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Abstract: 

Introduction: 

In edentulous patients, the replacement of lost teeth and tissues with a complete denture to obtain an acceptable esthetic 

and function seems to be a challenge for the dentist.The success of a complete denture is based on the degree of retention 

and stability of the prosthesis. 

Aim:  

The aim of the study was to compare the wetting properties of conventional and CAD/CAM bases denture base resins by 

artificial saliva substitute by using contact angle measurements. 

Method:  

Three denture base materials were selected: CAD/CAM denture base material (Group A - Milled resin, Group B - 3D 

printed resin) and BPS (Group C) denture material. A total of 30 samples were used for each group in the study.  The 

advancing and receding contact angles with artificial saliva (experiment group) and distilled water (control group) were 

measured with a goniometer. The contact angle hysteresis was also calculated from the advancing and receding contact 

angles values.   

Result: 

The comparison of means of each type of angle showed statistically significant difference across the groups (p<0.05) 

using one-way ANOVA. The advancing angle of Group A (80.311 ± 3.004) is higher followed by Group C (76.583 ± 

3.376) and Group B (74.464 ± 3.265). Similarly, the receding angle was found to be higher in Group A (64.747 ± 3.1113), 

followed by Group C (58.978 ± 2.270) and Group B (52.569 ± 1.709).  The advancing angle with distilled water was high 

in Group A (81.222 ± 4.571), then Group C (77.651 ± 3.334) and Group B (75.755 ± 3.157). Group A had the highest 

receding angle (61.275 ± 2.605) with distilled water followed by Group C (55.948 ± 2.656) and Group B (50.231 ± 1.719).   

Tukey’s post hoc test revealed that the multiple comparisons of advancing angles and receding angle of artificial saliva 

and distilled water between the groups to be statistically significant  expect in milled vs BPS (Biofunctional Prosthetic 

System) 

Conclusion: 

The contact angle of hysteresis of 3D printed denture base resins was higher, followed by the BPS heat cure resins and 

the milled resin. The wettability was found to be higher in distilled water than the artificial saliva. When compared 

between the groups, all the groups showed significant results except milled and printed. 

Keywords:Denture,contact angle,resin,CAD CAM 

Introduction: 

In edentulous patients, the replacement of lost teeth and tissues with a complete denture to obtain an acceptable esthetic 

and function seems to be a challenge for the dentist.[1] The success of a complete denture is based on the degree of retention 
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and stability of the prosthesis.[2] Retention is defined as "that quality inherent in the dental prosthesis acting to resist the 

forces of dislodgement along the path of placement" (GPT-8). In simple terms, it is the resistance to removal. Retention 

is influenced by a number of factors such as physical, physiological, surgical and mechanical in nature.[3–5] The physical 

forces include adhesion, cohesion, surface tension, capillarity viscosity and atmospheric pressure.[6][7]The wetting 

capacity of a liquid is determined by its tendency to spread on the surface of a solid and it can  be studied by measuring 

the contact angles formed between them. The extent to which an adhesive will wet a surface is based on the shape of the 

irregularities on the surface of adherend, viscosity of the adhesive and the contact angle at which the adhesive meets the 

adherend surface.[8]  The lower the contact angle, the better is the wettability on the surface. When the contact angle is 

zero, complete wetting occurs.[9] The angle that a liquid drop forms on a dry  solid surface is the advancing contact angle. 

When the liquid recedes on the previously wet surface, receding contact angle is formed.[10] The basic requirement for 

retention is the contact angle hysteresis, which is the difference between the advancing liquid–solid contact angle and the 

receding contact angle. 

The wetting properties of denture base materials to saliva, therefore, plays an important role in the retention of dentures. 

However in conditions like xerostomia which is characterized by significantly decreased salivary flow, can affect 

retention and cause discomfort while wearing the denture. Xerostomia is common in systemic conditions like  Parkinson’s 

disease, salivary gland hypofunction, Sjogren’s syndrome, or side effects of drug therapies that use  antihistamines, 

diuretics, antihypertensives, etc.[11][12] Altered salivary flow rates usually cause difficulty in eating and swallowing, 

angular cheilitis and dry or burning tongue. Dry mouth is associated with  alteration of taste, fissuring of the tongue, 

epithelial atrophy, irritation to the oral mucosa and ulceration. Salivary substitutes have been advocated as a replacement 

therapy in such conditions and should possess adequate wetting on the denture base. 

Since its introduction in 1937, conventional heat polymerized poly methyl methacrylate denture base resin has been the 

material of choice for denture fabrication and then came the BPS (Biofunctional Prosthetic System) were dentures were 

fabricated using injection moulding technique. But, over the years CAD/CAM technology has a wide range of applications 

in dentistry due to its advanced acquisition and production capability.[13][14] Milled and 3D printed dentures have become 

an alternative to conventional methods in the fabrication of complete dentures. There are various studies that compare the 

wettability of different types of conventional denture base materials. However, scientific data regarding the wettability of 

digital denture base resins with artificial salivary substitutes are sparse. With the previous experiment of research 15–21The 

purpose of this in vitro study was to compare the wetting properties of conventional and CAD/CAM bases denture base 

resins by artificial saliva substitute by using contact angle measurements.  

Materials And Methodology: 

In the present study, the wettability of CAD/CAM denture base material (Group A - Milled resin, Group B - 3D printed 

resin) were compared with BPS (Group C) denture base material (Table 1). 

Denture base sample preparation: 

A total of 30 samples were used for each group in the study. All the samples were designed at a dimension of 25mm x 

10mm x 3mm through a Computer Aided Design (CAD) program, (Meshmixer: Autodesk REsearch). A Standard 

Tessellation Language (STL) file was created and exported to the milling machine (imes-icore CORiTEC 150i Series) to 

mill the sample in the denture base blank (Ivotion Upper Monolithic Digital Denture Disc) (Group A) (Figure 1). For 

Group B, the same STL file was exported to a print preparation software, PreForm (Formlabs). Supports were added to 

the bars and oriented in such a way that the samples are on top of the bar parallel to the platform of the 3D printer. The 

STL file was then exported to the 3D printer to print the samples (Figure 2). The 3D printed samples went through the 

manufacturers recommended post curing processing; washed for 5 minutes in 96% isopropyl alcohol followed by photo 

curing for 30 minutes at 80 C in 100% pure vegetable glycerin (Form Cure; Formlabs). All the supports were then cut 

from the sample. To fabricate Group C samples, the same STL file was used to mill wax patterns, which acted as a 

template to fabricate the heat cure samples. The wax patterns were invested in the flask and were fabricated by injection 

moulding technique using the manufacturer’s instructions. Figure 3 shows all the samples used for the study.  
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Goniometer and Contact angle measurement: 

The surface wettability of the prepared samples were evaluated using the Telescopic Goniometer, Kernco Model No:G II 

(Kerno Instrument Co, Texas ,USA) by determining the contact angle. The instrument is equipped with a special photo 

micrographic camera attachment, which helps to record the observed data. To measure the wettability of denture base 

materials, the prepared and properly cleaned sample was placed on the mechanical stage of the contact angle goniometer 

(Ossila) (Figure 4). A small drop of a CMC-based artificial saliva substitute (Aqwet; Cipla) was placed on the surface of 

the sample using microburette and the contact angle measured initially is the Advancing Contact Angle (𝚹A). A 

standardised jig was fabricated and used to check the receding angle.  Once the drop reaches its equilibrium, it starts 

receding i.e., Receding Contact Angle (𝚹R) (Figure 5). Both the contact angles were measured directly. Contact Angle 

Hysteresis was determined by calculating the difference between the Advancing Contact Angle (𝚹A), and the Receding 

Contact Angle (𝚹R)[22][23] 

Contact Angle Hysteresis = (𝚹A) - (𝚹R)  

The same procedure was repeated with distilled water (control group). 

Statistical analysis: 

Descriptive statistics for the advancing contact angle, receding angle, and contact angle hysteresis were determined for 

control (distilled water) and experimental (Aqwet) groups with a statistical software program (IBM SPSS Statistics, v20.0; 

IBM Corp). One-way ANOVA was used to determine the statistical significance of difference in the mean values of 

parameters across the 3 groups and to verify the significant difference in a pair of groups, “Tukey’s post hoc multiple 

comparison test” was used.  

Results: 

The comparison of means of each type of angle showed statistically significant difference across the groups (p<0.05) 

using one-way ANOVA (Table 2). It is inferred from this study that the advancing angle of Group A (80.311 ± 3.004) is 

higher followed by Group C (76.583 ± 3.376) and Group B (74.464 ± 3.265). Similarly, the receding angle was found to 

be higher in Group A (64.747 ± 3.1113), followed by Group C (58.978 ± 2.270) and Group B (52.569 ± 1.709).  The 

advancing angle with distilled water was high in Group A (81.222 ± 4.571), then Group C (77.651 ± 3.334) and Group B 

(75.755 ± 3.157). Group A had the highest receding angle (61.275 ± 2.605) with distilled water followed by Group C 

(55.948 ± 2.656) and Group B (50.231 ± 1.719).   

Tukey’s post hoc test revealed the multiple comparisons of advancing angles and receding angle of artificial saliva and 

distilled water between the groups (Table 3). 

Discussion: 

The current study investigated the wettability of conventional and CAD/CAM denture base material by measuring the 

contact angle. It was found that the receding contact angles were lesser than the corresponding advancing angles which 

is similar to the results obtained by Craig et al.[24]  They suggested that it resulted from the difference in adhesion between 

the solid and liquid drop; and the liquid drop and the liquid film, on a previously wetted surface. On the contrary, 

Monsenego et al reported that the contact angle hysteresis, which is the difference between advancing liquid-solid contact 

angle and the receding contact angle, is the most important requirement for retention of denture.[10] Zissis et al, suggested 

that an increased contact angle hysteresis of a fluid indicates increased wettability of the surface of the specimen. [25] 

Hence, in the present study, the contact angle hysteresis was also calculated to reach more precise inferences and the 

values were higher for printed denture base material with distilled water followed by artificial saliva. This might be 

because the pores or crevices on the adherent surface traps the fluid as it flows over the solid surfaces, resulting in a 

difference between each denture material.[26] 
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Meirowitz et al in their study reported that the milled resin showed better wettability, followed by conventional heat cured 

resin and 3D printed resins.[27] It is understood that the resin quality and quality of CAD/CAM milling burrs, or in case 

of conventional dentures, the quality of the master cast and manufacturing protocol also plays an important role. Each 

CAD/CAM system has a different milling machine, different milling burrs with a defined cutting geometry and a limited 

radius of movement. The different performances of the varying burr types and burr types and burr action become apparent 

only on irregular surfaces, such as denture bases. Steinmassl et al proposed that although most CAD/CAM dentures have 

smoother and more hydrophilic surfaces than conventional dentures, there is no difference in their free surface energy, 

exempt for coated dentures.[28] One of the major concerns regarding the milled denture base is the milling groove 

configuration that increases the risk of biofilm retention and cleanability.  Since wettability is associated with microbial 

adhesion, use of CAD/CAM denture base material will reduce the chances for  attracting Candida colonisation.[29]  

Conclusion: 

The contact angle of hysteresis of 3D printed denture base resins was higher, followed by the BPS heat cure resins and 

the milled resin. The wettability was found to be higher in distilled water than the artificial saliva. When compared 

between the groups, all the groups showed significant results except milled and printed. The limitation of the study 

includes an in vitro set-up. Patient-based study dentures may be the most appropriate specimens for determining the 

clinical denture base contact angle. The results of this study provide knowledge to the practitioners about the material of 

choice for patients with reduced salivary flow. 
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Table 2: Descriptive statistics for contact angle values for 3 denture base materials using artificial saliva and 

distilled water (ANOVA) 

ARTIFICIAL 

SALIVA 

SUBSTITUTE 

CONTACT 

ANGLE 

PARAMETER 

                                          GROUPS p VALUE 

  

         A                             B                        C        

  

  

ARTIFICIAL 

SALIVA 

Advancing angle 80.311 ± 3.004 74.464 ± 3.265 76.583 ± 3.376 0.001 

Receding angle 64.747 ± 3.1113 52.569 ± 1.709 58.978 ± 2.270 0.00 

Contact angle of 

hysteresis 

15.563 ± 3.878 

  

  

21.895 ± 3.632 

  

  

17.605 ± 4.740 

  

  

 0.03 

  

  

DISTILLED 

WATER 

Advancing angle 81.222 ± 4.571 75.755 ± 3.157 77.651 ± 3.334 0.01 

Receding angle 61.275 ± 2.605 50.231 ± 1.719 55.948 ± 2.656 0.00 

Contact angle of 

hysteresis 

19.948 ± 4.311 

  

  

25.494 ± 3.993 

  

  

21.703 ± 4.419 

  

  

 0.04 
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Table 3: Multiple comparison of advancing and receding contact angle among groups using Tukey’s post hoc test 

 

* shows statistically significant results between the groups. 

FIGURE 1: (A) Nesting of samples in the milling software. (B) Milled samples in the PMMA blank. 
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FIGURE 2: (A) Nesting of samples in the 3D printing software (B) 3D printed sample with sprue-like support. 

 

 

Figure 3 shows (A) Milled denture base material; (B) 3D Printed denture base material; (C) BPS injection molded 

heat cure denture material. 

 

Figure 4: Goniometer used in the present study to measure the contact angle 
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Figure 5 shows the digital images of goniometer measurements. (A) Advancing contact angle (𝚹A);  (B) Receding 

contact angle (𝚹R).  

 

 

 


