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Abstract: Fifteen participants (9 male, 6 female) received a total of 15 monolithic single restorations
made from fully sintered (Y, Nb)-TZP (tetragonal zirconia polycrystal) block. The restorations were
clinically evaluated for survival, success rate, and periodontal probing depths 6 months after the
insertion of the restorations. Esthetic, functional, and biological evaluations were also performed
over a 6-month follow-up period. The survival and success rates of the single-unit restorations were
100%. The periodontal probing depth values ranged from 1 to 3 mm. No complications with regard
to functional and biological properties were observed after 6 months. The postoperative sensitivity
was only a transient phenomenon. The fully sintered (Y, Nb)-TZP single-unit restoration showed
highly acceptable quality with successful clinical performance over 6 months.

Keywords: ceramics; CAD-CAM; zirconia; monolithic; fixed dental prostheses; complication

1. Introduction

Zirconia is one of the most commonly used ceramics for fixed dental prosthesis
(FDP) in dentistry. A 3-mol% yttria-stabilized tetragonal zirconia polycrystal (3Y-TZP)
can be fully densified with a fine-grain microstructure, leading to excellent mechanical
properties [1]. Currently, with the advancement of computer-aided design and computer-
aided manufacturing (CAD-CAM) technology as well as associated restorative materials, it
is possible to fabricate an esthetic prosthesis for a single-visit chairside treatment at dental
clinics, minimizing extra time and cost, while increasing patient convenience [2]. However,
the partially sintered zirconia blocks, which are most widely used for zirconia FDP, are
inappropriate for single-visit restorations because these blocks essentially go through the
post-milling sintering process for several hours, making it a time-consuming procedure.
Furthermore, such blocks should be milled to a size 20–25% larger than the definitive
prosthesis to compensate for post-sintering shrinkage, which may cause a poor marginal
or internal adaptation of the restoration [3].

As an alternative to the conventional sintering protocol, high-speed sintering for
dental zirconia with high temperature in the range of 1570–1590 ◦C was introduced; this
may affect the mechanical properties by increasing the grain size [4,5]. Studies have shown
contradictory findings regarding the effect of speed sintering on the mechanical properties,
either increasing or decreasing the flexural strength of sintered zirconia [6–9]. Speed
sintering was reported to have a variable influence on the strength, depending on the
content of yttria [4,7]. The optical properties of sintered zirconia may also be affected by
speed sintering due to an increase in the grain size [4,6,9].

No further heat treatment is required when fabricating zirconia FDP from a fully
sintered zirconia block, and it can be milled to its final dimensions without considering
the sintering shrinkage [10,11]. The FDP fabricated with fully sintered zirconia has a lower
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volumetric fraction of pores, higher strength, and more accurate fit than that fabricated
with partially sintered zirconia [12,13]. Fully sintered zirconia blocks require robust milling
systems with a high level of accuracy due to their high surface hardness, which is twice
that of the partially sintered zirconia blocks [10,14]. The milling process of the fully
sintered block could increase the wear rate of the milling tool [15,16]. To overcome this
issue, an improved fully sintered (Y, Nb)-TZP block with relatively low surface hardness
has recently been developed for effective machinability and accuracy [16]. According to
the manufacturer, the fully sintered (Y, Nb)-TZP block used in the present study has a
lower surface hardness (<9.0 GPa) than fully sintered Y2O3-stabilized zirconia blocks. In
addition, this block is mainly composed of oxygen vacancy deficient zirconia and has a
high resistance to low-temperature degradation.

However, there is still a lack of scientific evaluation of fully sintered zirconia prostheses.
In particular, no clinical studies involving FDP fabricated using fully sintered (Y, Nb)-TZP
blocks are currently available. Thus, the aim of this prospective clinical study was to
evaluate the success and survival rates, complications, and prognosis of a single teeth
CAD-CAM restoration made of fully sintered zirconia over a 6-month period.

2. Materials and Methods

Individuals in need of a single crown restoration were recruited as participants from
the Department of Prosthodontics of the University Dental Hospital. The required size
of the sample was initially calculated to be 12 using G*power analysis (version 3.1.9.4,
Heinrich Heine University Düsseldorf, Düsseldorf, Germany), assuming a probability of
Type I error of 0.05, a power of 0.80, a constant proportion of 0.65, and an effect size of
0.30 [17]. In addition, a predicted failure rate of 0.10 and possibility of failure rate in clinical
evaluation of 0.10 was assumed. Considering the total failure rate of 0.20, the required
number of participants for this study was determined to be 15.

A total of 15 participants requiring a single tooth-borne restoration were recruited
based on the following inclusion criteria: (1) successful endodontic treatment, (2) minor
tooth fracture limited to the coronal part with no pulpal exposure, and (3) replacement
of failed restoration with no pathological condition. Patients in need of post and core
treatment due to severe coronal destruction were excluded from this study. Patients
with uncontrolled periodontal disease, and heavy smokers (more than 10 cigarettes per
day) were also excluded. In addition, each participant voluntarily signed an informed
consent form and agreed to be monitored at periodic follow-ups. Between May 2020 and
January 2021, each participant was treated by a board-certified prosthodontist or a resident
supervised by a board-certified prosthodontist [18].

The shade for each restoration was selected before tooth preparation using the Vitapan
classical shade guide (VITA Zahnfabrik, Bad Säckingen, Germany) under corrected light
conditions. Tooth preparation was performed based on the clinical guidelines for the
anatomically contoured monolithic zirconia restorations [19]. The incisal edge or occlusal
surface was reduced by 1.5–2.0 mm, and the facial and lingual axial walls by 1.2–1.5 mm.
Line angles were rounded and a chamfer finish with a depth of 0.8–1.2 mm was prepared.
The minimum height was set as 4 mm for each abutment tooth with an angle of convergence
between 10–12◦. After tooth reduction, the full-arch impression was taken with a vinyl
polysiloxane impression material with light- and heavy-bodied consistency (Imprint II
Garant, 3M, ESPE, MN, USA) using stock metal trays. The provisional restoration was then
fabricated with self-curing polymethyl methacrylate (Jet, Lang, IL, USA) and cemented
with a eugenol-based temporary cement (Temp bond, Kerr, CA, USA).

For each case, the master cast was fabricated with type III dental stone (Snow rock
dental stone, DK Mungyo, Gimhae, Korea) and digitally scanned using a model scanner
(3Shape D2000, 3Shape, Copenhagen, Denmark). All restorations were designed by dental
technicians with 15 years’ experience, using the CAD software (3Shape CAD Design
software, 3Shape, Copenhagen, Denmark) following the manufacturer’s instructions. The
anatomically contoured zirconia crowns were milled (Cori TEC one, imes-icore, Eiterfeld,
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Germany) from fully-sintered (Y, Nb)-TZP blocks (Perfit-FS, Vatech MCIS, Gyeonggi-do,
South Korea). For optimal shade reproduction, the milled restorations were treated with the
zirconia-coloring liquid at 780 ◦C for 1 min with a firing rate of 45 ◦C/min using a sintering
furnace (Austromat D4, Dekema, Freilassing, Germany). At the third visit, the definitive
restoration was carefully evaluated on each participant’s abutment regarding the shape,
adaptation, color match, proximal contact, and occlusion (Figure 1). If adjustments were
needed, it was conducted using a fine-grained diamond bur with a high-speed handpiece.
Resin-modified glass ionomer cement (GC FujiCEM 2, GC, IL, USA) was used to cement
the crown in place. The participants were instructed to revisit the clinic for follow-up, as
scheduled.
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From the fourth visit (r/c-1) to the ninth visit (r/c-6), participants visited once a
month, and survival rate, success rate, periodontal probing depth (PPD), and criteria for
evaluation of indirect restorations presented by the World Dental Federation (FDI) were
examined by each dental clinician in charge [20,21]. The clinicians were calibrated for the
evaluation by repeated training on the FDI evaluation criteria from the beginning of the
study, supervised by a board-certified prosthodontist with 30-year clinical and research
experience (J.-S.H). Survival rate was defined as whether the restoration remained in situ
during the follow-up period. Success rate was defined as whether the restoration functioned
without complications requiring any intervention. For the gingival health evaluation, the
PPD was regularly measured around each abutment tooth separated into six sections
(mesio-buccal, mid-buccal, disto-buccal, mesio-lingual, mid-lingual, and disto-lingual).
The mean value calculated from the measured PPDs at six different sites was recorded for
each participant at each recall. The FDI criteria for evaluation of indirect restorations were
divided into three main categories, namely esthetic, functional, and biological properties,
which were then subdivided into sub-categories (Table 1). Each sub-category was scored
on a scale of 1 to 5, where each number denotes clinically excellent/very good, good,
sufficient/satisfactory, unsatisfactory, and poor, in increasing order. In summary, if the
quality of the restoration was excellent and fulfilled all the quality criteria, then it would be
scored as 1. A score of 2 meant that the quality of the restoration was still highly acceptable,
despite one or more deviations from the established criteria. A score of 3 meant that the
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quality of the restoration was sufficiently acceptable, but with minor shortcomings. A score
of 4 meant unacceptable but repairable restorations and a score of 5 required a replacement.
The one overall rating of restoration was determined by the highest score among all the
sub-category scores.

Table 1. World dental federation (FDI) criteria for evaluation of indirect restorations.

Esthetic Properties Functional Properties Biological Properties

Surface luster Fractures and retention Postoperative sensitivity and tooth vitality
Surface staining Marginal adaptation Recurrence of caries, erosion, abfraction

Color stability and translucency Wear Tooth integrity (enamel cracks)

Anatomic form Contact point/food impact Periodontal response
(always compared to a reference tooth)

Radiographic examination
(when applicable) Adjacent mucosa

Patient’s view Oral and general health

For the statistical analysis, the measured PPD values were analyzed using the Shapiro–
Wilk test for normality. Based on the result of the normality test, the time-dependent
statistical comparison of the PPD measurement data was conducted using either the
repeated measures analysis of variances (ANOVA) with one within-subject factor (time,
six levels) or nonparametric Friedman test. In terms of ANOVA, the Mauchly’s test of
sphericity was performed and Greenhouse–Geisser correction was done for the test of
within-subjects’ effects if the test result was statistically significant. The significance level
of 0.05 was used for the analysis (SPSS 25, SPSS Inc., Chicago, IL, USA).

3. Results

Participants included nine male patients with a median age of 60 years and the range of
37 to 80 years, and six female patients with a median age of 63.5 years and the range of 58 to
74 years. Restorations were planned for one incisor, two canines, four premolars, one molar
in the maxilla, and seven molars in the mandible (Table 2). All participants attended follow-
up visits during the 6-month observation period. After 6 months, the survival and success
rates were 100%, and there were no fractures or failures of restorations. The majority of all
measured PPDs ranged between 1 and 3 mm (Table 3). Since no statistical significance was
found with the Shapiro–Wilk test of normality (p > 0.05), the time-dependent comparison
of PPD data was performed with the repeated measures ANOVA. The result of Mauchly’s
test of sphericity was statistically significant (p < 0.001). Based on the repeated measures
ANOVA with a Greenhouse–Geisser correction, there was no significant change in the PPD
value over time (p = 0.390).

Table 2. Distribution of restorations according to the tooth location. Tooth numbers 1 to 8 sequentially
correspond to the teeth in a quadrant (from anterior to posterior).

Tooth Maxilla Mandible

Central incisor 1 0
Lateral incisor 0 0

Canine 2 0
1st premolar 4 0
2nd premolar 0 0

1st molar 1 3
2nd molar 0 4
3rd molar 0 0

Total 8 7
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Table 3. Periodontal probing depth (mm) around a single-unit restoration for each participant during 6-month follow-up.

Follow-Up
Participants

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 #15

r/c-1 1.8 1.8 3.0 2.0 1.7 2.3 1.5 2.3 2.2 2.2 2.0 2.3 3.0 2.3 1.5
r/c-2 1.8 1.8 2.8 2.0 2.8 2.8 1.3 2.0 2.8 2.2 2.0 1.8 3.0 2.5 1.5
r/c-3 1.8 2.0 2.8 2.0 2.8 2.5 1.3 2.0 2.7 2.2 2.0 1.8 3.5 2.5 1.5
r/c-4 1.8 2.0 3.0 2.0 2.8 2.8 1.3 2.0 2.7 2.2 2.0 1.8 3.5 2.5 1.5
r/c-5 1.8 2.0 2.8 2.0 2.8 2.3 1.3 2.0 2.5 2.2 2.0 1.8 3.5 2.5 1.5
r/c-6 1.8 2.0 3.0 2.0 2.5 2.2 1.3 2.0 2.5 2.2 2.0 1.8 3.5 2.5 1.5

According to the FDI criteria, all restorations were considered acceptable in clinical
situations. There were no complications in functional properties during the entire follow-up
period, while four restorations scored 2 or 3 in esthetic properties and biological properties
(Tables 4–8). In esthetic properties, Participant 14 scored 2 in surface staining from the
r/c-2 to r/c-6, Participant 8 scored 3 in color stability and translucency from r/c-1 to r/c-6
(Table 7). Regarding biological properties, Participants 2 and 14 scored 2 on r/c-1 and r/c-3,
respectively (Table 7). After a 6-month follow-up, in terms of surface staining and color
stability, 93.3% of the participants were evaluated as excellent, while 6.7% were as highly
or sufficiently acceptable (Table 8). The functional and biologic properties were determined
as excellent for 100% of the participants at the end of the observation (Table 8).

Table 4. Scores according to the FDI criteria for esthetic properties during 6-month follow-up evaluation.

Follow-Up
Participants

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 #15

r/c-1 1 1 1 1 1 1 1 3 1 1 1 1 1 1 1
r/c-2 1 1 1 1 1 1 1 3 1 1 1 1 1 2 1
r/c-3 1 1 1 1 1 1 1 3 1 1 1 1 1 2 1
r/c-4 1 1 1 1 1 1 1 3 1 1 1 1 1 2 1
r/c-5 1 1 1 1 1 1 1 3 1 1 1 1 1 2 1
r/c-6 1 1 1 1 1 1 1 3 1 1 1 1 1 2 1

Table 5. Scores according to the FDI criteria for functional properties during 6-month follow-up evaluation.

Follow-Up
Participants

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 #15

r/c-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
r/c-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
r/c-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
r/c-4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
r/c-5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
r/c-6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 6. Scores according to the FDI criteria for biological properties during 6-month follow-up evaluation.

Follow-Up
Participants

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 #15

r/c-1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1
r/c-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
r/c-3 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1
r/c-4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
r/c-5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
r/c-6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Table 7. Complications of a single crown (n = 15) during 6-month follow-up evaluation.

Main Category Sub-Category Participants Score Appearance

Esthetic
properties

Surface staining #14 2 r/c-2,3,4,5,6
Color stability and translucency #8 3 r/c-1,2,3,4,5,6

Biological
properties

Postoperative sensitivity and
tooth vitality

#2
#14

2
2

r/c-1
r/c-3

Table 8. Distribution of scores according to the FDI criteria for esthetic, functional, and biological
properties after 6-month follow-up, in percentage (n = 15).

Category
Score (Scale of 1 to 5)

1 2 3 4 5

Esthetic Properties
Surface luster 100 (15) - - - -

Surface staining 93.3 (14) 6.7 (1) - - -
Color stability and translucency 93.3 (14) - 6.7 (1) - -

Anatomic form 100 (15) - - - -
Functional Properties
Fractures and retention 100 (15) - - - -

Marginal adaptation 100 (15) - - - -
Wear 100 (15) - - - -

Contact point/food impact 100 (15) - - - -
Radiographic examination 100 (15) - - - -

Biological Properties
Postoperative sensitivity and tooth vitality 100 (15) * - - - -

Recurrence of caries, erosion, abfraction 100 (15) - - - -
Tooth integrity 100 (15) - - - -

Periodontal response 100 (15) - - - -
Adjacent mucosa 100 (15) - - - -

Oral and general health 100 (15) - - - -
* For participants 2 and 14, the scores were graded as 2 at r/c-1 and r/c-3, respectively. However, all the scores
were graded as 1 at the time of r/c-6.

4. Discussion

In the present study, a total of 15 single CAD-CAM restorations fabricated using fully
sintered (Y, Nb)-TZP blocks showed a survival and success rate of 100% over a 6-month
follow-up observation. This is in accordance with the previous study, which reported
the use of monolithic ceramic as favorable treatment for tooth-supported restoration [22].
Indeed, for such a short observation period, the result is usually likely to be none or only
a few unacceptable restorations, so the differentiation of score 1 from 2 becomes more
important and the change of these scores can indicate the behavior and the weak points of
the restoration.

The most common technical complication during treatment of monolithic zirconia
single restorations was the unacceptable color match [23,24]. The final color reproduction
of dental zirconia block can be affected by manufacturing process, dental laboratory
procedures, and clinical factors [24,25]. In the present study, Participant 8 had a score
of 3 for the color stability over the entire observation period. Several factors can affect
the color stability of zirconia, such as sintering conditions and surface textures [26,27].
As the fully sintered zirconia block was already sintered under the same conditions, the
stainability is closely related to the surface texture, especially the surface roughness [28].
Surface roughness of the yttrium-doped zirconia was important for the longevity of dental
restoration, as it had a strong effect on the mechanical strength of the material [29]. In
clinical situations, such surface roughness is closely associated with the polishability, which
is mainly determined by the surface hardness of the restoration. Park et al. reported that
the grain of 3Y-TZP with low surface hardness was easily pulled out by external mechanical
damage [30]. As fully sintered (Y, Nb)-TZP exhibits a lower surface hardness than fully
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sintered 3Y-TZP, it is relatively difficult to obtain a smooth surface by surface polishing. In
addition, polished/unpolished ceramics are more stainable than glazed/reglazed ceramics
after exposure to coffee [31]. Therefore, when restorations fabricated using fully sintered
(Y, Nb)-TZP blocks undergo occlusal adjustment, a more careful polishing procedure is
required. Translucency is another important factor responsible for matching the color of
natural teeth with restorative materials [24,25]. According to the manufacturer, the fully
sintered zirconia used in the present study showed a translucency (42% at 1 mm thickness)
comparable with other partially sintered yttria-stabilized zirconia. Therefore, translucency
is not an issue in the color matching of fully sintered (Y, Nb)-TZP.

According to the FDI criteria, all restorations exhibited no complications during the
entire follow-up visit in terms of functional properties. It implies that fully sintered (Y,
Nb)-TZP has sufficient strength and accuracy for single-tooth restoration. Considering the 3-
point flexural strength of fully sintered (Y, Nb)-TZP of approximately 700 MPa, as disclosed
by the manufacturer, it is capable of enduring a mean occlusal force of approximately
150 N [32]. Fully sintered (Y, Nb)-TZP also exhibited adequate wear resistance since it
has relatively higher surface hardness (<9.0 GPa) than glass ceramics [33]. In addition,
Janyavula et al. reported that polished monolithic zirconia can provide more acceptable
opposing tooth wear than glazed zirconia, veneering porcelain or enamel [34]. For marginal
fit accuracy, Cho et al. showed that the trueness outcomes of single restorations fabricated
by fully sintered (Y, Nb)-TZP were clinically acceptable [16]. Consequently, carefully
polished restorations fabricated using fully sintered (Y, Nb)-TZP can exhibit no fracture, less
material and opposing tooth wear, and good marginal adaptation, as shown in the present
study. However, the long-term stability of fully sintered zirconia should be investigated.

Postoperative sensitivity and tooth vitality, one of the most common early biological
complications, was the only biological complication observed in this study [23]. Roediger
et al. mentioned that postoperative sensitivity was a common complication and occurred
within the first 13 months of cementation, and it was usually a transient symptom [35].
Likewise, in the present study, postoperative sensitivity appeared in both participants
(2 and 14) who scored 2 at first and third follow-up visits, and disappeared by itself at the
next visit. Postoperative sensitivity may occur owing to the type of cement, the extent
of tooth preparation, inappropriate provisional restorations, removal of the smear layer,
presence of occlusal discrepancies, and patient age [36]. According to Pihlaja et al., another
very common early biological complication is gingival irritation [23]. In contrast, Worni
et al. reported that there was no significant change in the periodontal health of the abutment
for a zirconia-based fixed partial denture [37]. In the present study, no periodontal response
was found, and the PPD of all participants only varied in the 1 mm range within 1–3 mm. In
general, PPD <3 mm was considered to be within the normal range in clinical situations [38].
These results can be attributed to the nature of zirconia itself, which exhibits a lower plaque
accumulation than other glass ceramics [39]. However, a 3-year long-term study reported
that abutment teeth suffered from increased PPD and periodontal problems [40]. According
to Litonjua et al., instructing participants to take adequate home care was more important
than the material itself [41]. Therefore, continuous periodontal care is necessary to maintain
a healthy periodontal condition.

The limitations of the present study include the fact that the location of the treated
tooth varied from participant to participant. As tooth location is associated with varying
occlusal force and esthetic sensitivity, it can affect clinical outcomes. Second, the calculated
sample size in this study could be relatively small to clearly assess the clinical findings
for this 6-month observation. Third, the present study was a short-term study. Although
early complications could imply issues with the material properties rather than patient
factors [23,24], short-term observation was insufficient to represent the overall properties
of the material. Therefore, long-term clinical studies should be conducted to evaluate the
properties of the material in detail, as well as patient factors.
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5. Conclusions

Based on the findings of this prospective clinical trial regarding the properties of the
single restoration fabricated by fully sintered zirconia during the 6-month follow-up, the
following conclusions were drawn:

1. The survival and success rate of fully sintered (Y, Nb)-TZP single-unit restorations
at 6 months were 100%.

2. According to the FDI criteria, the fully sintered (Y, Nb)-TZP single-unit restoration
was evaluated as more than sufficiently acceptable in a clinical situation over 6 months.

3. After a 6-month follow-up, no complications with regard to functional and biologi-
cal properties were observed. The postoperative sensitivity and tooth vitality problem was
only a transient phenomenon.
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