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ABSTRACT:  

Aim. To evaluate and compare the dimensional accuracy of dental casts fabricated using 

digital light processing (DLP), liquid crystal display (LCD), and fused deposition 

modelling (FDM) three-dimensional (3D) printing technologies.  

Materials And Methods. A clinical observational study was conducted on 14 participants 

meeting predefined inclusion criteria. Maxillary arches were scanned using an intraoral 

scanner to obtain STL datasets, which served as the digital reference. Each STL file was 

used to fabricate three printed casts using DLP, LCD, and FDM technologies, producing 

a total of 42 printed models. Linear dimensional accuracy was assessed by measuring 

intermolar width (IMW), intercanine width (ICW), and dental arch length (AL) using an 

optical multisensory coordinate measuring machine (O-INSPECT CMM, Zeiss). 

Measurements were repeated three times by the same operator, and the mean values were 

analysed. Data normality was assessed using the Shapiro–Wilk test, followed by one-way 
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analysis of variance. Effect sizes were calculated to determine the magnitude of intergroup 

differences.  

Results. All three printing technologies produced casts with dimensional deviations that 

remained within clinically acceptable limits. DLP demonstrated the least numerical 

deviation from the reference STL dataset across the evaluated parameters, followed by 

LCD and FDM. Although FDM exhibited comparatively greater deviation, particularly 

for arch length, no statistically significant differences were observed among the printing 

technologies for intermolar width (P = 0.657), intercanine width (P = 0.861), or arch 

length (P = 0.976). Effect size analysis demonstrated minimal influence of fabrication 

technique on dimensional variability.  

Conclusion. Among the investigated systems, DLP demonstrated the highest 

dimensional accuracy and may be preferred for procedures requiring maximum precision, 

whereas LCD and FDM provide acceptable alternatives for diagnostic, educational and 

routine clinical applications. 

 

INTRODUCTION 

The rapid evolution of digital dentistry has significantly transformed contemporary prosthodontic practice through the 

integration of intraoral scanning, computer-aided design/computer-aided manufacturing (CAD/CAM), and additive 

manufacturing technologies. Three-dimensional (3D) printing enables the fabrication of physical dental models directly from 

Standard Tessellation Language (STL) datasets, providing an efficient alternative to conventional impression and cast 

fabrication techniques. Compared with traditional gypsum casts, digital workflows reduce material distortion, improve data 

storage and communication, facilitate reproduction of models, and streamline laboratory procedures.1–3 

The accuracy of a dental cast is fundamental to the successful fabrication of fixed dental prostheses, removable prostheses, 

implant-supported restorations and orthodontic appliances. Dimensional discrepancies in printed casts may adversely affect 

prosthesis fit, occlusal relationships and treatment outcomes. Consequently, the dimensional accuracy of 3D-printed dental 

models has become an important consideration in digital prosthodontics.4,5 

Among the available additive manufacturing technologies, Digital Light Processing (DLP), Liquid Crystal Display (LCD) and 

Fused Deposition Modelling (FDM) are the most commonly used for dental model fabrication. DLP and LCD printers 

employ photopolymerisation of light-curable resins, producing models with high resolution and surface detail.6–8 In contrast, 

FDM fabricates models through layer-by-layer extrusion of thermoplastic filament, most commonly polylactic acid (PLA). 

Although FDM offers lower manufacturing costs and greater accessibility, its layer deposition process may influence 

dimensional accuracy and surface quality when compared with photopolymerisation-based systems.9,10Several studies have 

evaluated the accuracy of different 3D-printing technologies. Photopolymerisation-based printers have generally 

demonstrated superior trueness and precision compared with extrusion-based systems; however, most investigations have 

reported that all technologies produce models within clinically acceptable limits for prosthodontic applications.11–18  

Despite these encouraging findings, the majority of published studies have been conducted under laboratory conditions using 

standardised reference models. Clinical investigations employing patient-derived intraoral scan datasets remain limited, and 

evidence comparing DLP, LCD and FDM technologies under clinical conditions is still insufficient. Moreover, few studies 

have evaluated clinically relevant linear arch dimensions using high-precision optical coordinate measuring systems, which 

are considered reliable tools for dimensional assessment.19,27 

Therefore, the present clinical observational study aimed to evaluate and compare the dimensional accuracy of maxillary 

dental casts fabricated using DLP, LCD and FDM 3D-printing technologies with the corresponding STL datasets obtained 

from intraoral scanning. The null hypothesis was that no statistically significant difference would exist in the dimensional 

accuracy of casts produced by the three additive manufacturing techniques. 
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MATERIALS AND METHODS 

This clinical observational study was conducted in the Department of Prosthodontics and Crown & Bridge, Santosh Dental 

College and Hospital, Ghaziabad, India, after obtaining approval from the Institutional Ethics Committee. Written informed 

consent was obtained from all participants before enrolment, and the study was performed in accordance with the Declaration 

of Helsinki. 

Fourteen participants aged 18–45 years were recruited from the outpatient department. Participants with a complete maxillary 

dentition (excluding third molars), healthy periodontal tissues and the ability to undergo intraoral digital scanning were 

included. Individuals with extensive restorations affecting tooth morphology, severe malocclusion, craniofacial anomalies, 

active orthodontic treatment or inability to cooperate during scanning were excluded. 

 

Figure 1- The Series of Steps Involved in Carrying out the Finite Element 

Maxillary digital impressions were obtained using an intraoral scanner (Aoralscan 3; Shining 3D, Hangzhou, China) following 

a standardised scanning protocol. The acquired scans were exported as Standard Tessellation Language (STL) files4,5,27 and 

processed using Meshmixer software (Version 3.5.474, Autodesk Inc., USA) for trimming and standardisation of the model 

base(Figure 1). 

Each STL dataset served as the reference model and was used to fabricate three printed casts using different additive 

manufacturing technologies: 

Digital Light Processing (DLP):  Aidite EZPRINT T-P1 (Aidite, China) 

Liquid Crystal Display (LCD):  Elegoo Saturn 4 12K (Elegoo, China) 

Fused Deposition Modelling (FDM):  Bambu Lab H2D (Bambu Lab, China) 

A total of 42 printed casts (14 casts per printing technology) were fabricated. 

For the DLP and LCD groups, models were printed using a 405-nm ultraviolet-curable resin with a layer thickness of 50 μm. 

Following fabrication, the casts were cleaned in 99% isopropyl alcohol, air-dried, post-cured according to the manufacturers' 
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recommendations and the support structures were removed6–8,14. 

For the FDM group, models were fabricated using 1.75-mm polylactic acid (PLA) filament at a layer thickness of 100 μm. 

Printing parameters included a nozzle temperature of 200°C, build plate temperature of 60°C and 100% infill. Printed casts 

were allowed to cool before removal from the build platform9,10,22. 

The specifications of the evaluated printers are summarised in Table 1. 

Table 1. Printers evaluated and manufacturer specifications. 

Printer / 

Model 
Manufacturer Technology 

Build 

Volume 

(mm) 

Layer 

Thickness 
Material 

Aidite 

EZPRINT 

T-P1 

Aidite, China DLP 144 × 81 × 

130 

50 µm 405 nm UV-

curable resin 

Elegoo 

Saturn 4 

12K 

Elegoo, China LCD 218.88 × 

122.88 × 

220 

50 µm 405 nm UV-

curable resin 

Bambu Lab 

H2D 

Bambu Lab, 

China 

FDM 350 × 320 

× 325 

100 µm PLA filament 

(1.75 mm) 

 

Dimensional accuracy was evaluated using an optical multisensory coordinate measuring machine (O-INSPECT CMM; Carl 

Zeiss, Oberkochen, Germany) under controlled environmental conditions (20°C and 50% relative humidity). The STL 

reference datasets were analysed using ZEISS INSPECT Metrology software with identical anatomical reference points14,19. 

 

(a)                                                   (b) 

Figure 2  - Measurement of cast inmultisensorycoordinatemeasuring machine. 

Three clinically relevant linear measurements were recorded for both the STL reference models and the printed casts: 

Intermolar width (IMW): Distance between the mesiobuccal cusp tips of the maxillary first molars. 

Intercanine width (ICW): Distance between the cusp tips of the maxillary canines. 

Arch length (AL): Linear anteroposterior distance between predetermined anterior and posterior reference points (Figure 

2). 

The examiner was calibrated before data collection, and all measurements were performed by the same investigator to 

minimise intra-examiner variability. 
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(a)                                                   (b) 

Figure 3 : 3D Printed Cast (a) and Digital File with reference measuring points (b) 

Statistical analysis was performed using IBM SPSS Statistics Version 22.0 (IBM Corp., Armonk, NY, USA). Descriptive 

statistics were calculated and expressed as mean ± standard deviation, variance, 95% confidence interval, minimum and 

maximum values. Data normality was assessed using the Shapiro–Wilk test. Intergroup comparisons were performed using 

one-way analysis of variance (ANOVA). Effect size was determined using eta-squared (η²) and omega-squared (ω²). Statistical 

significance was established at P < 0.05. 

RESULTS 

A total of 14 participants (9 females and 5 males; mean age 28.6 ± 6.4 years) were included in the study. All STL files were 

successfully acquired and used to fabricate three-dimensional (3D) printed maxillary casts using Digital Light Processing 

(DLP), Liquid Crystal Display (LCD) and Fused Deposition Modelling (FDM) technologies, resulting in 42 printed models. 

No printing failures or measurement errors were encountered during the study. 

Table 2. Descriptive statistics — Intermolar Width (IMW). 

Group n 
Mean ± SD 

(mm) 
Variance 95% CI 

Min 

(mm) 

Max 

(mm) 

STL 

Reference 

14 54.36 ± 3.83 14.64 51.37 – 

57.34 

47.31 60.88 

DLP 14 52.26 ± 8.94 79.91 49.27 – 

55.24 

24.09 60.69 

LCD 14 54.30 ± 3.84 14.76 51.32 – 

57.29 

47.31 60.85 

FDM 14 54.61 ± 3.81 14.54 51.63 – 

57.59 

48.56 61.33 

One-way ANOVA: F = 0.54, df = 3/52, p = 0.657, η² = 0.03, ω² = −0.03. NS = not statistically significant. 

Table 3. Descriptive statistics — Intercanine Width (ICW). 

Group n 
Mean ± SD 

(mm) 
Variance 95% CI 

Min 

(mm) 

Max 

(mm) 

STL 

Reference 

14 37.31 ± 1.71 2.94 36.39 – 

38.23 

34.43 39.50 
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DLP 14 37.33 ± 1.75 3.05 36.41 – 

38.25 

34.42 39.82 

LCD 14 37.30 ± 1.78 3.16 36.38 – 

38.21 

34.37 39.81 

FDM 14 37.77 ± 1.61 2.60 36.85 – 

38.69 

34.82 40.01 

ANOVA: F = 0.25, df = 3/52, p = 0.861, η² = 0.014, ω² = −0.042. NS = not statistically significant. 

Table 4. Descriptive statistics — Dental Arch Length (AL). 

Group n 
Mean ± SD 

(mm) 
Variance 95% CI 

Min 

(mm) 

Max 

(mm) 

STL 

Reference 

14 94.66 ± 4.77 22.75 92.13 – 97.19 86.24 101.84 

DLP 14 94.18 ± 4.69 22.03 91.65 – 96.71 86.14 101.24 

LCD 14 94.23 ± 4.67 21.83 91.70 – 96.77 85.33 100.98 

FDM 14 94.86 ± 4.74 22.51 92.33 – 97.39 86.07 101.70 

One-way ANOVA: F = 0.07, df = 3/52, p = 0.976, η² = 0.004, ω² = −0.052. NS = not statistically significant. 

 

(a)                                                   (b)                                          (c) 

Fig 3: Bar chart for Intermolar Width (IMW) (a) Intercanine Width (ICW) (b) Dental Arch Length (AL) (c) 

The mean IMW measurements (Table 2) obtained from the three printing technologies were comparable with the reference 

Standard Tessellation Language (STL) datasets. Although the DLP group demonstrated greater variability than the other 

groups, one-way analysis of variance (ANOVA) revealed no statistically significant difference among the evaluated techniques 

(F = 0.54, P = 0.657). 

Similarly, ICW measurements (Table 3) showed minimal deviation from the STL reference across all groups. The dimensional 

differences among DLP, LCD and FDM casts were negligible, and statistical analysis demonstrated no significant intergroup 

difference (F = 0.25, P = 0.861). 

For AL, all three printing technologies produced measurements (Table 4) closely corresponding to the reference datasets. 

FDM casts exhibited slightly greater numerical deviation than the photopolymerisation-based systems; however, this 

difference was not statistically significant (F = 0.07, P = 0.976). 
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The Shapiro–Wilk test demonstrated that the majority of variables were normally distributed. A deviation from normality was 

observed only for IMW in the DLP group; however, the remaining datasets satisfied the assumptions for parametric 

analysis.Effect size analysis revealed very small η² values (<0.03) for all three linear measurements, indicating that the choice 

of printing technology contributed minimally to the observed dimensional variation. 

Overall, DLP demonstrated the smallest numerical deviation from the STL reference, followed by LCD and FDM. 

Nevertheless, the dimensional differences among the three additive manufacturing technologies were small and remained 

within clinically acceptable limits for prosthodontic applications. 

Figure 2 illustrates the anatomical reference points used for dimensional measurements, while Table 2, Table 3, Table 4 

compares the mean values of IMW, ICW and AL among the study groups. 

DISCUSSION 

The present clinical observational study compared the dimensional accuracy of maxillary dental casts fabricated using three 

widely used additive manufacturing technologies—Digital Light Processing (DLP), Liquid Crystal Display (LCD) and Fused 

Deposition Modelling (FDM)—using patient-derived intraoral scan datasets as the reference standard. The findings 

demonstrated that all three technologies produced casts with clinically acceptable dimensional accuracy for intermolar width, 

intercanine width and arch length. Dimensional accuracy is one of the most important determinants of the clinical success of 

digital prosthodontic workflows because inaccuracies in diagnostic casts may affect prosthesis fit, occlusal relationships and 

laboratory procedures. The increasing adoption of intraoral scanning and additive manufacturing has therefore generated 

considerable interest in identifying printing technologies capable of reproducing dental anatomy with high precision while 

maintaining clinical efficiency and cost-effectiveness.14,18 

The slightly superior numerical performance of DLP observed in the present study may be explained by its printing 

mechanism. DLP printers polymerise an entire resin layer simultaneously using a digital light projector, thereby reducing 

cumulative polymerisation errors and improving dimensional stability. LCD printers also use photopolymerisation but expose 

the resin through an LCD masking screen, resulting in comparable accuracy with only minor differences attributable to light 

transmission efficiency and pixel resolution.7,8 In contrast, FDM fabricates models by sequential deposition of molten 

thermoplastic filament, making the printed object more susceptible to thermal contraction, layer shrinkage and cumulative 

deposition errors, particularly over larger dimensions such as the dental arch.10,23 These manufacturing characteristics 

probably explain the slightly greater numerical deviation observed for FDM casts, especially in arch length measurements. 

The present findings agree with those reported by Nestler et al.,14 who compared extrusion- and photopolymerisation-based 

printers and concluded that although photopolymerisation systems demonstrated greater trueness, all evaluated technologies 

produced models that were clinically acceptable for dental applications. Similarly, Tsolakis et al.7 observed comparable 

dimensional accuracy between DLP and LCD technologies, with only minor differences that were unlikely to influence clinical 

outcomes. Park and Shin15 also reported excellent reproducibility of printed dental models irrespective of the manufacturing 

system when standardised printing protocols were followed. 

Our findings are also consistent with the systematic review by Etemad-Shahidi et al.,18 which concluded that contemporary 

3D-printing technologies generally produce clinically acceptable full-arch dental models despite differences in manufacturing 

principles. Likewise, the network meta-analysis by Nemeth et al.28 suggested that photopolymerisation-based technologies 

demonstrate marginally greater accuracy than extrusion-based systems; however, the magnitude of these differences is often 

insufficient to influence routine clinical applications. 

Although FDM exhibited the greatest numerical deviation among the evaluated technologies, its measurements remained 

within clinically acceptable limits. This observation supports the work of Kamio et al.,22 who demonstrated that modern 

desktop FDM printers are capable of producing sufficiently accurate dental casts for diagnostic, educational and treatment-

planning purposes while offering substantial economic advantages. The comparatively low cost of FDM printers and PLA 

filament makes this technology particularly attractive for dental schools and institutions where affordability is an important 

consideration. 

An important finding of the present study was the absence of statistically significant differences among the three printing 

technologies for all evaluated linear measurements. Furthermore, the very small effect sizes indicated that only a minimal 
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proportion of dimensional variability could be attributed to the manufacturing technique itself. These findings suggest that 

factors such as intraoral scanning accuracy, STL processing, model orientation, post-processing protocols and biological 

variation among participants may collectively exert a greater influence on the final dimensional outcome than the choice of 

printing technology alone.4,19,27 

A major strength of the present investigation is that it evaluated patient-derived intraoral scans rather than standardised 

laboratory models. Consequently, the study reflects clinical conditions more closely than many previous in vitro investigations. 

In addition, dimensional measurements were obtained using a high-precision optical coordinate measuring machine, thereby 

reducing measurement error and improving the reliability of the recorded values. 

The study nevertheless has several limitations. The sample size was relatively small, and only maxillary arches were evaluated. 

In addition, one representative printer from each manufacturing technology was investigated; therefore, the findings cannot 

be generalised to all commercially available systems. Only linear dimensional accuracy was assessed, whereas volumetric 

accuracy, surface trueness, colour deviation, marginal adaptation, mechanical properties and long-term dimensional stability 

were beyond the scope of the present investigation. Future multicentre clinical studies involving larger sample sizes, different 

printer systems and comprehensive three-dimensional analyses are recommended to establish evidence-based guidelines for 

selecting additive manufacturing technologies in prosthodontics. 

Overall, the findings indicate that DLP, LCD and FDM technologies are all capable of producing clinically acceptable dental 

casts for contemporary prosthodontic practice. While DLP demonstrated the highest numerical accuracy, the absence of 

statistically significant differences suggests that the selection of a printing technology should be based not only on dimensional 

accuracy but also on clinical indication, production efficiency and economic considerations. 

CONCLUSIONS 

Within the limitations of this clinical observational study, all three additive manufacturing technologies evaluated—Digital 

Light Processing (DLP), Liquid Crystal Display (LCD) and Fused Deposition Modelling (FDM)—produced maxillary dental 

casts with clinically acceptable dimensional accuracy. Although DLP demonstrated the smallest numerical deviation from the 

reference STL datasets, no statistically significant differences were observed among the three printing technologies for 

intermolar width, intercanine width or arch length. These findings suggest that each technology can be incorporated into 

contemporary digital prosthodontic workflows according to clinical requirements. DLP may be preferred for procedures 

demanding greater dimensional precision, whereas LCD and FDM offer cost-effective alternatives for diagnostic, educational 

and routine clinical applications. Further multicentre clinical studies with larger sample sizes and comprehensive three-

dimensional accuracy analyses are required to validate these findings. 

Clinical Significance 

All three evaluated 3D printing technologies produced clinically acceptable dental casts for prosthodontic applications. DLP 

demonstrated the highest numerical accuracy, whereas LCD and FDM provided acceptable accuracy with potential economic 

advantages, supporting their selection according to the precision requirements and cost considerations of individual clinical 

situations.. 
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