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bstract

ur aim was to investigate the possible impact of contamination with saliva on osseointegration during placement of implants with simultaneous
one augmentation. Six hemispheric shape bone defects (8 mm in diameter ×  4 mm deep) were prepared in each iliac bone of six sheep. A
ental implant (2.9 mm in diameter ×  10 mm long) was placed in the centre of each defect, and then pairs of defects were filled with one of the
ollowing bone augmentation materials: autogenous bone, autogenous bone plus bovine bone, or resorbable biphasic ceramic bone substitute.
ne site in each augmentation group was impregnated with saliva (contaminated group), while the other was not (non-contaminated group).
one-to-implant contact (BIC) and bone area fraction occupancy (BAFO) within implant threads were measured after a healing period of five
eeks, both in respect of the implant inserted in the augmented bone and in that inserted in the residual bone. Overall results showed that

here was a significant difference between the contaminated and non-contaminated group for BIC in the augmented implant (p = 0.028), while
here were no significant differences in the implant in residual bone (p = 0.722). For BAFO, there were no significant differences between the
ontaminated and non-contaminated groups among the different augmentation materials. The results showed that contamination with saliva
uring placement of an implant with simultaneous bone augmentation had a serious deleterious effect on osseointegration of the aspect of
he implant within the augmented defect. Contamination with saliva during placement of an implant with simultaneous bone augmentation
hould therefore be avoided.
 2019 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ccording to the original protocol for implantation of a den-
al implant,1 an optimal surgical technique should include
septic procedures to minimise the risk of infection and

ailure of the implant.2 In certain clinical conditions, how-
ver, contamination of the implant during operation may be
nevitable as a result of contact with saliva, which is known
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o be a protein-rich fluid that contains more than 700 bacte-
ial species.3 Studies on the failures of orthopaedic implants
nd biomaterial-associated infections have also reported
hat early failures are strongly correlated with bacterial
ontamination.4,5 However, according to a recent systematic
eview, there is insufficient scientific evidence about the pos-
ible impact of bacterial contamination of dental implants
uring the procedure.6

To achieve predictable results in terms of aesthetics and
unction, dental implants should be surrounded by a suffi-
ient amount of bone.7 When there is inadequate bone for
roper placement of an implant bony augmentation is recom-
ended either before, or at the same time as, placement of

he implant. In a recent in vivo study, implants contaminated
ith saliva during implantation in previously augmented

reas showed reduced bone-to-implant contact (BIC) com-
ared with non-contaminated implants.8 However, we know
f no information on the possible effect of contamination with
aliva on osseointegration during placement of an implant
ith simultaneous bony augmentation.
The aim of this study was therefore to investigate the

ossible impact on osseointegration of contamination with
aliva during placement of an implant with simultaneous bony
ugmentation.

aterial  and  methods

tudy  design  and  surgical  techniques

he animal study took place at the École Nationale Vétéri-
aire d’Alfort (Maisons-Alfort, Val-de-Marne, France). The
n vivo experimental design was approved by the local ethics
ommittee (reference number: B940462) and is reported
ccording to ARRIVE guidelines.9 Six adult Finnish Dorset
ross-bred sheep (mean (SD) age 64 (2) months) were
sed. The procedures were done under general anaesthe-
ia. Ketamine (4–6 mg/kg) and diazepam (0.5–1 mg/kg) were
njected into a jugular vein and 2.5% isoflurane was used for
nhalation anaesthesia. Every second hour during the opera-
ion intravenous injections of morphine (0.1–0.5 mg/kg) were
iven and the same drug was also injected subcutaneously for
hree days postoperatively.

Preoperatively the iliac region was shaved and disinfected
ith iodine solution. After an incision into the skin, the mus-

ular plane was dissected, and the iliac bone exposed with a
eriosteal elevator. In each animal, six bony defects 8 mm
n diameter ×  4mm deep were created with a round burr
Fig. 1). A dental implant 2.9 mm in diameter ×  10 mm long
nd a dual acid-etched surface (Unitite® Slim implants, SIN)
as placed in the centre of each defect using drills rotat-

ng at 1500 rpm under abundant sterile saline irrigation. The
emaining space in each of two defects was filled with one

f the three following augmentation materials: first, autoge-
ous bone harvested from the iliac crest with a bone collector
Safescraper® TWIST curve, C.G.M. S.p.A. Divisione Med-

s
o
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cale Meta); secondly, autogenous bone mixed with an equal
olume of deproteinised bovine bone (Direct OssTM , Implant
irect); or thirdly, a resorbable biphasic ceramic bone substi-

ute consisting of 40% calcium phosphate (hydroxyapatite)
nd 60% calcium sulphate (CeramentTM, Bonesupport). In
alf the sites – that is, one from each augmentation material -
mplants and augmentation material were impregnated for 15
econds with fresh human saliva from one donor with peri-
dontitis (contaminated group) before placement. The other
alf of the implants and augmentation material was handled
nder aseptic conditions (non-contaminated group).

The wound was then closed in two layers using a
esorbable suture (Vicryl®, Ethicon) for the muscular layer
nd a non-resorbable suture (Ethilon®, Ethicon) for the skin.

After seven days of wound healing, the non-resorbable
utures were removed. For five days postoperatively, ben-
ylpenicillin 114 mg, dihydrostreptomycin 164 mg, and
rocaine 13 mg (Peni Dhs Coophavet, M.C. Santé Animale,)
ere given. Meloxicam 0.4 mg/kg (Metacam®, Boehringer

ngelheim Vetmedica,), was given for the first three postop-
rative days.

ollection  of  samples,  histological  preparation,  and
istomorphometric  analysis

he animals were killed five weeks postoperatively with an
ntravenous overdose of embutramide 4000 mg, mebezonium
38.4 mg, and tetracaine 87.8 mg (Tanax® T61, Intervet Inter-
ational), and the iliac bone blocks containing the implants
ere retrieved.
After fixation in 4% formalin for three days, the samples

f bone were progressively dehydrated in a graded series
f ethanol and embedded in light curing glycolmethacrylate
Technovit 7200 VLC) for non-decalcified ground section-
ng. The embedded specimens were sectioned parallel to the
ong axis at the centre of the implants using a diamond saw
utting machine (EXAKT 300, EXAKT Advanced Technolo-
ies GmbH), and ground and polished until a final section
hickness of 40 �m was achieved (EXAKT 400CS). The
on-decalcified sections were stained with toluidine blue and
yronin G, and photographed using light microscopy with a
igital imaging system (BZ-9000, KEYENCE).

We used quantitative histomorphometry for the following
ariables using software for image analysis (Image J v.1.43u,
ational Institute of Health) (Fig. 1).
First, bone-to-implant contact (BIC): on each side of the

mplant (excluding the bottom), the percentage of its outline
hat presented bone in direct contact with its surface was

easured. The mean value of the two measurements was
sed for each implant. BIC was calculated for the augmented
rea and for the residual bone area. The calculated length for
he residual area was the same as that for the augmented area
n each side of implants.
Secondly, bone area fraction occupancy (BAFO): In each
ide of the implant in the augmented defect, the percentage
f the area within the implant threads occupied by visibly
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Fig. 1. Flow design of study time line, and scheme of the histomorphometric analysis for calculation of bone-to-implant contact (BIC), bone-area fraction
occupancy (BAFO).
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Fig. 2. Histological specimens stained with tolu

istinguishable bone was calculated. The mean value of the
wo measurements was used for each implant.

tatistical  analysis

e made descriptive analyses of the BIC in the augmented
nd in the residual bone, and BAFO. Normal distribution and
qual variance were not assumed with respect to the small
umbers of samples (n = 6). The significance of differences
as calculated by the Friedman two-way analysis of variance,
nd a probability of <0.05 was accepted as significant. We
sed the software IBM SPSS for Mac (version 25.0, IBM
orp).

w
n
t

ue and pyronin G (original magnification × 20).

esults

ne sheep showed signs of infection in the skin of iliac region
uring the early stage of healing, but this did not necessitate
he exclusion of the animal from the study.

istological  observation

o inflammatory reaction or total failure of osseointegration

as found in any of the samples. In both groups A and B,
ewly-formed bone was found to be in direct contact with all
he surfaces of the implant in the augmented area. However
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Table 1
Mean values of bone implant contact (%) in the augmented and residual areas and bone area fraction occupancy (%) in the augmented areas.

Group Bone implant contact (%) Bone area fraction occupancy (%)

Augmented area Residual area Augmented area

Not contaminated Contaminated p value Not contaminated Contaminated p value Not contaminated Contaminated p value

A 10.72 (5.60) 5.90 (6.07) 0.280 36.98 (13.05) 31.45 (14.74) 0.463 38.92 (24.85) 43.11 (23.51) 1.00
B 11.51 (4.64) 7.36 (8.19) 0.045* 37.49 (12.73) 32.47 (14.05) 0.345 46.66 (12.77) 25.81 (17.37) 0.06
C 4.44 (4.47) 2.51 (2.57) 0.758 28.01 (18.69) 25.97 (19.59) 0.463 22.40 (19.32) 12.11 (14.10) 0.53
Overall p value 0.028* 0.722 0.007*
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 = autogenous bone; B = bovine bone; and C = resorbable biphasic ceramic
∗ p < 0.05.

n Group C, it was in contact only in the lower part of the
ugmented area (Fig. 2).

istomorphometric  analysis

one-to-implant  contact  (%):  the mean values in the
ugmented and residual areas of contaminated and non-
ontaminated subgroups are shown in Table 1. Statistical
nalysis showed a significant difference between contami-
ated and non-contaminated implants only in the augmented
rea (p = 0.028); there was no significant difference in the
esidual area (p = 0.722).

In particular, the BIC was significantly lower in the con-
aminated compared with the non-contaminated ones, in
roup B (p = 0.045). A lower BIC was also found in the

ontaminated implants compared with the non-contaminated
nes in the other groups, but the differences were not signif-
cant.

BAFO (%):  the mean values are shown in Table 1.
here was a significant difference between contaminated and
on-contaminated implants overall (p = 0.007). However, we
ound no statistical differences between contaminated and
on-contaminated sites within Groups A, B, and C.

iscussion

e have investigated whether salivary contamination during
ony augmentation with simultaneous placement of implants
nfluences osseointegration. The in vivo model used in this
tudy resembled the low-density bone of human jaw, and it
llowed submerged healing without interfering factors.10

Although the level of evidence on this topic is scarce,6

revious in vivo studies have indicated that contaminated
mplants might have a deleterious effect on the osseoin-
egration of implants. Yuan et al11 placed implants with
our different surfaces into rabbit tibia. Bacterial contam-
nation with Prevotella  intermedia  caused less BIC in
ll types of implants, including turned, titanium anodic-
xidised, sandblasted/acid-etched, and hydroxide-apatite

lasma sprayed. However, bacterial contamination generated

 greater effect when a rougher surface was used. Another
tudy by Oosterbos et al,12 using rabbit tibia, showed that the

a

s

ubstitute.

ontamination with Staphylococcus  aureus  had a detrimental
ffect on the healing process of implants with rough surfaces,
hich caused severe peri-implant infection and bony remod-

lling. The physical and chemical properties of the implant
urface may play a part in the bacterial adhesion (being
ore retentive for rough surfaces) such as in the case of the

resent study.13 It is established that adhesion of proteins and
icroorganisms to the surface of an implant with the forma-

ion of a contaminated biofilm is the preferable environment
or biomaterial-associated infection,14 and the exposure of an
mplant to a protein-rich fluid, such as saliva, creates a film
t the surface, which could be easily colonised by bacteria.3

The incidence of such conditions, which lead to failure
f the implant, may be prevented by the establishment of

 balanced condition between inflammatory and immune
esponse.15 This equilibrium may be modulated by other fac-
ors, such as design and material of the implant, the state
f the host bed, or surgical treatment.16 The introduction of
dditional materials such as bone substitutes (which act as
oreign bodies) could further worsen the prognosis of the
ntegration of the biomaterials.15 Augmentation procedures
sing heterologous materials at the same time as placement
f an implant are known to increase the risk of early and late
ailure.17,18

The present study showed that the augmented area had
 lower BIC than the residual bone, and the BIC in the
ugmented area was also significantly reduced by contam-
nation, while it did not affect the BIC in the residual areas.
hose findings are in accordance with our previous work,8

n which we investigated the effect of contamination when
urned implants were installed in augmented defects in a
elayed fashion.

The residual and augmented areas might have reacted
ifferently to contamination in response to the different
mmunological reaction.19 Contamination of the implant in
he residual bone may have been effectively addressed by

 macrophage-mediated response recalled from the pristine
ascular system. In contrast, the augmented area, which
resents a poorly organised immunological response as a
esult of the immature vascularised structure, might have had
 reduced resistance to contamination.
However, the present findings showed that there were no

ignificant differences in BAFO between the uncontaminated
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nd contaminated groups, a result that was similar to those
f Bonsignore et al.20

Another interest finding of the study was that the augmen-
ation Groups A and B did significantly better than the aug-

entation Group C, both when contaminated and when not
ontaminated. This is not surprising, considering that Groups

 and B contained both autogenous bone, which in the case of
roup B was mixed with deproteinised bovine bone. Auto-
enous bone is still considered the gold standard for bony
ugmentation,21 because it possess osteogenic, osteoinduc-
ive and osteoconductive properties, thanks to the pool of
iable cells and growth factors that are transferred together
ith the graft from the donor to the recipient site. However,

he procedure has the drawback of donor site morbidity, with
he creation of a second trauma in the host. It is therefore
f great importance to investigate the possibilities with new
ugmentation materials, as we have in the current study.

To conclude, our results have showed that salivary contam-
nation during placement of implants with simultaneous bony
ugmentation materials inhibited BIC without affecting the
eri-implant bone formation further away from the implant
urfaces. It is therefore proposed that contamination of the
mplant surface mainly affects bone formation in direct con-
act with the implant, and not to the same extent at a distance
rom the implant.

One limitation of this study was that this was done extrao-
ally. One has to be aware that bacterial infection of an implant
s quite uncommon in the oral cavity. Previous research
orkers have reported how the immune system might have
eveloped a sort of tolerance to the constant presence of nor-
al bacterial flora.22 Another limitation of the study was

hat the immunological and inflammatory responses were not
ssessed. Further studies are needed to investigate whether
dditional external factors, such as different surgical and
ugmentation techniques, might be detrimental to bone-to-
mplant formation.
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