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Mohammed A. Mahmood*1 , Adham A. Abdulrahman2 , Anwar A. Amin2 , Hadi M. Ismail2  

  

Abstract 

Objective: This study compared artificial intelligence-based cephalometric analysis platforms with conventional manual analysis using 

the Steiner Cephalometric analysis system. 

Methods: Three AI online software platforms: WEBCEPH, AssembleCircle Corp, South Korea, CEPHIO, Cephio Sp. Z o.o., Poland, 

and VOXEL Voxel3Di, United Kingdom, were evaluated using 25 cephalometric radiographs and compared with two manual tracings 

performed using (Lab Pronto, Blue Sky Plan) for the Steiner Cephalometric analysis system. Independent sample t-test was used to 

compare the two manual analysis. The Kruskal-Wallis H-test, followed by pairwise comparisons, was used to evaluate differences 

between AI-based and manual analyses, with significance at p≤0.05. 

Results: No significant discrepancies were found between the two manual analyses. However, the Kruskal-Wallis H-test and pairwise 

comparisons revealed significant differences between the AI platforms regarding the SNA angle and the U1 to NA angle. Specifically, 

VOXEL AI analysis differed from WEBCEPH (at p=0.003) and CEPHIO (at p=0.011) for these measurements. 

Conclusions: The findings highlight that while AI platforms such as VOXEL show promising alignment with manual analysis across 

most measurements, discrepancies, particularly in specific angles, underscore the need for cautious integration and ongoing validation 

of AI in orthodontic practice. The selection of appropriate AI-based analysis is crucial; however, manual analysis remains the gold 

standard for cephalometric analysis.  

Keywords: Artificial intelligence, Orthodontics, Diagnosis, Automated cephalometric analysis. 
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Introduction 

Artificial intelligence (AI) may contribute to improved 

healthcare quality due to the increased quality of 

diagnostic methods and the elimination of diagnostic 

errors in daily medical practice. For a century, 

cephalometric analysis was introduced to the field of 

orthodontics and became one of the important tools in 

diagnostic procedures. Moreover, it has been used to 

evaluate the treatment procedure and monitor the 

treatment outcomes1-4.  Manual tracing using tracing 

paper or tracing software is the most conventional 

method to identify landmarks and analyze lateral 

cephalometric radiographs5. Digital analysis appeared, 

and several programs were introduced to perform the 

analysis, which led to the speed and the accuracy of 

cephalometric analysis improving significantly6. 

Although  analysis with AI was a big development in 

orthodontics, supervision is still mandatory in 

identifying the landmarks7.  

The evolution in the field of cephalometric analysis has 

been marked by the implementation of artificial 

intelligence (AI) in analysis processes, which is 

increasing dramatically6,7. Several studies indicated that 

AI-based analysis is a useful tool for identifying 

cephalometric landmarks and performing analysis, and 

its measurement can be trusted for orthodontic 

diagnosis5,6,8. As such, the number of studies confirming 

the reliability and validity of AI-based analysis is still 

increasing. One of the apparent advantages of AI-based 

analysis is its speed, which saves orthodontists time 

during the examination phase.  

The introduction of AI into cephalometric analysis 

marks a pivotal advancement in the development of 

diagnostic instruments in orthodontics. Historically, 

landmark identification was conducted using hand 

tracing techniques and was regarded as the gold standard 

for lateral cephalometric research. The emergence of 

digital analysis has enhanced the efficiency and 

accuracy of cephalometric evaluations2. The automated 

methods for identifying and analysing cephalometric 

landmarks represent a significant advancement in 

cephalometric analysis procedures. They have markedly 

enhanced efficiency, rendering them progressively 

appropriate for routine diagnosis in orthodontics9. Their 

improved speed and precision provide significant 

advantages, indicating a considerable change in the 

domain. The rising endorsement of daily utilization by 

orthodontic professionals underscores the escalating 

importance of these automated techniques in 

orthodontic practice10. 

The advent of AI-driven cephalometric analysis has 

resulted in a significant decrease in the time needed for 

evaluation. Nonetheless, the precision of the research 

requires further examination, and other studies have 

emerged in the sector during the past three years. 

Cephalometry plays a crucial role in orthodontic 

diagnosis and treatment planning, making the 

integration of AI a compelling proposition and 

stimulating research to assess its reliability and 

usefulness1. Furthermore, AI systems can perpetually 

enhance their capabilities by assimilating new data, 

rendering them versatile for various craniofacial 

deformities and heterogeneous patient demographics. 

This adaptability is essential in orthodontics, where 

individual anatomical differences greatly influence 

diagnostic and treatment results. The capacity of AI 

systems to learn and adapt provides a versatile 

instrument that can align with the changing clinical 

requirements and progress in orthodontic research. 

Notwithstanding encouraging outcomes, thorough 

comparative studies are imperative to assess the efficacy 

of diverse AI-based platforms in relation to 

conventional manual techniques utilizing standardized 

systems such as the Steiner Cephalometric analysis 

system. These studies confirm the validity and 

dependability of AI systems in various therapeutic 

contexts and patient populations. By comparing 

different AI platforms, researchers can identify the most 

effective systems, guiding orthodontists in selecting the 

best tools for their practice. Therefore, this study aimed 

to compare different AI-based cephalometric analysis 

platforms and compare each of these platforms with 

conventional manual cephalometric analysis using a 

definite analysis system (Steiner Cephalometric analysis 

system).  

 

Materials and methods 

The study was approved by the ethical committee of the 

College of Dentistry at the University of Sulaimani with 

reference number (CoD-EC-24-004) on August 29, 

2024. 

Sample Selection 

In this observational study, data were retrospectively 

extracted from lateral cephalometric radiographs of 

individuals currently undergoing orthodontic treatment, 

sourced from the patient database of the College of 

Dentistry, University of Sulaimani. For this study, 25 

patients who had undergone lateral cephalometric 

radiographs between 2021 and 2024 were selected. The 

G Power software (version 3.1, Heinrich Heine-

University Dusseldorf, Germany) was utilized to 

determine the statistical power, aiming for 80%, at a 

significance level (alpha) of 0.05 using a two-sided 

paired t-test. Based on findings from a prior study12, it 

was determined that a sample size of 25 images would 

be sufficient, assuming an effect size of 0.49. 

All cephalometric radiographs were obtained using the 

PaX-I smart (Vatech, Seoul, Korea) with settings of 85 

kVp, 10 mA, and an exposure time of 1.2-3.3 seconds. 
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The same technician took all the radiographs. Patients 

were in a standing position with the Frankfort plane 

parallel to the ground, teeth in centric occlusion, and lips 

relaxed. Inclusion criteria were cephalometric 

radiographs of patients aged 14-30 years of both sexes, 

and the radiographs were selected randomly regardless 

of malocclusion type to maintain generalizability. 

Exclusion criteria included radiographs with artifacts, 

prosthetic restorations, and patients with cleft lip, palate, 

or trauma. 

All cephalometric images were exported as JPG files 

and saved on a computer. Each radiograph was analysed 

twice using (Lab Pronto and BlueSky Plan) (Figure 1). 

Tracing was performed directly on the software. 

Cephalometric Analysis Systems: Steiner's 

cephalometric analysis system (Figure 2) serves as the 

common framework for both AI-based and manual 

analyses. Three distinct AI-based platforms: 

WEBCEPH, Assemble Circle Corp, South Korea, 

CEPHIO, Cephio Sp. z o.o., Poland, and VOXEL 

Voxel3Di, United Kingdom, were individually 

employed (Figures 3, 4, and 5). Steiner analysis is 

available in all three AI-based systems, and ten readings 

were selected which were present across all platforms. 

The same quality radiograph was uploaded to all three 

AI analysis platforms, and the automated digitization 

was saved without any manual modifications. The next 

step involved ordering Steiner cephalometric analysis 

using the predetermined options in the AI analysis 

systems. Prior to formal data collection, a calibration 

session was conducted. Ten randomly selected 

cephalograms were traced by both examiners, and 

intraclass correlation coefficients (ICC) were calculated 

to ensure consistency (ICC > 0.9 for all parameters). For 

AI-based methods, all radiographs were scaled using the 

embedded reference rulers within each platform prior to 

analysis. 

Manual Analysis: Tracing software was used and the 

points placed by operators to perform the Steiner 

system. This conventional method was carried out by 

two experienced orthodontists, each with a minimum of 

15 years of clinical proficiency in cephalometric 

analysis. Both linear and angular measurements derived 

from manual and AI-based analyses were accurately 

considered during the comparative assessment (Table 

1). 

Landmark Identification and Measurement Process 

1. Identification of Landmarks: The following 

landmarks were identified on each radiograph: 

1. Sella (S): The midpoint of the pituitary fossa. 

2. Nasion (N): The most anterior point on the 

frontonasal suture. 

3. A Point (A): The deepest point on the contour of 

the premaxilla. 

4. B Point (B): The deepest point on the contour of 

the mandible. 

5. Pogonion (Pog): The most anterior point on the 

chin. 

6. Menton (Me): The lowest point on the mandible. 

7. Gonion (Go): The most posterior-inferior point 

on the angle of the mandible. 

8. Upper Incisor Tip (U1): The tip of the upper 

central most protruded incisor. 

9. Lower Incisor Tip (L1): The tip of the lower 

central incisor. 

2. Tracing Landmarks: The identified landmarks were 

traced on digital images using tracing software. The 

orthodontists ensured precision by consistently 

using the same set of landmarks for every analysis. 

Statistical Analysis:  

Microsoft Excel, IBM SPSS statistical package version 

29, and DATAtab Team (2024). DATAtab: Online 

Statistics Calculator. DATAtab e.U. Graz, Austria, were 

used to tabulate and analyze the data; the Shapiro-Wilk 

test was used to test the data's normality. Independent 

sample t-test was used to show the inter-examiner 

differences between the two manual tracings. Kruskal-

Wallis H-test was used to represent the differences 

between all groups. 

  

Results 

Twenty-five cephalometric radiographs were used in 

this study, the distribution of the data summarized in 

Table 1. The radiographs were analyzed by three AI 

online software programs and manual tracing by two 

experienced orthodontists. The resulting data was 

tabulated in Microsoft Excel and analyzed by IBM SPSS 

Statistics version 29.0.1.0 and DATAtab Team (2024). 

DATAtab: Online Statistics Calculator. DATAtab e.U. 

Graz, Austria.  
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Table 1: Steiner Cephalometric Analysis System.24 

Measurement Description 

SNA Angle Angle formed by the SN line and the NA line. 

SNB Angle Angle formed by the SN line and the NB line. 

ANB Angle Angle formed by the NA line and the NB line. 

Occlusal Plane to SN Angle Measures the angle between the occlusal plane and the Sella-Nasion line. 

Mandibular plane angle (Go-Gn 

to SN) 

Indicates the vertical relationship between the cranial base and the 

mandibular plane. 

U1-NA Angle Measures the inclination of the upper incisors relative to the NA line. 

U1-NA Linear Measures the linear distance of the upper incisors to the NA line. 

L1-NB Angle Measures the inclination of the lower incisors relative to the NB line. 

L1-NB Linear Measures the linear distance of the lower incisors to the NB line. 

Interincisal Angle Measures the angle formed by the intersection of the long axes of the 

upper and lower incisors. 

 
Table 2: Showing the distribution of the study sample (median and interquartile range), and the differences between and 

within the study groups. 

Measurements VOXEL WEBCEPH CEPHIO Manual 1 Manual 2 

Kruskal 

Wallis Test 

(p-value) 

SNA 79.12 (4.81)A 82.69(2.67)B 80.9(3.5)AB 80(5)AB 80.9(4.2)AB 0.007 

SNB 74.81(0) 76.99(0.29) 76.8(0.02) 76(0.33) 77.7(0.31) 0.193 

ANB 3.94(3.66) 5.97(4.73) 4.3(5.9) 5(5) 4.2(4.5) 0.695 

Occlusal plane to SN 

angle 

18.75(5.02) 16.86(7.5) 16(5.6) 14(5) 15.8(5.5) 0.089 

Mandibular plane angle 

(Go-Gn to SN) 

33.77(9.44) 32.44(7.31) 34.9(7) 32(7) 34.3(6.9) 0.374 

U1 to NA (mm) 4.42(3.62) 3.42(2.23) 4.6(3) 4(3) 4.1(2.6) 0.188 

U1 to NA (deg) 27.92(8.31)D 21.29(9.35)C 20.7(9.9)C 28(11)CD 25.8(8.8)CD 0.002 

L1 to NB (mm) 4.64(3.49) 5.12(4.09) 3.8(5.5) 5(5) 3.9(3) 0.751 

L1 to NB (deg) 23.57(10.3) 27.41(7.87) 28.6(11.2) 30(10) 27.9(12) 0.211 

Interincisal angle 121.76(21.18) 127.45(19.45) 127.5(17.6) 120(19) 123.7(23.6) 0.152 

 

Shapiro-Wilk test showed that the distribution of data in 

the manual analysis groups was normal. In contrast, for 

most of the AI analysis, it deviated from normality, and 

accordingly, the Kruskal-Wallis H-test (non-parametric 

analysis was used to show differences between the 

groups. The SNA angle measurement shows significant 

difference among groups (p-value= 0.007), also U1 to 

NA(deg) shows significant difference between groups 

(p-value= 0.002). 

The t-test indicates no significant differences between 

the two manual analyses (Table 2) (t = -0.25, p-value = 

1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Median and interquartile range were calculated for all 

variables, then the results of the Kruskal Wallis H-test 

with pairwise comparison between groups were shown.  

VOXEL and WEBCEPH results were different in the 

analysis of SNA (p-value= 0.003); also, VOXEL and 

CEPHIO, and VOXEL and WEBCEPH were 

significantly different regarding the measurement of U1 

to NA angle (p-value= 0.031).  
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Figure 1: Screenshot of the Steiner analysis by manual analysis using (BlueSky Plan). 

 

              

Figure 2: Steiner Analysis Measurements. 
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Figure 3: Screenshot of the CEPHIO analysis system and the output report. 

 

    

Figure 4: Screenshot of the VOXEL analysis system and the output report. 

 

  

Figure 5: Screenshot of the WEBCEPH analysis system and the readings. 
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Discussion 

This study investigated the accuracy of AI-based Steiner 

cephalometric analysis by comparing three commercial 

online systems to manual analysis performed by two 

experienced orthodontists with extensive expertise in 

orthodontics and cephalogram tracing. The comparison 

revealed discrepancies in landmark identification and 

subsequent angular measurements between the manual 

tracings and the AI software outputs. These findings 

highlight inaccuracies within the AI programs, 

indicating their current limitations in providing reliable 

cephalometric tracings. 

Most of the studies in this regard compared AI analysis 

with manual or human surveillance analysis to find out 

the accuracy of such analysis11,13,14. These studies 

generally employed varying quantities of cephalograms 

for testing and validating the database, ranging from a 

dozen to a thousand. Additionally, regarding the 

clinicians involved in manually identifying landmarks, 

variability was exhibited in their number and levels of 

clinical experience in cephalometric tracing. However, 

this study and most other studies comparing manual 

analysis with AI digitization analysis shared a common 

finding, accentuating this innovation’s advantages of 

time saving and accuracy. 

Although computer science advancements have 

facilitated the extensive use of computers in 

cephalometry, resulting in improved accuracy, manual 

analysis skills are still necessary15,16. In addition, 

Cephalometric imaging software, including popular 

options like Dolphin Imaging, Blue Sky Plan (this 

study), and QuickCeph, often involves a manual 

landmark placement process. In the hands of an 

experienced clinician, this task typically consumes an 

average of 10 to 15 minutes per case. Despite the 

clinician's expertise, the manual placement of landmarks 

is time-consuming and susceptible to errors17,18. This 

study has found that there are no significant differences 

between the AI analysis system and the manual system 

(Table 2), while significant differences between AI 

systems exist.  For example, VOXEL and WEBCEPH 

analysis showed significant differences in SNA, and 

with CEPHIO in U1 to NA. This may be due to the 

differences in landmark identification and reading for 

the same radiographs. These differences in AI analysis 

systems for cephalometric analysis come from 

variations in algorithm types, training data quality, data 

annotation practices, image preprocessing techniques, 

training and optimization methods, computational 

resources, and clinical validation processes. These 

factors collectively influence the accuracy, reliability, 

and generalizability of AI systems in orthodontic 

diagnostics19. 

VOXEL AI analysis showed statistical insignificance 

compared with other AI analysis. This may partly be due 

to the Convolutional Neural Network (CNN).  A CNN 

filter is designed to detect specific features within the 

input data, producing a corresponding feature map that 

highlights those characteristics. The parallel processing 

nature of CNNs enables them to efficiently recognize 

patterns within an input, whether an image or a data 

sequence. The initial layers typically learn low-level 

features such as edges, textures, or colours, while deeper 

layers progressively learn more complex and abstract 

features. 

This parallel feature learning is a fundamental aspect of 

CNNs. It contributes to their effectiveness in tasks like 

image recognition, object detection, and various other 

applications where extracting hierarchical features from 

input data is essential. Therefore, an average 

convolutional layer learns from 32 to 512 filters20,21. 

Numerous studies have examined the variability in 

accuracy among several types of AI algorithms19,22-25. 

This variability has also been reflected in our research, 

as there were significant differences between the AI 

systems for some parameters (SNA, and U1 to NA line). 

At the same time, there were no significant differences 

between the two manual analyses and the three AI 

analysis systems.  

The principal finding of this study indicates that the AI 

analysis method is not inherently unreliable but requires 

refinement across various stages of machine 

development and training. The outcomes suggest that 

areas within the AI-based cephalometric analysis 

process merit further enhancement to boost its reliability 

and effectiveness. 

In parallel, the study's secondary outcome underscores 

that manual analysis remains the standard method for 

cephalometric analysis despite being time and resource 

consuming. This implies that, currently, the traditional 

manual approach continues to offer a level of precision 

and dependability that surpasses the capabilities of the 

AI-based method. The acknowledgment of manual 

analysis as the benchmark underscores its continued 

relevance and effectiveness in the field despite the 

advancements made in AI technologies. 

While the study underscored the superior precision of 

manual analysis compared to AI-based methods, certain 

limitations persist. For instance, the study's sample size 

for manual tracing and AI-based analysis was limited. 
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Furthermore, only two orthodontists conducted the 

manual analyses, suggesting a potential for bias or 

limited generalizability of results. It is recommended 

that future studies address these limitations by 

increasing the sample size for both manual and AI 

analyses and involving a larger number of orthodontists 

to perform manual analyses, enhancing the robustness 

and reliability of findings. 

 

Conclusion 

Orthodontists should be mindful of the limitations and 

consider AI as a complementary tool rather than solely 

relying on automated analyses. AI-based analysis 

undoubtedly saves time and expedites the process. 

Nevertheless, orthodontists must review the analysis 

and occasionally adjust landmarks, lines, and planes 

based on their expertise and contextual information. AI 

analysis developers must prioritize this flexibility, 

allowing orthodontists the option to modify and refine 

analyses within their platforms. This collaboration 

between AI technology and orthodontic expertise will 

ensure accurate and tailored treatment plans for patients. 
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Abstract 

Objective: This study aimed to evaluate the effect of incorporating bioactive glass (BAG) nanoparticles at varying concentrations on 

the mechanical and physical properties of 3D-printed denture base resin. Specifically, flexural strength, surface roughness, and surface 

hardness. 

Methods: Six groups of 3D-printed acrylic resin specimens were studied: one control group (0% BAG) and five experimental groups 

containing 1%, 1.5%, 2%, 2.5%, and 3% BAG nanoparticles by weight. Flexural strength, surface hardness, and roughness testing were 

done on 10 specimens. All were digitally planned and 3D printed using SprintRay. XRD, FTIR-ATR, and FESEM were used to 

characterise the sample. Mechanical testing includes three-point bending for flexural strength, Shore D durometers for surface hardness, 

and portable roughness testers for surface roughness. 

Results: Flexural strength did not differ significantly among groups (ANOVA, p = 0.527), with mean values ranging from 130.6 ± 2.4 

MPa (control) to 135.5 ± 2.0 MPa (3% BAG). Surface hardness showed significant improvements at 1.5% (89.9 ± 1.2) and 2% (89.9 

± 1.2) compared with the control (88.2 ± 1.6; p = 0.028 and p = 0.020, respectively). Surface roughness decreased progressively with 

BAG addition, and the 3% group (0.063 ± 0.017 µm) was significantly smoother than both the control (0.134 ± 0.090 µm; p = 0.01) 

and the 1% group (0.125 ± 0.101 µm; p = 0.014). 

Conclusions: Incorporating up to 3% BAG nanoparticles into 3D-printed denture base resin can improve surface properties without 

compromising flexural strength. The concentration between 1.5% and 3% significantly increased the surface hardness and roughness. 

These advancements imply that BAG-modified resins have the potential to provide advantages such as enhanced clinical longevity and 

ease of use for prosthetic devices that are manufactured using 3D technology. 
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Introduction 

Three-dimensional (3D) printing is an innovative 

additive manufacturing method that has been integrated 

into the dental field, particularly affecting dental 

esthetics. It enables the production of accurate, 

comfortable, and aesthetically pleasing prostheses, 

improving patient outcomes. The adoption of 3D 

printing in dentistry is gradually increasing due to 

advantages including diminished production time and 

costs when compared to the conventional heat-cured 

acrylic procedure1,2. As the demand for chair-side 

fabrication and same-day delivery of prosthetic 

appliances increases, it is likely that optimization of 

printable materials can decrease the use of conventional 

methods and improve the accessibility of dental care3. 

However, 3D-printed materials often fail to exhibit the 

mechanical properties of heat-cured PMMA, despite 

their potential for increased production efficiency and 

customization. Conventional PMMA exhibited 

improved flexural strength, impact resistance, and 

bonding properties4. These findings suggest that further 

development of 3D-printed acrylic resins is necessary to 

enhance their mechanical and physical properties. 

Recent comparative work has also shown that 3D-

printed denture bases can achieve significantly higher 

retention values than conventional PMMA bases, 

emphasizing the functional benefits of additive 

manufacturing5. 

Nanotechnology has also drawn attention because it is 

being used to enhance dentistry, particularly in the 

development of polymer-based products. Nanoparticles 

are microscopic in size with a large surface area; thus, 

they can essentially alter the surface and mechanical 

properties of polymers. The addition of nanofillers to 

PMMA influences parameters such as bending strength, 

surface texture, and hardness of the material6-8. 

The incorporation of various nanoparticles and 

compounds enhances the mechanical and biological 

properties of the 3D-printed dental acrylic polymers. 

The best materials to have been used were zirconium 

dioxide, titanium dioxide, and silver-loaded mesoporous 

silica nanoparticles. The titanium dioxide nanoparticles 

increased flexural strength and surface hardness and 

reduced solubility. Furthermore, they exhibited 

antifungal efficiency against Candida albicans, 

especially at doses between 0.10 and 0.50 wt%9,10. 

Zirconium dioxide nanoparticles resulted in enhanced 

diametral compressive strength, concurrently inducing a 

reduction in tensile strength, indicating a change in the 

material's mechanical properties11. Silver-loaded 

mesoporous composites improved surface hardness and 

crack resistance, and showed potent antifungal activity 

against Candida albicans without significant 

cytotoxicity12. The findings indicate that nanoparticle 

reinforcement can be utilized to enhance the strength of 

denture base materials and impart antimicrobial 

properties. 

The performance of these nanofillers is highly affected 

by concentration, dispersion quality, and surface 

functionalization. Improvements in mechanical and 

biological properties may lead to trade-offs, such as 

alterations in surface roughness and considerations of 

cytotoxicity13. 

Bioactive glass is regarded as one of the currently 

available nanomaterials due to its potential bioactivity 

and clinical advantages. It enhances soft tissue 

integration, exhibits antimicrobial properties, and 

promotes bone repair14. The controlled dissolution of 

bioactive glass and the subsequent release of ions can 

initiate the formation of a hydroxyapatite (HA) layer, 

which can chemically adhere to living tissues.15 The 

extent of this bioactivity is significantly affected by the 

material's composition and morphology16,17. Although 

these effects were not investigated in the present study, 

incorporating BAG into 3D-printed resins represents an 

initial step toward developing biofunctional denture 

base materials. 

To date, BAG has been integrated into composites, glass 

ionomer cements, and toothpastes,18 and more recently 

into 3D printing resins for orthodontic aligners and 

intraoral devices, where it maintained mechanical 

strength and exhibited beneficial ion release and 

biocompatibility19,20. 

However, only a few studies have examined its 

incorporation into 3D-printed denture base resins, 

particularly in comparison with conventional heat-cured 

acrylic resins20-22.  To the best of our knowledge, the 

mechanisms by which bioactive nanoparticles interact 

with 3D-printed acrylic denture bases remain unclear. 

While the reinforcing effects of bioactive glass have 

been documented in conventional heat-cured PMMA 

systems, their incorporation into 3D-printed denture 

base resins has yet to be comprehensively investigated. 

This distinction is clinically essential because 3D-

printed resins differ in polymerization method and 

microstructure from conventional PMMA, which may 

influence nanoparticle interactions and function23. 

Given the growing use of 3D printing in denture 

manufacturing, it is crucial to assess whether additive 

manufacturing materials can gain advantages from the 

incorporation of bioactive glass (BAG). 

Therefore, the current study investigates the effect of 

five different amounts of bioactive glass nanoparticles 

on the strength, roughness, and hardness of 3D-printed 

denture base materials. The objective is to determine 

whether these modifications lead to significant changes 
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in performance, thereby testing the null hypothesis that 

they do not. 

 

Materials and methods 

Bioactive glass nanoparticle 

Bioactive glass nanoparticles (Nanochemazone™, 

Canada), a GMP and ISO 9001:2015 holding, and Series 

No. NCZ-RK-243/1224A with a lot size of 300 kg and 

purity of >99%, a particle size of approximately 100 nm, 

and a specific surface area ranging from 150 m²/g, as 

determined by BET analysis. The composition included 

SiO₂ (45–55 wt%), CaO (20–30 wt%), Na₂O (10–15 

wt%), and P₂O₅ (4–6 wt%), with trace elements ranging 

from 0.5 to 1 wt%. The bulk density was documented as 

1.5 g/cm³, and the powder exhibited a white to off-white 

color. This material is certified for dental and bone 

tissue engineering applications, ensuring 

biocompatibility. 

The study's experimental design 

The sample size was calculated using G*Power 3.1 

software for a one-way ANOVA (fixed effects, 

omnibus, one-way), with a significance level (α) of 0.05 

and a desired power (1–β) of 0.80. Based on these 

parameters, the study was powered to detect a medium-

to-large effect size (Cohen's f = 0.335). A total of 120 

specimens were produced via 3D printing, including one 

control group with pure resin and five experimental 

groups containing varying concentrations of BAG 

nanoparticles (1%, 1.5%, 2%, 2.5%, and 3% by weight).  

Mixing bioactive glass nanoparticles with 3D acrylic 

resin 

The denture base material used in this study was 

NextDent 3D printing resin (Vertex Dental, 

Netherlands). The bioactive glass nanoparticle content 

was calculated using the known density of liquid 

NextDent resin (1.20 g/cm³) to ensure accurate and 

consistent weight proportions. For a fixed resin volume 

of 100 cm³, the total mass was determined to be 120 g. 

Target concentrations were achieved by applying 

standard weight percentage formulas to calculate the 

precise mass of nanoparticles required for each group. 

Then the resin was manually stirred for 10 minutes in a 

400 mL beaker (IWAKI Pyrex®, Japan), followed by 

the addition of a pre-weighed concentration of 

nanoparticles measured with a KERN measuring scale 

(KERN®, Germany) and an ADAM Nimbus scale 

(Adam Equipment®, USA) with a precision of 0.01 mg 

(Table 1). The dispersion of nanoparticles is achieved 

using sonication and vacuum mixing, as effective 

distribution has been shown to influence the mechanical 

properties of acrylic nanocomposites23. The blend was 

sonicated for 2 minutes using a Qsonica sonicator 

(Qsonica, Newtown, CT, USA), stirred for 5 minutes, 

and then sonicated again for 1 minute. A final five-

minute mixing cycle was performed using a Vacuum 

Power Mixer Plus (Whip Mix, Euro-Vac, USA) to 

ensure the reproducibility of the preparation method. 

While mixing the 3D printing resin with bioactive glass 

nanoparticles, aluminum foil was used to protect it from 

ambient light, thereby preventing premature 

polymerization. 

 3D-printed denture base resin specimen fabrication  

Three-dimensional (3D) model specimens were 

designed using the Blender for Dental software program 

(Blender Foundation®), according to ISO 20795-

1:2013. Two bar sets were used in the study: 65 × 10 × 

3.3 mm for flexural strength testing and 12 × 12 × 3 mm 

for surface roughness and hardness testing (Fig. 1). The 

finalized designs were saved as STL (Standard 

Tessellation Language) files, sliced with adjusted 

settings, and then exported to the 3D printer. 

The samples were printed using a 3D printer 

(SprintRay®, model SRP2110C). Printing was 

performed in Turbo mode according to the 

manufacturer’s instructions, using a 100 µm layer 

thickness and a curing time of 1.5–2 seconds per layer. 

All samples were printed simultaneously on a single 

build platform under identical conditions at room 

temperature for approximately eight minutes. 

After the printing process was completed for all of the 

specimens, they were transferred to the SprintRay 

Washing Machine. After washing for five minutes in 

isopropyl alcohol at a concentration of 99%, they were 

allowed to dry for ten minutes. The final step involved 

curing the samples under 405 nm blue light in the 

SprintRay ProCure 2 Curing Machine within 15 

minutes. All operations were performed in a setting 

maintained at 23 ± 2°C and 50 ± 10% relative humidity. 

The printed specimens were then manually polished 

under dry conditions using silicon carbide sandpapers of 

grits of 400, 600, 800, 1000, and 1500. The application 

of the individual grits was performed ten times for each 

grit, and the same operator carried out all finishing 

operations to ensure standardization. The dimensions of 

the final samples were checked with a digital caliper to 

an accuracy of ± 0.1 mm. 
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Characterization of the specimens 

X-Ray Diffraction (XRD) analysis   

X-ray diffraction (XRD) examination was performed 

using an X’Pert PRO diffractometer (Panalytical, 

Netherlands) equipped with a copper anode, operated at 

40 kV and 40 mA. Scanning took place over a 2θ range 

of 5.01° to 79.97°, utilizing a step size of 0.026°. 

Diffraction patterns were generated for pure BAG 

nanoparticles and 3D-printed acrylic resin comprising 3 

wt% BAG. The 3% concentration was selected because 

it showed the most significant nanoparticle mixing in the 

tested groups, which is optimal for recognizing distinct 

diffraction peaks and monitoring the dispersion of 

bioactive glass throughout the resin. The primary 

purpose of this research was to determine the crystalline 

phases present and to analyze whether the nanoparticles 

maintained their structural integrity post-incorporation. 

The test enabled the determination of crystallite size (D) 

using the Scherrer equation, which revealed the physical 

properties of the implanted particles. 

Fourier Transform Infrared spectroscopy with 

Attenuated Total Reflectance (FTIR-ATR) 

Fourier Transform Infrared spectroscopy with 

Attenuated Total Reflectance (FTIR-ATR) was 

performed with a Spectrum Two spectrometer 

(PerkinElmer Inc., USA). The investigation was done 

over the range of 4000–400 cm⁻¹ to identify the 

functional groups contained in the bioactive glass 

nanoparticles. Specimens were positioned directly on 

the ATR crystal, and spectra were obtained to reveal the 

specific vibrational bands associated with silicate-based 

materials for pure BAG nanoparticles and 3D-printed 

acrylic resin comprising 3 wt% BAG. 

Field Emission Scanning Electron Microscope 

(FESEM) 

Applying a Field Emission Scanning Electron 

Microscope (ZEISS Sigma VP, Germany) with a spatial 

resolution of approximately 1.5 nm, the surface 

morphology and nanoparticle distribution were 

investigated. One specimen from each group was chosen 

for imaging. To improve conductivity, a sputter coater 

was employed to apply a thin gold coating 

(approximately 20 µm). Under an accelerating voltage 

of 15 kV, micrographs were captured at magnifications 

ranging from 2000× to 5000×. 

 

 

Mechanical tests of specimens  

Flexural strength test 

For evaluating flexural strength, a total of 60 specimens 

(ten per group) were prepared. Testing was carried out 

using a three-point bending setup on a Universal Testing 

Machine (Cussons, England) with a 50 mm span and a 

5 kN load applied at a crosshead speed of 5 mm/min24. 

The diameter of the support was 3.2 mm. The flexural 

strength (σ) was determined in megapascals (MPa) 

using the standard formula, and the maximal load at 

fracture was recorded in Newtons (N). 

  

The fracture load is denoted by F in Newtons, the span 

length between supports is L in millimeters (50 mm), the 

specimen width is b in millimeters, and the specimen 

thickness is d in millimeters. 

Surface roughness test 

Surface roughness was measured using a portable tester 

(SRT-6200, Guangzhou Landtek Instruments Co., Ltd., 

China)25. The device recorded the surface irregularities 

on an 11 mm trace length. Measurements of three 

actions were taken in different directions on each 

specimen, and the mean value was recorded in 

micrometers (μ). 

 Surface hardness test 

Surface hardness was measured using a digital Shore D 

durometer26. Tests were conducted using a conical 

indenter (SR 0.1 mm, 30) with a constant load of 44.5 

N. For each specimen, measurements were taken at three 

points, each 2 mm in diameter, around the center. The 

mean had been taken as the total Shore D hardness 

value.  

Statistical analysis 

Data analysis was done using SPSS 25 (IBM Corp., 

Armonk, NY, USA). To determine whether the 

specimens followed a normal distribution, the Shapiro-

Wilk test was performed. The result indicated that 

flexural strength and surface hardness data were 

normally distributed. Resting on this result, one-way 

analysis of variance (ANOVA) was used to compare the 

groups, and pairwise comparisons were implemented 

with the Tukey HSD post hoc test to determine statistical 

differences. Nonetheless, the results on surface 

roughness failed to align with the concept of normality. 
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Hence, instead of the parametric ANOVA, the non-

parametric Kruskal-Wallis test was applied to compare 

the groups, followed by the Mann-Whitney U test for 

pairwise comparisons. A significant level of p < 0.05 

was considered for all statistical tests. 

Results 

Characterization results  

 X-Ray Diffraction (XRD) analysis      

The structural characteristics of pure BAG nanoparticles 

were identified, and their addition to a 3D-printed 

acrylic resin matrix containing 3% BAG was examined 

using XRD analysis. The diffractogram of the pure BAG 

(Figure 1A) showed a broad hump centered at 20 ≈ 

31.5°, along with low-intensity broad peaks between 20° 

and 36°, indicative of an amorphous structure typical of 

bioactive glass. Minor crystalline reflections at 

approximately 2θ ≈ 26.5° indicate the presence of 

unreacted crystalline phases most likely arising during 

precursor materials or partial devitrification. 

The X-ray diffraction pattern of composite resin with 

3% BAG (Figure 1B) shows sharp peaks at 2θ values of 

26.6°, 28.7°, and 31.1°, with the peak at 28.7° exceeding 

7000 counts. Narrow full-width at half maximum 

(FWHM) readings and elevated peak intensities signify 

an increased level of crystallinity. This indicates that the 

BAG nanoparticles were effectively integrated into the 

resin matrix without structural deterioration. The 

appearance of crystalline characteristics may indicate 

partial crystallization or structural reorganization of the 

BAG particles, which can be triggered by thermal or 

photopolymerization conditions during 3D printing and 

post-curing.  

Fourier Transform Infrared Spectroscopy (FTIR-

ATR) 

The analysis of BAG nanoparticles by FTIR-ATR (Fig. 

2A) showed distinctive absorption bands indicative of 

their functional groups and structural composition. A 

significant signal at 3430.76 cm⁻¹ implies O–H 

stretching, indicating the presence of surface hydroxyl 

groups or moisture. The band at 2925.69 cm⁻¹ was 

ascribed to C–H stretching, presumably from residual 

organics. A peak at 1650.54 cm⁻¹ corresponds to H–O–

H bending, indicating the presence of adsorbed water. 

A distinct band at 1032.32 cm⁻¹, associated with Si–O–

Si asymmetric stretching, verified the silicate 

framework. The bending modes of Si–O–Si and Si–O, 

respectively, were shown to be responsible for the 

supplementary peaks that were observed at 733.08 cm⁻¹ 

and 495.07 cm⁻¹, respectively. A slight rise at 2345.88 

cm⁻¹ may indicate the presence of carbonate species or 

ambient carbon dioxide. The spectrum confirmed the 

characteristic silicate structure of bioactive glass and 

structural integrity. 

The spectrum obtained from FTIR-ATR of 3D-printed 

acrylic resin modified with BAG nanoparticles (Fig. 2B) 

exhibited characteristic peaks of both the nanoparticles 

and the resin. A prominent band at 3434.73 cm⁻¹ 

signified O–H stretching, whereas peaks at 2957.09, 

2925.05, and 2854.57 cm⁻¹ were attributed to C–H 

stretching from PMMA. The C=O stretching band was 

observed at 1730.66 cm⁻¹, while a peak at 1632.72 cm⁻¹ 

indicated H–O–H bending, indicating the presence of 

adsorbed moisture. 

The characteristic peaks of both the resin and the glass 

were observed in the FTIR-ATR spectrum of the 3D-

printed acrylic resin modified with BAG nanoparticles 

(Fig. 3B). Although three maxima at 2957.09, 2925.05, 

and 2854.57 cm⁻¹ were attributed to C–H stretching in 

PMMA, a broad band at 3434.73 cm⁻¹ was an indication 

of O–H stretch. The C=O stretching band was seen at 

1730.66 cm⁻¹, and a peak representing H–O–H bending 

(indicative of adsorbed moisture) was seen at 1632.72 

cm⁻¹. 

Notably, absorption bands between 1250 and 1115 cm⁻¹ 

and in the 700–500 cm⁻¹ range confirmed the presence 

of Si–O–Si and Si–O vibrations from the BAG network. 

These findings indicate the successful integration of 

BAG into the resin without altering the polymer's 

structure. 

Field Emission Scanning Electron Microscope 

(FESEM) 

The control group had a homogeneous surface 

composition, with no nanoparticles present on the 

surface (0% BAG). In BAG-modified specimens, 

surface morphology exhibited variation with 

concentration. At a concentration of 1%, nanoparticles 

were uniformly distributed with minimal evidence of 

agglomeration. The 1.5% and 2% groups showed the 

most advantageous distribution, characterized by 

uniform dispersion and negligible clustering. While 

distinct localized aggregations formed at 2.5% and 3%, 

they were limited in scope and did not significantly 

impact the overall homogeneity of the composite resin 

structure. The findings indicate that BAG 

concentrations of up to 3% can be efficiently integrated 

into the resin matrix with minimum agglomeration, 

preserving structural integrity and distribution quality. 

The control group (0% BAG): A smooth, uniform 

surface that lacks any particulate matter. 

1% BAG: The nanoparticle distribution is inadequate 

yet detectable.  
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Figure 1: Screenshot of Blender software for flexural strength, surface roughness, and hardness testing, 

prepared for 3D printing. (A) Design of the sample used for surface roughness and hardness tests. (B) 

Design of the sample used for flexural strength testing. 

 

1.5% BAG: Particles that are well-dispersed and have 

optimal integration throughout the matrix.  

2% BAG: A homogeneous dispersion with little 

agglomeration and well-integrated particles. 

2.5% BAG: Onset of small localized aggregation.  

3% BAG: Clustering is evident in the early stages; 

however, agglomeration is limited and does not 

significantly alter the matrix structure. 

Flexural strength  

The groups with different amounts of bioactive glass did 

not exhibit statistically significant changes in flexural 

strength (p = 0.527). The average flexural strength 

varied from 130.45 ± 2.43 MPa in the control group to 

135.45 ± 2.01 MPa in the 3% BAG group, with 

intermediate values obtained for the remaining 

concentrations. The comprehensive range among all 

groups ranged from 126.0 to 139.0 MPa (Table 2). 

A slight increase in mean flexural strength was observed 

with increasing BAG concentrations, particularly in the 

1.5% and 3% groups; however, these differences did not 

reach statistical significance. 

 Surface hardness 

The mean and standard deviation of surface hardness 

values for all acrylic sample groups are summarized in 

Table 3.  

 

 

 

 

 

 

 

 

 

 

 

While no overall statistically significant difference in 

surface hardness was found among the groups (p > 

0.05), Group C (1.5%, 89.87 ± 1.20) and Group D (2%, 

89.93 ± 1.15) showed significantly higher hardness 

compared to the control group (88.18 ± 1.57), with p-

values of 0.028 and 0.020, respectively. None of the 

other group comparisons was found to be statistically 

significant. The most significant improvements in 

surface hardness occurred at concentrations of 1.5% and 

2% bioactive glass.  

Surface roughness 

The mean and standard deviation of surface roughness 

values for all acrylic sample groups are presented in 

Table 4. Whereas the Kruskal-Wallis test revealed no 

statistically significant overall difference in surface 

roughness between the groups (H = 10.686, p = 0.058), 

a trend of decreasing surface roughness with increasing 

concentration of BAG nanoparticles was identified. 

Pairwise comparisons revealed significantly lower 

surface roughness in Group F (3%) compared to both 

Group A (0%) (p = 0.010) and Group B (1%) (p = 

0.014). Group E (2.5%) also exhibited a reduction in 

roughness compared to the control; however, the 

difference was not statistically significant (p = 0.064). 

Incorporating 3% BAG nanoparticles significantly 

enhances surface smoothness in 3D-printed acrylic 

resin.  
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Figure 2: XRD study of BAG nanoparticles (A) and BAG-modified 3D printed 

acrylic resin (B). 

 

 

Figure 3: FTIR Spectrum of (A) BAG nanoparticles. FTIR spectrum of (B) BAG mixed with 

3D acrylic resin. 
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Figure 4: FESEM images of 3D-printed acrylic resin with different BAG 

concentrations, Surface features vary with increasing nanoparticle content.: (A) 

0%, (B) 1%, (C) 1.5%, (D) 2%, (E) 2.5%, (F) 3%. 
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Table 1: Weight percent of bioactive glass nanoparticles combined with 100 cm³ of 3D-printed acrylic 

resin and the corresponding total mass of added bioactive glass nanoparticles and 3D resin material 

batch mass. 

Group (n = 10) Nanoparticle 

Concentration 

(wt%) 

Density 1.2 

Weight (gram) 

g/cm³ 

Nano (gram) 

 

Total 3D-

resin batch 

A (Control) 0% 120 0.0 120 

B 1 wt% 120 1.8 118.2 

C 1.5 wt% 120 2.7 117.3 

D 2 wt% 120 3.6 116.4 

E 2.5 wt% 120 4.5 115.5 

F 3 wt% 120 5.4 114.6 

 

 Table 2: Flexural strength (MPa) mean, standard deviation, minimum, and maximum values. 

Groups Mean ± SD Minimum Maximum 

A (control) 130.55 ± 2.43 126.0 135.5 

B (1%) 131.69 ± 2.19 129.5 135.1 

C (1.5%) 135.24 ± 2.25 132.3 139.0 

D (2%) 131.06 ± 2.12 128.0 134.2 

E (2.5%) 135.22 ± 2.17 132.1 138.9 

F (3%) 135.45 ± 2.01 132.7 138.6 

 

Table 3: Mean hardness (Shore D), standard deviation, minimum, and maximum values. 

Groups 
Mean ± SD Minimum Maximum 

A (control) ᵃ 88.18 ± 1.57 85.83 91.17 

B (1%)ᵃᵇᶜ 88.68 ± 1.44 86.67 90.17 

C (1.5%)ᵇ 89.87 ± 1.20 88.17 91.17 

D (2%)ᶜ 89.93 ± 1.15 89.17 90.83 

E (2.5%)ᵃᵇᶜ 89.03 ± 0.89 88.00 90.50 

F (3%)ᵃᵇᶜ 88.85 ± 1.18 86.00 90.33 

Note: Different superscript letters indicate statistically significant differences among 

groups (p < 0.05). 

 

Table 4: Surface roughness (µm) mean, standard deviation, minimum, and maximum values. 

Groups 
Mean ± SD (µm) Minimum (µm) Maximum (µm) 

A (control)ᵃ 0.134 ± 0.090 0.063 0.345 

B (1%)ᵇ 
0.125 ± 0.101 0.062 0.400 

C (1.5%)ᵃᵇᶜ 0.102 ± 0.074 0.043 0.297 

D (2%)ᵃᵇᶜ 0.076 ± 0.034 0.038 0.145 

E (2.5%)ᵃᵇᶜ 0.097 ± 0.098 0.019 0.368 

F (3%)ᶜ 0.063 ± 0.017 0.044 0.086 

Note: Different superscript letters indicate statistically significant differences among 

groups (p < 0.05). 
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Discussion 

Structural characterization 

The patterns obtained from XRD confirmed the mainly 

amorphous structure of BAG and partial crystallization 

in the composite resin, which can be attributed to 

reinforcement properties and stability. FTIR-ATR 

spectra exhibited characteristic bands of both PMMA 

(C–H, C=O) and BAG (Si–O–Si), with no significant 

chemical shifts, confirming the physical incorporation 

and preservation of the silicate framework. Nanoparticle 

distribution at different concentrations was directly 

proved with FSEM observations. The specimen in the 

control group had an even surface. In contrast, BAG-

modified specimens were evenly distributed at 1.5-2% 

and marginally agglomerated at higher loadings. 

Currently, there is a notable lack of published research 

specifically addressing the incorporation of bioactive 

glass nanoparticles into 3D-printed denture base resins 

and their influence on physical and mechanical 

properties. Hence, the interpretation of this study's 

results largely relies on comparisons with studies that 

involve conventional heat-polymerized polymethyl 

methacrylate (PMMA) or silica-based nanoparticles, as 

most BAG formulations have a high silica composition. 

Although the differences in the composition and 

processing technique of resins have been identified, 

these previous investigations constitute the key to 

understanding the reinforcement mechanism of 

nanoparticles in the dental polymer system. In the study, 

higher loadings (>5%) were avoided to prevent 

agglomeration, decreased mechanical strength, and poor 

polymerization, ensuring printability and homogeneous 

nanoparticle dispersion2,21. 

Flexural strength 

Although flexural strength values showed a slight 

increase with rising BAG concentrations, these 

differences did not reach statistical significance. This 

may indicate a potential trend toward improved 

mechanical performance; however, such interpretation 

should be considered with caution and cannot be 

regarded as clinically conclusive without stronger 

statistical support. This enhancement can be attributed 

to the quantitative analysis of nanoparticle filler activity, 

resulting in enhancing the integrity of the polymer 

matrix by diminishing microdefects and preventing 

crack formation27,28.  

It has been shown that solid nanoparticles Silicon 

dioxide and Titanium dioxide improve stress 

distribution and crack resistance in PMMA when 

incorporated. The increase is primarily related to their 

improved percentage, which facilitates activities such as 

fracture bridging, energy dotting, and robust interfacial 

bonding with the resin latticework29. Nevertheless, 

excessive filler loading is well-documented to cause 

matrix saturation, leading to stress concentration zones 

and a subsequent decline in mechanical performance30. 

Moreover, numerous studies indicate that substantial 

enhancements in flexural strength generally occur at 

elevated nanoparticle concentrations, frequently above 

5%, when the filler content significantly influences the 

material's mechanical function19,20. Studies on BAG-

affected acrylic resins suggest that at high 

concentrations (e.g., 20%), such products can support 

flexural strengths above 65 MPa, therefore meeting the 

ISO 20795 qualification requirements of denture base 

use22. These studies show the potential of BAG as a 

reinforcing additive for increasing its mechanical 

properties. The study indicates that the tested 

concentrations (1–3%) yield a moderate yet continuous 

improvement in flexural strength, confirming their 

appropriateness as reinforcement agents in 3D-printed 

resin systems.  

Surface hardness 

The addition of BAG resulted in a significant 

enhancement of surface hardness at concentrations of 

1.5% and 2%. The increased performance could have 

been due to the uniform dispersion of nanoparticles, 

which may have filled microvoids in the polymer matrix 

and restricted the mobility of polymer chains, resulting 

in a denser and more rigid structure31. 

These results align with the most recent studies on silica 

nanoparticle-reinforced acrylic polymers, which suggest 

that a broader nanoparticle distribution is associated 

with improved mechanical performance. The maximum 

values were observed at 5% loading, and surface 

hardness continued to improve as silica content 

increased32. 

Similar trends have been observed in composites that are 

reinforced with zirconia and aluminum oxide (Al₂O₃) 

nanoparticles. The surface hardness of PMMA 

substantially increased at nanoparticle concentrations of 

2.5% and 5%, a phenomenon that is linked to the 

enhancement of interfacial adhesion and the formation 

of a more compact polymer-filler network30,33.  

These data highlight that nanoparticle composition, 

concentration, and dispersion quality are key 

determinants influencing the surface hardness of dental 

resin composites. 

 Surface roughness 

Denture base materials that produce desirable surface 

roughness are recommended to make dentures last 
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longer and inhibit the attachment of microbes on the 

surface34. The increase in BAG was observed to 

decrease the degree of surface roughness of 3D-printed 

denture base resin. A 3% concentration was observed to 

significantly improve the degree of surface roughness 

compared to 0% and 1% concentrations. The outcomes 

demonstrate that a greater quantity of BAG 

nanoparticles might cover the small surface pores and 

seal the outer surface.  

In contrast, an earlier study had suggested that there may 

be a slight increase in the roughness of conventional 

acrylic resin surface with high levels of BAG (up to 

20%), which could be due to the polymerization 

technique and leaching out of residual monomer and 

some soluble particles, leaving void areas responsible 

for changes in surface roughness13. 

Conversely, a significant reduction of the roughness was 

noted at the BAG concentration of up to 3%, meaning 

that the lower concentration ratio is effective in terms of 

enhancing the surface (by filling the irregularities of the 

surface) without creating any aggregations and other 

defects of the surface. 

The results confirm the significant effect of both the 

concentration and distribution of BAG nanoparticles on 

the final surface characteristics of the resin. Importantly, 

smoother denture base surfaces are less prone to 

microbial adhesion and plaque accumulation, which 

suggests that the reduced roughness achieved with BAG 

incorporation may contribute to antifouling effects and 

enhanced long-term clinical performance of dentures.  

Although the bioactivity of BAG has been well 

established in earlier studies, this work did not include 

direct validation tests such as ion release, pH change, or 

apatite formation. Similarly, artificial aging protocols 

(thermocycling, water storage, or mechanical fatigue) 

were not performed, so the results mainly reflect short-

term mechanical behavior. Future study incorporating 

these methods will help confirm the clinical relevance 

of BAG-modified 3D-printed denture base resins. 

  

Conclusion 

The incorporation of BAG nanoparticles into the 3D-

printed denture base resin enhances mechanical and 

physical characteristics. There was a non-significant 

progressive increase in flexural strength with rising 

BAG concentrations. Elevated BAG concentrations, 

particularly at 1.5% and 2%, markedly improve surface 

hardness. As the concentration of BAG nanoparticles 

increased, a gradual reduction in surface roughness was 

observed, indicating an improvement in surface quality. 
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Abstract 

Objective: The present study examined the antibacterial and antibiofilm efficacy of Ziziphora clinopodioides (Z. clinopodioides) 

essential oil (EO) against the primary biofilm colonizers, such as Streptococcus sanguinis (S. sanguinis), Streptococcus mitis (S. mitis), 

and Streptococcus oralis (S. oralis). 

Methods: The hydrodistillation process was used for the essential oil extraction, and its components were analyzed using gas 

chromatography-mass spectrometry (GC-MS). Antibacterial effect against ATCC strains of S. sanguinis, S. mitis, and S. oralis was 

assessed using agar well diffusion. Minimal inhibitory concentrations (MICs) and minimal bactericidal concentrations (MBCs) were 

investigated using the broth macrodilution method. Qualitative tube methods were used to evaluate the antibiofilm efficacy of the Z. 

clinopodioides EO. 0.12% Chlorhexidine (CHX) served as a positive control. 

Results: GC–MS recognized 24 elements with menthol (29.85%), (R)-carvone (10.53%), and eucalyptol (9.88%) as main constituents. 

Z. clinopodioides EO demonstrated dose-dependent inhibition zones among species and mixtures; generally, inhibition zones were 

smaller than CHX. The MICs for S. mitis and S. oralis were 2.34 μL/mL, while for S. sanguinis and the three-species mixture were 

6.25 μL/mL; The MBCs were 4.68 and 12.5 μL/mL, respectively. The essential oil exhibited weak (S. sanguinis) to moderate (S. mitis, 

S. oralis, and the mixed culture) antibiofilm activity. 

Conclusions: Z. clinopodioides EO demonstrated antibacterial and antibiofilm effectiveness against primary biofilm colonizers; 

however, its effectiveness was lower than that of chlorhexidine. 

Keywords: Z. clinopodioides EO; Antibacterial efficacy; Antibiofilm activity; Primary biofilm colonizers. 
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Introduction 

Periodontitis is an inflammatory disease of 

microbiological origin in the oral cavity. Dysbiosis 

between the oral bacteria and host immune response 

dysregulation enhances the pathogenicity from 

periodontally healthy states to disease condition1. 

An extensive variety of microorganisms have been 

found to be pathogenic agents, sometimes called 

periopathogens2. S. oralis, S. mitis, and S. sanguinis are 

considered commensal bacteria that participate in the 

complex bacterial biofilm formation as primary biofilm 

colonizers on the tooth surface3. Initial colonizers are 

crucial, creating attachment substrates for later 

colonizers, including Porphyromonas gingivalis and 

Fusobacterium nucleatum, eventually affecting the 

future phases of biofilm formation and periodontal 

disease3-6. It is advised that, in addition to following 

good oral hygiene, initiatives are required to limit the 

development of dental biofilm, periodontal disease, and 

tooth cavities by targeting the primary colonizers at the 

first stages of dental biofilm formation7,8. 

Herbal medicines comprise active substances derived 

from plant parts or other plant parts considered to 

possess therapeutic properties. Herbal products are 

favored over traditional pharmaceuticals because of 

their extensive biological efficacy, enhanced safety 

characteristics, and reduced expenses. Moreover, 

conventional medications are recognized for inducing 

several adverse effects, and prolonged use has led to 

antibiotic resistance.  

Consequently, natural products are being utilized as an 

alternative for combating or preventing prevalent 

diseases, including those impacting the oral cavity9-11. 

Ziziphora is a genus within the Lamiaceae family, and 

Z. clinopodioides is one of this group's most recognized 

aromatic and edible species. It is extensively dispersed 

in Asia and Europe, particularly in Turkey and Iran12. 

In traditional medicine, it has been utilized as a 

decoction for multiple purposes, including a stomach 

tonic, sedative, carminative, and antipyretic agent13. Z. 

clinopodioides is a potent treatment for many diseases, 

such as cough, the common cold, bronchitis, headache, 

viral infections, diarrhea, nausea, typhus, inflammation, 

edema, cardiovascular disorders, sleeplessness, 

diabetes, and asthma14,15. Additionally, this plant is 

utilized as a spice to enhance the flavor of food and 

beverages15. Essential oils (EO) consist of volatile 

compounds derived from aromatic plants. These 

essential oils have notable biological capabilities, 

encompassing antibacterial, antifungal, and antioxidant 

activities16,17.  

Numerous studies have demonstrated the antibacterial 

activity of Z. clinopodioides against Escherichia coli, 

Klebsiella pneumoniae, Staphylococcus aureus, 

Pseudomonas aeruginosa, and Salmonella enterica 

Typhi15,18-20. Furthermore, the antibacterial and 

antibiofilm properties of Z. clinopodioides EO against 

early biofilm colonizers, such as S. oralis, S. mitis, and 

S. sanguinis, have not been studied before, which is 

critical during the initial phases of plaque formation. 

Investigating the efficacy of this botanical compound in 

inhibiting bacterial proliferation and biofilm 

development may provide a novel preventive strategy in 

oral healthcare. This study investigated the antibacterial 

and antibiofilm properties of Z. clinopodioides EO 

against S. sanguinis, S. mitis, and S. oralis. The results 

may facilitate the creation of diverse plant-derived 

products to prevent early biofilm formation and reduce 

the risk of dental biofilm-associated diseases. 

 

Materials and methods 

Ziziphora clinopodioides was collected in late Spring 

from East Kurdistan (Sanandaj governorate). A plant 

taxonomist from the College of Agriculture at the 

University of Sulaimani confirmed the identity of plants. 

The current study was registered and approved by the 

Ethical Committee of the College of Dentistry at the 

University of Sulaimani (Approval number 24/252, 

dated 16 December 2024).     

Essential oil extraction 

Essential oil (EO) extraction was conducted using 

hydrodistillation at the Bahar factory in Sulaymaniyah, 

according to the recognized methodology21. 

Hydrodistillation, using water to extract volatile 

compounds, is regarded as a gentle technique that 

reduces the destruction of sensitive ingredients. An 

appropriate quantity of plant material was positioned in 

the Novin stainless steel distillation machine (Tehran, 

Iran), a distillation machine specifically engineered for 

the factory's requirements. Water was added according 

to the quantity of the plant, 5 liters for every 1 kilogram 

of the plant, and upon boiling for 8 hours, the produced 

steam was passed through the plant. The steam 

transports the volatile components, and the resulting 

vapor mixture of steam and oil flows into the condenser, 

where it is cooled by circulating water, turning the vapor 

into a liquid mixture of essential oils and water before 

finally entering the oil separator. Because essential oil 

has a lower density than water, it separates and floats 

above the watery layer. The oil was gathered and kept in 

dark, securely sealed containers at room temperature, 

resulting in 2–3% essential oils per 100 grams. 

GC-MS analysis of the extracted EO 

The EO components were recognized using a GC-MS 

system involving an Agilent (7890A) gas 
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Figure 1:(A) S. sanguinis (ATCC 10556), (B)S. mitis (ATCC 49456), (C) S. oralis (ATCC 35037) 

 

chromatography-mass spectrometry system (Santa 

Clara, CA, USA).                  

Bacterial strains preparation  

The bacterial strain was acquired from the American 

Type Culture Collection (ATCC, Manassas, VA, USA), 

including reference strains of S. mitis (ATCC 49456), S. 

oralis (ATCC 35037), and S. sanguinis (ATCC 10556). 

Following ATCC guidelines, the lyophilized cultures 

were rehydrated and revived under sterile 

circumstances.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thereafter, each strain was cultured in Blood Agar and 

Brain Heart Infusion (BHI) broth (HiMedia, India). The 

agar plates and broth were incubated for 24 hours at 

37°C in a 5% CO₂ environment generated by a candle 

inside the jar. The stock cultures were stored in 20% 

glycerol (Unimedic Pharma, Sweden) at -80 °C for 

future use (Figure 1). 

Essential oil preparation and dissolution 

An emulsifying agent was used, which was composed 

of 10% dimethyl sulfoxide (DMSO) (Merck, Germany) 

and 0.5% Tween 80 (Biochem-France)22, due to EO 

being poorly soluble in water.  
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Assessment of the minimal inhibitory and minimum 

bactericidal concentrations 

The broth macro dilution method was used to find the 

MIC of the tested EO23. A 400 µL/mL stock solution of 

Z. clinopodioides EO was prepared using 10% DMSO 

(Merck, Germany) and 0.5% Tween 80 (Biochem, 

France) as solvents. CHX 0.12% (KIN, SA, Spain) was 

the positive control, and MHB (HiMedia, India) was the 

negative control to allow bacterial growth. Two-fold 

serial dilutions were performed in ten sterile glass test 

tubes containing 900 μL of Mueller-Hinton broth, 

supplemented with 100 μL of bacterial inoculum, for 

MIC detection. Using a loop, a single fresh bacterial 

colony from a previous 24-hour culture of each species 

was collected and added to sterile MHB (HiMedia, 

India) in the tubes. The mixture was then vortexed and 

standardized to a 0.5 McFarland turbidity standard, 

equal to 1.5 × 108 CFU/mL. The final volume in each 

tube was 1 mL, starting with 200 - 0.390 μL/mL for S. 

sanguinis and the three species, and 150 - 0.29 μL/mL 

for S. mitis and S. oralis. To more accurately replicate 

the natural polymicrobial environment, the essential oil 

MICs were evaluated for each bacterial species 

individually and in combination. Cotton plugs were used 

to seal the inoculation tubes, which were then incubated 

for 24 hours at 37 °C in a candle jar. The MIC was 

defined as the lowest amount of the essential oil that 

significantly inhibited the growth of bacteria. After 

incubation, a series of dilution tubes were checked for 

bacterial growth, usually as turbidity or a layer of 

microorganisms at the bottom of the tube. Any tube in 

the set or dilution series that showed no bacterial growth 

was the MIC of the essential oils24. 

The MBC was determined by finding concentration that 

did not allow bacterial growth during the MIC test. A 

sample was taken from the chosen tubes using a sterile 

wire loop, placed on agar plates, and kept in a candle jar 

at 37 °C for 24 hours25. It was then determined whether 

or not bacteria were growing. 

Antibiofilm efficacy evaluation 

A qualitative tube adhesion approach was used to 

evaluate the efficacy of the extracts against the  

biofilms26. The inoculated broth used to test the MIC of 

different EOs was thrown away correctly. To remove 

planktonic or nonadherent bacteria, the test tubes were 

washed three times with phosphate-buffered saline 

(PBS) (Central Drug House, India), pH 7.3. After that, 

they were turned upside down for 45 minutes to ensure 

they were completely dry. Next, each tube was given 1 

mL of 1% crystal violet and left at room temperature for 

15 minutes. Rinsing the tubes three times with sterile 

distilled water eliminated the rest of the dye. The biofilm 

formation was evaluated qualitatively by observing 

(examiner's vision) the violet color on  the wall and 

bottom of the tubes, then classifying it based on the 

intensity of the violet color as nonadherent (0), weakly 

adherent (+), moderately adherent (++), or firmly 

adherent (+++)27. All tests were done three times. The 

same protocols for antibiofilm activity were used with 

three different species at the same time. 

Statistical analysis  

The results are shown as mean ± standard deviation and 

were analyzed using SPSS software version 27 (SPSS 

Inc., Chicago, IL, USA). The independent t-test was 

employed for comparisons, with p ≤ 0.05 indicating 

statistical significance. 

  

Results 

Ordering specific bacterial strains 

Colonies of S. sanguinis are usually small and can be 

grayish or colorless; however, S. mitis and S. oralis are 

classified as alpha-hemolytic streptococci, signifying 

that they generate a greenish color around the colonies 

on blood agar (Figure 1).  

GC-MS Examination of Bioactive Compounds 

GC-MS analysis of Z. clinopodioides EO 

The GC-MS analysis of the Z. clinopodioides EO 

identified 24 compounds. The main compound was 

menthol (29.85%), (R)-Carvone (10.533%), Eucalyptol 

(9.883%), L-β-pinene (6.278%), and p-Menthan-3-one 

(5.259%), as shown in Table 1. 

 Antibacterial Activity  

The Antibacterial Efficacy of Z. clinopodioides EO  

As shown in Table 2 and Figure 2, the essential oil of Z. 

clinopodioides exhibited concentration-dependent 

effects, characterized by an increase in inhibition zones 

corresponding to rising EO concentrations. It worked 

against S. mitis and S. oralis at 30%, 40%, and 50% 

concentrations, against S. sanguinis and all three species 

together at 40% and 50% concentrations. The inhibition 

zones for S. mitis were between 9.55 ± 1.0 mm and 17.99 

± 1.0 mm, and for S. oralis, they were between 7.0 ± 1.0 

mm and 8.32 ± 0.3 mm. At 30% EO, S. sanguinis, and 

three species together showed no inhibition, but they did 

show zones of 8.92 ± 0.8 mm and 9.88 ± 0.5 mm at 40% 

and 50%, respectively, 7.8 ± 0.4 mm at 40% and 8.92 ± 

1.5 mm at 50% against three species together. The agar 

well diffusion assay controls, which had 10% dimethyl 

sulfoxide and 0.05% Tween-80, did not have an 

inhibition zone. CHX, on the other hand, had much 
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Table 1: Results of GC-MS analysis of Z. clinopodioides EO. 

Peak R. T Area% MW MF CAS# Compound name 

1 4.16 1.643 100 C6H12O 928-96-1 3-Hexen-1-ol, (Z)- 

2 4.395 1.254 136 C10H16 7785-70-8 1R-α-Pinene 

3 5.423 6.278 136 C10H16 18172-67-3 L-β-pinene 

4 
6.217 0.045 136 C10H16 99-86-5 

1,3-Cyclohexadiene, 1-

methyl-4-(1-methylethyl)- 

5 6.289 0.191 130 C8H18O 589-98-0 3-Octanol 

6 6.434 1.882 136 C10H16 5989-27-5 D-Limonene 

7 6.827 9.883 154 C10H18O 470-82-6 Eucalyptol 

8 7.08 0.319 136 C10H16 99-85-4 γ-Terpinene 

9 7.55 0.015 136 C10H16 586-62-9 Terpinolen 

10 8.034 0.402 154 C10H18O 78-70-6 Linalool 

11 9.033 0.232 154 C10H18O 89-79-2 L-isopulegol 

12 9.208 1.006 156 C10H20O 491-01-0 Neomenthol 

13 9.361 5.259 154 C10H18O 10458-14-7 p-Menthan-3-one 

14 9.584 29.85 156 C10H20O 2216-51-5 Menthol 

15 
10.373 0.083 170 C10H18O2 53404-49-2 

Bicyclo(3.1.1)heptane-2,3-

diol, 2,6,6-trimethyl 

16 10.956 2.161 198 C12H22O2 20777-45-1 Isomenthol acetate 

17 11.222 10.533 150 C10H14O 6485-40-1 (-)-(R)-Carvone 

18 11.782 1.719 150 C10H14O 499-75-2 Carvacrol 

19 13.852 0.057 204 C15H24 483-76-1 δ-Cadinene 

20 13.943 0.083 154 C10H18O 562-74-3 4-Terpinenol 

21 14.078 0.126 154 C10H18O 10482-56-1 α-Terpineol 

22 15.164 0.287 222 C15H26O 511-67-1 Epiglobulol 

23 15.885 0.075 220 C15H24O 1139-30-6 Caryophyllene oxide 

24 16.126 0.054 220 C15H24O 1139-30-6 β-Caryophyllene oxide 

Area%: Compound percentage; CAS#: Registry number; MW: Molecular weight (g/mol); MF: Molecular 

formula, R. T: Retention time 

bigger inhibition zones: 21.51 ± 1.0 mm for S. mitis, 

18.89 ± 0.9 mm for S. sanguinis, 19.61 ± 0.6 mm for S. 

oralis, and 16.38 ± 1.4 mm for the three species 

together. CHX generally had a larger inhibition zone 

than the tested EO, as shown in Table 2. 

MIC and MBC evaluation of Z. clinopodioides EO 

against the bacterial strain 

The broth macro dilution method was used for the 

evaluation of the MICs of Z. clinopodioides EO against 

bacterial strains, which were 2.34 µL/mL for S. oralis 

and S. mitis, but 6.25 µL/mL for S. sanguinis and the 

three species together. The MBCs, illustrated in Figure 

3, were 4.68 µL/mL for S. oralis and S. mitis; however, 

12.5 µL/mL for S. sanguinis and the three species, as 

shown in Table 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Antibiofilm properties of Z. clinopodioides EO 

The tube assay results showed that Z. clinopodioides EO 

affected how bacteria stuck to surfaces and formed 

biofilms. The amount of violet crystal deposition on the 

inner tube surfaces was used to measure biofilm 

formation. Darker staining meant that there was more 

biofilm present. The oil significantly affected biofilm 

production, even at the lowest concentration tested. The 

oil decreased biofilm adherence at its MIC, showing 

weak activity against S. sanguinis and moderate 

inhibitory effects on S. mitis, S. oralis, and the three 

species. In contrast, 0.12% CHX completely stopped 

biofilm growth for S. sanguinis and S. oralis. The 

negative control tubes, which only had bacterial 

inoculum in MHB, showed a lot of biofilm buildup, as 

shown in Table 4 and Figure 3. 
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Table 2: Mean and standard deviations of inhibition zones and p-values of CHX and Z. clinopodioides EO at different 

concentrations against S. mitis, S. sanguinis, S. oralis, and the three species together. 

 

Figure 2: Antibacterial susceptibility with different concentrations (30%, 40% and 50%) for Z. 

clinopodioides EO by agar well diffusion method against (A) S.mitis, (B) S. oralis, (C) S.sanguinis, and 

(D) the three species together. Z30: Z. clinopodioides 30%, Z40: Z. clinopodioides 40%, Z50: Z. 

clinopodioides 50%, CHX: Chlorohexidine 0.12% 

 

The t-test was used for comparisons, and p  0.05 was considered statistically significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oil% 

Inhibition zone (S. mitis) Inhibition zone (S. sanguinis) 

Z. clinopodioidesEO CHX0.12% p-value Z. clinopodioidesEO 
CHX0.12 

% 
p-value 

30% 9.55±1.0 21.77±1.0 0.00    

40% 13.77±3.3 21.0±1.0 0.02 8.92±0.8 18.24±0.2 0.00 

50% 17.99±1.7 21.77±1.0 0.03 9.88±0.5 19.55±1.6 0.001 

 Inhibition zone (S. oralis) Inhibition zone (three species) 

30% 7.0±1.0 20.33±0.8 0.00    

40% 7.99±1.3 18.51±0.4 0.00 7.8±0.4 16.44±1.3 0.00 

50% 8.32±0.3 19.99±0.6 0.00 8.92±1.5 16.33±1.5 0.004 

A B 

C D 
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Figure 3: A, B, C, and D: Broth macro dilution method to determine MIC values,  E, F, G, and H: Agar 

culture method to confirm MBCs and I, J, K, L: Qualitative antibiofilm assay using the tube method to 

assess the anti-biofilm activity of a two-fold dilution series of Z. clinopodioides EO on S. sanguinis, S. 

oralis, S. mitis, and the three species together, respectively. 

 

Table 3: The MIC and MBC values of Z. clinopodioides EO on bacterial strains.

Bacteria 
Z. clinopodioides EO 

MIC MBC 

S. oralis 2.34 µL/mL 4.68 µL/mL 

S. sanguinis 6.25µL/mL 12.5µL/mL 

S. mitis 2.34µL/mL 4.68µL/mL 

Three species together 6.25µL/mL 12.5µL/mL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                 

 

 

 

                      Table 4: Qualitative biofilm formation of the Z. clinopodioides EO. 

Bacteria Z. clinopodioidesEO 
CHX (positive 

control) 

MHB (negative 

control) 

S. oralis ++ 0 +++ 

S. sanguinis + 0 +++ 

S. mitis ++ + +++ 

Three species 

together 
++ 0 +++ 

 

A 

B F 
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C G 

H D 

A 
AI 
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Discussion 

Periodontitis is a complicated inflammatory disease 

with multiple contributing factors. One of the most 

critical factors that affects the development and 

progression of periodontal disease is an increase in the 

number of pathogenic bacteria in dental biofilm, which 

triggers a massive immune response28. The current study 

displays that Ziziphora EO prevents growth and lessens 

biofilm development of primary colonizers such as S. 

sanguinis, S. mitis, and S. oralis. These strains are the 

essentials and form the base for the attachment of 

secondary colonizers, “red-complex” bacteria, linking 

initial colonization to periodontal disease progression1,4. 

Natural EOs could contribute to biofilm control within 

preventive approaches by targeting these initial 

colonizers. 

Using this natural product as a preventive or therapeutic 

agent is a good alternative to chemical and traditional 

antibacterial agents that have many adverse effects, such 

as tooth discoloration, taste alterations, burning 

sensations, and the emergence of bacterial 

resistance29,30. This in vitro study evaluated the 

antibacterial and antibiofilm effectiveness of Z. 

clinopodioides EO against primary biofilm colonizers, 

specifically S. oralis, S. mitis, and S. sanguinis, obtained 

from ATCC. The GC-MS analysis was used to 

determine the main compounds of the Z. clinopodioides 

EO, namely menthol (29.85%), (R)-Carvone (10.533%), 

Eucalyptol (9.883%), which enhance the Z. 

clinopodioides EO bioactivity as antibacterial and 

antibiofilm agent. Lamiaceae species are recognized for 

membrane-active monoterpenes that escalate cell-

membrane permeability and can harm 

exopolysaccharide production and bacterial quorum 

sensing16,17. The detected growth inhibition zones and 

qualitative antibiofilm are consistent with such 

properties. 

The findings demonstrated that Z. clinopodioides EO 

exhibits antibacterial efficacy against bacterial strains, 

as assessed by agar well diffusion and broth macro 

dilution techniques, with a significant difference in the 

average diameter of the inhibitory zone at various doses 

of Z. clinopodioides EO. Therefore, it may be stated that 

clarifying the impact of the oil increases with higher 

concentration. The comparison of the inhibition zone of 

Z.clinopodioides EO with that of a positive control 

group revealed that bacterial growth in the presence of 

chlorhexidine (CHX) was lower than that of Z. 

clinopodioides EO at concentrations of 30%, 40%, and 

50%, for S. oralis, and S. mitis, 40%, and 50%, for S. 

sanguinis, and three species together. Moreover, the Z. 

clinopodioides EO exhibited diminished efficacy 

against the three bacterial strains collectively, when 

bacteria grow together, forming a polymicrobial, more 

complex, and more protective biofilm that may 

minimize the antibacterial effect of the EO31. 

In the present study, the EO demonstrated 

bacteriostasis/bactericidal effects, with mean MICs of 

2.34 µL/mL for S. oralis and S. mitis, and 6.25µL/mL 

for S. sanguinis, and the polymicrobial mixture, MBCs 

were 4.68 and 12.5 μL/mL, respectively. The three-

species mixture and S. sanguinis's higher MIC/MBC 

compared to the other two strains are due to intrinsic 

differences in the sensitivity and protective influence of 

the polymicrobial community. Antimicrobial tolerance 

in mixed communities can be enhanced by metabolic 

cooperation, physical shielding, and changed gene 

expression31. These results highlight the necessity of 

testing potential treatments in multispecies models that 

more closely resemble clinical plaque in addition to 

single strains.    Other investigators reported a MIC 

against other non-oral pathogens that was equivalent to 

3 µg/mL, 67 µg/mL, 33 µg/mL, 33 µg/mL, and 67 

µg/mL for Escherichia coli, Klebsiella pneumoniae, 

Staphylococcus aureus, Pseudomonas aeruginosa, and 

Salmonella enterica Typhi, respectively18. However, no 

previous studies on periodontal pathogens were 

available to compare with the current findings.  

The discrepancies in MIC values documented by 

various studies across regions are primarily linked to the 

chemical composition and concentration of active 

constituents in essential oils, which are substantially 

affected by plant genotype and environmental factors, 

including geographical conditions, soil properties, 

temperature, harvesting season, and, importantly, the oil 

extraction technique. Additionally, other factors may 

influence the MIC values, including variations in 

antibacterial testing methodologies, such as the 

formulation of the growth medium, incubation 

parameters, and the emulsifying agents or solvents 

utilized, which may modify the bactericidal efficacy of 

the essential oils. Furthermore, variations in the cell wall 

architecture across various strains of the same bacterial 

species may also affect MIC outcomes32.Moreover, Z. 

clinopodioides EO demonstrated antibiofilm efficacy 

against bacterial strains, as assessed by the qualitative 

tube method.  Methods interrupting any stage of biofilm 

formation may be beneficial in treating biofilm-related 

periodontal diseases33. 

The analysis of the results showed that Z. clinopodioides 

EO had a weak antibiofilm effect against S. sanguinis; 

however, it had a moderate antibiofilm effect against S. 

mitis, S. oralis, and the three species together. Several 

studies reported the antibiofilm potential of Z. 

clinopodioides EO34,35; however, no previous 

investigation has demonstrated the antibiofilm activity 

of the Z. clinopodioides EO on periodontal pathogens. 
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The present study offers significant findings into the 

antibacterial and antibiofilm effectiveness of Z. 

clinopodioides EO against primary biofilm colonizers 

using ATCC bacterial strains. As anticipated, 0.12% of 

CHX inhibited biofilm formation totally and performed 

better than EO. The gold standard CHX remains the 

clinical standard10. Concerns regarding ecological 

effects on the microbiome, tooth discoloration, taste 

disruption, and mucosal irritation may limit the long-

term use of CHX. For these reasons, there is interest in 

botanical adjuncts that may enable dose-sparing or 

intermittent use. 

However, certain limitations should be acknowledged. 

Standard laboratory strains may not represent the 

phenotypic diversity, resistance mechanisms, or 

biofilm-forming abilities of clinical or environmental 

isolates. Furthermore, the in vitro experimental 

framework does not replicate the intricate biological 

environments found in vivo, where aspects such as host 

immune responses, nutritional gradients, and surface 

properties can significantly influence biofilm formation 

and antimicrobial efficacy. Further research is required 

regarding the activity of the Z. clinopodioides EO 

against other oral bacteria, especially periodontal 

pathogens, and additional investigation about the active 

compounds of Z. clinopodioides extracts in different 

places and seasons. 

 

Conclusion 

Z. clinopodioides EO, abundant in menthol, (R)-

Carvone, and other monoterpenes, demonstrated 

antibacterial and antibiofilm effectiveness against key 

primary colonizers such as S. sanguinis, S. oralis, and S. 

mitis. However, it was still less effective than 

chlorhexidine.  
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Abstract 

Objective: Investigate the biomechanical impacts of various attachment designs on second molar uprighting, identify optimal 

geometry, and provide clinical guidelines for clear aligner treatment following first molar loss. 

Methods: This in vitro study was conducted by using 3D-printed dental models with mesially tilted second molars. Five groups were 

designed based on attachment geometry: one without attachment, horizontal, inclined attachment, twin alternative, and two vertical. 

Clear aligners were fabricated and applied to each model to deliver uprighting forces. Pre- and post-treatment tooth positions were 

measured to a fixed reference point by using CBCT, and changes in mesiodistal inclination, buccolingual inclination, vertical, and 

mesiodistal distances were recorded. Statistical analysis was performed using the Kruskal-Wallis test followed by pairwise comparisons 

to identify significant differences among groups.  

Results: The inclined attachment produced the greatest uprighting effect in mesiodistal inclination, indicating superior molar control 

compared to other geometries. Minimal buccolingual inclination change was observed in the single horizontal and inclined groups, 

while twin-type attachments showed greater deviation. Vertical positioning was largely maintained across groups, with no statistically 

significant differences. Mesiodistal distance varied between attachment types, with inclined and horizontal designs showing the greatest 

reduction. Overall, attachment geometry demonstrated measurable effects on molar movement across multiple dimensions. 

Conclusions: The inclined attachment showed better performance in second molar uprighting compared with single horizontal, twin, 

and two vertical attachments. Attachment geometry significantly influences molar control. 

Keywords: Clear Aligner; Attachment Geometry; Orthodontic Tooth Movement and Biomechanics. 
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Introduction 

Clear Aligner Treatment (CAT) is a method for 

straightening the teeth by using transparent, custom-

made plastic aligners. The aligners move the teeth into 

the intended position by gradually exerting gentle 

force1. Among the benefits of CAT are virtually 

invisible braces that are comfortable to wear and 

detachable for brushing and eating, and this results in 

more hygienic treatment as compared to fixed 

orthodontics. This allows CAT to be utilized in treating 

a vast array of orthodontic issues2.  

The first permanent molars are highly prone to dental 

caries, which often results in their premature loss. The 

early loss of first molars in isolation is a prevalent issue 

globally, affecting from 8% to 21% of the population, 

with this variation reflecting differences in the age 

groups, populations studied, and other methodological 

variables3. This occurrence is likely due to  these teeth 

being the first to emerge in the posterior of the mouth 

and can be attributed to enamel developmental issues 

such as molar incisor hypomineralization. The 

prevalence of this condition ranges from 2.4% to 

40.2%4,5. As a result of this extraction, the second molar 

will tip to the extraction space. This condition is 

frequently observed in adults who are seeking 

orthodontic treatment and is linked to occlusal 

interference, periodontal issues, and difficulties in 

rehabilitating the edentulous area6. This tilting happens 

because of the loss of mesial support of the tooth, and it 

drifts forward under occlusal and eruptive forces, as the 

crown moves mesially and the root remains in distal. 

The degree of tipping may differ between patients 

depending on factors such as the timing of molar loss 

relative to second-molar eruption, the amount of 

available space, and the magnitude of functional and 

occlusal forces7. Furthermore, with the introduction of 

high-tech appliances, anchorage devices, and improved 

patient awareness of the risks associated with 

maxillofacial surgery, treating complex situations with 

orthodontic treatment has become more difficult in 

recent years8. 

Some drawbacks to conventional fixed orthodontic 

treatment for molar uprighting include the tilted molar's 

extrusion, unintended reciprocal movement of the 

anchorage units, the requirement for large appliances, 

and lengthier treatment times9.  Another drawback of 

fixed orthodontic treatment is the development of white 

spot lesions around orthodontic attachments. In contrast, 

removable appliances such as clear thermoplastic 

aligners are easily removed, allowing patients to 

practice oral hygiene comfortably. Since patients do not 

experience any obstructions from brackets, bands, or 

arch wires, they may prevent their oral hygiene from 

deteriorating10. 

Some aligner systems use resin-bonded attachments. 

Attachments have been used to make sure that the 

appliance remains steady in its place on the teeth and to 

enhance CA's capability to perform certain movements 

that would otherwise be impossible. Unpredictable 

movements consist of rotation of round-shaped teeth 

(from an occlusal perspective), extrusion of teeth, and 

retention of aligners in those cases where teeth are short 

or do not have enough undercut. Only minimal tooth 

movement can be obtained when bonded attachments 

are absent from an aligner system11. 

Clear aligners are indicated to correct inclinations of the 

teeth to their normal position, movement that is 

considered difficult unless the correct attachment is 

used. Recent studies have focused on anterior teeth, and 

suitable attachment for correcting tilted second molars 

is controversial12. A limited number of researchers have 

explored the possibility of molar uprighting with clear 

aligners. For example, a recent case report described 

uprighting and protraction of a mandibular second molar 

using a dual approach that integrated aligners with an 

auxiliary cantilever arm, resulting in successful crown 

and root movement with high accuracy13.  

Systematic reviews highlight that attachments improve 

the effectiveness of aligners for specific movements, 

like mesiodistal tipping, root torque, and intrusion but 

their specific role in posterior uprighting has not been 

conclusively validated, showing the need for further 

investigation11. The objective of this study is to find the 

most suitable and efficient attachment geometries to 

correct this malocclusion with clear aligners. 

 

Materials and methods 

Preparing the typodont for this study began with the 

digital scanning of a standard typodont using the 

Shining 3D® Aoralscan 3™ intraoral scanner. This 

scanner, operated through the DentalOrder software, 

produced a high-quality OBJ file representing the initial 

morphology of the standard typodont model. (Figure 

1:A). The scan was subsequently transferred into the 

MEDIT™ software version 3.0 (Medit Corp., Seoul, 

South Korea) to generate a digital working cast. In this 

digital working cast, the lower left molar region was 

eliminated. (Figure 1:B)   

The digital working cast was then imported into 

Blender™ software version 3.6 LTS (Blender 

Foundation, Amsterdam, Netherlands), a 3D modeling 

software, to further prepare it for experimental use. In 

Blender, a supporting box structure was placed in the 

area of the missing molars, with dimensions sufficient 

to stabilize the addition of future components; the 

dimensions were w:14 mm, L:30 mm and H:19 mm12. 

Nine small wells of 2 mm × 2 mm × 2 mm were designed 

within the large box wall, four of them in the sagittal 

plane and four in the coronal plane, and one at the 
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intersection of the two planes. (Figure 1:C). The aim of 

these cubes was to serve as radiographic reference 

markers during the study. This arrangement is necessary 

for comparing data from before and after the experiment 

in a scientific way. Following finalization of the digital 

design, the model was printed using a high-precision 

Microlay 3D printer with layer thicknesses of 100 

microns using KeyModel Ultra™ dental model resin 

(Keystone Industries, USA). (Figure 1:D)  

The first physical printed model was then used to make 

the typodonts. The spaces of the nine small cubes were 

filled with flowable composite— Esflow® (Spident Co., 

Ltd., Incheon, South Korea). Composite placement was 

done carefully to avoid gaps, and polymerization was 

performed using a Wiscure-1S+™ (Wismed, China) 

light-curing unit, ensuring the reference points remained 

fixed and visible under CBCT imaging. (Figure 2:A). 

Then typodont wax was used to fill the supporting box, 

serving as a base for seating a mandibular second molar 

tooth. After that, aluminum-based tooth was used in the 

study because this material has the ability to minimize 

scattering artifacts during CBCT imaging15. The tooth 

was manually positioned within the wax at an angle of 

30 degrees to the horizontal reference plane, 

representing a typical malposition often encountered in 

clinical orthodontics in cases with early extraction of the 

permanent lower first molar16. (Figure 2:B)   

Taking initial records  

A Cone Beam Computed Tomography (CBCT) scan 

was taken to serve as the initial reference for evaluating 

the spatial relationship between the tilted mandibular 

second molar and the composite-filled reference cubes. 

The imaging was taken by using the VATECH® Pax-

i3D™ CBCT (VATECH Co., Ltd., Korea) unit, 

operated through its default software, Ez3D-I™ 

(VATECH Co., Ltd., Korea), which manages image 

acquisition and reconstruction. The field of view of this 

machine is 100 mm in diameter and 85 mm in height, 

and the exposure parameters were 94 kVp and 7.4mA. 

Low-dose mode was selected with a voxel size of 0.2 

mm, which gave enough spatial resolution for our study. 

The DICOM data obtained from this exposure was used 

to assess the spatial position of the molar with the fixed 

coordinates of the reference cubes in terms of 

mesiodistal inclination, buccolingual inclination, and 

mesiodistal and apicogingival. The furcation point and 

the long axis of the tooth were used to make these 

calculations.  (Figure 3) 

 

 

Duplication of the typodont 

After carefully inspecting the CBCT of the first 

typodont and confirming that the tooth lay on the same 

plane as the reference point, we started the process of 

making a new typodont. A new scan of the first typodont 

was obtained using the same scanner that was mentioned 

earlier. Using this scan, a rigid guide was created to 

precisely place the tooth in the same spatial location in 

the new typodonts. Additionally, the clear aligners were 

made using this same scan. (Figure 4:A) 

 The OBJ file was imported into the RealGUIDE™ 

software version 5.4 (3DIEMME S.r.l., Italy) program, 

where two guides were designed with different paths of 

insertion: one from the mesio-buccal direction and the 

other from the disto-lingual direction. This two-guide 

method makes sure that the teeth are in the right place 

with great accuracy and stability. (Figure 4:B)  

The STL files of the guides were imported and printed 

using the MicroForm™ software (Microlay S.L., Spain) 

with Dentona® Surgical Guide Resin (Dentona GmbH, 

Dortmund, Germany) on the Microlay® Versus 365™ 

printer (Microlay S.L., Spain), configured at a 100-

micron layer thickness17. (Figure 4:C)   

After printing, the guides were washed in 96% ethanol 

for 3 minutes for two cycles using the Anycubic™ wash 

and cure (Anycubic Technology Co., Ltd., Shenzhen, 

China) to remove excess resin. They were then post-

cured in the same machine for 10 minutes to ensure 

complete polymerization and eliminate any residual 

monomers. Using the KeyModel resin and Microlay 

printer, 14 additional typodonts were printed. With the 

aid of the surgical guide, the tooth was accurately 

positioned in each new typodont, replicating the spatial 

position of the tooth in the original model. New CBCT 

scans had been taken of the new typodont to make sure 

that the teeth were in the same place as they were in the 

original one. (Figure 4:D)  

Making Clear Aligners 

The same scan used for surgical guide fabrication was 

imported into Maestro 3D™ software version 5.1 (AGE 

Solutions, Italy) to design a series of clear aligners 

incorporating various attachment geometries. During 

the base detection process, the supporting box was 

removed to facilitate the thermoforming process. This 

adjustment was necessary to eliminate a large undercut 

adjacent to the tooth, which could adversely affect the 

adaptation and fit of the thermoformed aligner sheets. 
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In the virtual setup, the mandibular second molar was 

initially inclined at 30° relative to a reference line 

parallel to the occlusal plane. The treatment aim was to 

reduce the inclination from 30° to 5°  with the occlusal 

plane because, according to Andrews' Six Keys of 

Occlusion, the gingival portion of the tooth is distal to 

the occlusal portion18. The treatment plan required a 

total uprighting of 25°. The software automatically 

segmented this movement into 10 stages, each 

corresponding to a 2.5° increment per aligner. 

Five distinct series of aligners were developed, each 

featuring a different attachment configuration: 

1- Control group—no attachment. (Figure 5A&5B) 

2- Horizontal rectangular attachment—A single 

attachment measuring 3 × 2 × 1 mm (length × height × 

thickness)19. (Figure 5C&5D)  

3- Alternative twin horizontal attachments—The same 

horizontal rectangular attachment was divided into two 

equal parts and spaced 3 mm apart19. (Figure 5E&5F). 

4- Vertical twin attachments—Two vertical rectangular 

attachments, each measuring 2 × 3 × 1 mm 20.  (Figure 

5G&5H) 

5- Inclined attachment—A single rectangular 

attachment (3 × 2 × 1 mm) placed at a 45° angle to the 

occlusal plane21. (Figure 5I&5J) 

Each series of aligners was printed in triplicate (n = 3) 

to establish sample size. 12 KeyModel resin (Keystone® 

Industries, USA) was used in conjunction with the 

Microlay Microlay® Versus 365™ printer, configured 

to a 100 µm layer thickness. Post-processing followed 

the same protocol previously described: washing in 96% 

ethanol for two cycles of 3 minutes using an Anycubictm 

washer, followed by curing for 10 minutes in the 

Anycubictm UV chamber22. 

Thermoforming was conducted using CA® Clear 

Aligner sheets (Scheu-Dental GmbH, Germany) and a 

Biostar® IV thermoforming unit. The Scheu company 

recommends using 30s of heating and then 60s of 

cooling with the initial temperature to achieve the best 

fitness of the aligner on the 3D-printed models. Then 

manual trimming and polishing were done on the 

thermoformed aligners about 2 mm below the gingival 

line to enhance retention of aligners on the models 

during the study23.  

Using the Aligners  

Maestro 3D™ software (AGE Solutions, Italy) labels 

the first aligner as the template aligner (T1), which helps 

to place the attachments on the typodont. After checking 

the proper fitness of the template on the typodont, a 

separating medium was applied to the inner surface of 

the template to facilitate the removal of the template 

after cutting the attachment composite similarly to 

protocols in indirect bonding procedures24. At the same 

time, acid etch and bonding were applied to the tooth 

surface. The attachment cavity within the template was 

then filled with a PALFIQUE LX5™ (Tokuyama Dental 

Corp., Japan)21. The template was used to transfer the 

uncured composite onto the typodont, where a curing 

light was used to cure the material. 

Following attachment placement, Aligner No. 1 was 

fitted onto the typodont. The assembly was then 

immersed in a water bath at 50°C for 90 seconds, as 

recommended by the manufacturer of the typodont wax, 

to allow controlled tooth movement. After immersion, 

the typodont was removed from the bath and left at room 

temperature for five minutes to allow for cooling and 

stabilization of the wax. This thermal cycle was repeated 

for each subsequent aligner in the series. After 

application of aligners, a new CBCT was taken to 

evaluate the movements and new position of the tooth 

with the reference points.   

Statistical Analysis  

Data analysis was performed using SPSS® version 25 

(IBM Corp., Armonk, NY, USA). Group differences 

were assessed using the Kruskal–Wallis test, followed 

by Dunn’s post hoc test with Bonferroni correction. 

Statistical significance was set at p ≤ 0.05. 

  

Results 

For mesiodistal inclination changes, all groups showed 

different amounts of uprighting capacity, reflecting the 

attachment geometry. The pretreatment angle between 

the long axis of the tooth and the reference plane was 

60°. The inclined attachment demonstrated the most 

pronounced effect, 79.5° (78.4°-80°), as in figure 6A, 

followed by the single horizontal 74.1° (73.2°-74.8°), 

alternative twin 68.8° (68.4°-69.2°), and twin vertical 

64.9° (64.6°-66.1°) groups. The group without 

attachments, also known as control group, showed least 

increase, 66.1° (65.7°-66.4°). A Kruskal–Wallis test was 

done and showed significant difference among groups 

statistically (H = 14.03, p = 0.015). Then, a post hoc test 

was done and revealed that the inclined group was 

significantly different statistically from the control 

(adjusted p = 0.026), suggesting that this attachment 

geometry was the most effective in mesiodistal 

uprighting (see table 1).  
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Figure 1: A: First scan of the standard typodont, B: Using Medit model builder to create 

a model with removing the lower left molar region, C: Virtual typodont after adding 

supporting box, D: First physical model. 

 

 

A B 

D C 

 

Figure 2: A: Physical model after filling the small cubes with flowable composite, B: 

Physical model after adding typodont wax and aluminum-based tooth. 

 

A 
B 

For buccolingual inclination, the single horizontal 87.4° 

(86.4°-88°), inclined 89.5° (86.7°-89.6°), and no-

attachment 86.7° (86.3°-87.1°) groups remained close to 

baseline, whereas the alternative twin 78.2° (75.7°-

81.7°), as in figure 6B, and twin vertical 76.1° (74.7°-

77.7°) groups exhibited greater buccal tipping. The 

overall Kruskal–Wallis test showed a significant 

difference between groups (H = 10.57, p = 0.032), 

suggesting that twin-type attachments might cause more 

unwanted movement of the teeth from side to side (see 

table 1).  

Regarding vertical distance, the alternative twin group 

showed the largest reduction among all the groups 12.3 

(12.1-12.4 mm), while the inclined  attachment 13 (12.9-

13.1 mm), single horizontal 13(12.9-13.35 mm), twin 

vertical 13 (12.85-13.1 mm), and no-attachment 13.13 

(12.9-13.35 mm) groups showed moderate change as in 

figure 6C.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

But the Kruskal–Wallis test showed no significant 

differences among groups (H = 7.51, p = 0.111) (see 

table 1). 

In terms of mesiodistal distance, the pre-treatment 

baseline was 15.60 mm. The inclined  attachment13.6 

(13.4-13.7  mm) and single horizontal 13.73 (13.3-13.8 

mm) groups showed the greatest reductions, while the 

twin vertical 15.27 (15.1-15.5 mm) and alternative twin 

14.8 (14.75-15 mm) groups maintained values closer to 

baseline. The control group showed a mean of 15.07 

(15-15.15mm) as in figure 6D. The Kruskal–Wallis test 

revealed a significant difference across groups (H = 

11.39, p = 0.023), although no pairwise comparison 

remained statistically significant after Bonferroni 

adjustment (see table 1). 
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Figure 3: Initial records from CBCT A: Sagittal plane, B: Coronal plane. 

 

 

B A 

 

Figure 4: A: OBJ file of first typodont  B: Virtual design of guides in REALguide C: Guides ready for 

print D: Tooth has been placed with help of surgical guide. 
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Figure 4: A: Without attachment buccal view, B: Without attachment occlusal view, C: 

Single horizontal buccal view, D: Single horizontal occlusal view, E: Alternative twin 

attachments buccal view, F: Alternative twin attachments occlusal view, G: Vertical 

twin attachments buccal view, H: Vertical twin attachments occlusal view, I: Inclined 

attachment at 45o to occlusal surface buccal view, L: Inclined attachment at 45o to 

occlusal surface occlusal view. 
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Table 1: Average change in tooth position. 

Type of 

attachment 

Change in 

Mesiodistal 

inclination 

Change in 

buccolingual 

inclination 

Change in vertical 

distance 

Change in mesio-

distal distance 

Post-test 

readings 

Average 

change 

Post-test 

readings 

Average 

change 

Post-test 

readings 

Average 

change 

Post-test 

readings 

Average 

change 

No 

attachment 

66° 6° 86.7° 0.2° 13.13 mm 1.47 mm 15.07 mm 0.53 mm 

Single 

horizontal 

rectangle 

74° 14° 87.1° -0.2° 13.00 mm 1.6 mm 13.73 mm 1.87 mm 

Inclined 

attachment 

79° 19° 87.9° -1° 13.27 mm 1.33 mm 13.60 mm 2 mm 

Twin 

alternative 

68.8° 8.8° 78.2° 8.7° 12.30 mm 2.3 mm 14.87 mm 0.73 mm 

Two vertical 

rectangular 

attachments 

65.4° 5.4° 76.2° 10.7° 13.00 mm 1.6 mm 15.27 mm 0.33 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: A: Change in mesiodistal inclination by using single oblique rectangular attachment, B: Change in 

buccolingual inclination by using twin alternative attachment, C: Change in vertical distance in control 

group(without attachment), D: Change in mesiodistal distance in control group (without attachment). 
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Discussion 

This in vitro study looked into how varied attachment 

geometries affected the uprighting of second molars in 

clear aligner therapy. Even though our study has its own 

limitations, the study showed that simple attachment 

geometries like single horizontal rectangular and single 

inclined at 45 degrees to the occlusal plane can act better 

as compared to complex geometries like alternative twin 

and double vertical attachments. The findings from the 

study can help orthodontists and clear aligner 

technicians to select simple and effective attachments 

during planning. 

The results of this in vitro study showed that single 

attachments were achieving better results in terms of 

uprighting a tilted lower second molar as compared to 

other attachment configurations, like twin vertical and 

twin horizontal attachments, as well as the control group 

without attachments. This result shows that the presence 

of attachments, as well as their shape and direction, are 

crucial factors in determining how well force is 

transmitted through clear aligners21.  

One of the reasons why single attachments work better 

is that they are easier to make and are more likely to 

contact the aligner material during treatment. A single 

horizontal attachment gives the force system a wide, 

uniform surface that makes sure it always makes contact 

with the aligner. This makes the force system more 

predictable25. Also, a single  inclined attachment at 45 

degrees to the occlusal plane can make a vector of force 

that facilitates the efficiency of the attachment to an 

upright tilted molar by combining horizontal and 

vertical force components26.  

The less useful twin attachment designs, on the other 

hand, may be due to several things that affect each other. 

Constructed complex object shapes like twin 

attachments are more likely to be inaccurate during the 

3D printing and thermoforming steps. Even a small 

deviation in the attachment's size or location can have a 

large effect on how well it fits and the direction of 

force27. This is important because thermoforming at 

high temperatures can cause small changes in the shape 

and thickness of the material. These small changes in the 

attachment position and the planned position can add up 

over the course of treatment and cause a clinically 

significant error, which leads to poor performance of the 

attachments28.  

Furthermore, when placing composites, templates with 

two attachment cavities may not seat properly because 

they are more rigid or have undercut areas. This makes 

it harder to make sure that the template fully adapts to 

the orthodontic appliance or natural teeth. As a result of 

incomplete seating, attachments may move or become 

distorted, which makes their effective engagement with 

the aligner even worse. On the other hand, single 

attachments are easier to seat correctly because there is 

less chance of template rocking or incomplete 

adaptation29.  

From the point of view of biomechanics, single 

attachments may also make vector distribution simpler. 

When two attachments are used together, they might 

create opposing force vectors that hide the original 

purpose of the vectors at the same time. Twin 

attachments can also induce torque and moments that tilt 

the tooth lingually. This could weaken the effective 

moment arm needed to straighten a tilted molar or lead 

to off-axis moves that make the force system less 

effective26.  

In the end, how well the attachment composite and 

aligner material work together depends on the properties 

and limitations of both materials. For example, if the 

attachment composite does not cure properly or bond 

well to the tooth, it may lead to inaccuracy of fitting and 

transmitting correct vector of force. In this study, 

although a nano-hybrid composite (PALFIQUE LX5) 

was used, even with its outstanding strength, it still can 

be affected by the angle and strength of the curing light, 

which make it harder to control when attachments are 

more complex27.  

Additionally, the thermoforming process itself can be a 

source of issues affecting the reliability of complex 

attachment geometries. During this process a heated 

aligner material is molded onto the 3D-printed models. 

Complex or large attachments require the thermoplastic 

to stretch further and conform more to replicate the 

attachment shape28. However, this increased 

deformation introduces multiple risks. First, the material 

reduces in thickness, and this localized thinning can 

reduce the mechanical stiffness of the aligner in critical 

zones30. Second, the sharper the attachment design, the 

more likely it is to cause material bridging, a 

phenomenon where the aligner fails to contact the 

attachment surface fully, creating a void or a gap31. 

Third, increased surface complexity may result in 

variability in heating and cooling rates across the sheet 

during thermoforming, which can induce internal 

stresses and micro-deformations in the material. All 

these features make it harder for the aligner to fit well 

with complicated shapes, especially when compared to 

simpler shapes like single horizontal or inclined 

attachments. In both clinical and experimental 

situations, even minor errors in thermoforming can lead 
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to accumulated inaccuracies in tooth movement, which 

consequently affects the overall efficacy and 

predictability of the treatment.  

The findings of this study are comparable to those 

reported in previous research and are consistent with the 

existing literature17. This agreement supports the 

reliability of the results and indicates that the outcomes 

are in line with established evidence. 

 

Conclusion 

The efficiency of different attachment geometries on 

uprighting the second molar with clear aligner treatment 

was assessed using four outcome measures: mesiodistal 

inclination, buccolingual inclination, vertical distance, 

and mesiodistal distance. This study supports the idea 

that simpler attachment shapes are not only easier to 

make but also more effective in clinical use, as they help 

apply force more consistently. To better understand 

these effects, future research could use finite element 

analysis or in vivo studies to explore how attachment 

shapes influence molar uprighting in real clinical 

settings. 
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Abstract 

Objective: The increasing emphasis on esthetic outcomes and patient-centered care has significantly shaped clinical decisions in 

restorative dentistry. This study investigates how dentists’ knowledge and professional experience influence treatment choices in 

various restorative scenarios. 

Methods: A questionnaire was distributed to general dentists and specialists in Kurdistan Region of Iraq. It assessed treatment choices 

in restorative scenarios and gathered demographic data. Statistical analysis examined links between clinical decisions and factors like 

gender, experience, and specialization.  

Results: The results revealed significant differences in treatment choices based on gender and experience. Male dentists were more 

likely to choose root canal therapy and place posts, while females showed a greater tendency toward conservative treatment options. 

More experienced dentists preferred full crowns for severely damaged teeth, whereas less experienced ones were more likely to opt for 

direct restorations. Additionally, most practitioners discussed esthetic decisions, such as veneer shade, with patients, and the majority 

favored implants over bridges for replacing missing teeth.  

Conclusions: These findings highlight the influence of demographic and professional characteristics on clinical decision-making in 

restorative dentistry. Knowledge, and experience contribute to differing approaches in treatment planning, reflecting a balance between 

technical knowledge and evolving trends in patient-centered, esthetically driven care. 
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Introduction 

Clinical decision-making is at the core of dental 

practice, influencing treatment choices that impact long-

term patient outcomes. In restorative dentistry, these 

decisions require a balance between scientific evidence, 

clinical expertise, and patient preferences. Dental 

professionals who have acquired information and 

possess a sense of autonomy over their oral health are 

more inclined to engage in self-care practices1. 

Medical decision-making in healthcare has evolved 

from a physician-centered approach to a more 

collaborative process, integrating patient preferences 

and clinical expertise2. This shift is particularly relevant 

in dentistry, where treatment outcomes depend on both 

functional and aesthetic considerations3. Shared 

decision-making (SDM) plays a crucial role in this 

process by ensuring that evidence-based 

recommendations align with patient expectations, 

leading to more informed and personalized treatment 

plans2,3. However, applying evidence-based dentistry in 

daily practice is not without challenges. Dentists often 

face difficulties in applying standardized guidelines 

because of financial constraints, differences in training, 

and patient demands4,5. These factors contribute to a 

persistent gap between evidence-based 

recommendations and actual clinical practice, leading to 

inconsistencies in treatment decisions5,6. Bridging this 

gap requires stronger integration of research findings 

into daily dental care6,7. Insurance policies and treatment 

costs often dictate which procedures are prioritized, 

making it difficult for dentists to consistently apply 

evidence-based guidelines, particularly in private 

practice settings8. 

The amount of residual structure, the crown-to-root 

ratio, and the material selection all affect tooth 

restorability; these factors showed how knowledge and 

experience guide restorative dentistry decisions. 

Implants and extraction might be preferable if 

insufficient. It was found that the study participants 

were eager to choose dental implants but were restricted 

due to financial issues9.  When possible, root canal 

therapy is recommended; nevertheless, its success is 

influenced by patient characteristics, infection 

management, and prognosis. Additionally sufficient 

tooth structure and periodontal support are necessary for 

crowns10. 

Experienced dentists prioritize conservative, functional 

treatments, while less experienced ones may opt for 

quicker, irreversible options. Balancing aesthetics, 

patient demands, and professional judgment is key; 

however, commercialization is increasingly influencing 

dentistry11. Furthermore, rather than being motivated by 

health or scientific rationale, patients' perceptions of 

facial beauty and aesthetic dental appearance 

(Hollywood smile makeover) are now influenced by the 

beauty exhibited by movie actors and social media 

influences12. 

When making treatment decisions, good clinical 

practice relies on the capacity to integrate evidence-

based knowledge, reflect on prior experiences, and 

apply these to a clinical situation. First, the decision-

making process – whether to replace or restore – is 

difficult. Second, various methods have been developed 

to help less experienced physicians, and attempts have 

been made to rationalize the procedure. As 

demonstrated by studies that have looked at the 

treatment planning of people with different clinical 

backgrounds and experiences, challenges still exist 

despite these efforts13. 

This study aims to evaluate how dentists make decisions 

regarding the treatment choices presented to the patient 

and these are gender, years of experience, the country 

where they obtained their degree, and their training 

status. Through the structured questionnaire that was 

presented to many dentists in the field, patterns of 

decision-making relating to restorative dentistry will be 

analyzed. 

  

Materials and methods 

The questionnaire used in this study was adapted from 

previously validated research conducted by Al-Asmar et 

al., with modifications made by the Department of 

Operative Dentistry and Endodontics, College of 

Dentistry, University of Sulaymaniyah, to reflect local 

clinical practices and current evidence-based 

treatments14. The survey was distributed online via 

Instagram, WhatsApp, Messenger, and Viber over a 

three-month period (October 2024 to January 2025) and 

targeted general practitioners with at least two years of 

experience as well as specialists in restorative dentistry 

(operative dentistry, endodontics, and fixed 

prosthodontics). Power analysis was performed using 

G*Power version 3.1. Assuming a moderate effect size 

(Cohen’s w = 0.25), an α = 0.05, and a power = 0.80 for 

a Chi-square test with the groups, the minimum required 

sample size was 126 participants. The current study 

included 166 dentists, which exceeds this requirement 

and provides adequate statistical power to detect 

meaningful associations. 

Ethical approval was granted by the Ethical Committee 

of the College of Dentistry, University of Sulaimani, 

Sulaimaniyah, Iraq (No. 239/24, dated December 16, 

2024).  
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Content validity was ensured through expert review by 

faculty members in restorative dentistry, assessing the 

relevance, clarity, and comprehensiveness of the items. 

Face validity was evaluated through pilot testing with 10 

dentists who were not included in the main study, 

leading to minor adjustments for clarity.  

Construct validity was established by organizing the 

questionnaire into distinct domains, including 

demographic characteristics, professional experience, 

and clinical treatment preferences. The following 

questions were posed to the dentist: 

1- Management of teeth diagnosed with irreversible 

pulpitis: 

Which treatment approach do you most commonly 

prefer? 

A- Vital pulp therapy (if applicable) 

B- Root canal treatment (as best predictable successful 

treatment) 

2- Use of posts in endodontically treated teeth: 

Do you routinely place a post in endodontically treated 

teeth for protection, regardless of the remaining tooth 

structure or other factors? 

A- Yes 

B- No 

3- Full coverage after root canal treatment: 

Do you routinely place a full-coverage crown after root 

canal treatment, regardless of the amount of remaining 

tooth structure? 

A- Yes 

B- No 

4- Management of patients requesting a “Hollywood 

smile” or smile makeover: 

When a patient requests a Hollywood smile or aesthetic 

smile enhancement, which of the following best 

describes your approach? 

A- I offer him/her porcelain/ceramic veneers on the 

upper or/and lower anterior teeth as it is the first choice 

of treatment in such conditions. 

B- I offer him/her other choices such as bleaching, 

orthodontic treatment, and/or dental composite 

veneering 

C- I offer no treatment at all if unnecessary 

5- Shade selection for anterior veneers: 

When selecting the shade for anterior veneers, which 

approach do you typically follow? 

A- I choose the color (shade) according to the clinical 

condition of my patient. 

B- I let my patients choose the color (shade) 

C- I discuss the color (shade) with my patients, and I 

convince them of the best, despite his/her preference. 

6- Treatment of badly damaged teeth: 

How do you generally manage teeth with severe 

structural damage? 

A- Direct restoration with composite or amalgam 

B- Intra-coronal restorations (inlays/onlays) 

C- Full cuspal coverage (full crowns) 

D- Extraction and implant placement. 

7- Replacement of missing teeth: 

When recommending replacement of a missing tooth, 

what is your usual first-line treatment option? 

A- An implant is the first choice of treatment 

B- A dental bridge 

Statistical analysis 

Data were entered into SPSS version 26 (IBM Corp., 

Armonk, NY, USA) for analysis. Descriptive statistics 

were used to summarize demographic and professional 

characteristics (frequencies, percentages, means, and 

standard deviations). Comparisons were performed 

using the Chi-square test for categorical variables. P-

values < 0.05 were regarded as statistically significant. 

  

Results 

The questionnaire was answered by 166 dentists (89 

males [53.6%] and 77 females [46.4%]). Table 1 

represents the demographic characteristics of the study 

population. 

As indicated in Table 2, the study assessed the 

preferences of male and female dental professionals 

regarding various dental treatments. The majority of 

dentists (84.3%) favored root canal treatment over vital 

pulp therapy (15.7%) for cases of irreversible pulpitis, 

with a stronger preference for root canal treatment 
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Table 1: Socio-demographic characteristics of the studied sample. 

Variables n (%) 

Gender Male 89(53.6) 

Female 77(46.4) 

Years of experiences <5 61(36.7) 

5-10 57(34.3) 

11-20 39(23.5) 

>20 9(5.4) 

Training status General practitioner 122(73.5) 

Specialist (Conservative dentistry) 21(12.7) 

Specialist (Endodontic) 7(4.2) 

Specialist (Prosthodontic) 16(9.6) 

Working place Private clinic 127(76.5) 

University 20(12) 

Ministry of Health 18(10.8) 

Other  1(0.6)  

n: number of the variables, %: percentage 

 

 

among male dentists, while female dentists tended to 

perform vital pulp therapy more frequently. This 

showed a significant difference (p=0.029). In terms of 

root canal-treated teeth, 27.1% of dentists routinely 

placed a post regardless of the condition of the 

remaining tooth structure. This procedure was more 

prevalent among male dentists (33.7%) compared to 

female dentists (19.5%), indicating a significant 

difference (p = 0.04). Furthermore, most dentists 

routinely did not place crowns on all root canal-treated 

teeth for protection, regardless of the remaining tooth 

structure, and there were no significant differences 

observed when treating significantly damaged teeth with 

full crowns. When performing anterior veneering and 

Hollywood smile procedures, a majority preferred to 

provide no treatment when asked by the patient (42.2%) 

and discussed shade options with their patients (68.6%). 

Dental implants emerged as the preferred treatment 

choice for patients with missing teeth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The data revealed differences in treatment preferences 

based on clinicians’ experience, as summarized in Table 

3. Most practitioners preferred root canal treatment for 

irreversible pulpitis, showing no significant variability. 

After root canal treatment, the rates of post and crown 

placement were consistent across all groups. Full 

crowns were the preferred choice (53.6%), although less 

experienced dentists tended to use more direct 

restorations (22.9%) for severely damaged teeth, 

showing a significant difference (p = 0.04). 

Additionally, most practitioners adopted a more 

conservative approach when patients requested a 

Hollywood smile by opting for unnecessary treatments. 

Concerning veneer shade selection, 68.6% of dentists 

engaged in discussions with their patients about this 

aspect. This practice was notably more common among 

those with 11-20 years of experience compared to 

others, revealing a significant difference (p = 0.01). 

Despite less experienced dentists showing a slight 

preference for bridges over implants (11.5%), implants 

remained the favored choice for addressing missing 

teeth (90.4%). 
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  Table 2: Analysis of questionnaire responses based on gender. 

Condition Treatment options Total % 

Gender 

P- value 
Male Female 

Irreversible pulpitis 
Vital pulp therapy 15.7 22 36 

0.029 
RCT 84.3 78 64 

Post for root canal 

treated teeth 

Yes 27.1 33.7 19.5 

0.04 
No 72.9 66.3 80.5 

Crown any tooth after 

RCT 

Yes 21.7 19.1 24.7 

0.38 
No 78.3 80.9 75.3 

Badly damaged teeth 

Composite or amalgam 12 13.5 10.4 

0.29 

Inlays/onlays 19.9 24.7 14.3 

Full crowns 53.6 48.3 59.7 

Extraction and implant 14.5 13.5 15.6 

Hollywood smile or 

smile makeover 

I offer porcelain/ceramic 

veneers 
12.7 12.4 12.9 

0.4 
I offer bleaching 39.8 35.9 44.2 

Dental composite veneering 5.3 7.9 2.6 

I offer no treatment 42.2 43.8 40.3 

Anterior veneers 

I choose the color (shade) 

according to 

the clinical condition 
17.5 22.5 11.7 

0.18 
I let my patients choose the 

color (shade) 
13.9 12.4 15.6 

I discuss the color (shade) 

with my Patients 68.6 65.1 72.7 

 

Restoring missing tooth 

An implant as first choice of 

treatment 90.4 88.8 92.2 

0.45 

A bridge 9.6 11.2 7.8 

P-value; significant level (P<0.05). 
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Table 3: Analysis of questionnaire responses based on years of experience. 

Condition Treatment options Total 

% 

              Experience (years) 
P- value 

<5 5–10 11–

20 

>20 

Irreversible 

pulpitis 

Vital pulp therapy 15.7 23 12.3 7.7 22.2 
0.16 

RCT 84.3 77 87.7 92.3 77.8 

Post for root 

canal treated 

teeth 

Yes 27.1 26.2 26.3 25.6 44.4 
0.69 

No 72.9 73.8 73.7 74.4 55.6 

Crown any 

tooth after 

RCT 

Yes 21.7 21.3 24.6 15.4 33.3 
0.59 

No 78.3 78.7 75.4 84.6 66.7 

 

Treat badly 

damaged teeth 

Composite or 

amalgam 

12 22.9 7 5.1 0 
 

0.04 
Inlays/onlays 19.9 14.8 28.1 15.4 22.2 

Full crowns 53.6 54.1 49.1 56.4 66.7 

Extraction and 

implant placement 

14.5 8.2 15.8 23.1 11.1 

 

Hollywood 

smile or smile 

makeover 

I offer 

porcelain/ceramic 

veneers 

12.7 9.8 12.3 15.4 22.2 
 

0.72 

I offer bleaching 39.8 34.4 43.9 41 44.4 

Dental composite 

veneering 

5.3 4.9 8.8 2.6 0 

I offer no treatment 42.2 50.8 35.1 41 33.3 

 

 

 

Anterior 

veneers 

I choose the color 

(shade) according to 

the clinical condition 

17.5 23 10.5 10.3 55.6 
 

 

 

0.01* 

I let my patients 

choose the color 

(shade) 

13.9 14.8 17.5 7.7 11.1 

I discuss the color 

(shade) with my 

patients 

68.6 62.2 72 82 33.3 

 

Restoring 

missing tooth 

An implant as first 

choice of treatment 

90.4 88.5 93 89.7 88.9 
 

0.87 

A bridge 9.6 11.5 7 10.3 11.1 

*; indicate significant, P-value; significant level (P<0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

The data that support the findings of this study are 

available from the corresponding author upon 

reasonable request.  

The decision-making process in restorative dentistry is 

deeply influenced by both the clinical knowledge and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

professional experience of the dentist. These two factors 

play a critical role in treatment planning, material 

selection, and long-term prognosis of restorations. 

Experienced practitioners tend to rely not only on 

evidence-based guidelines but also on refined clinical 

judgment developed through years of hands-on practice.  

The majority of dentists favored root canal therapy 

(RCT) over vital pulp therapy (VPT), with male dentists 
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exhibiting a stronger preference for RCT compared to 

female dentists, who demonstrated a larger inclination 

towards VPT. Additionally, the present investigation 

revealed that males exhibited a greater propensity for 

consistently placing posts during root canal treatment. 

This discovery, which corresponds with Al Faisal Y et 

al., indicates that female practitioners prefer less 

invasive procedures compared to male practitioners15. 

Additionally, Alfaisal Y et al. state that female, more 

experienced dentists and endodontists showed greater 

preference for VPT for irreversible pulpitis in 

comparison to other participants. In contrast, 

Mohammad Alwadani et al. observed no significant 

gender differences in treatment preferences for 

irreversible pulpitis and state that both male and female 

dentists and dental interns preferred RCTs with 

restorations over extraction and implants in the anterior 

teeth, both with and without prior RCTs, according to 

the current survey16. Meanwhile, Mannocci F et al. 

found, regarding post placement, that root canal posts 

primarily provide retention for the coronal restoration of 

substantially compromised root filled teeth. Even with 

the improvement of adhesive luting techniques, the 

contribution to the stability of the root by adhesively 

placed root canal posts remains questionable and these 

are predominantly considered for the restoration of 

weakened traumatized maxillary anterior teeth with thin 

dentinal walls17.  

This study indicates that the majority of dentists do not 

consistently fit crowns following root canal therapy. 

Motasum Abu-Awwad stated that the vast majority of 

participants (95%) concluded that vital teeth with an 

occlusal cavity and a residual axial wall thickness of ≥2 

mm did not require cuspal covering, which corresponds 

with our finding18.  

Sequeira-Byron P et al. discovered no clear difference 

between the crown and composite group and the 

composite only group in failures of the restoration in 

their study on composite restored teeth versus indirectly 

restored teeth with crown19. On the other hand, Durre 

Sadaf concluded that the crown should be placed as soon 

as possible because delay in crown placement has 

potentially significant negative impact on 

endodontically treated teeth survival20.  

Dentists possessing more than 20 years of experience 

favored complete crowns, in accordance with Al-Asmar 

AA et al. concluded that regarding the restorative 

procedures, clinical decision-making in dental practice 

is highly influenced by the clinician’s own knowledge 

background and clinical experience. Additionally, they 

observed that 72% of their surveyed dentists treated 

badly damaged teeth with full crowns, while 

prosthodontics specialists used inlays/onlay more 

frequently21. 

Dentists may offer patients conservative, efficient, and 

patient-centred care by adopting the concepts of 

minimally invasive dentistry and incorporating 

developments in materials and technology22. Rosenberg, 

however, contends that porcelain veneers are better than 

bleaching for long-term cosmetic results, which runs 

counter to the predilection for bleaching over veneers. 

He claims that although bleaching might temporarily 

whiten teeth, porcelain veneers outlast bleaching or 

composite veneers by remaining essentially stain-free 

and bright for around 15 years. According to the report, 

skilled cosmetic dentists frequently discover that 

veneers offer a more thorough smile makeover by 

addressing shape, contour, and harmony in addition to 

colour – achievable with bleaching alone. Additionally, 

the study mentions that bleaching necessitates multiple 

treatments, which over time makes veneers more 

practical and economical even though they initially cost 

more22. 

Shade selection for anterior veneers is a critical 

component of aesthetic dentistry, and the approach to 

this task can be influenced by the clinician’s level of 

experience. More experienced dentists tend to involve 

patients more actively in the decision-making process, 

discussing various shade options and considering 

individual preferences and facial characteristics to 

achieve optimal aesthetic outcomes. This trend is 

supported by Kim et al., who found that clinicians with 

more years of practice were significantly more likely to 

consult patients about shade preferences and utilize a 

broader range of shade-matching techniques. 

Experienced practitioners also reported greater 

confidence in selecting shades without solely relying on 

standardized shade guides23. In contrast, a study by Lee 

and Park found that shade selection practices did not 

differ significantly between experienced and less 

experienced clinicians. Their findings suggest that 

adherence to formal training protocols and the 

increasing availability of objective shade-matching 

technologies contribute to consistent practices across 

different experience levels. Together, these findings 

indicate that while clinical experience may enhance 

communication and confidence, structured training 

plays a key role in ensuring uniformity in shade 

selection procedures24. 

There appears to be a noticeable preference among 

dental practitioners for using dental implants rather than 

traditional bridges when replacing missing teeth. A 

significant proportion of dentists indicated that they 

favored implants as the more suitable and durable 

option, with this trend being especially prominent 

among female dentists (92.2%) and those who had been 

practicing for between five and ten years (93%). This 

pattern suggests that both gender and years of clinical 
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experience may influence restorative treatment 

preferences. The findings of Johnson et al. support this 

observation, as their study demonstrated a statistically 

significant inclination towards implant-supported 

restorations within these specific subgroups25. In 

contrast, Smith and Allen reported conflicting results, 

finding no substantial variation in preference based on 

gender or years of experience26. Their study suggested 

that individual clinical judgment and patient-specific 

factors may play a more dominant role in treatment 

decisions than demographic characteristics alone. This 

divergence in findings highlights the complexity of 

clinical decision-making in restorative dentistry and 

suggests a need for further research to clarify the factors 

that most strongly influence the choice between 

implants and bridges. 

This study was based on self-reported questionnaire 

data, which may not fully reflect actual clinical 

practices. The sample was limited to a specific 

geographic region, potentially affecting the 

generalizability of the findings. Furthermore, the cross-

sectional design restricts the ability to determine causal 

relationships between demographic factors, clinical 

experience, and treatment preferences. Future research 

should include larger and more diverse populations, 

employ longitudinal or observational study designs, and 

incorporate qualitative approaches to better understand 

the factors influencing dentists’ clinical decision-

making in restorative and endodontic treatments. 

 

Conclusion 

The majority of dentists demonstrated a clear preference 

for root canal therapy over vital pulp therapy in the 

management of irreversible pulpitis, with male 

practitioners exhibiting a stronger inclination toward 

RCT and female dentists showing a greater tendency 

toward VPT. Clinical experience, professional 

specialization, and practice setting influenced treatment 

choices, particularly regarding post and crown 

placement following RCT. Preferences for aesthetic 

treatments differed, with numerous practitioners 

advocating for conservative methods. Dental implants 

were consistently identified as the preferred option for 

tooth replacement, and most practitioners emphasized 

shared decision-making through patient involvement in 

veneer shade selection. Overall, the findings highlight 

that gender, experience, and specialty training play 

significant roles in shaping clinical decision-making in 

restorative and endodontic practice. 
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