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frameworks in free-end removable
partial dentures
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Denture defects affect patients’ aesthetic appearance and masticatory function, thus reducing

their quality of life. There are many ways to repair denture defects, among which removable partial
dentures are a basic and widely used method. The purpose of this study was to compare the clinical
performance of Bio-HPP and Vitallium frameworks in the restoration of free-end removable partial
dentures. 80 patients with free-end removable partial dentures treated at the Stomatology Hospital

of Xi‘an jiaotong university from January 2022 to March 2023 were randomly divided into two groups.
40 patients in the control group received Vitallium frameworks and 40 patients in the observation
group received Bio-HPP frameworks. The abutment tooth mobility, gingival index, and patient
satisfaction after one year of restoration were compared and analyzed between the two groups

using an Independent T-test. P<0.05 was considered significant. All our experiments were carried

out in accordance with relevant standards and regulations of Stomatology Hospital of Xi 'an Jiaotong
University. After 1-year follow-up, in terms of aesthetics, comfort, and patient satisfaction, Bio-HPP
was significantly superior to Vitallium frameworks, whereas the opposite was true for denture stability
(P<0.05). Besides, there were no significant differences in the mobility of abutment teeth and gingival
index between Bio-HPP and Vitallium frameworks (P> 0.05). Both Bio-HPP and Vitallium frameworks
can be used in restoring free-end removable partial dentures and the performance of the restorations
was clinically acceptable. However, Bio-HPP has unique advantages in terms of aesthetics and comfort.
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Dentition defect refer to the varying degrees of tooth loss in different segments of the upper or lower dentition,
constituting a prevalent clinical condition. Multiple factors contribute to dental defects, notably caries,
periodontitis, and dental trauma, ultimately resulting in tooth loosening and eventual loss. These defects
significantly impact the patient’s chewing function, speech articulation, and aesthetic appearance"2. Currently,
various methods are employed for repairing dentition defect, including fixed bridge, implant, and removable
partial dentures restoration (RPDs). For patients who do not meet the criteria for fixed bridge and implant
restoration, RPDs frequently serve as the sole viable option’~>.

RPDs are a type of dental appliance that utilizes the remaining natural teeth, mucous membranes, and
alveolar ridge as support and retention mechanisms, restoring the functionality of missing teeth through the
use of artificial teeth®. These dentures can be categorized into Kennedy Class I, Kennedy Class II, Kennedy Class
III and Kennedy Class IV based on the Kennedy classification’. Given the varying strengths, hardness, and
toughness of denture materials, dental researchers have conducted extensive studies to evaluate the restoration
effects of each material®. Traditionally, cobalt-chromium (Co-Cr) alloys has been the primary material used
for denture frameworks. However, with advancements in materials science, newer options such as Bego Partial
Denture (BPD) perfect stand, Vitallium, and pure titanium denture frameworks have emergedg. Some studies
comparing Vitallium with pure titanium and Co-Cr alloy in clinical analysis have found that Vitallium RPDs
achieve higher overall satisfaction. The reason is that Co-Cr alloy have relatively lower elasticity, resulting in
poorer comfort, while pure titanium RPDs are prone to breakage due to manufacturing defects. However, the
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drawback of Vitallium RPDs is that they are heavier and have poor biocompatibility compared to pure titanium
frameworks!?.

Therefore, researchers discovered a new type of material for dental restoration. Polyetheretherketone (PEEK)
is a polymeric thermoplastic material that a polymer with excellent biological and mechanical performance and
an elastic modulus close to the bone!!. PEEK mixed with carbon fiber (PEEKc) shows a high toughness, strength,
and chemical resistance!2. Besides, PEEK with glass fiber (PEEKg) can improve the tensile modulus and strength
by 75%!. Unlike metals, PEEK has biocompatibility and a naturally tooth-colored appearance. Therefore, PEEK
is widely used in fixed prostheses, implants, provisional abutments, maxillary obturator prostheses, and RPDs.
In addition to being shock-absorbing during mastication, PEEK frameworks provide significant resistance to
degradation and abrasion. Despite the considerable strength of metals, resilience, and patient comfort are also
major concerns!'41%,

In recent years a new type of material called Polyether Ether Ketone-Based Ceramic-Reinforced High-
Performance Polymer (Bio-HPP) has emerged. It is an enhanced PEEK with 20% ceramic molecules of
aluminum oxide and zirconia oxide nanoparticles which has a high-performance polymer possessing good
elasticity, chemical resistance, thermal stability, mechanical properties, and biocompatibilityzo’m. According
to studies by Tannous et al., indicated that high-quality prostheses are produced using Bio-HPP due to their
correctability, ideal polishing ability, good stability, and aesthetics. For patients with high aesthetic demands,
Bio-HPP has immense potential as a framework material and is a promising alternative to Cr-Co frameworks.
To date, not many studies have been done to understand the clinical performance of Bio-HPP in the field of
dentistry, particularly in the construction of denture frameworks for dental restoration??*. And there are few
studies comparing Bio-HPP with Vitallium RPDs. Consequently, it is necessary to conduct randomized clinical
trials to compare and evaluate the clinical success of Bio-HPP and Vitallium. Therefore, the purpose of this
study is to compare the clinical effects of two highly elastic scaffolds, Bio-HPP and Vitallium to assess their
performance in free-end RPDs. Preliminary results of this study revealed that both the Bio-HPP and Vitallium
RPDs can be clinically acceptable, however in terms of aesthetics and comfort, Bio-HPP has greater advantages
over Vitallium RPDs. The null hypothesis of this study is that the overall satisfaction with Bio-HPP RPDs is
higher than that of Vitallium RPDs.

Materials and methods

Study design

The denture materials used in this study are listed in Table 1. The sample size was calculated using the G-Power
statistical software and also in the present research??, the requisite sample size was 40 for each group. A total of 80
patients (aged between 42 and 70 years; a mean age of 60+ 5 years; 44 men, 36 women) with free-end dentition
defects, were admitted to the stomatological hospital of Xi’an Jiaotong University between January 2022 and
March 2023, were randomly assigned to receive either Bio-HPP or Vitallium dentures by using randomization
software (www. Randomizer.org). Forty patients received Bio-HPP RPDs and forty received Vitallium RPDs.
All dentures were designed by two operators with more than 10 years of experience. The processing plant of
the denture used in this article is Shanxi Lianmei denture technology. All our experiments were carried out in
accordance with the relevant standards and regulations of the Stomatology Hospital of Xi 'a Jiaotong University.
This study was approved by the hospital Medical Ethics Committee (ethics approval number XJKQIEC-030-002).
Informed consent was obtained from all subjects or their legal guardian(s).

Patient recruitment

The inclusion criteria for the study were as follows: (1) Patients exhibiting dentition defects with missing free
ends (Kennedy Class I or Kennedy Class II) and abutment loosening of <II degree; (2) Abutment teeth devoid
of caries or fillings; (3) Alveolar bone absorption in the abutment area not exceeding half of the root length; (4)
Good oral hygiene practices or periodontitis that has been effectively managed; (5) Patients providing informed
consent. Conversely, the exclusion criteria encompassed: (1) Patients with allergies to stent materials; (2) The
presence of oral mucosal diseases; and (3) the Inability to wear dentures independently and maintain regular
clinic visits. All dentures were designed and partially fabricated by the same clinician, with the remaining
processing handled by a consistent technician.

Clinical procedures

Two clinicians with more than 10 years of clinical experience in prosthetic dentistry. (1) Prior to the repair
process, a thorough oral examination is conducted to evaluate the condition of the remaining teeth and
administer necessary dental and periodontal treatments. (2) Subsequently, digital impression and model
creation are undertaken. This involves selecting appropriate abutments and preparing the teeth by removing
excessive concavities, lacunar grooves, and support pits. The 3shape digital intraoral scanner is employed
to capture intraoral impressions, which are then used to print models, fabricate individual trays, and obtain
precise impressions for subsequent denture design. (3) The relationship between the jaw and its position is then

Brand Processing plant Manufacturer Chemical composition

Bio-HPP | Lianmei denture technology | Bredent, Germany | Enhanced polyether ether ketone
Vitallium | Lianmei denture technology | Dentsply, America | 63%Co, 29%Cr, 6%Mo, 0.25% C

Table 1. Brand, plant, manufacturer, and chemical composition of the materials used in this study.
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determined. (4) Following this, the model design and processing phase commences. (5) A base wax pattern is
crafted. (6) The denture support is then cast. (7) Wax teeth are formed and positioned. (8) The oral support is
tried in for fit and comfort. (9) The denture undergoes embedding, heat treatment, grinding, and polishing to
achieve the desired finish. (10) Finally, a dental and clinical index examination is performed to ensure the quality
and functionality of the denture.

Clinical evaluation

Two independent prosthodontists with more than 10 years of clinical experience performed the evaluation
of restorations which was mentioned in other articles??°, Evaluations were performed before the restorative
procedures as baseline and at 1 year according to the modified FDI (World Dental Federation) criteria as
following aspects!®: (1) Abutment Loosening Degree: The assessment encompassed three degrees of loosening.
Degree I entailed buccolingual loosening only. Degree II was characterized by both buccolingual loosening
alongside proximal and distal loosening. Lastly, Degree III comprised buccolingual, proximal-distal, and vertical
loosening. (2) Gingival index: This index only looks at the gingival condition, checking the color and quality of
the gingival change, as well as bleeding tendency. The score was 0= gum health; 1= mild gingival inflammation:
the gingival color has a slight change and edema, no bleeding; 2= moderate gingival inflammation: red gingival
color, edema bright, probing bleeding; 3= Severe inflammation of the gums: the gums are obviously red, swollen
or ulcerated, and spontaneous bleeding. (3) Patient satisfaction: The two groups of patients were investigated
in terms of denture comfort, aesthetics, chewing and language function. Language function includes (1)
Pronunciation Clarity: Patients may feel discomfort and mild difficulty in pronunciation initially due to the
new denture. This is mainly because the base may cover part of the oral mucosa, affecting tongue movement.
Unnatural actions may also impact pronunciation. (2) Speech Fluency: Patients may feel unfluent initially. This is
due to the need to adapt pronunciation. (3) Impact on Language Understanding: Dentures usually don’t directly
affect understanding. However, pronunciation difficulties may indirectly affect communication, so accuracy and
clarity are crucial. Satisfied (+), not satisfied (-).

Statistical analysis

The statistical analysis of the data was conducted using IBM SPSS version 26.0, adhering to rigorous academic
standards. The counting data were presented in the form of the number of cases, accompanied by percentages,
and subjected to the Chi-square test for statistical evaluation. On the other hand, the measurement data were
expressed as the mean value * standard deviation (x+s) and analyzed using the two independent samples T-test.
Statistical significance was set at P < 0.05, indicating that any observed differences with this threshold were
considered to be statistically meaningful.

Results

The clinical comparison photographs of the two groups of RPDs, pre- and post-restoration, are presented
respectively in Figs. 1 and 2. These images provide a visual representation of the RPDs’ condition before and after
the restoration process, allowing for a direct comparison of their initial and final states. Upon thorough analysis
of the data, it becomes evident that no statistically significant difference was observed in the levels of abutment
looseness and gingival index between the Bio-HPP and Vitallium RPDs one-year following implantation
(P>0.05), as detailed in Tables 2 and 3. This finding suggests that both stent types maintain comparable levels of
stability and gingival health over time.

In terms of patient satisfaction, a more nuanced comparison reveals that the Bio-HPP RPD emerged as
the preferred option (P<0.05). Patients reported superior performance in both comfort and aesthetics when
compared to the Vitallium group as outlined in Table 4 (P <0.05). Interestingly, the two groups showed opposite
results in terms of denture stability, with Vitallium being more stable than Bio-HPP (P<0.05). However, when
comparing the two groups in terms of pronunciation clarity, no discernible differences were identified (P>0.05).

Fig. 1. Bio-HPP before and after restoration photos.

Scientific Reports |

(2025) 15:28777 | https://doi.org/10.1038/s41598-025-11370-7 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Fig. 2. Vitallium before and after restoration photos.

Looseness
0 | I° |II°

II° | ,2 | Pvalue

Bio-HPP
Before repair {26 |13 |1 |0
After repair |21 |14 (3 |2 3.569 | 0.312

Vitallium

Before repair |27 |11 |2 |0
After repair |22 |13 | 4 1 2.344 | 0.504

Table 2. Comparison of abutment loosening before and after restoration between Bio-HPP group and
Vitallium group.

Gingival index

0 | Pointl | Point2 | Point3 | 52 | Pvalue
Bio-HPP
Before repair | 5 | 28 7 0
After repair |2 | 25 11 2 I 0.227
Vitallium
Before repair | 4 | 25 11 0
After repair |1 |21 15 3 5.763 | 0.124

Table 3. Comparison of gingival index before and after restoration between Bio-HPP group and Vitallium

group.
Comfort | Aesthetic | Stability | Pronunciation | Satisfaction
Group + =t =t — I+ — [+ —
Bio-HPP | 39 1|36 4 |25 15 | 34 6 |35 5
Vitallium | 32 8 |26 14 | 35 5 |29 11 |25 15
x? 6.135 7.168 6.667 1.867 11.25
P 0.013 0.007 0.010 0.172 0.001

Table 4. Comparison of satisfaction after restoration between Bio-HPP group and Vitallium group.

Discussion

The present study aimed to compare RPDs with different materials, one of which was a modified PEEK(Bio-
HPP) and the other was the Vitallium material. The null hypothesis of this study is that the overall satisfaction
with Bio-HPP RPDs is higher than that of Vitallium RPDs. The clinical success of PEEK has been tested in
clinical studies comparing these materials with cobalt-chromium alloy (Co-Cr), which indicated that compared
with the Co-Cr clasp, the PEEK clasp underwent less fatigue deformation, which makes it feasible for clinical
applications®”8. However, there is no study evaluating the clinical performance of Bio-HPP and Vitallium RPDs.
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The main components of Vitallium are 60% cobalt, 28% ~32% chromium, 5% ~7% molybdenum and 1%
manganese and silicon. Notably, the enhanced molybdenum content imparts superior toughness and elasticity
to this alloy material. Lots of studies have shown that Vitallium scaffolds exhibit superior corrosion resistance
and excellent mechanical properties compared to conventional cobalt-chromium alloys. Several studies have
demonstrated that the Vitallium stress-interrupt design concept can diminish alveolar bone resorption in free-
end abutment teeth, thereby offering significant clinical value?**°. However, the biocompatibility of Vitallium
is poor, and there are some defects such as allergy and easy corrosion. In contrast, Bio-HPP, as a new material,
shows significant advantages in the application of dentures.

Bio-HPP represents a refined version of PEEK material, a semi-crystalline, thermoplastic, ceramic-reinforced,
high-performance polymer that boasts remarkable hardness, surface polish, and elasticity. Bio-HPP has been
applied in clinical practice for the processing of fixed dentures, removable dentures and implant abutments?3!.
For example, Zoidis P has reported that the clinical use of a Bio-HPP RDP framework is presented as an
alternative for the treatment of a distal extension case*?. Bio-HPP is more advantageous for being anti-allergic in
nature, excellent polishing properties, non-metallic in taste, low plaque affinity and good wear resistance. When
combined with conventional acrylic dentures and denture base materials, it can also serve as an alternative
material for RPD framework applications®3-3°.

Rauch et al. demonstrated that PEEK fixed partial dentures (FPDs) exhibit significantly shorter manufacturing
time and lower material weight compared to zirconia-based restorations in clinical applications. While
acknowledging that zirconia demonstrates superior aesthetic outcomes relative to veneered PEEK prostheses,
the authors noted that both materials meet clinically acceptable aesthetic standards®®’. In the field of dental
implantology, comparative studies of three implant material assemblies—carbon fiber-reinforced PEEK, zirconia,
and titanium—showed no statistically significant differences in biomechanical performance or osseointegration
potential. Notably, clinical trials involving PEEK implants have reported no implant failure rates, suggesting
promising biocompatibility characteristics*$-4°.

In this study, Bio-HPP with its low specific weight can be used to construct extremely lightweight prostheses,
offering high patient satisfaction and comfort which showed similar results with other studies!"**2, Our findings
revealed there is no statistically significant differences in gingival index or abutment loosening between the two
materials with one-year following up. This may be due to the fact that this study was limited to observational
cases and a short investigation period. Therefore, the long-term efficacy of Bio-HPP in making removable local
dentures needs to be further studied. Some factors representing inflammatory response in the gingival crevicular
fluid can be detected, which will provide better clinical guidance.

Nevertheless, it is noteworthy that despite the absence of statistical significance, we observed that in one
patient with multiple missing free ends repaired using Bio-HPP, the abutment transitioned from a non-loose state
to a degree of III looseness. This observation may be attributed to the heightened elasticity of Bio-HPP, which,
in the case of concave abutments, can exert a substantial force during denture removal. Consequently, to balance
the elasticity and retaining force of the denture, modifications to the abutment concavity and augmentation of
the Bio-HPP clasp thickness are recommended to optimize patient outcomes.

In terms of patient satisfaction, the findings of this study showed that Bio-HPP RPDs were significantly
better than Vitallium RPDs in aesthetics and comfort. This advantage stems from the fact that Bio-HPP exhibits
a significantly lighter weight compared to Vitallium, and its opalescent color is more aesthetically pleasing to
patients with anterior tooth restoration. Furthermore, the utilization of CAD/CAM cutting technology in the
fabrication of Bio-HPP brackets has resulted in enhanced adhesion, surpassing the traditional manufacturing
process employed for Vitallium processing. Despite these positive attributes, it is noteworthy that four patients
with Bio-HPP RPDs expressed dissatisfaction with the aesthetics. Upon investigation, it was discovered that
Bio-HPP materials were easy to stain by the presence of tea or coffee on the surface. Consequently, meticulous
selection of Bio-HPP materials for these patients is imperative.

In terms of denture stability, Vitallium RPDs demonstrated a statistically significant higher stability than
Bio-HPP RPDs. This disparity can be attributed to the high elasticity of Bio-HPP, which renders it less stable
during mastication, particularly in large stents with missing free ends, such as those with double free-end spans.
Clinically, we can improve the stability by modifying the abutment shape, increasing the thickness of the Bio-
HPP clasp and the depth of entering the concave, and increasing its retaining force, which is sufficient to meet
the clinical use of Bio-HPP. Furthermore, advanced Bio-HPP framework modifications including double rest
design with lingual bracing arm, major connector thickness optimization, and T-Scan computerized occlusal
analysis implementation for support fossae morphology refinement and lateral force minimization, along with
biomimetic hybrid material combinations, present viable solutions for achieving optimal stability parameters in
Bio-HPP prosthodontic applications**~%°,

With the limitation of the study, it would be possible to increase the sample size and extend the duration of
clinical follow-up. Evaluations of Bio-HPP RPDs based on factors such as Kennedy classification and denture
design will be considered for further study, in order to provide evidence for the widespread clinical use of Bio-
HPP materials.

Conclusion

Bio-HPP and Vitallium frameworks can be used in restoring free-end RPDs and the performance of the
restorations was clinically acceptable. However, Bio-HPP shows unique advantages in aesthetics and comfort.
In addition, the application of Bio-HPP in the field of stomatology requires further study in clinical practice to
determine its feasibility and long-term performance. These studies will help promote the deeper application of
Bio-HPP in the field of oral medicine, so as to bring more breakthroughs in oral clinical treatment.
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Patient consent statement

We have been fully informed about the nature and purpose of the study in which we are participating. We
understand that my personal information and any related images may be used in a scientific publication by the
researchers. We consent to the use of our data and images for the stated purposes, and we are aware that this
consent is irrevocable once the material has been published. We also confirm that we have been treated with
respect throughout the process and that our privacy has been protected in accordance with the relevant laws
and regulations.

Data availability
The datasets used or analysed during the current study available from the corresponding author on reasonable
request.
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