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Abstract: Background: Patient satisfaction is a critical outcome in the rehabilitation of edentulous
patients. While conventional fabrication methods are widely used, digital workflows are emerging
as viable alternatives. However, direct comparative evidence from the patient's perspective remains
limited. Objective:To compare patient satisfaction between conventional complete dentures (C-CD)
and digital complete dentures (D-CD) in maxillary edentulous patients, to assess perception changes
and final patient preferences. Methods: A prospective, randomized, crossover clinical trial was
conducted between 2023 and 2024 involving 40 complete maxillary edentulous patients with specific
inclusion criteria. Participants were randomly allocated into two groups: Group 1 (n=20) received C-
CD, and Group 2 (n=20) received D-CD for a period of 6 months, followed by crossover to the
alternate prosthesis for another 6 months. Patient satisfaction was assessed using a validated 10-item
questionnaire at 6 and 12 months. Statistical analysis was performed using Wilcoxon signed-rank and
Mann-Whitney U test for non-parametric data, with significance set at p<0.05. Results: D-CD scored
significantly higher than C-CD in most satisfaction domains, including comfort, retention, speech,
esthetics, and need for adjustments (p<0.05). Conclusions: Incorporating digital technology in the
fabrication of complete dentures significantly enhances patient satisfaction compared to conventional
methods. This study highlights the clinical relevance of modern dental prosthesis technology and
supports the wider integration of digital workflows.

Keywords: complete denture; digital dentures; dental materials; additive manufacturing;
CAD/CAM; denture teeth; digital impression

1. Introduction

Complete edentulism continues to pose a significant public health concern, particularly among
aging populations, with reported prevalence ranging between 7% and 70% globally depending on
the age group and region [1-3]. In Romania and other parts of Eastern Europe, edentulism remains
relatively high due to delayed access to oral healthcare and limited prosthodontic interventions in
underserved communities [4,5].

For decades, conventional complete dentures (C-CD) have been the primary approach to
rehabilitate fully edentulous patients. These prostheses, fabricated through traditional analog
workflows, require multiple clinical steps including impressions (preliminary and final), bite
registrations, try-ins and adjustments along with the technological stages: pouring preliminary and
master cast, manufacturing special tray, wax rim and recorde base, wax up, processing the denture.
While time-tested, conventional dentures are often associated with clinical limitations such as
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material shrinkage, tissue distortion, reduced retention, and the need for frequent post-insertion
corrections [6,7].

Recent advancements in dental technology have introduced digitally fabricated complete
dentures (D-CD) using computer aided design and computer aided manufacturing (CAD/CAM),
milling or 3D-printing techniques. These approaches offer significant benefits, including improved
precision and reproducibility, enhanced tissue adaptation, faster technological timelines, and better
control over occlusion and aesthetics [8,9]. Digital workflows also reduce the number of clinical
appointments, which is particularly beneficial for elderly patients with limited mobility or systemic
conditions [10].

Evidence is increasingly supporting the clinical efficacy and patient-centered outcomes of digital
dentures. Studies have shown that digitally fabricated dentures are associated with better retention,
reduced sore spots, and improved comfort compared to conventional dentures [11-13]. However,
few clinical trials have utilized a crossover design, where patients directly compare both treatment
modalities within the same study. Additionally, the impact of this direct comparison on patient
perception and final prosthetic preference remains underexplored.

Therefore, a research was performed to bridge the gap by allowing patients to directly
experience both prosthetic options before expressing a preference. The primary aim of the study was
to compare patient satisfaction with conventional and digital complete maxillary dentures in a fully
edentulous population using a prospective, randomized, crossover design.

Secondary objectives included:

e  Assessing the change in patient perception after experiencing both prosthesis types.

¢  Evaluating the internal consistency of a patient satisfaction questionnaire (PSQ).

e Identifying the preferred prosthesis at the end of the study and patient recommendations for
future users.

By integrating validated tools and allowing patients to evaluate both treatment modalities, this
study aims to provide a robust, patient-centered comparison that reflects real-world clinical decision-
making.

2. Materials and Methods

2.1. Participants

Forty complete maxillary edentulous patients were selected between 2023 and 2024, based on
the following inclusion criteria: patients with complete maxillary edentulism, good oral hygiene, free
of any systemic diseases that may affect oral health, no contraindications to the materials used for
complete dentures The exclusion criteria were: uncontrolled systemic disease, infectious diseases,

partial maxillary edentulism, temporo-mandibular disorders, xerostomia, oro-facial pain, patients

who could not read informed consent form, patients with congenital or acquired defects in maxilla
and/or mandible, patients considered ineligible for study inclusion by the principal investigator.
All participants signed an informed consent form that included a description of the intervention.

2.2. Study Design

The trial was designed as a prospective, randomized, single center study. The study protocol
was approved by the institutional ethics committee (approval No: IRB/2024/7). No deviations were
made from the registered protocol. The clinical trial was conducted in accordance with the
Declaration of Helsinki and Consolidated Standards of Reporting Trials (CONSORT) guidelines.

The two prosthetic restorations assessed were the maxillary conventional complete denture (C-
CD) and digital maxillary complete denture (D-CD). Figure 1 presents the C-CD and D-CD
manufacturing steps flowchart.

After completing the selection criteria, the participants were randomly divided into two groups:
Group 1 (m=20) and Group 2 (n2=20). One clinical staff member not involved in the study was
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responsible for group allocation. Group 1 received conventional complete denture (Ivobase+Phonare
11, Ivoclar) for 6 months and Group 2 used digital complete denture (CAD/CAM-designed, Denture
3D+, NextDent+Harz Labs Dental Sand ) the same time period. Six months later, the treatments were
switched. Patients who initially received a conventional complete denture changed it to a new digital
one and digital complete denture wearers changed it to a conventional complete prosthesis after the
same six months After experiencing both the conventional and digital treatment for six month each
(twelve month in total), the participants were asked to select their preferred prosthesis and to
continue using it. In this study, a wash-out between using C-CD and D-CD was not provided because
the absence of a maxillary denture for an additional period was considered detrimental for
edentulous patients and not being a feasible option.

STEPS IN MANUFACTURING
CONVENTIONAL COMPLETE DENTURS

STEPS IN MANUFACTURING
DIGITAL COMPLETE SENTURES

CLINICAL STEPS TECHNOLOGICAL CLINICAL STEPS | | TECHNOLOGICAL
STEPS STEPS
Preliminary Pouring Intraoral Digital Design
Impressions Preliminary Scanning of Record Base
1 Casts and Rims
——————— N
| Final Manufacturing Intermaxilliary —
mpressions Special Tray Relation 3D Printing
Registration of Complete
Intermaxillary Pouring DZT: %E?hse
Relation Master Cast
Registration
Try-In Record Base Adjustments

It

Processing the
Denture

Figure 1. Study flowchart steps for manufacturing conventional and digital removable complete dentures.

2.3. Data Collection

I. Baseline Data: Age, gender, dental history, reason for tooth loss.

II. Patient Satisfaction Questionnaire (PSQ) adapted for removable complete dentures. During
the follow-up of the two periods, patients were asked to complete a patient satisfaction questionnaire
after 6 (T1) and 12 (T2) months with each denture.

A validated 9+1-items questionnaire was used in this study to measure patient satisfaction in
terms of comfort, aesthetics, stability, ability to speak, masticatory efficiency, retention, need for
adjustments, oral condition and general satisfaction. The patients rated each domain from 0 (lowest
satisfaction) to 5 (highest satisfaction). The tenth item on follow-up after 12 month investigated which
type of prosthesis patients would recommend.

Table 1. Patient Satisfaction Questionnaire (PSQ) completed by the patients.

Instructions: Please rate your level of satisfaction with your complete dentures by selecting the
most appropriate response for each statement.
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Item 1 2 3 4 5
Very Low  Neutral High  Very
Low High

1. Comfort: O O O O O
How comfortable are your dentures when wearing
them?
2. Aesthetics: O O O O O
How happy are you with the way your dentures
look?
3. Ease of insertion and removal: O O O O O
How easy is it for you to put in and take out your
dentures?
4. Speech clarity: O O O O O
How well can you speak while wearing your
dentures?
5. Chewing efficiency: O O O | |
How well are you able to chew food with your
dentures?
6. Retention and stability: O O O O O
How well do your dentures stay in place during
daily use?
7. Sore spots and irritation: a O a O O
Have you experienced pain, sore spots, or irritation
from your dentures?
8. Need for adjustments: O O O O O
How often have you needed denture adjustments?
9. Overall satisfaction: O O O O O
How satisfied are you overall with your complete
dentures?
10. Recommendation: O Conventional O Digital

Which denture would you recommend to other

patients?

Scoring and interpretation:
e Responses can be converted into numerical values (1-5) for statistical analysis.
e Higher scores indicate greater patient satisfaction.

Timeline

e  Baseline (day of delivery).
e  Six (T1) and twelve (T2) month follow-up.
2.4. Data Analysis

Data were analyzed using R Core Team (2024), Version 4.3.3. The following statistical tests were
applied:
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Descriptive statistics (median, interquartile range) for all outcome variables.

The Wilcoxon signed-rank test was used for within-subject comparisons between the two
denture types (C-CD vs D-CD) in the crossover design.

The Mann-Whitney U test was used for group comparisons of independent samples, such as
comparing patient satisfaction between groups at specific time points (e.g., Group 1 vs Group 2 at T1
or T2).

Cronbach’s alpha was calculated to evaluate the internal consistency and reliability of the PSQ
items.

All statistical tests were two-sided, and a p-value < 0.05 was considered statistically significant.

3. Results

3.1. Baseline Characteristics

Forty patients (mean age 58.7 years, (IQR 3.75-9.00) were enrolled, including 24 men (60%) and
16 women (40%). Regarding the opposing mandibular arch, 45% had complete dentures, 35% had
removable partial dentures, and 20% had fixed prosthetic restorations (Table 2).

Table 2. Baseline characteristics of the included participants.

Patients age (years)

Mean (IQR25-IQR75) Sex Opposing mandibular arch
Natural teeth -
58.7 (3.75-9.00) Male 24 (60%) Complete denture 18 (45%)

Removable partial denture 14 (35%)

Female 16 (40%) Fixed prosthetic restorations 8 (20%)

3.2. Patient Satisfaction Questionnaire (PSQ)

Table 3 presents the descriptive statistics for all PSQ domains across both evaluation points. At
the 6-month follow-up (T1), digital complete dentures (D-CD) demonstrated significantly higher
patient satisfaction compared to conventional complete dentures (C-CD) in the domains of comfort
(p=0.04), retention (p=0.04), mastication (p=0.04), and need for adjustments (p=0.02). No significant
differences were observed in aesthetics, stability, speech, oral condition, or overall satisfaction at this
point (Table 4).

At the 12-month follow-up (T2), after the crossover period, patient satisfaction with D-CD was
significantly higher than with C-CD across almost all domains, including comfort (p<0.01), aesthetics
(p=0.03), stability (p<0.01), speech (p<0.01), retention (p<0.01), mastication (p<0.01), need for
adjustments (p<0.01), oral condition (p=0.03), and overall satisfaction (p<0.01), (Table 4).

Table 3. Descriptive statistics (median (IQR25-IQR75) for each group.

C-CD 12 D-CD 12
C-CD 6 months D-CD 6 months months months (IQR25-
(IQR25-IQR75) (IQR25-IQR75) (IQR25-IQR75) IQR75)

1. Comfort
2. Aesthetics
3. Stability
4. Speech

5. Retention

6. Mastication

3.00 (2.75-4.00)
3.50 (3.00-5.00)
3.00 (2.75-4.00)
2.50 (2.00-4.00)
2.50 (1.75-4.00)
2.50 (1.75-4.00)

4.00 (3.00-4.00)
3.50 (2.75-4.25)
3.50 (2.75-4.25)
3.50 (2.75-4.00)
3.50 (2.75-4.25)
3.50 (2.75-4.25)

2.50 (1.75-3.00)
3.50 (2.75-4.25)
2.50 (2.00-3.00)
2.50 (2.00-4.00)
2.50 (1.75-3.25)
2.50 (1.75-3.25)

4.50 (3.75-5.00)
4.50 (3.75-5.00)
4.50 (3.75-5.00)
4.50 (3.75-5.00)
4.50 (3.75-5.00)
4.50 (3.75-5.00)
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7. Need for
adjustments 2.50 (1.75-4.00)
3.50 (2.75-4.25)

2.50 (1.75-4.00)

3.50 (2.75-4.25)
3.50 (2.75-4.25)
3.50 (2.75-4.25)

2,50 (1.75-3.25)
3.50 (2.75-4.25)
2.50 (1.75-4.00)

4.50 (3.75-5.00)
4.50 (3.75-5.00)
4.50 (3.75-5.00)

8. Oral condition

9. Overall satisfaction

*Describes the overall values for each question in the questionnaire/group.

Table 4. Comparison of patient satisfaction (PSQ) for both types of complete maxillary dentures at T1 and T2.

C-CD 6 D-CD C-CD 12
months 6months months
Items from (IQR25- (IQR25- p (IQR25- D-CD 12 months P
PSQ IQR?75) IQR?75) T1 IQR75) (IQR25-IQR75) T2
3.00 (2.75- 4.00 (3.00- 0.0 2.50 (1.75- <0.0
1. Comfort 4.00) 4.00) 4*  3.00) 4.50 (3.75-5.00) 1*
350 (3.00- 3.50 (2.75- 0.7 3.50 (2.75- 0.03
2. Aesthetics 5.00) 4.25) 4.25) 4.50 (3.75-5.00) *
3.00 (2.75- 3.50 (2.75- 0.4 250 (2.00- <0.0
3. Stability 4.00) 4.25) 3.00) 4.50 (3.75-5.00) 1*
250 (2.00- 3.50 (2.75- 0.0 250 (2.00- <0.0
4. Speech 4.00) 4.00) 4.00) 4.50 (3.75-5.00) 1*
250 (1.75- 3.50 (2.75- 0.0 250 (1.75- <0.0
5. Retention 4.00) 4.25) 4*  3.25) 4.50 (3.75-5.00) 1*
250 (1.75- 3.50 (2.75- 0.0 250 (1.75- <0.0
6. Mastication 4.00) 4.25) 4*  3.25) 4.50 (3.75-5.00) 1*
7. Need for 250 (1.75- 3.50 (2.75- 0.0 250 (1.75- <0.0
adjustments 4.00) 4.25) 2% 3.25) 4.50 (3.75-5.00) 1*
350 (2.75- 350 (2.75- >0. 3.50 (2.75- 0.03
8. Oral condition 4.25) 4.25) 99 4.25) 4.50 (3.75-5.00) *
9. Overall 250 (1.75- 3,50 (2.75- 0.0 250 (1.75- <0.0
satisfaction 4.00) 4.25) 6 4.00) 4.50 (3.75-5.00) 1*

* Significant differences, p<0.05 (Mann-Whitney U signed-rank test on unpaired, non-parametric data).

3.3. Internal Consistency

High internal consistency was observed across all PSQ data sets, with Cronbach’s alpha
coefficients exceeding 0.90 (Table 5). This indicates excellent reliability of the questionnaire responses
and supports the credibility of patient-reported satisfaction.
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Table 5. Internal consistency (consistency of patients between responses).

Set Cronbach's a

C-CD Tx >0.9
D-CD T >0.9
C-CD T: >0.9
D-CD T: >0.9

*Cronbach’s alpha coefficient >0.90.

3.4. Change in Patient Perception

The crossover design revealed important shifts in patient perception. For conventional dentures,
patient satisfaction either declined or remained unchanged between T1 and T2, notably in comfort
(p<0.01). Conversely, D-CD satisfaction scores improved over time, particularly in aesthetics (p=0.04),
stability (p=0.04), speech (p=0.02), retention (p=0.04), mastication (p=0.04), need for adjustments
(p=0.04), oral condition (p=0.04), and overall satisfaction (p=0.04) (Table 6).

These results suggest that direct comparison and prolonged experience with both prosthetic
types significantly influenced patient perception in favor of digital dentures.

Table 6. Change in Patient Perception on the 9 factors following the switch between the complete dentures.

C-CDT: C-CD T1 D-CD T: D-CD T:
(IQR25- (IQR25- p C- (IQR25- (IQR25- p D-

Perception change IQR75) IQR?75) CD IQR75) IQR?75) CD
3.00 (2.75- 250 (1.75- 400 (3.00- 4.50 (3.75-

1. Comfort 4.00) 3.00) <0.01* 4.00) 5.00) 0.06
3.50 (3.00- 350 (2.75- 350 (2.75- 4.50 (3.75-

2. Aesthetics 5.00) 4.25) 0.79 4.25) 5.00) 0.04*
3.00 (2.75- 250 (2.00- 350 (2.75- 4.50 (3.75-

3. Stability 4.00) 3.00) 0.08 4.25) 5.00) 0.04*
250 (2.00- 250 (2.00- 350 (2.75- 4.50 (3.75-

4. Speech 4.00) 4.00) >0.99 4.00) 5.00) 0.02*
250 (1.75- 250 (1.75- 350 (2.75- 4.50 (3.75-

5. Retention 4.00) 3.25) 0.79 4.25) 5.00) 0.04*
250 (1.75- 250 (1.75- 350 (2.75- 4.50 (3.75-

6. Mastication 4.00) 3.25) 0.79 4.25) 5.00) 0.04*

7. Need for 250 (1.75- 250 (1.75- 350 (2.75- 4.50 (3.75-

adjustments 4.00) 3.25) 0.9 4.25) 5.00) 0.04*
350 (2.75- 350 (2.75- 350 (2.75- 4.50 (3.75-

8. Oral condition 4.25) 4.25) >0.99 4.25) 5.00) 0.04*

9. Overall 250 (1.75- 250 (1.75- 350 (2.75- 4.50 (3.75-

satisfaction 4.00) 4.00) >0.99 4.25) 5.00) 0.04*

* Significant differences, p<0.05 (Mann-Whitney U signed-rank test on unpaired, non-parametric data).
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3.5. Patient Preference and Recommendations

A clear preference for digital complete dentures was recorded at the end of the study: 24 out of
40 patients (60%) recommended D-CD, compared to 16 (40%) who preferred C-CD. Gender-wise, 10
women and 14 men favored digital dentures, while 6 women and 10 men preferred the conventional

type (Table 7).
Table 7. Recommended complete denture after 12 month:.
C-CD women! D-CD women? C-CD men?® D-CD men*
6 10 10 14

*1-recommendation for conventional complete dentures from women in the group; 2- recommendation for
digital complete dentures from women in the group; 3-recommendation for conventional complete dentures

from men in the group; 4-recommendation for digital complete dentures from men in the group.

4. Discussion

This prospective randomized crossover study aimed to compare patient satisfaction between
conventional complete dentures (C-CD) and digital complete dentures (D-CD) in maxillary
edentulous patients. The results demonstrated significantly greater satisfaction with D-CD across
nearly all measured parameters, especially after patients had experienced both prosthetic types. This
not only affirms the functional and aesthetic advantages of digital dentures but also highlights a clear
shift in perception once patients became familiar with both systems.

The superior ratings for comfort, retention, stability, aesthetics, and reduced need for
adjustments among D-CD users confirm findings from recent literature. Abdelnabi et al. [11] reported
that 3D-printed complete dentures demonstrate promising clinical outcomes, including high
accuracy, reduced sore spots, and fewer post-insertion adjustments, making them a reliable
alternative to conventional dentures [11]. Kim et al. [9], in a randomized controlled trial, also
concluded that digital dentures provided a non-inferior oral health-related quality of life compared
to traditional dentures, with patients appreciating faster fabrication and better comfort [9]. Our
findings echo these observations, as D-CD wearers in our study reported significantly better speech,
comfort, and less irritation. The CAD/CAM and 3D-printing technologies used in digital denture
fabrication improve base adaptation and reduce processing errors such as polymerization shrinkage
or porosity [14,15]. Digital dentures often provide better mucosal contact and retention due to
accurate scanning and virtual design, enhancing stability and reducing sore spots [16]. This was
reflected in the significant improvement in retention, comfort, and adjustment-related satisfaction
scores in our study.

Patient satisfaction is not solely functional; it also encompasses aesthetic perception,
psychological comfort, and social reintegration. Patients in our study favored D-CD in esthetics and
speech clarity after the crossover, likely due to improved tooth positioning and phonetic design
facilitated by digital articulation software. Similar findings were documented by Bidra et al. [17], who
found that digitally designed teeth arrangements enhanced smile lines and lip support. Moreover,
psychological literature highlights that empowering patients with modern, tech-based solutions
can enhance confidence and perception of care quality [18]. As digital dentures are often associated
with innovation and progress, patients may perceive them as higher quality, even prior to wear
experience.

The crossover design uniquely enabled the observation of patient perception changes, a
valuable insight often overlooked in parallel-group studies. Initially, at T1, the differences between
C-CD and D-CD were moderate. However, after experiencing both prostheses, patients clearly
favored the digital dentures at T2. This evolution suggests that initial familiarity with conventional
prosthetics may bias early satisfaction scores, but actual comparative experience reveals the
superiority of digital solutions.
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As noted by Zandinejad et al. [13], some patients initially hesitate to adopt digital dentures, but
adaptation and perception improve over time, especially when the digital prosthesis is better
customized to the individual’s anatomy.

Digital workflows significantly reduce clinical chair time and visits, which is particularly
beneficial for elderly or systemically compromised patients. Several studies report time savings of
30-50% with D-CDs compared to traditional methods [19]. This advantage, coupled with fewer post-
insertion visits (as seen in our low adjustment needs), makes D-CDs a viable solution in both public
and private dental systems.

In settings like Romania, where dental care access is uneven, streamlined digital workflows may
help reduce treatment barriers and standardize prosthetic outcomes in underserved communities
[4,20]. This echoes findings by Singh et al. [21], who reported that patient satisfaction with digital
dentures increased notably after a two-week adaptation phase. It suggests that initial resistance to
digital prostheses is often temporary and resolves with wear experience.

The high internal consistency (Cronbach's a > 0.90) across all questionnaires and scales adds
robustness to our findings and confirms the reliability of patient feedback. The inclusion of a
validated 10-item satisfaction questionnaire provided comprehensive coverage of patient-reported
outcomes. Similar reliability has been observed in prior prosthodontic surveys using multi-item tools
[22], reinforcing the value of using standardized, patient-reported outcome measures (PROMs) in
clinical research.

Moreover, by involving patients with various mandibular opposing arch conditions, this study
reflects a real-world edentulous population, increasing the external validity of the findings.

This design revealed a significant change in perception, with most patients favoring the digital
option after having experienced both. Initially, some domains showed minimal differences, likely
due to familiarity bias toward conventional prosthetics. However, by the end of the trial, the majority
of participants (60%) preferred D-CD, and this preference was more pronounced in males.

The consistent preference for D-CDs suggests several clinical benefits:

o Fewer follow-up visits due to reduced need for adjustments.
e Improved patient compliance and adaptation, particularly for first-time denture wearers.
e  More efficient fabrication processes, reducing chair time and lab coordination.

As digital workflows become more accessible and affordable, these advantages could
significantly enhance the standard of care in prosthodontics, especially for underserved populations.

Despite its strengths, the study has several limitations. The lack of a wash-out period could have
introduced residual adaptation bias. However, this was ethically justified, as prolonged maxillary
edentulism is not clinically acceptable. Additionally, long-term follow-up was beyond the scope of
this study. Future research should examine the durability, maintenance, and long-term satisfaction
of digital dentures over periods exceeding one year.

Also, the one year follow-up period may not capture long-term wearability or prosthesis
durability. Future studies should explore long-term satisfaction and maintenance over 12-24
months, However, a recent systematic review and meta-analysis revealed that milled complete
dentures would be recommended in dental practice [23].

5. Conclusions

This study demonstrates that digital complete dentures provide superior patient satisfaction
compared to conventional methods across multiple domains, including comfort, retention, aesthetics,
and speech. Patients who experienced both types of dentures consistently favored the digital option,
indicating a strong perception shift toward modern, digitally fabricated prostheses.

Digital dentures represent not just a technological advance but a significant improvement in
patient-centered care. Their continued integration into clinical practice has the potential to redefine
technology of dental prosthesis standards and outcomes.
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The outcomes of this prospective, randomized crossover study clearly demonstrate that digital
complete dentures (D-CD) outperform conventional complete dentures (C-CD) in terms of patient
satisfaction across multiple functional and psychosocial parameters. After experiencing both
treatment options, patients reported significantly greater comfort, retention, stability, speech ability,
and esthetic satisfaction with digitally fabricated dentures. This consistent preference, supported by
high internal consistency in patient responses, emphasizes the clinical relevance and reliability of the
findings.

As digital technologies continue to mature, their widespread adoption may become central to
delivering high-quality, personalized care to edentulous patients globally.
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