.8 09 08 48 21 22

100 0.1 1.2 0.8 55 26 3.1

PRP, platelet-rich plasma; ALP, alkaline phos-
phatase.
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tive tissue around the dental implants. In
the dMSCs/fibrin site, mature bone regen-
eration was gradually observed. In the
dMSCs/PRP/fibrin site, bone regeneration
was sufficient at the buccal site and also
showed a mature lamellar structure (Fig. ).

The implants exhibited varying degrees
of bone-implant contact {BIC). The BIC
was 17%, 19% and 29% {control}, 20%,
22% and 25% (fibrin), 22%, 32% and
42% {(dMSCs/fibrin) and 25%, 49% and
53% {dMSCs/PRP/fibrin) after 2, 4 and 8
weeks, respectively {Fig. 6). At 4 weeks,
the BIC for dMSC/PRP/fibrin showed a
markedly greater increase than the BIC in
the other groups, and was about twice their
levels. The BIC of dMSCs/PRP/fibrin was
the highest among the graft materials and
showed a significant increase {P<0.05} on
the implant surface compared with the BIC
of the control (Fig. 6).

Discussion

To prevent insufficient bone volume for
dental implants, bone grafts have been used
together with oral implants over the last 30
years or so. Various clinical investigations
and case reports have indicated that
(Lundgren et al. 1996; Valentini et al.
1998) autogenous bone has the best osteo-
genic potential and biomechanical proper-
ties of regenerated bone. However, the

dMSCsfibrin

quantitative limitations of harvested auto-
genous bone often force the clinician to
combine the autograft with other types of
grafts to obtain an adequate amount of
grafting material. Altematives to autoge-
nous bone grafts include inorganic bone
minerals and biologically active synthetic
materials. The osteoconductive properties
of these synthetic materials have been
demonstrated, and it has been shown that
the bone formation occurs within the par-
ticles through gelation and corrosion
phenomena arising from interfacial ion ex-
change between the particles of materials
and surrounding tissue fluids in a series of
animal studies (Schepers et al. 1993; Fur-
usawa & Mizunuma 1997). However,
these materials can not sufficiently induce
bone regeneration due to inadequate os-
teoinductive ability.

Accordingly, recent tissue engineering
approaches have attempted to create new
bone based on the use of MSCs seeded onto
porous ceramic scaffolds with osteoconduc-
tive properties (Boo et al. 2002). These
attempts have yielded sub-optimal results
due to the slow resorption rate of hydro-
Xyapatite-based ceramics. Also, these de-
livery substances do not exhibit good
plasticity and the cellular implantation
procedure is complicated by problems as-
sociated with the delivery vehicles because
the block materials do not have plasticity.
Isogai et al. (2000) reported that a combina-

‘Control

PEY

Fig. 2. Macroscopic observations of bone regeneration, {a) Experimental design of the dog mandible prepared
using a tomm diameter trephine bar and simultaneously inserted dental implants. (b} Graft materials
implanted in bone defects. (c) Barrier membranes placed after implantation. (d) New bone regeneration in
the dog mesenchymal stem cells (AMSCs)/fibrin, dMSCs/platelet-rich plasma {PRP}/fibrin and control groups
after 8 weeks. Bone regeneration promoted by dMSCs/PRP/fibrin and dMSCs/fibrin resulted in a natural
marginal bone level, but bone regeneration induced by the control (defect only) was incomplete.
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Fig. 3. Photographs of the histological section seen by light microscopy at 2
weeks. Non-decalcified ground sections surface stained with toluidine blue.
Original magnification, x 12.5 for (a), (c), {e), {g) and x 250 for (b), (d), {f),
{h). {a) In the control group, the buccal and lingual walls were not sufficiently
regenerated for dental implants (lower magnification). (b} Control group
(higher magnification). (c) Fibrin group {lower magnification). Most of the
threads on the buccal aspect were exposed. (d) Fibrin group (higher magnifica-
tion). (¢) Dog mesenchymal stem cells (dMSCs)/fibrin group (lower magnifi-
cation). The buccal wall reached about half the height of the natural marginal
bone level. (f) AMSCs/fibrin group (higher magnification} (g} dMSCs/platelet-
rich plasma (PRP)/fibrin group (lower magnification). Regenerated bone was
partially observed. (h) dMSCs/PRP/fibrin group (higher magnification).

tion of fibrin glue with delivery vehicle and
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Fig. 4. Photographs of the histology sections seen by light microscopy at 4
weeks. Non-decalcified ground sections surface stained with toluidine blue.
Original magnification, x 12.5 for{a), {c), (e), (g) and x 250 for (b}, {d}, (f}, (h).
{a}) In the control group, the buccal and lingual walls were only slightly
regenerated for dental implants {lower magnification). (b} Control group (higher
magnification). (c) Fibrin group (lower magnification). Most of the threads were
covered by soft tissue. (d} Fibrin group (higher magnification}. {¢) Dog mesench-
ymal stem cells (dMSCs)/fibrin group (lower magnification). Partial bone
regeneration was observed along the buccal and lingual walls. {f) dMSCs/fibrin
group {higher magnification). {g) dAMSCs/platelet-rich plasma [PRP}/fibrin group
{lower magnification). The regenerated buccal bone was composed of lamellar
bone. (h} dMSCs/PRP/fibrin group (higher magnification).

cultured periosteal cells resulted in new
bone formation at heterotopic sites in
nude mice. In numerous reports about
materials, fibrin was found to have hemo-
static effects and to promote wound healing
(Matras et al. 1978). In a bone regeneration

study using the rabbit tibia, Bosch et al.
{1977} and Schwarz et al. (1993} reported
that fibrin stimulated neovascularization of
bone with accelerated healing and earlier
new bone formation. Additionally, the use
of fibrin as an osteoconductive material has
been recommended (Schlag et al. 198g).

Therefore, we used fibrin as a scaffold,
which is one of the three key factors in
the tissue engineering concept {Langer &
Vacanti 1993).

Fibrin glue, a composite of fibrinogen
and thrombin, is a potentially suitable
biological vehicle for cell transplantation
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