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ABSTRACT

Background

The aim of the present study was to assess theagffiof a ready-to-use injectable bone

substitute for bone regeneration around dental intplplaced into fresh extraction sockets.

Methods

Third and fourth mandibular premolars were extracfemm 3 Beagle dogs and the
interradicular septa were surgically reduced tougsd a mesial bone defect. Thereafter,
immediate placements of titanium implants were perfornggul.the left side of the jaw,
mesial bone defects were filled with an injectablene substitute (IBS), obtained by
combining a polymer and a biphasic calcium phospleatamic. As a control, the right
defects were left unfilled. After 3 months of heglispecimens were prepared for histological

and histomorphometric evaluations.

Results

No post surgical complication was observed durimg healing period. In all experimental
conditions, histological observations revealed raelgar bone formation in contact with the
implant. Histomorphometric analysis showed that IB§gers a significant (p<0.05) increase
in term of thread numbers in contact with bone (Thdpe-to-implant contact (BIC) and peri-
implant bone density (PBD), of about 8.6%, 11.0% aad'%, respectively. In addition, no
significant difference wasbserved when TN, BIC and PBD in filled defects eveompared

to no-defect sites.

Conclusion

It is concluded that an injectable bone substita®posed of a polymeric carrier and calcium

phosphate significantly increase bone regenerationnd immediate implants.
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INTRODUCTION

Delayed placement of dental implants after alvediaaling is a proven and aesthetic
technique, but requires an extended time treatmdatebpatients can enjoy the final restit.
Immediate implantation after tooth extraction is anaative alternative that presents several
advantages such as reduction of post-extractiarpgsen, optimal positioning of the implant
and reduction of the time required for prostheticatslitation>* However, the discrepancy
between the transversal diameter of the socket ¢anand of the implant (cylindrical)
frequently generates gap between the bony walls of the socket andntidant? In large
bony defects, this void can be colonised by ep#hetlls, which induces fibrointegration and
then implant failuré.” Therefore, guided bone regeneration (GBR) aloné association
with bone replacemergraft has been developed and currently gives satfy results to
achieve implant osseointegratibh Nevertheless, an early exposure of the barrier mamebr
may promote secondary infections and consequentyayd the perimplant bone
regeneration?* Rotated full thickness flaps were suggested aal@mnative to GBR, but
vestibular flaps were often a source of aesthepicablems and palatal flaps may provoke

pain on exposed borté?

Among the available materials used for pre-implamtebreconstruction, autologobsne is
currently the gold-standard because it is a sowfc@sseous matrix, cells, and growth
modulating molecule¥. However, it requires the graft to be harvested distance from the
operation site, which makes the initial operation en@omplicated. To overcome the
animal origin have the disadvantages of limited suppnd potential risk of cross
contaminatiort>*® Consequently, synthetic products were develdp&dr example, biphasic

calcium phosphate (BCP), an intimate mixture of rbyglapatite (HA) and R-tricalcium

. {Supprimé :
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phosphate (R-TCP§.BCP offers the potential for bone reconstructimes it has a chemical
composition close to biologic bone apatifeand has already proven its efficacy as a bone
substitute material in many human clinical applicasi®>* More recently, the association of
BCP granules to a polymeric gel has provided a réadyse injectable bone substitute
material (IBSY>?° Previous animal studies conducted in our laboraterye shown the
biocompatibility and the osteoconductive propertyB$ 2> We have also demonstrated in

a preliminary study the IBS biofunctionality whesed as socket filler in dog$.

The aim of the present study was to assess therifd8mce on bone regeneration around
titanium dental implants immediately placed after thoaxtraction without using an
osteopromotive membrane technique. A comparativerh@iohometric study was performed
on peri-implant bone defects. Defects were treajelBB filling and the control defects were

left unfilled to observe a physiological healingpess.

MATERIALSAND METHODS

Injectable Bone Substitute

The biomaterial used in this study was a compositeboging a polymer and a calcium

phosphate mineral pha¥k.

Mineral phase

The ceramic composed of BCP granules with a 60/403HAZP weight ratio was obtained
by hydrolysis of a commercial dicalcium phosphate dibte. The resulting apatite powders
were granulated and sifted to select only granwigsa 40 to 80 um diameter. After sintering
at 1,150°C to form BCP, the granules were placed 40 pm sifter to eliminate the smallest

particles.
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Polymeric phase

As previously describe®, the associated polymer was a cellulose derivativetyl-
hydroxy-propyl-cellulose = MHPC) previously propdsas an efficient vehicle for the
mineral phasé? Briefly, a solution of 3% MPHC was prepared bysdising raw dry MPHC

powdef in double distilled water with stirring for 48 hmsu

8 E4M PREMIUM EP, Colorcon, Bougival, France

Composite

The composite biomaterial, obtained by mixing a 3% MP3#lution with the 40 to 80 um
BCP granules in a 50/50 weight ratio, was placedeady-to-use plastic injectors and
sterilized by steam at 121°C for 20 minutes. Thixess preserves the gel consistency of the

polymer and decreases viscosity only very sligfftly.

Animal experiments

The three 4-year-old female adult Beagle dogs usee Wred exclusively for biomedical

studies and kept at the National Veterinary SchoblNantes according to European
Community guidelines for the care and the use obriaiory animals (DE 86/609/CEE).

Gingival health was checked before experimentatéord teeth were scaled and polished
under general anaesthesia. Antibiotic treatment wjitlamycin and metronidaz&iewas

given for 5 days.

™ Stomorgyl, Rhéne-Mérieux, Lyon, France

Surgical procedures

All surgical procedures were performed under genanakesthesia with intravenous sodium
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thiopental (12.5 mg/kg) followed by volatile anaesthesia withlothane. During surgery,
animals received 1 g of cephalosporin antibfogierfused intravenously. Implant placements

were performed on right and left third and fourth dibolar premolars (fig. 1-a).

Gingival incisions were performed mesially from tlvstfpremolar and distally to the molar
teeth. Then, full-thickness buccal and lingual $lapere raised. After vertical interradicular

section, each root was carefully elavated and gaeely extracted.

Distal sockets were then drilled following the lgasiurgical principles governing the
placement of ITI dental implant8.Thereafter, the interradicular septa were resewiét a
mini-rongeur Friedman to create a mesial bone defdjecent to the mesial socket on a 6 mm
height, 4 mm in the bucco-lingual direction and 5 mnthie mesio-distal direction (fig. 1-b).
After a complete alveolar cleaning, solid cylindtisarew implants were manually inserted
in the implant beds (fig. 1-c). Specifications ®f implants included a 3.3 mm diameter, an 8
mm length and a titanium plasma spray (TPS) coatihg.pFimary stability was assessed and
implants were covered with 1.5 mm closure screws.tl@nleft side, mesial sockets were
filled with IBS injection from the bottom to the tayf the defect (fig. 1-c) in direct contact
with the implant (fig. 1-d). On the right side, impta were placed following the same
procedure but without IBS. The muccoperiosteal flapse then sutured with an interrupted

non-absorbent suture(fig. 1-e).

Antibiotic treatment by intramuscular injection ofpbalosporin (15 mg/kg, b.i.d.) was
continued for 48 hours after surgery. Animals wehecked daily and fed with a soft diet.
Sutures were removed under short general anaesthegeks later (day 21), and a normal
diet was then given. The animals were sacrificed 3thwafter implantation (day 91) by

intravenous injection of overdosed sodium pentateith

TNesdonal, Rhéne-Mérieux
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# Cefaloject, Bristol Laboratories, Paris, France
” ITI Esthetic plus, Straumann AG Institute, Waldergy Switzerland
™ Silk black braided, PRED, Paris, France

** Doléthal, Vétoquinol laboratory, Lure, France

Sample preparation

Bone segments were immediately dissected from aniwitlisa diamond disk and fixed in a
4% paraformaldehyde solution buffered with phosphatffered saline (PBS; pH 7.2). Each
sample was then dehydrated by successive immersigraded ethanol for 24 hours at 4°C
(80°, 95°, 100°) and acetone (1 day). Thereaftgecisnen were infiltrated with a

glycolmethylmetacrylate resin (GMMA) at -20°C for &yd (repeated twice). Finally,

samples were embedded in GMMA (4 days, 4 °C).

Histological evaluation

Both filled and unfilled sites were histologicallgvaluated with lighf and scanning
electrof” microscopy(SEM). For each sample, 10 pm thick sections wetewdth a
diamond microtome saWalong to the long axis of implants in a mesiodistiaéction and
then stained with Movat pentachrome for light micaye observation. Then, three 500 pm
sections were isolated from each sample and bothcas were prepared by sputtering with

gold-palladiuni”for SEM observations at 20 kV.
%5 Axioplan 2, Zeiss, Jena, Germany
- JSM 6300, Jeol, Tokyo, Japan

MS 1600, Leitz, Westlar, Germany
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# AE1230, EMScope, Ashford, UK

Histomorphometric studies

For quantitative evaluation of bone regeneratio®) pim sections prepared as described
above were observed with SEM apparatus coupled genai-automatic image analyser

With image analysis, three parameters were measumésial bone defects and distal sites:
- The number of threads in contact with bone iatreh to the total number of threads (TN),
- The Bone-to-Implant Contact (BIC) with a perceetagtio studied at two different heights:
. the endosseous part of the implant (EH)
. a 3 mm cervical height limited to the bone def¢bid),
- The Peri-implant-Bone-Density (PBD) inside DH omdhes at a 0.5 mm thickness:
. zone a : from the implant surface to 0.5 mm,
.zone b : from 0.51 to 1 mm,
.zone ¢ : from 1.1 to 1.5 mm.

™ Quantimeter 500, Leica, Cambridge, UK

X-ray micro-analysis

Sample sections (500 um thick) were polished in oreliminate gold-palladium and were
sputter coated with carbbil Then, a quantitative X-ray micro-analysis was qernied with
Energy Dispersive System (EDE) Calcium (Ca), phosphate (P), magnesium (Mg), and
sodium (Na) values were measured at four differenations with regard to bone defects

(IBS filled and unfilled), alveolar bone (in implamtoximity) and basal bone.
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1 JEE-4B, Jeol

HEEXL 11, Oxford instruments, London, UK

Statistical analysis

Results were expressed as mean (+ SEM). Comparatigg sf means of the 16 filled sites,
the 18 unfilled sites and the 34 distal sites wendormed using one way analysis of variance
(ANOVA) followed by a post-hoc test (Fischer’s prcfed least significant differences) with

a statistical significance at p<0.05.

RESULTS

Clinical results

No post surgical complication or infection was abed during the healing period. Sutures
were removed after three weeks. After one month,ctbsure screws initially covered by
muccoperiosteal flaps were exposed with excellentimplant soft tissue conditions (fig. 2).
At the time of euthanasia, all implants seemed to Imécally osseointegrated and none

presented with mobility.

Histological results

Light microscopy observations (magnification x 58pwed homogeneous bone healing in all
tested conditions (fig. 3). A bone-to-implant contaas observed on all the distal threads and
on most mesial threads in filled defects. An expesufr the first or the second thread was
observed in five unfilled defects. Higher magnifioat (x200) confirmed the close contacts

between lamellar bone and implant TPS surface (figA4 previously describ&d in the

10
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filed defects (fig. 4a), BCP granules were notibles and bone tissue showed the same
histological characteristics observed in the dist@s (fig. 4b). For all implants, junctional

epithelium was closely adapted to the machined smuath of the implant.

SEM showed new bone formation more homogenous anc dertBe filled sites (fig. 5a) as
compare to the unfilled sites (fig. 5b). Large unenalised areas were observed in absence of

IBS (fig. 6b), whereas bone tissue occupied a larsgent of the filled sites (fig. 6a).

Quantitative evaluation

For all distal sites, threads were always in cantath bone surface. On the contrary, TN was
always lower in mesial bone defects. However, iniahdsne defects, TN remained always
significantly (p<0.01) higher in the presence o51Bs compare to the unfilled defect (fig. 7)

(98.44% £1.52 and 92.78% +2.98 respectively).

For EH, BIC in filled defects showed a significdp&0.01) increase when compared with the
unfilled defects (54.54% +1.29 and 46.67% *1.0%eetvely). In addition, a significant
augmentation of BIC in DH was observed in filletesi(48.86% +1.97 vs 37.60% +1.58 in
unfilled defects). Interestingly, BIC was not sifigantly different between the filled mesial

sites and the distal sites (fig. 8).

In all sites, PBD was always significantly lower tbe zone close to the implant (zone a) as
compared to the zones located at a distance (dorae®l c). No significant difference was
observed in zone b and zone c. Whatever the stuthed, minor PBD was obtained in
unfilled defects. IBS induced a significant (p<0Q.Gdcrease of PBD in zone a, b and c:
58.68% +2.32 vs 44.5% +1.76; 60.1% +1.48 vs 48.48%1 and 61.71% +0.85 vs 48.21%
+1.68 respectively. Furthermore, there was no siganit difference between PBD values in

mesial filled sites and those of distal sites (&).

11
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The atomic composition of the analysed samples it$ EBowed no significant difference
with respect to the studied locations. All the measwents in the implant peripheries were
very close to basal bone values. Calcium and ptaisplalues were respectively of 23.29%
+1.95 and 13.81% £0.96 in filled bone defects. Megjnm and sodium represented less than
1% of the total elements. Ca/P ratio showed vetig lvariation (from 1.66 +0.03 for basal
bone to 1.70 +0.07 in distal sites). In the filladd unfilled defects, this ratio was similar

(1.68 +0.04 with IBS and 1.68 +0.06 without IBS).

DISCUSSION

To our knowledge, this study demonstrates for tiet fime that the use of an injectable bone
substitute, composed of a calcium phosphate cerardia g@olymeric carrier, promotes bone

regeneration around dental implants immediately plagedresh extractions sockets.

Cortical and trabecular bone grafts are the mageoiathoice for pre-implant surgery. Among
the biomaterials proposed as an alternative to kmregrafts, calcium phosphate (CaP)
ceramics such as hydroxyapatite (HA), beta-tricacphosphate (3-TCP) and the HA/R-TCP
association [termed biphasic calcium phosphate (B&8&)e been used successfully because
their chemical composition is closely related to thsbone minerat? Within the past few
years, a proposed ready-to-use injectable boneigubgIBS) has been developed. IBS is an
association of BCP granules with a cellulosic hge46® Our laboratory has previously
demonstrated the osteoconductive potential ofitimevative biomaterial in an alveolar bone

site 303

In contrast to the delayed implantation protocohmiediate implant placement presents
numerous advantages including prevention of alveblame resorption and reduction of

rehabilitation time** Nevertheless, the success rate of both methods nemsamnilar when

12
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primary stability of implants is associated with @steopromotive techniqi#&®’ To favour
bone healing in cases where there are wide gapséetimplant surfaces and sockets walls,
guided bone regeneration (GBR), alone or in as8oniavith bone substitute materials, has
been investigated with satisfactory but variablsuls>'® In an attempt to propose an
alternative to occlusive barrier membranes, thegotesork investigates the efficiency of IBS
to promote bone regeneration around solid-screw implplaced immediately after tooth

extraction.

Immediate implantation in dogs has displayed varitdilare rates®*®The present study has
shown no implant mobility and no implant failure. Thimical success rate is comparable to
that obtained with delayed implants placed after an@nth healing periot. Several

hypotheses may explain these encouraging resuliduraatic extraction with respect to
alveolar walls; no bone heating during the defeeation thanks to the manual rongeur;
implant primary stability through preservation of weslar and lingual processes;
postoperative soft diet to reduce mastication folmed daily postoperative observation to

prevent gingival inflammation.

To strengthen our clinical data, we conducted higioal examinations of peri-implant
tissues regeneration. SEM and light microscopic masiens showed mucosa, osteoid and
mineralised lamellar bone, but no residual BCP gagi despite high magnification, as
previously reported® Furthermore, EDS demonstrated that newly-formed lpwesents the
same Ca and P values as well as Ca/P ratio witlidedga basal bone. Thus, IBS confirmed

% Nevertheless, the lack of

his osteoconductive potential previously demonstt.
information during intermediary intervals did notrmét evaluation of the biomaterial
transformation kinetics, which however seemed to bempatible with healing periods

currently recommended for immediate implantafiéh.

Numerous unmineralised areas were observed in uhfilefects witch suggest a delay in

13
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bone healing. However, partial bone regeneratios el@served in these sites. In filled sites,
bone regeneration showed the same histological ctegistics as compared to no-defect sites.
Interestingly, the absence of fibrous interpositinrfilled defects strongly suggest that IBS

may represent an occlusive barrier against epéthedill colonisation.

The main objective of this work was to obtain rdafjuantitative assessment of the different
parameters of bone regeneration: the number of agsgoated threads (TN), the rate of
bone-to-implant contact (BIC), and the peri-implardné density (PBD). Among the
numerous available tools, we focused on semi-autonraige analysis because it permits
quick and accurate analysis of a large amount oforinétion**? Previous
histomorphometrical studies, dedicated to implaneoisgegration in animals, have mostly
been restricted to BIC evaluatié#i** In order to further evaluate the bone regeneration
process beyond the bone/implant interface, imagéysinavas also conducted on PBD at

various distances from the implant surface.

A centripetal bone regeneration from the alveolalisnia even observed in unfilled sites
because experimental defects were not critical-defects’® However, all quantitative data
remains lower in unfilled defects. In addition, TBIC and PBD in filled defects
demonstrated no significant difference as compaedthe no-defect sites. Since the
guantitative results in IBS-treated sites are higbe equal to the values reported with
immediate implantation in dof;***’ IBS appears to satisfy immediate implantation

requirements.

CONCLUSION

This study demonstrates that our injectable bonetgute (IBS), a composite biomaterial,

promotes bone regeneration around implants immedigiklged after tooth extraction.

14
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Therefore, it seems conceivable that IBS couldrbalgernative to autologous grafts or GBR
alone or in association with bone substitute bi@mat However, these promising results are
to be confirmed by further biomechanical studiesrafnplant loading, pull out tests and by
evaluation of reverse torque. IBS could be furthepose for clinical applications such as
socket filling for ridge preservation, pre-implard@construction of osseous deficiencies or

sinus floor elevations.

15
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ILLUSTRATION LEGENDS

Figure 1: Photographs of the surgical procedures.
a: third (P3) and fourth (P4) left mandibular preandlpreoperative view),

b: mesial socket after extraction (MS), interadicusaptum resection (SR), distal socket

preparation (DS) in P3 and mesial bone defect (MBR} probing in P4,

c: implants (ITI) placed in distal socket of P3 dwef filling with IBS and IBS injection in

mesial bone defect of P4,
d: 2 implants placed in distal sockets and non-caaked fill with IBS,

e: overlapping flap sutures.

Figure 2: Photograph one month after surgery. Nlo¢esoft tissues healing around closure

SCrews emergence.

Figure 3: Light microscopy observation of an axiatt®n of implant after three months of

healing with IBS. Note the homogeneous bone healingnd implant.

(Movat pentachrome, original magnification x 50).

Figure 4: Light microscopy observations of thetficervical thread of implants after three

months of healing. Note different bone regeneratiminthe implant contact.
a: mesial defect filled by IBS,

b: distal site without defect,
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c¢: mesial defect unfilled by IBS.

(Movat pentachrome, original magnification x 200).

Figure 5. Scanning electron microscopy observatarexial sections of implants after three

months of healing.

a: mesial filled defect (left) and distal site (righNote the presence of an homogeneous bone

ingrowth in the filled defect when compared withtdisite,

b: unfilled mesial defect (left) and distal sitegfri). Note the presence of decreased bone

regeneration in mesial unfilled defect when compavitd distal site.

(bar =1 mm).

Figure 6: Scanning electron microscopy observatairtbe cervical threads of implants after

three months of healing.
a: filled defect. Note the close contact betweemeband TPS surface
b: unfilled defect. Note the presence of large umrahsed areas

(bar = 0.2 mm).

Figure 7: Threads of implants in contact with bofierahree months of defect healing either
in sites filled (defects + IBS) or unfilled (unéidl defects) with IBS. As a control, distal sites
were left without bone defects (no-defect). Resates expressed in percentage (+ SEM) of

threads not in contact with bone.

*: p < 0.01 compared with the unfilled defects.
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Figure 8: Bone-to-implant contact in endo-osseaight of implants (EH) and in bone defect
height (DH) after three months of defect healindhesitin sites filled (filled defects) or
unfilled (unfilled defects) with IBS. As a contraljstal sites were left without bone defects

(no-defect). Results are expressed in height ptager(x SEM).
*: p < 0.01 compared with the unfilled defects.

NS: no significant
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Fig. 9: Peri-implant bone density of 3 various zoaksr three months of defect healing either
in sites filled (filled defects) or unfilled (unfidd defects) with IBS. As a control, distal sites

were left without bone defects (no-defect). As diéed in materials and methods, zone a was
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from TPS surface to 0.5 mm, zone b, from 0.51 to 1 neme z, from 1.1 to 1.5 mm. Results

are expressed as percentage (x SEM) of total ®unfeeach zone.

*: p < 0.01 compared with the unfilled defects.

NS: no significant
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