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 This study aimed to evaluate a method for manufacture of custom trays for 

edentulous jaws using computer aided design and three-dimensional printer 

technologies. A digital method for design the custom trays for edentulous 

jaws was established. The tissue surface data of ten standard maxillary 

edentulous plaster models, which was used to design the digital custom tray 

in a reverse engineering software, were obtained using a 3D scanner. The 

designed tray was printed by a 3D FDM printing device. Another ten hand-

made custom trays were produced as control. The 3-dimentional surface 

data of impression and custom trays was scanned to evaluate the accuracy 

of the impression material thickness while the difference between digitally 

made trays and hand-made trays were analyzed. The results showed that 

impressions from 3D printed custom trays had better thickness distribution 

than that of hand-made ones. With 3D scanning, CAD and 3D Printing 

technology, an efficient method of custom tray production was established, 

which achieved a high reproducibility and accuracy. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

At present, the conventional method of restoring edentulous jaws is through the use of complete dentures [1]. 

Thus, the production of complete denture prostheses is also expected to be a large demand. 

 

Achievement of an excellent prognosis for a complete denture treatment requires four key steps: [1], [2] 

impression and cast of the edentulous jaw, the maxillomandibular relationship recording, design and 

manufacture of the complete denture and clinical try-in. Of these, accurate impressions provide the foundation 

for complete denture restoration and are closely related to the dentures, retention and stability [3]. 

 

The precise morphology of the tissue surface and the appropriate extension range are key factors of the 

impression. Currently, a secondary impression method is most often used to take impressions with better 

morphology and quality [1], [4]. 

 

According to the impression-taking times, there are primary impression method and secondary impression 
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method [1], [3]. 

 

The primary impression method uses a suitable stock impression tray and impression material to make the 

final impression. The stock impression tray, however, rarely matches the shape of a patient’s alveolar and 

dental arch. This technique cannot guarantee an appropriate extension of the denture border or uniform 

thickness of the impression material and is, therefore, seldom used in patients [5]. 

 

The secondary impression method takes a primary impression and a secondary impression. The primary 

impression is taken by a stock tray with alginate or impression compound, into which the primary gypsum 

cast is perfused. After filling the undercuts, wax of a certain thickness (usually 1.5 mm) is baked and paved 

onto the cast, to allow some space between the tissue surface of the primary cast and the custom impression 

tray. Next, a chemical curing resin or photo-curable resin is paved onto the surface of the wax at a thickness 

of 2 mm. and the moderate extension margin is trimmed. This custom tray is then used to make the final 

impression. Compared to the primary impression method, the secondary impression method allows for 

production of a tray that fits well and easily makes an accurate impression of the patient’s jaws [3]. 

 

However, this technique takes extra time and materials, and the deformation of wax when paving onto the 

cast often leads to non-uniform space for the final impression material. 

 

With the development of digital technology, more manual prosthodontic operations can be replaced by digital 

methods to improve the efficiency of production and the accuracy. In regards to fixed prostheses, from optical 

impression to computer-aided design (CAD) and computer-aided manufacture (CAM), a relatively mature 

digital solution is available [6]. However, there are only a few of publications on the digital design and 

manufacture of complete dentures and the digital solution for edentulous impression taking is still lacking 

[7], [8]. 

 

This study, therefore, attempted to explore a digital design methodology for production of a custom dental 

impression tray. Three-dimensional (3D) scanning technology was used to obtain tissue surface data of the 

standard plaster cast, and CAD technology was used to design the custom tray. Fused deposition modeling 

(FDM), a kind of 3D printing technology, was ultimately used to produce the tray. 

 

2. Materials and methods 

 

2.1 Sample preparation 

Ten edentulous patients from the Department of Prosthodontics of Hama University were enrolled. The 

patients had undergone complete tooth extractions 6 months prior. The inclusion criteria were as follows: 

maxillary edentulous jaws; alveolar ridge absorption grading Atwood levels I–III; acceptance of complete 

denture restoration; and willingness to cooperate. 

 

The exclusion criteria were as follows: the presence of mental illness or Parkinson’s disease; inability to care 

for themselves; allergy to the denture material; obvious defects in the maxilla; severe oral mucosal diseases 

without effective treatment; an obvious flabby alveolar ridge; or a sensitive pharynx reflex. All denture 

restoration expenses were exempted to compensate the patients participating in the study. 

 

2.2 Primary impression 

Primary impressions were taken using stock trays with an alginate impression. These procedures were 

performed by a dentist with more than 3 years of clinical experience. 
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Plaster cast models were produced; The tissue surface of the primary plaster cast model was obtained using 

a 3D model scanner (Medit Identica T500 Scanner) and saved in the STL file format. 

 

2.3 Digital design and 3D custom tray printing 

The scanned data of cast model was imported into a reverse engineering software (Autodesk Meshmixer) to 

design the custom trays. 

 

First, using an interactive plotted command, the tray area margin was extracted and trimmed. For the 

maxillary jaw, the labial/buccal margin was determined by the labial/buccal frenum and vestibular mucosa 

rugae, while the posterior margin was determined by the hamular notch and vibrate line. 

 

The trimmed surface was then offset along the normal direction by 1.5 mm, forming an interior surface of the 

custom tray. To create the solid 3D model of the custom tray body, a 2-mm shell of the interior surface of the 

tray was drawn out (Fig. 1). Next, 4 tissue stops were designed on the canines and first molar areas with sizes 

of (4 mm * 6 mm and a thickness of 1.5 mm), The tissue stops and custom tray bodies were fused into one 

object, and an appropriate handle was designed and connected to the body of the tray. 

 

The designed custom tray data was then saved in the STL file format. 

 

2.4 3D Printing 

The CAD custom tray data was imported into a computer system connected to 3D printer (FDM printer) 

(FLASHFORGE), and the custom tray was printed layer upon layer at 0.1 mm/layer using polylactic acid 

(PLA) filament (Fig. 2). 

 

2.5 Set up the control group 

Another ten custom trays were made upon the same maxillary edentulous plaster cast models, using 

conventional methods. A 1.5 mm thick wax was baked to be soft enough, and paved onto the tissue surface 

of cast model. After the wax cooled down, 4 tissue stops were removed on the canines and first molar areas 

with sizes of (4 mm * 6 mm) in the vestibular-lingual direction, Then, the self-cure acrylic was mixed and 

the traditional costume tray was made with appropriate handle the costume tray was trimmed and smoothed 

after saturation, then waited 24 hours for the dimensional stability of the tray [9], [10]. 

 

2.6 Clinical verification 

Final impressions for each edentulous patient were taken repeatedly with the tow custom trays using PVS 

silicon as the impression material, of which, the trays were preborder-moulded before taking the impressions. 

The impressions were completed by a dentist with more than 3 years of edentulous restoration experience. 

To ensure that the experimental conditions remained consistent, each patient’s final impressions were 

completed by the same dentist within the same day. Each patient rested for half an hour between impressions 

to allow the soft tissue deformation to recover. 

 

2.7 Measurement of the impression material thickness 

The final impression was placed into a dental model scanner for the 3D scan. The custom trays and the 

impression material on them were fixed on the scanner’s platform with hot melt glue. The surfaces of the 

impressions were scanned. The impression materials on the trays were thereafter carefully removed without 

taking the trays off the platform. The surface of the tray was then scanned. The thickness of the final 

impression material was measured as the distance between the impression surface and the underneath tray 

surface. The scanned data were processed in GOM INSPECT software. For the 3DPrinted tray and hand-
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made tray, the area where tissue stop lay was trimmed. To ensure the uniformity of the testing data, areas 

with the same size and location were trimmed in the 3DP tray and hand-made tray (Fig3). 

 

2.8 Statistic methods 

The comparison of reserved impression material space between digitally made trays and hand-made trays was 

performed using independent sample T test. P values equal to or less than 0.05 were considered to be 

statistically significant. All statistical tests were performed in SPSS version 17.0 (IBM). 

 

   
(Fig. 1) CAD process for digitally making of maxillary custom tray: the scanned plaster cast 

model data; the designed maxillary custom tray; 3D printed custom tray. 

 

  
(Fig. 2) The custom tray being printed by (FLASHFORGE) FDM 3D 

Printer 

 

 
(Fig. 3) The thickness of the impression material measured in GOM INSPECT 

 

3. Results 

The 3D Printed trays had similar 3D morphology structure as the hand-made trays (Fig. 1). 

The space between impression surface and the underneath tray surface was expected to be 1.5 mm, while the 

distance in hand-made tray group showed a lager value than 3DP trays made ones. 

 

As the equal variances were not assumed the adjusted t-test value was used in Table 2. The mean values and 
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standard deviations of the thickness of the impression material in hand-made trays (mean: 1.63~1.80 mm; 

SD: 0.16~0.0.24 mm) showed significant larger value than the digitally made trays, which had very stable 

values (mean: 1.46~1.58 mm; SD: 0.09~0.11 mm) 

 

The thickness of the impression material was generally stable at 1.5 mm. 

 

The thickness of the impression material from 3DPrinted tray was the closest to 1.5 mm. 

 

The average deviations of the impression material were within 0.3 mm. 

 

Further statistical analysis showed that the impression thickness deviation from the 3DPrinted tray was less 

than that of the hand-made tray (Table 2). 

 

The difference was statistically significant. 

 

The closeness of the thickness of impression material to the ideal value were 3DPrinted tray >hand-made 

tray. 

 

Deviation of the thickness of the impression material space occurred in the border area showed lager value 

than in the central area of the trays despite of different technique 

 

Table (1): Distribution of the patients according to association between 3D Printed trays and hand-made 

trays (n=10) 

Border molding 
techniques 

percentage Complete dentures 
numbers 

3D Printed tray 50.0 10 

Manual tray 50.0 10 

total 100 20 

 

Table (2): Mean value and standard deviation of Thickness of the impression 

material. 

 

Patient 

Thickness of the impression material 

(mm), Mean ± SD p-value 

3D Printed tray Manual tray 

1 1.58 ± 0.10 1.63 ±0.23 < 0.001 

2 1.52 ±0.11 1.71 ±0.24 < 0.001 

3 1.49 ±0.09 1.68 ±0.18 < 0.001 

4 1.46 ±0.10 1.76 ±0.16 < 0.001 

5 1.52 ±0.10 1.80 ±0.20 < 0.001 

6 1.54 ±0.10 1.79 ±0.21 < 0.001 

7 1.48 ±0.10 1.75 ±0.22 < 0.001 

8 1.53 ±0.09 1.68 ±0.23 < 0.001 

9 1.55 ±0.01 1.69 ±0.19 < 0.001 

10 1.51 ±0.10 1.70 ±0.19 < 0.001 
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4. Discussion 

Combining 3D data acquisition with CAD/CAM techniques, this study explored a digital methodology for 

the production of custom trays for edentulous jaw. The CAD process for custom tray design was prepared 

using Meshmixer software, which is a powerful reverse engineering software that has been widely used in 

the analysis and processing of point-cloud data. In this study, a uniform space of 1.5 mm between the custom 

tray and the edentulous jaw model was designed to be reserved for the final impression materials. Specifically, 

the tray’s tissue surface was generated by moving the primary impression’s surface data at all points along 

its normal direction by 1.5 mm using the offset function of the Meshmixer software. 

 

Clinically [2], the reserved space might present differences when working with different final impression 

materials. Generally, the 1.5 mm space is appropriate for PVS [11]. 

 

In the Meshmixer software, offsets may be customized for both the entire tray, based on the intended 

impression materials, and for specific regions of the tray. 

 

To achieve the effect of selective pressure impression [12], a small offset should be set in the primary and 

secondary stress-bearing areas, while a larger offset should be set in the area of bony prominences or loose 

alveolar tissue in need of buffering. 

 

Many clinical factors such as the humidity of the mouth [13], flabby alveolar ridge and a patient’s cooperation 

with the dentist affect the precision of an impression [14]. 

 

In this study, we enrolled only patients who had favorable characteristics such as non-heavily absorbed 

alveolar bone, good cooperation with doctors, and healthy oral mucosa to avoid adverse effects in the 

experiment. 

 

The CAM process of custom tray manufacture can be completed using 3D FDM printing technology [15], 

[16]. In this study, a FDM printer [17] was used along with polylactic acid (PLA) filament as the printing 

material. PLA, also known as polylactide, is a renewable and non-polluting bio-resin extracted from corn and 

is suitable for medical use. 

 

After melting the filamentous hot-melt material in the printer, the material is applied to the printer table via a 

computer-controlled nozzle according to the cross-sectional contour information. The material is rapidly 

cooled to its final solid form as it is being added. Following the FDM process, the impression is built layer 

upon layer from the bottom up as the table moves lower following each complete pass of the nozzle. 

 

The experimental results showed that the thickness of the impressions from digital trays is superior to that of 

hand-made trays [18]. 

 

Compared with the hand-made trays, the thickness of the impressions of the digitally made trays showed very 

small deviation from 1.5 mm, and no statistically significant difference between the ten different impression 

achieving a higher accuracy and reproducibility.  

 

The relatively high deviation of the thickness of the impressions in hade-made trays may be caused by the 

deformation of the baked wax, which didn’t closely fit to the model, resulting in more thickness [19]. 

 

In view of the limited sample size, the statistic power must be considered Digitally designed trays reserve 
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more homogeneous thickness for the impression materials than hand-made trays, which guarantees the 

precision of the impressions [20]. 

 

The ability to design and print a highly accurate custom edentulous impression tray using digital 3D 

technology is the most important feature of this study. creating a uniform 3D space for the impression 

materials. The 3D printing method (FDM technology) used in this study has replaced the traditional clinical 

method consisting of using a pencil to outline the edge of custom trays on plaster casts and wax sheet paving. 

Although it costs about 150 min for the 3D printing of one maxillary tray, time consumed for the 3D scanning 

of the primary model and the CAD procedure of the digital tray is only about 20 min (5 min for scanning and 

15 min for CAD). 

 

As the scanning and printing work can be almost automatically finished by machine, the hand operation time 

needed is only about 10 min. 

 

The overall time of the digital producing procedure will be effectively reduced with the upgrade of the 

hardware and the development of a specialized custom tray CAD software. The improvements of this 

methodology will save time in the clinic and also improve the accuracy and overall efficiency of the 

production process. 

 

5. Conclusions 

From this study, we concluded that the digitally designed and 3D-printed custom trays had better adaptations 

since impressions made using these trays had better thickness distribution than those obtained with hand-

made trays. 

 

The manufacture process and manual operation of digital trays is superior; therefore, they appear to be a very 

promising substitute for hand-made edentulous trays in the future. 

 

In addition, the influence of better designed digital trays on the quality of impressions and the adaptability of 

the final denture will be investigated in future studies. 
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