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A B S T R A C T

For patients with high aesthetic expectation, using removable partial dentures (RPDs) to restore the missing teeth
in the aesthetic area rapidly and obtain the patients' approval is challenging. This case described an alternative
digital protocol to solve this situation. A detachable 3DP diagnostic denture was involved in the procedure, which
not only allowed patient to evaluate the possible outcome of the RPD, but also can be duplicated to form a
definitive RPD, by bonding a milled PEEK framework and a customized PMMA dentition containing posts, using a
thermoplastic compression molding (CM)process.
1. Introduction

Nowadays, digitalization technology advanced in dentistry makes it
possible to fabricate removable partial dentures (RPDs) with computer-
aided design/computer-aided manufacture (CAD/CAM) procedure [1].
This procedure can simplify the difficulty of RPD fabrication, and reduces
costs, labor and the time of the entire treatment [2]. Metal materials have
long been used as a standard material to fabricate the RPD framework
due to its desirable mechanical properties [3]. But there are some notable
disadvantages of metal, including an esthetically unacceptable display,
metallic taste, potential biofilm production and hypersensitivities [4]. As
a response, non-metallic framework materials have been introduced into
RPD. Polyetheretherketone (PEEK), which has been used in orthopedics
for many years, possesses excellent mechanical characteristics, high
chemical stability, high temperature resistance and high biocompati-
bility, and can be milled digitally [5, 6, 7, 8]. It has been considered as a
promising material for dental applications [9]. Recently, some studies
suggested that PEEK can be used to fabricate RPD frameworks, providing
metal-free esthetics, and good outcomes were obtained in a short-term
follow-up [10, 11, 12].

In prosthodontics, sometimes patients may be anxious, because of
fearing the failure to achieve the desired outcome, especially who has
failed treatment experience. Though there is no report on how to restore
missing teeth for such patients, given the causes of patients' anxiety,
).
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utilizing diagnostic waxing may be beneficial, as diagnostic waxing often
performs as visualizing and planning the restoration effect of a denture
before it is finalized [13]. However, there was the absence of diagnostic
waxing trial in the PRD fabrication of digital process [3, 10, 14], which
was considered as a disadvantage of digital technology [15].

In this article, we described an integrated digital rehabilitation pro-
cedure used for a patient with missing lower anterior teeth, who has high
aesthetic requirements and can’t tolerate the presence of metal in her
mouth. According to her requirements, we fabricated a 3DP diagnostic
denture that can be split into two parts, the dentition and the denture
base with framework. After the try-in, the patient expressed satisfaction
with its appearance. Then a customized PMMA dentition was inserted
into the base of the detachable 3DP diagnostic denture to replace the 3DP
dentition, finally a milled PEEK framework and thermoplastic were used
to replace the rest of the detachable 3DP diagnostic denture with a
compression molding process to form the definitive RPD. The patient was
satisfied with the definitive prosthesis.

2. Case report

A 53-year-old female presented multiple missing teeth, including 4 s
molars, upper left first molar, four lower incisors and lower right canine.
Embrasure clasp grooves had been prepared on lower left canine and
lower left first premolar and a rest fossa was on the lower right first
mber 2022
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premolar (Figure 1 A, B). Her main concern is to restore the lower
anterior teeth without any implant involved, due to fear of the surgery,
and long-span edentulous space of 5 teeth was not suitable for FDP [16].
Previously, the missing teeth had been restored with a RPD in other clinic
to the stage of waxing try-in. The waxing consisted of a cobalt-chromium
(Co–Cr) alloy framework and 5 commercial resin teeth (Figure 2 A), but
the expected outcome couldn't be achieved after 3 adjustments of the
waxing. The patient expressed anxiety because she worried about the
treatment effect may be as same as before. Complaints (Figure 2 B–D): (1)
The shapes of artificial teeth were narrow; (2) The midlines of the upper
and lower dentition were irregular; (3) Poor aesthetics, especially a
display of metal components when smiling; (4)The framework with
metallic taste was irritating to her, non-fit with abutment teeth causing
poor tongue feeling; (5) The gingival margin curves of the waxing were
inharmonious; (6) The movement of tongue was limited, resulting in
poor pronunciation. In addition, she complained that the previous
treatment wasted too much time, so she wanted to complete the treat-
ment as soon as possible to back to normal social interaction. Her
aesthetic expectation before treatment and satisfaction with the waxing
was scored using a visual analog scale (VAS) in the range of 0–10 [17],
then 9 and 2 were recorded respectively. In order to shorten the treat-
ment time and remove the metal, a digital restoration of PEEK framework
RPD was adopted which was divided into 2 stages. Foremost, the entire
treatment plan was clearly explained and discussed with the patient.
Then, an informed consent was signed by the patient form authorizing for
treatment and publication of this case report.

2.1. Stage 1: RPD design

An intraoral scanner (TRIOS 3, 3Shape A/S, Copenhagen, Denmark)
was used to obtain the digital impressions of the upper and lower den-
titions, which were saved as standard tessellation language (STL) files.
Then the STL files were uploaded into EXO CAD (exocad Dental CAD;
exocad GmbH, Germany) to design a diagnostic denture, which was
fabricated using a 3D printer (ProJet MJP 3600, 3D Systems, USA). The
above 3DP diagnostic denture could be disassembled into two parts that
were the dentition with posts (2 mm in diameter and 3 mm in length) on
the ridge lap and the denture base with framework (Figure 3 A–C).
Compared with the waxing, 4 customized teeth were neatly arranged on
the 3DP diagnostic denture and the clasps were moved 1 tooth distally.
To coordinate the gingival margin curve, the labial denture base was
expanded to wrap the neck of the adjacent teeth. At second visit, the 3DP
diagnostic denture was placed in her mouth (Figure 3 D–F). She was
satisfied with the contour of the denture and the pronunciation was
basically normal. Then we scored her satisfaction with the 3DP diag-
nostic denture using VAS, scoring 6.

2.2. Stage 2: RPD fabrication

1. Respectively, a PEEK disk (BioPAEK, Sino-dentex Co., Ltd., Chang-
chun, China) and an A2 shade polymethyl methacrylate (PMMA) disk
(Aidite (Qinhuang DAO) Technology Co., Ltd., Qinhuangdao, China)
Figure 1. Preoperative photographs. Fr
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were milled into framework (Figure 4 A) and artificial dentition
(Figure 4 B), with a 5-axis milling machine (Cameo, Aidite (Qinhuang
DAO) Technology Co., Ltd., Qinhuangdao, China).

2. The virtual 3D models of the PEEK framework and the 3DP diagnostic
denture were obtained using an intraoral scanner (TRIOS 3, 3Shape
A/S, Copenhagen, Denmark) (Figure 5 A, B). The deviation between
them was compared in Geomagic Qualify 2013 (Geomagic, Morris-
ville, NC, USA), and 10 reference points closely related to abutment
teeth were selected, which showed that the absolute value deviation
was no more than 90 μm except for one point of 170 μm (Figure 5 C).
The gap between 50 and 311 μm was defined as a clinically accept-
able fit [18], so it can be considered that the PEEK framework can be
fitted well as the 3DP diagnostic denture in the patient’s mouth.
Therefore, the PEEK framework can be used directly for definitive
PRD fabrication without a visit for try-in.

3. Replaced the 3DP dentition with the milled dentition to form a
combined denture (Figure 6 A).

4. Dental stone was poured into the tissue surface of the combined
denture to form a bottom cast (Figure 6 B).

5. The above combination was embedded in the lower part of a flask
filled with gypsum to the edge of the combined denture (Figure 6 C).

6. Wrapped the combination with silicone impression material (Zeta-
labor, Zhermack, Badia Polesine, Italy), but exposed the incisal
margins (Figure 6 D), to prevent milled dentition movement during
the CM process.

7. Installed the upper part of the flask filled with gypsum. After opening
the flask, the milled dentition was left in the tooth sockets (Figure 6
E). Then the PEEK framework was mounted on the bottom cast
(Figure 6 F).

8. The PEEK framework was filled with acrylic resins (QC-20 Denture
Base Polymers, Dentsply Dental (Tianjin) Co., Ltd, Tianjin, China),
then a CM process was performed. After polishing, the denture was
delivered (Figure 7 A). With slight adjustments, the RPD was suc-
cessfully fitted for the patient (Figure 7 B–D). The patient was satis-
fied with the aesthetics of this RPD. Finally, she scored 8 for
satisfaction with the RPD.

3. Discussion and conclusions

Patients' satisfaction is a critical factor in determining the outcome of
dental treatment [19]. In this case, the patient was extremely worried
about the outcome of the RPD. Enable patient to have a more intuitive
understanding of the outcome as soon as possible, so as to calm her
anxiety about the effect of the restoration, a 3DP diagnostic denture was
used in our case, which was designed according to her expectations.
Correspondingly, the satisfaction scores increased from 2 to 6. More
importantly, the 3DP diagnostic denture without metal that gave her a
different feeling from try-in of the waxing with Co–Cr framework, which
corrected her bad impression of the RPDs and anxiety about the outcome,
so she actively cooperated with the operation of 3DP diagnostic denture
trial. Compared with the traditional waxing, the fabrication of a 3D
printing diagnostic denture was faster and more convenient, thus
ont view (A) and occlusal view (B).



Figure 2. Waxing try-in. The waxing with metal framework (A), smiling view (B), front view (C), and occlusal view (D).
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reducing the time of the whole treatment. Moreover, the step of PEEK
framework try-in was replaced by the method of using digital scanning
technology to compare deviations between PEEK framework and the
framework of the 3DP diagnostic denture, which reduced the entire
treatment time. To sum up, a high satisfaction was finally obtained (8
points).
Figure 3. Trail of the 3DP diagnostic denture. The base and framework (A). The de
view (D). Occlusal view (E).
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Because the undercut of artificial dentition, once embedded, it was
difficult to take it out from the embedded material. Therefore, in order to
rapidly and accurately duplicate the 3DP diagnostic denture, a split and
combined structure was adopted in our 3DP diagnostic denture. After
embedding, the milled dentition was left in the silicone sockets, and the
other part can be taken out directly. A mean of tooth arrangement of 18
ntition (B). The two parts were combined together (C). Smiling view (C). Front



Figure 4. The milled PMMA dentition (A) and the PEEK framework (B).

Figure 5. Digital model of the PEEK framework (A). Digital model of the 3DP diagnostic denture (B). Deviation annotations at points of interest on framework.
Absolute value deviation: 5–176 μm (C).
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μm on the incisal direction (Figure 8), comparing the trueness of teeth
displacement between 640 μm for digital dentures and 1000 μm for
conventional injection molding [20].

It had been suggested that the design of grooves on the ridge lap of
artificial teeth could improve the bond strength to the denture base [21,
22], but the holes didn’t significantly improve the bond strength, due to
the air trapped in the holes when the PMMA dough was pressed [23].
Therefore, we designed posts at the ridge lap of milled dentition.
Compared with grooves, the posts are convenient for assembling and
disassembling between milled dentition and 3DP diagnostic denture base
during RPD fabrication, and can also play a role in expanding the contact
area between milled dentition and thermoplastic, which is conducive to
the improvement of bond strength. In addition, the modality of resins
wrapping posts may be good for avoiding air trapped at the bonding
interface, thus improving the bond strength, but this hypothesis needs to
be proved by further research.

The retention of clasp is proportional to the thickness, width, un-
dercut of the its arms and the elastic modulus of the material, while the
elastic modulus of PEEK is 4 Gpa, which is much lower than the 240 Gpa
of Co–Cr [24, 25]. Under the premise of not affecting the aesthetics and
occlusion, the thickness, width and the undercut of the PEEK arms need
to be appropriately increased to obtain a suitable retention. Tannous
et al. [25] suggested that a PEEK clasp with an undercut of 0.5 mm could
provide sufficient retention for clinical use.

It should be emphasized that PEEK has only recently been used to
fabricate RPD frameworks, so studies evaluating its long-term clinical
4

behavior are lacking. Although in vitro studies of Mayinger et al. [26]
indicated that the PEEK clasps after artificial aging, which simulated a
2-year clinical period, could still have sufficient retention for clinical
usage, there is not enough scientific evidence of how it performs under
fatigue stress when used as an RPD framework. This, coupled with the
absence of research on what size and type of RPD frameworks can be
fabricated with PEEK, it is recommended to use PEEK as an alternative
material for RPD frameworks only in some special cases, such as the
patients with metal allergies or high aesthetic requirements. Another
matter of concern is the retention can’t be adjusted by bending the PEEK
clasps at delivery.

Moreover, some deficiencies may be encountered with the detachable
3DP diagnostic denture. It can only evaluate the contour of the RPD,
except the color. There are significant differences in physical properties
between 3DP diagnostic denture and the definitive PRD, especially the
framework, so it can’t evaluate the retention accurately. The additional
cost of the scanning equipment, CAD software, 3D printing materials,
training and special designing. Therefore, future studies will focus on
solving these deficiencies and seeking out some 3D printing materials
with color and physical properties closer to the definitive RPD for
fabricating diagnostic dentures to provide more accurate information for
the design and fabrication of RPDs.

In this report, we presented a digital process for aesthetic area
restoration using RPD with PEEK framework. The detachable 3DP diag-
nostic denture with full structural elements used in this case served as a
bridge for communication between doctor and patient, eliminated the



Figure 6. Fabrication of the RPD. The combined denture, assembled by milled dentition on the 3DP diagnostic denture base (A). The combination containing bottom
cast and the combined denture (B). The combination was embedded in the lower part of a flask filled with gypsum (C). Wrapped the combination with silicone
impression material (D). The milled dentition was left in the tooth sockets (E). PEEK framework was mounted on the bottom cast (F).

Figure 7. Delivered the definitive RPD. The definitive RPD (A). Smiling view (B). Front view (C). Occlusal view (D).
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patient’s anxiety caused by excessive concern about the restorative ef-
fect. Secondly, it also played a positive guiding role in design and
fabrication of the definitive RPD between doctor and technician. Finally,
during the 11-month clinical follow-up, the above RPD exhibited good
5

clasp retention without any breakage. The PEEK framework fitted well,
except the high-gloss surface seems to have lost some of its shine. Further
short-term and long-term clinical follow-up are required to keep track of
its service status, to consolidate the scientific evidence.



Figure 8. Dentition arrangement in incisal direction. Deviation annotations at 3 points selected on incisal margin of each tooth. The mean:18 μm.
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