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Fig.1_Implanttested - D.

Fig. 2_Reference implant—B.

Fig. 3_Drilling of implant wells.

Fig. 4_Positioning of the implants on
the maxilla.

Fig. 5_Implants in place.

Fig. 6_Periimplant bone
organisation.
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_Introduction

Nowadays, numerous studies
attempt to show the importance
of implant surface treatment’
for accelerating the osseointe-
gration process.? Surface finish-
ing, notably roughness genera-
tion, has allowed to increase the
ability of titanium to link directly
to bone without any intermedi-
ary fibrous tissue.® Thus, it seems
that if the osteoblast response is
obviously measured by histology, it
does not inform on long-term implant
success but only on the cell organisation of the peri-
implantbonetissueanditprovidesnoinformationon
the architecture of this tissue.* Only the study of
newly-formed trabecular bone tissue around the im-
plant can provide predictive results concerning im-
plant durability. Trabecular tissue forms only 20 per
cent of the skeletal mass but 80 per cent of the ex-
change surface between bone and marrow. This mi-
crostructure plays a mechanical role because it en-
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sures that the external loads be cor-
rectly distributed in the bone vol-
ume.Due toits mechanical function,
trabecular bone is a preferential site
to study the spatial and geometrical
properties of thisbone tissue and the
interaction between medical appara-
tus and bone tissue. The future of a
dental implant after loading mainly
depends on: trabecular organisation,
intimacy of contact between metal
structure and bone, surrounding bone
volume, bone density.° The aim of the
present work was to characterise the
periimplant bone organisation and to
evaluate theinfluence of implantshape on
osseointegration, using a porcine model. Implanta-
tions were carried out on growing piglets on maxilla
and trabecula, because the experimental results pub-
lished up to now mostly concern fixtures set on tibia
or iliac of pork or dog (results so obtained concern
mainly cortical bone and less trabecular bone).?
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_Material and method

28 implant fixtures (diameter 3.5 mm, length
7 mm) were setin the jawbones of eight pigs, 16 in the
mandible and 12 in the maxilla. Two types of implant
were used: implant B with a cylindrical body and im-
plantD presenting a shrinkunderits neckasshownin
Figs. 1and 2.Histomorphometricanalysis was carried
out on samples taken 45 days after implantation.
Samples were analysed with a resolution of 18 L.

_Animal experiments

Experiments were carried out on eight pigs of
meanweightof12.1kgatdayOand32.3kgwhensac-
rificed. Initial denture is mixed, complete and healthy
for each animal. The project was presented to the
ethiccomityof Institute of Experimental Surgery (ICE)
of Centre Léon Bérard (Lyon, France). Animal choice
and care, and experimental procedure were approved
by the committee.



_Operating protocol

The placementoftheimplantswasachieved in the
operating room under general anaesthesia. Animals
received medication performed according to the fol-
lowing protocol: Intramuscular premedicationinjec-
tion: 3a5ml/kg of Imalgéne 1000 + 0.1 ml/kg of
Stresnil + 1ampoule of atropine; Intravenous induc-
tion of general anesthesia: 0.003 ml/kg of the XKZ
mixture (Xylazine, Kétamine, Zolazepam) for a dura-
tion of about 30 minutes. Mandibular implants were
placed in the space between canine and first premo-
lar,and maxillary implants were placed either distally
of the lateral incisor or mesially of the first premolar.

_Surgery technique

It was the same as in human oral surgery: asepsis
ofthesurgeryfield, crestalincision, localisation of the
implant site, boring, threading, implant placement,
suturing of gingival flap with interrupted sutures
separated stitches. Referenced titanium implants
were used (Figs. 1-5).

_Operating hazards

The main difficulty arose from insufficient height
and thickness of the alveolar crest in the mandibular
sites and to the relatively important size of the nasal
cavities on maxillary sites, which imposes to use im-
plants of low diameter and height. Some implants
were lost due to a supracrestal or crestal positioning
which did not resist animal tongue forces. An infec-
tiouseventalsooccurred, resulting in the exclusion of
one animal from the study.

_Sample collection

Samples were collected at day 45, after anaesthe-
sia of the animal, following the protocol established
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with the ethic committee. Bone was cut with a me-
chanical saw around the implant sites. Samples were
immerged in formaldehyde and transferred to the
imaging department for histomorphometric analy-
Sis.

_Histomorphometric analysis’

Analysis was conducted with CtAn™ software
(SkySkan™) dedicated toscannerimaging. Bone his-
tomorphometry consisted in the measurements of
the parameters reflecting bone structure, microar-
chitecture and remodelling. The study of samples
including bone and implant permits us to visualize
thebonearchitecturearound theimplant from neck
toapex, with the osseointegration phase being atits
terminal stage.

Parameters considered for result analysis®

- BV/TV (%): ratio between bone volume and tissue
volume; depending on the depth of the analysed
volume, V represents cortical or trabecular bone.

- 1S (mm?2): surface of bone intersection with im-
plantstructure.

- ToPF (mm-"): trabecular pattern factor, quantify-
ing theinterconnection of the bone (ratio between
the numbers of concave and convex surfaces,
quantifying the connections inside a 3-D struc-
ture).

- BS/TV (%):reflecting the density of the bone mesh.

Analysis methodology (Figs. 6-8)

A step-by-step analysis as a function of implant
depth can be effected by a block of ten frames, each
block corresponding to a slice of a thickness of
180 um. Corresponding data were plotted asa func-
tion of depth, depth being defined as the centre of
the slice. An example of results is shown in Fig. 9. A
global analysis of data corresponding to the sum of
all slices was done next. For this volume of interest
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Fig. 7_3-D representation of bone
surrounding the implant: the choice
of low and high threshold values
allows to eliminate metal and any soft
tissue.

Fig. 8_Corresponding histogram: for
this example the selected range
(41-96) is taken into account as bone
tissue.

Fig. 9_lllustration of the
histomorphometric analysis method,
data are plotted as a function of
depth along implant.
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Fig. 10_Front section view of the
whole implant, showing the
periimplant osseointegration.

Fig. 11_Transverse section view:
contact between implant surface and
trabecular bone.

Fig. 12_Histological section

of trabecular bone.

Fig. 13_Example of results at the
neck and apex for implant B (control).
Fig. 14_Example of results at the
neck and apex forimplant D.
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one obtained: BV/TV =12 9%, IS=14 mm? BS/TV=6.2
mm-and ToPF=1.13 mm™".

_Result analysis:
relation between parameters'™

Atimplant neck

The depth evolution of the ratio between trabec-
ular bone volume and tissue volume is superimpos-
able with the shape of the implant neck. IS is ap-
proximately constant, which corresponds toa satis-
factory adhesion between the bone surface and the
implant surface.

ToPF follows a curve symmetrical to the one of
BV/TV:spongy trabecular boneis well organized and
linked. BS/TV presents a mean value about 6, corre-
sponding to an interesting bone density.

Atimplant apex

As shown in Fig. 9, the BV/TV curve follows the
implant shrinkage jumping from 30 up to a
plateau at about 10. TbPF varies from 8 about a
screw turn hollow, follows the apex shape with a
mean value of 13 and ends to 21. IS presents a
plateau at 1.75.
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Comparison between the two types ofimplants

Fig. 13 and 14 illustrate the comparison between
twoimplants placed at the same positionin the ante-
rior maxillary sites.

Atimplant neck:

ImplantB (cylindrical neck): BV/TV varies from 2 to 21,
IS varies from 1.6 to 7.2, ToPF varies from 20 to 30
and then up to 8.2 under the neck, BS/TV varies from
2108.

Implant D (shrunk neck):

BV/TVvariesfrom 10to 15,ISvaries from 3.7 to 3, ToPF
variesfrom 14to28andthenupto2.9undertheneck,
BS/TV varies from 5 to 11. It is noticeable that BV/TV
and BS/TVare higher with the shrunk neck, while ToPF
is slightly better with a cylindrical neck.

Atimplant apex:

ImplantB:BV/TVvaries from 6to 13, IS varies from 2.1
t03.8, ToPFvariesfrom 12.7 to 14.3, BS/TV varies from
4to6.

ImplantD:BV/[TVvaries from 7 to 21, IS varies from 1.6
t0 3.3, ToPF varies from 14.4 to 23, BS/TV varies from
4.1104.4.
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One observes that IS and BV/TV curves have the
same patternforimplantsBand D, butwith lowerval-
ues for Bimplant. Moreover, ToPF presents lower val-
ues for implant B, but TBPF does not decrease at the
apexforimplantB.ForimplantD,bone densityiscon-
stant along the implant, the TbPF curve is superim-
posable with the BV/TV one, revealing a good trabec-
ular architecture, IS is constant and BV/TV increases
up to apex.

_Conclusions

Osseointegration is defined as a direct anatomic
and functional junction between living bone and im-
plantsurface.Osseointegration isdetermined by sev-
eral factors linked to the host and to the implant. On
a biological point of view, osseointegration occurs in
two phases: the firstone consistsinamechanical sta-
bilisationandanchoragein the preparedsite; the sec-
ond phase is characterised by the formation of a bio-
logical cohesion between implant surface and bone
tissue.

The presentstudyisaninvestigation on histomor-
phometric analysis of osseointegration. The prelimi-
naryresultsindicate thatbone volumeandbone den-

sity would recover better with a shrunk neck shaped
as a Bone Launching Pad™ (implant D) than with a
cylindrical neck. It is the same for the surface inter-
section between bone and implant, which appears to
be larger, revealing denser bone around the implant.
Concerning the body and apex of the implant, the
more spaced turns of implant D would favour the
bonedensityalong theimplantbodyandahigherand
more uniformratio between trabecular bone and tis-
sue volumes. The trabecular architecture seems thus
to be impacted by the shape of implant neck and
apex._

Editorial note:Alist of references is available from the pub-
lisher.
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