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ABSTRACT
Biocompatible high-performance polymer (BioHPP), a high-performance polymer derived from poly-
etheretherketone (PEEK) and reinforced with ceramic fillers, has emerged as a promising alternative to 
conventional metal and ceramic framework materials in prosthetic dentistry. With an elastic modulus (~4 
GPa) comparable to that of cortical bone, BioHPP promotes physiological stress distribution and reduces 
stress shielding, thereby supporting peri-implant bone preservation. Its excellent chemical inertness and 
low bacterial affinity minimize mucosal inflammation and reduce the risk of peri-implant disease. However, 
the material’s low surface energy and hydrophobicity pose challenges to long-term adhesive stability, 
necessitating specific surface modification techniques and specialized adhesive systems. Clinically, BioHPP 
has been successfully applied in single crowns, fixed partial dentures, full-arch hybrid prostheses (e.g. All-
on-Four), bar-retained overdentures, maxillofacial frameworks, customized abutments, and provisional 
restorations. Despite its favorable biomechanical and biological profile, limitations such as inherent opac-
ity, restricted fracture toughness, and the scarcity of long-term clinical data highlight the need for fur-
ther interdisciplinary research and material innovation. This narrative review comprehensively evaluates 
the mechanical, biological, and adhesive characteristics of BioHPP, compares its performance with tradi-
tional framework materials, and discusses its clinical applications and future perspectives in prosthetic 
rehabilitation.
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Introduction

In recent years, the demand for metal-free restorative materi-
als in prosthetic dentistry has increased significantly due to the 
growing emphasis on biocompatibility, esthetic excellence, 
and  optimal functional performance. The limitations associ-
ated with metal-based substructures, hypersensitivity reac-
tions, ion  release, mucosal discoloration, and suboptimal 
esthetic outcomes, have prompted a paradigm shift toward 
high-performance polymer-based alternatives [1]. Moreover, 
metallic components frequently produce radiographic arti-
facts in advanced imaging modalities such as cone-beam com-
puted tomography (CBCT), thereby compromising diagnostic 
precision and disrupting digitally driven treatment workflows 
[2].

Amid these advancements, polyetheretherketone (PEEK) 
and  its  ceramic-reinforced derivative, BioHPP (biocompatible 
high-performance polymer), have garnered increasing interest 
as  advanced framework materials for diverse prosthodontic 
applications [3]. With an elastic modulus of approximately 3–4 
GPa, which closely resembles that of cortical bone, BioHPP 
promotes favorable stress distribution around implant-
supported restorations. Additional advantages of BioHPP 
include its low density, exceptional chemical inertness with 
negligible ion release, minimal plaque accumulation, and 

complete compatibility with modern Computer-Aided Design / 
Computer-Aided Manufacturing (CAD/CAM) workflows [4–6].

BioHPP has demonstrated clinical versatility across a wide 
range of prosthetic applications, including single-unit crowns, 
multi-unit fixed dental prostheses, All-on-Four hybrid 
restorations, bar-retained implant overdentures, maxillofacial 
prosthetic frameworks, customized abutments, and provisional 
components. The shift to high-performance polymers is mainly 
driven by their superior biological compatibility and improved 
esthetic integration, especially in patients with metal 
hypersensitivity or clinical situations requiring optimal peri-
implant soft tissue stability [1, 7].

This narrative review aims to critically examine the structural 
characteristics, clinical applications, and biomechanical behavior 
of BioHPP within the context of prosthetic dentistry. In addition, it 
highlights current evidence gaps and proposes future research 
directions to enhance the clinical integration and long-term 
success of high-performance polymer-based restorations.

Material background and composition

High-performance polymers from the polyaryletherketone 
(PAEK) family, particularly PEEK and its derivatives, have gar-
nered increasing interest in prosthetic dentistry due to their 
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favorable biomechanical behavior and exceptional chemical 
stability [1, 8]. Members of the PAEK family, including polyether-
ketone (PEK), PEEK, and polyetherketoneketone (PEKK), exhibit 
distinct molecular architectures that influence their thermal sta-
bility, degree of crystallinity, and compatibility with CAD/CAM 
processing technologies [9, 10]. PEEK has gained widespread 
clinical acceptance due to its superior mechanical properties, 
chemical stability, and well-documented biocompatibility pro-
file [11]. Moussa et al. [2] clinically validated the effectiveness of 
PEEK-based BioHPP® bars, highlighting their potential to pro-
mote better soft tissue health and higher patient satisfaction 
compared to traditional Co-Cr bars.

BioHPP, a PEEK-based composite reinforced with 20% ceramic 
fillers, represents a significant advancement in this category. The 
integration of submicron ceramic particles enhances stiffness, 
raising the elastic modulus to approximately 3–4 GPa, which 
better matches cortical bone and facilitates favorable stress 
transfer in implant-supported prostheses. Additionally, these 
reinforcements improve surface hardness, wear resistance, and 
long-term dimensional stability [6, 8].

In contrast to sintered or cast conventional framework 
materials, BioHPP is amenable to efficient subtractive processing 
via computer-aided manufacturing (CAM), facilitating seamless 
integration into digital workflows while reducing laboratory 
time and promoting precision, consistency, and clinical 
reproducibility [1, 12]. 

Given these advantages, BioHPP has progressed beyond 
fixed prosthetic frameworks and is increasingly utilized in 
various clinical contexts, including bar-supported removable 
prostheses, provisional restorations, customized abutments, 
and maxillofacial prosthetics [2, 3].

Mechanical properties and biomechanical behavior

Elastic modulus and stress distribution

One of the defining mechanical attributes of BioHPP in pros-
thetic dentistry is its elastic modulus, which closely approxi-
mates that of human cortical bone. With values ranging from 3 
to 4 GPa, BioHPP exhibits significantly lower stiffness compared 
to traditional framework materials such as titanium (~110 GPa) 
and zirconia (~200 GPa) [1, 13]. This mechanical compatibility is 
vital in reducing stress shielding effects, facilitating a more phys-
iological transmission of occlusal loads to the peri-implant bone 
[8, 14].

In an in vitro study, Elshamy et  al. [15] demonstrated that 
implant-supported fixed partial dentures fabricated with BioHPP 
frameworks generated significantly lower peri-implant 
microstrain compared to those with metal frameworks, while 
showing no statistically significant difference compared to 
zirconia frameworks. Although the differences between BioHPP 
and zirconia were not statistically significant, the stress 
distribution pattern associated with BioHPP was notably more 
favorable. 

These findings highlight the material’s potential utility in 
full-arch rehabilitations, posterior segment prostheses, and 

cantilevered designs where optimized load transfer is essential. 
As noted by Andrikopoulou et al. [16], the material’s viscoelastic 
behavior plays a key role in dissipating functional masticatory 
forces, thereby minimizing the risk of debonding and 
enhancing the mechanical stability of resin-bonded fixed 
dental prostheses. This damping capacity boosts overall 
prosthesis retention and contributes to patient comfort.

Additionally, incorporating ceramic fillers enhances BioHPP’s 
fracture toughness and resistance to plastic deformation [2, 17]. 
These properties make it particularly advantageous in high-
stress clinical scenarios. Importantly, BioHPP’s low modulus 
promotes bone preservation and replicates the biomechanical 
response of natural teeth, supporting better functional 
integration and long-term success [1, 18].

Fatigue and fracture resistance

In addition to its bone-mimetic elastic modulus, BioHPP demon-
strates outstanding fatigue resistance under cyclic loading con-
ditions – a critical factor for ensuring long-term prosthetic 
durability. In vitro fatigue simulations have revealed that BioHPP 
frameworks can consistently withstand fracture loads exceed-
ing 1200 N, which surpasses the average occlusal forces 
observed in the posterior dentition [3, 19]. These results empha-
size BioHPP’s mechanical reliability, particularly in prosthetic 
designs subjected to high occlusal loads. According to Elsebai 
et  al. [20] CAD/CAM-fabricated BioHPP dentures exhibited 
slightly higher fracture resistance than zirconia-reinforced 
alternatives, although both materials significantly improved 
the  prosthesis’ mechanical performance compared to 
non-reinforced dentures.

Including ceramic microfillers in BioHPP enhances stiffness 
and significantly improves its ability to absorb and dissipate 
energy during functional loading. This characteristic reduces 
mechanical complications, especially in implant-supported fixed 
partial dentures and bar-retained removable prostheses [1, 2, 21].

By combining high fracture toughness with effective energy 
damping, BioHPP offers both structural durability and functional 
resilience. These features render it a robust and reliable material 
for complex, load-bearing prosthetic rehabilitations where 
long-term performance is crucial.

Biological properties and biocompatibility

Tissue compatibility and cellular response

BioHPP, a high-performance polymer derived from PEEK, retains 
the chemical inertness and well-established biocompatibility of 
its base matrix, making it highly suitable for intraoral use. The 
lack of metal ion release and reactive degradation products 
significantly decreases the risk of cytotoxicity, hypersensitivity, 
or adverse inflammatory responses in both soft and hard tissues 
[8, 22]. In vitro studies utilizing osteoblast and fibroblast cultures 
have shown that BioHPP exhibits no cytotoxic or mutagenic 
potential. Furthermore, when modified with an appropriate sur-
face topography, BioHPP has been shown to support cellular 
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adhesion and proliferation, key processes for successful 
peri-implant soft and hard tissue integration [3, 23].

Due to its biological inertness, BioHPP elicits minimal 
inflammatory and immunological responses, thereby contributing 
to the maintenance of peri-implant soft tissue health. In contrast 
to metallic materials such as titanium or cobalt–chromium alloys, 
BioHPP does not provoke mucosal pigmentation and maintains 
its optical properties over time (2). According to histological 
evaluations by Lo Giudice et  al. [24], BioHPP restorations are 
associated with reduced inflammatory cell infiltration and the 
establishment of a stable epithelial–connective tissue interface 
around BioHPP-based restorations, which is consistent with 
Discepoli et  al.’s [25] findings indicating minimal inflammatory 
response and similar soft tissue healing around PEEK and titanium 
abutments.

From a biomechanical perspective, BioHPP’s elastic modulus 
of approximately 4 GPa closely resembles that of cortical bone, 
allowing for the effective transmission of functional forces to the 
surrounding bone. This characteristic reduces stress shielding, 
preserving peri-implant bone architecture and enhancing 
osseointegration [21, 26]. Furthermore, its viscoelastic properties 
provide mechanical buffering in high-load environments, 
thereby improving long-term functional performance [1, 2].

Biofilm formation and peri-implant soft tissue behavior 

The surface characteristics of BioHPP – characterized by low 
surface energy and intrinsic hydrophobicity – provide both 
clinical and microbiological benefits. These physicochemical 
attributes enhance resistance to hydrolytic degradation and 
thermal aging, while also reducing microbial adhesion, com-
pared to conventional metallic frameworks such as titanium 
and cobalt–chromium alloys. Almuhayya et  al. [27] demon-
strated in their in vitro study that polished or hydrophilically 
modified BioHPP surfaces significantly diminish biofilm forma-
tion and microbial colonization. This reduced biofilm accumu-
lation is particularly beneficial in prosthetic designs with 
extensive surface areas, such as full-arch fixed prostheses and 
bar-retained overdentures, where effective plaque control and 
maintenance of peri-implant soft tissue integrity are critical for 
long-term clinical success. Although preliminary clinical evi-
dence indicates a reduced incidence of peri-implantitis in 
BioHPP-based restorations, these observations warrant further 
validation through well-designed, long-term randomized clin-
ical trials [1, 2].

According to Moussa and El Afandy [2] BioHPP bars used in 
mandibular implant-retained overdentures exhibit more 
favorable biological behavior in peri-implant soft tissues 
compared to cobalt–chromium frameworks. The authors reported 
significantly reduced vertical bone loss and improved peri-
implant mucosal health over 12 months, suggesting a superior 
soft tissue response associated with BioHPP infrastructure. These 
favorable clinical outcomes stem from BioHPP’s intrinsic 
biocompatibility and its bone-matching elastic modulus, which 
facilitates the transmission of physiological masticatory forces 
and promotes peri-implant structural stability. In addition, its 

smooth, low-retentive surface reduces microbial adherence, 
preventing peri-implant mucositis [8, 28].

These findings underscore the potential of BioHPP as a next-
generation substructure material that promotes peri-implant 
tissue health by minimizing bacterial biofilm formation, 
improving soft tissue integration, and mitigating chronic 
inflammatory responses.

Adhesion and bonding characteristics

Surface modification techniques 

Despite its favorable mechanical and biological attributes, 
BioHPP presents notable challenges in adhesive dentistry due 
to its intrinsically low surface energy and hydrophobic molecular 
molecular structure. Unlike silane-based coupling agents that 
are effective with silica-containing ceramics or oxide-mediated 
bonding strategies suitable for metals, conventional adhesive 
methods are inadequate for achieving durable chemical adhe-
sion to BioHPP’s non-polar and chemically inert surface. 
Consequently, advanced surface modification techniques aimed 
at enhancing wettability and micromechanical retention are 
essential for optimizing bonding performance in restorative 
applications [29].

Among the most widely used physical surface treatments is 
airborne-particle abrasion with aluminum oxide (Al₂O₃) particles, 
which range from 50 to 110 µm. This method increases surface 
roughness, facilitating micromechanical interlocking with 
veneering composite resins. Combined with oxygen plasma 
treatment, it can further increase surface energy, resulting in 
significantly enhanced shear bond strength [29].

In addition to physical methods, chemical surface 
modification strategies have shown promising results. According 
to recent findings by Luo et al. [29] using sulfuric acid etching 
with 98% H₂SO₄ for 60 seconds to effectively introduce sulfonic 
acid functional groups onto the BioHPP surface, thereby 
enhancing its chemical reactivity and significantly improving 
the adhesive interface with resin composites, resulting in shear 
bond strength values exceeding 27 MPa. Furthermore, low-
pressure plasma activation using hydrogen–oxygen gas 
mixtures has been reported to elevate surface energy and 
microroughness simultaneously. These modifications enhance 
adhesion to resin-based systems and promote improved cellular 
interactions, thereby reinforcing BioHPP’s functional and 
biological performance [29].

Adhesive systems and clinical implications

The low surface energy and hydrophobic nature of BioHPP limit 
the formation of strong chemical and micromechanical bonds 
with restorative materials. To address this challenge, bonding sys-
tems incorporating functional monomers with phosphate groups, 
particularly 10-methacryloyloxydecyl dihydrogen phosphate 
(10-MDP), and methyl methacrylate (MMA)-based agents have 
been developed. When applied following optimized surface con-
ditioning protocols, these monomers form durable chemical 



4  A.B. KARAYEL GERÇEK AND R.S. CANAY

interactions with the modified BioHPP surface, thereby improv-
ing bond strength and overall restoration integrity [30, 31].

Primer systems engineered explicitly for PAEK-based polymers 
have been shown to enhance monomer infiltration following 
surface activation, thereby facilitating durable adhesive bonding 
[6]. Nevertheless, concerns persist regarding the long-term 
stability of such adhesive interfaces. Gabra et al.[32] reported a 
significant reduction in bond strength after thermal aging, 
notably when primer application was omitted from the bonding 
protocol. Conversely, El-Wassefy [33] documented improved 
bond strength following thermocycling under optimized surface 
treatment conditions. The inconsistency between these findings, 
along with the lack of cyclic mechanical loading evaluation in the 
study by Gonçalves et  al. [34], underscore the critical need for 
comprehensive, evidence-based protocols that ensure the long-
term adhesive performance of PAEK-based restorative systems 
under functional loading conditions.

Achieving optimal bonding outcomes in BioHPP restorations 
requires careful consideration of both the adhesive system and 
the surface preparation sequence. In clinical procedures such as 
the cementation of fixed prostheses or composite veneering  
for esthetic purposes, a combined approach involving 
mechanical roughening, plasma treatment, and the application 
of BioHPP-compatible primers is recommended to ensure 
reliable adhesion [35].

Despite these advancements, a universally accepted bonding 
protocol has yet to be established. This underscores the need 
for ongoing development of surface-specific primers and 
adhesive systems designed to match the physicochemical 
characteristics of BioHPP, particularly to ensure consistent 
clinical performance across a range of restorative scenarios.

Clinical applications of BioHPP 

Fixed implant-supported prostheses

BioHPP has gained increasing clinical attention as an alternative 
to conventional zirconia and metal alloy frameworks in fixed 
implant-supported prostheses, particularly in full-arch rehabili-
tations and hybrid prosthetic designs. Its favorable biomechani-
cal profile and improved clinical handling support its integration 
into contemporary prosthodontic workflows. These frameworks 
may be veneered with composite resins or ceramics through 
adhesive cementation protocols, offering esthetic flexibility and 
efficient intraoral repair options [35, 36].

BioHPP’s significantly lower weight compared to metal alloys 
enhances patient comfort. Furthermore, its radiolucency 
removes imaging artifacts in radiographic evaluations, enabling 
more accurate long-term clinical monitoring [37].

Due to its exceptional fracture and cyclic fatigue resistance, 
BioHPP is a dependable framework material in full-arch implant-
supported rehabilitations. Its intrinsic shock-absorbing capacity 
and biomimetic stress modulation properties contribute to the 
protection of osseointegrated implants, enhancing masticatory 
function. According to the findings of Aboelnagga et al. [38] and 
Shash et al. [39] high-performance polymer frameworks, such as 

BioHPP, PEKK, and PEEK, exhibit favorable stress and strain 
distribution patterns, making them especially suitable for load-
intensive applications, including the All-on-Four prosthetic 
rehabilitation approach. Moreover, the material’s compatibility 
with CAD/CAM systems enables the precise fabrication of 
patient-specific restorations, improving procedural efficiency 
and reproducibility [12].

Nevertheless, certain secondary mechanical complications, 
particularly the chipping of veneering materials, have been 
reported in clinical settings. Although such issues are often 
manageable without necessitating full prosthesis replacement, 
they underscore the need for comprehensive longitudinal 
evaluation. To establish the long-term clinical reliability and 
survival outcomes of BioHPP-based fixed implant restorations, 
high-quality randomized controlled trials with extended 
follow-up periods are imperative [40].

Removable prostheses and bar-supported overdentures

BioHPP has garnered significant clinical interest in the field of 
removable prosthodontics, particularly in implant-retained 
overdenture systems utilizing bar frameworks. Its elastic 
modulus, ranging from approximately 3 to 4 GPa, closely 
resembles that of human cortical bone. This biomechanical 
compatibility facilitates more physiological stress distribu-
tion across supporting implants and surrounding bone, 
thereby reducing localized peri-implant stress and maintain-
ing crestal bone levels [8, 41].

One of BioHPP’s key advantages is its excellent machinability 
through CAD/CAM workflows, which allows for the fabrication 
of anatomically precise, patient-specific bar structures that fulfill 
both functional and esthetic demands [23]. Clinical studies have 
shown that BioHPP bar frameworks provide comparable 
prosthetic retention to conventional metal designs. They also 
offer superior mucosal compatibility due to their low thermal 
conductivity and inert surface chemistry, contributing to 
enhanced soft tissue comfort [2].

Beyond its application in bar frameworks, BioHPP has also 
proven effective in the fabrication of esthetic clasp assemblies 
and occlusal rest components in removable partial dentures, 
particularly in clinical scenarios demanding enhanced esthetic 
integration and superior biocompatibility [5, 42, 43]. This 
versatility enhances BioHPP’s clinical utility in the rehabilitation 
of removable prosthetics. [44]. Saeedi et al. [44] demonstrated 
that CAD/CAM milling of BioHPP frameworks yields significantly 
greater dimensional accuracy than the conventional pressing 
technique, underscoring the precision advantages of digitally 
fabricated removable partial denture components. These 
findings underscore the critical role of selecting a manufacturing 
technique that aligns with the prosthesis’s structural and 
functional requirements. Furthermore, the material’s inherently 
low plaque affinity and high surface polish contribute to 
reduced bacterial colonization, thereby supporting peri-implant 
soft tissue health and promoting long-term clinical success and 
patient satisfaction [44].
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Abutments and provisional components

BioHPP has gained attention as a suitable material for provi-
sional components, such as temporary abutments and crowns, 
because of its low bacterial affinity, excellent biocompatibility in 
transmucosal environments, and high dimensional stability 
[5, 16] These attributes are particularly advantageous during the 
healing and provisionalization phases, where maintaining 
peri-implant mucosal integrity and supporting optimal soft tis-
sue architecture are critical for long-term esthetic and functional 
outcomes. According to Mohamed et al. [23], the seamless inte-
gration of high-performance polymer materials, such as BioHPP, 
into CAD/CAM workflows enables the rapid and precise fabrica-
tion of patient-specific prosthetic frameworks. This digital 
approach not only enhances clinical efficiency and consistency 
but also significantly reduces chairside time compared to con-
ventional processing techniques. In addition to minimizing pro-
cedural time, the digital workflow enables precise control over 
the emergence profile. It facilitates superior esthetic integration, 
particularly in anterior regions with critical soft tissue contours.

Clinical investigations have shown that BioHPP-based 
provisional abutments offer dependable mechanical performance, 
promote favorable peri-implant soft tissue responses, and 
facilitate mucosal contour development during the early phases of 
healing [1, 45, 46]. 

In summary, BioHPP offers a biologically compatible, 
mechanically resilient, and digitally integrated framework for 
provisional components in implant prosthodontics, supporting 
both functional performance and esthetic predictability.

Maxillofacial prosthetics 

Beyond conventional intraoral prosthetic applications, BioHPP 
has demonstrated considerable potential in the field of maxillo-
facial rehabilitation, particularly in the restoration of extensive 
craniofacial defects. Its low density, superior biocompatibility, 
and inherent radiolucency confer distinct advantages in fabri-
cating orbital prostheses, facial scaffolds, and obturators. These 
material attributes contribute to reduced prosthetic weight, 
improved patient comfort, and artifact-free postoperative imag-
ing – an essential consideration for long-term clinical monitor-
ing and outcome assessment. In a case report by Patil et al. [47], 
a two-piece obturator fabricated using BioHPP following maxil-
lectomy, demonstrated successful functional integration along-
side satisfactory esthetic rehabilitation. Similarly, numerous 
studies have supported the use of BioHPP in extraoral applica-
tions, emphasizing its lightweight structure, high dimensional 
accuracy through CAD/CAM workflows, and compatibility with 
diagnostic imaging modalities [47, 48].

Esthetic applications

From an esthetic perspective, inherent opacity and limited 
translucency of BioHPP considerably restrict its use as a mono-
lithic material in the anterior region, where high esthetic stand-
ards are required [49]. Porojan et al. [50] attributed these optical 

limitations to the semi-crystalline polymer matrix and embed-
ded ceramic fillers, which induce light scattering rather than 
uniform transmission. Consequently, BioHPP is generally con-
traindicated for monolithic application in esthetically critical 
zones and veneering techniques are often adopted to overcome 
these shortcomings.

To address these limitations, bilayer restorative strategies 
involving nanohybrid composite resins or veneering ceramics 
have been widely employed [19, 50]. These bilayer approaches 
enhance translucency and chromatic integration, thereby 
improving the overall esthetic outcome. However, their long-
term success is highly dependent on the integrity of the 
adhesive interface and the surface conditioning. Recommended 
protocols include airborne-particle abrasion, plasma surface 
modification, and the application of MMA-based primers to 
promote durable adhesion [29].

Moreover, when BioHPP is used as a framework material, its 
favorable surface characteristics, excellent biocompatibility, and 
minimal plaque accumulation facilitate integration with peri-
implant soft tissues. This contributes to mucosal seal stability 
and enables a natural-looking emergence profile, which is 
particularly critical in the esthetic zone [1]. A randomized 
controlled clinical trial by El-Shimy et al. [51] compared BioHPP-
based single-unit restorations (veneered with composite) to 
porcelain-veneered zirconia crowns. After a 1-year follow-up, 
both groups demonstrated comparable and favorable outcomes 
in terms of color stability, mechanical integrity, and soft tissue 
response.

Discussion

Comparison with conventional framework materials

The selection of an appropriate framework material in pros-
thetic dentistry plays a pivotal role in determining the long-term 
clinical performance of restorations. BioHPP – a high-performance 
polymer derived from PEEK and reinforced with 20% ceramic 
fillers – offers a distinctive blend of biomechanical compatibility, 
biocompatibility, and seamless integration into digital 
workflows. Nevertheless, as with all biomaterials, certain limita-
tions remain when compared to well-established framework 
materials such as titanium, cobalt–chromium (Co–Cr) alloys, and 
zirconia [1, 8].

Mechanically, BioHPP exhibits an elastic modulus of 
approximately 3–4 GPa, substantially lower than that of titanium 
(~110 GPa), Co–Cr alloys (~200 GPa), and zirconia (~200 GPa). 
This bone-mimetic modulus closely approximates that of 
human cortical bone (~14 GPa), enabling more physiological 
load transfer and mitigating stress shielding effects [3, 14]. 
However, its relatively lower surface hardness and fracture 
toughness may make it less suitable for restorations in high-load 
bearing areas, such as distal cantilevers and molar regions [37].

BioHPP demonstrates superior tissue compatibility from a 
biological perspective compared to metallic alternatives. Its 
chemical inertness, absence of galvanic corrosion, and lack of ion 
release prevent mucosal pigmentation and hypersensitivity 
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reactions, which contribute to a stable peri-implant environment 
[1]. Studies comparing BioHPP and Co–Cr bar frameworks in 
implant-supported overdentures indicate significantly reduced 
mucosal inflammation and vertical bone loss with BioHPP [2, 36].

Although BioHPP is opaque and requires veneering for 
anterior applications, its radiolucency facilitates artifact-free 
radiographic assessment – an advantage not shared by zirconia 
or metal-based restorations [52]. This characteristic is beneficial 
for long-term monitoring of peri-implant bone levels using 
CBCT or periapical radiographs.

Regarding manufacturing, BioHPP is entirely compatible 
with CAD/CAM technologies, removing the necessity for casting 
or sintering and enabling the creation of precise, lightweight, 
and reproducible prostheses [6, 12]. However, its low surface 
energy and hydrophobicity present a bonding challenge, 
requiring specific surface conditioning protocols – such as 
plasma treatment or sulfuric acid etching – followed by the use 
of PAEK-compatible primers and adhesives based on functional 
monomers [53, 54].

In summary, BioHPP represents a promising alternative to 
conventional framework materials by combining favorable 
biomechanical properties, enhanced soft tissue biocompatibility, 
and seamless integration into fully digital prosthodontic 
workflows. Nevertheless, achieving optimal clinical performance 
and long-term prosthesis durability requires careful case 
selection, reliable bonding protocols, and reinforcement in 
regions exposed to high functional loads.

Limitations and future perspectives

BioHPP has generated significant interest in prosthetic dentistry 
due to its beneficial biomechanical properties, biocompatibility, 
and alignment with digital manufacturing workflows. However, 
several limitations have been repeatedly noted in the existing 
literature, which must be critically evaluated for broader clinical 
adoption.

The material’s low surface energy and intrinsic hydrophobicity 
compromise its adhesive capacity, hindering reliable chemical 
bonding with veneering resins and luting agents. Although 
surface treatments such as airborne particle abrasion, plasma 
activation, and sulfuric acid etching have been developed to 
improve adhesion, bond durability remains a concern. Studies 
have shown a significant reduction in bond strength following 
thermal cycling and mechanical aging, indicating potential 
limitations in long-term clinical reliability [9, 55].

Mechanically, while BioHPP’s low elastic modulus provides a 
stress-dampening advantage by mimicking the viscoelastic 
behavior of cortical bone, its relatively low surface hardness and 
limited fracture toughness restrict its use in high-load posterior 
restorations and monolithic applications. The material’s inherent 
opacity and susceptibility to color instability pose challenges in 
anterior restorations, particularly when high translucency is 
required.

Furthermore, although extensive in vitro research has 
clarified BioHPP’s structural and adhesive properties, long-term, 

randomized, controlled clinical trials are still lacking [1, 56]. This 
evidence gap limits the ability to evaluate its performance in 
real-world clinical conditions. Additionally, there is no consensus 
on optimal bonding protocols, and comparative analyses of 
existing surface treatment strategies are insufficiently 
documented [1].

Future research should prioritize generating high-quality 
clinical evidence through prospective, multicenter trials 
that  evaluate the performance of BioHPP across diverse 
prosthetic indications. In parallel, advancements in nanofiller 
incorporation, hybrid polymer development, and innovative 
surface functionalization techniques hold promise for 
enhancing the material’s mechanical strength and adhesive 
potential. Equally essential is the promotion of interdisciplinary 
collaboration aimed at improving esthetic outcomes and 
ensuring long-term interfacial stability in complex clinical 
scenarios.

In conclusion, BioHPP represents a promising framework 
material for modern prosthetic dentistry. However, its 
widespread clinical adoption will rely on ongoing innovation in 
materials science, rigorous clinical validation, and the creation 
of standardized adhesive protocols tailored to its unique 
surface chemistry. Nevertheless, long-term comparative clinical 
data remain limited, emphasizing the need for continued 
investigation of BioHPP’s mechanical and adhesive reliability 
under functional conditions.

Conclusions

Owing to its bone-mimetic elastic modulus, chemical inertness, 
and low plaque affinity, BioHPP has garnered increasing atten-
tion as a high-performance alternative to conventional frame-
work materials in prosthetic dentistry. An expanding body of 
evidence supports its effective use in both fixed and removable 
prosthetic applications, particularly in optimizing stress distri-
bution, preserving peri-implant tissue health, and enhancing 
patient comfort.

Nonetheless, inherent limitations in surface bonding and 
translucency necessitate the use of specialized surface 
treatments and careful case selection, especially in esthetically 
demanding or high-load-bearing restorations. Moreover, well-
designed long-term clinical trials are essential to confirm 
BioHPP’s suitability as a mainstream prosthetic material across 
diverse indications. Concurrently, interdisciplinary research 
aimed at improving adhesive performance and esthetic 
integration will be crucial for fully realizing its clinical potential.
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