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PURPOSE. To improve the clinical effects of complete denture use and simplify
its clinical application, a digital complete denture restoration workflow
(Functional Suitable Digital Complete Denture System, FSD) was proposed and
preliminary clinical evaluation was done. MATERIALS AND METHODS. Forty
edentulous patients were enrolled, of which half were treated by a prosthodontic
chief physician, and the others were treated by a postgraduate student. Based

on the primary impression and jaw relation obtained at the first visit, diagnostic
denture was designed and printed to create a definitive impression, jaw relation,
and esthetic confirmation at the second visit. A redesigned complete denture was
printed as a mold to fabricate final denture that was delivered at the third visit.
To evaluate accuracy of impression made by diagnostic denture, the final denture
was used as a tray to make impression, and 3D comparison was used to analyze
their difference. To evaluate the clinical effect of FSD, visual analogue scores
(VAS) were determined by both dentists and patients. RESULTS. Two visits were
reduced before denture delivery. The RMS values of 3D comparison between the
impression made via diagnostic dentures and the final dentures were 0.165 £
0.033 mm in the upper jaw and 0.139 £ 0.031 mm in the lower jaw. VAS ratings
were between 8.5 and 9.6 in the chief physician group, while 7.7 and 9.5 in the
student group; there was no statistical difference between the two groups.
CONCLUSION. FSD can simplify the complete denture restoration process and
reduce the number of visits. The accuracy of impressions made by diagnostic
dentures was acceptable in clinic. The VASs of both dentists and patients were
satisfied. [J Adv Prosthodont 2021;13:361-72]
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INTRODUCTION

Fabrication of conventional complete dentures in-
volves a complex restoration method, requiring sig-
nificant time and typically involving primary impres-
sions, definitive impressions, jaw relation records,
clinical try-in, and complete denture placement,!
which has been used for nearly a century without
change. However, inexperienced dentists or students
often face difficulty with achieving satisfactory reten-
tion, stabilization, and balanced occlusion of com-
plete dentures, especially in some elderly patients
and those with severe alveolar ridge absorption. In
recent years, digital complete denture systems has
been developed that can improve the accuracy and
efficiency of denture fabrication and reduce the re-
quired number of clinic visits.%? These systems in-
volve different protocols for clinical and laboratory
processes, requiring two to five clinical visits.

The clinical protocols recommended by different
denture systems vary. Baltic (Merz Dental GmbH)3#
provides the least number of visits among the exist-
ing digital complete denture systems. Impressions,
jaw relation records, occlusion planes, and esthet-
ic information are all obtained at the first visit via its
BD Key set, and denture can be delivered at the sec-
ond visit. AvaDent (Global Dental Science LLC) and
Dentca (Dentca Inc) offer a three-visit protocol.*®
System-specific anatomical measuring device (AMD,
AvaDent) or two-piece impression trays (Dentca) sup-
plied by the manufacturer are used to record the jaw
relationship and make the definitive impressions.
Later, milled or printed monochrome trial denture
is offered to clinician at the second appointment.
Wieland digital denture (lvoclar Vivadent Inc) offers
a three or four appointments workflow. Based on a
given primary impression and jaw relation record ob-
tained at the patient’s first visit, the milled or print-
ed trial complete dentures are delivered for intraoral
evaluation (three appointments protocol), or a spe-
cially designed occlusion base that can install Gothic
arch is milled and definitive impression and jaw rela-
tion records are determined at the second visit. Try-
in dentures are given at third visit (four appointments
protocol). Other systems, such as the Ceramill Full
Denture System (Amann Girrbach)® and Vita Vionic

362

https://doi.org/10.4047/jap.2021.13.6.361

(Vita Zahnfabrik)” still rely on conventional methods
to develop custom trays and occlusion rims, but they
can also apply other simplified program that only re-
quires three or four visits. Subtraction production is
the primary protocol used by the currently available
commercial digital denture system: AvaDent, Ivoclar,
Vita, and Ceramill FDS fabricate dentures by milling
the denture base from a pink polymethyl methacry-
late (PMMA) disks and bonding commercial teeth or
milled teeth to it.3® The data-based shell geometry of
Ivoclar disc and AvaDent XCL allow the fabrication of
monolithic complete dentures. Ceramill FDS can pro-
vide a milled wax base with artificial teeth inserted on
it, which is then transferred to acrylic, as in conven-
tional protocols.* Baltic mills blanks with preformed
denture teeth that correspond to the dentition data
contained in its own CAD software.? Dentca uses 3D
printing to fabricate the denture base with recesses
into which the printed teeth are bonded.3#

The high efficiency, reduced need for clinic visits,
decreased clinical chair time, elimination of denture
base polymerization shrinkage, and ability to fabri-
cate additional dentures with existing saved data are
key advantages of digital complete denture.® Howev-
er, there are still some disadvantages of current com-
mercial digital complete denture systems. In most
complete denture systems, required system-specific
tools like AMD (AvaDent), two-piece trays (Dentca), BD
Key set (Baltic), and facebow UTS CAD device (lvoclar)
have a learning curve for dentists and are not friend-
ly to novices. In two-part construction for fabricating
complete denture, slight movements in artificial teeth
when bonded to a milled base resultin increased clin-
ical grinding, while monolithic denture fabrication
requires its supporting design software and PMMA
disc. Besides, in some parts of the world, the milling
machine and materials are still a relatively large cost
for some laboratories compared with conventional
fabrication processes.*? CAD/CAM dentures may not
be applicable in some patients: when the patient has
a short interocclusal distance, tooth sockets cannot
be well-generated on the denture base during design
due to the insufficient prosthetic space, or the pa-
tient’s edentulous arch or dentition exceeds the range
of the PMMA disc.® Metal framework or baseplate can-
not be added in the CAD/CAM denture, which is quite
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important for the patient with strong occlusion who
needs the metal to strengthen the denture. There-
fore, the purpose of this study was to establish a dig-
ital complete denture system (Functional Suitable
Digital Complete Denture System, FSD), which can
reduce the number of visits, does not require specif-
ic supporting tools, has a wide range of applications
(not limited by the size of the dental arch and can add
a metal mesh into denture base), and has a low cost
for those regions where CAD/CAM fabrication fees are
more expensive than that of conventional processing.
In this system, a closed mouth custom trays in the
shape of complete dentures were designed and print-
ed based on the primary impression and jaw relation
obtained at the first visit. These were used to make
definitive impression, jaw relation and esthetic confir-
mation, so the denture could be delivered in the third
visit. Forty clinical cases were included in this study
and preliminary clinical outcomes were evaluated.

MATERIALS AND METHODS

Forty edentulous patients were enrolled and random-
ly divided into two groups, in which 20 were treated
by a chief physician and the other 20 were treated by
a postgraduate student. All patients were treated us-
ing FSD technology. Written informed consents were
provided by all participants. Inclusion criteria were
that all the teeth were extracted more than 3 months
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prior. Exclusion criteria were comorbid illness result-
ing in inability to care for patients themselves, any
denture material allergies, severe oral mucosal dis-
ease not effectively treated or controlled, and pharyn-
geal reflex sensitivity causing inability to tolerate im-
pression making. For their participation, all patients
received treatment and processing of their complete
dentures for free.

Upon their first visit, the primary impressions were
made using commercial aluminum trays suitable for
the patient’s arch form with impression compound
(Shanghai Rongxiang Dental Material Co. Ltd., Shang-
hai, China). The jaw relation was recorded using the
following steps: first, the patient’s occlusal vertical di-
mension was determined by 2 mm subtraction from
rest vertical dimension (the distance between the na-
sal point and chin point). Next, a softened impression
compound was placed on the back of the upper alu-
minum tray and was set into the patient’s mouth. Pa-
tient was told to bite until the distance between the
two points reached the previously measured occlusal
vertical dimension. The impression compound was
only placed in the posterior arch area and the patient
was told to bite repeatedly, to avoid habitual protru-
sion due to contact in the anterior arch area. Silicone
rubber impressions can be used in the jaw relation re-
cord (Fig. 1A, B) to improve its accuracy (optional, not
necessary). The lip support was adjusted, and mid-
line, maxillary canine line, the smile line, and upper

Fig. 1. (A) Maxillary primary impres-
sion, (B) primary jaw relation record, (C)
esthetic information acquired in the first
visit, (D) labial area of the tray can be cut
off in advance to form the lip support.
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lip line were drawn using a marker pen (Fig. 1C). If the
patient has full lip support, the labial area of the tray
can be cut off in advance so that it can be shaped to
the appropriate lip support (Fig. 1D). The primary im-
pressions and jaw relation records were scanned with
a 3D dental cast scanner (Dentscan Y500; Nanjing
Geosmart3D Information Technology Co. Ltd., Nan-
jing, China).

Scan data were imported into a reverse engineering
software (Geomagic Studio 2013, Raindrop Geomag-
ic, Rockhill, SC, USA). The extraneous area was delet-
ed from the obtained occlusal impression to avoid
the interference of the other area on registration. The
occlusal impression remained fixed and the lower im-
pression was set as floating, and n-point registration
was used for the alignment of occlusal impression
and lower impression (Fig. 2A). The registered max-
illary and mandibular impression and labial esthetic
information data were imported into a complete den-
ture design software (Hoteamsoft Co. Ltd., Jinan, Chi-
na) for designing diagnostic complete dentures (Fig.
2B, C). These dentures were used for impression mak-
ing, having the characteristics of custom trays: the
border of diagnostic dentures was retreated 2 mm for
the space of border molding, offsetting the intaglio
surface of the diagnostic dentures 1 mm for impres-
sion materials, and the hemispherical tissue stops
were set to ensure the correct positioning of diagnos-
tic dentures when making impressions (Fig. 2D). The
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diagnostic dentures were printed using a 3D printer
(Lingtong I, 0.8 mm diameter nozzle; Beijing SHINO,
Beijing, China) with the materials of polylactic acid at
a print layer thickness of 0.2 mm (Fig. 3A, B).

In the second visit, the printed complete diagnos-
tic denture was used to assess the border, vertical di-
mension and occlusion (Fig. 3C). The vertical dimen-
sion can be adjusted by grinding the teeth or adding
wax on the teeth. The occlusion can be adjusted by
grinding to achieve stability. Lip support, teeth mid-
line, and the length and size of the teeth were all
checked and some adjustments were made if either
the patient or dentist was unsatisfied with the esthet-
ic quality of the dentures. After this, heavy body sili-
cone (Type 1; Shandong Huge Dental Material Corpo-
ration, Rizhao, China) was used for border molding,
and light body silicone (Type 3; Shandong Huge Den-
tal Material Corporation, Rizhao, China) was used to
create a definitive impression and record the jaw rela-
tion (Fig. 3D).

Definitive impressions were scanned to design a
complete denture and was printed as a mold using a
3D printer (Lingtong I, 0.4 mm diameter nozzle; Bei-
jingSHINO, Beijing, China). The printed denture was
affixed to the plaster model perfused by the definitive
impression, where the dentition was embedded with
a thin layer of silicone rubber. Next, after flasking, the
printed denture was removed and artificial teeth (Kaili
series, Shandong Huge Dental Material Corporation,

Fig. 2. Design of diagnostic denture. (A) reg-
istration of jaw relationship (the data in the
upper left corner corresponds to the occlusion
record in Fig. 1B), (B) registered impression
and esthetic information data were imported
into CAD software, (C) selection of dentition,
(D) intaglio surface of diagnostic denture.

https://jap.or.kr
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Fig. 3. (A) Intaglio surface of printed
upper diagnostic denture, (B) intaglio
surface of printed lower diagnostic den-
ture, (C) try-in of diagnostic denture, (D)
definitive impression and jaw relation.

Fig. 4. (A) Printed denture affixed to the
plaster model, (B) invest the dentition
with silicone, (C) denture was removed
to form the mold of complete denture,
(D) artificial tooth inserted into the teeth
location holes.

Rizhao, China) corresponding to the teeth selected
in the design were inserted into the holes formed by
the printed denture (Fig. 4). Then, conventional tech-
nigue was done: filling acrylic resin (Type 2-1; Shan-
dong Huge Dental Material Corporation, Rizhao, Chi-
na), boiling, deflasking, occlusal adjustment with
remounting the dentures on an articulator, and pol-
ishing to finish the denture fabrication.

Dentures were delivered to patients at their third
visit (Fig. 5). Some clinical indicators such as reten-
tion, stability, margin extension, pronunciation, and Fig. 5. Complete denture delivery.
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Table 1. Denture score criteria for patients

https://doi.org/10.4047/jap.2021.13.6.361

Items 8-10

6-7

<6

Overall satisfaction  Satisfied

Masticatory Able to eat normally

efficiency
No dislodgement when
Stability speaking/with large muscle
movement/ eating
Comfort No tenderness, no discomfort

Having little or no effect on

Pronunciation ..
pronunciation.

Esthetics Satisfaction

General satisfied

Can chew most food but difficul-
ty chewing vegetables and other
fibrous foods

Dislodgement with large muscle
movements/ eating sticky food

Discomfort and tenderness after
wearing dentures for a little longer

Affecting pronunciation but
acceptable

Acceptable

Not satisfied

Can only chew crispy foods

Easily dislodged while speaking/
eating

Excessive discomfort and tender-
ness in the alveolar mucosa

Unacceptable

Unacceptable

esthetics were assessed and the dentist (another den-
tist) assigned dentures a Visual Analogue Score (VAS)
(Table 1). As with the conventional process of denture
delivery, the denture was adjusted by the clinician to
appropriate.

Patients were told to return for denture adjust-
ments once a week. When the dentures were adjust-
ed properly, patients were told to provide VASs next
week. At the time the patients provided the VASs, the
final appropriate dentures were used as trays to make
impressions (Type 3; Shandong Huge Dental Material
Corporation, Rizhao, China) to evaluate the precision
of impressions made with the diagnostic dentures
and were then scanned to save as .stl files.

The following data were collected for analysis.

(1) The number of visit until denture delivery, and
return visit after denture delivery (visits for pa-
tients to provide VASs alone were not included).

(2) Impression accuracy: the data of impressions
obtained using diagnostic dentures and final
dentures were imported into Geomagic software
in which the diagnostic denture impressions
were registered to the final denture impression
using the best fit alignment. 3D comparison was
then performed and the root mean square value
(RMS value) was recorded. The margin extension
area was excluded for 3D comparison because
there was no space for border molding when
making impression using final dentures.

(3) Patients’ evaluation of complete dentures: the
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retention, stability, masticatory efficiency, com-
fort, and esthetics of the dentures were evalu-
ated by the patients. The highest score for each
item was 10 points and the lowest score was 0
points. Satisfaction score criteria are shown in
Table 1. Each patient was asked to carefully read
the score table before scoring.

(4) Dentist’s evaluation of complete dentures: the
tissue surface adaptation, retention, stability,
and border extension of all complete denture
were evaluated by a dentist via the VAS (Table 2).
To ensure consistency and objectivity, all ques-
tionnaires were completed by another dentist
(non-operating dentist).

The results of all scoring in two groups were statis-

tically analyzed using the two-independent Samples
Nonparametric Test (Mann-Whitney U Test).

RESULTS

The average age of the 40 examined patients was 73
years old. Patients included 21 males and 19 females,
in which 22 of them had old complete denture (10 in
chief physician group and 12 in student group). The
number of patients with alveolar ridge Atwood class
[1/IV absorption (most of the alveolar ridge absorbed
or reached the basal bone) was 8 in the chief physi-
cian group and 5 in postgraduate group. The average
number of visits before dentures insertion was 3.1
and the return visit number was 1.2 in the chief phy-
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Table 2. Dentists’ denture scoring criteria

J Adv Prosthodont 2021;13:361-72

Items Content 8-10 6-7 <6
Tissue surface o s .
sl Amount of grinding, grinding time Little Some Excess
. Dislocation when the dentures were pulled ~ Obvious some re5|stapce, No resistance,
Retention . N - . . . dentures easily S
in the direction of insertion after wearing resistance . easily dislocated
dislocated
3 Pressu.re exerted on the first molar a.t the Stable without Shifting and
Stability same time, apply pressure and rotational Some movement -
movement sliding

force separately

Labial, buccal, and lingual borders reached

sulcus; posterior area of upper denture
reached vibrating line; posterior of lower
denture reached 1/2 of retromolar pad;
denture base border morphology fit with
soft tissue morphology

Border extension
of denture base

Consistent with two
or fewer criteria

Consistent with

All consistent three criteria

gii
el ] ]

g

g &
1

EEEdid
[ 1 [ |

Q1000

Fig. 6. 3D comparison between the impressions made by diagnostic denture and complete denture.

(A) upper jaw, (B) lower jaw.

sician group. One patient had a small mouth opening
and unstable mandible, so a visit was added for try-
in denture; one patient’s facial midline was inconsis-
tent with the lip midline, and the patient thought the
midline was skewed after the denture delivery, so we
reworked once. The average number of visits for the
postgraduate group before dentures insertion was
3.3 times, and the return visits was 1.6 times. Two pa-
tients had high requirements for esthetics, one pa-
tient had severe absorption of the mandibular alve-
olar ridge, and the other patient had an unstable jaw
relationship, so they added another visit for try-in
denture; one denture was reworked due to the inap-
propriate jaw relation.

Impression precision analyses revealed that the
RMS value of 3D deviation between the impressions

https://jap.or.kr

made via diagnostic dentures and the final dentures
were 0.165 * 0.033 mm in the upper jaw and 0.139
* 0.031 mm in the lower jaw (Fig. 6). VAS scores of
dentist and patients were shown in Table 3 and Fig. 7.
There was no statistical difference between the two
groups of each item (P >.05).

DISCUSSION

The core of FSD is a diagnostic denture that replaces
the custom trays, occlusion rims and try-in dentures
of conventional restoration process. All information
used to design diagnostic dentures including the pri-
mary impression, jaw relation, and esthetic infor-
mation can be obtained only by using the conven-
tional edentulous tray without redundant tools. The
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Table 3. VAS scores of dentist and patients
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Items Chief physician group Postgraduate group
Tissue surface adaptation 9.2+0.9 9.1%+1.0
Retention (upper) 9.6 £ 0.7 95%t11
. Retention (lower) 86+14 7710
Score of dentist .
Stability (upper) 9.6 £0.6 9.4% 09
Stability (lower) 85+14 84+12
Border extension 9.5%£1.0 9.1t14
Overall satisfaction 9.0£ 0.9 89+t 0.7
Masticatory efficiency 87%1.2 83+t11
Stability (upper) 9.6 +0.6 9.5+ 0.7
Score of patients Stability (lower) 89+13 84+ 14
Comfort 9.0+ 1.1 87%1.0
Pronunciation 95%f11 9.4+11
Esthetics 9.6 £ 1.0 9.5t 0.7
A Denture score of patients B Denture score of dentist

1

& chief physician group [ postgraduate student group

# chief physician group

postgraduate student group

Fig. 7. VAS scores of dentist and patients. (A) score of patients, (B) score of dentist.

software used for designing diagnostic denture and
complete denture was co-developed by the research
group and company. Hundreds of denture templates
are built in, which can automatically match the most
appropriate dentition during design. In order to make
the diagnostic dentures with the function of making
impressions, the relevant functions of the tray design
were added to the software, such as the automatic
return of the edge line, the offset of the intaglio sur-
face to form the space of impression materials, and
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the addition of the tissue stops. When using diagnos-
tic dentures to record jaw relations, good retention
between the impression and the mucosa renders the
recording of the jaw relation more stable and reliable
compared with conventional occlusion rim records,
and it is easier for dentists to judge whether jaw rela-
tions are correct and stable by observing the position
of dentition. Closed-mouth impressions have shown
good clinical performance across many studies.!® Ri-
gnon-Bret et al.}! have found that the thickness of the
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closed-mouth impression was more uniform com-
pared with that of the open-mouth impression made
by appropriate complete denture using different ma-
nipulation, and the force of closed-mouth impression
was concentrated on the back 1/3 of the arch that
was consistent with the masticatory force direction.
Therefore, the author proposed that the patient’s oc-
clusal force should be used whenever the trays are
adapted to the occlusion. Jung et al.!? showed that
the 3D comparisons between the impression made
by self-designed closed-mouth custom trays and con-
ventional open-mouth custom trays were 0.03 - 0.34
mm, and there was no significant difference between
the two impressions. In our study, the final adjusted
dentures were relieved at the incisive papilla, palatal
suture and obvious bulge of bone, so the intaglio sur-
faces were not suitable for direct comparison with the
impressions. Therefore, the final dentures were used
as trays to make impressions, which is considered to
be an accurate impression making method in clinic.
The impression was made one week after the den-
ture was adjusted properly and the mucosa was com-
pletely restored to a healthy state. The RMS values
of 3D comparison between the impression made by
final denture and diagnostic denture were all within
0.2 mm in this study, which is within the clinically ac-
ceptable range of 0.3 mm.!3 Sources of impression ac-
curacy error include impression error, scanner error,
and the scope of selected impression area for soft-
ware deviation assessment. To reduce the error not-
ed above and ensure consistency in the experimental
results, all impressions made via diagnostic dentures
and final dentures in the present study were complet-
ed by one dentist. The scanning accuracy of the scan-
ner used in this experiment is less than 20 um that
can be considered negligible. The margin area was
not selected for deviation analysis, and the border ex-
tension was evaluated using the VAS.

Previous studies have shown that shorter clinic
and laboratory time was needed in digital complete
denture protocol compared with conventional resto-
ration,'*16 and the digital denture process was pre-
ferred by predoctoral dental students.*> The main
purpose of this study was to preliminarily evaluate
whether FSD is feasible in clinic and whether it can
achieve good restoration for dentists with differ-

https://jap.or.kr
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ent experience. Therefore, the chief physician and
postgraduate student, representing two groups of
dentists with more and less clinic experience, were
selected to verify the feasibility of the technology.
The average number of visits for patients in the two
groups from the first appointment to denture delivery
was 3.1 (chief physician group) and 3.3 (postgradu-
ate group), respectively, and the average return visits
were 1.2 and 1.6 in two groups. For beginners, some
patients with high esthetic requirements or unstable
jaw relationship required an additional appointment
for denture try-in to reduce the probability of rework.
Although one visit was added, the number of visits
was still less than that of conventional treatment. It
can be seen from the VASs questionnaire, the scores
for border extension were all above 9, indicating that
border extension of the impression made by this
method achieved satisfied outcomes. For patients,
masticatory efficiency earned the lowest score, and
esthetics and stability of upper denture got higher
score. Relatively, for dentists, the upper jaw achieved
good retention and stability in almost all patients,
and the lower denture retention earned the lowest
score. Major possibilities are related to the patient’s
own alveolar ridge condition, especially the patients
with alveolar ridge class Ill and IV absorption. Previ-
ous studies have shown that the satisfaction of digital
complete denture restoration can reach 80%,!-18 and
our result was higher than this, which may be related
to many subjective factors such as no fees charged.
There was no statistical difference in scores between
the two groups indicating that even students with lit-
tle experience could use FSD technology to accom-
plish complete denture restoration. However, it still
can be seen that the score of the postgraduate group
is significantly lower than that of the chief physician
group; this indicates that the impression making, jaw
relation record, and esthetic conformation still relies
on traditional skills although the digital method can
reduce the clinical time. These suggest that if we can
get rid of the use of physical entities to get the im-
pression and jaw relationship, dentists’ experience
dependence will be further reduced. In this way, in-
traoral scanners seem to be a viable option. Howev-
er, due to the flatness of the mucosal surface and lack
of landmarks that can be recognized by software in
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edentulous patients, significant errors or even split
layers in calculating edentulous mucosa data when
using an intraoral scanner may occur, and the accu-
racy of various intraoral scanners in scanning eden-
tulous jaws exceeds the clinically acceptable range
of 0.3 mm.12 Besides, it is difficult to determine the
proper and stable morphology of the vestibule exten-
sion area in edentulous patients, and removing the
extension area of the edentulous intraoral impression
can significantly improve the accuracy, but its integ-
rity will be greatly affected.’® Although some dentists
have used intraoral scanners in complete denture res-
toration, relining the denture is still needed for the
lower jaw.2%22 Some dentists also use intraoral scan-
ning of the edentulous jaw data to fabricate custom
trays.2? Intraoral scanning technology needs further
development, however, and may soon rival impres-
sions in accuracy and precision, though the margin
extension is still an intractable problem.

Considering the cost and efficiency of technology
application, FDM printing technique was used in FSD
protocol. The printing materials polylactic acid (PLA)
is a biodegradable material with good biocompati-
bility, which finally produces carbon dioxide and wa-
ter after degradation.?* In dentistry, it is often used
to print models, mold, custom trays, occlusion rims,
and try-in dentures.?>-?7 In this protocol, FDM printer
was used to print diagnostic denture and complete
denture patterns as a mold for fabrication of dentures
using conventional laboratory techniques like pack&-
press or injection molding. This technique can guar-
antee the proper position of teeth and is also suitable
for the patient with short vertical dimension because
the base of artificial teeth can be grinded before in-
serting into teeth sockets. In addition, if the patient
requires metal framework or baseplate in the denture
to improve the suitability and strength, this metal re-
inforcing structure can be added during the semi-dig-
ital denture fabrication. However, the polymerization
shrinkage and monomer residuals cannot be avoid-
ed, so the dentures should be ground on an articu-
lator by a technician to decrease the error generated
during the denture fabrication. Our results demon-
strated that dentures fabricated using this technique
had earned good scores on retention and suitabili-
ty. Therefore, a semi-digital denture fabrication with
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cheap 3D printer and materials was used in our pro-
tocol, which could be more economical for use in the
areas where milling protocol is much more expensive
than conventional technique.

There are still some improvements to be made to
FSD. The final denture fabrication was not fully digi-
tized and the denture base was still made using con-
ventional methods. Previous researches have showed
that dentures with a volumetric shrinkage of approx-
imately 7% and linear shrinkage of 0.9% could be
produced with compression molding technique.?82°
Besides, a fused deposition modeling (FDM) printer
was used to print the denture pattern, which may not
be as accurate as SLA/DLP printer, but the machines
and materials are cheaper and may allow more peo-
ple to use this technology to fabricate complete den-
ture. Additionally, if there was a large deviation in the
primary jaw relation during the first visit, inappropri-
ate occlusion could occur in the diagnostic denture,
and it will take more time to adjust the jaw position,
which brings difficulty to the operation. Considering
the small sample size of our study, further clinical ef-
fects remain to be confirmed by larger clinical trials,
and more comparisons will be included, such as con-
ventional technology and other digital technologies.

There is still a long way to fully digitize the complete
denture restoration, including clinical and laborato-
ry processes. In clinical operation, impression and
jaw relation record are still needed. Intraoral scan-
ning and mandibular movement device are a feasible
method, but it still needs the maturity of technology
and the exploration of process. In the laboratory pro-
cess, compared with conventional denture process-
ing or subtractive processing, 3D printing technology
has been valued and carried out in many related re-
searches because it is not limited by size, is suitable
for complex shapes, and does not waste materials.
However, it is currently mostly used for auxiliary res-
toration or temporary restoration, and its advantages
are not recognized due to its limited strength, wear
resistance, esthetics, etc. If 3D printers are manufac-
tured at a lower price and higher strength than those
produced by milling systems, the application of 3D
printing can be further expanded.?%3° In the future,
an integrated, printed, multi-color complete denture
that meets the requirement of strength, abrasion re-
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sistance, esthetics, and biosafety is expected which, if
realized, might allow chair-side creation of dentures
that patients could receive upon their first visit.

CONCLUSION

FSD is a digital complete denture technique that can
reduce two visits. The impressions made by diagnos-
tic dentures were within clinically acceptable range.
Primary clinical evaluations revealed that FSD den-
tures achieved good fitness, stable retention, and
suitable border extension. The scores of chief physi-
cian were higher than those of postgraduate student,
but there was no statistical difference, indicating that
FSD technology is also very friendly to novices, but
there is still a certain degree of experience reliance.
Less experience-dependent digital technology for
complete denture restoration needs to be studied in
the future.
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