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RESUMO

Esta revisão sistemática e meta-análise em rede avaliou a influência de 

diferentes tratamentos de superfície do polieteretercetona (PEEK) na resistência de 

união entre PEEK e resinas compostas. A revisão sistemática foi conduzida de acordo 

com as diretrizes PRISMA. A pergunta da pesquisa - <Os tratamentos de superfície 

influenciam a resistência de união entre resina composta e PEEK?= - foi estruturada 

de acordo com o PICOS. População (P): espécimes de PEEK; Intervenção (I): 

tratamentos de superfície aplicados em PEEK; Comparação (C): PEEK não tratado 

(sem tratamento superficial experimental); Desfecho (O): valores de resistência de 

união (MPa); Delineamento do estudo (S): estudos in vitro. O tratamento superficial 

experimental consistiu na aplicação de qualquer método de modificação da superfície 

do PEEK, com exceção da aplicação de adesivos específicos para uso sobre o PEEK 

(controle positivo) e a ausência de tratamento (controle negativo). Estudos publicados 

em inglês, português ou espanhol foram considerados sem restrição de data. Sete 

critérios de exclusão foram usados: PEEK não foi usado para fins odontológicos; 

nenhum tratamento de superfície foi aplicado ao PEEK; ausência de um grupo 

controle (positivo ou negativo); limpeza superficial influenciando na resistência de 

união; resistência da união não avaliada de forma imediata (sem termociclagem); 

resistência da união não avaliada entre PEEK e resina composta; ou resultados não 

reportados em MPa. Nove bases de dados foram pesquisadas até fevereiro de 2025. 

Dois revisores independentes identificaram estudos potencialmente elegíveis, 

selecionaram os estudos e extraíram os dados relevantes. As discordâncias foram 

resolvidas com um terceiro revisor. Os valores médios do mesmo tratamento de 

superfície com diferentes parâmetros e marcas de resina composta foram 

combinados. O risco de viés foi avaliado usando a ferramenta RoBDEMAT. A função 

netgraph foi usada para construir e visualizar a geometria da rede com as 

comparações entre as intervenções. As classificações das intervenções quantificaram 

a probabilidade média de cada tratamento ser superior aos outros. Um total de 1.809 

títulos e resumos relevantes foram encontrados, resultando em 14 estudos publicados 

entre 2013 e 2024, avaliando 18 protocolos distintos de tratamento de superfície. 

Treze estudos demonstraram que os tratamentos de superfície associados ao adesivo 

melhoraram a resistência da união em comparação ao grupo controle. O ácido 

sulfúrico combinado com o adesivo mostrou os maiores valores de resistência da 



união, seguido pela irradiação a laser combinada com adesivo. Com relação ao risco 

de viés, oito estudos foram classificados como moderado, três como baixo e três como 

alto. O tratamento de superfície com ácido sulfúrico combinado com o adesivo 

fornecido pelo fabricante apresentou a maior resistência da união entre o PEEK e a 

resina composta.

Palavras-chave: Adesivos Dentinários. Resinas Compostas. Revisão Sistemática.



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)

. 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
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1 INTRODUÇÃO

Na Odontologia, é constante a busca por materiais restauradores que aliem 

funcionalidade, resistência mecânica, biocompatibilidade e estética. Dentre as 

inovações, os polímeros semicristalinos de alto desempenho destacam-se como 

materiais utilizados em restaurações indiretas. Os estudos e o uso desses polímeros 

têm crescido exponencialmente na Odontologia nos últimos anos em função de suas 

boas propriedades físicas, químicas e biológicas, e do avanço das tecnologias de 

fabricação subtrativas (CAD/CAM) e aditivas (impressão 3D) (Çakar et al., 2022; 

Gouveia et al., 2022; Maloo et al., 2022; Taha et al., 2022; Zol et al., 2023; Taymour et 

al., 2024).

Os polímeros semicristalinos de alto desempenho pertencem à família do 

poliariletercetona (PAEK), sendo considerados materiais termoplásticos 

semicristalinos isentos de metacrilato, com alta resistência mecânica e elevada 

estabilidade química (Çakar et al., 2022; Gouveia et al., 2022; Zol et al., 2023). O 

PAEK é sintetizado por meio da acilação de Friedel-Crafts e quimicamente é formado 

por anéis de fenileno que são ligados por meio de pontes de oxigênio a grupos éter e 

cetona (Smith et al., 2017). A estrutura molecular contém alternadamente grupos 

cetona e éter (Figura 1), sendo que a proporção e a sequência de éter para cetonas 

afetam a temperatura de transição vítrea e o ponto de fusão do polímero. Quanto 

menor a quantidade de grupos éter, maior a temperatura de transição vítrea e ponto 

de fusão do polímero, além de deixar mais rígida a cadeia do polímero, uma vez que 

os grupos éter proporcionam flexibilidade à cadeia polimérica (Shibata et al., 1997; 

Maloo et al., 2022; Villefort et al., 2022). 

Diferentes polímeros podem ser criados da família PAEK que se caracterizam 

por apresentarem diferentes propriedades, como resistência mecânica, 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) são materiais termoplástico semicristalinos da 

família PAEK que são muito utilizados como retentores intrarradiculares (Zhao et al., 

2023) e componentes de reabilitações em implantes, próteses fixa e removível (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 confecção de implantes, 

sendo formado por polímero orgânico que possui uma alta quantidade de grupos 

cetona (Zol et al., 2023) (Figura 1). Dessa forma, o PEKK possui elevada resistência 

mecânica, alta biocompatibilidade e módulo de elasticidade próximo ao do tecido 

ósseo (Taha et al., 2022; Zol et al., 2023). Já o PEEK tem se consolidado como o 

PAEK mais utilizado na Odontologia devido à sua versatilidade e propriedades 

mecânicas. O seu módulo de elasticidade é semelhante ao da dentina, o que 

possibilita uma melhor distribuição das forças mastigatórias e reduz o risco de fraturas 

em comparação a materiais mais rígidos (maior módulo de elasticidade e friáveis, 

como as cerâmicas (Maloo et al., 2022; Zol et al., 2023; Asik & Ozyilmaz, 2024). O 

PEEK apresenta uma cadeia linear e semicristalina composta por cadeias aromáticas 

interligadas por grupos éter e cetona (Zol et al., 2023) (Figura 1), o que lhe confere 

adequada flexibilidade e elevada resistência mecânica. Além disso, sua resistência 

química 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. Fórmula estrutural dos polímeros semicristalinos de alto desempenho.

Poliariletercetona (PAEK); polietercetonacetona (PEKK); e polieteretercetona (PEEK).
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Além das suas propriedades físico-químicas e biológicas, a popularidade do 

PEEK é também atribuída à sua aplicabilidade na Odontologia. Na implantodontia, o 

material tem sido utilizado como pilar e estrutura de próteses devido ao seu módulo 

de elasticidade semelhante ao tecido ósseo. Nas reabilitações protéticas, o PEEK se 

destaca como uma alternativa as ligas metálicas para a confecção de próteses 

removíveis. Já na prótese fixa, estudos têm avaliado o PEEK como material para 

copings, núcleos 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 limitações devido à sua cor opaca e baixa 

translucidez. Especialmente em reabilitações estéticas, o PEEK exige o seu 

recobrimento com resinas compostas ou cerâmicas para alcançar resultados estéticos 

satisfatórios (El-Tahwi et al, 2020; Robaian et al., 2025). A baixa energia de superfície 

e inércia química do PEEK dificultam a sua adesão a substratos dentários e a 

materiais restauradores (Escobar et al., 2020). Esse desafio tem sido amplamente 

estudado, e diversas abordagens têm sido desenvolvidas para melhorar a adesão do 

PEEK. Essas abordagens podem ser físicas (aplicação de laser e plasma) 

(Stawarczyk et al., 2014b; Zhou et al., 2014; Caglar et al., 2019; Tsuka et al., 2019; 

Çulhao�lu et al., 2020; Jahandideh et al., 2020; Attia et al., 2021; Dede et al., 2021; 

Akay et al., 2022; Taha et al., 2022; Kiliç et al., 2023; Turkkal et al., 2023; Zhao et al., 

2023; Babu et al., 2024; Peng et al., 2024), mecânicas (jateamento com óxido de 

alumínio 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; Çulhao�lu 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; Kiliç 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 químicas (ácidos fortes, como o ácido sulfúrico e a solução de Piranha [mistura de 

3:1 de ácido sulfúrico:peróxido de hidrogênio], 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; Çulhao�lu et al., 2020; Ata et al., 

2021; Attia et al., 2021; Dede et al., 2021; Zhang et al., 2021; Adem et al., 2022; Kiliç 

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 

superfície, e/ou fisicamente, criar microrretenções na superfície do PEEK que 

favoreçam o embricamento mecânico dos materiais resinosos e, consequentemente, 

a adesão (Çulhao�lu et al., 2020). 

Apesar dos avanços, ainda não há consenso sobre o protocolo de tratamento 

de superfície mais eficaz para o PEEK. A falta de padronização desses protocolos 

dificulta a comparação entre estudos e a determinação do melhor protocolo para 

aplicação clínica. Além disso, o conhecimento sobre o potencial adesivo de cada 

protocolo e as limitações de cada tratamento é limitado (Escobar et al., 2020; Gouveia 

et al., 2022; Taymour et al., 2024). Por exemplo, o uso de ácidos fortes, embora eficaz 

e restrito em laboratório, apresenta riscos associados ao manuseio em ambiente 

clínico, limitando sua adoção rotineira (Sproesser et al., 2014; Gouveia et al., 2022; 

Asik & Ozyilmaz, 2024). Além disso, tratamentos químicos e mecânicos promovem a 

formação de resíduos (Escobar et al., 2020; Adem et al., 2022; Taha et al., 2022). 

Uma revisão sistemática com metanálise sobre a adesão de PAEKs foi 

publicada em 2020, sendo que o artigo mais recente dessa revisão é de março de 

2019 (Gama et al., 2020). Passados quase 6 anos, novos estudos com diversos 

protocolos de tratamento de superfície de PAEKs foram publicados avaliando a 

adesão. 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 revisão avaliou a adesão de PAEKs, 

incluindo PEEK e PEKK. Dessa forma, é importante realizar uma atualização na 

revisão sistemática dos estudos que avaliam protocolos de tratamento de superfície 

especificadamente do PEEK na Odontologia. Dessa forma, o objetivo do presente 

estudo foi avaliar a influência dos tratamentos de superfície na resistência de união 

entre o PEEK e as resinas compostas, por meio de uma revisão sistemática com 

metanálise 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, PAEKs 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
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The following research question was formulated: <Do surface treatments 

and PEEK?=

untreated PEEK (without any experimental surface treatment);

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). 

(positive or negative)

bond strength not assessed 

immediately (e.g., only after thermocycling)
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= =

< = < =
< = < = <

=
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Rayyan’s blinding feature.
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signaling question within the domains, responses were categorized as <sufficiently 

reported= <insufficiently reported= <not reported= or <not 

applicable=

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 n
Groups

Main conclusion
Control - Control + Experimental

(2) Gouveia et al. 

(2022)

15 No Yes 1 - Airborne-particle abrasion with alumina 

particles

(110 μm, 15 s, 20 bar).

Airborne-particle 

abrasion with 110 μm 

alumina improved bond 

strength.

(19) Çulhao�lu et 

al. (2020)

11 No Yes 1 - Airborne-particle abrasion (silica-coated 

- CoJet™ system; 15 s, pressão 3 bar);

2 - Acetone 99% (60 s);

3 - Sulfuric acid 98% (60 s);

4 - Airborne-particle abrasion with alumina 

particles

(110 μm, 15 s, 2 bar);

5 - laser Yb:PL (5 W).

The highest bond 

strength values were 

observed with sulfuric 

acid.

(20) Jahandideh et 

al. (2020)

20 No Yes 1 - CO2 laser (4 W, 50 s);

2 - Er:YAG laser (1,5 W, 20 s).

The highest bond 

strength values were 

achieved with Er:YAG 

laser treatment.

(22) Dede et al. 

(2021)

16 No Yes 1 - Plasma (13,5 W, 90 s);

2 - Plasma brush (30 W, 90 s);

3 - Airborne-particle abrasion with silica-

coated alumina particles (110 μm, 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.

Sulfuric acid resulted in 

the highest bond 

strength value.
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(23) Akay et al. 

(2022)

10 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.).

Argon plasma and argon 

+ oxygen + nitrogen 

plasma groups showed 

higher bond strength 

values.

(27) Peng et al. 

(2024)

10 No Yes 1 - Airborne-particle abrasion with alumina 

particles

(50 μm, 10 s, 2 MPa);

2 - Sulfuric acid 98% (60 s);

3 - Nd:YVO4 laser, 50 μm2.

Laser surface treatment 

of PEEK has the 

potential to enhance 

bond strength.

(29) Stawarczyk et 

al. (2013)

15 Yes No 1 - Sulfuric acid 98% (60 s);

2 - Airborne-particle abrasion with alumina 

particles

(50 μm, 10 s, 2 bar);

3 - Airborne-particle abrasion with alumina 

particles

(100 μm, 10 s, 2 bar);

4 - Airborne-particle abrasion with alumina 

particles - Rocatec™ Pre and Rocatec™ 

Plus 12 + silane (5 min.).

The highest bond 

strength values can be 

achieved following 

sulfuric acid treatment.

(31) Vakkala et al. 

(2018)

8 No Yes 1 - Airborne-particle abrasion with alumina 

particles

(100 μm, 60 s, 2 atm) + Piranha solution 

(30 s).

Combined airborne-

particle abrasion and 

acid treatment yield 

superior results.

(33) Ata et al. 

(2021)

10 No Yes 1 - Sulfuric acid 98% (60 s);

2 - Airborne-particle abrasion with alumina 

particles

(110 μm, 60 s, 2 bar).

Surface treatment of 

PEEK plays a key role 

in bond strength.

(35) Adem et al. 

(2022)

12 No Yes 1 - Airborne-particle abrasion with alumina 

particles

(50 μm, 10 s, 2 MPa).

2 - Sulfuric acid 98% (60 s);

3 - Airborne-particle abrasion with alumina 

particles + sulfuric acid 98% (60 s).

Sulfuric acid resulted in 

the highest bond 

strength. Airborne-

particle abrasion 

negatively affected bond 

strength.
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(36) Soliman et al. 

(2023)

6 No Yes 1 - Sulfuric acid 98% (60 s);

2 - Airborne-particle abrasion with alumina 

particles

(50 μm, 10 s, 0.55 MPa).

Sulfuric acid and 

airborne-particle 

abrasion treatment led to 

an increase in bond 

strength.

(37) Soliman et al. 

(2023)

10 No Yes 1 - Airborne-particle abrasion with alumina 

particles

(50 μm, 10 s, 0.55 MPa);

2 - Airborne-particle abrasion with alumina 

particles

(50 μm, 10 s, 0.55 MPa) + 5.000 

thermocycling (5°C e 55°C, dwell time 30 

s).

All tested CAD/CAM 

polymers can be 

repaired after airborne-

particle abrasion.

(42) Stawarczyk et 

al. (2014)

20 Yes Yes 1 - Sulfuric acid 98% (60 s);

2 - Piranha solution (30 s).

The adhesives Signum® 

PEEK Bond and 

visio.link should be 

applied to ensure 

durable bonding. Acid 

pretreatment is not 

required.

(43) Zhang et al. 

(2021)

13 No Yes 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).

Thirty seconds was 

considered the optimal 

acid etching time for 

PEEK.
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Figure 1. Search flowchart of the study selection according to the PRISMA 2020 statement.
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<sufficiently reported=

<sufficiently reported=. Three studies were considered to have 

<sufficiently reported= (36), and two 

at least three items rated as <not reported= (31,35).

as <not reported= regarding the 

study (29), which was rated as <insufficiently reported=

<sufficiently reported= for bias in data treatment and outcome reporting (D4).
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Figura 3. Network of comparisons. Each node represents an intervention, and the 

edges indicate direct comparisons between the interventions.

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 (CI) (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]; ρ = 0.0003); SA + ADC (MD = 11.55; 95% 

CI [8.01; 15.09]; ρ < 0.0001); Laser + ADC (MD = 11.39; 95% CI [6.61; 16.17]; ρ < 

0.0001); SB + ADC (MD = 8.04; 95% CI [4.43; 11.65]; ρ < 0.0001); Piranha + ADC (MD 

= 7.82; 95% CI [0.08; 15.55]; ρ = 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]; ρ = 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 (ρ > 0.05). For example, Plasma (MD = -7.64; 95% CI [-15.49; 0.21]; 

ρ = 0.0565) showed a borderline ρ-value, suggesting a possible trend toward inferiority, 

and SA + Plasma + ADC (MD = 6.42; 95% CI [-1.02; 13.87]; ρ = 0.0907) also showed 

no significant difference.

Figure 4. Forest plot with the comparison of all interventions with the Control+ group.

Overall heterogeneity was substantial, with τ² = 20.80, τ = 4.56, and I² = 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; ρ < 

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.

(2,6,14)
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(2,19,20,22,23,27,29,31,33,35-37,42,43)
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