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Abstract 

Peri	implantitis is a pathological condition occurring in tissues around dental 
implants
 It is caused by microorganisms and characteriRed by iniammation 
in the peri	implant connective tissue and progressive loss of supporting bone
 
/he goal of treatment of peri	implantitis is to resolve iniammation and to 
arrest further loss of supporting bone
 -emoval of the bacterial biohlm from 
the implant surface is a prereIuisite to achieve this goal
 /he aim of the 
present series of studies was to evaluate the enicacy in biohlm removal of 
dinerent implant surface decontamination methods
 

In Studies I and II, dinerent mechanical and chemical decontamination 
protocols on biohlm	coated titanium discs were evaluated
 It was 
demonstrated that air	polishing and rotating titanium brush were the superior 
mechanical methods, while alkaline electriRed water �A 2� and )	acetyl	'	
cysteine were the most enective chemical agents
 In Study III, dinerent 
combinations of mechanical protocols and chemical agents were ePamined 
using commercially available implants covered with a multispecies biohlm
 
Decontamination protocols including an air	polishing device or a rotating 
titanium brush were superior in terms of biohlm removal and in reducing 
atomic� of �arbon on implant surfaces when compared to methods 
restricted to wiping with gauRes
 /he use of chemical agents as adBuncts to the 
mechanical cleaning protocols provided no relevant beneht over saline
 Study 
IV evaluated the cleaning enicacy of air	polishing and a combination of air	
polishing and A 2 in surface decontamination of ePplanted peri	implantitis	
anected implants
 S ( analysis revealed that both treatment protocols were 
enective in biohlm removal
 2hile dinerences between treatment protocols 
were small, implant thread geometry, implant surface characteristics and 
gender iniuenced results
 In addition,  DS analysis showed that target Rones 
of the implant �apical, middle, coronal� iniuenced the atomic� of �arbon 
and �alcium and that implant surface characteristics anected the atomic� of 
/itanium
  

/he present series of in vitro studies demonstrated that both air	polishing and 
rotating titanium brush are enective tools in removing biohlm from implants
 
�linical studies are needed to assess the enicacy of the implant surface 
decontamination protocols during surgical treatment of peri	implantitis
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Periimplantit Ur en bakterieorsakad iniammationssBukdom i vUvnader runt 
tandimplantat
 SBukdomen kUnnetecknas av iniammation in den 
periimplantUra bindvUven och fortskridande fYrlust av stYdBande ben
 
�ehandling av periimplantit har som mVl att skapa utlUkning av 
iniammationsprocessen och dUrigenom fYrhindra fortsatt 
sBukdomsutveckling
  n fYrutsUttning fYr att uppnV detta mVl Ur att avlUgsna 
den bakteriella biohlmen frVn implantatets yta
 (Vlet med fYreliggande serie 
av studier var att utvUrdera enektiviteten hos olika dekontamineringsmetoder
 

I Studier I o�� II BUmfYrdes olika mekaniska och kemiska 
dekontamineringsmetoder pV biohlmtUckta titandiskar
 Air	polishing och 
roterande titanborste var enektivast bland mekaniska metoder, medan alkaline 
electriRed water �A 2� och )	acetyl	'	cysteine var bUst bland kemiska 
substanser
 I Studie III undersYktes olika kombinationer av mekaniska och 
kemiska dekontamineringsmetoder pV en kompleP biohlm som utvecklats pV 
konventionella tandimplantat
 I BUmfYrelse med metoder bestVende av 
rengYring med minitork som fuktats med olika kemiska lYsningar var bVde 
air	polishing och roterande titanborste mer enektiva med avseende pV 
avlUgsnande av biohlm och sUnkning av � kol	kontaminering pV implantatets 
yta
 Studie IV utvUrderade rengYringsenekten av air	polishing med eller utan 
A 2 pV periimplantit	drabbade implantat som uthUmtats i samband med 
behandling av patienter
 Tven om bVda metoder var enektiva i avlUgsnande av 
biohlm, pVverkades resultaten av implantatens olika geometri och ytstruktur
 
4tterligare analyser visade att Vtkomligheten fYr rengYring i den modell som 
anvUndes pVverkade kvarvarande halter av kol och kalcium pV implantaten, 
medan implantatens ytstruktur pVverkade atom� av Umnet titan
 

Tven om bVde air	polishing och roterande titanborste Ur enektiva metoder att 
avlUgsna biohlm frVn kontaminerade implantat, krUvs kliniska studier fYr att 
utvUrdera deras enektivitet i samband med kirurgisk behandling av peri	
implantit
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ABBREVIATION   ��	

���re�iation 

I�/  Inhltrate of iniammatory cells in connective tissue 
S (  Scanning electron microscopy  
 DS   nergy	dispersive 3	ray spectroscopy 
IP�-  ,uantitative polymerase chain reaction 
�!U  �olony	forming units 
PPD  Probing pocket depth 
�oP  �leeding on probing 
SoP  Suppuration on probing 
-�'  -adiographic bone level 
/i�s�  /itanium disc with smooth surface 
/i�r�  /itanium disc with moderately rough surface 
S    Secondary electrons 
�S   �ackscattered electrons 
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INTRO���TION 	 ��	

�ntro�uction 

Peri-implant diseases: peri-implant mucositis and peri-
implantitis 
Peri	implant diseases are bacterial plaIue	associated pathological conditions characteriRed 
by iniammatory lesions in the connective tissue around functioning dental implants
 /hey 
include two entities� peri	implant mucositis and peri	implantitis ��erglundh, Armitage, et 
al
, 20
��
 /he 20
� 2orld 2orkshop on �lassihcation of Periodontal and Peri	Implant 
Diseases and �onditions both revisited and updated currently valid disease and case 
dehnitions ��aton et al
, 20
��
  

Peri	implant mucositis is an iniammatory condition in the peri	implant mucosa in the 
absence of bone loss ��erglundh, Armitage, et al
, 20
�� #eitR	(ayheld � Salvi, 20
��
 It is 
clinically characteriRed by bleeding following gentle probing, redness and swelling
 
#istologically, an inhltrate of iniammatory cells in connective tissue �I�/� is present lateral 
to the Bunctional�barrier epithelium
 /he lesion does not ePtend into the supra	crestal 
connective tissue Rone ��erglundh et al
, 
��2�
 �acterial plaIue is the etiological factor for 
this condition �Pontoriero et al
, 
���� 5itRmann et al
, 200
�
 Once plaIue is consistently 
removed, peri	implant mucositis resolves �Salvi et al
, 20
2�
 

Peri	implant mucositis is assumed to precede peri	implantitis
 In the case of continued 
ePposure to submucosal plaIue, peri	implant mucositis can progress into peri	implantitis 
�%epsen et al
, 20
��
 

Peri	implantitis was described as a eplaIue	associated pathological condition occurring in 
tissues around dental implants, characteriRed by iniammation in the peri	implant mucosa 
and subseIuent progressive loss of supporting bonef ��erglundh, Armitage, et al
, 20
�� 
SchwarR et al
, 20
��
 PlaIue has, again, been identihed as the main etiological factor of 
peri	implantitis
 #istologically, an ePtensive I�/ dominates the connective tissue 
compartment and typically ePtends into the supra	crestal connective tissue Rone and even 
into close proPimity with the crestal bone ��erglundh et al
, 200�� SanR et al
, 
��
�
 /he 
overall siRe of the I�/ in peri	implantitis lesions is more than twice as large as the lesions 
associated with periodontitis ��arcuac � �erglundh, 20
��
 Pre	clinical studies have shown 
that numerous osteoclast cells gather at the crestal bone, which may ePplain the subseIuent 
progression loss of bone �Albouy et al
, 200�� �arcuac et al
, 20
3�
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In a systematic review, it was stated that the estimated prevalence of peri	implantitis is 22� 
�range� 
� to ���� �Derks � /omasi, 20
��
 It has, therefore, become widely recogniRed 
as a maBor and increasing problem in dentistry
  

�reatment o� peri-implantitis 
/he primary goals of treatment of peri	implantitis are resolution of tissue iniammation 
and, subseIuently, the suppression of further peri	implant tissue destruction
 In the clinical 
setting, epocket closuref �PPD `� mm and the absence of bleeding on probing� should be 
considered as the short	term goal of therapy
 (oreover, additional goals of a more 
conceptual nature may also include supra	crestal tissue re	attachment as well as re	
osseointegration of the previously ePposed implant surface
 As peri	implantitis is driven by 
bacterial biohlm, its removal from implant surfaces has been the principal treatment 
modality
 

Step by step therapeutic approach similar to the one introduced for periodontal therapy 
has been applied in the management of peri	implantitis �SanR et al
, 2020�
 Oral hygiene 
instruction, risk factor control, and non	surgical supra	�sub	mucosal instrumentation 
should be provided as an initial step of peri	implantitis therapy
 )on	surgical treatment of 
peri	implantitis is, however, signihcantly less enective than what is commonly observed for 
non	surgical periodontal treatment ��osgarea et al
, 2023� !aggion et al
, 20
�� Suvan et al
, 
2020�
 /he inferior clinical performance may be ePplained by diniculties in properly 
accessing the deepened pockets at implant sites and inability to suniciently eliminate 
bacterial biohlm from implant surfaces
 Dental implants usually present with a threaded 
design as opposed to the mostly smooth surfaces of dental roots, which may further limit 
access during non	surgical treatment
 /hus, in the maBority of cases, surgical approach is 
reIuired to allow proper decontamination of anected implant surfaces �&arlsson et al
, 
2022�
 !ollowing surgical ePposure, mechanical instruments as well as chemical agents have 
been used in the attempt to eliminate bacterial infection ��aima et al
, 2022� -amanauskaite 
et al
, 2023� SchwarR et al
, 2022�, possibly rendering the surface conducive to tissue 
integration
 As a hnal step, supportive peri	implant therapy is critical for secondary 
prevention and arresting further progression of the disease
 /his step includes repeated	
personaliRed oral hygiene instructions and professionally administered mechanical 
plaIue�calculous removal
  

#ence, in all steps, decontamination of implant surfaces is an essential part of the 
treatment of peri	implantitis
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�ur�ace decontamination in t�e treatment o� peri-
implantitis 
Surface decontamination aiming at enective removal of bacterial biohlm from the implant 
is probably the greatest challenge in the treatment of peri	implantitis
 �ontaminated 
surfaces are covered by a compleP biohlm harboring bacterial species �Arciola et al
, 20
�� 
'afaurie et al
, 20
��, as shown in !igure 

 

 

Figure 1. SEM images of implants explanted due to severe peri-implantitis.  

AdeIuate removal of bacterial biohlm is a prereIuisite for resolution of iniammation in 
the peri	implant tissues and subseIuent arresting further disease progression or recurrence
 
�onceptually, the bacterial load should ideally be suppressed below the individual 
threshold level the host	immune system can cope with, resulting in disease resolution
 
)evertheless, the goal of decontamination procedure is to render the implant surface free 
from any microbes
 /here is a need to identify the most enective method of 
decontamination, while balancing cleaning capability with adverse events or damage to the 
implant surface
 

A number of studies have been performed to identify enective decontamination methods, 
evaluating widely dinerent approaches
 In vitro study has benehcial in understanding 
cleaning enicacy under a well	controlled setting
 Pre	clinical in vivo ePperiments provide 
valuable knowledge on tissue response in a compleP biological system
 !inally, data from 
clinical trials are important to evaluate the clinical enicacy of the selected decontamination 
methods
  vidence	based procedures in management of peri	implantitis will derive from 
and be based on data from in vitro, pre	clinical in vivo as well as clinical studies
 

2 µmMag = 5.15 Kx, WD= 4.8 mm, EHT = 4.0 kV, SE2 detector 1 µmMag = 15 Kx, WD= 5.6 mm, EHT = 4.0 kV, SE2 detector
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In vitro "#$���" �� �������� �������' �� %�!��$" �����#�����#��� ��#���" 

/he advantage of the in vitro ePperimental design is that cleaning enicacy and post	cleaning 
cytocompatibility can be assessed in a well	controlled ePperimental setting
 -elevant in vitro 
studies comparing various decontamination methods at previously contaminated implant 
surfaces are depicted in /able 

 

/he titanium surfaces used in the in vitro studies varied, meaning that both smooth �non	
modihed� and moderately rough surfaces �modihed, e
g
, S'AⓇ, OsseoSpeedⓇ, /iO�lastⓇ, 
/iUniteⓇ, OsseotiteⓇ� were tested
  Pperimental models of biohlm development, i
e
, 
surface contamination, also dinered across studies
 /hus, single	bacteria, multi	species and 
intra	orally generated biohlms were commonly utiliRed
 In addition, the ePperimental 
model using implants retrieved from patients diagnosed with advanced peri	implantitis has 
been also applied to assess the potential of methods for decontamination
 

 mploying ePperimentally contaminated titanium discs�implants, various decontamination 
methods have been assessed �e
g
, plastic�metal curettes, ultrasonic scalers, air	polishing, 
rotating titanium brushes, lasers, implantoplasty, chemical agents�
 Among the selected in 
vitro studies �published during 2000	2022�, the most commonly used techniIue of 
evaluation was the use of scanning electronic microscopy �S (�
 ,uantitative evaluations 
based on S ( images were carried out in three studies �Dostie et al
, 20
�� Duske et al
, 
20
�� (atthes et al
, 20
��
 /he method of live�dead staining was also utiliRed as a 
techniIue �Al	#ashedi et al
, 20
�� Dostie et al
, 20
�� Gosau et al
, 20
0� Stein et al
, 2022� 
1irto et al
, 2022�
 Several studies ��haralampakis et al
, 20
�� &otsakis et al
, 20
�� 1
 
)trouka et al
, 20

� Sousa et al
, 20
�� SouRa et al
, 20
�� A
 2idodo et al
, 20
�� evaluated 
residual bacteria following surface decontamination through bacterial counting using 
culture	based colony	forming units ��!U�
 -ecent studies �Stein et al
, 2022� 1irto et al
, 
2022�, on the other hand, performed IP�- for bacterial counting ��!U�ml�
 Post	cleaning 
cytocompatibility was assessed in � studies �Augthun et al
, 
���� Duske et al
, 20
�� %ohn 
et al
, 20
�� &otsakis et al
, 20
�� (atthes et al
, 20
�� )akamura et al
, 20
�� SchwarR, 
Papanicolau, et al
, 200�� SchwarR et al
, 200�� /astepe, 'in, Donnet, et al
, 20
��
 Among 
these studies, osteoblasts were most freIuently selected as target cells
 �ytocompatibility 
was also evaluated using either cell viability assays, S ( or enRyme	linked immunosorbent 
assays �e
g
, Alkaline phosphatase, Osteocalcin�
 

�omparison of cleaning enicacy of various mechanical methods was carried out in a 
multitude of studies �Al	#ashedi et al
, 20
�� #ui et al
, 202
� &reisler et al
, 200�� Otsuki 
et al
, 2020� Schmage et al
, 20
2� SchwarR, Papanicolau, et al
, 200�� SchwarR et al
, 200�� 
Stein et al
, 2022� Stuani et al
, 2020� /oma et al
, 20
��
 /oma et al
 �20
�� compared the 
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enicacy of plastic curettes, an air	polishing device �Perio	!lowⓇ�, /i�rushⓇ �Straumann, 
SwitRerland�, and implantoplasty applying the single	bacterial biohlm model
 2ith help of 
crystal violet assay, it was shown that that Perio	!low, titanium brush and implantoplasty 
resulted in signihcant greater reduction of biohlm biomass when compared to the use of 
plastic curettes
 )o signihcant dinerences were found between the test groups, however
 
Al	#ashedi et al
 �20
�� assessed the cleaning enect of four dinerent physical methods �i
e
, 
metal curettes, plastic curettes, titanium brush and  r� 4AG laser� on chemical surface 
properties and residual bacterial load of intra	orally contaminated titanium discs
 /he 
authors revealed, by means of 3	ray photoelectron spectroscopy �3PS�, that organic 
impurities of biohlm were not completely removed by either of the methods
 Among the 
four mechanical procedures, however, the rotating titanium brush were the most enective
 
�ased on available limited scientihc data, air	polishing and rotating titanium brushes seem 
to be promising techniIues when compared to the basic use of curettes
 #owever, it 
remains to be determined, which specihc mechanical method is superior in removing 
biohlm and subseIuently restoring biocompatibility for ideal tissue healing
 

/he enicacy of chemical agents used alone or as adBuncts to mechanical methods were 
evaluated in several studies ��haralampakis et al
, 20
�� Dostie et al
, 20
�� Gosau et al
, 
20
0� Gustumhaugen et al
, 20
�� &otsakis et al
, 20
�� 1
 )trouka et al
, 20

� Sousa et al
, 
20
�� SouRa et al
, 20
�� Stein et al
, 2022� 1irto et al
, 2022� A
 2idodo et al
, 20
��
 
)trouka et al
 �20

� compared siP dinerent chemical agents using a single	
bacteria�multiple	species biohlm model
 �ontaminated discs were immersed in one of the 
chemical agents for � minutes and the study demonstrated that �0� citric acid had 
antimicrobial enects and the overall greatest capacity for decontamination
 Dostie et al
 
�20
�� assessed the cleaning enicacy of commonly used antimicrobial agents �i
e
, 
� �#3 
gel, 3�� Phosphoric acid gel, tetracycline paste� in a multiple	species biohlm model
 /he 
authors revealed no additional benehts for the three active antimicrobial agents in terms of 
biohlm removal when compared to irrigation with saline
 �haralampakis et al
 �20
�� 
evaluated the enicacy of �#3, delmopinol and a miPture of essential oils as adBuncts to a 
wiping procedure with gauRe
 /he authors reported that none of the chemical agents had 
an additional enect on the amount of residual biohlm
 As described in a systematic review 
�1
 I
 )trouka et al
, 20

�, the scientihc data evaluating the enects of chemical agents used 
during decontamination of implant surfaces are currently limited
 

/he processes of supra	crestal tissue re	attachment and re	osseointegration rely on cell 
adhesion to a titanium oPide hlm mediated by cell	adhesive proteins such as hbronectin, 
laminin, serum albumin and collagen
 /he hrst phase of cell�oPide hlm interaction is 
critically iniuenced by surface properties such as topography, chemistry, or surface energy 
�-amaRanoglu � Oshida, 20

� -ompen et al
, 200�� 2ennerberg � Albrektsson, 200�� 
5hu et al
, 200��
 /hus, it is important to evaluate the post	cleaning cytocompatibility to 
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identify a superior decontamination procedure
 %ohn et al
 �20
�� investigated the enect of 
a titanium brush for the removal of biohlm and the subseIuent cytocompatibility towards 
osteoblast	like cells
 /he authors used intra	orally contaminated titanium discs with an S'A 
surface, which were cleaned by either metal curette or by the rotating titanium brush
 /he 
treated discs were autoclaved, and osteoblast	like cells were then seeded on the specimens
 
Assessment of cell viability by luminescence assay showed that post	cleaning 
cytocompatibility for both groups was signihcantly lower than that for pristine surfaces
 
)o dinerences between treatment groups were found
 SchwarR et al
 �200�� evaluated the 
enect of air	polishing on cell viability, testing dinerent types of powder
 It was revealed 
that even if bacterial biohlm could be completely removed by air	polishing, 
cytocompatibility was not restored to pristine levels
 In contrast, (atthes et al
 �20
�� 
reported that air	polishing with erythritol powder had the potential to restore 
cytocompatibility to pre	contamination levels
 

Table 1. Relevant in vitro studies comparing various methods for decontamination of implant surfaces (n=28 
studies, published during 2000-2022). 

Study/year 
Specimen/ 

contamination 
Decontamination methods Analysis Main findings 

Virto et al. 
(2022) 

Ti discs with SLA 
surface 
 
Multi-species 
bacterial biofilm 
(S. oralis, A. 
naeslundii, V. 
parvula, A. 
actinomycetemcomita
ns, P. gingivalis, F. 
nucleatum). 

Control 
Water 
 
Test groups (mouth rinse) 
1. NaOCl and SLS 
2. 0.12% CHX + 0.05% CPC 
 

SEM 
Observation of biofilm 
structure (n=6 per groups) 
 
CLSM 
The biofilm vitality and 
height. Live/dead cell ratio 
(n=6 per groups) 
 
qPCR 
Quantitative bacterial counts 
(n=9 per groups) 

Antibacterial activity in the in 
vitro biofilm model: 
CLSM revealed no significant 
differences in the live/dead 
cell ratio between groups. 
qPCR showed that P. gingivalis 
and F. nucleatum were reduced 
following application of 
chemical agents (NaOCl/SLS) 
in the test group. 

Stein et al. 
(2022) 

Ti and Zr discs 
with blasted and 
acid etched 
surface 
 
Multi-species 
bacterial biofilm 
(A. 
actinomycetemcomitans
, F. nucleatum, S. 
sanguinis, S. oralis, C. 
albicans, and A. 
oris). 

Test groups 
1. Ti curette 
2. Stainless steel ultrasonic 
scaler 
3. Air-polishing with glycine 
powder 
4. Air-polishing with 
erythritol powder 
5. Er:YAG laser 
6. 1% CHX 
7. 10% povidone-iodine 
8. 14% doxycycline 
9. 0.95% NaOCl 

Epifluorescence microscopy 
LIVE/DEAD staining 
 
qPCR  
Bacterial counting 
 
XPS 
Chemical surface properties at 
1×1 mm2 of excitation area 
 

qPCR showed that the use of 
ultrasonic scaler and air-
polishing resulted in 
significant reduction of 
bacterial load. 
 
XPS analysis revealed that the 
atomic% of Carbon and 
Nitrogen were slightly 
decreased following air-
polishing and the use of 
ultrasonic scaler. Chemical 
agents alone were ineffective 
in reducing Carbon and 
Nitrogen concentrations. 

Hui et al. 
(2021) 

Ti implants with 
moderately rough 

Test groups Crystal violet assay 
Percentage of biofilm removal 

AP was highly effective in 
biofilm removal regardless the 
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surface 
 
Saliva (healthy 
donor) 
contamination for 
96h. 
 

1. Air-polishing (AP) 
2. Cold atmospheric plasma 
(CAP) 
3. Combination of AP+CAP 

(n=8 per group). 
 
SEM 
Qualitative analysis (n=2 per 
group). 
 

application of CAP. 
 
Percentages of biofilm 
removal 
AP: 94.87% 
CAP: 52.10% 
COM: 95.32% 

Tong et al. 
(2021) 
 
 

Explanted peri-
implantitis-
affected implant 
with SLA surface 
 
The explanted 
implants were 
stored in sterile 
plastic vials at -
20QC. 

Test groups 
1. Irrigation with saline for 
10s 
2. Air-polishing with glycine 
powder (standard noNNle) for 
60s 
3. Air-polishing with glycine 
powder (standard noNNle) + 
Interdental brush soa?ed in 
17% EDTA for 120s 
4. .ltrasonic scaler with 
PEE$ tip for 60s 
5. .ltrasonic scaler with 
PEE$ tip + Interdental 
brush soa?ed in 17% EDTA 
for 120s 

White light interferometry 
Surface topography (n=6 per 
group) 
 
SEM 
Area of visible contaminants, 
at magnification of 17× (n=6 
per group) 
 
EDS 
Element weight change (%) 
(n=6 per group) 
 

.ltrasonic scaler with PEE$ 
tip and air-polishing were 
effective in removal of visible 
contaminants when compared 
to irrigation with saline. 
No obvious benefit of EDTA 
was observed. 
 
Although no statistically 
significant differences in 
element weight of Carbon 
among treatment groups, air-
polishing with and without 
EDTA resulted in higher 
reduction of the element 
weight. 

Stuani et al. 
(2020) 

Ti implants with 
smooth and 
minimally rough 
surfaces 
 
Single-bacteria 
biofilm (�. coli for 
48h-incubation) 
 

Test groups 
1. 24% EDTA gel (2 min) 
2. 2% CHX submersion 
3. GauNe soa?ed in CHX 
4. GauNe soa?ed in dH2O 
5. Metal Gracey curettes 
6. Rotating titanium brush 
7. Implantoplasty (diamond 
bur + silicone polisher) 
 

SEM 
Quantitative analysis 
Measurement of residual 
bacteria area% at 5$× (n=3 
per group). 
 
EDS 
Mass% of chemical elements 
at 1$×. (n=3 per group) 
 
Wettability 
Water droplet (n=3 per 
group). 
 
Optical profiler 
Surface topography (n=3 per 
group). 

Better results were found in 
protocols that used 
mechanical methods (wiping 
procedure using gauNe soa?ed 
in CHX, curettes, titanium 
brush and implantoplasty). 
 
Area% of residual bacteria 
1. 38.4 
2. 11.9 
3. 1.24 
4. 14.9 
5. 1.42 
6. 2.22 
7. 0.08 

 At minimally rough surface 

Otsu?i et al. 
(2020) 

Ti implants with 
smooth and 
rough surfaces 
 
Intra-orally 
contamination 
with splint. 

Test groups 
1. GauNe soa?ed in saline 
2. .ltrasonic scaler with 
titanium tip 
3. Air-polishing (Perio-�low 
noNNles, 2 mm distance) 
4. Rotary stainless-steel 
instrument (iBrush, 1500 
rpm) 

Bacterial counts (C�.) 
Total number of bacteria 
using BHI agar plate (n=5 per 
group) 
 
SEM 
Qualitative analysis using 
ordinal scale (n=1 per group) 
 

At both types of surfaces, use 
of gauNe, air-polishing and 
iBrush resulted in greater 
reduction of total C�. when 
compared to ultrasonic scaler.  
 
No significantly differences in 
C�. counts between smooth 
and rough implants in air-
polishing, iBrush and Er:YAG 
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5. Er:YAG laser laser groups. 

SouNa et al. 
(2019) 

Ti discs with 
smooth surface 
(Ra: 0.19 Um). 
 
Intra-orally 
contamination 
with splint. 
 

Control 
Immersion in 0.9% saline for 
8 min. 
 
Test groups 
1. Immersion in 40% CA for 
4 min 
2. Wiping procedure with 
gauNe soa?ed in 40% CA for 
8 min 

Bacterial counts (C�.)  
Total number of bacteria 
using Todd-Hewitt broth agar 
plate (n=6 per groups) 
 
SEM  
Qualitative analysis (n=1 per 
group) 

Both methods of CA 
application showed a 
significant reduction in the 
bacterial counts.  
However, biofilm could not 
be removed only by 
immersion in 40% CA.  

Na?amura et 
al. (2019) 

Ti discs with SLA 
surface 
 
Multi-species 
bacterial biofilm 
(P. gingivalis, F. 
nucleatum and S. 
mitis) 

Control 
Pristine discs 
 
Test groups 
1. dH2O immersion for 5 min 
2. H2O2 immersion for 5 min 
3. dH2O+LED irradiation for 
5 min 
4. H2O2+LED irradiation for 
5 min 

Cytocompatibility 
Cell: Osteoblast-li?e cell 
(MC3T3-E1). 
MTT assay  
CLMS 
Number of cells per image 

MTT values in LED 
irradiation groups 
with/without H2O2 were 
significantly higher than 
immersion alone groups. 
 
No significantly differences in 
MTT values were found 
between dH2O+LED and 
pristine discs. 

Toma et al. 
(2018) 

Ti discs with a 
modified surface 
(Sand-blasted 
with aluminum 
oxide beads) 
 
Single-bacteria 
biofilm (S. gordonii 
for 48h-
incubation) 

Control 
Contaminated and untreated 
discs 
 
Test groups 
1. Plastic curette 
2. Air-polishing (Perio-�low 
and glycine powder) 
3. Rotating titanium brush 
4. Implantoplasty 

Crystal violet assay 
The absorbance at 450 nm 
using spectrophotometer. 
 
SEM 
Qualitative analysis (n=3 per 
group) 

Biofilm (OD450) after 
treatment with Perio-�low, 
titanium brush and 
implantoplasty was 
significantly less than in the 
plastic curette groups.  
No differences among test 
groups 2,3 and 4. 
Based on the SEM analysis, 
few bacteria were visible on 
the implantoplasty-treated 
surface. 

Tastepe et al. 
(2018) 

Ti discs with SLA 
surface 
 
Saliva (healthy 
donor) 
contamination for 
98h. 

Control  
PC: Non-contaminated and 
untreated discs 
NC: Contaminated and 
untreated discs 
 
Test groups 
1. Air-polishing (AP) with HA 
powder+BioCaP powder 
(high water flow) 
2. AP with HA 
powder+BioCaP powder (low 
water flow) 
3. AP with Erythritol 
powder+BioCaP powder 
(high water flow) 

Cell viability  
Cell: Osteoblast-li?e cells 
(MC3T3-E1) 
�ollowing surface 
decontamination, cells were 
seeded on treated surface. 
Alamar blue fluorescent assay 
was used to evaluate cell 
viability after 4 and 6 days of 
incubation. (n=4 per groups) 
 
SEM  
Qualitative analysis (n=2 per 
groups) 
 
ALP activity  

The mean of all treatment 
groups showed significantly 
higher cell viability than both 
PC�NC. 
 
Cells grown on pristine 
surfaces were round and not 
well attached, while cells on 
contaminated and untreated 
surfaces were wider and 
flatter. Test 1 and 2 showed 
higher numbers of stretched 
cells. 
 
There were no significant 
differences in ALP activity 
among the treatment groups. 
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4. AP with Erythritol 
powder+BioCaP powder (low 
water flow) 
5. AP with HA powder 
6. AP with Erythritol powder 

After 6 days of incubation in 
osteogenic medium, ALP 
activity was measured. (n=4 
per group) 

Rosen et al. 
(2018) 

Explanted peri-
implantitis-
affected implant 
 
 

Control 
.ntreated implant 
 
Test groups 
1. .ltrasonic and hand scaler 
instrumentation + air powder 
abrasion with glycine powder 
+ gauNe soa?ed in 50% CA 
 
2. .ltrasonic and hand scaler 
instrumentation + air powder 
abrasion with glycine powder 
+ gauNe soa?ed in sterile 
water  

SEM (Observation) 
Cell: osteoprogenitor cells 
Incubation time: 24 and 72h. 
 

Control  
No osteoprogenitor cells were 
detected. 
 
Test group 1 
Relatively higher number of 
cells were attached to the 
implant when compared to 
Test group 2. 
 
Test group 2 
�ew cells were attached on the 
treated implant surfaces. 

Ha??i et al. 
(2017) 

Explanted peri-
implantitis-
affected implant 
 
Prior to 
decontamination, 
all implants were 
autoclaved. 
 

Test groups 
1. Plastic hand curette 
2. Titanium hand curette  
3. Carbon hand curette   
4. Titanium brush  
5. Er:YAG laser (100 
m#/pulse at 10 HN)  
6. Er:YAG laser (150 
m#/pulse at 10 HN) 
7. Er:YAG laser (200 
m#/pulse at 10 HN) 
8. .ltrasonic scaler with 
plastic tip  
9. Air abrasive system+CA 
10. Implantoplasty 

SEM  
Qualitative analysis (n=3 per 
groups) 
 
EDX 
Quantitative element analysis 
(n=3 per groups) 
 
Temperature measurement 
Thermocouple. 
 

Air-abrasive+CA and laser 
group showed better cleaning 
effects among all treatment 
groups. 
 
�ollowing the use of plastic 
curette, plastic ruminants were 
observed. 
 

Matthes et al. 
(2017) 

Ti discs with SLA 
surface 
 
Subgingival 
plaque collected 
from deep poc?et 
of periodontitis 
patients was used 
for 
contamination. 

Controls 
PC: Pristine disc 
NC: Contaminated and 
untreated disc 
 
Test groups 
1. Air-polishing (AP) with 
erythritol powder 
2. CAP (720s) 
3. Combination of AP and 
CAP (720s) 

SEM 
Quantitative analyses 
Osteoblast-li?e cells (MG63) 
were seeded on treated 
titanium surface. The area% 
of cells, bacteria and blan? 
were measured. (n=6 per 
group) 

Cell coverage (%)  
PC: 77.7 R21.2 
NC: 0 
AP: 84.7 R16.5 
CAP: 1.0 R7.3 
AP+CAP: 57.5 R18.7 
 
Bacteria (%) 
PC: 0 
NC: 94.9 R6.9 
AP: 0 
CAP: 94.6 R13.3 
AP+CAP: 0 
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Dostie et al. 
(2017) 

Ti discs with SLA 
surface 
 
Subgingival 
plaque was used 
for 
contamination. 

Control 
Rinse with saline 
 
Test groups 
1. CHX (1%) gel 
2. Phosphoric acid gel (35%) 
3. Tetracycline (250 mg) paste 

SEM  
Quantitative analyses 
Bacterial cell count at 5$ 
magnification (/mm2). (n=3 
per group) 
 
CLSM  
Live/dead staining. 
The percentage of live 
bacteria in total. (n=3 per 
group) 

Bacterial count (/mm2) 
Control: 7.4×105  
Test 1: 4.6×105 
Test 2: 5.5×105 
Test 3: 4.9×105�

 
Bacterial cell viability (%) 
Control: 99.6 
Test 1: 88.2 
Test 2: 93.1 
Test 3: 96.1 

Al-Hashedi 
et al. (2017) 

Ti discs with 
smooth surface 
 
Intra-orally 
contamination 
with splint. 
 
 

Controls 
PC: Pristine disc 
NC: Contaminated and 
untreated disc 
 
Test groups 
1. Metal curette 
2. Plastic curette 
3. Rotating titanium brush 
4. Er:YAG laser 
 

XPS 
The atomic% of Carbon, 
Titanium, Nitrogen and 
Oxygen were measured. (n=6 
per group) 
 
CLSM 
Live/dead staining. 
The percentage of live 
bacteria in total. (n=6 per 
group) 
 
SEM 
Qualitative analysis (n=6 per 
groups) 

Chemical composition 
Atomic% of Carbon 
NC: 73.8 R1.6% 
Test 1: 65 R6.8%� 
Test 2: 58.1 R6.2%� 
Test 3: 43.1 R5.9%� 
Test 4: 66.6 R3.6%� 
�� �	�	
 %" �� 
 
CLSM�SEM  
Metal cure and titanium brush 
resulted in greater reduction 
of bacteria. 
Plastic curette and Er:YAG 
laser were ineffective in 
removing biofilm, although 
laser had antimicrobial effects. 

A. Widodo 
et al. (2016) 

Ti discs with 
three different 
surfaces: smooth, 
SLA and 
SLActive 
 
Single-bacteria 
biofilm (S. aureus 
biofilm for 72h-
incubation) 
 

Control 
PC: Pristine disc 
 
Test groups 
1. PBS rinsing 
2. CHX (0.2%) rinsing 
3. PDT 
4. Swab using gauNe soa?ed in 
saline 
5. Rotating titanium brush 
(TiB, 120s) 
6. Combine PDT+TiB 

Bacterial counts (C�.)  
Total number of bacteria 
using blood agar plate for 72h 
incubation. (n=3 per group) 
 
SEM  
Qualitative analysis (n=3 per 
groups) 

The combination of PDT and 
TiB was most effective in 
reducing the number of 
bacteria irrespective of surface 
characteristics. 
 
Viable log�0 C�./disc  
(Smooth, SLA, SLActive) 
Test 1: 7.49, 7.88, 7.09 
Test 2: 6.44, 6.99, 7.10 
Test 3: 6.23, 6.47, 5.21 
Test 4: 5.62, 6.24, 6.74 
Test 5: 5.34, 5.37, 5.00 
Test 6: 3.35, 3.69, 4.48 
 
SEM observation 
Scratches could be observed 
following the use of titanium 
brush. 
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Sousa et al. 
(2016) 

Ti discs with SLA 
surface 
 
Multi-species 
bacterial biofilm 
cultured from 
human saliva 
 

Control 
PC: Pristine disc 
 
Test groups 
1. Rotating titanium brush 
(TiB, 900 rpm, 60s) 
2. Combine PDT+TiB (120s 
in total) 
3. TiB+NaOCl (1%)+CHX 
(0.2%) (180s in total) 
 
 

Bacterial counts (C�.)  
Number of bacteria using 
selective and non-selective 
media. 
 
Histological assessment 
Two titanium discs were 
inserted into each tibia (n=16 
in total). 

- Tensile strength test 
- H�E staining 

  

Bacterial count 
The amount of the viable 
biofilm was significantly 
reduced by all three test 
procedures.  
 
Histological findings 
Test 1: 2 out of 3 Ti discs did 
not present direct bone 
contact. 
Test 2: all discs presented 
direct bone contact 
Test 3: 2 out of 3 Ti discs did 
not present direct bone 
contact. 

$otsa?is et 
al. (2016) 

Ti discs with grit-
blasted acid 
etched surface 
 
Plaque ta?en 
from peri-
implantitis 
affected implant 
surface 

Control 
PC: Pristine disc 
 
Test groups 
1. Cotton pellets soa?ed in 
saline (0.9%) 
2. Cotton pellets soa?ed in 
CHX (0.12%) 
3. Cotton pellets moistened in 
CA gel (20%) 
4. Cotton pellets soa?ed in 
EDTA (24%)/NaOCl (1.5%). 
 

Bacterial counts (C�.)  
Total number of bacteria 
using non-selective agar 
medium containing sheep 
blood. (n=3 per group). 
 
XPS 
After decontamination, the 
discs were ultrasonicated for 5 
min, rinsed in acetone and 
dried in nitrogen. 
 
Cytocompatibility 
After autoclave, the MC3T3 
osteoblast li?e cells were 
seeded on the treated Ti discs. 
Proliferation and 
differentiation were assessed. 

Bacteria count 
All three chemical agents were 
more effective in reducing 
biofilm when compared to 
saline. 
 
Chemical composition 
The atomic% of Carbon in 
NaOCl-EDTA group was 
lowest among treatment 
groups. 
 
The numbers of attached cells 
on the treated discs in all 
groups were significantly less 
than the PC surface. 

Dus?e et al. 
(2015) 

Ti discs with SLA 
surface 
 
Subgingival 
plaque was used 
for 
contamination. 
 

Controls 
PC: Pristine disc 
NC: Contaminated and 
untreated disc 
 
Test groups 
1. Cylindrical nylon brush 
(1000 rpm, 120s) 
2. Cold atmospheric plasma 
treatment 
3. Combination test 1�2. 
 

SEM  
Cell: MG63 (osteoblast-li?e 
cell) 
Quantitative analyses (n=5 
per group) 

1. Cell area (Ym2) and 
number of bacteria. 

2. Distribution (%) of disc 
surface covered with cells or 
bacteria. 
 
 

Cell area (Ym2) and number 
(log�0) after 24h incubation 
Test 1: 3.1 R0.3� 
Test 2: 3.1 R0.4� 
Test 3: 3.1 R0.3� 
*significant larger than PC. 

Number of attached cells after 
24h incubation (log�0) 
Test 1: 9.2 R0.4 
Test 2: 9.3 R0.1 
Test 3: 9.2 R0.4 
No significant differences from PC. 

After 5 days incubation, 
bacteria had overgrown the 
ceded cells and a new biofilm 
was re-established in Test 
1�2, whereas a complete layer 
of MG63 cells was observed 
in test 3 group. 



	
 

 ��	I I��IO	A    ��	

Study/year 
Specimen/ 

contamination 
Decontamination methods Analysis Main findings 

Charalampa?
is et al. 
(2015) 

Ti discs with four 
different surface 
characteristics 
(OsseoSpeed, 
TiOBlast, 
Experimental and 
Turned) 
 
Intra-orally 
contamination 
with splint (4-
day). 

Control 
GauNe soa?ed with saline 
 
Test groups 
1. GauNe soa?ed with 
Decaponol 
2. GauNe soa?ed with 
Hexident  
3. GauNe soa?ed with 
Listerine 
��e discs "ere cleaned �or �s eac�, 
using t�ree stro�es "it� a cotton 
pellet. 

Bacterial counts (C�.)  
Number of bacteria using 
non-selective and selective 
agar plate. (n=3 per group). 
 
SEM 
Qualitative analysis 
Morphology of biofilm 

Microbiological analysis did 
not reveal any statistically 
significant differences 
between cleaning agents or 
between surface 
characteristics. 
 
SEM analysis demonstrated 
that the discs with moderately 
rough surface harboured a 
complete and firmly attached 
biofilm, whereas less clusters 
of bacteria on turned surface. 

#ohn et al. 
(2014) 

Ti discs with SLA 
titanium surface  
 
Intra-orally 
contamination 
with splint (2-
day). 
 

Control 
PC: Pristine discs 
 
Test groups 
1. Metal curettes 
2. Rotating titanium brush 
(920 rpm) 

Photographic image analysis 
Residual plaque area 
 
SEM  
Qualitative analysis (n=3 per 
group) 
 
Cytocompatibility (n=10 per 
group) 
Cell: Oseteoblast-li?e cell 
(SaOs-2)  
Treated discs were autoclaved 
prior to cell culturing. Cell 
viability was measured using a 
luminescence assay after 3 
and 6 days of incubation. 

Residual plaque area (%) 
Metal curettes: 28.99% 
Titanium brush: 8.57% 
 
SEM analysis showed that 
higher amount of residual 
bacteria was observed on 
curettes-treated surfaces 
compared to titanium brush. 
 
Post-cleaning 
cytocompatibilities for both 
groups were significantly 
lower than that for the 
Control. No difference 
between treatment groups. 

Gustumhaug
en et al. 
(2014) 

Ti discs with 
three different 
surfaces (1. SLA, 
2. Ti-.nite, 3. 
OsseoSpeed) 
 
Single-bacteria 
biofilm (S. 
epidermidis for 
16h-incubation) 
 

Test groups 
1. NaCl 
2. EDTA (12%) 
3. H2O2 (3%) 
4. H2O2 (3%)+TiO2�

(2 min, immersion) 
 
5. NaCl+rotating titanium 
brush (TiB� 700 rpm, 30s) 
6. EDTA+TiB 
7. H2O2 (3%)+TiB 
8. H2O2 (3%)+TiO2+TiB 

Biomass analysis  
Safranin staining and 
measured optimal density 
(n=6 per group) 
 
SEM 
Qualitative analysis  
 

Immersion in 3% H2O2 
resulted in significantly 
reduction for biomass in all 
implant surfaces. Additional 
benefit of TiB was found for 
Ti-.nite and OsseoSpeed 
surfaces. 
 
SEM observation showed that 
the amount of residual 
bacteria following TiB 
treatment was reduced no 
matter which chemical agent 
was combined with it. 

Schmage et 
al. (2012) 

Ti discs with four 
different surfaces 
(polished, acid-
etched, grit-
blasted/acid-
etched, grit-
blasted) 
 

Test groups 
1. Plastic curette 
2. Carbon curette 
3. Prophylaxis brush 
4. Rubber cup with paste 
5. Sonic scaler with 

composite instrument 

SEM 
Qualitative analysis 
- Surface damage index:  

1=no damage 
2=slight damage 
3=heavy damage.  

Cleaning effect for grid-
blasted/acid etched surface 
Test groups 
1. 3 
2. 3 
3. 3 
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Single-bacteria 
biofilm (S. mutans 
for 72h-
incubation) 

tips  
6. .ltrasonic scaler with 

composite instrument 
tips 

7. .ltrasonic scaler with 
carbon curette 

8. .ltrasonic scaler with 
metal tip 

9. Air abrasive with amino 
acid glycine powder 

10. Er:YAG laser 

 
- Cleaning effect index: 

1=no remnants of bacteria 
or particles 
2=some remnants of 
bacteria or particles 
3=many remnants of 
bacteria or particles  

 
(n=2 per groups per implants) 

4. 3 
5. 1  
6. 1 
7. 2 
8. 3 
9. 1 
10. 2 
 
Surfaces instrumented by 
ultrasonic device had surface 
damages. 

Ntrou?a et 
al. (2011) 

Ti discs with SLA 
surface 
 
Single-bacteria 
biofilm (S. mutans 
for 32h-
incubation) 

Control  
Water 
 
Test groups 
1. EDTA (24%) 
2. CA (40%) 
3. H2O2 (10%) 
4. Ardox-X 
5. CPC (0.07%) 
6. CHX (0.2%) 
Immersion time: 5 min 

Bacterial counts (C�.)  
Number of bacteria using 
BHI agar plate for 72h. 
 
Protein measurement 
Test groups 2, 3 and 4 were 
selected for this analysis. 
 

Antibacterial effect 
Water�EDTA�CHX=CPC� 
H2O2� Ardox-X=CA 
 
Amount of residual protein 
Water: 41 Ug 
H2O2: 25.5 Ug� 
Ardox-X: 31.3 Ug 
CA: 23 Ug� 
�p �0.05 vs water 

Gosau et al. 
(2010) 

Ti discs with 
turned surface 
 
Intra-orally 
contamination 
with splint (12h). 
 

Control 
PBS 
 
Test groups 
1. Sodium hypochlorite (1%) 
2. H2O2 (3%) 
3. CHX (0.2%) 
4. Triclosan (0.3%) 
5. Listerine cool mint  
6. CA (40%) 
Immersion time: 1 min 

�luorescence microscope 
LIVE/DEAD staining  
 

All chemical agents were 
effective in reducing the 
bacteria. 
 

SchwarN et 
al. (2006) 

Ti discs with 
Osseotite (3i) 
surface 
 
Intra-orally 
contamination 
with splint (72h). 
 

Controls 
PC: Pristine discs 
NC: contaminated and 
untreated disc 
 
Test groups 
1. .ltrasonic scaler using 
PEE$ tip under the power of 
5 
2. .ltrasonic scaler using 
PEE$ tip under the power of 
10 
3. Plastic curettes 

Photographic image analysis 
Residual plaque area 
 
Cytocompatibility 
Cell: Osetoblast-li?e cell 
(SaOs-2)  
Mitochondrial activity was 
measured by CellTiter-Glo 
luminescent cell viability 
assay. 
 
SEM 
Qualitative analysis 

Highest percentages of 
residual bacteria areas were 
assessed for plastic curettes, 
followed by test 1 and test 2.  
 
Cell viability (counts per sec) 
PC: 1544661 
Test 1: 597559� 
Test 2: 389875� 
Test 3: 356653� 
�p �0.05 vs PC  
No statistical differences 
among treatment groups. 
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All treatment �as �er�orme� �it� 
irrigation �it� �.��C	�. 

PEE$ debris could be 
observed by SEM analysis. 

SchwarN et 
al. (2005) 

Ti discs with SLA 
surface 
 
Intra-orally 
contamination 
with splint (72h). 
 

Control 
PC: Pristine discs 
 
Test groups 
1. Er:YAG laser  
2. .ltrasonic scaler with 
PEE$ tip and polishing fluid 
3. Plastic curettes with 0.2% 
CHX 
 

Photographic image analysis 
Residual plaque area 
 
Cytocompatibility 
Cell: Osetoblast-li?e cell 
(SaOs-2)  
Mitochondrial activity was 
measured by CellTiter-Glo 
luminescent cell viability 
assay. 
 

Residual bacterial area (%) 
Test 1. 5.8 R5.1 
Test 2. 36.8 R4.5 
Test 3. 61.1 R11.4 
 
Cell viability (counts per sec) 
PC: 1528636 
Test 1: 678250� 
Test 2: 831594� 
Test 3: 144105� 
�p �0.05 vs PC  

$reisler et al. 
(2005) 

Ti discs with SLA 
surface 
 
Single-bacteria 
biofilm (P. 
gingivalis for 24h-
incubation) 

Controls 
PC: Pristine discs 
NC: Contaminated and 
untreated disc 
 
Test groups 
1. Er:YAG laser 
2. Air-polishing  
Treatment time 60s. 

Cytocompatibility 
Alamar blue assay was used to 
evaluate proliferation of 
fibroblasts. 
 
SEM 
Qualitative analysis 

Proliferation activity of the 
cells on NC surface could be 
detected, although it was 
significantly less than the 
others. 
 
Cell growth on both air 
powder-treated and Er: YAG-
laser-irradiated discs was not 
significantly different from 
that on PC discs. 

/i� /itanium, .'�� .and-blasted, large grit and acid-etched, )a*�l� .odium hPpochlorite, .'.� .odium laurPl 
sulphate, . (� .canning electron microscopP, �'.(� �onfocal laser scanning microscopP, H+�R� ,uantitative 
polPmerase chain reaction, 5r� 5irconium, 3+.� 3-raP photoelectron spectroscopP,  �.
 �3�  nergP 
dispersive 3-raP spectroscopP,  r�4�" laser�  rbium-doped Pttrium aluminium garnet laser, �#$� �rain heart 
infusion, �!0� �olonP forming units, ��� �itric acid, d#�*� �istilled Nater, �+� �ir-polishing, #�� 
#PdroOPapatite, �io�a+� �iomimetic calcium phosphate, ��+� �old atmospheric pressure argon plasma 
treatment, +�/� +hotodPnamic therapP, /i�� /itanium brush, +  &� +olPether ether Betone, +�� +ositive 
control, )�� )egative control. 
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�!���������� in vivo "#$���" �%��$�#��� ��"#�������� ������� �����&��� 
�����!��# �����#�����#��� ��#���" 

Pre	clinical in vivo ePperiments evaluating decontamination methods used during surgical 
treatment of ePperimental peri	implantitis are summariRed in /able 2
 Such ePperiments 
allow us to measure the histological pocket depth, soft	tissue re	attachment, bone 
regeneration�re	osseointegration and bone	to	implant contact
 )umerous protocols have 
been assessed �e
g
, wiping using gauRes, hand curettes, ultrasonic scalers, rotating titanium 
brushes, air	polishing,  r� 4AG laser, chemical agents�
 /he wiping procedure with gauRes 
soaked in saline or hand curettes may be seen as a gold or reference standard in the surgical 
therapy of ePperimental peri	implantitis, against which other procedures could be 
compared
  vidence of complete resolution of peri	implantitis lesions following a wiping 
procedure with gauRes soaked in saline was demonstrated in a study by Persson et al
 
�
����
  

/he enect of rotating titanium brushes has been assessed in dinerent pre	clinical studies 
�Almohandes et al
, 2022� �arral et al
, 20
�� 1iganX et al
, 20
��
 All three studies failed to 
identify any beneht of the use of titanium brushes in terms of histological outcomes when 
compared to a control procedure
 Almohandes et al
 �2022� evaluated surgical treatment of 
ePperimental induced peri	implantitis using rotating titanium brush with or without citric 
acid gel in dogs
 As a control procedure, wiping with gauRe soaked in saline were 
performed
 It showed that no signihcant dinerences in histometric features, and 
radiographic bone level were found between treatment groups
 /hey also used an I�/ 
score as followings� Score 0� no or only scattered iniammatory cells in an area �
 mm�, 
Score 
� scattered iniammatory cells in an area �2 mm�, Score 2� clusters of iniammatory 
cells in an area �3 mm�, Score 3� abundance of iniammatory cells in an area �3 mm�
 
/itanium brush did not result in signihcant improvement for the I�/ score when 
compared to control procedure
 #owever, no histological section presenting clusters of 
iniammatory cells, which corresponding to I�/ scores 2 and 3, was observed in the 
titanium brush group irrespective of implant types �smooth or moderately rough surfaces�
 

/he use of an air abrasive device during surgical therapy was evaluated by Deppe et al
 
�200
�, Schou et al
 �2003�, and Solderer et al
 �202
�
 Solderer et al
 �202
� compared four 
treatment procedures in a dog model� 
� carbon curettes � guided bone regeneration 
�G�-�, 2� air	polishing � G�-, 3� carbon curette � air	polishing, �� carbon curette � air	
polishing � G�-
 /he authors used a standard air	iow handpiece � (S� and prepared an 
air	polishing prototype device with a built	in a sterile water and powder line
 G�- was 
performed with a bovine bone mineral and a collagen membrane
 #istological analysis 
revealed that the sites treated by carbon curettes and air	polishing �group 3� showed 
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signihcantly lower iniammatory scores when compared to the other groups
 )o signihcant 
dinerences between treatment groups were found in terms of bone gain and bone	to	
implant contact
 Schou et al
 �2003� evaluated four methods in a monkey model� 
� air	
polishing followed by citric acid application, 2� air	polishing alone, 3� gauRe soaked in 
saline followed by citric acid application, and �� gauRe soaked alternately in 0

� �#3 and 
saline
 As a common procedure, all defects were hlled with autogenous bone and covered 
by an e	P/!  membrane
 /he authors could not observe any benehts following the use of 
the air	powder abrasive techniIue when evaluating clinical parameters, radiographic bone 
levels and the percentages of re	osseointegration
 

/here is currently no evidence showing that any other mechanical methods �i
e
  r�4AG 
laser, aPD/, diode laser, �O� laser, implantoplasty� or chemical agents �i
e
 citric acid, 
�#3, metronidaRole gel, )aO�l, #�O�� resulted in improvement of histological outcomes 
in surgical therapy of ePperimental peri	implantitis
 

/he histological outcomes of decontamination procedures during surgical treatment of 
ePperimental peri	implantitis is iniuenced by implant surface characteristics �Albouy et al
, 
20

� Almohandes et al
, 2022� �arcuac et al
, 20
��
 Studies consistently revealed that 
more favorable outcomes could be achieved at smooth�turned implant surface than at 
rough�modihed surfaces
  

/aken together, the wiping procedure with gauRes soaked in saline can be considered as a 
gold standard protocol in the surgical therapy of peri	implantitis
 /he resolution of 
ePperimental peri	implantitis lesions is iniuenced by implant surface characteristics
  

Table �. +reclinical in vivo studies comparing various surface decontamination protocols during surgical 
therapP of eOperimentallP induced peri-implantitis (n=�� studies) 

Study/year Experimental 
model/Implant Decontamination methods Histological findings Remar?s 

Almohandes 
et al. (2022) 

6 dogs, 48 
implants  
Implants 
A: OsseoSpeed 
B: Smooth 

Control 
Swiping using gauNe soa?ed in 
saline 
Test 
1: Citric acid gel, 30s 
2: Rotating titanium brush 
under irrigation with sterile 
saline for 2 min. 
3: Combination of mechanical 
(test 2) and chemical (test 1). 

Histometric analysis 
No significant differences in 
histometric measures (PM-
a#E and a#E-B distance) 
between treatment groups. 
 
ICT score (%) 
��	��������������a�����������a��a�����
��������	�
�a�����������a��a��������������a��
a��a�
�����2���	�����������������a��a�����
����������������a�������a����a��a��a�
����2��

Implant A 
Control 
0: 33%, 1: 50%, 2: 66% 
Test 1: 

The test procedures did NOT 
result in superior histological 
outcomes. 
 
Persisting soft tissue 
inflammation was significantly 
lower at smooth-surface 
implants in all treatment 
groups. 
 
Higher ICT score were found 
in Test 1 than in control 
group. 
No histological section 
showed ICT score 3 in all 
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Study/year Experimental 
model/Implant Decontamination methods Histological findings Remar?s 

0: 17%, 1: 17%, 2: 66% 
Test 2:  
0: 17%, 1: 83%, 2: 0% 
Test 3: 
0: 17%, 1: 50%, 2: 33% 
Implant B 
Control: 
0: 66%, 1: 17%, 2: 17% 
Test 1: 
0: 50%, 1: 17%, 2: 33% 
Test 2: 
0: 50%, 1: 50%, 2: 0% 
Test 3: 
0: 66%, 1: 33%, 2: 0% 

groups. 

Solderer et al. 
(2021) 

12 dogs, 48 
implants (BLT, 
SLActive) 
 
 
 
 

Control 
Cleaning with carbon curette 
+ GBR (BBM and collagen 
membrane. 
 
Test 
1: Air-polishing with standard 
handpiece + GBR 
2: Carbon curette + air-
polishing 
3: Carbon curette + air-
polishing + GBR 

Histometric analysis 
No statistically significant 
differences in bone gain and 
new bone-to-implant contact 
between treatment groups. 
 
Inflammatory score 
Sites treated by carbon curette 
and air-polishing (Test 2) 
showed significantly lower 
inflammatory scores. 
 

Test procedures did NOT 
result in superior histological 
outcomes. 
 
The ligature-induced 
experimental peri-implantitis 
model resulted in buccal bone 
defects. 
15 implants were lost during 
the experiment. 
No information regarding 
emphysema. 

Ramanaus?ait
e et al. (2021) 

5 dogs, 30 
implants (SLA 
surface) 
 
 
 

Test 1: Er: YAG laser (100 
m#/pulse, 10 HN) 
Test 2: .ltrasonic scaler with 
PEE$ tip 
Test 3: MetronidaNole gel 
(25%) 

Histometric analysis 
PM-BC value (distance from 
peri-implant mucosa to bone 
crest) 
Test 1: 2.08 R0.47 mm 
Test 2: 2.07 R0.83 mm 
Test 3: 2.38 R0.31 mm 

No significant differences in 
histological outcomes between 
treatment groups. 
 

ViganP et al. 
(2018) 

6 dogs, 24 
implants (ZirTi 
surface) 

Control 
Wiping with gauNe soa?ed in 
saline 
 
Test 
Rotating titanium brush 
(TiBrush) 
 

Histometric analysis 
Distance between implant and 
most coronal contact of bone 
to implant. 
Control: 2.3 R0.5 mm 
Test: 2.2 R0.9 mm 

Test procedures did NOT 
result in superior histological 
outcomes. 
 
One implant in the test group 
was lost during disease 
induction. 

Htet et al. 
(2016) 

5 dogs, 30 
implants 
(Ti.nite surface) 

Test 1: Er:YAG laser 
Test 2: PDT 
Test 3: Titanium bur (1mm-
diameter round tip) alone 
Test 4: Titanium bur and 

Histometric analysis 
Bone area in a 1.5×5 mm 
box. 
Test 1. 0.58 R0.68 mm2 
Test 2. 0.18 R0.11 mm2 

Titanium bur and citric acid 
presented significantly greater 
improvement in bone height 
and area. 
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Study/year Experimental 
model/Implant Decontamination methods Histological findings Remar?s 

citric acid (40%). 
 

Test 3. 0.51 R0.58 mm2 
Test 4. 1.25 R0.72 mm2� 
�p �0.05 vs groups 2 � 3 

No difference in probing 
poc?et depth between 4 
groups after 12w post-op.  
�our implants were lost after 
3 wee?s of peri-implantitis 
initiation.  

Carral et al. 
(2016) 

8 dogs, 48 
implants 
(SLActive 
surface) 

Control 
.ntreated 
 
Test 
1: Rotating titanium brush + 
0.1% NaOCl + 0.2% CHX 
2: Rotating titanium brush + 
0.2% CHX 
3: Plastic tip of an ultrasonic 
device + 0.2% CHX 

Histometric analysis 
No significant differences 
between groups in terms of 
histological poc?et depth 
(PM-a#E). 
 
Bone refill area 
Control: 0.24 mm2 
Test 1: 0.65 mm2� 
Test 2: 0.84 mm2� 
Test 3: 0.63 mm2� 
�p �0.05 vs control 

No significant differences in 
histological outcomes between 
treatment groups. 
 
Means of PPD at 3m post-op 
Control: 4.36 mm 
Test 1: 2.87 mm 
Test 2: 2.57 mm 
Test 3: 2.86 mm 
One dog died 1 month before 
the end of the study.  

Carcuac et al. 
(2015) 

6 dogs, 48 
implants with 4 
different 
surfaces. 
- TiOblast  
- OsseoSpeed 
- AT-I 
- Ti.nite 
 

Control 
Wiping with sterile 10×10 
mm gauNes soa?ed in saline 
 
Test 
Wiping with sterile 10×10 
mm gauNes soa?ed in 0.2% 
CHX 
 

Histometric analysis 
No statistically significant 
differences between test and 
control sites for any of the 
implant types. 
 
In the control group, residual 
bony defect area at implants 
with a Ti.nite surface was 
significantly larger than at 
other types of implants. 
83% of implants with a 
Ti.nite surface had an ICT 
score 3. 

Test procedures did NOT 
result in superior histological 
outcomes. 
 
Results were influenced by 
implant surface characteristics. 
 
One implant in the test group 
was lost 3m after surgery. 

Ta?asa?i et al. 
(2007) 

4 dogs, 12 
implants (SLA 
surface) 

Control 
Plastic curettes + irrigation 
with saline.  
 
Test 
Er:YAG laser + irrigation 
with saline  
 

Histometric analysis 
Percentage of new bone 
height (n=4 per group) 
Control: 35.1 R15.1% 
Test: 61.8 R32.7% 
 
Percentage of new bone-
implant contact (n=4 per 
group) 
Control: 39.4 R11.7% 
Test: 69.7 R15.2% 

Test procedures did NOT 
result in superior histological 
outcomes. 
 
Buccal dehiscence type defects 
were created by a straight 
fissure steel bur. A stainless 
steel mesh sheet was used to 
induce peri-implant infection 
at buccal sites. 
Systemic antibiotics 
prescribed. 

Shibli et al. 
(2006) 

5 dogs, 40 
implants with 4 
difference 
surfaces. 
 

Control 

Plastic curettes  
 
Test 
Plastic curettes + lethal 

Histometric analysis 
Bone height gain 
Control: -0.09 R1.22 mm 
Test: 1.79 R1.37� mm 
 

���������	���	�o
���o�	�

��	��resulted in superior 
histological outcomes. 
 
No differences in the amount 
of re-osseointegration were 
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Study/year Experimental 
model/Implant Decontamination methods Histological findings Remar?s 

1. Machine  
2. TPS surface 
3. Osseotite 
surface 
4. Porous 
surface 
(ConexOo 
Implants). 

photosensitiNation (with 
toluidine blue O + GaAlAs 
diode laser, 4 #/cm2)  
 
All sites received a PTE� 
membrane 

Re-osseointegration 
Control: 8.44 R11.2% 
Test: 37.08 R19.0%�  
 
Bone fill 
Control: 14.6 R14.0% 
Test: 51.3 R21.1%� 
�p �0.05 vs control 

observed between different 
implant surface types. 
The control group presented 5 
times more earlier membrane 
exposition than the test group. 
 
 

SchwarN et al. 
(2006) 

5 dogs, 30 
implants (SLA 
surface) 
 
 
 
 

Test 1: Er:YAG laser 
Test 2: An ultrasonic device 
with PEE$ tip 
Test 3: Plastic curettes + local 
application of metronidaNole 
gel (25%) 

Histometric analysis 
Histological poc?et depth  
Test 1: 2.7 R2.0 mm 
Test 2: 2.2 R1.2 mm 
Test 3: 2.6 R0.6 mm 
 
Bone regeneration 
Test 1: 1.3 R1.0 mm� 
Test 2: 0.5 R0.4 mm 
Test 3: 0.9 R0.7 mm� 
�p �0.05 vs Test 2 

No significant differences in 
clinical parameters outcomes 
between treatment groups. 
 
The test procedures (Er:YAG 
laser and plastic 
curettes+metronidaNole) 
resulted in superior 
histological outcome in terms 
of bone regeneration/BIC. 
 

Persson et al. 
(2004) 

4 dogs, 24 
implants 
(Turned/SLA)  
 

Control 
Curettes + cotton pellets 
soa?ed in saline 
 
Test 
Curettes + CO2 laser + H2O2 
(10mM) irrigation 
 

Histometric analysis 
Histological poc?et depth 
Turned surface 
Control: 2.18 mm 
Test: 1.87 mm 
SLA surface 
Control: 2.31 mm 
Test: 1.87 mm 
 
Re-osseointegration 
Turned surface 
Control: 21% 
Test: 22% 
SLA surface 
Control: 74% 
Test: 84% 

The test procedure did NOT 
have an apparent effect on 
bone formation and re-
osseointegration. 
 
Implant surface characteristics 
influenced amount of re-
osseointegration. 
 
Systemic antibiotics 
prescribed: amoxicillin + 
metronidaNole. 
 
 

Schou et al. 
(2003) 

8 mon?eys, 64 
implants (TPS) 

Test 1: Air-powder abrasive + 
citric acid + saline irrigation. 
Test 2: Air-powder abrasive + 
saline irrigation 
Test 3: GauNe soa?ed in saline 
+ citric acid + saline irrigation  
Test 4: GauNe soa?ed 
alternately in CHX and saline.  
 
Common procedures 

Histometric analysis 
On average over all groups, 
39-46% of re-osseointegration 
was observed. 
 

No significantly differences in 
clinical outcomes or in amount 
of re-osseointegration between 
treatment groups. 
 
All methods resulted in 
improvement. 
Systemic antibiotics prescribed.  
Sodium bicarbonate powder 
was used. 
Six implants were removed 
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Study/year Experimental 
model/Implant Decontamination methods Histological findings Remar?s 

Autogenous bone + e-PT�E 
membrane.  

during disease induction. 
Membrane exposure occurred 
at 32 implants (36%). 

$olonidis et 
al. (2003) 

4 dogs, 12 
implants 
(Turned surface) 

Test 1: GauNe soa?ed with 
citric acid + rinsing with 
saline solution. 
Test 2: Toothbrush + NaCl (1 
min).  
Test 3: GauNe soa?ed with 
10% H2O2 (1 min) + rinsing 
with NaCl solution.  
 

Histometric analysis 
BIC within threads 
Test 1: 0.58 mm/thread 
Test 2: 0.81 mm/thread 
Test 3: 0.62 mm/thread 

No significantly differences in 
clinical outcomes, in linear bone 
contact and area of bone within 
threads between treatment 
groups. 
Implants were partially 
inserted into the bone and 
50% of the coronal part was 
exposed. 
After plaque accumulation, 
decontamination was carried 
out surgically. The cleaned 
implants were removed and 
then placed into the 
contralateral side of the 
mandible. 

Deppe et al. 
(2001) 

6 dogs, 60 
implants (TPS) 
 

Test 1: Air-powder abrasive. 
Test 2: CO2 laser. 
Test 3: Air-powder abrasive + 
CO2 laser.  
 

Histometric analysis 
Histometric bone gain  
Test 1: 0.64 R0.68 mm 
Test 2: 0.62 R0.58 mm 
Test 3: 0.75 R0.52 mm 

No significantly differences in 
histometric evaluations between 
treatment groups. 
 

Persson et al. 
(1999) 

4 dogs, 24 
implants 
(Turned surface) 

Control 
GauNe soa?ed in saline 
 
Test 
Abrasive pumice with rotating 
brush 

Histometric analysis 
Re-osseointegration 
Control: 0.43 R0.10 mm 
Test: 0.43 R0.11 mm 
 
Bone fill 
Control: 64 R9% 
Test: 59 R8% 
 

Test procedure did NOT 
result in superior histological 
outcomes. 
 
The inflammatory lesion was 
resolved and new bone 
formation was observed in the 
previous defect. 
 
�ollowing antimicrobial 
therapy, bone gain was 
observed in both treatment 
groups.  

+(� the marginal border of the peri-implant mucosa, a% � the apical termination of the Aunctional epithelium, �� 
the most coronal position of bone-to-implant contact, $�/� $nfiltrated connective tissue, �'/� �one level tapered, 
.'�� .and-blasted, large grit and acid-etched, ++�� +robing pocBet depth, "�R� "uided bone regeneration, 
��(� �ovine bone mineral,  r�4�" laser�  rbium-doped Pttrium aluminium garnet laser, +�/� +hotodPnamic 
therapP, )a*�l� .odium hPpochlorite, �#3� �hlorheOidine digluconate, /+.� /itanium plasma-spraPed, +/ !� 
+olPtetrafluoreten, +  &� +olPether ether Betone, �$�� �one-to-implant contact, �/-$� *Oalic acid and 
hPdrofluoric acid treated surface. 
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/here is strong evidence from clinical studies that anti	infective treatment strategies result 
in resolution of peri	implant tissue iniammation and in stable marginal bone levels 
��erglundh, 2ennstrYm, et al
, 20
�� #eitR	(ayheld et al
, 20
2� #eitR	(ayheld et al
, 
20
��
 #owever, it still remains inconclusive, which decontamination protocol is superior 
based on the lack of well	designed randomiRed controlled clinical trials �-amanauskaite et 
al
, 2023� /eughels et al
, 2023� 2ilensky et al
, 2023�
 

 ight clinical studies with control groups are summariRed in /able 3	

 #and curettes and 
gauRes soaked in saline were commonly used as control measures, while Strauss et al
 
�202
� utiliRed an ultrasonic instrumentation as reference
 As test procedures, air	polishing 
devices �#entenaar et al
, 2022� /oma et al
, 20
��, rotating titanium brushes �/oma et al
, 
20
��, a )d�4AG laser �Strauss et al
, 202
�, a diode laser �Papadopoulos et al
, 20
��, 
aPD/ �Albaker et al
, 20
��, gaseous oRone therapy �Isler et al
, 20
�� and chemical agents 
�0
2� �#3 or 0
2� �#3�0
0�� �P�� ��arcuac et al
, 20
�� de 2aal et al
, 20
3� were 
evaluated
 #entenaar et al
 �2022� reported that air	polishing did not improve 
	year clinical 
outcomes ��oP, PPD, (�'� when compared to the use of gauRes soaked in saline, while 
/oma et al
 �20
�� did hnd a greater PPD reduction at a �	month follow	up in the air	
polishing group when compared to the use of plastic curettes
 It should be noted, however, 
that the application of the air	polishing devices in the two studies was handled dinerently 
and that also follow	up periods were dinerent
 /oma et al
 �20
�� further reported that 
titanium brushes were superior in improving clinical parameters and success rates when 
compared to controls �plastic curettes�
 /he otherwise tested methods �i
e
 )d�4AG laser, 
diode laser, aPD/, oRone therapy and chemical agents� did not present signihcantly better 
results than control procedures
 

An overview of the clinical studies comparing dinerent decontamination strategies is 
presented in /able 3	2
 Implantoplasty as a decontamination procedure was assessed in � 
of the selected � clinical studies
 /hree studies �Dalago et al
, 20
�� 'asserre et al
, 2020� 
-omeo et al
, 200�� -omeo et al
, 200�� utiliRed implantoplasty in test groups, while three 
other studies �SchwarR et al
, 20
3� SchwarR et al
, 20
2� SchwarR et al
, 20
�� SchwarR et 
al
, 20

� /apia et al
, 20
�� 2ang et al
, 202
� preformed implantoplasty for all patients 
included
 'asserre et al
 �2020� carried out a prospective, randomiRed, parallel	group clinical 
trial evaluating the clinical enicacy of implantoplasty using diamond burs and comparing it 
to air	polishing with a Perio	!low tip after a �	month follow	up
 /he authors described 
that no signihcant dinerences between the two decontamination protocols were found in 
clinical parameters including PPD, �oP�SoP, -A' and (�'
 -omeo et al
 �200�� 200�� 
also evaluated the clinical enicacy of implantoplasty at /PS	surface implants
 -esults from 
a 3	year follow	up evaluation after surgery showed clinically relevant improvements in the 
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implantoplasty group
 �omparisons with the control group in this study were dinicult due 
ePtensive implant loss and need for re	treatment for all implants allocated to the control 
group
 It should be noted, however, that the aggressive grinding techniIues entails risks for 
potential damages to the peri	implant soft�hard tissues ��arrak et al
, 2020� !retwurst et al
, 
20
�� Pettersson et al
, 20
�� and the device itself, including the reduction of mechanical 
properties of the implant ��ertl et al
, 202
� %orio et al
, 202
�
 

�urrently, the wiping procedure with gauRe soaked in saline and hand curettes was widely 
utiliRed as gold standard protocol in the surgical therapy of peri	implantitis
 /here is 
currently a lack of evidence suggesting any beneht of alternative�additional mechanical 
means of surface instrumentation �-amanauskaite et al
, 2023� as well as chemical methods 
�2ilensky et al
, 2023�
 (ore well	designed and adeIuately powered randomiRed controlled 
trials are reIuired to identify the most enective decontamination method
 

Table �. *vervieN of randomiQed controlled clinical trials on the clinical efficacP of surface 
decontamination procedures during surgical therapP of peri-implantitis. 

�-�. *utcomes reported in controlled studies (n=8 studies, �0 articles) 

Study/year Groups / number of implants Clinical outcomes Benefits of test 
procedure Remar?s 

Hentenaar 
et al. (2022) 

Control (N=31, n=40) 
Cotton gauNe soa?ed in  
saline 
 

XBoP: -8.4% 
XPPD: -1.2 mm 
XMBL: 0.3 mm 

at 12-month follow-up 

XBoP: 2.2% 
XPPD: 0.6 mm 
XMBL: 0.2 mm 
 
	.S. di��erence �et"een 
groups. 

The test method did NOT 
result in significantly better 
outcomes. 
Composite outcome (BoP+ 
(S1 site out of 6 sites), PPD 
�5 mm and absence of 
additional bone loss) 
 Control: 12.5 % 
 Test: 32.5% 

Test (N=27, n=54) 
Air-polishing with erythritol-
based powder 
 

XBoP: -10.6% 
XPPD: -1.8 mm 
XMBL: 0.1 mm 

at 12-month follow-up 

Strauss et 
al. (2021) 

Control (n=15) 
.ltrasonic instrumentation 
(EMS) with CHX solution 
 

XBoP: -47% 
XPPD: -1.4 R2.0 mm 
XMBL: -0.26 R0.6 mm 

at 12-month follow-up 

XBoP: 43% 
XPPD: 0.53 mm 
XMBL: 0.15 mm 
 
	.S. di��erence �et"een 
groups. 

The test method did NOT 
result in significantly better 
outcomes. 
No power calculation was 
performed. 
Statistical analysis was not 
clearly described. 
No data demonstrating 
benefits of the test procedure.  

Test (n=19) 
.ltrasonic instrumentation 
(EMS) with CHX solution + 
Nd:YAG laser (3.6 watts, 20 
mHN) 

XBoP: -90% 
XPPD: -1.9 R1.3 mm 
XMBL: -0.4 R0.9 mm 

at 12-month follow-up 

Toma et al. 
(2019) 

Control (N=15, n=25) 
Plastic curettes 
 

 

XBoP: -25% 
XPPD: -1.67 mm 
XMBL: -0.5 mm 

at 6-month follow-up 

Air-polishing 
(Perio-�low) 
XBoP: 11% 
XPPD: 0.56 mm� 

Test methods resulted in 
significantly better outcomes. 
 
Composite outcome (BoP-, 
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Study/year Groups / number of implants Clinical outcomes Benefits of test 
procedure Remar?s 

Test 1 (N=16, n=22) 
Air-polishing (Perio-�low) 
 

XBoP: -36% 
XPPD: -2.23 mm 
XMBL: -0.9 mm 

at 6-month follow-up 
 

XMBL: 0.4 mm 
 
Titanium brush 
XBoP: 21%� 
XPPD: 0.8 mm� 
XMBL: 0.7 mm 
 
�p �0.05 vs control 

PPD S5 mm and absence of 
additional bone loss T0.5mm) 

Control: 22% 
Test 1: 29% 
Test 2: 33% 

 

Test 2 (N=16, n=23) 
Titanium brush 
 

XBoP: -46% 
XPPD: -2.47 mm 
XMBL: -1.21 mm 

at 6-month follow-up 

Alba?er et 
al. (2018) 

Control (N=13, n=13) 
Curettes and gauNes soa?ed in 
saline  

XBoP: -11.7% 
XPPD: -1.5 mm 
XMBL: -0.7 mm 

at 12-month follow-up 

XBoP: 6.8% 
XPPD: 0 mm 
XMBL: 0 mm 
 
	.S. di��erence �et"een 
groups. 

The test method did NOT 
result in significantly better 
outcomes. 
 

Test (N=11, n=11) 
Curettes and gauNes soa?ed in 
saline + aPDT with the use of 
Methylene blue (diode laser of 
670 nm at 150 mW) 

XBoP: -18.5% 
XPPD: -1.5 mm 
XMBL: -0.7 mm 

at 12-month follow-up 
 

Isler et al. 
(2018) 

Control (N=21, n=30) 
Titanium curette with saline 
irrigation + PR� + Xenograft 
(Bio-Oss) 

XBoP: -72.5% 
XPPD: -2.4 mm 
XCAL: 2.0 mm 
D�: 1.17 R0.77 mm 

at 12-month follow-up 

XBoP: 8.3% 
XPPD: 1.1 mm� 
XCAL: 1.2 mm 
D�: 1.15 mm� 
 
�p �0.05 vs control 
 

The test method resulted in 
significantly better outcomes. 
 
Composite outcome (BoP-, 
PPD �5 mm and absence of 
additional bone loss) 

Control: 36.6% 
Test: 50.0% 
 

Test (N=20, n=30) 
ONone following titanium 
curette instrumentation + 
PR� + Xenograft (Bio-Oss) 

XBoP: -80.8% 
XPPD: -3.5 mm  
XCAL: 3.2 mm 
D�: 2.32 R1.28 mm 

at 12-month follow-up 

Carcuac et 
al. (2020)� 
Carcuac et 
al. (2017)� 
Carcuac et 
al. (2016) 

Control (N=24, n=37) 
GauNes soa?ed in saline 
 

XPPD: -1.69 R2.22 mm 
XMBL: -0.96 R1.42 mm 
XBoP: -48.6% 

at 12-month follow-up 
 

XPPD: 0.47 mm 
XMBL: -0.29 mm 
XBoP: 7% 
 
	.S. di��erence �et"een 
groups. 

The test method did NOT 
result in significantly better 
outcomes. 
 
Composite outcome (BoP-, 
PPD S5 mm and absence of 
additional bone loss) 
 Control: 35.1% 
 Test: 37.5% 
	o use o� systematic anti�iotic in 
eit�er group 

Test (N=24, n=49) 
GauNes soa?ed in 0.2% CHX 
 

XPPD: -2.16 R1.79 mm 
XMBL: -0.69 R1.32 mm 
XBoP: -55.6% 

at 12-month follow-up 

Papadopoul
os et al. 
(2015) 

Control (N=8, n=8) 
Plastic curettes + GauNes 
soa?ed in saline 

XPPD: -1.21 mm 
XCAL: -0.17 mm 
XBoP: -62.5% 

XPPD: 0.27 mm 
XCAL: 0.62 mm 
XBoP: 5.1%  

The test method did NOT 
result in significantly better 
outcomes. 
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Study/year Groups / number of implants Clinical outcomes Benefits of test 
procedure Remar?s 

 at 6-month follow-up  
	.S. di��erence �et"een 
groups. 

 

Test (N=8, n=8) 
Plastic curettes + GauNes 
soa?ed in saline + diode laser 
(low-power 980 nm) 

XPPD: -1.48 mm 
XCAL: -0.79 mm 
XBoP: -57.4% 

at 6-month follow-up 

de Waal et 
al. (2013) 

Control (N=15, n=48) 
GauNes soa?ed in saline and 
rinsing with placebo solution. 

XPPD: -1.8 mm 
XMBL: -0.3 mm 
XBoP: -1.1% 
at 12-month follow-up 

XPPD: 0.5 mm 
XMBL: 0.5 mm 
XBoP: 1.1% 
 
	.S. di��erence �et"een 
groups. 

The test method did NOT 
result in significantly better 
outcomes. 
 

Test (N=15, n=31) 
GauNes soa?ed in saline and 
rinsing with 0.2% CHX 
+0.05% CPC solution. 

XPPD: -2.3 mm 
XMBL: -0.7 mm 
XBoP: 0% 
at 12-month follow-up 

)� )umber of patients, n� )umber of implants, �o+� �leeding on probing, ++�� +robing pocBet depth, (�'� 
(arginal bone level, ��'� �linical attachment level, )...� )ot statisticallP significant, a+�/� �ntimicrobial 
photodPnamic therapP, +R!� +latelet-rich fibrin, �!� �efect fil, �#3� �hlorheOidine digluconate, �+�� 
�etPlpPridinium chloride. 
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�-2. *utcomes reported in studies Nithout controls (n=� studies, �� articles) 

Study/year Common 
procedure 

Groups / number of 
implants Clinical outcomes Remar?s 

Wang et al. 
(2021) 

.ltrasonic scaler 
(Stainless steel) + 
Implantoplasty in 
supra-crestal area + 
bone graft + 
resorbable 
membrane 

Group 1 (N=12, n=12) 
No additional procedure 

XPPD: -1.85 R1.71 mm 
XCAL: -1.47 R1.76 mm 
XBoP: -0.39 R0.55% 
XMBL: 1.08 R1.04 mm 

at 6-month follow-up 

The ad>unctive use of an Er:YAG 
laser was associated with a 
significantly greater PPD reduction. 
 
Only non-smo?er and systemically 
healthy patient were included. 
Allograft and demineraliNed bone 
fibers (3:1) were used. 
Absorbable acellular dermal matrix 
membrane was placed. 
Systemic antibiotics prescribed for 10 
days. 
 
 

Group 2 (N=12, n=12) 
Er:YAG laser (50 
m#/pulse, 25 pulse/sec)  

XPPD: -2.65 R2.14 mm� 
XCAL: 1.90 R2.28 mm 
XBoP: -0.31 R0.62% 
XMBL: 1.27 R1.14 mm 
*p ��.��� �s 
ro�� � 

at 6-month follow-up 

Lasserre et 
al. (2020) 

Plastic curettes for 
the removal of hard 
deposits. 

Group 1 (N=16, n=22) 
Implantoplasty using 
diamond burs 
 

XPPD: -4.0 mm 
XRAL: -3.5 mm 
XBoP: -61.4% 
XMBL: 0.26 mm 

at 6-month follow-up 

No significant differences in clinical 
outcomes between implantoplasty 
and air-polishing. 
 
Composite outcome (BoP-, PPD �5 
mm and absence of additional bone 
loss) 
  Group 1: 15% 
  Group 2: 26% 
Two implants were lost due to 
progression of disease after surgery in 
Group 1 and one patient declined to 
continue the follow-up in Group 2. 
No polishing after implantoplasty. 
0.2% CHX for 10 days, no use of 
systemic antibiotics. 
 

Group 2 (N=15, n=20) 
Air-polishing device 
with Perio-�low and 
glycine powder. 
 

XPPD: -3.3 mm 
XRAL: -2.74 mm 
XBoP: -61.1% 
XMBL: 0.54 mm 

at 6-month follow-up 

Tapia et al. 
(2019) 

Implantoplasty at 
supra-crestally 
exposed surfaces 
(diamond bur � 
Ar?ansas stone) + 
alloplastic bone 
graft + collagen 
membrane. 
 

Group 1 (N=15, n=15) 
Plastic ultrasonic scalers 
and chemical rinsing 
with 3% H2O2. 
 
 
 

XPPDm: -2.19 R1.31 mm 
XPPDd: -2.85 R1.91 mm 
XBoP: -54% 
XBLm: 0.73 R1.26 mm 
XBLd: 1.1 R1.83 mm 

at 12-month follow-up 
 

The use of titanium brushes was 
associated with significantly better 
clinical outcomes. 
 
Composite outcome (BoP-, PPD �5 
mm and absence of additional bone 
loss) 
 Group 1: 23.1% 
 Group 2: 66.7% (p =0.02 vs Group 
1) 
 
0.12% CHX mouth rinse for 2w. 
Systemic antibiotics prescribed for 7 
days. 
 

Group 2 (N=15, n=15) 
Rotating titanium brush 
(Ti-Brush, 900 rpm) 
 

XPPDm: -2.84 R0.93 mm 
XPPDd: -4.87 R1.55 mm� 
XBoP: -80% 
XBLm: 2.51 R1.21 mm� 
XBLd: 2.78 R1.40 mm� 
*p ��.�� �s 
ro�� � 

at 12-month follow-up 
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Study/year Common 
procedure 

Groups / number of 
implants Clinical outcomes Remar?s 

Dalago et 
al. (2019) 

Wiping using 
gauNes soa?ed in 
saline. 

Group 1 (N=9, n=9) 
Chemical 
decontamination with 
50% citric acid in gel for 
3min. 
 

�PPD: -1.4 mm 
�RBL: -0.49 mm 
�BoP: -0.93 

at 36-month follow-up 

No significant differences in clinical 
outcomes between treatment groups. 
 
Composite outcome (BoP-, PPD �5 
mm and absence of additional bone 
loss) 
 Group 1: 50% 
 Group 2: 60%  
 Group 3: 62.5% 
 
 

Group 2 (N=6, n=6) 
Chemical 
decontamination with 
50% citric acid gel + 
connective tissue graft. 
 

�PPD: -1.87 mm 
�RBL: -0.42 mm 
�BoP: -0.6 

at 36-month follow-up 

Group 3 (N=8, n=8) 
Implantoplasty + 
chemical 
decontamination with 
50% citric acid gel. 

�PPD: -2.25 mm 
�RBL: -0.86 mm 
�BoP: -3.25 

at 36-month follow-up 

Waal et al. 
(2015) 

Wiping using 
gauNes soa?ed in 
saline, bone 
recontouring 

Group 1 (N=22, n=49) 
Chemical 
decontamination with 
2% CHX solution 
(alcohol-based) for 1 
min. 
 

�PPD: -2.1 mm 
�BoP: 26.4% 
�MBL: 0 mm 
 

at 12-month follow-up 

No significant differences in clinical 
outcomes between treatment groups. 
 
Composite outcome/�ailure 
definition: PPD T5mm + BoP/SoP 
(same site) at implant level 
 Group 1: 25.0% 
 Group 2: 16.7% 
 
This study was adopted from a 
previous study (de Waal et al., 2013). 
6 implants in 4 patients were lost due 
to persisting peri-implantitis (n=5, 
group 2) or fracture (n=1, group 1) 
during follow-up.  
 

Group 2 (N=22, n=59) 
Chemical 
decontamination with 
0.12% CHX + 0.05% 
CPC without alcohol. 

�PPD: -1.7 mm 
�BoP: -20.9% 
�RBL: -0.3 mm 
 

at 12-month follow-up 

SchwarN et 
al. (2013)� 
SchwarN et 
al. (2012)� 
SchwarN et 
al. (2017)� 
SchwarN et 
al. (2011) 

Implantoplasty 
using diamond bur 
and Ar?ansas 
stones at buccally 
and supra-crestally 
exposed implant 
surfaces + bone 
graft material + 
collagen membrane 

Group 1 (N=14) 
Plastic curettes, cotton 
pellets soa?ed in saline 
 
 

�PPD: -1.5 R2.0 mm 
�CAL: 1.2 R2.2 mm 
�BoP: 54.9 R30.3% 

at 24-month follow-up 

No significant differences in clinical 
outcomes between treatment groups. 
 
During the 24 months, a total of 8 
patients missed to scheduled recall 
sessions and were excluded (per-
protocol analysis). 
 
0.2% CHX rinsing for 2w, no 
systemic antibiotics prescribed. 
 
 
 

Group 2 (N=10) 
Er:YAG laser (11.4 
#/cm2, 10 HN) 
 

�PPD: -1.1 R2.2 mm 
�CAL: 1.0 R2.2 mm 
�BoP: 75.0 R32.6% 

at 24-month follow-up 
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Study/year Common 
procedure 

Groups / number of 
implants Clinical outcomes Remar?s 

Romeo et 
al. (2005)� 
Romeo et 
al. (2007) 

 Group 1 (N=19, n=16) 
Chemical 
decontamination using a 
gel of metronidaNole and 
tetracycline 
hydrochloride 
(50mg/ml). 

�PPD: -1.02 mm (n=14) 
�PAL: 1.09 mm (n=14) 
�mBI: -0.53 
�MGLm: -0.94 mm 
�MGLd: -1.04 mm 

at 24-month follow-up 

Implantoplasty was effective in 
arresting the progression of peri-
implantitis, although comparison with 
Group1 is hampered (see below). 
 
All implants had a titanium plasma-
sprayed surface. 
Systemic antibiotics prescribed for 8 
days and 0.2% chlorhexidine for 2w. 
In Group 1, at the 2-year follow-up, 2 
implants were removed due to further 
progression of peri-implantitis. The 
others (n=14) were retreated due to 
persisting peri-implantitis.  

Group 2 (N=11, n=19)  
Implantoplasty with 
diamond bur, Ar?ansas 
burs, silicone polishers. 
 

�PPD: -2.21 mm 
�PAL: 0.39 mm 
�mBI: -2.33 
�MBLm: 0.01 mm 
�MBLd: -0.02 mm 

at 24-month follow-up 
 

)� )umber of patients, n� )umber of implants, �o+� �leeding on probing, ++�� +robing pocBet depth, (�'� 
(arginal bone level, ��'� �linical attachment level, )...� )ot statisticallP significant, a+�/� �ntimicrobial 
photodPnamic therapP, +R!� +latelet-rich fibrin, �!� �efect fil, �#3� �hlorheOidine digluconate, �+�� 
�etPlpPridinium chloride.  r�4�" laser�  rbium-doped Pttrium aluminium garnet laser, #�*�� #Pdorogen 
peroOide, ++�m� average of the siO measurements per implant, ++�d� deepest site, �'m� average of bone level at 
mesial and distal sites, �'d� the deepest sites of bone level, +�'� +robing attachment level, m�$� modified sulcus 
bleeding indeO. 
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Data from large clinical studies ��arcuac et al
, 20
�� Derks et al
, 2022� indicated that 
approPimately 2�	30� of implants surgically treated for peri	implantitis presented with 
residual pocketing �PPD a�mm� at 
2 months post treatment
 /his proportion is 
considerably higher when compared to corresponding hgures following surgical 
periodontal therapy at teeth ���� �/rombelli et al
, 2020�
 A possible ePplanation for this 
discrepancy could rely in the diniculty to achieve sunicient bacterial removal from the 
implant surface
  

/aken together, few controlled clinical studies ePist on additional�alternative implant 
surface decontamination methods
 �esides, there is a lack of in vitro evidence on which 
decontamination procedure is the most enective in removing bacterial biohlm and 
subseIuently re	establishing biocompatibility to the level of pristine surfaces
 !urther 
investigations are reIuired to identify an evidence	based surface cleaning procedure as part 
of the management of peri	implantitis
 

/he current series of studies, therefore, aims at identifying the most superior combination 
of mechanical and chemical methods to remove the biohlm and subseIuently restore 
surface properties for tissue reintegration
 As a hrst step, Studies I � II attempt to reveal, 
which mechanical instrumentation and chemical agent are superior in removal of bacteria 
and in restoring cytocompatibility using titanium discs covered by a single	bacteria biohlm
 
�ased on the hndings of Studies I � II, the enective cleaning methods are further 
evaluated utiliRing either implants covered by ePperimentally created multi	species bacterial 
biohlms �Study III� or ePplanted peri	implantitis	anected implants �Study IV�
 /he 
scientihc knowledge will contribute to adeIuately design clinical trials and thereby will 
serve to develop an evidence	based treatment protocol in the management of peri	
implantitis
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/he current series of studies aims at identifying the most enective method for implant 
surface decontamination in terms of removal of bacterial biohlm and restoring 
cytocompatibility
 


esear�� �uestions 

�� Which mechanical method is superior in removing bacterial biofilm from 
contaminated implant surfaces and restoring their cytocompatibility? 

�� Does the adjunctive use of chemical agents in the decontamination of 
implant surfaces improve bacterial removal and restoration of 
cytocompatibility? 

�� Do implant surface characteristics influence outcomes of decontamination 
procedures? 

�� Which combination of mechanical and chemical methods is superior in the 
decontamination of biofilm-contaminated implants? 

S�e�i%� ai�s 

/o answer the above research Iuestions, the following specihc aims were considered
 

• /o evaluate, in vitro, the effects of mechanical instrumentations on surface cleanness 
and cytocompatibility �Study I�
 

• /o ePamine, in vitro, the potential benefits of the adBunct use of chemical agents in 
terms of surface cleanness and cytocompatibility �Study II�
 

• /o detect, in an in vitro multiple	species bacterial biofilm model, the effects of 
surface decontamination methods identified in Studies I � II on surface cleanness 
�Study III�
 

• /o assess the cleaning efficacy of the superior protocols in surface decontamination 
of ePplanted peri	implantitis	affected implants �Study IV�
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��te�
�ls ��� �et���s  

�t�ical considerations 
Studies I�III were pre	clinical, in vitro studies
 !or Study IV, ethical approval was obtained 
�Dnr 202
	02�
��202
	0����	02� and all participants were informed about the obBective 
and design of the study and gave their written informed consent
 Patients were treated 
according to standard clinical protocol and study participation did not result in any 
additional risks
 After all study	related evaluations were completed, implants were returned 
to the respective clinicians�patients for possible warranty purposes
 During the study, 
implants were marked and referred to by number
 /he digital code key linking implants to 
study participants was stored on a protected computer server
  

�itanium discs 
In Studies I � II, sterile titanium discs �Dentsply Sirona Implants, (Ylndal, Sweden� 
diameter� 
2 mm� thickness� 2 mm� with either smooth 6/i�s�7 or moderately rough surfaces 
6/i�r�7 were used as shown in !igure 2
 Arithmetical mean height �Sa�, developed interfacial 
area ratio �Sdr� and density of summits �Sds� were assessed at three randomly selected 
locations on each disc using white light interferometry �(icro3A(, AD  Phase Shift 
/echnology, USA�
 According to standard protocols applied to implants for clinical use, all 
discs were cleaned and autoclaved prior to ePperimental use
  

 

Figure 2. Surface characterization of titanium discs. Ti(s): non-modified/smooth titanium surface. Ti(r): 
modified (shot-blasted)/moderately rough titanium surface. 
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In Study III, 
23 commercially available implants with a diameter of �
2 mm and a length 
of 
3 mm �Astra /ech Implant  1, OsseoSpeed� Dentsply Sirona Implants, (Ylndal, 
Sweden� were used
 /he implants were characteriRed by a micro	 and macro	thread pitch 
distance of 0
22 bm and 0
�� bm, respectively
 A 3D	printed model mimicking a peri	
implantitis	associated intra	bony defect was also utiliRed
 /he intra	bony defect model was 
digitally designed by means of an Auto�AD software �version 2020, AU/OD S&� with 
the following defect dimensions� 2
0 mm �width�, �
� mm �depth� and �0¡ �angle�
 
SubseIuently, the model was 3D	printed using polycarbonate �Ultimaker S�, Utrecht, 
)ederland� and autoclaved
 Under aseptic conditions, each implant was mounted on its 
model �!igure 3�
 

 

Figure 3. (a) 3D-printed model to mount the implants during biofilm development, surface decontamination 
and fixation for SEM/EDS analysis. (b) Photograph of implant embedded to the 3D-printed model. (c) 
Regions of interest for SEM/EDS analysis in Study 3. In each zone (IB, SCMa, SCMi), 6 sites were 
analyzed by SEM at 3000 magnifications (2 tops, 2 flanks and 2 valleys), while valley sites (�� +�� ) were 
assessed by EDS at 3000 magnification. 
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In Study IV, 2� patients presenting with 3� peri	implantitis	anected implants scheduled 
for ePplantation at one of three specialist clinics ��linics for Periodontics in Gothenburg, 
Uddevalla or �orVs, Public Dental #ealth Services, -egion 1Ustra GYtaland, Sweden� were 
included
 Prior to ePplantation, clinical parameters �PPD, �oP�, information related to the 
implant �implant bland, time of function, history of treatment of peri	implantitis� and 
recent radiographic images were collected
 )on	surgical ePplantation was performed for � 
implants, whereas the remaining 2� implants were ePplanted in conBunction with a surgical 
iap procedure
 Implants were removed by means of a reverse torIue device �!- kit, 
)eo�iotech �O�, elevators, and�or forceps
 In three cases, peri	implant bone was resected 
using rotating or trephine burs
 �are was taken to avoid damage to the implant surface and 
the bacterial biohlm during all procedures
 Immediately after ePplantation, implants were 
immersed in a glass sealed tube containing a viability medium �1(GA III� and transported 
to the laboratory �!igure ��
  

 

Figure 4. A clinical case included in Study IV (Clinical photo (a) and radiographic image (b)). (c) A viability 
medium (VMGA III). 
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�io�ilm de(elopment ��tudies 
-


� 
!or the ePperimental single	bacteria biohlms utiliRed in Studies I � II, we chose 
�tr"+to o  /- $or!onii A/�� 333�� / ��ulture �ollection University of Gothenburg, 
Gothenburg, Sweden�
 �acteria were cultured on horse blood agar plates ��linical 
(icrobiology, Sahlgrenska University #ospital, Gothenburg, Sweden� under aerobic 
condition �)���O���0��
0�� at 3�Z� for 3 days
 Single colonies of �� $or!onii were 
transferred from the house blood agar plates into �rain #eart Infusion ��#I� liIuid culture 
medium �)eogen, 'ansing, (I, USA� and turbidity was adBusted by measuring the 
absorption at OD��0� 0
�
 /itanium discs coated with saliva for � h were immersed in the 
bacterial suspension �

0 ml� using sterile 2�	well polystyrene culture plates
 /he 2�	well 
plates were incubated under aerobic conditions �)���O���0��
0�� at 3�Z� for 2 days
 
SubseIuently, all biohlm	contaminated discs were gently washed twice with P�S to remove 
all suspended bacteria and preserve only the attached biohlm
 Discs were then transferred 
to new sterile 2�	well plates for further ePperimental steps
 

In Study III, a multi	species biohlm was grown on implant surfaces as previously reported 
by SancheR et al
 �20
��
 In brief, �tr"+to o  /- or�'i- � �/ �0�/, �"i''on"''� +�rv/'� )�/� 


�
0, � tino(1 "- n�"-'/n!ii A/�� 
�03�, �/-o�� t"ri/( n/ '"�t/( D(S5 20��2, 
�$$r"$�ti�� t"r � tino(1 "t"( o(it�n- DS(5 �32� and �or+%1ro(on�- $in$iv�'i- A/�� 332�� 
were used
 �acteria were grown on blood agar plates ��lood Agar OPoid )c 2� OPoid, 
�asingstoke, U&�, supplemented with �� �v�v� sterile horse blood �OPoid�, �
0 mg�' 
hemin �Sigma, St
 'ouis, (O, USA� and 

0 mg�' menadione �(erck, Darmstadt, 
Germany� in anaerobic conditions �
0� #�, 
0� �O�, and balance )�� at 3�Z� for 2�	�2 
days
 Pure cultures of each of the siP bacteria were transferred to and anaerobically grown 
in a modihed �#I medium at 3�Z� during 2�	�� h
 !ollowing concentration adBustment by 
spectrophotometry, the dinerent bacterial solutions were miPed into one suspension 
containing 
0� colony forming units ��!U��ml for �� or�'i-, 
0� �!U�ml for �� +�rv/'� and 
�� n�"-'/n!ii, 
0� �!U�ml for �� n/ '"�t/(, �� � tino(1 "t"( o(it�n- and �� $in$iv�'i-
 As 
mentioned in section 3
2, the implants mounted to the 3D	printed models were positioned 
in a sterile 2�	well cell culture plate �Greiner �io	one, !rickenhausen, Germany� and 
immersed in saliva for � h at 3�Z� for pellicle development before being transferred to a 
new sterile 2�	well cell culture plate
  ach well was inoculated with 

� ml of the bacterial 
suspension and incubated under anaerobic conditions �
0� #�, 
0� �O� and )� in 
eIuilibrium� at 3�Z� for �2 h
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�ur�ace decontamination ��tudies 
-
�� 
All decontamination procedures �Studies I�IV� were performed by one trained operator 
�4uki Ichioka� and carried out with a constant and overlapping linear movement under 
time restrictions and aseptic conditions
 In Study I, the cleaning capacity of � dinerent 
mechanical protocols� 
� wiping procedure with gauRes soaked in saline �)a�l�, 2� an ultra	
sonic device with a high	tech Polyether  ther &etone �P  &� hber tip �US�, 3� a rotating 
nickel	titanium brush �/i��, and �� an air	polishing device �AP� was evaluated
 In Study II, 
the adBunctive beneht of chemical agents to wiping procedure with gauRes was assessed
 
/hus, the biohlm contaminated discs were cleaned using gauRes soaked in either 
� saline 
�)a�l� serving as a control, 2� alkaline electriRed water �A 2�, 3� citric acid ��A� or �� )	
acetyl	'	cysteine �)A��
  

�ased on the data obtained from Studies I � II, AP and /i� as well as A 2 and )A� 
were selected as mechanical and chemical measures for further evaluation
 #ence, the 
cleaning potential of the previously identihed superior methods were assessed in Studies 
III � IV
  

In Study III, surface decontamination protocols consisted of combinations of chemical 
�)a�l, A 2, )A�� and mechanical decontamination techniIues �GS, AP, /i��
 In all, � 
treatment groups were formed
 Implants in groups 
	3 were treated by wiping the implant 
surfaces with gauRes soaked in either )a�l, A 2 or )A�
 In groups �	�, the above 
protocols were ePtended to also include mechanical instrumentation by AP �i
e
, AP�)a�l, 
AP�A 2, AP�)A��
 In groups �	�, /i� was used instead �i
e
, /i��)a�l, /i��A 2, 
/i��)A��
  

In Study IV, surface decontamination protocols consisted of a combination of the most 
enective chemical agent �A 2� and mechanical method �AP�
 In this study, acrylic blocks 
were used to mount the ePplanted implant by embedding its most apical part and to 
facilitate decontamination procedures
 Implants were then randomly allocated to either 
� a 
combination of AP and )a�l or 2� AP and A 2
 

Upon treatment in a�� studies, titanium discs�implants were gently rinsed with sterile 
saline or P�S to remove any potential deposits
 In Studies I�III, biohlm	contaminated 
and untreated discs�implants as well as pristine discs�implants were used as negative and 
positive controls, respectively
 In Study IV, four implants from � patients were left 
untreated and used as negative controls
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Details on the decontamination procedures: 

�a� 2iping with gauRes soaked in chemical agents� sterile 
0k
0 mm gauRes soaked in 
either )a�l �0
��, p# �
0, !resenius &abi, Sweden�, A 2 �0

�, p# �
0, Aoi 
 ngineering Inc
, ShiRuoka, %apan�, �A ��0�, p# 

0, citric acid monohydrate, (erck 
&GaA, Darmstadt, Germany� or )A� �
0�, p# 

0, Sigma	Aldrich, Sweden� were 
used
  

�b� An ultra	sonic device �Airiow ProphylaPis (aster&,  (S, )yon, SwitRerland� with 
a high	tech Polyether  ther &etone �P  &� hber tip �US�� the device was set at a 
power of � bar static pressure and maPimum irrigation with saline
 �leaning was 
performed with a constant light pressure
 

�c� A rotating nickel	titanium brush �/i�, )i/i brush, )ano model, #A)S &orea, 
South &orea�� /i� was used at a rotation speed of 
200 rpm under irrigation with 
saline
 /he /i� was used at a variety of angles ���d�0Z� and cleaning was performed 
with a constant light pressure
 

�d� An air	polishing device �AP, Airiow ProphylaPis (aster&,  (S� with AI-	!'O2& 
powder P'US containing erythritol �
� bm�, amorphous silica and 0
3� chlorhePidine 
��#3� was used
 /he standard Air	iow& handpiece was kept at a distance of 2
0 mm 
with an angulation of �0Z to the target surfaces
 /he device was set at a power of � bar 
static pressure and maPimum irrigation with water
 

 

Figure 5. Photographs of instruments used in the series of studies. (a) Gauze used for wiping procedure 
and as a carrier of chemical agents, (b) Fiber-tipped (PEEK) ultrasonic scalers (c) Rotating nickel-titanium 
brush, (d) Air-polishing. 

(a) (b) (c) (d)
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	ell culturin� and �ro)in� on decontaminated �i discs 
��tudies 
 � 

� 
Osteoblast	like cells �human osteosarcoma cell� (G�3� Sigma	Aldrich Sweden A�, 
Stockholm, Sweden� were cultured with (inimum  ssential (edium  agle �( ( � 
Sigma	Aldrich� supplemented with 
0� newborn calf serum �)�S� Sigma	Aldrich�, 
� of 
antibiotic	antimycotic �contains 
00 units�ml penicillin, 
00 bg�ml streptomycin, 2�0 
ng�ml amphotericin �� /hermo !isher Scientihc�, 
� of non	essential amino acids 
solution �/hermo !isher Scientihc� and 
� of Gluta(A3 �contains '	alanyl	'	glutamine 
dipeptide� /hermo !isher Scientihc� in a humidihed atmosphere of ��� air and �� carbon 
dioPide at 3�Z�
 

Immediately after surface decontamination, (G�3	cells were seeded onto the treated and 
pristine �non	contaminated and untreated� titanium discs in a 2�	wells cell culture plate 
with an adBusted density for each analysis� 2
0k
0
 cells�ml for S (, �
0k
0
 cells�ml for 
immunoiuorescence analysis, �
0k
0
 cells�ml for IP�- in Study I� �
0k
0
 cells�ml for 
S ( and immunoiuorescence analysis in Study II
 �ells were cultured using ( (  
supplemented with 
0� )�S, 
� non	essential amino acids solution and 
� of 
Gluta(A3 without 
� of antibiotic	antimycotic in a humidihed atmosphere of ��� air 
and �� carbon dioPide at 3�Z� for 2� h
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�ur�ace anal+sis ��tudies 
-
�� 
Scanning electron microscopy �S (� GeminiS ( ��0, 5 ISS, Germany� was used to 
identify residual bacteria and foreign material deposits in all studies
 2e also evaluated 
post	cleaning cytocompatibility using S ( in Studies I � II
 

Sa���e �re�aration 

Upon completion of surface decontamination or cell culturing on treated titanium discs, 
the titanium discs�implants were gently washed twice with P�S�saline and hPed in 2
�� 
glutaraldehyde bunered in 0

( PIP s �Studies I� II � IV� or a solution of �� 
paraformaldehyde and 2
�� glutaraldehyde �Study III�
 /he discs�implants analyRed in 
Studies I� II � IV were then incubated in 
� osmium tetroPide in 0

( PIP s at �Z� in 
the dark for 30	�� min and washed with d#�O
 Specimens were then dried with either 
hePamethyldisilaRane �!luka, �uchs, SwitRerland� or a critical point dryer
 /he discs used in 
Study I and untreated implants in Study IV were sputtered with a gold coater �,uorum 
Sputter �oater,
�0/  , ,uorum /echnologies 'td, United &ingdom�, while the 
remaining specimens were not ePposed to any conductive coating
  

S	� ana�ysis 

,ualitative patterns of residual bacteria or any foreign material deposits and surface 
damage were evaluated at various magnihcations �
00k	2�,000k� with a secondary electron 
�S � detector
 /o address Iuantihcation of residual deposits, a backscattered electron 
��S � detector was used for the identihcation of light elements, such as bacteria, organic 
deposits, or polyether ketone
 /hese were shown as darker structures relative to the 
titanium background
 

/o avoid potential bias, the regions of interest �-OIs� were preselected by applying a grid 
at low magnihcation using the inbuilt S ( software
 /hus, hve and nine cross points 
distributed over the entire surface of the titanium disc were determined in Studies I � II, 
respectively
 In Studies III � IV� three specihc Rones were selected for each implant� 
intra	bony �I��, supra	crestal and macro	threaded �S�(a�, supra	crestal and micro	
threaded �S�(i� Rones� apical, middle, and coronal, respectively
 2ithin each Rone, the top 
of a thread, the iank of a thread and the valley between threads were set as -OIs �!igures 
3 � ��
  

In Study I, at each of the hve cross points, micrographs �magnihcation �00k, �000k, and 
2�,000k� were obtained with S  and �S  detectors at � k1 under vacuum at 
approPimately �	� mm
 S ( images captured by S  and �S  detectors at �000k were 
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analyRed with an image analyRer �Image%2, 2
3

�

�3I� )ational Institutes of #ealth, 
�ethesda, (D, USA�
 /he number of residual bacteria and the area of foreign material 
deposits were assessed
 S ( images at 2�,000k magnihcation were used for analysis of 
spot	like deposits using (atlab&software �(ath2ork Inc
, )atrick, (A, United States�
  

In Study II, at each of the nine cross points, micrographs �magnihcation 2000k� were 
obtained with a S  detector at � k1 under vacuum at a distance of approPimately �	� mm
 
�overage areas of cells, residual bacteria and material deposits were measured using Image 
%2
  

In Study III, at top, iank and valley sites within each Rone, micrographs �magnihcation 
3000k� were captured with detectors for S  and �S  at a working distance of �	� mm, � 
k1 and �0� depth of held �!igure 3�
 /he area of residual bacteria was evaluated on �S  
images using the /rainable 2eka Segmentation tool �Arganda	�arreras et al
, 20
�� 
plugged into Image%2
 #igher magnihcation images were obtained to conhrm the presence 
of bacterial deposits, when indicated
  

In Study IV, at top, iank and valley sites within each Rone, micrographs �magnihcation 
3000k� were captured with detectors for S  and �S  at a working distance of �	� mm, � 
k1 and �0� depth of held �!igure ��
 �S  images were analyRed by /rainable 2eka 
Segmentation �Arganda	�arreras et al
, 20
�� or a -OI manager plugged inti an image 
analyRer �Image%2�
 /he areas of residual bacteria and mineraliRed deposits were measured 
and ePpressed in mm�
 

 

Figure 6. ROIs for SEM/EDS analysis (Study IV). In each zone, 6 sites were analyzed by SEM at 3000 
magnification (2 tops, 2 flanks and 2 valleys), while a valley site (3) were assessed by EDS at 3000 
magnification. 
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	ner�y�dis�ersi"e ��ray s�e�tros�o�y �	�S� 

 nergy	dispersive 3	ray spectroscopy � DS� 3!lash Detector �S�0, �ruker, Germany� 
was utiliRed at evalley sitesf within the three Rones using the following setting� a working 
distance of � mm and a voltage of 
0 k1 at a magnihcation of 3000k in Studies III � IV
 
/he atomic� of �arbon, OPygen and /itanium were analyRed in Study III, while the 
corresponding values of �arbon, OPygen, /itanium and �alcium were assessed in Study 
IV
 /he  SP-I/ 2
3 software ��ruker )ano, Germany� was utiliRed for calibration of the 
atomic� of the dinerent chemical elements
 (apping images of  DS and S ( of 
randomly selected sites at various magnihcations �300	3000k� were obtained
 


mmuno�luorescence anal+sis ��tudies 
 � 

� 
Immunoiuorescence analysis was carried out to evaluate the cellular response to the 
treated titanium in Studies I � II
 After a 2� h	incubation, attached cells were hPed in �� 
formaldehyde �12-, Gothenburg, Sweden� for 
0 min at room temperature
 !ollowing 
washing with P�S, the cells were incubated in 0

� /riton	3	
00 in /�S for 
� min and 
subseIuently in 
� bovine serum albumin for �0 min
 /hen, cells used in Study I were 
stained using iuorescent dyes mouse anti	vinculin monoclonal antibody �abcam ab
2�002, 

�
00, �ambridge, United &ingdom� followed by secondary antibodies conBugated with 
AlePa !luor& ��� �Invitrogen, !ischer Scientihc, Gothenburg, Sweden� and rhodamine 
phalloidin �abcam ab
�����, 
�
000, �ambridge, U&�
 �ells used in Study II were stained 
using iuorescent mouse anti	l#2A3 monoclonal antibodies �abcam 2�3�0, 
�
00, 
�ambridge, U&� followed by secondary antibodies conBugated with AlePa !luor& ��� 
�Invitrogen, !ischer Scientihc, Gothenburg, Sweden� and rhodamine phalloidin �abcam 
ab
�����, 
�
000, �ambridge, U&�
 /o visualiRe D)A content, cells were stained for � 
min in the dark using #oechst �Invitrogen, !ischer Scientihc, Sweden� before being 
washed three times with P�S followed by double rinsing with distilled water
 

A iuorescent microscope �!(� 'eitR D(	-3A, 'eica, 2etRlar, Germany� was used for 
the observation of stained cells on titanium discs in Studies I � II
 !ive randomly selected 
pictures at magnihcations of 
00k and �00k were captured
 !luorescent microscopic 
images at 
00k magnihcation were used for counting of cells attached to titanium surfaces 
by the �ell �ounter plugin system of Image %
 Individual cell areas were also measured 
using iuorescent microscope images at �00k magnihcation
 In Study II, cells stained with 
l#2A3 were divided into two categories �positive or negative� by mean gray value �(G1�
 
#igh intensity cells �(G1 a�0� were determined as l#2A3	positive cells
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#-P	� ��tudies 
 � 


� 
In Study I, IP�- was performed to evaluate osteogenic	 and epigenetic	related gene 
ePpressions
 /otal -)A from cells grown on pristine and treated titanium discs was 
ePtracted using -neasy Plus (ini &it �,iagen A�, Solna, Sweden�
 /he concentration of 
-)A was measured with the ,ubit��  2
0 !luorometer �'ife /echnologies Stockholm, 
Sweden� and the ,ubit& -)A �- Assay &it �'ife /echnologies�
 -)A �
00 ng� was 
reverse	transcribed into cD)A in a 20 bl reaction with iScript reverse transcription 
supermiP for IP�-
 /he reaction was run on the (% (ini ��	well Personal /hermal �ycler 
��io	-ad 'aboratories A�, Sweden� for � min at 2�Z�, 20 min at ��Z�, 
 min at ��Z� and 
held at �Z�
 cD)A was diluted 
�
0 with nuclease	free water
 All IP�-	reactions were 
performed using SsoAdvanced Universal S4�- Green SupermiP ��io	-ad 'aboratories 
A�� according to the manufacturergs instructions
 /he information on the primers analyRed 
was as follows� 

 Alkaline phosphate ����� I#sa�ID00
003
, �io	-ad 'aboratories A��, 
Osteocalcin ��
� I#sa� D003��3�, �io	-ad 'aboratories A��, D)A methyltransferase 
 
������� I#sa�ID002
���, �io	-ad 'aboratories A��, D)A methyltransferase 3a 
�������� I#sa�ID00
0��3, �io	-ad 'aboratories A��, #istone deacetylase 
 ����
�� 
I#sa�ID002
���, �io	-ad 'aboratories A�� and #istone deacetylase 2 ����
�� 
I#sa�ID00
3��
, �io	-ad 'aboratories A��
 /he most suitable reference genes for 
normaliRation in Study I were /�P and --)
�n according to the data from stability 
comparisons using /A/AA #uman -eference Panel �/A/AA �iocenter�
 /he 2())�� 
method was used to analyRe the relative dinerence in gene ePpression from the real	time 
Iuantitative P�- ePperiments �'ivak � Schmittgen, 200
�
  

In Study III, IP�- was carried out for Iuantitative evaluation of residual bacteria
 After 
surface decontamination, implants were gently rinsed twice in P�S to remove non	
adherent bacteria
 Implants were removed from the 3D	printed models and then placed in 
sterile plastic tubes with 
 ml of P�S
 Adherent bacteria on implant surfaces were 
dislodged by vorteP run for 3 min in room temperature
 �acterial D)A was ePtracted 
using (ol4sis �omplete� �(olRym Gmg# � �o&G, �remen, Germany�
 /he /aI(an ��	
nuclease assay P�- method was used for detecting and Iuantifying bacterial D)A as 
previously described by SancheR et al
 �20
��
 �rieiy, optimal concentrations of primers 
and probes targeted against 
�S r-)A genes were utiliRed for the analysis performed in a 
'ight�ycler& ��0 II thermocycler �-oche Diagnostic Gmb#, (annheim, Germany�
 
Samples were subBected to an initial amplihcation cycle at ��Z� for 
0 min, followed by �0 
cycles at ��Z� for 
� s and �0Z� for 
 min
 All D)A samples were analyRed in duplicate
 
,uantihcation cycle ��I� values were determined by a software �'� ��0 software 

�, 
-oche�
 /he correlation between �I values and �!U�ml were automatically generated �'� 
��0 software 

�, -oche�
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	+toto*icit+ and 
�� dama�e test ��tud+ 

� 
�ytotoPicity of chemical agents used in Study II was evaluated by cell viability and D)A 
damage utiliRing osteoblast	like �(G	�3� and hbroblast cells �primary human gingival 
hbroblast� #G!, A/��& P�S	20
	0
�\�
 !ibroblasts were incubated with a !ibroblast 
basal medium �A/��& P�S	20
	030\, 'G� Standards, 2esel, Germany� and a 
!ibroblast growth kit	low serum �A/��& P�S	20
	0�
\, 'G� Standards� in a humidihed 
atmosphere of ��� air and �� carbon dioPide at 3�Z�
  

�ell viability after ePposure to the chemical agents was assessed by 2S/	�	based 
colorimetric assay ��ell �ounting &it	�, DoBindo, &umamoto, %apan�
 (G	�3 and #G!	
cells ��000 cells�ml� were cultured in ��	well plates for 2� h in a humidihed atmosphere of 
��� air and �� �O� at 3�Z�
 /hen the medium was removed and washed twice with P�S
 
SubseIuently, cells were incubated in 
00 ml of fresh medium and 
0 ml of either )a�l, 
A 2, �A or )A�
 After 
 and � min of ePposure, respectively, cells were washed two 
times with P�S and cultured in 
00 ml new medium and 
0 ml of reagent containing 
water	soluble tetraRolium salt �2S/	�, DoBindo, &umamoto, %apan� for �0 min incubation 
at 3�Z� in a humid atmosphere under �� �O�
 Absorbance at ��0 nm was measured using 
a microplate reader �(ultiskan/( !� (icroplate Photometer�
 �ell viability was 
determined by the following formula� �ell viability ��� � �A�a� �� d A�a���!�$nd� � �A��n#!�� d 
A �a���!�$nd� k 
00
 A�a���!�$nd was absorbance obtained from the culture medium containing 
2S/	� without cells, while culture medium containing 2S/	� with unePposed cells by 
chemical agents was used as A��n#!��
 

Immunoiuorescent staining with l#2A3 was also used to assess D)A damage after 
ePposure to chemical agents
 (G�3	 and #G!	cells were seeded on a glass slide �12- 
international A�, SpVnga, Sweden� diameter� 
3 mm� thickness� 0

3 mm� in a 
2	well plate 
at a concentration of �000 cells�well
 After 2� h of incubation, cells were gently washed 
using P�S and immersed in �00 ml of fresh medium and �0 ml of either )a�l, A 2, �A 
or )A�
 After either 
 or � min of ePposure, cells were hPed in �0� methanol at 	20Z� 
for � min
 /he cells were incubated with 0

� /riton	3	
00 in P�S and 3� bovine serum 
albumin for 
 h
 /o visualiRe D)A damages, cells were stained with the use of primary 
antibodies to l#2A3 �Abcam ab�2�23, 
��0, �ambridge U&� and secondary antibodies 
conBugated with AlePa !luor& ��� �Invitrogen, !ischer Scientihc, Gothenburg, Sweden�
 In 
addition, cells were also stained using #oechst �Invitrogen, !ischer Scientihc, Gothenburg, 
Sweden�
 !ive pictures from each specimen at a magnihcation of 200k were obtained using 
a iuorescence microscope �'eitR D(	-3A�
 !luorescent microscopic images were 
analyRed for counting of l#2A3	positive cell �(G1 a�0� with Image %2
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ata anal+sis 
/hroughout the present series of studies, data analysis was performed with a dedicated 
software package �Stata, 1ersions 
� � 
�, Stata �orporation, �ollege Station, /3, USA�
 

In Studies I � II, multiple linear regression was used to assess the enect of treatment 
method and surface category on outcomes related to �i� residual deposits, �ii� 
cytocompatibility, �iii� relative gene ePpression �iv� cytotoPicity
 Potential interaction 
between treatment method and surface category �smooth or rough� and between chemical 
agents and ePposure time �
 or � min� was considered
 Statistical signihcance was set at + 
�0
0�
 

In Study III, multilevel linear regression analysis was applied for data obtained from 
S (� DS analyses
 !or S (, the area of residual bacteria was used as the dependent 
variable and treatment protocol was entered as an independent variable
 /he model was 
further adBusted for Rone �I�, S�(a, S�(i� and locus�site �top, thread, valley�
 !or  DS, 
separate models for three dependent parameters �atomic� of �arbon, OPygen and 
/itanium� were built, each adBusted for Rone
 Outcomes were ePpressed by predicted 
values with corresponding ����Is
 Post	hoc testing with �onferroni correction was 
applied
 !or IP�-, bacterial count ��!U�ml� by species was used as the primary outcome 
variable
 /he enect of decontamination protocol was evaluated by one	way analysis of 
variance and post	hoc testing with �onferroni correction �I�( SPSS Statistics2�
0� I�( 
�orporation, Armonk, )4, USA�
 -esults were considered statistically signihcant at + 
�0
0�
 

In Study IV, the primary outcome was surface area coloniRed by residual bacteria
 As 
samples showed an unbalanced distribution of potential confounders �e
g
, patient 
characteristics, implant characteristics�, an adBusted multilevel linear regression analysis was 
used to assess potential dinerences between groups �AP�)a�l vs AP�A 2�
 -esidual 
bacterial areas were predicted with ����Is
 (ultiple comparisons were carried out by 
post	hoc testing with �onferroni correction
 Overall mean areas of bacterial deposits, 
calculus and clean titanium were analyRed by (ann	2hitney U test
 /he atomic� of 
�arbon, OPygen, /itanium and �alcium obtained by  DS analysis were again evaluated by 
regression analysis
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Results 

�ec�anical and c�emical sur�ace decontamination 
met�ods usin� a sin�le-�acteria �io�ilm model ��tudies 
 
� 

� 
Research questions: 1. Which mechanical method is superior in removing bacterial biofilm from 

contaminated implant surfaces and restoring their cytocompatibility? 2. Does the adjunctive use of 

chemical agents in the decontamination of implant surfaces improve bacteria removal and restoration 

of cytocompatibility? 3. Do implant surface characteristics influence outcomes of decontamination 

procedures? 

/he �� $or!onii	based biohlms were developed on titanium discs with two dinerent surface 
characteristics in Studies I � II �!igure ��
 S ( images at �000k magnihcation showed 
that the surfaces of /i discs were almost completely covered by �� $or!onii without any of 
further contaminations
  

 

Figure 7. Photographic and SEM images of S. gordonii biofilm-contaminated titanium discs. 
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-epresentative S ( images of pristine ��� and treated titanium discs and data from the 
corresponding image analysis are presented in !igure �
 -esidual bacteria, foreign material 
and spot	like deposits were used as parameters to evaluate cleaning enicacy of the dinerent 
mechanical instrumentations
  

 

Figure 8. Representative SEM images at 5000x magnification of the two different titanium discs following 
the application of four different decontamination protocols and pristine surface (C). Number of residual 
bacteria per SEM image at 5000x. Area percentage of foreign material deposits per SEM image at 5000x. 
Number of spot-like deposits per SEM image at 25000x. Data are shown as box plots overlapped with 
scatter plots (n=15 images per group, n=3 discs per group). 

-egardless of the type of treatment, bacterial biohlm was successfully eliminated from /i�s� 
surfaces
 It should be noted, however, that 
� P  & remnants were found on US	treated 
/i�s� discs, 2� scratch marks were observed on /i�	treated /i�s� discs and 3� powder	like 
deposits were detected on AP	treated /i�s� discs
 

!or /i�r� discs, residual bacteria �
�2
� _��
� count�held� and gauRe hber deposits �


 
_

3�� were detectable at gauRe	treated surfaces �)a�l�
 /hese values were signihcantly 
greater than at /i�s� discs
 /he /i�r� discs instrumented with US did not show remnants of 
bacteria, but P  & material deposits �
0
� _�
��� were detected more widely than at /i�s� 
discs �3
0 _3
���
 It should be emphasiRed that the deposits consisted of a miPture of 
P  & and bacteria, particularly on /i�r� discs �!igure ��
 -esidual bacteria were also 
detected on /i�	treated /i�r� discs �33
� _22
2 count�held�
 /he bacteria remnants were 
found on sections of the surface that had not been instrumented by the rotating titanium 
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brush �i
e
, gaps between metal crystals�, see !igure 
0
 Air	polishing resulted in the 
absence of residual bacteria but also in notable surface alterations on /i�r� discs
 

	
Figure 9. SEM image of PEEK deposits mixed with bacteria on US-treated Ti(r) disc. 

	
Figure 10. SEM image following surface decontamination using rotating titanium brush on Ti(r) disc.  
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Post	cleaning cytocompatibility was assessed using S ( and iuorescent microscopy
 
-epresentative images and data from the relevant image analysis are illustrated in !igures 


 � 
2
 /he mean area� covered by (G	�3 cells on the )a�l and US	treated discs were 
signihcantly smaller than in /i� and AP	treated discs for both types of surfaces �ePcept for 
)a�l vs /i� at /i�s��
 )o statistically signihcant dinerences in area� of cells were found 
between /i� and AP, which almost reached pristine levels regardless of surface 
characteristics
 

 

Figure 11. Representative SEM images at 2000x magnification of the two different titanium discs following 
cell culturing after treatment and pristine discs (C). Mean area% of cells and bacteria on titanium surfaces 
per SEM image at 2000x magnification (n=15 images per group, n=3 discs per group). Statistically 
significant differences (p <0.05) are noted by symbols.   indicates differences relative to C group in Ti(s), 
while à indicates differences relative to C group in Ti(r). 

!luorescent microscopic images at low magnihcation �
00k� revealed that the number of 
(G	�3 cells attached to titanium surfaces in all treatment groups �)a�l, US, /i�, and AP� 
was signihcantly lower than on pristine discs ���
 )o statistically signihcant dinerences in 
cell numbers were found among treatment groups at /i�s� discs, while the number of cells 
on /i�	 and AP	treated /i�r� discs was signihcantly larger than on )a�l	and US	treated 
/i�r� discs
 �ytomorphometric evaluation of the area stained with actin revealed that (G	
�3 cells in the /i� and AP groups were spread wider than in the )a�l and US groups, 
irrespective of surface characteristics
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Figure 12. Representative fluorescent microscope images at 400x magnification illustrating the two 
different titanium discs following cell culturing after treatment and pristine discs (C). Number of cells 
attached to the titanium discs after 24 h incubation and individual cell spreading area are presented. 
(n=15 images per group, n=3 discs per group). Statistically significant differences (p <0.05) are noted by 
symbols.   indicates differences relative to C group in Ti(s), while à indicates differences relative to C 
group in Ti(r). 

IP�- was carried out for the evaluation of osteogenic	 and epigenetic	related gene 
ePpressions at the initial cell adhesion phase �2� h of incubation�
 !indings indicated that 
there were no signihcant dinerences in the ePpression of ��� between treatment groups 
and between types of surfaces
 /i� and AP resulted in a signihcantly higher ePpression of 
�
 at /i�s� discs compared to )a�l and US, while no dinerences were found between 
treatment groups at /i�r� discs
 /he ePpression of ����� in (G	�3 cells on US	treated 
/i�s� discs was signihcantly lower than on AP	treated /i�s� discs
 ������ ePpression in 
(D	�3 cells on )a�l	, US	 or /i�	treated /i�r� discs was signihcantly down	regulated 
compared to pristine /i�r� discs
 Down	regulation of ���
� and ���
� in (G	�3 cells 
on )a�l	 and US	treated /i�s� discs was also noted when compared to pristine surfaces, 
while no signihcant dinerences were found on /i�r� discs
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In Study II, the enects of chemical agents used as adBuncts to a wiping procedure with 
gauRes on bacteria removal and post	cytocompatibility were assessed using S ( and 
immunoiuorescence analysis
  

-epresentative S ( images following application of the � dinerent decontamination 
protocols and data from image analysis are shown in !igure 
3
 

 

Figure 13. Representative SEM images at 2000x magnification of the two different titanium discs following 
cell culturing following treatment and pristine discs (C). Mean area% of cells, bacteria and gauze 
remnants on titanium surfaces per SEM image at 2000x magnification (n=18 images per group, n=3 discs 
per group). Statistically significant differences (p <0.05) are noted by symbols (*).   indicates differences 
relative to C group in Ti(s), while à indicates differences relative to C group in Ti(r). 

,uantitative evaluation revealed that the area� of (G	�3 cells on A 2	 and )A�	
treated titanium discs was signihcantly greater than on )a�l	treated discs for both /i�s� 
and /i�r�
 All three active chemical agents �A 2, �A, )A�� signihcantly reduced the 
amount of residual bacteria compared to )a�l
 GauRe hber remnants on /i�s� discs were 
rarely detected, while these deposits were occasionally found on /i�r� discs
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!luorescence images of cells stained with rhodamine phalloidin and ��#2A3 and results of 
the image analysis are illustrated in !igure 
�
 )umbers of attached cells on A 2	 and 
)A�	treated /i�s� discs were signihcantly higher than on )a�l	treated /i�s� discs
 )o 
signihcant dinerences in number of cells were found between treatment groups at /i�r� 
discs
 )one of the treatment groups reached the level of pristine discs in terms of 
individual cell area
 /he percentages of ��#2A3	positive cells in )a�l and �A groups at 
/i�s� discs were signihcantly higher than in the )A� group
 )o signihcant dinerences 
between groups were found for /i�r� discs
 

 

Figure 14. Representative fluorescence microscope images at 400x magnification of the two different 
titanium discs following cell culturing after treatment and pristine discs (C). Relative number of cells 
attached in each group, individual cell area and percentage of ��H2AX-positive cells are presented (n=15 
images per group, n=3 discs per group). Statistically significant differences (p <0.05) are noted by 
symbols (*).   indicates differences relative to C group in Ti(s), while à indicates differences relative to C 
group in Ti(r). 

	  

50 ��m

C NaCl AEW CA NAC

Ti
 (

s)
Ti

 (
r)

0

50

100

150

C NaCl AEW CA NAC

Ti(s) Ti(r)

0

500

1000

1500

2000

C NaCl AEW CA NAC

Ti(s) Ti(r)

0

20

40

60

80

100

C NaCl AEW CA NAC

Ti(s) Ti(r)

Relative number of cells (%) Individual cell area (µm2) ��H2AX positive cells (%)

*

 
à

à

à

à

à à
à à

 

 
 

 

* *

(%) (��m2) (%)

Actin
��H2AX 
DAPI



	
 

 ��	I I��IO	A    �
	

�ytotoPicity of chemical agents was also evaluated by cell viability and D)A damages
 
2S/	� assay indicated that viability of (G	�3 cells after 
 and � min ePposure to the three 
active chemical agents �A 2, �A, )A�� was signihcantly lower than for )a�l
 #owever, 
(G	�3 cell viability following A 2 ePposure at both time points was signihcantly higher 
when compared to ePposure to �A and )A�
 1iability of #G! cells after 
 and � min of 
A 2 ePposure was similar to )a�l, while �A and )A� resulted in a signihcant reduction 
of #G!	cell viability
 

/he percentage of ��#2A3	positive (G	�3 cells in the A 2 group after 
 min of 
ePposure was not signihcantly dinerent from )a�l, while after � min, the corresponding 
value for A 2 was signihcantly higher than for )a�l
 )A� resulted in a high percentage 
of positive (G	�3 cells after a 
 min	ePposure
 2hereas the percentage of ��#2A3	
positive #G! cells in the A 2 group, at both time points, was signihcantly higher than in 
other groups
 

 

 

Figure 15. Cytotoxicity of chemical agents for osteoblast-like cells (MG63) and human gingival fibroblasts 
(HGF). Cell viability of MG-63 and HGF cells after 1 or 5 minutes treatment (n=4 per groups). Percentage 
of ��H2AX positive MG-63 and HGF cells after 1 or 5 minutes treatment (n=3 per groups). Mean values 
and ±SD. Statistically significant differences (p <0.05) are noted by symbols (*).   indicates differences 
relative to NaCl group in 1-minute time point, while à indicates differences relative to NaCl group in 5-
minute time point. 
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econtamination o� multi-species �acterial �io�ilm-
contaminated implant sur�aces ��tud+ 


� 
Research question: Which combination of mechanical and chemical methods is superior in the 

decontamination of biofilm-contaminated implants? 

/his study utiliRed commercially available implants �OsseoSpeed, Dentsply Sirona 
Implants� covered by multi	species bacterial biohlms and 3D	printed models to mimic 
peri	implantitis	associated bony defect
 S ( analysis was performed to evaluate the area of 
residual bacterial, potential surface damage and foreign material deposits
 

!igure 
� depicts S ( images �2��k and �
�&k magnihcation� showing bacterial biohlm 
on the surface of untreated implants �)��
 #igher magnihcation images of )� implants 
revealed how the dinerent types of coloniRing bacteria tend to aggregate and form compleP 
networks
 

 

Figure 16. SEM images of untreated (biofilm-contaminated and untreated) implant surfaces. 

In the )� group, the mean area of biohlm detected in the intra	bony �I�� Rone was greater 
than for the two supra	crestal Rones �S�(a and S�(i�
 �iohlm was more abundant at tops 
and ianks of implant threads than at valley sites �between implant threads�, particularly for 
I� and S�(a
		

	  

2 µm
Mag = 7.8 Kx, WD= 5.6 mm, EHT = 4.0kV, SE2 detector
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-epresentative S ( images of implant surfaces following the � dinerent surface 
decontamination procedures are shown in !igure 
�
 Distinct areas of residual bacteria 
were found on GauRe	treated implant surfaces �)a�l, A 2, )A��, especially for I� Rone
 
)o additional enects of chemical agents were observed and remaining gauRe hbers were 
occasionally identihed
 Air	polishing resulted in a signihcant reduction of residual bacteria, 
irrespective of the use of chemical agents
 #owever, a greater area of residual bacteria in 
the AP�)a�l, AP�A 2 and AP�)A� groups ��2�
3 bm�, 2��
2 bm�, ��2
� bm�, 
respectively� was consistently detected in the I� Rone as opposed to S�(a and S�(i
 )o 
powder	like deposits nor any notable surface damages were evident
 Instrumentation by 
/i� also resulted in a decrease of the area of residual bacteria
 /he procedure also 
remarkably changed the surface morphology, resulting in scratch marks at top and iank 
sites, especially in the S�(a and S�(i Rones
 /he mean areas of residual bacteria in the I� 
Rone ��3�
� bm�, �0�
� bm�, ��2
� bm�, for /i��)a�l, /i��A 2, /i��)A�, 
respectively� were, again, greater when compared to S�(a and S�(i
 /here were no 
benehts of chemical cleaning in AP	 or /i�	treated groups
  

 

Figure 17. SEM images of implant surfaces following decontamination by one of nine different protocols at 
a 3000x magnification. Data from the corresponding image analysis also illustrates; Area of residual 
bacteria (in µm2) on the treated and untreated (NC) implants by zone (intra-bony, supra-crestal 
macrothread, supra-crestal microthread). Data are shown as box plots (n=18 images per group, n=3 
implants per group). 
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Predicted areas of residual bacteria were estimated by multilevel regression analysis �/able 
��
 It was shown that instrumentation by air	polishing and rotating titanium brush resulted 
in signihcantly fewer residual bacteria when compared to instrumentation using gauRe
 
Irrespective of the type of mechanical instrument, no additional benehts of A 2 or )A� 
were observed
 /he area of residual bacteria was signihcantly iniuenced by Rone �I�, 
S�(a, S�(i� and implant thread geometry �top, iank, valley�
 In general, not signihcant 
dinerences between treatment groups were observed in the S�(i Rone
 

Table �. +redicted areas of residual bacteria (bm�). (ultilevel regression analPsis Nas used for estimation.  

�roup 
Predicted areas of 
residual bacteria 

�:m;� 

��� confidence intervals p value 

�ower !pper vs 0ntreated vs Na�l 
!ntreated 
���.
�� 
�
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In addition,  DS was also utiliRed at two valley sites in each of the three pre	specihed 
Rones �I�, S�(a, S�(i� to analyRe the atomic� of �arbon, OPygen and /itanium �!igure 

��
  

/he atomic� of �arbon was reduced in all treatment groups when compared to )� 
group
 Among the nine treatment groups, the atomic� of �arbon on )a�l	treated 
implants was signihcantly higher than in any other treatment group
 /hus, A 2 and )A� 
had additional benehts in reducing the atomic� of �arbon during the wiping procedure 
with gauRes
 AP and /i� signihcantly reduced the atomic� of �arbon, especially in the I� 
Rone
 )o additional enects of A 2 and )A� were observed when combined with either 
AP or /i�
 

/he mean atomic� of /itanium was signihcantly increased following either of 
decontamination protocols
 )o consistent benehcial enect of adBunctive mechanical nor 
chemical methods was found
 Only the combination of AP and A 2 resulted in 
signihcantly greater atom� of /itanium than the )a�l group �+ �0
02�
 

 

Figure 18. Representative EDS/SEM mapping images and data from the corresponding image analysis in 
terms of the atomic% of Carbon, Oxygen and Titanium. Data are shown as box plots (n=18 images per 
group, n=3 implants per group) 
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IP�- was carried out for Iuantitative evaluation of residual bacteria
 �acteria counts 
ePpressed as log of �!U�ml are illustrated in !igure 
�
 All treatment procedures resulted 
in signihcant reduction of all siP bacterial species ��� or�'i-� �� n�"-'/n!ii� �� +�rv/'�� �� 
� tino(1 "t"( o(it�n-� �� $in$iv�'i-� �� n/ '"�t/(� by at least one order of magnitude �+ �0
0��
 
AP resulted in a further generaliRed decrease by one order of magnitude when compared to 
gauRe	treated groups
 )o additional benehts of A 2 and )A� were found when 
compared to )a�l, irrespective of the mechanical method used
 

	
Figure 19. Bacterial counts expressed as colony forming unit/ml (CFU/ml) on the entire surface of 
implants in the different treatment groups. Data are shown as box plots (n=9 implants per group). The 
dots indicate outliers. 
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�ur�ace decontamination o� e*planted peri-implantitis-
a��ected implants ��tud+ 
�� 
Research question: Which combination of mechanical and chemical methods is superior in the 

decontamination of biofilm-contaminated implants? 

Using ePplanted peri	implantitis	anected implants �!igure 20�, the cleaning capacity of the 
decontamination protocols �air	polishing with or without alkaline electriRed water� was 
evaluated with S ( and  DS
  

 

Figure 20. (a) Photograph of an explanted implant (Untreated group). SEM images (b, c, d). 

Demographic data on patients and characteristics of the ePplanted implants are shown in 
/able �
 

  

2 µm
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Table �. �emographic data on patients and characteristics of eOplanted implants. 

 �+	)a�l �+	� 2 0ntreated �ll 
+atients, )    2� 
�ge, mean (range), Pear    ��.� (��-8�) 
"ender, ) (�)     
  (ale    �� (��.0) 
  !emale    �� (��.0) 
$mplants, n �� �� � �� 
%aN, n (�)     
  (aOilla �� (8�.�) �� (��.�) � (��.0) 2� (��.�) 
  (andible 2 (��.�) � (2�.�) � (2�.0)  � (20.�) 
'ocation, n (�)     
  �nterior � (�0.0) � (20.0) 2 (�0.0) �� (�2.�) 
  +osterior � (�0.0) �2 (80.0) 2 (�0.0) 2� (��.�) 
+rosthetics, n (�)     
  �ement retained 2 (��.�) 2 (��.�)   � (��.�) 
  .creN retained �� (8�.�) �� (8�.�)  2� (8�.�) 
++�, mean ].�, mm �.� ]2.0 8.� ]�.� �.� ]2.� �.� ]�.� 
�o+, mean (�) �00 �00 �00 �00 
R�', mean ].�, mm 8.8 ]2.0 �.� ]�.8 �.� ]�.� �.� ]�.� 
!unction time mean ].�, Pear ��.� ]�.� �2.� ]�.2 �0.� ]�.� ��.� ]�.2 
$mplant surface categorP a, n (�)     
  �  � (2�.�) � (20.0) 2 (�0.0) � (2�.�) 
  � 0 � (�.�) 0 � (2.�) 
  � �0 (��.�) � (�0.0) � (2�.0) 20 (�8.8) 
  � � (�.�) 0 0 � (2.�) 
    0 2 (��.�) � (2�.0) � (8.8) 
Removal protocol, n (�)     
Reverse torHue device 2 (��.�) � (�0.0) 2 (�0.0) �� (�8.2) 
!orceps  � (�0.0) � (�0.0) 2 (�0.0) �� (�0.0) 
�ombination of rotating bur and 
forceps 

� (�.�) 0 0 � (2.�) 

�ombination of elevator and 
forceps 

� (�.�) 0 0 � (2.�) 

�ombination of trephine bur and 
forceps 

� (�.�) 0 0 � (2.�) 

�ombination of trephine bur and 
reverse torHue device 

� (�.�) 0 0 � (2.�) 

�+	)a�l, �ir-polishing and gauQe soaBed in saline� �+	� 2, �ir-polishing and gauQe soaBed in alBaline 
electriQed Nater� ++�, +robing pocBet depth� �o+, �leeding on probing� R�', Radiographic bone loss. a�� 
/i0nite surface ()obel �iocare ��)� �� /i*blast surface (�stra /ech $mplant .Pstem� �entsplP .irona $mplant)� 
�� *sseo.peed surface (�stra /ech $mplant .Pstem)� �� �nBPlos surface (�entsplP .irona $mplant)�  � .'� 
surface (.traumann). 
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S ( analysis and subseIuent image analysis revealed that overall mean areas of residual 
bacteria were �2�
2 _���
� bm� ���� for AP�)a�l and 32�
� _3
0

 bm� ���� for 
AP�A 2 �+ �0

�, (ann	2hitney U test�
 �oth treatment groups resulted in signihcant 
reduction of bacterial deposits when compared to untreated implants
 -esidual bacteria 
were detected primarily at iank and valley sites and the dinerence between loci �top vs 
iank�valley� was most pronounced in the AP�)a�l group �!igure 2
�
 Powder	like 
deposits due to air	polishing were not evident on any of the analyRed surfaces
 

	

	
Figure 21. Areas of bacterial deposits after decontamination (n=15 per sub-group) and on untreated 
implant surfaces (n=4 per sub-group). Data are shown as box plots. The dots indicate outliers. 
Representative SEM images with BSE detector in each group are presenting. Magnification: 3K, Working 
distance: 4.9, EHT: 4 kV, location: Valley site in Apical zone. 
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/he distribution pattern of residual bacteria was anected by implant surface characteristics
 
�lasted and acid etched surfaces �OsseoSpeed, Astra /ech Implant System� showed 
residual bacteria mainly at gaps located between crystals
 

	
Figure 22. Representative SEM images depicting an OsseoSpeed surface following surface 
decontamination. 

Anodic oPidiRed surfaces �/iUnite, )obel �iocare� showed residual bacteria in the 
characteristic porous structures
  

 

Figure 23. Representative SEM images illustrating the TiUnite surface following surface decontamination. 

	
	 	

1 µm
Mag = 17.57 Kx, WD= 3.5 mm, EHT = 4.0 kV, BSD1 detector

1 µm
Mag = 20.75 Kx, WD= 3.5 mm, EHT = 4.0 kV, BSD1 detector

1 µm
Mag = 20Kx, WD= 4.5 mm, EHT = 4.0 kV, SE2 detector

200 nm
Mag = 64.2K, WD= 4.5 mm, EHT = 4.0 kV, InLens detector
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On sandblasted acid	etched surfaces �S'A, Straumann�, residual bacteria could be observed 
mainly within micro pits
 

	
Figure 24. Representative SEM images of an SLA surface following surface decontamination. 

	 	

4 µm
Mag = 3 Kx, WD= 5.0 mm, EHT = 4.0 kV, BSD1 detector

300 nm
Mag = 50 Kx, WD= 5.2 mm, EHT = 4.0 kV, InLens detector
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-esults of the adBusted multi	level regression analysis did not indicate signihcant 
dinerences in total area of residual bacteria between AP�A 2 and AP�)a�l
 It was 
shown, however, that implant thread geometry �top vs iank�valley�, implant surface 
characteristics �implant brand� and patient gender signihcantly iniuenced residual bacterial 
area �/able ��
 

Table �. Results from multi-level linear regression analPsis to evaluate residual bacterial area (bm�) after 
decontamination. /he analPsis Nas adAusted for gender, implant surface characteristics, radiographic bone 
loss and historP of surgical therapP of peri-implantitis. 

(ulti-level regression analPsis 

 �oefficient 0�v",4& 
��� �onfidence intervals 
'oNer 0pper 

/reatment groups     
�+	)a�l (Ref)    
�+	� 2 -8�.0� 0.��� -�8�.�8 ���.�� 

'ocus     
/op (Ref)    
/hread ���.8� 0.0�0 ��.�� ���.�0 
1alleP �00.28 0.002 ��2.�� ��8.�� 

/reatmentgroup�'ocus     
�+	� 2�thread -���.�� 0.0�2 -���.0� �0.�0 
�+	� 2�valleP -2�0.�� 0.��� -���.2� ��.�� 

$mplant surface     
/i0nite  (Ref)    
/i*blast -��2.�� 0.��� -���2.�� 8�8.�� 
*sseo.peed -8��.�2 0.00� -��8�.0� -2��.�8 
�nBPlos 20.�� 0.��� -�2��.�8 �2��.�2 
.'� -����.�0 0.0�� -2���.�8 -��.8� 

"ender     
(ale (Ref)    
!emale -�28.�0 0.0�� -����.2� -��2.�� 

Radiographic bone loss 8�.0� 0.��� -2�.�2 20�.�� 
#istorP of surgical therapP 
of peri-implantitis     

)o (Ref)    
4es -�8�.�� 0.��� -8��.�� 88.�8 

�onstant ��2.�� 0.2�� -��2.82 �8�8.0� 
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-egarding mineraliRed deposits, overall mean areas amounted to ��

2 _�
3

 bm� �
2�� 
and �2�
0 _��0
� bm� ���� following the use of either AP�)a�l or AP�A 2, 
respectively �+ �0
03, (ann	2hitney U test�
 �alculus was observed more freIuently and 
in greater abundance in the coronal Rone of implants and was typically attached in a 
horiRontal fashion, following the implant threads �!igure 2��
 

	

	
Figure 25. Area containing mineralized deposits after decontamination (n=15 per group) and on untreated 
implant surfaces (n=4 per group). Data are shown as box plots. The dots indicate outliers. SEM image at 
low magnification is also presenting in the below. Location: Coronal area. 
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Overall means of atomic� of �arbon, OPygen, /itanium and �alcium in each group are 
illustrating in !igure 2�
 /he means atomic� of �arbon in the AP�)a�l and AP�A 2 
groups were �
3� and �
0�, whereas the corresponding value in the untreated group was 
��
��
 Similarly, the mean atomic� of /itanium for the AP�)a�l and AP�A 2 groups 
were 3�
�� and ��
��, whereas the corresponding value in the untreated group was 0
��
 
/he multilevel regression analysis revealed no signihcant dinerences between treatment 
groups in atomic� of all the targeted elements
 Implant surface characteristics signihcantly 
impacted the atomic� of titanium, while it did not iniuence the outcomes of �arbon and 
�alcium
 

	
Figure 26. Atomic% of Carbon, Oxygen, Titanium and Calcium on the post-cleaning implant surfaces 
(n=15 per group) and untreated implant surfaces (n=4 per group). Data are shown as box plots. Dots 
indicate outliers. Representative SEM-EDS mapping images, Red image (Carbon), Light bule image 
(Titanium) and Dark blue (Calcium).
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In the current series of studies, the overall research Iuestion e�%i % -/r#� " !" ont�(in�tion 
("t%o!�+roto o' -%o/'! �" /-"! in t%" (�n�$"("nt o# +"ri�i(+'�ntitit-
f was addressed
 /he enicacy 
of dinerent decontamination methods was described in terms of biohlm removal and 
cytocompatibility, using an in vitro setting
 /he cleaning capacity was assessed in a step	by	
step manner
 /he results revealed that mechanical decontamination by means of an air	
polishing device has the highest cleaning enicacy resulting in signihcant reduction of 
bacterial biohlm
 A rotating nickel	titanium brush has also presented a relative high 
cleaning potential
 Overall, minor benehts were observed following the adBunctive use of 
chemical agents
  

/he present hndings should be further evaluated and potentially conhrmed in controlled 
clinical trials
 One critical limitation of in vitro evaluations is that adverse events and patient 
harm cannot be evaluated
 Also, in the clinical setting, the complePity, due to, i
e
, 
anatomical, implant	 or patient	related factors is increased
 /he choice of outcome is also a 
critical matter
 2hile in vitro ePperiments allow detailed analyses on residual bacteria and 
elemental prohles of implant surfaces, pre	clinical in vivo�clinical evaluations are based on 
histological�clinical parameters
 #ence, the answer to the overall research Iuestion should 
ideally encompass evidence from all lines of research, i
e
, in vitro� pre	clinical and clinical 
studies
 

�ec�anical decontamination 
In line with treatment of periodontitis, mechanical instrumentation of the biohlm	
contaminated implant surface constitutes the primary mode of therapy also for peri	
implantitis
 /here is currently insunicient evidence regarding the optimal decontamination 
protocol and numerous modalities have been proposed to eliminate bacterial biohlms 
��aima et al
, 2022� &oo et al
, 20
�� -amanauskaite et al
, 2023�
  

�� ���  !����$!� $"��� ��$(� "����� �� "����� 

2iping with gauRe soaked in saline was included as a control procedure in Studies I�III, 
as it has been the most commonly used techniIue documented in pre	clinical and clinical 
studies �/ables 2 and 3�
 Previously published data demonstrated that resolution of peri	
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implantitis following surgical therapy with this decontamination techniIue is possible
 
#owever, treatment success rates �
2
�	3�

�� as reported by �arcuac et al �20
��, /oma 
et al �20
��, and #entenaar et al �2022� were relatively low when compared to 
corresponding values observed following the treatment of periodontitis ����� as reported 
by /rombelli et al
 �2020�
 Direct comparisons, however, should be made with care due to 
dinerent disease entities, dinerences in overall treatment approaches, dehnition of 
treatment success and anatomical�geometric features
 It is noteworthy that success in the 
management of peri	implantitis appears to be signihcantly iniuenced by implant surface 
characteristics �Albouy et al
, 20

� �erglundh, 2ennstrYm, et al
, 20
�� �arcuac et al
, 
20
�� �arcuac et al
, 2020� �arcuac et al
, 20
�� �arcuac et al
, 20
��
 In a randomiRed 
controlled clinical trial on 
00 patients with a 
	year follow	up, �arcuac et al
 �20
�� 
reported that surgical therapy including wiping with gauRe soaked in saline without 
systemic antibiotics resulted in 3�

� of disease resolution assessed at implant level 
�dehned as� probing pocket depth `� mm, absence of bleeding�suppuration on probing 
and bone loss `0
� mm�
 /he corresponding value for implants with modihed surfaces 
�e
g
, OsseoSpeed, /iUnite, S'A� was 
�
��, while ��
2� of implants with non	modihed 
surface �smooth surface� demonstrated disease resolution
 In accordance with the clinical 
data reported by �arcuac et al
 �20
��, the hndings from Studies I�III suggest that wiping 
with gauRe was insunicient for removal of bacterial biohlms particularly from implants 
with a modihed surface
 In addition, more residual bacteria were found at areas located 
intra	bony when compared to supra	bony locations �Study III�
 Post	cleaning 
cytocompatibility following the cleaning method could not be restored to the level of 
pristine surface �Studies I � II�
 It should also be noted that gauRe remnants were 
detected at modihed implant surface, which may further impact the process of tissue 
healing
 

��#!�"���� "����! &�#� � ���	 ����! #�  

!iber	tipped �P  &� ultrasonic scalers �US� are commonly used in daily practice for 
cleaning of implant surfaces in both non	surgical and surgical manners
 Such scalers have 
been reported to be enective in removing biohlm from contaminated implant surfaces 
�&awashima et al
, 200�� Schmage et al
, 20
2� SchwarR et al
, 200��
 In Study I, no residual 
bacteria were detected, which is in line with previous observation
 #owever, we regularly 
noted foreign material deposits consisting of P  & and bacteria �3
0 _3
�� and 
0
� 
_�
�� on smooth and moderately rough surfaces, respectively�, which may negatively 
iniuence cytocompatibility post	treatment
 Data from a pre	clinical study �SchwarR, 
%epsen, et al
, 200�� showed that bone regeneration �mm� and bone	to	implant contact ��� 
on US	treated implants were statistically signihcantly lower than on  r�4AG laser	 or 
plastic curettes	treated implants
 -esults at US	treated implants were also considerably less 
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favorable when compared to treatment outcomes following the use of rotating titanium 
brush �/apia et al
, 20
��
 Pocket reduction in the former was 2
�� _

�
 mm at 
2 
months, while the latter showed a reduction of �
�� _

�� mm
 


�#�#��� #�#���$� �!$"� 

/he results from Study I revealed that a rotating titanium brush �/i�� has a high potential 
in removing bacteria and in re	establishing cytocompatibility at both non	modihed and 
modihed titanium surfaces
 In addition, Study III demonstrated that instrumentation 
using /i� resulted in superior outcomes in terms of residual bacteria area and reduction of 
atomic� of �arbon when compared to the use of gauRes soaked in saline
 It was also 
observed, by S (, that /i� treatment caused scratch marks and smoothening, especially at 
top sites in the supra	crestal area
  

/hese hnding obtained from Studies I � III are in general agreement with data reported 
in previous studies �Al	#ashedi et al
, 20
�� �ha et al
, 20
�� Gustumhaugen et al
, 20
�� 
%ohn et al
, 20
�� Sousa et al
, 20
�� /oma et al
, 20
�� A
 2idodo et al
, 20
��
 /hese in 
vitro studies evaluated the cleaning enicacy of a titanium brush designed with horiRontal 
bristles �/i�rush�
 /oma et al
 �20
�� showed that the use of the /i� resulted in signihcant 
reduction of a single	bacteria biohlm to a level similar to air	polishing and implantoplasty
 
In addition, Al	#ashedi et al
 �20
�� described the reduction of atomic� of �arbon and 
)itrogen following surface decontamination by rotating /i�
 /he rotating /i� used in 
Studies I � III was narrow and had a conical shape, while the maBority of the studies 
referred to above used a brush designed with horiRontal bristles
 /he shape of the brush 
may have an iniuence on its cleaning enicacy
 /hus, it would be relevant to directly 
compare the dinerently designed titanium brushes available on the market
 

Surface decontamination with /i� has been applied in several clinical studies �Derks et al
, 
2022� /apia et al
, 20
�� /oma et al
, 20
��
 /oma et al
 �20
�� evaluated the enicacy of 
rotating /i� as a single cleaning method in surgical treatment of peri	implantitis
 /he 
authors demonstrated that its use resulted in signihcant improvements in terms of gingival 
indeP, probing pocket depth, and treatment success rates when compared to 
instrumentation with plastic curettes
 /apia et al
 �20
�� ePamined the adBunctive enects of 
a rotating titanium brush during reconstructive surgical therapy peri	implantitis	anected 
implants
 As a common procedure for both control and test groups, the supra	crestally 
ePposed implant components were mechanically altered by removal of implant threads 
with diamond burs �implantoplasty�
 SubseIuently, implant surfaces were polished with an 
Arkansas stone
 At infra	bony components of the implant surface, decontamination was 
carried out according to random allocation to one of two groups
 Implants allocated to the 
control group �)�
2� were cleaned using an US with a plastic tip and irrigation with 3� 
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#�O�, while implants in the test group �)�
�� were treated with /i�
 In both groups, the 
intra	bony defect was hlled with bone grafting material and covered by a collagen 
membrane
 /he study revealed that PPD change �at deepest site� 
	year post	surgery in the 
test group was statistically signihcantly greater than that in the control group ��
�� mm vs 
2
�� mm, +�0
00��
 /he amount of bone gain in the test group was also more pronounced 
�2
�� mm vs 


0 mm, +�0
00��
 A large multicenter randomiRed controlled clinical trial by 
Derks et al
 �2022� provided relevant information on the clinical enicacy of rotating /i� in 
the surgical treatment of peri	implantitis
 Data obtained from the control group �access 
iap surgery using titanium curettes and /i�� the same /i� used in the present series of 
studies� presented a similarly marked PPD reduction �3
� _2
3 mm�, �oP reduction ���
� 
_�


 ��, and -�' change �


 _ 

0 mm� at 
2	month follow up
  

Pre	clinical in vivo studies �Almohandes et al
, 2022� �arral et al
, 20
�� 1iganX et al
, 20
��, 
however, failed to demonstrate signihcant benehts of /i�s
 Almohandes et al
 �2022� 
evaluated surgical treatment of ePperimentally induced peri	implantitis using /i� with or 
without citric acid gel in dogs
 It was reported that /i� did not result in better histological 
outcomes when compared to a control procedure �wiping with gauRes soaked in saline�
 
1iganX et al
 �20
�� also assessed the enicacy of a /i� in the surgical treatment of 
ePperimentally induced peri	implantitis in dogs
 /he authors tested two decontamination 
procedures �wiping procedure with gauRes soaked in saline and /i��
 /he authors found no 
statistically signihcant dinerences in histological and radiographical parameters between 
groups
  

In summary, the potential for surface decontamination of /i� is high
 �omparisons 
between results obtained from in vitro ePperiments and those derived from clinical and pre	
clinical in vivo protocols must be made with care
 It needs to be pointed out, however, that 
the potential beneht of an implant surface decontamination protocol using /i� should be 
demonstrated in randomiRed controlled clinical studies and that such a protocol is not 
harmful to patients and�or implants
  

��!� ���"���� 

 nects of air	polishing were ePamined throughout all presently utiliRed ePperimental 
models �i
e
, disc model �Study I�, multi	species bacterial biohlm implant model �Study 
III�, and ePplanted peri	implantitis	anected implant model �Study IV��
 Study I indicated 
that, regardless of surface characteristics, air	polishing was enective in removing bacteria 
and restoring cytocompatibility
 Study I further showed that results after air	polishing 
were less dependent on surface characteristics
 !indings from Study III supported the 
concept that air	polishing has the highest potential in removing more compleP biohlm 



 
��

� � � � � 
 � � � � � � � � � 	 � 
 � � � � � � � � � � � � � � � 
 � � 	 
�	

from implant surfaces regardless of implant region and loci
 !inally, Study IV 
demonstrated that surface decontamination, using an air	polishing device, is enective in 
removing bacterial biohlm also from implant surfaces that had been ePposed to long	
standing peri	implantitis in humans
 

/he cleaning potential of air	polishing �AP� without any notable surface damages has 
recently also been described in other in vitro studies �e
g
, Dostie et al
, 20
�� #ui et al
, 
202
� &reisler et al
, 200�� (atthes et al
, 20
�� Schmage et al
, 20
2� SchwarR et al
, 200�� 
Stein et al
, 2022� /astepe, 'in, Donnet, et al
, 20
�� /oma et al
, 20
��
 /he available in 
vitro	generate data suners from a high level of heterogeneity in terms of study design, 
targeted implant surface, contamination methods, device setting, and type of 
powder�noRRle, all of which may anect cleaning outcomes �(oharrami et al
, 20
��
 In 
Studies I� III � IV, we used erythritol powder and a standard Air	iow handpiece
 
(atthes et al
 �20
�� included the same decontamination protocol and ePamined the enect 
of air	polishing on biohlm removal and cytocompatibility using the disc model
 Discs with 
S'A surface were contaminated using subgingival plaIue collected from sites with deep 
pockets
 After surface decontamination, osteoblast like cells �(G�3� were seeded and 
cultured for � days
 SubseIuently, the area� of residual bacteria, cells, and blank surface 
were measured using S ( and an image analyRing software
 It was reported that AP	
treated surfaces were covered only with cells ���
���
 )o bacteria were detected
 Similarly, 
data described in Study I indicated that the area� of cells and bacteria on AP	treated /i�r� 
discs after 
	day incubation were 
0
0 _3
0� and 0�, respectively
  

/he ePperimental setup using commercially available dental implants in Study III is 
relevant, as it potentially reiects the clinical situation
 /here are few studies evaluating the 
enicacy of air	polishing using a multi	species bacteria	contaminated implant model also 
considering the peri	implantitis	associated bony defect component
 )evertheless, several 
studies using the model based on implants retrieved from patients presenting with severe 
peri	implantitis �Study IV� have been reported �S
 S
 #akki et al
, 20
�� (ouhyi et al
, 

���� P
 S
 -osen et al
, 20
�� /astepe, 'in, 2erner, et al
, 20
��
 /astepe et al
 �20
�� 
applied the ePplanted implant model, as well as a simpler titanium disc model, to evaluate 
dinerent powders used in air	polishing devices
 It was observed that cleaning of ePplanted 
implants was less enective when compared to decontamination of iat titanium discs
 In 
this contePt, it is meaningful to validate hndings from studies applying the disc model in 
studies using the implant model
 /he current Studies III � IV showed that air	polishing 
resulted in signihcant reduction of bacterial biohlm, but complete removal was not 
achieved
 /he overall mean area of residual bacteria for the AP�)a�l group per held in 
Study III was 2
2
� _

2
3 bm�, while the corresponding value was �2�
2 _���
� bm� for 
AP�)a�l in Study IV
 /hese data are inconclusive, however, as to whether the cleaning 
potential of air	polishing is sunicient to achieve clinical resolution of peri	implantitis
 An 
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individual threshold level in relation to the residual bacterial load compatible with clinical 
health may be assumed
 

�urrent evidence on the enicacy of air	polishing�air	abrasives in the surgical treatment is, 
however, scarce, both, on a preclinical �Deppe et al
, 200
� Schou et al
, 2003� Solderer et 
al
, 202
� and the clinical level �#entenaar et al
, 2022� 'asserre et al
, 2020� /oma et al
, 
20
��
 Solderer et al
 �202
� carried out an in vivo ePperiment to evaluate the enect of air	
polishing on the healing of ePperimentally induced peri	implantitis in dogs
 )o additional 
benehts of air	polishing could be observed
 /he authors used a prototype device including 
a sterile single	use water and powder line
 #entenaar et al
 �2022� evaluated the clinical 
enicacy of air	polishing with a standard noRRle and erythritol powder, while 'asserre et 
al
�2020� and /oma et al
 �20
�� ePamined air	polishing with a specially designed noRRle for 
sub	mucosal application �Perio!low� and glycine powder
 #entenaar et al
 �2022� assessed 
the same protocol as used in the present studies �Studies I� III � IV�
 /he authors 
concluded that air	polishing did not result in clinical outcomes superior to wiping with 
gauRes soaked in saline
 Again, the results from the clinical study and the present in vitro 
studies should be interpreted with caution because there are numerous iniuencing factors 
in the clinical setting �e
g
, patient characteristics, anatomical restorations, implant brands�
 

/hus, at the in vitro ePperimental level, the potential for implant decontamination is high 
when using air	polishing
 #owever, several critical points need to be addressed before 
considering its widespread us in the clinical setting
 Air	polishing devices are, for instance, 
not admitted as tools to be used during surgical therapy due to reasons of sterility
 In 
addition, clinicians should always consider risks of emphysema when using high air	
pressure devices in surgical settings ��assetti et al
, 20
�� 'ee et al
, 20
��
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	�emical decontamination 
�omplete elimination of bacterial biohlm with mechanical procedure alone appears to be 
dinicult due to a number of potential reasons, i
e
, implant thread geometry, implant 
surface characteristics, accessibility and anatomical factors
 /hus, the adBunctive use of 
chemical agents may be Bustihed with the ultimate goal to reduce the residual bacterial load
 

��#!�� ���� 

�itric acid ��A� has been suggested as a potent chemical agent to decontaminate biohlm	
covered titanium surfaces �Dennison et al
, 
���� Gosau et al
, 20
0� &otsakis et al
, 20
�� 
(ouhyi et al
, 2000� 1
 )trouka et al
, 20

� SouRa et al
, 20
�� 5abtotsky et al
, 
��2�
 /he 
mechanisms of �A in the disinfection processes or its antimicrobial enects are related to 
p# reduction of ePtracellular sites �SouRa et al
, 20
��
 �A was selected as positive control 
in this series of studies, as, based on the limited available evidence in vitro studies �1
 I
 
)trouka et al
, 20

�, it appears to be the chemical agent with the highest potential for 
removal of biohlm from contaminated titanium surfaces
 /he superior results using �A in 
Study II are in agreement with hndings presented in a report using a similar study design
 
/hus, &otsakis et al
 �20
�� used grit	blasted acid	etched titanium discs contaminated with 
a multispecies microbial biohlm obtained from in�vivo peri	implant plaIue samples and 
evaluated the antimicrobial enect of the use gauRe soaked in chemical agents �0

2� 
chlorhePidine, 20� �A, a combination of 2��  D/A and 

�� )aO�l�
 It was 
demonstrated that the �A and )aO�l	 D/A groups had a signihcantly greater 
antimicrobial enect than chlorhePidine and saline
 In contrast, the data obtained from a 
pre	clinical in vivo study showed no benehcial enect of the �A application in terms of 
histological outcomes �Almohandes et al
, 2022�
 In addition, it should be highlighted that 
�A showed strong cytotoPicity for both osteoblasts and hbroblasts
 

�����#'��
��'"#���� 

In Study II, local application of )	acetyl	'	cysteine �)A�� on contaminated titanium 
surfaces resulted bacterial remnants on moderately rough surfaces that was approPimately 
half of that on )a�l	treated surfaces
 Although )A� is not an antibiotic it may still display 
antibacterial enects
 ,uah et al
 �20
2� reported that )A� had, in fact, antibacterial enects 
and the potential for eradication of �nt"ro o  /- #�" �'i- biohlm
 In addition, it is well known 
that )A� supports anti	oPidative and anti	iniammatory activities �Pei et al
, 20
��, that 
may be benehcial for healing of tissues surrounding treated implants
 /he potential of 
)A� as an osteogenesis	enhancing molecule has also been assessed, both in vitro and in vivo 
�4amada et al
, 20
3�
 An enhancement of alkaline phosphatase activity and mineraliRed 
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matriP formation together with consistent upregulation of bone	related gene markers such 
as collagen I, osteopontin and osteocalcin was reported
 In addition, in an in vivo 
ePperiment �4amada et al
, 20
3�, a sponge containing )A� clearly promoted bone healing 
in a rat femoral critical siRe cortical bone defect
 /hese observations may serve as an 
ePplanation for the increased number of attached cells and cell spreading observed in the 
)A� group in Study II
 -esults from Study III, however, failed to demonstrate that 
)A� had any maBor cleaning enects in terms of area of residual bacteria and bacterial 
count when compared to )a�l
 !urthermore, the enects of )A� as adBunctive measures 
to air	polishing or rotating titanium brush were limited
 It should be noted that we did not 
assess whether residual bacteria were viable
 It may be feasible that )A�, while not having 
a direct impact on bacterial load, may reduce biohlm potency through reduction of 
viability
 

�������� ����#!�(�� &�#�! 

 valuations in Study I showed that alkaline electriRed water �A 2� had an additional 
beneht in reducing number of residual bacteria and in restoring cytocompatibility at /i�r� 
discs
 #owever, Studies III � IV failed to demonstrate that A 2 used as an adBunct to 
enective mechanical procedures �AP�/i�� resulted in signihcant reduction of residual 
biohlm
  

/he mechanisms of A 2 in the cleaning and disinfection processes are similar to those of 
sodium hypochlorite �)aO�l�
 )aO�l is a well	known disinfectant in dentistry
 /he 
application of )aO�l has been attempted in the treatment of peri	implantitis ��arral et al
, 
20
�� Gosau et al
, 20
0� Sousa et al
, 20
��
 #ypochlorite ion �'O�l� and hypochlorous 
acid �#O�l� are vital factors in the disinfection processes of both solutions
 #O�I 
dissociates into 'O�l and #� depending on the p# of the solution as shown by the 
following reaction� #O�l ��  'O�l � #�  

(ost of the chlorine in A 2 ePists as 'O�l at p# �
 It is possible that, upon local 
application, the p# level may shift to neutral, thereby increasing the concentration of 
#O�l during surface decontamination
 #O�l and �O�l react with a wide variety of 
biological molecules such as proteins, amino acids and peptides under physiological p# 
levels �#awkins et al
, 2003�
 In addition, 'O�l is a maBor determining factor for the 
chlorine concentration reIuired for removal of protein ��SA� and acidic polysaccharide 
�pectin� from metal surfaces �Urano � !ukuRaki, 200��
 As oral biohlms are composed of 
microbial cells embedded within a matriP of ePtracellular polymeric substances, such as 
polysaccharides, proteins, glycoproteins and nucleic acids �&arygianni et al
, 2020�, the '
O�l	induced fragmentation of these organic constituents could facilitate decomposition of 
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the bacterial biohlm
 In addition, #O�l has a potential to penetrate into microbial cells 
across membrane walls and thus induce damage to the membrane and D)A, resulting in 
inhibition of enRyme activity essential for the growth �!ukuRaki, 200��
  

Ichioka et al
 �20
�� evaluated the potential of A 2, when used as an adBunct to air	
polishing, in terms of restoring surface chemical properties
  valuations were performed 
through 3	ray photoelectron spectroscopy and cytocompatibility utiliRing �� $or!onii	
contaminated titanium discs
 /he authors demonstrated that A 2 removed organic 
impurities and reBuvenated surface chemical properties as well as contributed to the 
restoration of cytocompatibility towards human bone marrow mesenchymal stem cells
 
/hese data are in line with the hndings of Study I, showing superior results for A 2 in 
terms of cytocompatibility
 

In summary, additional benehts of A 2 in terms of surface decontamination were minor
 
Observed dinerences, however, were still intriguing and A 2 may represent a relevant 
target to be evaluated in clinical trials
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n�luencin� �actors on cleanin� e��icac+ 

����#� %" 
�$�� 

�iohlm was more enectively removed from smooth when compared to rough surfaces in 
Studies I � II
 Also, at smooth surfaces, the dinerent treatment procedures evaluated all 
resulted in eIually signihcant reduction of biohlm
 At rough surfaces, however, residual 
bacteria were observed, especially after the wiping with gauRes soaked in saline
 Previous in 
vitro studies ��haralampakis et al
, 20
�� Otsuki et al
, 2020� Arifo 2idodo et al
, 20
�� also 
reported on overall superior results at smooth surfaces
 �haralampakis et al
 �20
�� 
ePamined the enect of mechanical instrumentation with gauRes on a �	day biohlm grown 
intra	orally on titanium discs displaying four dinerent surface characteristics
 /he authors 
reported that titanium discs with rough surfaces harbored a hrmly attached biohlm after 
cleaning, while titanium discs with a smooth surface presented with only few biohlm 
clusters
 Otsuki et al
 �2020� also evaluated the cleaning potential of several mechanical 
methods on intra	orally contaminated implants with smooth and rough surfaces
 2hile the 
gauRe method failed to completely remove biohlm from either implant type, further 
analysis also indicated that the procedure was even less enective at rough implant surfaces
 
In accordance with the hndings from such in vitro studies, the histological outcomes of 
surgical treatment of ePperimental peri	implantitis are also iniuenced by implant surface 
characteristics �Albouy et al
, 20

� Almohandes et al
, 2022� �arcuac et al
, 20
��
 
(oreover, clinical studies revealed that treatment success rates for smooth implants were 
signihcantly higher than for rough implant surfaces ��erglundh, 2ennstrYm, et al
, 20
�� 
�arcuac et al
, 2020� �arcuac et al
, 20
�� �arcuac et al
, 20
��
 In summary, results of the 
present in vitro studies indicated more favorable more outcomes of decontamination at 
smooth�turned than at rough�modihed implant surfaces
  

�� ���# "$!���� ���!��#�!�"#��" 

�urrent, commercially available implants present with surfaces that are modihed by 
dinerent methods �e
g
, blasting, acid etching�
 /here is large variation in terms of implant 
surface topography among the dinerent products and it is feasible that implant surface 
characteristics may iniuence the amount�pattern of residual bacteria following surface 
decontamination
 In fact, S ( analysis in Study IV indicated that �i� blasted and acid 
etched surfaces �OsseoSpeed, Astra /ech Implant System� showed residual bacteria mainly 
at gaps located between crystals� �ii� anodic oPidation surfaces �/iUnite, )obel �iocare� 
presented residual bacteria in the typical porous structures� �iii� on sandblasted acid	etched 
surfaces �S'A, Straumann� residual bacteria could be observed mainly between micro pits
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In addition, Iuantitative analysis using S ( images and subseIuent multi	level regression 
analysis revealed that the amount of residual bacteria was iniuenced by surface 
characteristics irrespective of treatment group
  

Albouy et al
 �20

� ePamined whether implant surface characteristics iniuenced the 
outcome of treatment of peri	implantitis in a dog model
 /he authors used four dinerent 
types of implants �/urned, S'A, /iOblast and /iUnite� and induced ePperimental peri	
implantitis by ligatures and submucosal plaIue accumulation
 2hen approPimately �0� of 
the supporting bone was lost, peri	implantitis	anected implants were surgically treated 
using gauRes soaked in saline
 It was reported �i� that resolution of peri	implantitis was 
achieved at implants with /urned and /iOblast surfaces, �ii� that I�/ ePtension at implants 
with S'A and /iUnite surfaces was greater when compared to /urned and /iOblast 
surfaces and �iii� that disease progression at implants with a /iUnite surface was not 
arrested by the surgical treatment
 -esults from a later preclinical study conhrmed these 
observations by demonstrating a signihcantly lower probability for resolution of 
ePperimentally induced peri	implantitis at implants with a /iUnite surface when compared 
to implants with /iOblast, OsseoSpeed and A/	
 surfaces ��arcuac et al
, 20
��
 
Dinerences in resolution of peri	implantitis among various implant surface characteristics 
might be ePplained by diniculties in adeIuate surface decontamination
  

���' �����# ��� �� ���# #�!��� �����#!' 

,uantitative analysis using S ( and subseIuent multi	level regression analysis in Study 
III revealed �i� a greater area of residual bacteria in the intra	bony than in supra	crestal 
Rones �S�(a and S�(i� and �ii� that areas of residual bacteria at top and valley sites were 
signihcantly greater than at valley sites
 Previously published in vitro studies �&eim et al
, 
20
�� 'uengo et al
, 2022� SanR	(artin et al
, 202
� Steiger	-onay et al
, 20
�� /uchscheerer 
et al
, 202
� also showed that factors such as dimensions of the bony defect and implant 
thread geometry signihcantly anected accessibility for surface instrumentation
 &eim et al
 
�20
��, for instance, evaluated cleaning accessibility of three dinerent instruments in three 
dinerent bone defect models �defect angles� 30Z, �0Z or �0Z�
 /he authors reported that all 
treatment procedures resulted in inferior outcome at 30Z bony defects when compared to 
purely supra	crestal defects ��0Z�
 SanR	(artin et al
 �202
� assessed the cleaning 
accessibility of three decontamination methods at four dinerent types of commercially 
available implants
 /he authors reported that the ianks of the implant threads, especially 
the ones facing apically, were the most challenging area to be instrumented for all implant 
designs and decontamination methods
 /hese hndings suggest that the geometry of bony 
defects and implant threading have an impact on the cleaning enicacy in the management 
of peri	implantitis
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�uture perspecti(es 
�ased on the hndings from the present in�vitro studies, prospective randomiRed controlled 
clinical trials should be designed to evaluate the clinical enicacy of decontamination 
methods in the management of peri	implantitis, not only for surgical treatment but also for 
non	surgical therapy
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