DR. ALBERTO MONIE (Orcid ID : 0000-0001-8292-1927)
DR. SIGRUN EICK (Orcid ID : 0000-0002-4619-2461)

Article type : Original Article

Microbial. and host-derived biomarker changes during ligature-induced and
spontaneous peri-implantitis in the Beagle dog

Alberto Monje;DDS, MS, PhD, *f Sigrun Eick, PhD, ** Daniel Buser, DDS, MS, PhDY
Giovanni E. Salvi, DDS

* Department of Periodontology, Universidad Internacional de Catalunya, Barcelona,
Spain

T Department of Periodontology, School of Dental Medicine, University of Michigan,
Ann Arbor, USA

** Department of Periodontology, University of Bern, Bern, Switzerland

1 Department of Stomatology and Oral Surgery, University of Bern, Bern, Switzerland

Corresponding author:

Alberto Monje, DDS, MS, PhD

Department of Periodontology Universitat Internacional de Catalunya

C/ Josep Trueta s/n, 08195
Sant Cugat del Valles. Barcelona. Spain. Tel: 0034 93 504 20 00

E-mail addressramonjec(@umich.edu

Telephonew+34924203045

Word account: 2423

Running title: Microbiota and host-related factors in peri-implantitis

This is the author manuscript accepted for publication and has undergone full peer review
but has not been through the copyediting, typesetting, pagination and proofreading
process, which may lead to differences between this version and the Version of Record.
Please cite this article as doi: 10.1111/JRE.12797

This article is protected by copyright. All rights reserved


https://doi.org/10.1111/JRE.12797
https://doi.org/10.1111/JRE.12797

One sentence summary: Experimental peri-implantitis is led by an increase of

unspecific bacteria.

Conflict of interest: The authors declare no direct conflict of interest. Dr. A. Monje

received honoraria from TICARE Implants (Valladolid, Spain) and research funding.

Abstract:

1.

Objective: To evaluate microbial and host-derived biomarker changes during
experimental peri-implantitis in the Beagle dog.

Background: Limited data exists on the microbial and biomarker changes during
progressive bone loss as result of experimental peri-implantitis.

Methods: In total, 36 implants (ng.,=6) were assessed over 3 episodes of
ligature=induced peri-implantitis followed by a period of spontaneous
progression. Implants with hybrid (H) and completely rough (R) surface designs
were used. Clinical and radiographic parameters were recorded at 4 timepoints.
Peri-implant sulcus fluid was collected from the buccal and lingual aspects of
the implants. The presence of 7 bacterial species and 2 host-derived biomarkers
wassassessed during the study period.

Results; Total bacterial counts were significantly correlated with marginal bone
loss™(MBL) (r=0.21; p=0.009). Further, Phorphyromonas gulae (Pg) and
Tannerella forsythia (Tf) were commonly correlated with MBL, suppuration
(SUP) and the sulcular bleeding index scores (mSBI) (p<0.05). Other bacteria
were further correlated with SUP, mSBI and MBL. While the analyzed bacteria
dropped, Prevotella intermedia (Pi) further increased during the spontaneous
progressive phase (p<0.05). Total bacterial load did not differ significantly
between H and R implants. Host-derived IL-10 was undetected along the study
period. IL-1P positively correlated with probing pocket depth (r=0.18; p=0.03).
During spontaneous progression, H implants displayed statistically significant
lowerdevels of IL-1B (p=0.003)

Coneclusion: Experimental peri-implantitis is associated with an increase in
baeterial counts. While Pg and Tf are associated with ligature-induced disease
progression, Pi augmented its load during the spontaneous progressive phase.
IL-1B is associated with pocket probing depth and influenced by implant surface

characteristics during the spontaneous progression phase.
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Introduction

Peri-implantitis’ is conceived as a biofilm-mediated inflammatory condition
characterized by progressive loss of the supporting tissues. In fact, outcomes from
preclinical and clinical human studies demonstrated that the deposition of plaque on
dental implants induce peri-implant mucositis and peri-implantitis. It has been further
documented_that disease onset and progression are associated with qualitative and
quantitativerdifferences in the microbiome when compared with peri-implant health.! In
point of factsit was demonstrated that within an hour after implant surgery, bacteria
colonize the peri-implant environment and a complex biofilm is formed within 2
weeks.” Data, from reports indicate that peri-implantitis is a heterogeneous mixed
infection including periodontopathic organisms, uncultivable anaerobic gram+ and

gram- rods, enteric rods and Staphilococcus aureus.>-

This article is protected by copyright. All rights reserved



Biopsies from human peri-implantitis lesions display inflammatory infiltrates more than
twice as large as those noted at periodontitis sites.® In addition, it is featured by larger
numbers and densities of plasma cells, macrophages, neutrophils, and a higher density
of vascular structures outside and lateral to the cell infiltrate compared to periodontitis
sites.® Heneeyin spite of the conflicting data that has evidenced the morphological and
immunophenotypical differences between peri-implantitis and periodontitis, the former
has shown to be more severe in inflammatory infiltrate.” In this sense, peri-implantitis
has demenstrated an increase in bone turnover markers, proinflammatory cytokines,
such as tumot necrosis factor or interleukin-1, and proteinases, considered as valid and

accurate molecules to monitor peri-implant disorders.3-10

Therefore,"the purpose of the present preclinical in vivo study was to assess the
colonization and shifts in microbiota and host-derived biomarkers in the course of

ligature-induced and spontaneous progression of peri-implantitis in dogs.

Material and.methods

The study, protocol was submitted and approved by the Local Ethics Committee
(Government of Extremadura, Health and Social Policy Council, Extremadura, Spain
[#2017209030001787]) in compliance with the pertinent local and European regulations
(REGA"ES 100370001499). Furthermore, the study followed the ARRIVE (Animal
Research: Reporting of /n Vivo Experiments) guidelines developed as part of an NC3Rs

initiative'to improve the design, analysis and reporting of studies involving animals.!!

Experimental design

An in vivo animal study involving six healthy Beagle dogs'?> of approximately 1 year
were used._for this study. The animals were housed under laboratory conditions. The
recommendedthumidity for the room is >30%. The light cycle was controlled using an
automatiestimetr (12 hours light, 12 hours dark). The animals were fed a daily pellet diet.
All the specimens presented intact maxillary arches, without any general occlusal

trauma or oral viral or fungal lesions.

Tooth extraction and implant installation
Mandibular premolar and molar extractions (P2 — M1) were performed in the hemi-

arches of each dog. On the buccal as well as on the lingual aspect of the ridge, minimal
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full-thickness flaps were elevated to disclose the marginal portion of the periodontal
tissues. The teeth were sectioned in a bucco-lingual direction at the bifurcation using a
tungsten carbide burr so that the roots could be individually extracted using a periotome
and forceps, without damaging the bony walls. The wound margins were stabilized with

a continuoussinterlocking suture.

Implant placement was performed 8 weeks after dental extraction. Following crestal
incision and flattening of the edentulous ridge with a round bur, implants were placed
following_manufacturer’s instructions. Two different implants based on their coronal
design were tested: rough up to the platform (R) (TiCare Inhex Mini 3.3 X 8 mm;
roughness? 1£221.6 Ra - Mozo-Grau, Valladolid, Spain) and hybrid (H) (TiCare Inhex
Mini 3.3 % 8"mm; roughness of machined surface: 0.2 Ra/roughness of moderately
rough surface: 1.2-1.6 Ra - Mozo-Grau, Valladolid, Spain) with 1.5 mm of machined
surface at the coronal aspect (Figure 1). Both implant designs were platform-switch
design. The micro-rough surface for R and H implants was hydrophobic resorbable blast
media (RBM-TC). Altogether, 6 implants were randomly inserted per animal (3 by
side). All,study implants healed under a submerged environment and received a one-
piece healing“abutment at 8§ weeks. The flaps were re-adapted around the healing
abutments_with interrupted sutures to preserve at least 2mm of keratinized mucosa
around the tmplants to anticipate peri-implant tissue health.!> Oral hygiene was
performed daily, consisting of daily brushing with pumice combined with 0.12%
chlorhexidine digluconate followed by topical application of 0.12% chlorhexidine

digluconate spray for a total of 3 weeks.

Ligature-induced peri-implantitis

The detailed ligature-induced peri-implantitis protocol can be found elsewhere.!?
Briefly, afters8 weeks of healing, silk ligatures (3/0) were placed looping the apical
portion ofsthesimplant-supported healing abutments and changed three weeks apart for a
total of thrée events (T1: 3 weeks; T2: 6 weeks; T3: 9 weeks). All ligatures were
removed after three weeks with sustained deprivation of oral hygiene to test the

spontaneous progression of peri-implantitis (T4: 12 weeks).

Clinical analysis
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As published elsewhere,!? the clinical assessment was carried out with a North Carolina
probe (Hu-Friedy, Chicago, IL, USA) using controlled force probe about 17g to
evaluate four different clinical parameters: pocket probing depth (PPD), sulcular

bleeding on probing (mSBI)'4, mucosal recession (MR) and suppuration (SUP)

Radiographic analysis

As published elsewhere,!® all images were obtained using computed tomography (CT)
(Phillips iMedical System, The Netherlands) under general anesthesia following each
clinical examination. The imaging parameters were set at 120 kV, with an increment of
0.5 mm, a.slice thickness of 1 mm, a mAs/slice ratio of 250, collimation 6x0.75 and a
matrix of#512,with a field of view (FOV) sufficient to scan the mandibular body. Data
were saved in‘the Digital Imaging and Communications in Medicine (DICOM) format
and reconstructed to obtain cross-sectional slides (Osirix MD, Bernex, Switzerland)
using a desktop computer. Distance from the implant platform to the first coronal bone-
to-implant contact was determined in four positions per implant: mesio-buccal (MB),
mesio-lingualg(ML), disto-lingual (DL) and disto-buccal (DB). These measurements

were carried four times (at each timepoint: T1, T2, T3 and T4).

Sampling of peri-implant sulcus fluid and microbial/host-derived markers analyses

Peri-implant sulcus fluid was collected at the buccal and lingual aspects of each site by
means of sterile paper strips (Periopaper; Oraflow Inc., Smithtown, NY, USA) at 3
timepoints during the ligature-induction of peri-implantitis (T1-T3) and at T4 during
spontaneous progression of peri-implantitis. Paper strips were placed at the entrance of
the crevice and left in place for 30 s. Subsequently, the paper stripes were transferred to
tubes placed in ice and stored at -80°C until analysis. Samples were eluted at 4°C
overnight _intol 600 pl phosphate-buffered saline containing proteinase inhibitors
(Sigma-Addrichy St. Louis, MO, USA). From the eluates, the levels of interleukin IL-13
and IL-lOgmwere determined by wusing commercially available enzyme-linked
immunoserbent assay (ELISA) kits according to manufacturer’s instructions.
Furthermore,, DNA was extracted using the Chelex method for real-time PCR and
performed for the bacterial species Neisseria canis (Nc), Prevotella intermedia (Pi),
Fusobacterium nucleatum (Fn), Porphyromonas gulae (Pg), Tannerella forsythia (Tf),
Campylobacter rectus (Cr) and Parvimonas micra (Pm) known to be involved in

periodontal biofilm formation in dogs.!% 17 Total bacterial counts were also tested (16S).
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Statistical analysis

To test correlations at implant and site levels, Pearson’s lineal correlation coefficient
was applied. Lineal regression equations (GEE) were calculated from microbiological
and host=related markers analyses. Same calculations were applied to test the effect of
implant designjon the microbiological and host-derived markers features. Chi> Wald
was applied to provide the 95% confidence intervals (CI) for the 4 timepoints evaluated.

The levelof statistical significance was set at 0.05.

Results

Overall, 36 fimplants were followed up during 3 episodes of ligature-induced peri-
implantitis”(T1-T3) and 1 stage of spontaneous progression (T4). No implant loss
occurred along\the study period. Mean MBL at T4 was 5+0.7mm (Figure 2). Mean
clinical values/scores along the study period for the clinical and radiographic parameters

can be found elsewhere.!?

Microbial profile during experimental peri-implantitis

Total bacterial"counts (16S) and all the analyzed bacteria significantly increased their
load during_ induction (compared to T1 - p<0.001) and slightly dropped during the stage
of spontaneous progression with the exception of Pi, which significantly raised further
from T3 to T4 (p<0.05) (Figure 3). Total bacterial count was significantly correlated
with MBL (r=0.22; p=0.009) (Figure 4a). Alike, Pg (r=0.36; p<0.001), 7f (r=0.23;
p=0.0006), Fn (r=0.36; p<0.001) and Cr (r=0.25; p=0.003) were further correlated with
MBL. No_significant associations were identified for PPD or MR and microbiota.
Nevertheless, 16S (r=0.20; p=0.01), Pg (1=0.31, p<0.001), 7f (r=0.16; p=0.04) and Fn
(r=0.24; p=0.004) reached statistically significant correlations with mSBI (Figure 4b).
Along theserlines, SUP exhibited significance with Pg (r=0.22; p=0.009), Tf (=0.22;
p=0.007)s:Nex(t=0.24; p=0.003) and Cr (r=0.19; p=0.02) (Supplementary table 1). When
comparingsSpecific implant sites, 16S (r=0.24; p=0.004), Pg (1=0.32; p=0.001), 7f
(r=0.24; p=0.004), Fn (r=0.35; p<0.001), and Cr (r=0.27; p<0.001) were significantly
correlated with MBL at buccal sites, while Pg (r=0.30; p<0.001), Fn (r=0.28; p=0.001)
and Cr (r=0.18; p=0.03) were significantly correlated with MBL at lingual sites.

Significance of implant design on microbial profile
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Total bacterial load did not differ significantly between H and R implants along the
study period. Total bacterial counts at T4 were 7.06 and 7.11 for H and R implants. R
implants exhibited a mean of 0.07 units less of total bacterial counts along the study
period. Interestingly, R implants displayed statistically significantly lower bacterial
countsfor=Zf(p=0.01) - in particular at T1 (p=0.03) and T2 (p=0.001) and Fn (p=0.01)
— in particularat T3 (p<0.001). On the other side, Pi exhibited statistically significant
lower values for H implants along the study period (p=0.04) - in particular with strong

statisticabsignificance at T3 (p<0.001) (Supplementary table 2)

Host-derived markers during experimental peri-implantitis

The anti-ififlammatory cytokine IL-10 was not identified along the study period. For the
pro-inflammatory cytokine IL-1pB, a statistically significant increase was found along
the study period. In fact, a non-statistically significant tendency towards significance
was demonstrated when correlated with MBL (r=0.13; p=0.13). A statistical moderate
significant correlation was reached with PPD (r=0.18; p=0.03) (Figure 4c).

Significance of implant design on host-derived markers

Despite no“statistically significant differences could be attributed to implant design
along the study period, a significant drop of ~%: of the mean value in IL-1 was noted
for H implants during spontaneous progression of peri-implantitis while at R implants a
statistically significant increase of ~2x in the mean value at T4 (p=0.003) was observed

(Figure 5).

Discussion

Main findings

This preélinical experimental peri-implantitis study shed light on the microbial and
host-derived=markers in the course of the disease as follows: (1) peri-implantitis
progressionminduced by ligature is associated with an increase in periodontopathic
bacteria, (2) putative pathogens such as Pg and 7f are commonly associated with
progressiver bone loss and the presence and profuseness of mSBI and SUP, (3)
spontaneous progression of peri-implantitis is characterized by a decrease in pathogenic
bacterial counts (except Pi that further increased) along with the reduction in clinical
parameters and, (4) implant surface might play a role upon the spontaneous progression

of experimental peri-implantitis in terms of IL-1p.
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Are our findings consistent with previous results?

A limited number of experimental studies elucidated the distinct bacterial and host-
derived features in the course of peri-implantitis. Eke et al. (1998) assessed at 5 time-
points thesmicrobiota associated with experimental peri-implantitis in adult Macaca
mulatta monkeys. It was shown the role of spirochetes in disease progression as they
were correlated with increase in PPD and MBL. Furthermore, levels of Pi were
positively; correlated with BOP while levels of Actinomyces actinomycetencomitants
were negatively correlated with BOP.!® Tillmanns et al. (1998) demonstrated in beagle
dogs that.Actinomyces actinomycetencomitants, Pi and Pg were consistent across the
samples af the'end of the experimental peri-implantitis study period.!” Later on, Junior
et al. (2000) evaluated the attachment loss and bacterial profile in experimental peri-
implantitis in mongrel dogs. Interestingly, 7f and Pg presented strong association with
MBL, while other putative bacteria such as Actinomyces actinomycetencomitants, Pi
and Prevetella nigrescens were undetected along the study period.?’ More recently, it
was evideneedsthat Pg and T7f increased significantly along the ligature-induced peri-
implantitis, experimental phase.?! Our findings, therefore, are consistent with previous
resultston“the“increase in bacterial counts, in particular Pg and 7f, during ligature-
induced peristmplantitis. On the other hand, Charalampakis et al. (2014) showed in
beagle dogs that the total bacterial load increased during the period following ligature
removal and established an anaerobic Gram-negative microflora.! The later findings can
be attributed to the longer phase of spontaneous progression compared to ours.
Nevertheless, observations from the present study partially agreed with Charalampakis

et al. as the Pi counts significantly increased from T3 (0.21) to T4 (0.34).

The results of the present experimental study suggested that bacteria such as Pg, Tf, Fn
and Cr aressignificantly associated with progressive bone loss. Interestingly, Pg and T,
were furthemsignificantly associated with mSBI and SUP. Hence, based on the fact that
Pg and _TZf"proved to be associated with radiographic and clinical signs of disease
progressionrunderlined the concept that this nonmotile anaerobic Gram - bacteria seems
relevant in the progression of the disease. Therefore, findings from the present study
supported the feasibility of microbial analysis to monitor disease progression.
Furthermore, in light of these findings, it could be speculated that the use of antibiotics

to target nonmotile anaerobic Gram - bacteria might be beneficial for the resolution of
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peri-implantitis, as also suggested by clinical studies on the management of peri-

implantitis.?>2*

This experimental study could not identify IL-10 along the study period whereas IL-1
displayed -astendency towards statistical significance with peri-implantitis progression.
These findings are contemplated within the context that peri-implantitis lesions display
a significant increase in the population of M1 macrophages compared to periodontitis,
which express high level of pro-inflammatory mediators in contrast to M2 macrophages
that are associated with the production of IL-10.%° In addition, to our knowledge this
interleukin has/not been experimentally tested in preclinical studies on peri-implantitis.
Neverthel@ss, outcomes from human studies indicated increased levels of this pro-
inflammatery 'cytokine in patients with peri-implantitis.®> 2 27 For instance, Renvert et
al. (2015) evidenced that profuse bleeding and/or SUP was associated with higher levels
of IL-1P.%° The present study indicated that IL-1p is significantly correlated with PPD.
This finding is not surprising since this cytokine is produced by activated macrophages
and is animpertant mediator of the inflammatory response, and is involved in a wide
array of cellular activities such as cell proliferation or apoptosis.?® Interestingly, these
findings"didnot find a correlation between IL-1B and SUP or mSBI. This might be
attributable tothe inherent shortcomings associated with this experimental model and
the short-term™ duration of the study. More robust findings concerning the pro-
inflammatory profile would benefit from the analysis of multiple proinflammatory

cytokines such as IL-6 or tumor necrosis factor (TNF).

Limitations

The present study has drawbacks that must be disclosed. First, scarce evidence indicates
that ligature-induced model resembles naturally occurring peri-implantitis.?’ Episodes
of experimental induction were applied every 3-weeks. This is a relative short time
frame compared to other investigations on the same matter.!> 3% 3! In addition, only 7
bacteria_were tested, while the core peri-implantitis microbiome is known to be
significantly .wider based on previous experimental reports and human findings on

naturally occurring peri-implantitis.’> 4 32

Moreover, it is worth to note that that bone measurements were carried out using CT

instead of intraoral radiographs (IR). In fact, CT may overcome limitations inherent to
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IR such as superimpositioning®? or the impaired evaluation of the buccal and lingual
bone plates.?* Nonetheless, the use of CT may be linked to inaccuracies in detecting

bone levels due to beam hardening metal artifacts.?

Futurevdirections

Recent experimental findings suggested that implant surface characteristics influence
the progression of peri-implantitis.3!- 3¢ In fact, a histological analysis revealed that the
vertical dimensions of the lesion, the pocket epithelium and the apical extension of the
biofilm were larger for micro-rough surfaces than for turned surfaces.?!' Into the bargain,
clinical’™land preclinical3® data pointed out that peri-implantitis resolution in implants
with turfied “jsurface was more efficient than with micro-rough surfaces.
Notwithstanding, to our best knowledge, this is the first experimental report testing the
concept of hybtid implants compared to previous trials that evaluated machined-surface
implants.!> 30- 31. 39 Qur findings indicated that implant surface characteristics in the
coronal ‘aspect of the influences the pro-inflammatory profile (IL-1B)  during
spontaneoussprogression of peri-implantitis. From this data, it can be speculated that in
individuals prone to develop peri-implantitis based on altered susceptibility (i.e., with
historyiofperiodontal disease, irregular supportive care or suboptimal plaque control),*
or more pathogenic bacterial profile H implants with a machined collar under the
platform could offer benefits in terms of reduced inflammatory profile for the
prevention and arrestment of peri-implantitis. In fact, preclinical findings by Monje et
al. (2018) 1n an experimental peri-implantitis model indicated that R implants presented

with slightly greater MBL compared to H implants.'?

Conclusion

An increasevingpathogenic bacteria is associated with ligature-induced progressive bone
loss, bleedingfand suppuration as consequence of experimental peri-implantitis. The
spontaneous progression of the disease, however, is generally associated to a decrease
in bacteriali counts in the short-term. While Pg and Tf are associated with ligature-
induced disease progression, Pi augments its load during the spontaneous progressive
phase. Moreover, IL-1p is associated with pocket probing depth and is influenced by the

implant surface characteristics during the spontaneous progression phase.
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Figure legends

Figure 1. Implant designs tested in the present study (left: micro-roughened
implantssurface — R; right: hybrid design with machined surface at the coronal
portion 4H)

Figure 2i"Marginal bone loss (mm) along the study period. MB: mesio-buccal;
DB: disto-buccal; ML: mesio-lingual; DL: disto-lingual

Figure 3. Graphs showing the bacterial counts along the study period. Note: x-
axis indicate/timepoints; y-axis: meantstandard deviation. (a) summary of
bacteriakcounts, (b) total bacterial counts (16s), (c) Porphyromonas gulae (Pg),
(d) Tannerella forsythia (Tf, (e) Neisseria canis (Nc), (f) Prevotella intermedia (Pi),
(9) Fusobacterium nucleatum (Fn), (h) Parvimonas micra (Pm), (i)
Campylobacter rectus (Cr), (j) interleukin IL-1P.

Figure 4. Statistically significant correlations reached between (a) 16S and
marginal bone loss (MBL measured in mm), (b) modified sulcular bleeding index
(y-axis: score) and total bacterial counts (16S), (c) IL-13 and probing pocket
depth (PPD.measured in mm)

Figure 5. I[L-13,along the study period for hybrid (H) and rough (R) implants
Supplementary table 1. Per fime point and global correlations between the
clinical and radiographic parameters and bacteria and host-related

biomarkers.analyzed.
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