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Abstract

Backgrou riciessss

Aim of the hudy was the histologic classification of the inflamed peri-implant

soft tissue eramic implants (Cl) in comparison to titanium implants (TI).
Methods w

Peri-implanimdi were retrieved from 15 patients (age 34-88 years, 7 male/8
female) wit e peri-implantitis [8 CI, 7 TI]. The peri-implant soft tissue samples

were retrie\gd from the sites during scheduled removal of the implant and prepared
for immunqlpi emical analysis. Monoclonal antibodies (targeting CD3, CD20,

CD138, CD68) Were used to identify T- and B-cells, plasma cells and macrophages.

Quantitative sment was performed by one histologically trained investigator.
Linear ssion models were used.

Results
G

A similar nu ical distribution of the cell population was found in peri-implantitis
around CI dto Tl. CD3 (T1 17 — 85 % vs CI 20 - 70 % of total cell number)
and CD13!ETI 1 -73 % vs Cl 12-69 % of total cell number) were predominantly

expressew, patient-individual differences of numerical cell distribution were

detected. ngation of B- and T-lymphocytes was observed.

Conclusion
Peri-imp@und Cl in comparison with TlI seems to have a similar histological

appearance. Differences in cellular composition of peri-implantitis lesions might also

depend on the patients specific immune status and not only on the material used.
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N
Introducgn

Oral implglarge the treatment options to replace missing teeth and have been

proven t sutcessful as shown in systematic reviews with long-term follow-up'2.

S

Although surviVigl rates appear convincing, peri-implantitis around dental implants is

E

a challen ily practice, with a prevalence around 20 %°. The prevalence rate of

1

peri-implahiitissis highly variable and seems to be affected by clinical case definition

and locafita w such as implant characteristics®. Peri-implantitis is defined by the

a

Cons ference of the American Academy of Periodontology and the

European ration of Periodontology as a “plaque-associated pathological

M

condition occurring in tissues around dental implants, characterized by inflammation

in the pefi-implant mucosa and subsequent progressive loss of supporting bone™.

E

However nt articles with varying evidence consider additional trigger

Q

mechanis or peri-implant bone loss, such as prosthetic, surgical and

h

biome actors®®. For the identification of possible etiologic factors of a

diseas

[

essary to study the immunohistological composition as known from

studies regarding aseptic loosening of orthopedic implants’®.  The cellular

U

compositio peri-implantitis around titanium implants is characterized by the

existenc eutrophils, macrophages, and/or T- and B-cells''. The infiltrated

A

connective tissue (ICT) in peri-implantitis is more than twice as large as the ICT of

periodontitis and presents a significantly higher number of CD68 and
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myeloperoxidase (MPO)-positive cells'’. Further, current histological studies showed
a distinct macrophage M1 polarization compared with periodontitis'>2.

Even thoMm and its alloys are the most commonly used materials for oral
implants aponents, ceramic oral implants are increasingly being placed™.
Three zigcqmigae@ntaining ceramic systems are established in implant dentistry:
yttrium-stathtetragonal zirconia polycrystals (Y-TZP), alumina-toughened
zirconia (A and zirconia-toughened alumina (ZTA)15. Currently, there are mainly
one-piece i on the dental market, however more and more two-piece ceramic

implants a’-ﬂablem'm. To produce a roughened zirconia surface, sintering

particles o

SC

mplant surface, nanotechnology, lasertechnology, sandblasting or

sandblasting and acid etching with in a mixture of hydrofluoric and sulfuric acid and

N

have been ding to different manufacturer dependent microtopographys'®. Y-

a

TZP has e described to exhibit various benefits including excellent
biocompa 20 Since zirconia implant surfaces show a difference in biofilm

formatio rison to titanium implant surfaces, the peri-implant immunological

Vi

cellular response might be different between titanium und zirconia implants'®. Peri-

T

implantitis also occurs around ceramic implants but due to missing data the

prevalence own>'®. To date there is no histological analysis of the tissues

©

around cer lants with signs of peri-implantitis. Although, there might be some

§

similarities petwegn the clinical appearance of peri-implantitis around titanium and

t

ceramic im a congruence between these conditions was never shown on a

u

histological o far.

The aim ilot study was the histologic classification of the inflamed peri-

A

implant soft tissue around ceramic implants in comparison to titanium implants.
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Material and Methods

The studyﬁ approved by the ethics committee of the University Medical Center

Freiburg, (Ethik-Kommission Albert-Ludwigs-Universitat, Freiburg) No
N , . L :
337/04. Fhis study was performed in accordance with the Helsinki Declaration of
1964, asQ in 2013 and with EQUATOR guideline321. Before enrollment, the
patients r d information regarding the purpose of the study and signed an

informedwﬂ. All patients were consecutively enrolled in two study centers

(Departmen ral and Craniomaxillofacial Surgery/Translational Implantology and
the Depa of Prosthetic Dentistry, University Medical Center Freiburg,
Germany -retained and cemented restorations were included. None of the
patients @nown systemic disorder (e.g. diabetes mellitus) that could have
affect jodontal and peri-implant tissue conditions.

Inclusion criteria

Soft tisss samples were taken from patients with severe peri-implant disease

around m and titanium rough implants with indication for explantation,
e

diagnos linical investigation and radiographic bone destruction (bone loss of
more M the implant length or mobility with or without suppuration) according
to the (‘Wny Lang et al.?. Prosthetically restored implants were included which

had received ths restoration more than 12 months ago.

<
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Exclusion criteria
Immunos“d, irradiated patients or patients with current chemotherapy were

excluded apatients under the age of 18. Nicotine users and patients with

generalizedgagtiMesperiodontal disease were excluded in the present study.

Retrieval ahessing of biopsies

The retriev@)psies was performed as described earlier’. Briefly, the biopsies
were obtairmhe time of surgical removal of the implant. The intervention was
performed cal anesthesia with Ultracain DS forte**. A circular incision and

two releasi ons mesial and distal of the implant were performed with a scalpel

(15¢)™. A r!ucoperiosteal flap was mobilized and a clamp and a scalpel were used

to remove iaflammatory tissue as a biopsy which was histologically processed.
For further ing the biopsies were fixed in 3,5 % neutral buffered Formalin*.
Subseque e biopsies were embedded in paraffin®® and cut with a rotary
microto jal sections of 2 um thickness using the Leica microtome™.

Immunohistochemical Analysis
Sections ;@ axed and incubated in DIVA antigen retrieval solution*** at 60°C

over night. lhe sections were incubated with a primary antibody for 30 min followed

£y

by incubatiin withy Envision HRP labeled polymer'™ for 30 min. Positive cells were

detected u B substrate™. The chosen antibodies™ were CD3 1:200 (T-
lymphocyte), 1:400 (B-lymphocyte), CD138 1:50 (plasma cell, clone MI15),
CD68 1 acrophage, clone PG-M1). Counterstaining was performed with

hematoxylin'™™.
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Labortec!ﬁ bH, Edermiinde, Germany),”Leica RM2255, Wetzlar, Germany,

***Bjocar Concord, USA, ""DakoCytomation A/S, Glostrup, Denmark

j m
N

L

Histologmalysis

The premrial sections were digitized via the Panoramic SCAN® device and

investiga:a Panoramic Viewer (3DHISTECH, Budapest, Hungary). Every
as fille

sample w. d covered with 20 randomly selected ROI's (Figure 1). The ROI's

compriseﬁe of 500 um x 800 pm at a magnification of 15.5x. Pictures of the
ROI’s w@en and antibody positive cells in the ROI's were counted using
ImageJ (NI ethesda, USA). The results were assessed by one for this evaluation

trained inve tor (JM). The investigator was blinded regarding clinical patient

chara
Statistic sis
For descr nalyses, the mean, median, and standard deviation were computed.

Box and sacked plots were used for graphical presentations.

Lineaeression models were used to check for differences among the log-

transformed ceScounts with regard to implant material (ceramic and titan), as well as
differences g the cell counts with regard to cell type (CD3, CD20, CD68 and
CD13 each material. All of the aforementioned linear mixed models were

adjusted for region of interest. To correct for the multiple testing problem, the results
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of pairwise comparisons were adjusted by the method of Scheffe. The calculations

were performed with the statistical software STATA 15.1.

T

Results Q

Biopsies ofhi—implant tissue were retrieved from 15 patients (age 34-88 years,

6 male/9 f@with severe peri-implantitis [8 ceramic implants (Cl), 7 titanium

implants (T, Table S1 in online Journal of Periodontology). The presence of

macrophag -L ymphocytes, T-Lymphocytes and plasma cells was identified in all

LS

samples. phs illustrating peri-implantitis lesions for both implant materials

are presented in Figure 2. The predominant cell-type in peri-implantitis lesions

N

around ceraggi plants were plasma cells CD138 (mean 53 %), followed by T-

=

lymphocyte (mean 32 %), B-lymphocytes CD20 (mean 10 %) and

macropha 68 (mean 5 %) (Table 1). There was no significant difference

M

regardin number of stained cells in peri-implantitis lesions around ceramic

implants in comparison to titanium implants (p > 0.05) (Figure 3, see Table S2 in

1

online Journal of Periodontology). In 249 of 300 (83 %) ROI, there was a co-

O

appearanc and CD20 (see Figure S1 in online Journal of Periodontology).

Interestingl interindividual variation regarding the prevalence of the cell-type

£

was obseryed ingboth materials. The range in the ceramic group was for CD3-

¢

positive cel %, CD20-positive cells 3-22 %, CD68-positive cells 2-10 % and

U

CD138-pos lIs 12-69 % of all cells, whereas in the titanium group: CD3 17-85

%, CD2 %, CD68 1- 26 %, CD138 1-73 % (see Table S2 in online Journal of

A

Periodontology). Interindividual differences in the immunohistological cellular
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composition of the biopsies evaluated might also hint to an influence of the patient-

specific immune status rather than only the implant material used (Figure 4).

{

Discussi

Crl

The cellyar gomposition of tissue with peri-implantitis around zirconia-based
implants ever been explored before. The specific interaction of inflammatory
cells in wwith peri-implantitis and their impact on peri-implant osseous

breakdown withyregard to the implant material is still unknown'"?®. The present pilot

€

study de ted that there is a similar histological appearance of peri-implantitis

1

lesions ceramic and titanium implants in the soft tissue. The most

predominan s found for both materials were plasma cells (CD138) followed by T-

a

lymph 3). The mean distribution of cells observed in this study is in
accordance the results Carcuac and Berglundh presented for peri-implantitis
around titanium implants (mean CD138: 33 %, CD 3: 21 %, CD 68: 11 %, CD 20: 7
%)". Ho%he latter authors provided mean values and analyzed solely titanium

sampIeS.Qation regarding individual variations of the patients’ immune

response not reported. In the present study, an interindividual distinction

b

regardi -type frequency on the patient level was seen irrespective of the

{

implan . The current results may suggest that an immune response is

associated withpatient-specific parameters rather than with implant materials.

Gl

The prese unohistological data display the late phase of peri-implantitis (with

indicatio lant removal) with the differentiation of B cells and the existence of

A

Antibody-secreting cells (plasma cells) verified by CD138 staining®?°. Antibody-

secreting cells are fundamental in humoral immunity by secreting antibodies which
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prevent bacterial adherence, promote phagocytosis and activate the complement
system26. Interestingly, the T-cell arm of the immune response is activated in this
stadium Mlantitis as well, demonstrated by the amount of expressed CD3-
positive T—eIIs are able to differentiate into various different subsets.
Basicallygy GR8sp@sitive T cells showed a cytotoxic potential acting to kill cells that

have been hﬂ with intracellular microbes and tumors. CD4-positive T cells are

¢

designatedfas helper cells as they are responsible to regulate the cellular (B cell
help) and immune responses (delayed-type hypersensitivity)?’. Since the

aim of the study was a general overview of inflammatory cell appearance in

LIS

peri-implan around two implant materials, a T-cell subset characterization

was not pefformed. A detailed lymphocyte characterization should be performed in

n

following st discriminate this lymphocyte-driven inflammation process.

cl

Since varia garding cell-type distribution on the patient level were detected,
the prese Its may suggest an immune response associated with patient-

specific rs like implant biofilm/oral microbiome composition, different

M

implant surface characteristics, different anatomical features like bone quality and

I

soft tissue condition, different and/or combined etiology pathways and individual

genetic annetic immunological conditions *>°?. Further, the histological
samples m been taken at a different stages of peri-implant inflammation, a

§

classificatiop between clinical diagnostic parameters and histological appearance

t

seems diffi he field of periodontology it is well accepted that patient individual

U

genetic an netic patterns lead to a different immunological potential based on

histone ation and DNA methylation with varying expression levels of

A

cytokines, chemokines and toll-like receptors of the oral epithelia®®. For peri-

implantitis similar mechanisms are suspected but not sufficiently examined?®.
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Orthopedic studies revealed typical histological patterns in low- and high-grade

infections around orthopedic prostheses consisting of neutrophil granulocytes,

plasma ceﬁs well as small lymphocyte aggregates, whereas in particle-induced

aseptic | rophages and multinucleated giant cells can occupy more than
W — . . . . 10 .o

20 % of fle lesion depending on particle size and configuration ™. High amounts of

macrophap to 26 %) in some patients of the present study may suggest a

particle/io ted etiology for this patient subgroup. Tissue retrieval studies in

orthoped d a predominance of M1 macrophages in response to wear particles

S

and an in-vitrOystudy based on genome-wide microarray and a multiplex cytokine

t

assay de ated that the response to titanium particles is determined by the

30,31

1

state of hage polarization™ . Recent studies demonstrated a specific

immunolmwacrophage polarization pattern comparing periodontitis and peri-

s whereas peri-implantitis lesions display a higher number of

macropha upled with a distinct macrophage pro-inflammatory M1 polarization
signature ' particle-triggered mechanism involved in peri-implantitis lesions
around ti!nium implants is being discussed, but an unidirectional causal relationship

between Q particles in the peri-implantitis lesions and onset or progression of
a

peri-impl disease has not been proven®?3. Influence of metal particles and

ions on i-implant biofilm and their possible role in the development, formation and

th

produc racellular polysaccharides is discussed in current research®. In the

peri-implant mdicosa of zirconia ceramic implants, zirconia elements have been

G

detected a I, however the origin and influence of metal or ceramic ions or

particles ri-implantitis remains unclear'’. Furthermore, the host-response and

A

interaction between lymphocyte- and monocyte-macrophage lineage as well as the

influence of nano- and microparticles on the microbial biofilm and cytokine release in

This article is protected by copyright. All rights reserved.



peri-implant inflammation is not elucidated and future studies could shed more light
on the etiological discussion®.

Within th“he first histological comparison of human peri-implantitis lesions
around Ce titanium implants was performed. However, we have to
acknowlggdgesseneral limitations. First, this pilot study has only a small number of
samples. Dhe limited sample size conclusions have to be drawn carefully, but
could help @ the study protocol in future studies with a larger sample size. In
the currenMY-TZP implants of a single manufacturer and type (one-piece
implants) mined. To validate the present findings, peri-implantitis around
different cegaimi plant systems with different surface treatment like sandblasting,
etching an@al coatings of the implant as well as different modification of the
implant matiggighdike alumina toughened zirconia (ATZ) should be considered in
future clinic es>®. All implant samples for this investigation were obtained from
patients Ee peri-implantitis (late phase of peri-implantitis) with the indication
for remo implant. A comparison between clinical conditions at explantation
and histolowpearance cannot be performed, since the definition of Lang et al.

conditions

was used as general endpoint in the present study22. In following studies the clinical
@\ached Gingiva, prosthetic restoration, grafting procedures) and

histologi@ance could be considered as well as the clinical conditions at

implant plaiemew and at the time of implant removal compared. The complete

clinical hismrxplants from placement to removal would be preferential but can
t

only be ac

of the im{

A conclusion concerning the etiology of peri-implantitis, conversion of mucositis into

he patients have not been referred solely for the surgical removal

peri-implantitis, early peri-implantitis, histological progression pattern of peri-
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implantitis cannot be derived from the available samples, mainly due to ethical

concerns of sample harvesting.

{

Within thigginvestigation, it could be demonstrated that the immunohistological

P

cellular itien seems to exhibit interindividual differences and is not only

u
associatgd with the implant material. Profound research with a higher patient

sample sige isgtherefore, needed for thorough understanding of the pathogenesis of

G

peri-impla in general and of peri-implantitis around ceramic implants in

particula ith¥ such knowledge, the clinicians might find an optimal treatment

modality 10 maRage this difficult-to-treat disease.

Us

ConclusC

Soft tissmtained from peri-implantitis lesions around ceramic implants in
compag ith titanium implants seem to have a similar histological appearance at
time of im emoval. Differences in the immunohistological cellular composition

of the biopsies evaluated might also hint to an influence of the patient-specific

immune status rather than only the implant material used.
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Figure legends

Figure 1 rphometric analysis was performed in 20 randomly selected

ROI's. The gQksacomprised a size of 500 ym x 800 ym at magnification of 15,5x.
Pictures ofhl’s were taken and positive cells in the ROI's were counted using
Imaged. Th@s were evaluated by one histological trained investigator (JM).
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Figure 2 — Biopsies retrieved from peri-implantitis tissue around titanium and
ceramic implants. Staining was performed using hematoxylin and immunostaining

against D20, CD68 and CD138. Magnification 5x and 40x.
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Figure 3 — Biopsies derived from tissue around ceramic and titanium implants
demonstrated the same numerical distribution of cell population (CD 3, CD 20, CD

68, CD Mcount of each antibody in peri-implantitis around ceramic (blue)

and titaniumplants.

20
ceramic T titanium

L
21 .
od * °
: —
5| ! . T
- ]
= ® g g
i '
EI_ L ]
a ; ! !
. i 1
3 68 138
—

Autho

This article is protected by copyright. All rights reserved.



Figure 4 — Stacked plot demonstrated a patient-specific immune response.
Percentage distribution of cells stained with CD3, CD20, CD68 and CD138 for each

patient (Patignt 1-15).
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Ot

N p50 mean sd min max
titanium
CD3 7 928 2483 2395 34 6215
CD20 7 179 477 634 2 1663
CD68 7 431 489 435 5 1032
CD138 7 2663 4612 7985 11 22340
ceramic
cD3 8 2915 3755 2241 2324 8980
CD20 8 533 1165 1212 340 3283
CD68 8 519 529 252 238 907
CD138 8 7111 6128 4397 419 13477

Table 1 —Tm count for each antibody used: p50, standard deviation (sd),

mininim d maximum (max) cell count.
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