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RESUMO

Esta revisdo sistematica e meta-analise em rede avaliou a influéncia de
diferentes tratamentos de superficie do polieteretercetona (PEEK) na resisténcia de
unido entre PEEK e resinas compostas. A revisao sistematica foi conduzida de acordo
com as diretrizes PRISMA. A pergunta da pesquisa - “Os tratamentos de superficie
influenciam a resisténcia de unido entre resina composta e PEEK?” - foi estruturada
de acordo com o PICOS. Populagéo (P): espécimes de PEEK; Intervencéo (l):
tratamentos de superficie aplicados em PEEK; Comparagao (C): PEEK n&o tratado
(sem tratamento superficial experimental); Desfecho (O): valores de resisténcia de
unido (MPa); Delineamento do estudo (S): estudos in vitro. O tratamento superficial
experimental consistiu na aplicagdo de qualquer método de modificagcado da superficie
do PEEK, com excecao da aplicagao de adesivos especificos para uso sobre o PEEK
(controle positivo) e a auséncia de tratamento (controle negativo). Estudos publicados
em inglés, portugués ou espanhol foram considerados sem restricdo de data. Sete
critérios de exclusdo foram usados: PEEK n&o foi usado para fins odontolégicos;
nenhum tratamento de superficie foi aplicado ao PEEK; auséncia de um grupo
controle (positivo ou negativo); limpeza superficial influenciando na resisténcia de
uniao; resisténcia da unido nao avaliada de forma imediata (sem termociclagem);
resisténcia da unido nao avaliada entre PEEK e resina composta; ou resultados nao
reportados em MPa. Nove bases de dados foram pesquisadas até fevereiro de 2025.
Dois revisores independentes identificaram estudos potencialmente elegiveis,
selecionaram os estudos e extrairam os dados relevantes. As discordancias foram
resolvidas com um terceiro revisor. Os valores médios do mesmo tratamento de
superficie com diferentes pardmetros e marcas de resina composta foram
combinados. O risco de viés foi avaliado usando a ferramenta RoBDEMAT. A fungao
netgraph foi usada para construir e visualizar a geometria da rede com as
comparagdes entre as intervencgdes. As classificacdes das intervencdes quantificaram
a probabilidade média de cada tratamento ser superior aos outros. Um total de 1.809
titulos e resumos relevantes foram encontrados, resultando em 14 estudos publicados
entre 2013 e 2024, avaliando 18 protocolos distintos de tratamento de superficie.
Treze estudos demonstraram que os tratamentos de superficie associados ao adesivo
melhoraram a resisténcia da unido em comparagdo ao grupo controle. O &cido

sulfurico combinado com o adesivo mostrou os maiores valores de resisténcia da



uniao, seguido pela irradiagédo a laser combinada com adesivo. Com relagao ao risco
de viés, oito estudos foram classificados como moderado, trés como baixo e trés como
alto. O tratamento de superficie com acido sulfurico combinado com o adesivo
fornecido pelo fabricante apresentou a maior resisténcia da unido entre o PEEK e a

resina composta.

Palavras-chave: Adesivos Dentinarios. Resinas Compostas. Revisdo Sistematica.



ABSTRACT

This systematic review and network meta-analysis evaluated the influence of
surface treatments on the bond strength between polyetheretherketone (PEEK) and
resin composites. The review was conducted following the PRISMA guidelines. The
research question - "Do surface treatments influence the bond strength between resin
composite and PEEK?" - was structured according to the PICOS framework:
Population (P) PEEK specimens; Intervention (I) surface treatments applied on PEEK;
Comparison (C) untreated PEEK (without any experimental surface treatment);
Outcome (O) bond strength values measured (MPa); and Study design (S) in vitro
studies. The experimental surface treatment was defined as any surface modification
method applied to PEEK, excluding the application of adhesives specifically indicated
for use on PEEK (positive control) and the absence of any treatment (negative control).
Studies published in English, Portuguese, or Spanish were considered, without date
restrictions. Seven exclusion criteria were applied: PEEK not used for dental purposes;
no surface treatment applied to PEEK; absence of a control group (positive or
negative); use of surface cleaning methods influencing bond strength; bond strength
not assessed immediately (e.g., only after thermocycling); bond strength was not
measured of PEEK to resin composite; data not reported in MPa. Nine databases were
systematically searched through February 2025. Two independent reviewers identified
potentially eligible studies, selected appropriate studies, and extracted relevant data,
with discrepancies resolved by a third reviewer. Mean values from identical surface
treatments using varying parameters and resin composite brands were pooled. Risk of
bias was assessed using the ROBDEMAT tool. The network geometry for intervention
comparisons was constructed and visualized using the netgraph function, with
intervention rankings quantifying the average probability of superiority among
treatments. The search strategy yielded 1,809 relevant titles and abstracts, identifying
14 studies published between 2013 and 2024, which evaluated 18 different surface
treatment protocols. Thirteen studies demonstrated that surface treatments in
combination with the adhesive significantly improved bond strength compared to
control groups. Among all treatments evaluated, sulfuric acid combined with adhesive
application achieved the highest bond strength mean values, followed by laser
irradiation combined with adhesive. Regarding risk of bias, eight studies were

classified as moderate, three as low, and three as high. The surface treatment



protocols involving sulfuric acid combined with adhesive application resulted in the

highest bond strength between PEEK and resin composite.

Key Words: Dentin-Bonding Agents. Composite Resins. Systematic Review



SUMARIO

1 INTRODUCAO

2 ARTIGO: PEEK surface treatments and bond strength to resin composites:
network meta-analysis of in vitro studies

3 CONCLUSAO

REFERENCIAS

ANEXOS

Anexo 1 - Relatério de similaridade

Anexo 2 - Comprovante de submissao do artigo

13

17
44
45
50
50
51



13

1 INTRODUGAO

Na Odontologia, é constante a busca por materiais restauradores que aliem
funcionalidade, resisténcia mecanica, biocompatibilidade e estética. Dentre as
inovagdes, os polimeros semicristalinos de alto desempenho destacam-se como
materiais utilizados em restauragdes indiretas. Os estudos e o uso desses polimeros
tém crescido exponencialmente na Odontologia nos ultimos anos em fungao de suas
boas propriedades fisicas, quimicas e biologicas, e do avang¢o das tecnologias de
fabricagdo subtrativas (CAD/CAM) e aditivas (impressao 3D) (Cakar et al., 2022;
Gouveia et al., 2022; Maloo et al., 2022; Taha et al., 2022; Zol et al., 2023; Taymour et
al., 2024).

Os polimeros semicristalinos de alto desempenho pertencem a familia do
poliariletercetona  (PAEK), sendo considerados materiais termoplasticos
semicristalinos isentos de metacrilato, com alta resisténcia mecanica e elevada
estabilidade quimica (Cakar et al., 2022; Gouveia et al., 2022; Zol et al., 2023). O
PAEK ¢ sintetizado por meio da acilagcao de Friedel-Crafts e quimicamente é formado
por anéis de fenileno que sao ligados por meio de pontes de oxigénio a grupos éter e
cetona (Smith et al., 2017). A estrutura molecular contém alternadamente grupos
cetona e éter (Figura 1), sendo que a proporgao e a sequéncia de éter para cetonas
afetam a temperatura de transicdo vitrea e o ponto de fusdo do polimero. Quanto
menor a quantidade de grupos éter, maior a temperatura de transi¢ao vitrea e ponto
de fusao do polimero, além de deixar mais rigida a cadeia do polimero, uma vez que
0s grupos éter proporcionam flexibilidade a cadeia polimérica (Shibata et al., 1997;
Maloo et al., 2022; Villefort et al., 2022).

Diferentes polimeros podem ser criados da familia PAEK que se caracterizam
por apresentarem diferentes propriedades, como resisténcia mecanica, estabilidade
térmica, densidade e biocompatibilidade (Gouveia et al., 2022; Maloo et al., 2022;
Villefort et al., 2022; Zol et al., 2023; Asik & Ozyilmaz, 2024). O polietercetonacetona
(PEKK) e o polieteretercetona (PEEK) sdo materiais termoplastico semicristalinos da
familia PAEK que sao muito utilizados como retentores intrarradiculares (Zhao et al.,
2023) e componentes de reabilitagbes em implantes, proteses fixa e removivel (Al-
Rabab'ah et al., 2019; Gouveia et al., 2022; Villefort et al., 2022; Cevik et al., 2023;
Asik & Ozyilmaz, 2024; Taymour et al., 2024).
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O PEKK é um material utilizado principalmente na confecgdo de implantes,
sendo formado por polimero organico que possui uma alta quantidade de grupos
cetona (Zol et al., 2023) (Figura 1). Dessa forma, o PEKK possui elevada resisténcia
mecanica, alta biocompatibilidade e mddulo de elasticidade proximo ao do tecido
0sseo (Taha et al., 2022; Zol et al., 2023). Ja o PEEK tem se consolidado como o
PAEK mais utilizado na Odontologia devido a sua versatilidade e propriedades
mecanicas. O seu modulo de elasticidade é semelhante ao da dentina, o que
possibilita uma melhor distribuicdo das for¢as mastigatorias e reduz o risco de fraturas
em comparagao a materiais mais rigidos (maior modulo de elasticidade e friaveis,
como as ceramicas (Maloo et al., 2022; Zol et al., 2023; Asik & Ozyilmaz, 2024). O
PEEK apresenta uma cadeia linear e semicristalina composta por cadeias aromaticas
interligadas por grupos éter e cetona (Zol et al., 2023) (Figura 1), o que lhe confere
adequada flexibilidade e elevada resisténcia mecanica. Além disso, sua resisténcia
quimica e estabilidade térmica garantem durabilidade mesmo em ambientes bucais
adversos (Al-Rabab'ah et al., 2019; Maloo et al., 2022; Zol et al.,, 2023; Asik &
Ozyilmaz, 2024).

Figura 1. Formula estrutural dos polimeros semicristalinos de alto desempenho.

Poliariletercetona (PAEK); polietercetonacetona (PEKK); e polieteretercetona (PEEK).
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Além das suas propriedades fisico-quimicas e bioldgicas, a popularidade do
PEEK é também atribuida a sua aplicabilidade na Odontologia. Na implantodontia, o
material tem sido utilizado como pilar e estrutura de préteses devido ao seu mdédulo
de elasticidade semelhante ao tecido ésseo. Nas reabilitagdes protéticas, o PEEK se
destaca como uma alternativa as ligas metalicas para a confecgao de proéteses
removiveis. Ja na protese fixa, estudos tém avaliado o PEEK como material para
copings, nucleos de preenchimento e retentores intrarradiculares (Al-Rabab'ah et al.,
2019; Gouveia et al., 2022; Villefort et al., 2022; Cevik et al., 2023; Zhao et al., 2023;
Asik & Ozyilmaz, 2024; Taymour et al., 2024).

Contudo, o PEEK apresenta limitagcbes devido a sua cor opaca e baixa
translucidez. Especialmente em reabilitacbes estéticas, o PEEK exige o seu
recobrimento com resinas compostas ou ceramicas para alcancar resultados estéticos
satisfatorios (El-Tahwi et al, 2020; Robaian et al., 2025). A baixa energia de superficie
e inércia quimica do PEEK dificultam a sua adesdo a substratos dentarios e a
materiais restauradores (Escobar et al., 2020). Esse desafio tem sido amplamente
estudado, e diversas abordagens tém sido desenvolvidas para melhorar a adesao do
PEEK. Essas abordagens podem ser fisicas (aplicacdo de laser e plasma)
(Stawarczyk et al., 2014b; Zhou et al., 2014; Caglar et al., 2019; Tsuka et al., 2019;
Culhaoglu et al., 2020; Jahandideh et al., 2020; Attia et al., 2021; Dede et al., 2021;
Akay et al., 2022; Taha et al., 2022; Kili¢ et al., 2023; Turkkal et al., 2023; Zhao et al.,
2023; Babu et al., 2024; Peng et al., 2024), mecanicas (jateamento com é6xido de
aluminio e desgaste com brocas) (Schmidlin et al., 2010; Stawarczyk et al., 2013; Keul
et al., 2014; Zhou et al., 2014; Caglar et al., 2019; Tsuka et al., 2019; Vakkala et al.,
2019; Kurahashi et al., 2019; Culhaoglu et al., 2020; Ata et al., 2021; Attia et al., 2021;
Dede et al., 2021; Mayinger et al., 2021; Adem et al., 2022; Gouveia et al., 2022; Taha
et al., 2022; Kili¢ et al., 2023; Soliman et al., 2023a; Soliman et al., 2023b; Zhao et al.,
2023; Ozdogan & Tosun, 2024; Peng et al., 2024; Sahin et al., 2024; Liu et al., 2025)
e quimicas (acidos fortes, como o acido sulfurico e a solugéo de Piranha [mistura de
3:1 de acido sulfurico:perdxido de hidrogénio], adesivos e primers) (Schmidlin et al.,
2010; Stawarczyk et al., 2013; Keul et al., 2014; Sproesser et al., 2014; Stawarczyk et
al., 2014a; Zhou et al., 2014; Kurahashi et al., 2019; Culhaoglu et al., 2020; Ata et al.,
2021; Attia et al., 2021; Dede et al., 2021; Zhang et al., 2021; Adem et al., 2022; Kili¢
et al., 2023; Soliman et al., 2023a; Turkkal et al., 2023; Babu et al., 2024; Ozdogan &
Tosun, 2024; Peng et al., 2024; Liu et al., 2025). Esses protocolos modificam o PEEK
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quimicamente, alterando a sua morfologia com objetivo de aumentar a energia de
superficie, e/ou fisicamente, criar microrretencbes na superficie do PEEK que
favorecam o embricamento mecanico dos materiais resinosos e, consequentemente,
a adesao (Culhaoglu et al., 2020).

Apesar dos avangos, ainda ndo ha consenso sobre o protocolo de tratamento
de superficie mais eficaz para o PEEK. A falta de padronizagdo desses protocolos
dificulta a comparacao entre estudos e a determinacdo do melhor protocolo para
aplicacao clinica. Além disso, o conhecimento sobre o potencial adesivo de cada
protocolo e as limitagées de cada tratamento € limitado (Escobar et al., 2020; Gouveia
et al., 2022; Taymour et al., 2024). Por exemplo, o uso de acidos fortes, embora eficaz
e restrito em laboratério, apresenta riscos associados ao manuseio em ambiente
clinico, limitando sua adogao rotineira (Sproesser et al., 2014; Gouveia et al., 2022;
Asik & Ozyilmaz, 2024). Além disso, tratamentos quimicos € mecanicos promovem a
formagao de residuos (Escobar et al., 2020; Adem et al., 2022; Taha et al., 2022).

Uma revisdo sistematica com metandlise sobre a adesdo de PAEKs foi
publicada em 2020, sendo que o artigo mais recente dessa revisdo € de margo de
2019 (Gama et al., 2020). Passados quase 6 anos, novos estudos com diversos
protocolos de tratamento de superficie de PAEKs foram publicados avaliando a
adesao. O trabalho de Gama et al. (2020) identificou 235 reports, sendo 33 no banco
de dados PubMed. Utilizando a mesma estratégia de busca, na presente data
(07/05/2025) podemos encontrar 139 reports no PubMed, um aumento de 321,2% em
apenas um banco de dados. Além disso, essa revisdo avaliou a adesao de PAEKS,
incluindo PEEK e PEKK. Dessa forma, € importante realizar uma atualizagdo na
revisao sistematica dos estudos que avaliam protocolos de tratamento de superficie
especificadamente do PEEK na Odontologia. Dessa forma, o objetivo do presente
estudo foi avaliar a influéncia dos tratamentos de superficie na resisténcia de uniao
entre o PEEK e as resinas compostas, por meio de uma revisdo sistematica com

metanalise em rede.
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2 ARTIGO

Dental PEEK surface treatments and bond strength to resin composites:

network meta-analysis of in vitro studies

Abstract

This systematic review and network meta-analysis assessed the effect of surface
treatments on the bond strength of polyetheretherketone (PEEK) to resin composites.
Following PRISMA guidelines, the research question was structured using the PICOS
framework and focused on in vitro studies. Eligible studies were in vitro, with no date
restriction, and published in English, Portuguese, or Spanish. Nine databases were
searched up to February 2025. Exclusion criteria included non-dental use of PEEK; no
surface treatment performed; absence control group (positive or negative); use of
cleaning methods affecting adhesion; lack of immediate bond strength assessment;
bond strength not tested between PEEK and resin composite; results not expressed in
MPa. A total of 1,809 records were screened, leading to 14 included studies published
between 2013 and 2024, covering 18 surface treatment protocols. Data were extracted
and pooled from studies using comparable surface treatments with different
parameters. Risk of bias was assessed with the RoBDEMAT tool. Thirteen studies
showed improved bond strength after surface treatment and adhesive application.
Sulfuric acid combined with adhesive promoted the highest bond strength, followed by
laser treatment with adhesive. Most studies were rated as having moderate risk of bias.
Sulfuric acid combined with adhesive was the most effective protocol for enhancing

the bond strength between PEEK and resin composites.

Keywords: acid etching, adhesion, PEEK, resin-based materials.
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1. Introduction

Restorative dentistry has increasingly embraced materials that combine
functionality, mechanical strength, biocompatibility, and esthetics. Among these, high-
performance thermoplastic polymers from the polyaryletherketone (PAEK) family have
gained prominence due to their favorable physical, chemical, and biological properties,
as well as their compatibility with digital manufacturing techniques such as CAD/CAM
milling and 3D printing (1-6).

Structurally, PAEKSs consist of aromatic rings linked by ether and ketone groups,
with the ratio between these functional groups modulating properties such as flexibility
and thermal stability (7,8). The two most relevant derivatives of the PAEK family used
in dentistry, polyetherketoneketone (PEKK) and polyetheretherketone (PEEK), share
fundamental similarities but differ in their ketone content, which affects their
mechanical properties and clinical applications (2,5,9).

Among PAEK materials, PEEK has become the most widely used in dental
applications. Its elastic modulus closely matches that of dentin, which contributes to
favorable stress distribution and reduces the risk of catastrophic fractures. This
represents a significant advantage compared to ceramics and metals (3,10).
Additionally, PEEK exhibits high fatigue resistance, radiolucency, and dimensional
stability under intraoral conditions (5,11). These characteristics have expanded its use
across prosthetic and implant-supported rehabilitations, from frameworks for fixed and
removable prostheses to posts, abutments, and endocrowns (12,13).

Despite these advantages, PEEK poses challenges when adhesive procedures
are required. Its intrinsic chemical structure and low surface energy hinder bonding
with resin-based materials and dental tissues, necessitating surface treatment to
enhance adhesion (14). A broad range of surface treatments has been proposed,
including physical (e.g., laser irradiation, plasma) (4,13,15-27), mechanical (e.g.,
airborne-particle abrasion, rotary instrumentation) (2,4,13,16-19,21,22,24,27-40), and
chemical approaches (e.g., sulfuric acid etching, Piranha solution, primers)
(16,19,21,22,24-30,32,33,35,36,38,40-43). These strategies aim to increase surface
roughness and modify the surface chemistry of PEEK, thereby enhancing its surface
area, surface energy, and wettability. In addition, they promote micromechanical
interlocking and chemical interaction with resin-based materials, ultimately improving
adhesion (2,19).
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However, current evidence remains fragmented. Studies differ substantially in
their experimental conditions, types of surface treatment, bonding agents, testing
protocols, and performance metrics. The lack of standardization not only complicates
comparisons across studies but also limits the potential for clinical application (2,6,14).

In 2020, a systematic review with meta-analysis by Gama et al. (44) evaluated
adhesion to materials from the PAEK family, including both PEEK and PEKK. The
review included studies published up to March 2019 and identified a total of 235
reports, of which only 33 were indexed in PubMed. Since then, research on this topic
has grown substantially. A recent search using the same strategy retrieved 139 records
in PubMed alone, representing a 321.2% increase in this single database. This
substantial growth highlights the emergence of numerous studies investigating
different surface treatment protocols for PAEK materials, underscoring the need for an
updated systematic review to synthesize the current evidence.

Given the exponential growth of literature and the need to critically assess the
adhesive behavior of PEEK as a distinct substrate, an updated systematic review is
both timely and necessary. Unlike previous reviews that grouped all PAEK-based
materials, it is important to specifically evaluate PEEK, including its surface treatment
methods and adhesion protocols, within the dental context. This focused synthesis
aims to bridge the gap between in vitro findings and clinical applicability, thereby
guiding future research and supporting evidence-based decision-making in adhesive
restorative dentistry. Therefore, the aim of this study was to evaluate the influence of
surface treatments on the bond strength between PEEK and resin composites through

a systematic review and network meta-analysis.

2. Material and methods

2.1. Protocol and registration

This systematic review was conducted in accordance with the Preferred
Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(45). The study protocol was prospectively registered in the Open Science Framework
(OSF) registry (https://doi.org/10.17605/0SF.I0/JGRDE).

2.2. Eligibility criteria
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The following research question was formulated: “Do surface treatments
influence the bond strength between resin composite and PEEK?”. This question was
structured using the PICOS framework (Population, Intervention, Comparison,
Outcome, and Study design), as follows:

Population (P): PEEK specimens;

Intervention (1): surface treatments applied on PEEK;

Comparison (C): untreated PEEK (without any experimental surface treatment);

Outcome (O): bond strength values (measured in MPa);

Study design (S): in vitro studies.

The experimental surface treatment was defined as any surface modification
method applied to PEEK, excluding the application of adhesives specifically indicated
for use on PEEK (positive control) and the absence of any treatment (negative control).
This systematic review included in vitro studies that investigated the effect of surface
treatments on the bond strength between resin composites and PEEK in dental
applications. Only studies published in English, Portuguese, or Spanish were
considered, with no date restriction. Studies were excluded if they met any of the
following criteria: (i) PEEK was not used for dental purposes; (ii) no surface treatment
was applied to PEEK; (iii) absence of a control group (positive or negative); (iv) surface
cleaning methods that could influence bonding; (v) bond strength not assessed
immediately (e.g., only after thermocycling); (vi) bond strength was not assessed of
PEEK to resin composite; or (vii) results were not reported in megapascal (MPa).
Manufacturer-recommended bonding agents used as positive controls included
bond.lign (bredent GmbH & Co.KG, Senden, Bavaria, Germany), visio.link (bredent
GmbH & Co.KG, Senden, Bavaria, Germany), Signum® Bond (Kulzer GmbH, Hanau,
Hesse, Germany), and PEKKbond (Anaxdent, Stuttgart, Baden-Wdurttemberg,

Germany).

2.3. Information sources and search strategy

A systematic search was carried out in the following electronic databases:
MEDLINE via PubMed, LILACS and BBO via BVS, and Embase via Elsevier.
Additionally, grey literature was explored through Google Scholar, ProQuest, and the
institutional repositories of the University of Campinas (UNICAMP), University of Sdo
Paulo (USP), and Sao Paulo State University (UNESP). To ensure completeness, the

reference lists of all included studies were manually screened for additional relevant
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publications. The search was completed in February 2025. Both Medical Subject

Headings (MeSH) and free-text terms were adapted to suit the indexing characteristics

of each database (Table 1).

Table 1. Search strategy used in each electronic database.

MEDLINE via PubMed

#1.

"Ethers, Cyclic"[Mesh] OR (Cyclic Ethers) OR (Cyclic Ether) OR (Ether, Cyclic)
OR "Ketones"[Mesh] OR Ketone OR "polyetheretherketone" [Supplementary
Concept] OR PEEK OR "polyether ether ketone" OR "poly ether ether ketone"
OR "polyether ketoneether" OR "polyether ketone ether"

#2.

"Dentin-Bonding Agents"[Mesh] OR (Agent, Dentin-Bonding) OR (Agents,
Dentin-Bonding) OR (Dentin Bonding Agents) OR (Dentin-Bonding Agent) OR
(Bonding Agents, Dentin) OR (Agent, Dentin Bonding) OR (Agents, Dentin
Bonding) OR (Bonding Agent, Dentin) OR (Dentin Bonding Agent) OR "Dental
Bonding"[Mesh] OR (Bonding, Dental) OR (Cure of Orthodontic Adhesives) OR
(Orthodontic Adhesives Cure) OR (Curing, Dental Cement) OR (Dental
Cement Curing) OR "Surface Properties"[Mesh] OR (Properties, Surface) OR
(Property, Surface) OR (Surface Property) OR "surface treatment" OR "surface
treatments" OR "roughness" OR "Adhesives" OR "Adhesive"

#3.

"Tensile Strength"[Mesh] OR (Strengths, Tensile) OR (Strength, Tensile) OR
(Tensile Strengths) OR "Shear Strength"[Mesh] OR (Strength, Shear) OR
"push-out" OR "pull-out" OR "bond strength" OR "bond strengths"

#4.
#1 AND #2 AND #3

LILACS and BBO via
BVS

#1.

MH:"Eteres Ciclicos” OR (Eteres Ciclicos) OR (Ethers, Cyclic) OR (Eteres
Ciclicos) OR (Eter Ciclico) OR MH:D02.355.291$ OR MH:D04.345.241$ OR
Ketone OR “polyetheretherketone” OR PEEK OR “polyether ether ketone” OR
“poly ether ether ketone” OR “polyether ketoneether” OR “polyether ketone
ether”

#2.

MH:"Adesivos Dentinarios" OR (Adesivos Dentinarios) OR (Dentin-Bonding
Agents) OR (Recubrimientos Dentinarios) OR (Adesivo Dentinario) OR
(Agente de Adesdo Dentinaria) OR (Camada Hibrida) OR (Hibridizacao
Dentinaria) OR (Impermeabilizagao Dentinaria) OR MH:D25.339.291.300$ OR
MH:J01.637.051.339.291.300 OR MH:"Colagem Dentéaria" OR (Dental
Bonding) OR (Recubrimiento Dental Adhesivo) OR (Aderéncia Dental) OR
(Aderéncia Dentaria) OR (Cura de Adesivos Ortodénticos) OR MH:E06.095$
OR MH:"Propriedades de Superficie" OR (Surface Properties) OR
(Propiedades de Superficie) OR (Rugosidade de Superficie) OR MH:G02.860%
OR "roughness" OR "Adhesives" OR "Adhesive"

#3.

MH:"Resisténcia a Tracdo" OR (Tensile Strength) OR (Resistencia a la
Traccion) OR (Forga de Tensdo) OR MH:G01.374.850% OR MH:"Resisténcia
ao Cisalhamento" OR (Shear Strength) OR (Resistencia al Corte) OR
(Resisténcia ao Corte) OR MH:G01.374.820% OR "push-out" OR "pull-out" OR
"bond strength" OR "bond strengths"

#4.
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#1 AND #2 AND #3

Embase via Elsevier

#1.

'ether derivative'/exp OR 'cyclic ether' OR 'dicycloether' OR 'diethylether
derivative' OR 'ether analog' OR 'ethers' OR 'ethers, cyclic' OR 'ethyl ethers'
OR 'methyl ethers' OR 'ether derivative' OR 'ketone'/exp OR 'ketones' OR
'ketone' OR 'polyetheretherketone' OR PEEK OR 'polyether ether ketone' OR
'poly ether ether ketone' OR 'polyether ketoneether' OR 'polyether ketone
ether'

#2.

'dentin bonding agent/exp OR 'dentin bonding agents' OR 'dentin-bonding
agents' OR 'Gel Etchant’ OR 'Optibond Solo Plus' OR 'Premise Flow' OR
'Vertise Flow' OR 'dentin bonding agent' OR 'dentin bonding agent/exp OR
'chemically-cured dental bonding' OR 'dental bonding, chemically-cured' OR
'dental bonding' OR 'surface property'/exp OR 'capillarity’ OR 'capillary action’
OR 'surface' OR 'surface properties' OR 'surface property' OR 'roughness' OR
'‘Adhesives' OR 'Adhesive'

#3.
'tensile strength'/exp OR 'tensile strength' OR 'shear strength'/exp OR 'shear
strength' OR "push-out’ OR 'pull-out' OR 'bond strength' OR 'bond strengths’

#4.
#1 AND #2 AND #3

#5.
#4 AND [embase]/lim NOT ([embase]/lim AND [medline]/lim)

Google Scholar,
ProQuest, UNICAMP
and UNESP libraries

#1.
("polyetheretherketone" OR PEEK)

#2.
("surface treatment")

#3.
("microtensile bond strength" OR "microshear bond strength" OR "push-out
bond strength" OR "pull-out bond strength")

#4.
#1 AND #2 AND #3

USP library

#1.
("polyetheretherketone" OR PEEK)

2.4. Study selection and data extraction

All records were archived and managed using the Rayyan reference

management platform (Rayyan Systems Inc., Cambridge, MA, USA). Duplicate

references were manually identified and removed within Rayyan. Study selection was

performed in two phases. In the first phase, titles and abstracts were independently

screened by two independent reviewers (R.P.V. and S.G.0.) to identify potentially

eligible studies. When there was any uncertainty, the study was retained for full-text

evaluation. Clearly irrelevant or non-compliant reports were excluded at this stage. Any
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disagreements were resolved through discussion and consensus after disabling
Rayyan’s blinding feature.

In the second phase, studies that appeared to meet the inclusion criteria were
subjected to full-text review. When multiple reports referred to the same study, they
were grouped and analyzed as one. Full-text articles were critically assessed based
on the predefined exclusion criteria. In this phase, the same two reviewers (R.P.V. and
S.G.0.) independently screened the studies and extracted the relevant data. Any
disagreements or uncertainties were resolved by discussion or by consulting a third
reviewer (V.G.A.P.).

Mean values were combined from studies applying the same surface treatment
but using different parameters, such as particle size and type of aluminum oxide,
application time, airborne-particle abrasion pressure, laser type and frequency, as well
as sulfuric acid concentration and exposure time. Additionally, data from different
brands of resin composite were grouped. When results were originally reported as
medians with ranges (minimum and maximum values), they were converted into
means and standard deviations. These transformations were performed in accordance
with the recommendations outlined in the Cochrane Handbook for Systematic Reviews
of Interventions (49). For studies in which bond strength results (in MPa) were
presented only in graphical form, numerical values were extracted using the
WebPIlotDigitizer tool (https://automeris.io/). All extracted data were recorded and
organized using Microsoft® Excel® 365 (Microsoft Corporation, Redmond, WA, USA),
following a structured template designed for systematic reviews. The collected
information included Rayyan ID, author(s), year of publication, study title,
characteristics of HPP specimens, restorative materials, control groups, experimental
groups, number of specimens, type of bond strength test, and the main findings. When
necessary, the corresponding authors were contacted by email to clarify uncertainties

or to obtain missing data.

2.5. Quality assessment (risk of bias)

The risk of bias assessment for the included studies was independently
performed by two reviewers (R.P.V. and S.G.0.) using the RoBDEMAT tool (46), a
validated instrument specifically designed to guide the evaluation and reporting of
preclinical studies in dental materials research. This tool evaluates nine items

distributed across four domains: planning and allocation (D1), specimen preparation
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(D2), outcome assessment (D3), and data analysis and reporting (D4). For each
signaling question within the domains, responses were categorized as “sufficiently
reported” (green), “insufficiently reported” (yellow), “not reported” (red) or “not
applicable” (grey). A summary table was constructed to present the overall risk of bias
findings for each study. Any disagreements between reviewers were resolved through
discussion, and when consensus could not be reached, a third reviewer (V.G.A.P.) was

consulted.

2.6. Statistical analysis

The netgraph function was used to construct and visualize the geometry of the
network of comparisons among interventions. In the resulting plot, nodes represent the
evaluated interventions, and edges indicate the direct comparisons made between
them in the included studies. Node size is proportional to the number of participants
who received each intervention, while edge thickness reflects the number of studies
contributing to each direct comparison.

To synthesize the results, a frequentist network meta-analysis was performed.
Since the network consisted of two disconnected sub-networks, an additive model was
applied. This approach enables the estimation of treatment effects by incorporating a
specific intercept for each sub-network, thereby allowing for a valid analysis without
violating the assumption of network connectivity.

Intervention rankings were determined using P-scores, which quantify the
average probability of each treatment being superior to the others. A league table was
generated to display all pairwise comparisons, presenting the point estimates along
with their respective 95% confidence intervals. All analyses were conducted using the

netmeta package (version 3.2-0) in the R statistical computing environment.

3. Results

3.1. Search strategy

A total of 1,809 potentially relevant records were identified through the search
strategy. After removing duplicates, 1,405 records remained and were screened by title
and abstract. Of these, 1,303 were excluded based on the predefined inclusion and

exclusion criteria. Among the 22 reports selected for full-text reading, two could not be
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retrieved (47,48). In total, 14 studies met the eligibility criteria and were included in the
quantitative analysis (2,19,20,22,23,27,29,31,33,35-37,42,43) (Table 2). The search

strategy details are illustrated in a PRISMA flowchart (Figure 1).

Table 2. Search strategy details analyzed in each selected study.

(reference) Study

Groups

Main conclusion

Control - Control + Experimental
(2) Gouveia et al. 15 No Yes 1 - Airborne-particle abrasion with alumina Airborne-particle
(2022) particles abrasion with 110 ym
(110 ym, 15 s, 20 bar). alumina improved bond
strength.
(19) Culhaoglu et 11 No Yes 1 - Airborne-particle abrasion (silica-coated The highest bond
al. (2020) - Codet™ system; 15 s, pressao 3 bar); strength values were
2 - Acetone 99% (60 s); observed with sulfuric
3 - Sulfuric acid 98% (60 s); acid.
4 - Airborne-particle abrasion with alumina
particles
(110 pm, 15 s, 2 bar);
5 - laser Yb:PL (5 W).
(20) Jahandideh et 20 No Yes 1-COzlaser (4 W, 50 s); The highest bond
al. (2020) 2 - ErYAG laser (1,5 W, 20 s). strength values were
achieved with Er:YAG
laser treatment.
(22) Dede et al. 16 No Yes 1 - Plasma (13,5 W, 90 s); Sulfuric acid resulted in

(2021)

2 - Plasma brush (30 W, 90 s);
3 - Airborne-particle abrasion with silica-

coated alumina particles (110 ym, 10's, 2.5

MPa);

4 - Airborne-particle abrasion with silica-
coated alumina particles + plasma;

5 - Airborne-particle abrasion with silica-
coated alumina particles + plasma brush;
6 - Sulfuric acid 98% (60 s);

7 - Sulfuric acid 98% (60 s) + plasma;

8 - Sulfuric acid 98% (60 s) + plasma brush.

the highest bond

strength value.



(23) Akay et al. 10 Yes
(2022)

(27) Peng et al. 10 No
(2024)

(29) Stawarczyk et 15 Yes
al. (2013)

(31) Vakkala et al. 8 No
(2018)

(33) Ata et al. 10 No
(2021)

(35) Adem et al. 12 No
(2022)

Yes

Yes

No

Yes

Yes

Yes

1 - Argon 100% plasma (35 min.);

2 - Argon 50% + oxygen 50% plasma (35
min.);

3 - Argon 50% + nitrogen 50% plasma (35
min.);

4 - Argon 75% + oxygen 12,5% + nitrogen
12,5% plasma (35 min.).

1 - Airborne-particle abrasion with alumina
particles

(50 uym, 10 s, 2 MPa);

2 - Sulfuric acid 98% (60 s);

3 - Nd:YVO4 laser, 50 ym?2.

1 - Sulfuric acid 98% (60 s);

2 - Airborne-particle abrasion with alumina
particles

(50 ym, 10 s, 2 bar);

3 - Airborne-particle abrasion with alumina
particles

(100 ym, 10 s, 2 bar);

4 - Airborne-particle abrasion with alumina
particles - Rocatec™ Pre and Rocatec™

Plus 12 + silane (5 min.).

1 - Airborne-particle abrasion with alumina
particles

(100 uym, 60 s, 2 atm) + Piranha solution
(30 s).

1 - Sulfuric acid 98% (60 s);

2 - Airborne-particle abrasion with alumina
particles

(110 pm, 60 s, 2 bar).

1 - Airborne-particle abrasion with alumina
particles

(50 uym, 10 s, 2 MPa).

2 - Sulfuric acid 98% (60 s);

3 - Airborne-particle abrasion with alumina

particles + sulfuric acid 98% (60 s).
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Argon plasma and argon
+ oxygen + nitrogen
plasma groups showed
higher bond strength

values.

Laser surface treatment
of PEEK has the
potential to enhance

bond strength.

The highest bond
strength values can be
achieved following

sulfuric acid treatment.

Combined airborne-
particle abrasion and
acid treatment yield

superior results.

Surface treatment of
PEEK plays a key role
in bond strength.

Sulfuric acid resulted in
the highest bond
strength. Airborne-
particle abrasion
negatively affected bond

strength.



(36) Soliman et al. 6 No
(2023)

(37) Soliman et al. 10 No
(2023)

(42) Stawarczyk et 20 Yes
al. (2014)

(43) Zhang et al. 13 No
(2021)

Yes

Yes

Yes

Yes

1 - Sulfuric acid 98% (60 s);

2 - Airborne-particle abrasion with alumina
particles

(50 ym, 10 s, 0.55 MPa).

1 - Airborne-particle abrasion with alumina
particles

(50 uym, 10 s, 0.55 MPa);

2 - Airborne-particle abrasion with alumina
particles

(50 pm, 10 s, 0.55 MPa) + 5.000
thermocycling (5°C e 55°C, dwell time 30

s).

1 - Sulfuric acid 98% (60 s);

2 - Piranha solution (30 s).

1 - Sulfuric acid 98% (5 s);

2 - Sulfuric acid 98% (30 s);
3 - Sulfuric acid 98% (60 s);
4 - Sulfuric acid 98% (90 s);
5 - Sulfuric acid 98% (120 s);
6 - Sulfuric acid 98% (300 s).
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Sulfuric acid and
airborne-particle

abrasion treatment led to
an increase in bond

strength.

All  tested CAD/CAM
polymers can be
repaired after airborne-

particle abrasion.

The adhesives Signum®
PEEK Bond and
should be
applied to

visio.link
ensure
durable bonding. Acid
pretreatment is  not

required.

Thirty seconds was
considered the optimal
acid etching time for
PEEK.




Figure 1. Search flowchart of the study selection according to the PRISMA 2020 statement.
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The included studies were published between 2013 and 2024, all in English.
Twelve studies (2,19,20,22,23,27,29,31,33,35,37,43) assessed the effect of surface
treatments on the bond strength between PEEK and resin composite using the shear
bond strength test, one study used the micro push-out test (36), and another employed
the tensile bond strength test (42). In all studies (2,19,20,22,23,27,29,31,33,35-
37,42,43),

sandpaper(s) to standardize the surface. Two studies (31,36) did not report whether

PEEK specimens were polished using silicon carbide abrasive

surface polishing was performed.

Two studies (23,42) included negative and positive control groups, while the
remaining studies had only one control group, with 11 employing a positive control
(2,19,20,22,27,31,33,35-37,43) and one using a negative control (29). In all studies,
the manufacturer-recommended adhesive was applied after surface treatment, except
in Akay et al., 2022 (23), Stawarczyk et al., 2013 (29), Adem et al., 2022 (35), and
Stawarczyk et al., 2014 (42), where in some groups, the resin composite was applied

directly after the surface treatment. Visio.link was the most frequently used adhesive
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(85.7%). Dede et al., 2022 (22) used PEKKbond both as a positive control and after
experimental surface treatment.

All included studies (2,19,20,22,23,27,29,31,33,35-37,43) demonstrated that
surface treatments improved bond strength compared to the control group, except or
Stawarczyk et al., 2014 (42). Only seven studies (19,22,27,29,33,35,36) compared
different types of surface treatment, among which five (19,22,29,35,36) reported that
sulfuric acid etching achieved the highest bond strength values between PEEK and

resin composite.

3.3. Risk of bias

Eight studies included in this systematic review were classified as moderate risk
of bias (19,20,22,23,27,29,33,43), as they reported at least six out of nine items as
“sufficiently reported”. Three studies (2,37,42) were classified as low risk of bias, with
seven items classified as “sufficiently reported”. Three studies were considered to have
a high risk of bias: one presented only five items as “sufficiently reported” (36), and two
had at least three items rated as “not reported” (31,35).

None of the studies adequately described the random allocation of samples
(D1), and only 28% of the studies (2,31,37,42) sufficiently reported a sample size
calculation. Two studies (31,36) were classified as “not reported” regarding the
standardization of storage, experimental conditions, or treatment protocols (D2).
Regarding operator blinding (D3), no study reported this procedure, except for one
study (29), which was rated as “insufficiently reported”. All studies were classified as
“sufficiently reported” for bias in data treatment and outcome reporting (D4). A

summary of the risk of bias across the 14 studies is illustrated in Figure 2.



Figure 2. Risk of bias for each included study according to the RoOBDEMAT tool.
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D1

1. Did the study employ one or more control
groups (positive or negative or existing standard) in
its experimental design?

2. Was randomization adequately carried out and
reported?

3. Did the study provide a rationale and justification
for the sample size chosen or feature an a priori
power analysis?

D2

1. Were samples and material choice/employment
standardized according to the aim of the study?

2. Were the storage, experimental or treatment
conditions standardized across samples and
materials?

D3

1. Were testing procedures and outcome(s)
measure(s) explained or defined in sufficient detail
to allow reproducibility and critical appraisal?

2. Was the test operator blinded to the different
experimental groups?

D4

1. Was the statistical analysis adequate and
reported in sufficient detail?

2. Are all relevant outcome data, expected to be
reported, available in sufficient detail?

3.4. Meta-analysis

A total of 14 studies were included, comprising 1,186 observations and

evaluating 18 different surface treatments (Figure 3). Following the quantitative
analysis (Table 2), given the number of studies (2,19,20,23,27,31,33,35-37,42,43) that
used visio.link as the bonding agent for PEEK, the positive control was subdivided into

two subgroups to allow a more accurate comparison: visio.link (VL), and a second
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group comprising bond.lign, Signum® Bond, and PEKKbond, referred to as the
adhesive control (ADC).

Figura 3. Network of comparisons. Each node represents an intervention, and the

edges indicate direct comparisons between the interventions.
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Legend: AC = acetone; ADC = adhesive control; VL = visio.link; SB = airborne-particle abrasion; SA:

sulfuric acid.

The estimated effects of the treatments were expressed as mean differences
(MD) with corresponding 95% confidence intervals (Cl) (Figure 4). The following
treatments showed statistically significant superiority compared to the Control+ group:
SA+ VL (MD = 16.88; 95% CI [7.80; 25.96]; p = 0.0003); SA + ADC (MD = 11.55; 95%
Cl1 [8.01; 15.09]; p < 0.0001); Laser + ADC (MD = 11.39; 95% CI [6.61; 16.17]; p <
0.0001); SB + ADC (MD = 8.04; 95% CI [4.43; 11.65]; p < 0.0001); Piranha + ADC (MD
=7.82;95% CI1[0.08; 15.55]; p = 0.0478).

In addition, the Control- group showed a significantly lower outcome compared
to the Control+ group (MD = -9.99; 95% CI [-15.14; -4.84]; p = 0.0001), supporting the
appropriateness of the positive control as a reference in the network. Other treatment
comparisons did not demonstrate statistically significant differences relative to the
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reference group (p > 0.05). For example, Plasma (MD = -7.64; 95% CI [-15.49; 0.21];
p =0.0565) showed a borderline p-value, suggesting a possible trend toward inferiority,
and SA + Plasma + ADC (MD =6.42; 95% CI [-1.02; 13.87]; p = 0.0907) also showed

no significant difference.

Figure 4. Forest plot with the comparison of all interventions with the Control+ group.
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Overall heterogeneity was substantial, with 12 = 20.80, 1 =4.56, and 1> = 97.5%
(95% CI [96.8%; 98.0%]), indicating high variability among the included studies.
Inconsistency tests revealed significant differences both within designs (Q_within =
18.15; df = 2; p = 0.0001) and between designs (Q_between = 652.23; df = 15; p <
0.0001), confirming the presence of inconsistency across the comparison network.

Based on the P-score ranking, the most effective surface treatments were: SA
+ VL (P-score = 0.97), SA + ADC (0.89), Laser + ADC (0.87), SB + ADC (0.74), and
Piranha + ADC (0.73). In contrast, the lowest-performing interventions were Control-
(P-score = 0.05), Piranha alone (0.08), and Plasma (0.11), suggesting limited

effectiveness compared to the reference group (Figure 5).
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Figure 5. League table of the comparisons.
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4. Discussion

In the present study, a network meta-analysis was conducted, which not only
allows for the comparison of multiple surface treatment strategies simultaneously but
also enables indirect comparisons between treatments that have not been directly
evaluated against each other in primary studies, providing a more comprehensive and
hierarchized understanding of the available evidence. Interestingly, interest in this
subject has surged in recent years, as reflected by the fact that 11 out of the 14 studies
included in this study (~78%) were published after 2020 (Table 2).

The included studies comprised a diverse range of surface conditioning
protocols, adhesive systems, and mechanical testing methodologies. However, the
literature remains inconclusive as to which surface treatment protocol offers the most
reliable enhancement in bonding performance (2,6,14). In light of this uncertainty, the
present study offers timely and valuable insights into this clinically relevant issue. To
the best of our knowledge, this is only the second meta-analysis addressing the bond
strength of PEEK to resin composites, and the first to employ a network meta-analysis
approach. This methodology represents a significant advancement over traditional
pairwise meta-analyses by enabling the simultaneous comparison of multiple
interventions within a single analytical framework. Through the integration of both
direct and indirect evidence, network meta-analysis facilitates a more nuanced and
hierarchical evaluation of treatment efficacy (50). Consequently, the present analysis
provides a comprehensive evidence base to support clinical and research decisions,
offering a comparative ranking of surface treatments that may inform future protocols

and materials development.
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The overall findings of this systematic review suggest that the majority of surface
treatment protocols, when used in conjunction with bonding agent, significantly
improve the bond strength between PEEK and resin composites compared to both
negative and positive control groups. The use of network meta-analysis enabled a
robust and integrated comparison across 18 distinct surface treatment strategies
(Figure 3). The combination of sulfuric acid and visio.link (SA + VL) achieved the
highest rank in bond strength, followed by sulfuric acid + adhesive control (SA + ADC)
and laser + ADC (Figure 4). These protocols demonstrated significant superiority over
the positive control group, underscoring their potential clinical relevance and efficacy
of the experimental surface treatment. Notably, the SA + VL protocol yielded one of
the highest P-scores (0.97), reinforcing its potential as a reference approach for future
research and clinical applications. These findings also emphasize the critical role of
bonding agents in promoting effective bonding by combining micromechanical
interlocking with chemical interaction (14,44).

Sulfuric acid is a strong acid known to act on the carbonyl and ether functional
groups within the PEEK polymer matrix, enabling chemical modification of its surface.
This treatment increases surface energy and wettability, while also generating a
microporous structure that enhances micromechanical retention (19,22,28,42). This
microroughened surface allows for better penetration of the bonding agents into the
material, thereby enhancing mechanical interlocking and potentially increasing the
surface bonding capacity of resin composites (16,28,42). Thus, the use of sulfuric acid,
particularly when combined with an appropriate adhesive, such as visio.link,
represents a promising strategy for optimizing the adhesion of PEEK to resin
composites in clinical settings.

Interestingly, groups employing physical treatments such as airborne-particle
abrasion or laser irradiation, when combined with adhesives, demonstrated substantial
improvements on bond strength (Figures 3 and 4). These findings reinforce the that
micromechanical retention via surface roughening significantly contributes to
adhesion, although it may not always be sufficient on its own (2,19,20,22,27,31,33,35-
37,43). Although laser irradiation has been suggested as a surface treatment method
for PEEK, its effectiveness in isolation for improving bond strength remains uncertain.
Laser creates deep yet excessively narrow pits on the PEEK surface, potentially

increasing the surface area. However, these narrow structures may impede proper
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infiltration of resin-based materials, limiting the anticipated micromechanical
interlocking effect (17).

Airborne-particle abrasion effectively increases surface roughness while
concurrently eliminating organic contaminants, creating an active surface layer (22,27).
This procedure facilitates micromechanical interlocking by resin-based dental
materials and enhances the penetration of bonding agents. The low viscosity of
adhesives further improves their infiltration into the treated surface, thereby optimizing
adhesion. Consequently, the best outcomes were observed when airborne-particle
abrasion was followed by adhesive application (16,29). Airborne-particle abrasion
alone exhibited lower bond strength values compared to the positive control group
(Figure 4).

Most studies (2,19,20,23,27,31,33,35-37,42,43) have used visio.link as an
adhesive for PEEK. Unlike other adhesives commonly applied to PEEK, such as
Signum® Bond and PEKKbond, visio.link contains methyl methacrylate combined with
pentaerythritol triacrylate (PETIA). The presence of PETIA significantly enhances its
capacity to modify PEEK surfaces, efficiently improving bond strength (17,22,33). The
PETIA is a highly reactive multifunctional acrylate monomer that contains three
acrylate groups per molecule, enabling extensive crosslinking during
photopolymerization. This results in the formation of a densely reticulated three-
dimensional network that establishes interactions with the PEEK surface and the resin
composite. Moreover, the acrylate groups in PETIA readily undergo free-radical
polymerization, promoting effective copolymerization with the resin monomers and
thereby enhancing bond strength.

Laser treatments function mainly via ablation, fusion, or localized vaporization
of the surface, creating micro-irregularities, increasing surface roughness, and
promoting mechanical interlocking. However, the extent of roughness and surface
energy increase depends significantly on the laser type (e.g., Er:'YAG, Nd:YAG, Yb:PL,
Nd:YVO4, and CO2) and specific operational parameters, including power, pulse
duration, and frequency (19,20,27). Furthermore, improperly calibrated lasers can
induce localized thermal degradation, negatively affecting the mechanical properties
of PEEK. Consequently, laser techniques often face reproducibility challenges due to
their sensitivity to these parameters, and the risk of thermal damage is particularly

elevated when the laser settings are inadequately controlled (25-27).
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Plasma treatment is considerably less aggressive and clinically safer than laser
irradiation as well as sulfuric acid (22,23). However, plasma did not demonstrate
statistically significant improvements compared to the positive controls (Figure 4).
Although plasma is categorized as physical treatment, unlike laser, it interacts primarily
through chemical mechanisms on the PEEK surface (15,22,47). Plasma interacts with
PEEK primarily by chemically introducing polar functional groups, such as hydroxyl (-
OH), carboxyl (-COOH), carbonyl (C=0), and nitrogen-based groups, via surface
oxidation or activation. This chemical modification enhances surface energy and
polarity (47). Depending on the type of plasma used and the exposure conditions
(duration and power), it may also generate subtle mechanical changes by creating
superficial micro-irregularities that contribute to micromechanical interlocking.
However, despite being less aggressive and sensitive compared to laser, plasma
processes alone have not been sufficient to substantially improve the adhesion
between PEEK and resin composite (15,22,47). Figure 4 demonstrates that plasma
treatment produced acceptable bond strength only when combined with the bonding
agent provided by the manufacturer, yielding results comparable to the positive control
group.

A notable finding of this systematic review was the high heterogeneity among
the included studies (1> = 97.5%). Such heterogeneity likely arises from variations in
experimental conditions, including differences in surface treatment methods and
parameters, bonding agents employed, storage procedures, specimen preparation
protocols, and testing methodologies (e.g., shear, tensile, or micro push-out tests)
(2,19,20,22,23,27,29,31,33,35-37,42,43). While this variability limits the direct
comparability of absolute values across individual studies, it realistically represents the
complexity and diversity encountered in clinical and laboratory practice. Therefore,
employing a network meta-analysis, which integrates both direct and indirect
comparisons, was essential for a comprehensive synthesis of the evidence.

Another important aspect addressed in this review was the risk of bias. The
RoBDEMAT tool (46) revealed that the experimental studies included were generally
well-designed and adequately controlled, although they presented a moderate overall
risk of bias (Figure 2). Methodological variations among the included studies further
contributed to the heterogeneity observed in the meta-analysis, thereby warranting a
cautious interpretation of the findings. Critical methodological weaknesses identified

included the lack of appropriate randomization procedures, inadequate operator
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blinding, and insufficient sample size justification (Figure 2). Notably, none of the
studies described proper randomization processes, and only one study (29) reported
operator blinding, although inadequately. Moreover, only four studies performed
sample size calculations or provided detailed justifications for their selected
parameters (2,31,37,42), a shortcoming that potentially undermines internal validity
and statistical power. These limitations underscore the necessity of enhancing
methodological rigor in future in vitro studies to improve the reliability and
reproducibility of their outcomes.

A positive aspect consistently observed across all studies
(2,19,20,22,23,27,29,31,33,35-37,42,43) was the standardized polishing procedure
using silicon carbide sandpapers, ensuring uniformity of initial surface roughness. After
polishing, specimens were cleaned through various methods. However, it is crucial to
note that studies examining cleaning methods that might influence bonding without
subsequent surface treatment were not included in the current study. Additionally,
none of the studies assessed long-term bond strength using standardized thermal or
mechanical aging protocols. The absence of a unified methodology complicates the
prediction of adhesive durability over extended periods. Therefore, incorporating
standardized artificial aging protocols in future studies would significantly enhance the
understanding of long-term adhesion between PEEK and resin composites.

The findings of the current systematic review align with conclusions from
previous meta-analyses (44), confirming that the bond strength between PEEK and
resin composites increases when surface treatments are combined with bonding
agent. However, this study significantly expands upon earlier work by incorporating a
greater number of recent studies specifically focused on PEEK (Table 2), indicating
sulfuric acid as the most effective treatment in enhancing bond strength with resin
composites. Furthermore, the employment of the RoOBDEMAT tool to assess the risk
of bias has provided greater transparency and reproducibility, thereby strengthening
the reliability and validity of our synthesis.

The findings reveal a trade-off between clinical feasibility and adhesive
performance. While sulfuric acid combined with adhesive (VL and ADC) yielded the
highest bond strength values, alternative protocols such as laser and airborne-particle
abrasion, when used with appropriate bonding agents, also demonstrated clinically
acceptable results (51). These methods offer safer and more practical options for

routine use. Despite its superior in vitro performance, sulfuric acid is highly toxic, strictly
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regulated, and unsuitable for use in dental offices. As such, PEEK surface treatment
with sulfuric acid must be conducted in controlled laboratory settings. However, delays
between laboratory treatment and clinical application may lead to surface
contamination and reduced adhesion, necessitating additional chairside procedures.
Therefore, future research should focus not only on the efficacy of surface treatments,
but also on their clinical safety, ease of use, and long-term stability. Notably, in the
present systematic review, none of the included studies evaluated bond durability
under aging conditions, highlighting the need for further investigations into the long-

term performance of these protocols.

5. Conclusion

This systematic review and network meta-analysis demonstrated that surface
treatment with sulfuric acid combined and manufacturer-recommended bonding

agents promote the highest bond strength between PEEK and resin composite.
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3 CONCLUSAO

Esta revisdo sistematica com meta-analise em rede demonstrou que o
tratamento de superficie com acido sulfurico, combinado com agentes adesivos
recomendados pelos fabricantes, promove a maior resisténcia de uniao entre o PEEK

e a resina composta.
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