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ARTICLE INFO ABSTRACT
Keywords: Purpose: The purpose of this study was to evaluate a novel 3D-printed custom tray for impressions of edentulous
Accuracy jaws, and to compare it with conventional impression trays.

Custom tray
Edentulous impression
3D printing

Methods: Fifteen edentulous patients were enroled to evaluate the accuracy and border extension of a novel
custom tray in the shape of a complete denture. Four impressions were made for each patient. Impressions made
using novel custom trays were considered the experimental group, impressions made using conventional custom
trays were considered the control group, and impressions made using final dentures and non-pressure custom
trays were considered the reference groups. The experimental and control groups were compared with the
reference groups using three-dimensional (3D) comparison analysis, and the impressions were further divided
into regions. The root mean square (RMS) value was calculated to analyse the differences in impression
morphology. Additionally, the experimental and control groups were compared to analyse border extension at
standard locations.

Results: Compared to the final denture impression as a reference, the diagnostic denture impression (RMS:0.146
+ 0.024 mm) was closer to the reference than the conventional impression (RMS:0.176 + 0.047 mm), with a
significant difference only in the secondary stress-bearing area. The border extension of the diagnostic denture
impression was slightly longer than the conventional impression; however, the difference was not statistically
significant.

Conclusions: The impressions made using the novel custom tray were similar to those made with a definitive
complete denture. However, no significant differences were noted when compared with the conventional
impressions.

1. Introduction
Clinical Significance ) ) ) .
Conventional complete denture restoration requires a primary

A new edentulous impression method is proposed. Compared to impression, final impression, jaw relation record, and denture try-in,

the conventional impression, no statistically significant differ- with the final denture subsequently delivered at the fifth visit [1]. To
ences were observed in terms of accuracy. However, this novel reduce the number of visits and simplify the treatment process, some
method can reduce the number of appointment visits. This could feasible techniques have been proposed, such as the one-step impression
be considered to promote the use of digital technology in clinical technique or closed-mouth impression technique [2]. The one-step
practice. impression technique can reduce costs and improve efficiency; howev-

er, its accuracy is not as good as that of the secondary impression
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technique, especially for patients with severe alveolar ridge absorption.
The secondary impression technique refers to the use of custom trays
fabricated based on the primary impression to make a secondary
impression, which can obtain better vestibular sulcus morphology to
form a border seal in the final denture. The custom tray can be classified
as a closed-mouth custom tray or an open-mouth custom tray according
to whether the patient opens or closes his mouth during
impression-making. The closed-mouth impression technique combines
impression making and jaw relation record in a single step, and there-
fore can reduce the number of visits.

The main difference between the impressions made by closed-mouth
and open-mouth custom trays lies in recording the border sealing area
morphology. When using open-mouth custom trays to make impres-
sions, passive border moulding is inevitable because of the interference
of the handle of the conventional custom tray. When the operator at-
tempts to mould the vestibular tissues manually to simulate muscle
movement during mastication, muscular contraction of these tissues
does not actually occur [3]; therefore, it is generally believed that active
border moulding is more consistent with the actual chewing movement
of patients. The closed-mouth impression technique allows for the use of
an active method for border moulding because of the lack of external
interference, which better reflects the actual vestibular morphology of
the mouth in the functional state. Under a moderate occlusal force, the
impression can approximately replicate the masticatory function of a
complete denture to simulate the morphology of the oral mucosa after
compression and deformation. This is particularly true in edentulous
jaws with severe absorption of the alveolar ridge. Therefore, dentures
fabricated from these impressions can bear a more uniform force during
mastication, reducing tenderness caused by local overpressure. In
addition, the one-step procedure for impressions and jaw relationships
renders the final denture more stable and reduces the number of treat-
ment visits [4,5]. However, the fabrication of closed-mouth custom trays
is more complicated than that of open-mouth custom trays, and
closed-mouth custom trays are usually used for relining or copying
complete dentures [6], thereby limiting their clinical application. In
contrast, open-mouth custom trays are simple to fabricate, easy to use,
and are widely used in clinical practice.

Digital technology has enabled the incorporation of innovative ideas
for the fabrication of complete dentures. The fabrication of the final
denture can be digitally realised. Milled denture base bonded milled/
commercial teeth or monolithic milled multicolour dentures have higher
precision [7], retention, mechanical and surface properties [8], less re-
sidual monomer [9], and reduce the time and cost compared with
conventional manufacturing [10,11]. Printed dentures have been re-
ported to have less residual monomer [12], close accuracy, biocom-
patibility and surface roughness, but relatively low mechanical
properties with milled dentures [13,14]. Besides, 3D printed dentures
are still difficult to accept clinically in terms of aesthetics, compared
with milling or traditional dentures [15].Therefore, the 3D printed
dentures are generally recommended for immediate or interim dentures,
or simply printing the denture base and using the artificial teeth [16].

Custom trays fabricated digitally eliminate the conventional steps of
pouring a gypsum model, trimming the model, marking the line, and
trimming the tray, simplifying the procedure considerably and
improving efficiency [17,18]. In this study, digital technology was used
to design and fabricate a new tray that constitutes a closed-mouth tray,
where impressions are made, jaw relationships are recorded, and den-
ture try-in is performed in one visit, allowing denture delivery at the
third visit. However, the accuracy of this new tray is unknown. There-
fore, in this study, impressions made from conventional open-mouth
custom trays were used as a control group, and pressure impressions
and non-pressure impressions were used as references to evaluate the
accuracy and pressure range of impressions made with this new custom
tray. The null hypothesis of this study is that there is no difference be-
tween the impressions made by the new tray and the conventional
custom tray.

Journal of Dentistry 125 (2022) 104279

2. Materials and methods
2.1. primary impression making

Fifteen edentulous patients were enroled from the Department of
Prosthodontics (ethics committee approval no. PKUSSIRB-201838120).
The inclusion criteria were as follows: the upper and lower jaws were
completely edentulous for more than three months, and the alveolar
ridge was classified as Atwood I-III. The experimental workflow is
illustrated in Fig. 1. Impression compound (Red, Shanghai Rongxiang
Dental Material Co., Ltd.) was used to obtain the primary impressions
(Fig. 2a). To record the primary jaw relationship, the rest vertical
dimension was measured, and 2 mm was subtracted to obtain the
occlusal vertical dimension. The impression compound was loaded on
the posterior area of the back of the maxillary tray and placed in the
patient’s mouth. The patient was asked to bite until the occlusal vertical
dimension. Silicon rubber (Type 1, Shandong Huge Dental Material
Corporation) can be used to reline the jaw relation to improve alignment
accuracy (Fig. 2b). The lip support was adjusted, and aesthetic infor-
mation, including the midline, lip line, high lip line, and line at the
corner of the mouth, was marked (Fig. 2c). A three-dimensional (3D)
dental model scanner (Dentscan Y500; Nanjing Geosmart 3D Informa-
tion Technology Co., Ltd.) was used to scan the impression and jaw
relationship, and data were derived in the standard tessellation language
(STL) format.

2.2. Design and 3D printing of diagnostic dentures and conventional
custom trays

The primary impression and jaw relationship data were imported
into a 3D reverse engineering software (Geomagic Studio 2013, Rain-
drop Geomagic), and the lower impression was aligned on the jaw
relation to reconstruct the relationship between the upper and lower
jaws (Fig. 3). The impression and aesthetic information data were im-
ported into a complete denture design software (Hoteamsoft Co., Ltd.) to
design a closed-mouth custom tray that is similar to a complete denture.
This model was called diagnostic complete denture. The margin was
reduced by 2 mm to reserve space for border moulding. In addition, a 1-
mm space was reserved on the intaglio surface to provide space for the
impression material, and hemispherical tissue stops with a diameter of 3
mm were designed on this surface. On the upper diagnostic denture, four
tissue stops were placed on the buccal/lingual sides of the anterior arch
and on both sides of the alveolar ridge crests of the posterior arch. On the
lower diagnostic denture, three tissue stops were located on the alveolar
ridge crests of the anterior arch and both sides of the posterior arch
(Fig. 3). The diagnostic denture was exported in the STL format.

A conventional open-mouth custom tray was used as the control
group. To ensure consistency of the morphology and margin of the in-
taglio surface of the tray between different groups, the conventional
custom tray was designed based on the diagnostic denture in Geomagic
by removing the dentition on the diagnostic denture and adding a
straight handle to the appropriate place (Fig. 4a-c). Non-pressure trays
were designed as a reference group. Holes with a diameter of 3 mm were
punched on the conventional custom tray, and their positions were
distributed as evenly as possible (Fig. 4d). The designed diagnostic
denture and two custom trays (with and without vent holes) were im-
ported into a fused deposition moulding printer (Lingtong II, 0.8 mm
diameter nozzle; Beijing Shino) using polylactic acid as the printing
material and the printing layer height was set to 0.2 mm for printing.

2.3. Final impression making

At the second visit, a printed diagnostic denture and two custom
trays were used to make final impressions for each patient. Border
moulding was performed with the diagnostic denture and conventional
custom tray using heavy-body silicone rubber (Type 1, Shandong Huge
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Fig. 1. Flow chart of the experiment.

Fig. 2. Primary impression and primary jaw relation record.
Primary upper impression, (b) primary jaw relationship, and (c) aesthetic information.

Dental Material Corporation). Light body silicone rubber was then used Geomagic. The 3D data were processed preliminarily, including
to make a final impression (Type 3, Shandong Huge Dental Material smoothing of the exposed tissue stop area and small bubbles. The non-
Corporation) (Fig. 5). Impressions made by diagnostic dentures should pressure and final denture impressions were set as the reference data,
use the patient’s own occlusion; therefore, a balanced occlusion is and the diagnostic denture impression and conventional impression
necessary before impression making. Any occlusal error can be adjusted were set as the test data. The best-fit alignment was used to align the
by grinding the teeth. To obtain the true state of the vestibule and data, and then 3D compare commands were performed to analyse the
fraenulum during mastication, border moulding should be performed by intaglio surface morphology differences. Because of the elimination of
the patient’s own movement, and any passive border moulding with the border moulding procedure in the non-pressure tray and final den-
clinician’s fingers should be avoided. The border moulding procedure ture groups (no border moulding space in the margin of the denture
was not performed with non-pressure trays to minimise the pressure on base), the margin area was not included in the calculations. Further-
the mucosa. To ensure consistency of the experimental conditions, im- more, the maxillary impression was divided into four areas: primary
pressions of the same patient were performed by one dentist in half of a stress-bearing area, secondary stress-bearing area, relief area, and
day, and the patient was asked to rest sufficiently between the two op- palatal vault. The lower impression was divided into a primary stress-
erations to allow the oral mucosa to return to its anatomical form. The bearing area and secondary stress-bearing area (Fig. 6). To ensure
impressions made by the diagnostic dentures and conventional custom consistency of the analysis area in the same patient, the area boundary
trays were used to create two pairs of dentures for the patient. When the drawn on one data point was projected onto the other compared data,
dentures were delivered, one of the two dentures was randomly selected after data alignment. In the 3D deviation analysis result, the root mean
as the tray to make a closed-mouth impression in the occlusion state square (RMS) value, which represents the arithmetic mean of the
using light-body silicone rubber. All impressions were scanned to squares of a group of values, was recorded to avoid positive and negative
generate 3D data for subsequent morphological analysis. offsets in the average distance.

Diagnostic denture impressions and conventional impressions were
imported into the software (Geomagic Qualify 2013, Raindrop Geo-
magic) for border area analysis. Conventional impressions were used as
the reference data, and diagnostic denture impressions were used as the

2.4. 3D data analysis

The data for the four types of impressions were imported into
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CAD

Fig. 3. Design of diagnostic dentures.

B

Fig. 4. The design of conventional custom tray and non-pressure tray (upper jaw).

(a) Selection of the dentition part of the diagnostic denture; (b) deletion of the selected part and filling of the deleted patch; (c) importing the tray handle; (d)

complete vent holes designed on the tray.

test data. Global registration was used for the data alignment. Border
extension curves of impressions were obtained using a pre-constructed
plane section view of the position of the canine and first molar
(Fig. 7). The distance between the curve vertex of the test and reference
data was measured using these cross-sectional views. A positive value
indicated that the border extension range of the diagnostic denture
impression (test data) was greater, whereas a negative value indicated
that the border extension range of the conventional impression (refer-
ence data) was greater.

2.5. Statistical analysis

The 3D surface morphology data, including the total area and
segmented areas, were entered into a statistical software (IBM SPSS
Statistics 20, IBM). Normality testing was performed before the data
analysis. A paired t-test was used if the data were normally distributed;
otherwise, Wilcoxon’s signed-rank test was used.

The measurements of border extension were analysed using SPSS
Statistics software and classified according to different areas. The
anterior and posterior areas were analysed, in which values on the same
side of the same jaw were matched for statistical analysis. The buccal
and lingual sides of the mandible were analysed and the two sides of the

same section were matched for statistical analysis. A paired t-test was
used if the data were normally distributed; otherwise, Wilcoxon’s
signed-rank test was used. Additionally, the maxilla and mandible were
analysed, and an independent-samples t-test was used if the data were
normally distributed. Otherwise, the Mann-Whitney U test was used.

3. Results

According to the Atwood classification, the 15 completely edentu-
lous patients included five class I maxillary patients, nine class II
maxillary patients, and one class III patient. In addition, three class I
mandibular patients, eleven class II mandibular patients, and one class
III patient were included.

3.1. 3D surface morphology

Using the final denture impression as a reference, a paired t-test was
performed for statistical analysis (Shapiro-Wilk (S-W) test, P > 0.05).
According to the average RMS value, the diagnostic denture impressions
were closer to the reference than the conventional impressions, and only
a significant difference was noted in the secondary stress-bearing area
(Table 1). Using the non-pressure impression as a reference, Wilcoxon’s
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Fig. 5. Border moulding and final impression made by diagnostic dentures.

Fig. 6. 3D comparison and division of maxillary and mandibular impressions.

signed-rank test was used for statistical analysis (S-W test, P < 0.05).
Conventional impressions were closer to the reference, with a significant
difference observed in the secondary stress-bearing area of the lower jaw
(Table 1).

3.2. Border extension

A positive value indicated that the diagnostic denture impression had
a larger extension, whereas a negative value indicated a shorter exten-
sion. The mean distances measured at all sites were within 4- 1 mm, with
negative values on the buccal and lingual sides of the left canine and on

the buccal side of the left molar. However, the difference was significant
in terms of a single value, with some reaching 3 mm (Fig. 8). A paired t-
test was used (Kolmogorov-Smirnov (K-S) test, P > 0.05) to analyse the
difference between the anterior and posterior areas. Based on the mean
value, the posterior area was larger than the anterior area (Table 2). This
finding indicates that when making impressions, the posterior area
could have a larger extension when diagnostic dentures are used.
However, this difference was not statistically significant. A paired t-test
(K-S test, P > 0.05) was used to analyse the differences between the
buccal and lingual sides of the mandible. The results showed that the
lingual side was significantly longer than the buccal side (Table 2),
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Fig. 7. Impression border extension analysis: construct planes on both sides of the upper and lower jaw impression to extract the boundary for analysis.

Table 1
3D comparison of impressions made from different trays (mm).
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D206
!

)
D 0 8831 =

[oeossn)

Regions Reference: Final denture impression Reference: Non-pressure impression
Diagnostic denture Conventional custom tray P Diagnostic denture Conventional custom tray P

Upper jaw Total area 0.146+0.024 0.176+0.047 0.056 0.17+0.046 0.165+0.059 0.551
Primary stress-bearing area 0.143+0.033 0.145+0.042 0.892 0.158+0.066 0.153+0.077 0.670
Secondary stress-bearing area 0.154+0.036 0.192+0.064 0.048* 0.175+0.053 0.167+0.075 0.551
Relief area 0.123+0.033 0.148+0.056 0.104 0.155+0.056 0.16-:0.083 0.394
Palatal vault 0.142+0.03 0.17440.069 0.163 0.169+0.053 0.161+0.043 0.478

Lower jaw Total area 0.153+0.046 0.187+0.063 0.062 0.198+0.064 0.181+0.057 0.079
Primary stress-bearing area 0.149+0.046 0.179+0.07 0.189 0.184+0.058 0.171+0.059 0.363
Secondary stress-bearing area 0.154+0.048 0.189+0.061 0.039* 0.203+0.069 0.184+0.058 0.044*

" The difference was statistically significant (P < 0.05).

indicating that diagnostic dentures could have a larger border extension
deviation on the lingual side. An independent-samples t-test (K-S test, P
> 0.05) was used to analyse data from the maxilla and mandible, and no
significant differences were found.

4. Discussion

A new closed-mouth tray, called a diagnostic denture, with the shape
of a complete denture, was proposed. When it was used as a tray to make
impression, the design of the intaglio surface is the key point. The relief
space or holes provided for impression material overflow can signifi-
cantly reduce the pressure [19,20], and a selective pressure impression
is recommended for edentulous impressions [21]. Therefore, in this
study, 1 mm of impression material space was reserved on the intaglio
surface in the design of custom trays, and vent holes were designed on

the non-pressure custom tray to minimise pressure reduction. Because
the same intaglio surface design was used for diagnostic dentures and
conventional custom trays, the difference between the two impressions
mainly lies in the method by which the impressions were made, that is,
open- or closed-mouth. Rignon-Bret [22] used a complete denture as a
custom tray to make a closed-mouth impression, and found that the
thickness of this impression was more uniform compared with
open-mouth impression, and the force applied in the occlusal state was
perpendicular to the occlusion plane and concentrated on the posterior
one-third of the area, which is consistent with the masticatory force
direction. Therefore, it was suggested that the occlusal force of the pa-
tient should be used whenever the upper tray adapts to the occlusion.
This is similar to the concept of the diagnostic dentures designed in this
study. Specifically, the patient’s bite force should be used to make an
impression to simulate the stress state of the patient’s mastication so that
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Fig. 8. The border extension of the impression of the (a) upper jaw and (b) lower jaw.
L3, left canine position; L6, left first molar position; R3, right canine position; R6, right first molar position; B, buccal side; L, lingual side.

Table 2
The difference in border extension in different areas.
Position Mean value Standard deviation t df P
(mm) (mm)
Canine 0.04 1.14 —1.641 89 0.104
First molar  0.24 1.01
Buccal side —0.10 1.05 -2.299 59 0.025
Lingual 0.28 1.08 *
side
Upper jaw 0.25 1.08 0.94 178 0.348
Lower jaw 0.09 1.08

" The difference was statistically significant (P < 0.05).

the denture fabricated based on this impression has better performance.

In this study, pressure impressions and non-pressure impressions
were used to evaluate the difference between impressions made by
diagnostic dentures and conventional custom trays. According to the
results of the 3D comparison analysis, the diagnostic denture impression
was more similar to the impression made by the denture and less similar
to the non-pressure impression. This finding suggests that the stress

distribution of the alveolar ridge mucosa may be similar to that of
complete dentures when making impressions with diagnostic dentures.
Furthermore, the analysis of different areas showed a significant dif-
ference exclusively in the secondary stress bearing area. Thus, the null
hypothesis of this study was rejected. This may be because the mucosa of
the secondary stress-bearing area is softer and more prone to displace-
ment under pressure, resulting in a larger deviation compared to other
areas. Jung et al. [23] designed an improved closed custom tray and
performed a 3D comparison with impressions made by conventional
open-mouth custom trays. The results showed that the average mean
values of different areas were between 0.03 mm and 0.34 mm, and no
significant difference was noted between the two impressions. Zarone
et al. [24] compared the differences of different impression materials in
making edentulous jaw impression, and the three-dimensional deviation
analysis results of the impression were between 0.2 and 0.3 mm. These
values are similar to those obtained in this study. To date, no consensus
has been reached regarding the accuracy of clinically acceptable eden-
tulous impression. Satoshi [25] showed that after complete denture
insertion, the denture base sinks by approximately 0.3 mm when force is
applied in the occlusal direction. Therefore, an average 0.3-mm
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impression deviation is considered acceptable [26].

Border moulding is a key point in the border sealing of dentures. It is
generally believed that compared with passive muscle function border
moulding, active methods can obtain the true masticated state of the
oral vestibule. When using a diagnostic denture, the patient’s bite force
stabilizes the denture in the mouth, making it easier to perform border
moulding without external interference. The lingual side of the diag-
nostic denture impression was longer than the buccal side, and the dif-
ference was statistically significant. This finding could be related to the
time and opening/closing state of impressions made using different
methods. When making impressions using diagnostic dentures, the
tongue fraenulum and surrounding soft tissues were first border-
moulded, and then the patient was instructed to bite in a closed state
for buccal muscle border moulding. At this time, the patient’s tongue
was relaxed in a lower position when the mouth was closed, and the
impression material still had a certain fluidity, which might have caused
extension on the lingual side. When making the mandibular impression
using a conventional custom tray, it was held by the dentist’s hand. Even
if the patient ceases lingual moulding and starts labiobuccal moulding,
the tongue may not be completely relaxed in a low position, thereby
leading to a relatively short extension. The other measurement points
were not statistically different; however, the impressions made by the
diagnostic dentures were generally slightly longer than the conventional
impressions, which might have been caused by excessive passive border
moulding of the open custom trays or the patient’s insufficient active
muscle function in the closed state. This outcome suggests that, when
making a closed-mouth impression, the patient must be instructed to
perform muscle movement exercises adequately and exercise in advance
if necessary to avoid excessive extension.

Due to the large individual differences in edentulous patients, the
impression-making technique also exhibits instability. Additional veri-
fication, such as evaluation of the clinical effect of dentures fabricated
based on impressions made by diagnostic dentures, is still needed. This
study offers guidance for clinical practice. If primary impressions and
jaw relations can be obtained during the first visit of edentulous pa-
tients, regardless of how these impressions are obtained, the diagnostic
denture proposed in this study can be designed and used as a substitute
for impression making, jaw relation recording, and try-in denture in
conventional complete denture restoration, allowing patients to com-
plete these three steps in one visit.

Although more and more studies have focused on intraoral scanning,
it may allow young and less experienced dentists to master edentulous
impressions. Nevertheless, owing to the limitation of its principle,
intraoral scanning cannot obtain the shape of the vestibular sulcus and
the state of slight pressure on the mucosa [27]. For patients with a high
alveolar ridge, this methodology could be used to fabricate acceptable
maxillary dentures given its relatively low requirement of border seal-
ing, but it cannot be used to fabricate mandibular dentures [28].
Therefore, intraoral scans are currently recommended to obtain primary
impressions of edentulous jaws [27]. Final impressions still need to be
made using physical trays, and additional tray designs should be further
studied and verified.

5. Conclusions

A novel closed-mouth custom tray (diagnostic denture) was digitally
designed to make impressions for complete denture restoration. When
using the impressions made with the complete denture as a reference, it
was seen that the 3D morphology of the impressions made using diag-
nostic dentures was closer to the reference than conventional impres-
sions. However, no significant differences were noted compared with
the conventional impression. A digitally fabricated diagnostic denture
can potentially be used to make final impressions in a clinical setting to
reduce the number of visits and improve the efficiency of complete
denture treatment.

Journal of Dentistry 125 (2022) 104279
CRediT authorship contribution statement

Kehui Deng: Writing — original draft, Data curation. Hu Chen:
Software, Writing — review & editing. Yong Wang: Validation, Investi-
gation. Yongsheng Zhou: Supervision, Project administration. Yuchun
Sun: Conceptualization, Methodology.

Declaration of Competing Interest

The authors have no financial conflicts of interest.

References

[1] A. Al-Ahmad, R. Masri, C.F. Driscoll, J. von Fraunhofer, E. Romberg, Pressure
generated on a simulated mandibular oral analog by impression materials in
custom trays of different design, J. Prosthodont. 15 (2006) 95-101, https://doi.
org/10.1111/j.1532-849X.2006.00081.x.

[2] H.S. AlRumaih, Clinical applications of intraoral scanning in removable
prosthodontics: a literature review, J. Prosthodont. (2021), https://doi.org/
10.1111/jopr.13395.

[3] E. Anadioti, L. Musharbash, M.B. Blatz, G. Papavasiliou, P. Kamposiora, 3D printed
complete removable dental prostheses: a narrative review, BMC Oral Health 20
(2020) 343, https://doi.org/10.1186/s12903-020-01328-8.

[4] R.M. Basker, J.C. Davenport, J. Thomason, Prosthetic treatment of the edentulous
patient. (2011).

[5] C.O. Boucher, J.C. Hickey, G.A. Zarb, C.L. Bolender, Prosthodontic Treatment for
Edentulous Patients, Elsevier Mosby, 2013.

[6] S.H. Chaware, F. Fernandes, Tissue stress evaluation at border seal area using
patient-manipulated custom tray-modified closed-mouth functional technique for
flat mandibular ridges, J. Int. Oral Health 10 (2018) 77-82.

[7] H. Chen, H. Wang, P. Lv, Y. Wang, Y. Sun, Quantitative evaluation of tissue surface
adaption of CAD-designed and 3D printed wax pattern of maxillary complete
denture, Biomed. Res. Int. (2015), 453968, https://doi.org/10.1155/2015/
453968.

[8] J.P. Duncan, S. Raghavendra, T.D. Taylor, A selective-pressure impression
technique for the edentulous maxilla, J. Prosthet. Dent. 92 (2004) 299-301,
https://doi.org/10.1016/50022391304003944.

[9] D.A. Felton, L.F. Cooper, M.S. Scurria, Predictable impression procedures for
complete dentures, Dent. Clin. N. Am. 40 (1996) 39-51.

[10] B.J. Goodacre, C.J. Goodacre, Using intraoral scanning to fabricate complete
dentures: first experiences, Int. J. Prosthodont. 31 (2018) 166-170, https://doi.
0rg/10.11607/ijp.5624.

[11] S. Ishinabe, Mucosal thickness of the denture foundation under occlusal force,
Nihon Hotetsu Shika Gakkai Zasshi 35 (1991) 111-124, https://doi.org/10.2186/
jjps.35.111.

[12] M. Iwasaki, M. Kawara, S. Inoue, O. Komiyama, T. lida, T. Asano, Pressure
dynamics in the trays caused by differences of the various impression materials and
thickness of the relief in the maxillary edentulous model, J. Prosthodont. Res. 60
(2016) 123-130, https://doi.org/10.1016/j.jpor.2015.11.004.

[13] S.Jung, C. Park, H. Yang, H. Lim, K. Yun, Z. Ying, S. Park, Comparison of different
impression techniques for edentulous jaws using three-dimensional analysis,

J. Adv. Prosthodont. 11 (2019) 179, https://doi.org/10.4047/jap.2019.11.3.179.

[14] Y. Kawai, H. Murakami, Y. Takanashi, J.P. Lund, J.S. Feine, Efficient resource use
in simplified complete denture fabrication, J. Prosthodont. 19 (2010) 512-516,
https://doi.org/10.1111/j.1532-849X.2010.00628.x.

[15] C. Rignon-Bret, C. Rignon-Bret, V. Mushegyan, V. Mushegyan, A. Naveau, On
comparing two different tray-holding techniques for edentulous maxillary
impressions, Int. J. Prosthodont. 29 (2016) 169-172, https://doi.org/10.11607/
ijp.4347.

[16] P.B. Smith, J. Perry, W. Elza, Economic and clinical impact of digitally produced
dentures, J. Prosthodont. 30 (2021) 108-112, https://doi.org/10.1111/
jopr.13283.

[17] E.G.R. Solomon, Single stage silicone border molded closed mouth impression
technique-Part II, J. Indian Prosthodont. Soc. 11 (2011) 183-188, https://doi.org/
10.1007/s13191-011-0098-1.

[18] M. Srinivasan, E.C. Chien, N. Kalberer, C.A. Alambiaga, A.L. Castelleno,

P. Kamnoedboon, D. Wismeijer, Analysis of the residual monomer content in
milled and 3D-printed removable CAD-CAM complete dentures: an in vitro study,
J. Dent. 120 (2022), 104094, https://doi.org/10.1016/j.jdent.2022.104094.

[19] M. Srinivasan, N. Kalberer, N. Fankhauser, M. Naharro, S. Maniewicz, F. Muller,
CAD-CAM complete removable dental prostheses: a double-blind, randomized,
crossover clinical trial evaluating milled and 3D-printed dentures, J. Dent. 115
(2021), 103842, https://doi.org/10.1016/j.jdent.2021.103842.

[20] M. Srinivasan, N. Kalberer, P. Kamnoedboon, M. Mekki, S. Durual, M. Ozcan,

F. Muller, CAD-CAM complete denture resins: an evaluation of biocompatibility,
mechanical properties, and surface characteristics, J. Dent. 114 (2021), 103785,
https://doi.org/10.1016/j.jdent.2021.103785.

[21] M. Srinivasan, P. Kamnoedboon, G. McKenna, L. Angst, M. Schimmel, M. Ozcan,
F. Muller, CAD-CAM removable complete dentures: a systematic review and meta-
analysis of trueness of fit, biocompatibility, mechanical properties, surface
characteristics, color stability, time-cost analysis, clinical and patient-reported


https://doi.org/10.1111/j.1532-849X.2006.00081.x
https://doi.org/10.1111/j.1532-849X.2006.00081.x
https://doi.org/10.1111/jopr.13395
https://doi.org/10.1111/jopr.13395
https://doi.org/10.1186/s12903-020-01328-8
http://refhub.elsevier.com/S0300-5712(22)00335-9/sbref0005
http://refhub.elsevier.com/S0300-5712(22)00335-9/sbref0005
http://refhub.elsevier.com/S0300-5712(22)00335-9/sbref0006
http://refhub.elsevier.com/S0300-5712(22)00335-9/sbref0006
http://refhub.elsevier.com/S0300-5712(22)00335-9/sbref0006
https://doi.org/10.1155/2015/453968
https://doi.org/10.1155/2015/453968
https://doi.org/10.1016/S0022391304003944
http://refhub.elsevier.com/S0300-5712(22)00335-9/sbref0009
http://refhub.elsevier.com/S0300-5712(22)00335-9/sbref0009
https://doi.org/10.11607/ijp.5624
https://doi.org/10.11607/ijp.5624
https://doi.org/10.2186/jjps.35.111
https://doi.org/10.2186/jjps.35.111
https://doi.org/10.1016/j.jpor.2015.11.004
https://doi.org/10.4047/jap.2019.11.3.179
https://doi.org/10.1111/j.1532-849X.2010.00628.x
https://doi.org/10.11607/ijp.4347
https://doi.org/10.11607/ijp.4347
https://doi.org/10.1111/jopr.13283
https://doi.org/10.1111/jopr.13283
https://doi.org/10.1007/s13191-011-0098-1
https://doi.org/10.1007/s13191-011-0098-1
https://doi.org/10.1016/j.jdent.2022.104094
https://doi.org/10.1016/j.jdent.2021.103842
https://doi.org/10.1016/j.jdent.2021.103785

K. Deng et al.

[22]

[23]

[24]

outcomes, J. Dent. 113 (2021), 103777, https://doi.org/10.1016/j.
jdent.2021.103777.

M. Srinivasan, M. Schimmel, M. Naharro, C.O. Neill, G. McKenna, F. Muller, CAD/
CAM milled removable complete dentures: time and cost estimation study, J. Dent.
80 (2019) 75-79, https://doi.org/10.1016/j.jdent.2018.09.003.

O. Steinmassl, H. Dumfahrt, I. Grunert, P.A. Steinmassl, CAD/CAM produces
dentures with improved fit, Clin. Oral Investig. 22 (2018) 2829-2835, https://doi.
0rg/10.1007/s00784-018-2369-2.

P.A. Steinmassl, V. Wiedemair, C. Huck, F. Klaunzer, O. Steinmassl, I. Grunert,
H. Dumfahrt, Do CAD/CAM dentures really release less monomer than
conventional dentures? Clin. Oral Investig. 21 (2017) 1697-1705, https://doi.org/
10.1007/500784-016-1961-6.

[25]

[26]

[27]

[28]

Journal of Dentistry 125 (2022) 104279

C. Stilwell, N. Kalberer, P. Mojon, M. Schimmel, M. Srinivasan, F. Muller, Extra-
oral assessment of conventional and CAD-CAM complete denture appearance by
dental professionals and CRDP wearers: a randomized survey, J. Dent. 115 (2021),
103843, https://doi.org/10.1016/j.jdent.2021.103843.

Y. Sun, H. Chen, H. Li, K. Deng, T. Zhao, Y. Wang, Y. Zhou, Clinical evaluation of
final impressions from three-dimensional printed custom trays, Sci. Rep. 7 (2017)
14958, https://doi.org/10.1038/541598-017-14005-8.

C. Wang, Y.F. Shi, P.J. Xie, J.H. Wu, Accuracy of digital complete dentures: a
systematic review of in vitro studies, J. Prosthet. Dent. 125 (2021) 249-256,
https://doi.org/10.1016/j.prosdent.2020.01.004.

F. Zarone, G. Ruggiero, M.I. Di Mauro, G. Spagnuolo, M. Ferrari, R. Sorrentino,
Accuracy of three impression materials on the totally edentulous maxilla: in vitro/
in silico comparative analysis, Materials (Basel) (2020).


https://doi.org/10.1016/j.jdent.2021.103777
https://doi.org/10.1016/j.jdent.2021.103777
https://doi.org/10.1016/j.jdent.2018.09.003
https://doi.org/10.1007/s00784-018-2369-2
https://doi.org/10.1007/s00784-018-2369-2
https://doi.org/10.1007/s00784-016-1961-6
https://doi.org/10.1007/s00784-016-1961-6
https://doi.org/10.1016/j.jdent.2021.103843
https://doi.org/10.1038/s41598-017-14005-8
https://doi.org/10.1016/j.prosdent.2020.01.004
http://refhub.elsevier.com/S0300-5712(22)00335-9/sbref0028
http://refhub.elsevier.com/S0300-5712(22)00335-9/sbref0028
http://refhub.elsevier.com/S0300-5712(22)00335-9/sbref0028

	Evaluation of a novel 3D-printed custom tray for the impressions of edentulous jaws
	1 Introduction
	2 Materials and methods
	2.1 primary impression making
	2.2 Design and 3D printing of diagnostic dentures and conventional custom trays
	2.3 Final impression making
	2.4 3D data analysis
	2.5 Statistical analysis

	3 Results
	3.1 3D surface morphology
	3.2 Border extension

	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


