HOCTIenyomyX my6mKanyax. EcTb ocHoBaHMA monma-
raTh, YTO BO BCEM 9TOM He IIOC/IE[THIO PO/Ib UTPaeT 1
CrMpasnbHass CUMMeTpPuUsA, KaK OfMH U3 OCHOBOIIONIA-
ralolMX 3aKOHOB B CTPOEHNUY XKVBBIX OPTAHU3MOB, &
TaK>Ke U B CTPYKType Bcenennoit.

IIpm  cpaBHUTENTPHOM aHAIM3€ WM3BECTHBIX
aHATOMO-TMCTOIOTUYECKUX OCOOEHHOCTEN CTpoe-
HMsI 9MajIeBOJI IIPV3MBI U TI03BOHOYHOTO CTOMOA, KaK
OKa3aJIoCh, CYIeCTBYeT 6OMbIle OOLIMX COBIAAI0-
IMX TPU3HAKOB, YeM INPMHIMINAILHBIX OTAMYMIL.
U 3T0 KacaeTcs He TOMBKO UX (HOPMBI M CTPOEHMUS,
HoO 6noMexaHukn. Kpome Toro, 11 sManeBbIX IpU3M
TaK>Ke XapaKTepHbI Cy)KeHNs ¥ BapUKO3HbIe pacIln-
PeHMsI, 9YTO HeOOXOAVIMO YIUTHIBATD TIPY MCCIIENOBa-
HUM peaKLMy 3MajIi Ha MeXaHW4YecKye BO3JeiicTBuA,
TaK KakK, BEPOATHO, YTO 00/IACTU CY>KeHUIT ABIAIOTCA
VMIMEHHO TEeMM Y4acTKaMM, B KOTOPBIX MOXKET KOH-
IIeHTPMPOBATHCSA M3OBITOYHOE HANIPsKEHMeE MIPY T10-
HepevyHoil Harpyske. /laHHOe IIpefonoXKeHye, BO3-
MO>KHO, IIOCTY>KUT JOIIONTHUTENbHBIM 0ODBsACHEHNEM
B CTy4asAx CKOJIOB SMajMl VN IIepesioMa 6YTrpoB Ko-
POHOK 3y0OB U M3bICKaHUA HOBBIX METOZIOB IIpOdu-
JaKTVMKU TaKMX OCTIOXXHEHUI 1 0COOEHHOCTEl! Mofe-
MPOBaHMA IIPU pecTaBpalMAX.
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Summary

Bioactive optimizations of deprotenized bovine bone (DBB) with growth
factors as well as with guided bone regeneration (GBR) — techniques are
promising options to enhance prognosis of vertical bone augmentation.
The aim of the study was an evaluation of the late phases events of the ver-
tical bone augmentation with DBB in combination with recombinant hu-
man platelet-derived growth factor-BB (rhPDGF-BB) and GBR: new bone
volume (NBV), new vertical bone height (VBH) and bone implant contact
(BIC). In 6 rabbits, a DBB-block was fixed with a dental implant on the tibia
bone. The following groups were included: DBB, DBB + collagen mem-
brane, DBB + rhPDGF-BB and DBB + rhPDGE-BB + collagen membrane.
A total of 12 samples were examined after 6 weeks. The results indicate
that the addition of rhPDGF to DBB-blocks have a good potential to main-
tain bone formation for vertical augmentation. Furthermore, the findings
illustrate that after six weeks, GBR with a collagen membrane is the key to
maximize the new bone volume and height.

Key words: deprotenized bovine bone, guided bone regeneration, verti-
cal augmentation, recombinant human platelet-derived growth factor-BB,
collagen membrane, dental implant.




Rezumat
EFECTUL INTIRZIAT AL BLOCULUI
0SOS BOVIN DEPROTEINIZAT IN COM-
BINARE CU FACTORUL DE CRESTERE
PLACHETAR RECOMBINANT UMAN-BB
SI GHIDAREA REGENERARII OSULUI IN
URMA AUGMENTARII VERTICALE
Combinarea activa intre osul bovin depro-
teinizat (DBB), factori de crestere si regenera-
rea osoasa ghidatd (GBR) reprezinta tehnici
promitdtoare in prognoza augmentarii oasoa-
se verticale. Scopul studiului este de a studia
procesele de remodelare din fazele tardive in
urma augmentdrii verticale cu DBB in combi-
nare cu factorul de crestere plachetar recom-
binant uman — BB (thPDGEF-BB) si GBR:
volumul osului nou format (NBV), inaltimea
osului nou creat (VBH) si contactul implant —
os (BIC). La 6 iepuri, blocul DBB a fost stabil-
zat cu un implant dentar in tibia. Urmatoarele
grupuri au fost incluse in studiu: DBB, DBB
+membrana de colagen, DBB + rhPDGF-BB
+ si DBB + rhPDGF-BB + membrand din
colagen. In total 12 probe experimentale au
fost examinate dupa 6 siptaimani. Rezultatele
indica faptul cd addugarea de rhPDGF-BB la
blocul DBB are un potential benefic pentru a
mentine formarea osului in urma augmentarii
verticale. In plus, rezultatele ilustreazi dupi
sase saptaméni, GBR cu membrana de colagen
reprezintd cheia succesului pentru a maximiza
volumul si indltimea osului nou format.
Cuvinte cheie: os bovin deproteinizat, rege-
nerare osoasd ghidata, augmentarea verticala,
factorul de crestere plachetar recombinant
uman — BB, membrani din colagen, implant
dentar.

INTRODUCTION

Resorption of the alveolar ridges following tooth
extraction, periodontal aggression and trauma is a
physiologically undesirable and probably avoidable
phenomenon[1-3]. Reconstruction of vertical defects
and atrophies in human and animal trials has been
studied extensively by evaluating healing events via
histological, radiological and clinical methods. But in
fact, of these studies the regeneration of severe local-
ized edentulous atrophic ridges remains a challenging
procedure [4-10]. The available modalities for vertical
reconstruction of the bone started to be compromised
by different intraoperative and postoperative discom-
forts. “Gold standard” autogenous grafts require in-
vasive techniques for the harvesting bone and often
from the extraoral regions. Despite of the well known
of advantages of autografts, like its capacity for osteo-
conduction as well as -induction and restricted im-
mune reaction, there are also significant drawbacks,
like induction of a secondary defect at the donor site,

followed by possible infection and morbidity at the
donor[11, 12]. The resorption of such grafts has re-
ported to be up to 50 % of the total volume of recon-
structed site [13]. The bone splinting and horizontal
alveolar distraction are an alternative technique to
harvesting operation[14, 15]. But these techniques
have limitations due to non-toleration of the devic-
es and the small amount of gained bone, especially
when the vertical augmentation is indicated[16]. The
alternative use of various bone substitute materials is
possible [17, 18]. Deprotenized bovine bone (DBB;
Bio Oss, Geistlich Pharma, Wolhusen, Switzerland))
shows a resistance to resorption following placement
into bony defects or as an onlay graft. This may pro-
vide long-term preservation of the vertical and inter-
proximal bone height as well as of the corresponding
esthetics [19, 20]. It has also been shown to induce
periodontal and periimplant bone regeneration, es-
pecially when used in conjunction with membranes.
During bone regeneration by osteoconduction of the
DBB-graft, pluripotent cells differentiate into osteo-
blasts, which can than produce osteocytes [21]. The
implantation of DBB-blocks may provide additional
volume stability [22, 23].

An additional bioactive optimization of DBB as
a scaffold for the delivery of growth factors such as
platelet-derived growth factor (PDGF) is an inter-
esting option to induce further osteoinduction [10,
24-26]. PDGF was discovered as a major mitogenic
factor present in serum, secreted from the a-granules
of platelets activated during the coagulation of blood
[17]. It works by means of angiogenesis and chemo
taxis [27]. The results of animal studies as well as ran-
domized controlled trials demonstrated the efficacy
of recombinant human platelet-derived growth fac-
tor-BB (thPDGF-BB) for regeneration of cranial and
ridges defects [1, 8, 28]. Therefore, protein therapeu-
tics with rhPDGF-BB have a significant potential to
treat conditions affecting bone. Because angiogenesis
was observed to affect bone formation at ridge defects
during the initial weeks, the evaluation of early stages
of wound healing might be a particular interest for the
assessment of the biologic activity of this factor [27].
The most common methods of ridge reconstructions
include grafting procedures with coverage of a bar-
rier membrane (guided bone regeneration (GBR)).
When using resorbable membranes together with an
underlying, osteoconductive material, a gain in mar-
ginal bone was reported in several studies. Collagen
membranes maintain a temporary barrier function
under provision of nutrient diffusion for cell prolif-
eration and differentiation; it was proven that they are
supporting an early transmembraneous angiogenesis.
The degradation of those membranes starts shortly
after implantation [28].

However, very little evidence exists regarding
the early bone healing process and influence of the
DBB-rhPDGEF-BB complex and DBB alone during
GBR procedures in vertical bone defects. The aim of
the present study was to define the sequential healing
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events and the effects of GBR with and without addi-
tion of rhPDGEF-BB that occur during initial stages at
vertical bone augmentation in rabbits with DBB as a
vehicle carrier. The hypothesis is that there is a differ-
ence in histological formation of the new bone growth
above DBB-rhPDGEF-BB and DBB alone in proposed
sites for the study. Furthermore, a difference between
the outcomes of bone regeneration adjacent to mate-
rials covered and none covered with collagen mem-
brane was assumed.

MATERIALS AND METHODS

Experimental setup

Deprotenized bovine bone blocks (DBB; Bio-
Oss®, Geistlich Pharma AG, Wolhusen, Schweiz),
recombinant human platelet-derived growth factor-
BB (rhPDGF-BB; Sigma, St. Louis, USA) as well as
resorbable, non-crosslinked collagen membranes
(Bio-Gide®, Geistlich Pharma AG, Wolhusen, Sch-
weiz) were used for bone augmentation. One dental
implant (3.5X11.5 mm NobelActive, Nobel Biocare,
Ziirich, Switzerland) was used in each study site to
stabilize bone blocks and to study implant placement
in bone defects.

Experimental animal-model

Six, 9 month old, 4-5 kg, New Zealand white rab-
bits were used. After approval of the ethic commit-
tee, the surgical part of the project was performed at
the State University of Medicine and Pharmacy “N.
Testemitanu”, Chisinau, Moldova. The animals were
operated under a general anaesthetic by intramus-
cular injections of a combination of a dose of 35mg/
kg ketamine and a dose of 5mg/kg xylazine. The
experiments were conducted using the tibia model
via an anterior transdermal approach on both sides
(n=12). In all animals, local bone of the proximal
tibia was exposed and carefully skimmed with a
straight fissure carbide bur under copious irrigation
with sterile 0.9% physiologic saline. For each study
site, in the middle of the DBB-block, a hole appro-
priate to the diameter of the implant (3.5 mm) was
drilled and the implant was precautiously inserted
(figure 1).

- - -

Figure 1: Dental implant inserted into the Bio-0ss®-block

The block was cut into a size of 10 mm x 10 mm
with a height of 5 mm and screwed down on the bone
(figure 2).

[ mibia spongious bone

Figure 2: Schema of the DBB block together with the implant
inserted in the shallow defect.

The animals were randomly allocated to 2 groups
with one time point of healing according to study
design and observation periods (table 1). DBB was
randomly soak-loaded with 0.5 ml rhPDGF-BB [50]
or animal blood. To evaluate differences when using
the collagen membrane, a split-leg-design was used:
in the left tibia, always only the periosteom was closed
over the defect. In the right tibia, the additional col-
lagen membrane was used (table 1).

Table 1: Schematically design of the animal experiments
(total n=12)

Group | Time of
Group [Procedures (:(i)ztzl };;;vf;z_

n=24) |specimens
3a (left) |[DBB only 3 6 weeks
3b (right) DBB+membrane 3 6 weeks
4a (left) |[DBB+rhPDGFBB 3 6 weeks
4b (right) DBB+rhPDGFBB+membrane| 3 6 weeks

The mucoperiosteal flaps, muscles, subcutaneous
tissue and skin were advanced, repositioned anatomi-
cally and fixed via interrupted and mattress sutures with
Vicryl 4-0 (Ethicon GmbH, Norderstedt, Germany).

Biopsies and histological procedures

The animals were sacrificed at the 6 weeks after
surgery with an excess dose of Pentobarbitone at 100
mg/kg. Samples were harvested and fixated with 4%
paraformaldehyde. The specimens were cut in appro-
priate bony pieces after immersion fixation for four
weeks and prepared for histological examination.
Briefly, all samples were cut down by a commercial
water cooled saw (Exakt Hamburg, Germany) to a
thickness of 5 mm perpendicular to the axis of the
placed dental implants. The bone slices were imme-
diately embedded in PMMA (Technovit 7100, Her-
aeus Kulzer, Hanau, Germany) and then grinded to a
thickness of 30 to 50 um. The specimens were stained
with Toluidine Blue and then examined using a Leica
DM8000 M microscope (Leica Microsystems, Heidel-
berg, Germany). For histomorphometrical calcula-
tions, all slides were digitalized.



Histomorphometry

For histomorphometrical examinations, slides
with the implant cut in the middle were used. The fol-
lowing parameter were assessed:

1) Volume of new formed bone at the augmen-
ted site. For this, the relation between the total
volume of the primary augmentation (5 mm x
5 mm) and the new formed bone was evalua-
ted on the left and the right side of the implant
(%). Total values were calculated. DBB-parti-
cle were not counted as new bone.

2) Newly mineralized, maginal bone growth (in
mm) on 5 equally distributed points at the left
and 5 at the right side was measured. DBB-
particle were not counted as new bone.

3) Bone implant contact (BIC) was measured by
counting all pixels of the implant contour oc-
cupied by bone. BIC was expressed as the per-
centage of the perimeter of the implant cross
section [53]. BIC was calculated for the left
and the right side as well as a total value.

Statistics

A one-way analysis of variance (ANOVA) with
Bonferoni simultaneous post-hoc test was con-
ducted to compare groups; each group consisted of
3 implants under examination. For all parameter,
the left and the right side of the implant as well as
the total bone values were examined. The 6 weeks
results were compared within the groups only. The
nature of this experiment was exploratory; therefore,
we report descriptive p-values of tests. P-values of
P<0.0125 were termed to be significant. The analy-
ses were conducted using SPSS version 20.0 (SPSS,
Chicago, IL, USA).

RESULTS

The postoperative healing was uneventful in all
animals. No complications such as swellings, frac-
tures, infections or allergic reactions were observed
within the study period. No premature exposure of
the augmented bone was seen. All animals could be
included in the descriptive statistical analysis.

Volume of new-formed bone at the augmented
site

After six weeks, in group3a, only 2.47% new
formed bone was seen (SD: 2.47%; 0-4.89%). In
group3b, the calculated mean total new bone was
28.48% (SD: 7.8%; 19.8-34.9%), in group 4a 5.3%
(SD: 1.89%; 4.04-7.48) and in group 4b 35.54% (SD
4.79%; 30.87-40.43%) respectively. For the left side,
group 4b was significantly better than all other groups
(all: p<0.0001). For the right side, group 3b was sig-
nificantly better in new-formed bone than the non-
membrane groups (all: p=0.002). Group 4b showed
a significantly better bone growth than group 3a
(p=0.016). For the total augmented site, both mem-
brane-groups (3b and 4b) showed a significant higher
bone growth than the non-membrane groups (both:

p<0.01). The difference between group 3b and 4b was
not significant (p<0.667).

Newly mineralized, marginal bone growth

After six weeks, in group 3a, the mean marginal
bone growth was 0.4 mm (SD: 0.14 mm; 0.31-0.56
mm). In group 3b, 2.02 mm (SD: 0.39 mm; 1.61-2.39
mm), in group 4a, 0.62 mm (SD: 0.21 mm; 0.4-0.81
mm) and in group 4b, 1.87 mm (SD:0.14; 1.78-2.04
mm) were calculated. On all sides and for the to-
tal values, group 3b as well as group 4b (membrane
groups) had a significantly higher mean bone height
then the non-membrane groups (all: p<0.01). The dif-
ference between group 3b and 4b was not significant
(p>0.652).

Bone implant contact (BIC)
After 6 week the mean BIC of 75.1% (SD: 20.3%;
27.9-96.7%) could be measured.

BIC in relation to augmentation

After 6 weeks, the mean BIC was 57% (SD: 26%;
27.8-77%) in group 3a, 87.5% (SD:11.9%; 74.1-96.7%)
in group 3b, 83.2% (SD 6.5%; 75.9-88.3%) in group 4a
and 72.5% (SD: 2.4%; 45.2-90.8%) in group 4b. At that
point, no significant differences between the groups
were seen anymore.
All values are presented in figures 3-7 and tables 2-4.
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Auamentation after 6 weeks

Figure 3: Boxplots showing the amount of new formed bone in the
different groups after 6 weeks (0=0%, 1=100%)

Figure 4: Histological specimen (toluidine blue, x20) of a sample
from the DBB+rhPDGF-BB-+membrane-group. The new formed
woven bone above the cortical frontier can be clearly distinguished.
Residual particles of DBB areseen in the new bone tissue as well as
above.
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Table 2: Mean volumes of new formed bone (%) after 6 weeks at the
left and right implant side as well as total values.
Standard deviations (SD) are given.

'Side of the Group Volume of new SD
implant formed bone (%)
Left 3a 3.19 3.17
3b 15.07 2.03
4a 7.02 3.18
4b 41.82 6.6
Right 3a 1.75 1.71
3b 41.9 14.73
4a 3.6 3.1
4b 29.26 4.37
Total 3a 2.47 2.44
<N v - 3b 28.49 7.8
: TR AT el PR el da 531 1.89
. NS TN S 4b 35.544 478
Figure 5: Histological specimen (toluidine blue, x20) showing the
new bone growing from the underlying cortical bone around the Table 3: Mean volumes of new marginal bone height (mm) after
DBB-particles. 6 weeks at the left and right implant side as well as total values.
Standard deviations (SD) are given.
s e - -
) T gt | Grow | |
o ' ! Left 3a 0.45 0.06
E ﬁ 3b 1.91 0.53
%,.,- 4a 0.75 0.1
: 4b 2.08 0.19
E“’ Right 3a 0.36 0.22
: ' a 3b 2.14 0.26
“1 & I i 4a 0.48 0.42
4b 1.67 0.31
e _____ . Total 3a 0.4 0.14
AR 3b 2.02 0.39
Figure 6: Boxplots of new marginal bone height (mm) after 6 weeks 4a 0.62 0.21
on the left and the right side of the implant as well as total values 4b 1.87 0.14

Table 4: Bone implant contact (%) after 6 weeks at the left and right

10 EEE":‘E: implant side as well as total values. Standard deviations (SD) are given.
Side of the Bone implant
ol ' ! ' ? implant Group contactlz%) D
g Left 3a 51.3 44.4
g 3b 91.9 0.9
il fa 82.3 45
F 4b 715 28.7
.E”“" Right 3a 62.7 11.1
E 3b 83.1 17.1
0.27 4a 84.1 9.6
4b 73.9 19.5
0.01 Total 3a 57 25.8
o8B DBB+membrane  DBB4PDGF-88 s?f.i‘e;.'.?nf?ir". 3b 87.5 11.9
4a 83.2 6.5
Figure 7: Boxplots of bone implant contact (%) after 6 weeks on the b 725 241

22 left and the right side of the implant as well as total values



DISCUSSION

The bony vertical augmentation for functional
as well as aesthetic reconstruction is a widespread,
though critical method as long-term stability is de-
sirable. Therefore, the study aimed to determine the
effect of hPDGF-loaded DBB on late bony healing
after vertical augmentation in the rabbit tibia. Addi-
tionally, the effect of GBR surgery with and without
rhPDGF — BB adjunct was assessed. The used ani-
mal model is well established for vertical augmenta-
tion and implant examination purposes [25]. Though,
to the best of our knowledge, this is the first experi-
mental rabbit study reporting on late bone growth for
vertical augmentation using thPDGF — BB soaked
DBB-blocks fixed with dental implants in combina-
tion with GBR procedures. The tension on the soft tis-
sue covering the defect after intraoral augmentation
in similar to the tension in the tibia model. Schwarz
et al. conducted a similar study at chronic-type lateral
ridge defects in the dog mandible. Though, It has to
be kept in mind, that their study size was low (n=2),
not reaching any statistical power [20]. DBB is a xeno-
genic bone material with a high degree of biocompat-
ibility; its structure is similar to cancellous bone. After
slow remodelling over time, incorporation into native
bone has been described; this can be supported by the
findings of our study. It has been widely discussed,
that the high regenerative potential of autologous
bone transplants is due to the transfer of several vital
cell type (mesenchymal stem cells, osteoblast as well as
their precursor cells) and local autologous growth fac-
tors [10, 11]. Therefore, an additional bio-functional-
ization of the DBB, for example with thPDGF-BB is a
nearby option. Details about the absorption and the
release kinetics of rhPDGF — BB and DBB-blocks
are still unknown. Bateman et al. examined that the
in vitro absorption of PDGF to p-TCP-carriers occur
in a concentration as well as time-dependent manner.
The in vitro release was — with a release of approxi-
mately 45% after 10 days — slower than the in vivo
release [29]. Therfore, the use of rhPDGF-BB soaked
DBB seems appropriate.

After six weeks, the effect of the membranes on
new bone volume as well as on new vertical bone
height seems to be major than the PDGF-effect. Si-
mion and co-workers observed a beneficial effect of
a natural bone mineral with addition of rhPDGF-BB
four months after vertical ridge augmentation in dogs.
In their study, the best effect was achieved without
coverage of a collagen barrier membrane. The authors
conclude that the membrane excludes osteogenic cells
derived from the periosteum [8, 26]. These findings
are in contrast to the results of our study as well as to
the current findings regarding early trans membrane-
ous angiogenesis [24] as well as GBR techniques [26].
Schwarz et al. could show that the collagen membrane
did not interfere with bone induction by rhBMP-2
[21]. In summary, the separation of the periosteum
(providing essential cell resources for hPDGF mediat-
ed bone formation) does not influence early new bone

formation in a negative way. The results rather lead
to the hypothesis, that the collagen membrane might
only primarily exclude the vascularization as well as
the ingrowth of osteoprogenitor cells from the pe-
riosteum [15, 22]. The assumed additional membrane
functions such as stabilization of the blood coagulum
and to keep away unwanted soft tissue cells [24-26]
does not seem to enhance early bone growth. After six
weeks, a transmembraneous neo-vascularization with
higher mineralization of new bone and a biodegrada-
tion of the respective collagen membrane might have
taken place. Additionally, the collagen membrane may
stabilize particulated bone graft materials at non-self-
contained defects [19] such before vertical augmenta-
tion. Mechanical immobility is needed to achieve bio-
logical healing [17]. As solid DBB-blocks were used,
this stabilization may have a smaller impact as for
DBB granules. Schwarz et al. could show that the col-
lagen membrane degrades after 4-6 weeks of healing
in dogs [25]. Accordingly, after six weeks, the positive
membrane-effect was evident. This is in contrast to
the results of Rothamel et al., though this group used
a cross-linked collagen membrane with long-barrier
function compared to the non-crosslinked membrane
with resporption after shorter time in our study[18].
It can be considered as a drawback for membrane use
that an early exposure of collagen membranes to the
oral environment may jeopardize the outcome due to
infection or rapid disintegration. This complication is
still common [26]. Jensen and Terheyden stated in a
review, that the incidence of soft tissue dehiscences
was higher for non-resorbable than for resorbable
membranes [21].

Previous studies could not see a difference be-
tween vertical bone growth in DBB-blocks or DBB-
blocks pre-treated with either BMP or VEGF [10].
This supports the findings of the present study as, af-
ter three weeks for the total values and after six weeks
for all values, no significant differences between the
DBB and the DBB+rhPDGEF-BB-group were seen.

New vertical bone growth showed to be from the
contact area of the inserted material. This shows again
[10] the need of direct bone-transplant-contact for
successful augmentation. Furthermore, an additive
effect of the implant surfaces on initial ossification
was measured. This is in accordance to prior studies
[13].

Conclusion

The present study indicates that the addition of
rhPDGF to DBB-blocks has a good potential to main-
tain early bone formation for vertical augmentation.
Furthermore, the findings illustrate that after six
weeks, GBR with a collagen membrane is the key to
maximize the new bone height.
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