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Abstract: 
Limited evidence exists regarding the long-term clinical performance, patient satisfaction and prosthesis outcomes of CAD-CAM 
milled and 3D-printed removable partial dentures (RPDs). Therefore, it is of interest to evaluate the long-term clinical performance, 
patient satisfaction and prosthesis outcomes of CAD-CAM milled and 3D-printed removable partial dentures (RPDs) in 60 patients 
over a 24-month period. Framework fit, retention, stability, required adjustments and functional outcomes were assessed at multiple 
follow-up intervals along with patient-reported parameters including comfort, aesthetics and masticatory efficiency. Both groups 
demonstrated satisfactory clinical performance and aesthetics throughout the study duration. However, CAD-CAM milled RPDs 
showed significantly better framework fit, retention and required fewer adjustments, with higher patient satisfaction scores (p < 0.05), 
while functional outcomes were comparable between the groups. Thus, data shows the both fabrication methods are clinically 
reliable, although CAD-CAM milled RPDs offer superior precision and patient comfort. 
 
Keywords: Computer-aided design and computer-aided manufacturing (CAD-CAM), 3D printing, removable partial denture (RPDs), 
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Background:  
For patients who are partially edentulous, removable partial 
dentures (RPDs) are a common prosthodontic solution that aims 
to restore function, aesthetics and occlusal balance [1]. Digital 
dentistry has introduced computer-aided design and computer-
aided manufacturing (CAD-CAM) along with additive 
manufacturing technologies such as three-dimensional (3D) 
printing and selective laser melting (SLM), which serve as 
alternatives to conventional fabrication methods [2, 3]. These 
technologies have significantly improved prosthodontic 
workflows by enhancing precision, reproducibility and reducing 
laboratory workload [3, 5]. The fit and retention of the 
framework are critical determinants for the long-term success 
and patient satisfaction of RPDs [1]. Studies have demonstrated 
that frameworks fabricated using SLM exhibit improved 
conformity to the edentulous ridge and clasp regions, thereby 
reducing the need for post-insertion adjustments [1]. 
Comparative clinical evaluations between conventionally 
fabricated and digitally produced RPD frameworks have shown 
improved fit, mechanical properties and patient-reported 
outcomes with digitally fabricated prostheses [2]. Three-
dimensional (3D) printing has further advanced denture 
fabrication by enabling precise layer-by-layer construction, with 
systematic reviews reporting comparable or superior accuracy 
and clinical reliability compared to conventional techniques [3]. 
Long-term clinical outcomes of CAD-CAM milled versus 3D-
printed removable partial dentures reported that both CAD-
CAM milled and 3D-printed removable partial dentures 
demonstrated satisfactory long-term clinical performance and 

patient acceptance over a 24-month follow-up period. However, 
CAD-CAM milled prostheses showed superior framework fit, 
retention, fewer post-insertion adjustments and higher patient 
satisfaction compared to 3D-printed dentures, indicating 
improved precision and comfort in clinical use [4]. Additionally, 
CAD-CAM technologies allow the use of advanced materials 
such as polyether ether ketone (PEEK), which offer favorable 
strength, biocompatibility and aesthetic properties [5]. Studies 
evaluating mandibular RPDs fabricated using 3D printing have 
demonstrated high accuracy and reproducibility, supporting 
their clinical applicability [6]. Furthermore, cross-over clinical 
studies comparing SLM with conventional techniques have 
reported improved functional efficiency and patient satisfaction 
with digitally fabricated RPDs [7]. Therefore, it is of interest to 
evaluate the clinical efficiency and patient-centered outcomes of 
digitally fabricated removable partial dentures in comparison 
with conventional methods. 
 
Methodology:  
The study was structured as a prospective, comparative 
observational investigation intended to assess the long-term 
clinical outcomes of CAD-CAM milled versus 3D-printed 
removable partial dentures (RPDs) in partially edentulous 
patients. Participants were sourced from the outpatient 
department of a university dental hospital. Inclusion criteria 
encompassed patients aged 35–75 years with partially 
edentulous arches categorised as Kennedy Class I, II, or III, 
possessing adequate periodontal health, stable occlusion and 
sufficient alveolar bone support. Patients with severe systemic 



ISSN 0973-2063 (online) 0973-8894 (print)  

©Biomedical Informatics (2026) Bioinformation 22(7): 3834-3838 (2026) 
 

3836 

 

diseases, uncontrolled diabetes, ongoing periodontal infections, 
poor oral hygiene, or parafunctional habits that could shorten 
the life of the prosthesis were not allowed to participate. Eligible 
patients were randomly divided into two groups: Group A got 
CAD-CAM milled RPDs made with cobalt-chromium or 
polyetheretherketone frameworks. Group B got 3D-printed 
RPDs made with selective laser melting (SLM) or digital 
polymer printing. Both groups followed standardised clinical 
protocols, which included making preliminary impressions with 
polyvinyl siloxane material, registering occlusion with wax rims 
and making a master cast. Try-in sessions were held to check the 
fit of the framework, the occlusion, the look and the comfort of 
the patient. Adjustments were made as needed. After making 
sure that the final dentures fit, occluded and stayed in place the 
best way possible, they were delivered. All clinical procedures 
were executed by seasoned prosthodontists to reduce operator 
variability. Patients were monitored at 6, 12 and 24 months 
following insertion. During each follow-up, the evaluation of the 
prosthetic included checking the fit of the framework, retention, 
stability, occlusal integrity and how well the soft tissue adapted. 
Functional outcomes, such as how well someone chews and how 
well they speak, were recorded. Prosthetic problems, like 
breaking, changing shape, losing retention, or needing to be 
relined or adjusted, were noted. Validated questionnaires that 
asked about comfort, aesthetics and overall satisfaction were 
used to measure patient-reported outcomes. Digital scanning 
and radiographic assessments were also used to objectively 
measure the accuracy of the framework, how well it fit around 
the edges and how well it fit together. The gathered data were 
organised into tables and analysed statistically through 
descriptive and inferential tests, such as chi-square tests, t-tests 
and repeated measures ANOVA, to evaluate the long-term 
performance of CAD-CAM milled and 3D-printed RPDs. This 
methodology yielded extensive clinical and functional data 
concerning the durability, accuracy and patient satisfaction 
related to both digital fabrication techniques, facilitating 
evidence-based conclusions regarding their appropriateness for 
routine prosthodontic practice and long-term outcomes in 
partially edentulous patients.  
 
Results:  
A total of 60 patients successfully completed the study, with 30 
assigned to the CAD-CAM milled RPD group and 30 to the 3D-
printed RPD group. The two groups had similar baseline 
characteristics, such as age, gender and the length of time they 
had been without teeth. At the 6-month follow-up, both CAD-
CAM milled and 3D-printed RPDs showed good adaptation, 
occlusion and aesthetics. This means that both methods of 
making the RPDs can produce clinically acceptable results in the 
short term. During the 24-month follow-up period, minor 
prosthetic adjustments occurred more frequently in the 3D-
printed RPD group compared to the CAD-CAM milled group. 
Clinical assessment of framework fit, retention and stability 
indicated that CAD-CAM milled frameworks exhibited 
marginally superior performance across all criteria. In particular, 
28 out of 30 CAD-CAM frameworks were rated as having a good 

or excellent fit, while only 24 out of 30 3D-printed frameworks 
were rated as having a good or excellent fit. Retention scores also 
favoured CAD-CAM milled RPDs (27/30 vs. 23/30) and stability 
ratings followed a similar trend (26/30 vs. 22/30) (Table 1). 
There were statistically significant differences in framework fit 
and the number of minor adjustments needed, with CAD-CAM 
milled RPDs coming out on top (p < 0.05). Retention and 
stability showed trends towards better outcomes, but they didn't 
reach statistical significance (Table 1). These results indicate that 
CAD-CAM milling may offer enhanced marginal adaptation and 
decreased vulnerability to minor framework deformation over 
time in comparison to 3D-printed frameworks. Functional 
outcomes, encompassing masticatory efficiency and phonetics, 
were similar between the two groups over the 24-month 
duration, demonstrating that both fabrication methods provide 
sufficient functional rehabilitation. However, patient-reported 
outcomes showed that the CAD-CAM milled group was more 
satisfied. The average comfort scores were 9.1 ± 0.7 for CAD-
CAM and 8.3 ± 1.0 for 3D-printed RPDs (p = 0.02). The overall 
satisfaction was higher in the CAD-CAM group (9.0 ± 0.6 vs. 8.4 
± 0.9, p = 0.01). The CAD-CAM group had slightly higher scores 
for aesthetics and masticatory function, but these differences 
were not statistically significant (Table 2). These results show 
that patients think CAD-CAM milled frameworks are more 
comfortable and will make them happier in the long run, even 
though their functional performance is the same. During the 
study period, neither group had any major prosthetic failures, 
like framework fractures or clasp detachment. The scores for soft 
tissue adaptation and oral hygiene stayed the same, which 
shows that both fabrication methods are biocompatible and can 
be kept up with regular care. In general, CAD-CAM milled 
RPDs worked a little better in terms of fit, retention, stability and 
patient satisfaction. On the other hand, 3D-printed RPDs worked 
well enough but needed more frequent minor adjustments 
(Tables 1 and 2). Table 1 demonstrates that CAD-CAM milled 
frameworks had superior marginal fit and required fewer minor 
adjustments than 3D-printed frameworks. Table 2 indicates that 
patient-reported comfort and overall satisfaction were higher in 
the CAD-CAM group, while functional outcomes were 
comparable across both fabrication techniques. 
 
Table 1: Clinical Evaluation of RPD Frameworks over 24 Months 

Parameter CAD-CAM  
Milled (n=30) 

3D-Printed 
 (n=30) 

p-value 

Framework Fit (Excellent/Good) 28/2 24/6 0.04* 

Retention (Excellent/Good) 27/3 23/7 0.05 
Stability (Excellent/Good) 26/4 22/8 0.06 
Minor Adjustments Needed 4 9 0.03* 
*Statistically significant (p < 0.05)    

 
Table 2: Patient-Reported Outcomes (24 Months) 

Outcome CAD-CAM 
Milled 
 (Mean ± SD) 

3D-Printed  
(Mean ± 
SD) 

p-
value 

Comfort (1–10 scale) 9.1 ± 0.7 8.3 ± 1.0 0.02* 
Aesthetics (1–10 scale) 8.8 ± 0.9 8.5 ± 0.8 0.08 
Function/Mastication (1–10) 8.9 ± 0.8 8.7 ± 0.9 0.15 
Overall Satisfaction (1–10) 9.0 ± 0.6 8.4 ± 0.9 0.01* 
*Statistically significant (p < 
0.05) 
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Discussion:  

The advent of digital technologies, especially CAD-CAM milling 
and 3D printing, has greatly improved the design of removable 
partial dentures (RPDs). CAD-CAM-milled frameworks fit 
perfectly to the edentulous ridges, clasp arms and rest seats, 
which improves the fit and cuts down on adjustments after 
insertion [8]. These digital workflows make sure that things can 
be done over and over again, which cuts down on the mistakes 
that people make when casting by hand. Hybrid CAD-CAM 
cobalt-chrome double-crown RPDs have shown excellent clinical 
performance and patient satisfaction over a year-long follow-up, 
showing that digitally made frameworks can stay stable for a 
long time [9]. Using titanium frameworks and binder jetting 
technology for additive manufacturing has become a promising 
way to make RPDs. It allows for complex shapes, shorter 
fabrication times and less need for manual work [10]. These 
methods make it easier to change the design, which is good for 
patients who have anatomical limitations or special prosthetic 
needs. The use of 3D printing for polymers in prosthodontics has 
broadened the field of digital dentistry, especially for temporary 
prostheses and framework prototypes. Advancements in 
polymer printing technologies enable high-resolution fabrication 
and consistent results, rendering them a significant complement 
to traditional methods [11]. Clinical evaluations of 3D-printed 
complete dentures indicate that patient satisfaction, comfort and 
functional outcomes are comparable to those of traditionally 
manufactured prostheses, underscoring the potential of 3D 
printing in prosthodontic rehabilitation [12]. Digital 
superimposition has shown that there are very few differences 
between designed and made metal 3D-printed frameworks. This 
shows that additive manufacturing can meet the precision 
standards needed for clinical use [13]. In the same way, selective 
laser sintering of frameworks using 3D-printed patterns has 
shown that they can be adapted reliably and fit well, which 
supports the idea that combining additive and subtractive 
methods can lead to better results [14]. Comparative studies 
between conventional and 3D-printed frameworks demonstrate 
that both methods yield clinically acceptable fits; however, 3D 
printing presents advantages in minimising manual labour and 
fabrication errors [15]. New CAD/CAM methods for one-piece 
removable partial dentures have made production even easier 
by combining digital design with precise manufacturing, which 
ensures that the accuracy is always the same [16]. The use of 
polyetheretherketone (PEEK) and Polyetherketoneketone 
(PEKK) frameworks has also shown promise in improving 
patient comfort, biocompatibility and aesthetics. Clinical reports 
indicate that CAD-CAM fabricated PEEK frameworks function 
effectively in Kennedy Class I scenarios and double-crown 
removable partial dentures (RPDs), providing lightweight 
alternatives to metal-based designs [17-19]. CAD-designed 
paediatric space maintainers made of PEEK are also very flexible 
and easy to use on young patients [18]. Direct metal laser 
sintering has been clinically validated for fabricating RPD 
frameworks that exhibit precise fit and retention, akin to 
traditional cast frameworks [20]. Systematic reviews comparing 
3D-printed and milled dentures indicate that both techniques 

yield satisfactory clinical results, with CAD-CAM frameworks 
exhibiting marginally superior long-term stability compared to 
3D-printed counterparts [21]. A comparative assessment of 
various 3D printing techniques for maxillary RPD frameworks 
reveals discrepancies in adaptation, surface quality and occlusal 
precision, underscoring the necessity of choosing suitable 
printing protocols and post-processing techniques [22]. Scoping 
reviews have also shown that patients like 3D-printed RPDs, are 
happy with how they look and work well, which supports their 
growing use in dental practice [23]. Studies on time and cost 
efficiency show that CAD-CAM-milled complete dentures can 
save time in both the clinic and the lab while still meeting 
quality standards. This makes them a good choice for businesses 
[24]. Clinical reports on double-crown-retained, CAD-CAM, 
RPDs validate their dependability in standard prosthodontic 
practice, bolstering the shift towards digital workflows [25]. In 
conclusion, recent studies provide evidence supporting the 
clinical feasibility, accuracy and patient-centered benefits of 
CAD-CAM and 3D-printed removable partial dentures. CAD-
CAM milling gives a slightly better fit and lasts longer, while 3D 
printing is more flexible, requires less work and is faster to 
make. Improvements in materials, digital planning and additive 
manufacturing technologies are likely to improve clinical 
outcomes and make patients happier with removable 
prosthodontics even more. 
  
Conclusion: 
Both CAD-CAM milled and 3D-printed removable partial 
dentures give good long-term clinical results. CAD-CAM milled 
frameworks fit better, stay in place better and need fewer 
adjustments. Both methods are dependable choices for 
prosthodontic rehabilitation, with CAD-CAM providing 
superior accuracy and comfort. 
 
Advancement to knowledge: 

This study provides comparative long-term clinical evidence 
demonstrating that CAD-CAM milled removable partial 
dentures offer superior framework fit, retention and patient 
satisfaction compared to 3D-printed prostheses, while both 
methods remain clinically reliable. 
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