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Abstract 

Purpose: Evidence regarding the performance of digital dentures (DDs) fabricated using 3D 

printing is insufficient. This study aimed to evaluate patient satisfaction with conventional 

dentures (CDs) and DDs fabricated using 3D printing. 

Methods: This randomized controlled trial was conducted between November 2017 and May 

2020. In the CD-DD group, CDs were fabricated before DDs, while the protocol was 

reversed in the DD-CD group. The primary outcome was patient satisfaction, quantified using 

a 100-mm visual analog scale, which assessed chewing efficiency, pain, stability, retention, 

comfort, esthetics, ease of cleaning, phonetics, and general satisfaction. Secondary outcomes 

were quality of life (QOL), number of visits, time required for definitive denture fabrication, 

number of adjustment appointments, and time required for denture stabilization after denture 

delivery. 

Results: Patient satisfaction with CDs was superior in terms of phonetics, ease of cleaning, 

stability, comfort, and general satisfaction. Secondary outcomes such as social disability and 

the number of clinic visits were significantly lower in patients with DDs. However, the two 

groups showed no significant differences in the other outcomes. Although patient satisfaction 

with DDs was inferior to that with CDs, 20% of patients preferred and used DDs (12 patients 

preferred CDs, and three patients opted for DDs). 

Conclusions: Although patient satisfaction or QOL with DDs may be somewhat inferior to 
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that with CDs, 20% of patients preferred and used DDs daily. Thus, DDs fabricated using 3D 

printing may have comparable practicality and efficacy to CDs. 

Clinical trial registration number: UMIN000028047  
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1. Introduction 

In recent years, computer-aided design (CAD) and computer-aided manufacturing (CAM) 

have been widely integrated into clinical dentistry, particularly in the field of prosthetics. 

Unlike conventional methods, the new workflows of these CAD/CAM systems enable the 

fabrication of high-performance restorations [1,2]. Duret et al., in 1988, first reported the use 

of CAD/CAM technology for prosthesis fabrication [3]. Since the 1980s, many researchers 

have focused on the practical applications of these systems [4–7]. The advantages of 

CAD/CAM systems include increased productivity, lower costs, easier data management, and 

shorter treatment durations, which are beneficial for both dental surgeons and patients [8-10]. 

This technology has already been applied to fixed prosthetic appliances, such as inlays, 

crowns, and implant prosthetic components [11–14]. However, removable prostheses consist 

of several metallic (clasps, frameworks) and non-metallic (denture bases and artificial teeth) 

components, which render the application of the CAD/CAM system difficult. Therefore, the 

fabrication of removable prostheses using CAD/CAM has been delayed [15]. Currently, 

CAD/CAM complete dentures are fabricated by two companies (AvaDent; Global Dental 

Science, Scottsdale, AZ and DENTCA; Dentca Inc., Los Angeles, CA), and these dentures 

are available for use in edentulous patients [16–23]. Both companies allow definitive 

dentures to be fabricated in a few visits, and the dental materials, techniques, and fabrication 

processes have been established and standardized. The fabrication process for DENTCA 

dentures involves 3D printing technology (3DP) [24]. CAD/CAM dentures have been shown 

to achieve greater patient satisfaction than conventional complete dentures [19–22]. 

However, evidence regarding the performance of digital dentures (DDs) fabricated using 3DP 

is insufficient, and additional research data on this topic is required [23]. 

The disadvantages of milled dentures include the large size of production machines, low 
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production efficiency, high time consumption, high cost, limited block size, and the need to 

discard cutting debris [25]. These disadvantages can be resolved if denture fabrication by 

3DP becomes possible. Therefore, this randomized controlled trial aimed to compare patient 

satisfaction between conventional complete dentures and digital complete dentures fabricated 

using 3DP, which requires three patient visits in principle, including the try-in of trial 

dentures. This study also compared the patients’ quality of life (QOL), number of visits, time 

required for definitive denture fabrication, number of adjustment appointments, and time 

required for denture stabilization after denture delivery as secondary outcomes. Although 

DDs can be fitted in three visits, there are limited reports describing the use of this system in 

Japan; therefore, we included this parameter in the survey to confirm whether DDs can 

actually be fitted in three visits. The null hypothesis was that there is no difference in patient 

satisfaction, QOL, number of visits, and time required for definitive denture fabrication 

between DDs fabricated using 3DP and conventional dentures (CDs). 

 

2. Materials and Methods 

2.1. Participants 

This study included edentulous men and women (aged 66–90 years). The inclusion criteria 

were as follows: (1) patients with edentulous upper and lower arches who visited our hospital 

for upper and lower complete denture fabrication; and (2) patients who had received 

sufficient explanation of the study, understood the procedures, and provided their written 

consent to participate in the study. The exclusion criteria were as follows: (1) patients with 

physical or mental disorders; (2) patients who could not understand, read, or write Japanese; 

and (3) patients with dietary restrictions. 

This study was conducted after obtaining approval from the Research Ethics Review 

Committee of the authors’ affiliated institution and was registered in the University Hospital 
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Medical Information Network and the Japan Registry of Clinical Trials. All participants 

provided informed consent prior to participation in the study. 

 

2.2. Study Design 

A crossover randomized controlled trial was conducted between November 2017 and May 

2020, in which a set of upper and lower CDs and a set of upper and lower DDs were 

fabricated using 3DP for each patient by three qualified prosthodontists. 

Participants who wished to receive new complete dentures were continuously recruited 

and assigned to blocks by using a random number table by the principal investigator. Each 

block consisted of two groups: CD-DD and DD-CD. In the CD-DD group, the CDs were 

fabricated first, followed by the DDs, while the reverse order was followed in the DD-CD 

group (Fig. 1). The principal investigator managed the study but was not involved in the 

treatment. 

The primary outcome was patient satisfaction assessed using a 100-mm visual analog 

scale (VAS) [26], which quantified chewing efficiency, pain, stability, retention, comfort, 

esthetics, ease of cleaning, phonetics, and general satisfaction. The secondary outcomes were 

QOL assessed using the Japanese version of the Oral Health Impact Profile for edentulous 

patients (OHIP-EDENT-J) [27], number of visits, time required for definitive denture 

fabrication, number of adjustment visits, and time required for denture stabilization (until the 

patients were able to eat without pain after denture delivery). A stopwatch was used to 

measure the patients’ treatment time (s), starting from when the patients sat down on the 

dental chair to when the patients stood up after the treatment. To avoid any bias in responses, 

the patients were told that the prosthodontist would not see their responses for the main 

evaluation. The questionnaire was completed by the patients in the absence of the 

prosthodontists. If the patients required any supplementary briefing regarding the 
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questionnaire, the coordinator rather than the prosthodontist responded. Furthermore, the 

responses were sought at baseline and after denture adjustment. Since the CDs and DDs 

differed visually, blinding was not possible for both patients and prosthodontists. Blinding of 

the base material was deemed unfeasible because both the patients and prosthodontists were 

clearly aware of the type of material being used. 

 

2.3. Treatment Protocol 

In the fabrication of CDs, primary impressions were obtained using irreversible 

hydrocolloid impression material for the fabrication of individual trays. Border molding was 

performed using these individual trays and specific impression compounds (Iso Compound 

and Peri Compound, GC Corporation, Tokyo, Japan), and definitive impressions were 

obtained using vinyl polysiloxane impression material (Exafine regular type and injection 

type, GC Corporation, Tokyo, Japan). For the determination of denture occlusion, vertical 

and centric jaw relationships were recorded using record bases with wax occlusal rims. 

During the wax try-in, the occlusal relationship and esthetics of the wax trial dentures were 

verified. After denture processing, the definitive dentures were delivered to the patients and 

adjusted for any tissue impingement and/or occlusal interferences. 

In the fabrication of DDs, the definitive impressions were recorded using DENTCA trays. 

After the try-in of the trays in the mouth, border molding was performed using a heavy-

bodied vinyl polysiloxane impression material (Flexitime Heavy Trays; Kulzer Japan Co., 

Ltd., Tokyo, Japan), followed by definitive impressions using a light-bodied vinyl 

polysiloxane impression material (Flexitime Collect Flow, Ltd., Tokyo, Japan). After the 

vertical jaw relationship was recorded, the posterior border of the definitive impression was 

cut according to the posterior extent of the denture, gothic arch tracers were attached, and the 

centric position was determined on the same day. A vinyl polysiloxane bite material 
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(Flexitime Bite; Kulzer Japan Co., Ltd., Tokyo, Japan) was used to record the intermaxillary 

relationship. A trial denture was fabricated using a 3D printer according to the definitive 

impressions and intermaxillary records, and the occlusion, vertical intermaxillary 

relationship, midline, occlusal plane, overjet, and overbite were evaluated. The DDs were 

delivered at the third clinic visit and were adjusted until they were as comfortable as the CDs 

(Fig. 2). 

 

2.4. Laboratory Protocol 

The laboratory process for CDs employed a plaster cast made from the primary 

impression, and individual trays were fabricated from polymethylmethacrylate (PMMA) 

resin. A definitive cast was poured from the definitive impression. The record base was 

waxed to obtain wax occlusal rims. After recording the jaw relationships, artificial teeth 

(Verasia SA, SHOFU INC., Kyoto, Japan) were set in the occlusal rims, and the trial dentures 

were fabricated using heat-processed PMMA, trimmed, and polished by a prosthodontic 

technician. A single technician performed all laboratory procedures. 

For the DDs, trial dentures (dima denture base try-in; Kulzer Japan Co., Ltd., Tokyo, 

Japan) were fabricated using a 3D printer (ZENiTH U; Yoshida Co., Ltd., Tokyo, Japan) 

based on data converted into digital files at the laboratory (Mitsui Chemicals, Inc.). In 

addition, the denture base (dima print denture base; Kulzer Japan Co., Ltd., Tokyo, Japan) 

and artificial teeth (dima print denture teeth; Kulzer Japan Co. Tokyo, Japan) were separately 

fabricated using a 3D printer [28–32]. 

 

2.5. Statistical Analysis 

The sample size for this 2 × 2 crossover trial was calculated as follows: seeking a mean 

difference of 20 mm with a standard deviation of 30 mm in general satisfaction between the 
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groups on the 100-mm VAS [33]; 20 participants were required to obtain 80% power with a 

two-sided alpha level of 5%. 

Differences in baseline allocation and in the first and second dentures between the CD-DD 

and DD-CD groups were compared using the Mann–Whitney U test. A generalized 

estimating equation was used to determine the relationship between CDs and DDs on the 

satisfaction rating of the 100-mm VAS and the Japanese version of the Oral Health Impact 

Profile for Edentulous patients (OHIP-EDEN-J). After confirming the normality of the data 

by the Kolmogorov-Smirnov test, a t-test was performed to determine whether the mean 

differences in the number and time of visits required for definitive denture fabrication and 

denture stabilization after denture delivery were statistically significant. Statistical analyses 

were conducted using SPSS statistical software (IBM Corporation, Armonk, NY). The 

significance level was set as 5%. 

 

3. Results 

3.1. Participants 

A total of 23 participants were screened, and 20 participants who provided informed 

consent were included. Three subjects did not provide consent because they were not 

interested in participating in a lengthy trial. There was no significant difference in the 

averages of the baseline characteristics between the CD-DD and DD-CD groups (p < 0.05) 

(Table 1). Of the 20 included subjects, five dropped out due to illness or hospitalization. In 
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the CD-DD group, one participant was excluded because of hospitalization during the 

production of the first denture. In the DD-CD group, two participants were excluded after 

production of the first denture—one patient requested discontinuation from the trial because 

of an impending operation and the other patient was unable to visit the hospital due to health 

problems. Two additional participants were excluded after the production of the second 

denture; these two participants did not contact the investigators or attend any further visits. 

 

3.2. Outcomes 

 The VAS and OHIP scores did not differ significantly between the first and second set of 

dentures in the patient groups (p < 0.05). With regard to patient satisfaction, which was 

quantified by VAS scores, CDs scored significantly higher than DDs in terms of phonetics, 

ease of cleaning, stability, comfort, and general satisfaction (Table 2). In contrast, on the 

OHIP-EDENT-J, DDs scored significantly higher in social disability (p < 0.05) but showed 

no significant differences in other areas (Table 3). After the evaluation, the participants were 

asked to select either the CD or DD; 12 participants selected CDs and three selected DDs 

(Fig. 3). 

The number of visits required for definitive denture fabrication, including the number of 

remakes, was significantly lower for DDs (Fig. 4). However, there were no significant 

differences in the number of adjustment sessions and the time required for denture fabrication 

and denture adjustment between CDs and DDs (Figs. 4, 5). 

4. Discussion 
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This study aimed to compare patient satisfaction between conventional complete dentures 

and digital complete dentures fabricated using 3DP. Various benefits of DDs have previously 

been reported, such as improved surgeon/patient satisfaction, reduced number of visits and 

chair time, improved denture fit, improved ease of maintenance, greater consistency and 

durability of the prosthodontic appliances, ability to store digital information, reduced 

workload for technicians, and shorter fabrication time [34–38]. However, our results revealed 

that CDs were significantly better than DDs in terms of several assessment items related to 

patient satisfaction, in contrast to earlier case reports [21,22]. We believe that the primary 

reason for this result could be the difference in the manufacturing methods between DDs 

fabricated using a milling machine and those fabricated using a 3D printer. Since dentures 

fabricated using milling machines are milled from resin blocks, their physical properties and 

suitability have been reported to be equal to or better than those of CDs and 3DP-fabricated 

dentures [39,40]. 

Furthermore, 3DP dentures are currently fabricated with a palatal thickness of 2.5 mm 

to ensure strength, while milled dentures and CDs are fabricated with a thickness that is 

approximately equivalent to that of a paraffin wax sheet (approximately 1.4 mm). This is 

reflected in the significantly higher level of satisfaction in phonetics with CDs than with DDs. 

Additionally, the significantly higher satisfaction in ease of cleaning CDs compared to DDs 

may be attributed to the difference in the type of artificial teeth used. The artificial teeth 
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(Verasia SA, SHOFU INC., Kyoto, Japan) used in milled dentures and CDs are manufactured 

from hard resin that exhibits color gradation. These artificial teeth have greater visual similarity 

to real teeth, whereas 3DP artificial teeth (dima print denture teeth) are similar to resin teeth in 

terms of physical properties but have a single-color tone. Moreover, since anterior artificial 

teeth designed by CAD consist of a single component with six teeth [32], it is difficult to create 

an uneven profile or a profile with a different axis for each tooth, which is possible with CDs. 

Although the dima print denture teeth in DDs have physical properties similar to those of resin 

teeth [28], DDs may become discolored more readily than CDs. This may also be a primary 

factor contributing to our results. 

The higher satisfaction with CDs in terms of stability and comfort may be attributed 

to the marginal seal at the denture borders and stable occlusal contacts. DDs are designed to 

incorporate the maximally extended impression, and the thickness of the fringe is determined 

arbitrarily; thus, the marginal seal of DDs may be inferior to that of CDs. Jo et al. reported that 

when a skilled dentist fabricates complete dentures for an edentulous mandible, patient 

satisfaction is higher with the conventional method than with the simplified method, wherein 

no definitive impressions are recorded [41]. In this study, satisfaction with CDs may have been 

higher because the dentures were fabricated by an experienced prosthodontist. 

 DD is expected to reduce the physical burden on patients and increase the utility of 

home visits by reducing the number of visits to the clinic required for denture fabrication 
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[19,23]. However, regrettably, we were unable to identify any improvement in the time required 

for denture fabrication. Several prior reports have highlighted the procedural errors in 

recording occlusion with DDs [16,19,42,43], and these factors may have contributed to the 

longer treatment time. 

This study had several limitations. First, the washout period was not long enough. 

Implementation of a formal washout period was not ethically feasible in this study, since it 

would have necessitated a period of time when the denture was not used. However, as shown 

in the results, the influence of the carryover effect can be considered to be small, because there 

was no significant difference noted in the VAS and OHIP between the first and second set of 

dentures in the patient groups (p < 0.05). 

Second, we could not evaluate the medium- and long-term prognosis of DD since 80% 

of the patients chose CD, which is also a limitation of the crossover design. This problem can 

be solved by developing a new parallel research design in the future. Moreover, since this study 

was conducted in elderly patients, the dropout rate was higher than expected, indicating the 

need for a larger sample size. 

The current 3DP-based DD system is still in the developmental stage and shows 

numerous potential problems, including procedural errors, conformity with mucosal surfaces, 

stable occlusion, dimensional changes due to post-processing [44], and deterioration of 

physical properties and esthetics. Further improvements and refinements are necessary to 
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enable its use in routine clinical applications. 

 

5. Conclusions 

Within the limitations of this crossover randomized controlled study, the following conclusions 

can be drawn: 

1. Patient satisfaction with CDs was superior than that with DDs in terms of phonetics, ease 

of cleaning, stability, comfort, and general satisfaction. 

2. With regard to patients’ QOL in the context of social disability, CDs were superior to DDs. 

3. Although DD involved fewer clinic visits, the time required for denture fabrication, 

number of adjustments, and the time required for adjustments did not differ between DDs 

and CDs. 

4. The clinical trial findings suggested that 20% of patients preferred and used DDs daily. 

Thus, DDs fabricated using 3D printing may be comparable to CDs in terms of practicality 

and efficacy. 
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Table 1: Baseline characteristics of the 20 subjects enrolled in the trial 

  Group  Total p-value 
  DD-CD(n=10) (n=20)  
   CD-DD(n=10)  

Age (y)  85[79,89] 77[70,87] 82[74,88] .739a 

Gender (%)     .653b 

Female  5(50%) 4(40%) 9(45%)  
Male  5(50%) 6(60%) 11(55%)  
Edentulous Period (y) 12[9,21] 7[1,31] 10[2,27] .529a 

Age of previous dentures (y) 3[0,5] 2[1,6] 2[1,6] .089a 

Number of previous dentures 2[2,4] 1[1,2] 2[1,3] .631a 

American College of 
Prosthodontists' classification 
(%)  

   .684b 

Ⅰ  1(10%) 2(20%) 3(15%)  
Ⅱ  3(30%) 4(40%) 7(35%)  
Ⅲ  4(40%) 2(20%) 6(30%)  
Ⅳ  2(20%) 2(20%) 4(20%)  
Classification (Japan 
Prosthodontic Society) 

   .529b 

Ⅰ  3(30%) 4(40%) 7(35%)  
Ⅱ  3(30%) 2(20%) 5(25%)  
Ⅲ  3(30%) 3(30%) 6(30%)  
Ⅳ  1(10%) 1(10%) 2(10%)  

DD-CD, Digital dentures were fabricated before conventional dentures 

CD-DD, Conventional dentures were fabricated before digital dentures 

a Mann–Whitney test  
b Chi-square test 
number(%), median[25%, 75%] 
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Table 2: Mean (standard error), p- values of the satisfaction ratings estimated by 

generalized estimating equations (GEE) 

Parameter CD 

Mean (standard error) 

DD 

Mean (standard error) 

p-value 

Chewing efficiency 73.89 (6.47) 60.66 (5.80) 
 

Phonetics 83.80 (5.64) 69.08 (5.05) 0.005* 

Ease of cleaning 92.93 (3.44) 86.20 (3.16) 0.001* 

Stability 75.87 (5.11) 68.46 (4.92) 0.012* 

Retention 78.11 (6.08) 63.50 (5.46) 
 

Comfort 78.24 (5.04) 62.88 (4.79) 0.004* 

Esthetics 87.55 (5.60) 77.67 (5.22) 
 

Pain 76.66 (5.82) 81.09 (5.25) 
 

General satisfaction 78.83 (6.41) 61.10 (5.75) 0.016* 

CD, Conventional dentures; DD, Digital dentures 

*statistically significant 
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Table 3: Mean (standard error), p- values of the Japanese version of the Oral Health Impact 

Profile estimated by generalized estimating equations (GEE) 

Parameter CD  

Mean (standard error) 

DD  

Mean (standard error) 

p-value 

Functional 

Limitation 

1.425 (0.199) 1.549 (0.181) 0.318 

Physical pain 1.349 (0.207) 1.462 (0.193) 
 

Psychological 

discomfort 

1.173 (0.246) 1.395 (0.222) 
 

Physical 

disability 

1.346 (0.244) 1.676 (0.222) 
 

Psychological 

disability 

0.438 (0.202) 0.602 (0.181) 0.480 

Social disability 0.150 (0.179) 0.690 (0.161) 0.001* 

Handicap 0.563 (0.245) 0.789 (0.226) 
 

CD, Conventional dentures; DD, Digital dentures 

*statistically significant 
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Figure1 Participant flow diagram. 
CD, conventional dentures; DD, digital dentures 
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Figure2 Comparison of conventional and digital clinical workflows. 
CD, conventional dentures; DD, digital dentures 

 

 

Figure3 Denture preference 
CD, conventional dentures; DD, digital dentures 
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Number of patient visits required for denture fabrication and adjustment. 
CD, conventional dentures; DD, digital denture 
Mean(standard deviation)  

 

Total clinical time required for denture fabrication and adjustment. 
CD, conventional denture; DD, digital denture 
Mean(standard deviation) 
 




