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Abstract
Objectives To evaluate and to compare the clinical performance and survival rate of posterior monolithic and veneered 
zirconia fixed partial dentures (FPDs).
Material and methods Sixty 3-unit posterior FPDs were included in the study. The patients were randomly distributed 
into two groups (n = 30 each) to receive either a monolithic (Zenostar T, Wieland Dental) or veneered zirconia (IPS e.max 
ZirCAD, Ivoclar Vivadent) FPD. Each patient received only 1 FPD. Tooth preparations were scanned (Trios 3, 3Shape), 
designed (Dental System 2016, 3 Shape), milled (Zenotec CAM 3.2, Wieland Dental), and cemented with a resin cement. 
Technical and biological outcomes and periodontal parameters were assessed. Data analysis was made using the Friedman 
and the Wilcoxon signed-rank tests with the Bonferroni correction and the Mann–Whitney U test.
Results The survival rate at 3 years was 100% for veneered and 90% for monolithic zirconia restorations. Three monolithic 
zirconia FPDs were lost because of biologic complications. The main complication in the veneered zirconia FPDs was the 
fracture of the veneering ceramic in 4 of the veneered zirconia FPDs. No fracture of the frameworks was observed in any 
of the groups. All restorations were assessed as satisfactory after 3 years. No differences in periodontal parameters were 
observed between the groups.
Conclusions The results of this study suggest that monolithic zirconia and complete digital flow could be a viable alternative 
to veneered zirconia in the posterior regions.
Clinical relevance The monolithic zirconia restorations with a digital workflow can be a viable alternative in posterior fixed 
partial dentures, with good periodontal outcomes.
Clinical trial registration number ClinicalTrials.gov (Identifier NCT 04,879,498).
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Introduction

The esthetic demand of patients has increased leading to the 
search for alternatives to metal-ceramic (MC) restorations. 
This material is considered the gold standard for posterior 
fixed partial dentures (FPDs), showing survival rates of 
93.8% at 5 years and 89.2% at 10 years of follow-up [1]. All 
new materials should provide results comparable to those 

obtained with MC restorations [1–8]. The introduction of 
new materials and fabrication methods offers different pos-
sibilities to remove the metal coping from MC restorations. 
When esthetics are a priority, ceramic restorations are the 
best option because their natural appearance [9]. However, 
currently, less scientific evidence available exists for ceramic 
compared to MC restoration [10–12].

Mechanical properties are an important factor to select 
a restorative material mainly in the posterior region. The 
main problem associated with ceramic restorations is their 
lower resistance to fracture, especially for FPDs in the pos-
terior region [3, 13–15]. Zirconia has demonstrated excellent 
mechanical properties [16, 17]. It appears to be a promis-
ing alternative for posterior restorations, where an average 
posterior bite force of 700 N has been recorded, with a 
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maximum of approximately 900 N [18–23]. However, the 
main problem associated with first-generation zirconia resto-
rations was porcelain chipping with fracture rate higher than 
MC restorations [1]. Several factors have been involved in 
the chipping of zirconia restorations as the thermal compres-
sion and expansion forces resulting from the sintering pro-
cess and the differences in the modulus of elasticity between 
the core and the veneering ceramic [20, 24], the alteration of 
the zirconia crystalline structure during surface treatments 
of frameworks, that induced cracks [1] an increase in tem-
perature and a change in the coefficient of expansion [1, 14, 
25–27]. Chipping has also been associated with an inad-
equate thickness of the veneering ceramic, and therefore, an 
anatomical core design was recommended [28, 29].

Monolithic zirconia restorations have been developed to 
overcome the chipping problem. Monolithic zirconia pre-
sents several advantages as less manufacturing time and less 
tooth preparation compared to veneered zirconia [30, 31]. 
However, clinical studies that evaluated the behavior in pos-
terior regions are sparse.

Therefore, the aim of this prospective randomized clini-
cal trial (RCT) was to evaluate and to compare the survival 
and success rates, as well as the biological and technical 
complications of 3-unit veneered and monolithic zirconia 
posterior FPDs. The null hypothesis tested was that no dif-
ferences between the groups would be found among the 
studied parameters.

Material and methods

Patient selection

To carry out the present RCT, a total of 82 patients requiring 
a 3-unit posterior FPD were screened and examined. Out of 
the 82 patients, sixty (38 women, 22 men) fulfilled the inclu-
sion criteria and were enrolled in the study. The study was 
conducted at the dental clinic of the Master in Bucofacial 
Prosthesis and Occlusion (Faculty of Odontology, Univer-
sity Complutense of Madrid, Spain). No power analysis was 
carried out, and the sample size was determined based on 
previous studies [6, 12, 14, 29, 31]. The age of the subjects 
ranged from 24 to 72 years.

Before treatment, patients were informed of the study 
objectives, clinical procedure, materials used, the risks and 
benefits of ceramic restorations, and the therapeutic alterna-
tives. All patients signed an informed consent to participate 
in the study. The study was conducted in accordance with 
the Declaration of Helsinki, and the protocol was approved 
by the Ethical Committee of Clinical Trial at S. Carlos Uni-
versity Clinical Hospital (Madrid, Spain) (C.P.- C.I. 15/236-
E). The study was registered in ClinicalTrials.gov (Identifier 

NCT 04,879,498). Patients were treated between September 
19, 2016, and May 20, 2017.

The patients were randomly distributed (www. alazar. info) 
into two groups (n = 30 each) to receive either monolithic 
or veneered zirconia FPDs. Therefore, 60 posterior FPDs 
were produced and allocated in parallel to either monolithic 
second-generation zirconia using the Zenostar T system 
(Wieland Dental, Pforzheim, Germany) (n = 30) or veneered 
first-generation zirconia using the IPS e.max ZirCAD system 
(Ivoclar Vivadent, Schaan, Liechtenstein) (n = 30) (Fig. 1). 
Thirty-three FPDs were placed in the maxilla, and 27 were 
placed in the mandible (Table 1). The patients did not know 
which treatment they were receiving.

The inclusion criteria were as follows: one posterior tooth 
(molar or premolar) to be replaced, vital abutments or with 
adequate endodontic treatment, not previously crowned, 
periodontally healthy abutments, occlusal-gingival height 
suitable for a connector of at least 9  mm2, stable occlusion, 

Fig. 1  CONSORT flowchart
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and the presence of natural dentition in the opposing arch. 
The exclusion criteria consisted of patients requiring a FPD 
of more than three units, a reduced crown length (less than 
3 mm occluso-gingival height), poor oral hygiene, active 
cavities, and active periodontal disease. The presence of 
probable bruxism was recorded based on a positive clinical 
inspection [32].

Clinical and laboratory procedures

The clinical procedures were performed by two experienced 
clinicians. The abutment teeth were prepared as follows: cir-
cumferential chamfer (0.8 to 1 mm wide), an axial reduction 
of 1 mm, and occlusal reduction of 1.5 mm, and a 10 to 12º 
convergence of the axial walls [12, 31]. Before impression 
taking, a dental gingival cord was placed in the gingival 
sulcus. Digital impressions were taken using an intraoral 
scanner (IOS) (Trios 3, 3Shape, Copenhagen, Denmark). 
Provisional restorations (Telio CS C&B, Ivoclar Vivadent, 
Schaan, Liechtenstein) were fabricated and cemented using 
a temporary cement (Telio CS Link, Ivoclar Vivadent). The 
shade was selected using the Chromascop Shade Guide (Ivo-
clar Vivadent).

All FPDs were designed using 3Shape software (Dental 
System 2016, 3Shape). The axial wall thickness for mono-
lithic and veneered zirconia restorations was set at 1 mm and 
0.5 mm, respectively. The thickness at the occlusal surface 
was set at 1.5 mm for monolithic and at 0.8 mm for the 
veneered zirconia frameworks, which were designed with 
an anatomic shape. In both groups, the dimensions of the 
connectors were 9  mm2, following the manufacturer’s rec-
ommendations, and an internal space for the cement was 
set at 0.05 mm. The information was sent to the Zenotec 
CAM milling software (Zenotec CAM 3.2, Wieland Den-
tal, Pforzheim, Germany). All FPDs were milled from pre-
sintered zirconia blanks in the Wieland Zenotec unit (Wie-
land Dental) and sintered in a furnace (Programat S1 1600, 
Ivoclar Vivadent). The monolithic zirconia restorations 

were sintered at 1.450 °C for 4 h 50 min. Once sintered, 
the restorations were characterized with Ivocolor Stains and 
glazed with Ivocolor Glaze Paste FLUO (Ivoclar Vivadent) 
at 710 °C, with a heating rate of 45 °C/min, and long-term 
cooling to 450 °C, following the manufacturer’s instructions 
(Fig. 2). In the monolithic zirconia group, an intermediate 
polymethyl methacrylate try-in was performed before mill-
ing the FPDs. Veneered zirconia restorations were sintered 
at 1.500 °C for 9 h 50 min (Fig. 3) and mouth-tested to check 

Table 1  Patient demographics 
(%)

All groups Monolithic zirconia Veneered zirconia

Patients 60 (100) 30 (50) 30 (50)
Mean age (range) 56 (24–72) 54 (24–68) 58 (28–72)
Male 22 (37) 13 (22) 9 (15)
Female 38 (63) 17 (28) 21 (35)
Jaw
Maxilla 33 (55) 20 (33) 13 (22)
Mandibula 27 (45) 10 (17) 17 (28)
Replaced teeth
2nd premolar 35 (58) 12 (20) 23 (38)
1st molar 25 (42) 18 (30) 7 (12)
Endodonthic treatment 24 (40) 10 (17) 14 (23)

Fig. 2  Final monolithic zirconia restoration

Fig. 3  IPS e.max ZirCAD framework
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the fit. Before veneering the frameworks, 3D printed casts 
were fabricated with a 3D printer (MAX, Asiga, Sydney, 
Australia) and a 3D printable resin (Dental Model, Asiga). 
The frameworks were then veneered with the corresponding 
hand-layered veneering ceramic (IPS e.max Ceram, Ivoclar 
Vivadent). The layering porcelain thickness was approxi-
mately 0.5 mm at the axial walls and 0.7 mm at the occlusal 
surface. All the restorations were fabricated by the same 
experienced technician who verified the thickness of the 
veneering porcelain using a digital micrometer.

The inner surface of the FPDs were carefully sand-
blasted with 50 μm silica-modified alumina particles at a 
pressure of 0.28 MPa, at 10 mm for 20 s (CoJet Sand, 3 M 
ESPE, Seefeld, Germany), mouth-tested, cleaned with a 
universal cleaning paste (Ivoclean, Ivoclar Vivadent), and 
all the restorations were then cemented using a resin self-
adhesive cement (SpeedCEM, Ivoclar Vivadent) (Fig. 4). 
After cementation, occlusal contacts were evaluated, and 
the adjusted surfaces were polished with a porcelain pol-
ishing kit (Optrafine, Ivoclar Vivadent) [31]. The patients 
were instructed in oral hygiene education at the end of the 
treatment and at each recall visit.

Clinical follow‑up protocol

The restorations were evaluated according to the California 
Dental Association (CDA) assessment system [6, 10–14, 
28, 33]. The periodontal parameters were examined using 
the plaque index (PI), gingival index (GI), pocket depth, 
and margin index (MI) of all abutment and control teeth 
(contralateral or opposite not crowned teeth) [6, 12, 31]. 
All FPDs were examined at 1 week (baseline) and 1, 2, and 
3 years after the end of the treatment by 2 calibrated examin-
ers who were not involved in the restorative treatment. Each 
examiner evaluated the restorations independently, and the 
worst outcome was used in the event of discrepancies. Par-
allelized periapical radiographs of the abutment teeth were 
taken using an X-ray positioner (Rinn, Dentsply Sirona, 

Charlotte, NC, USA), and clinical photographs of the resto-
rations were obtained under standardized conditions at each 
evaluation. The primary outcome measures were the survival 
and success rates. The secondary outcomes included the 
CDA ratings, technical and biological complications, and the 
periodontal assessment. Success was defined as the absence 
of complications on the FPDs during the entire follow-up 
period, and survival was defined as the permanence of the 
FPDs in situ at each follow-up recall [25, 34].

Statistical analysis

Descriptive statistics were used to evaluate clinical out-
comes. The Wilcoxon signed-rank test with the Bonferroni 
correction was used to compare variables for matched pairs 
on FPDs to evaluate differences considering the CDA rat-
ings, periodontal parameters, and for comparisons of peri-
odontal parameters between abutment and control teeth. 
The comparisons of the baseline and the follow-up values 
were performed by the Friedman test. The Mann–Whitney 
U test was used to compare variables between both groups. 
Survival rates were determined based on the CDA crite-
ria. Each CDA criterion was ranked on a scale of 1 to 4, 
where 4 = excellent, 3 = good, 2 = unacceptable (repair), and 
1 = unacceptable (replacement). The periodontal parameters 
were assessed by assigning a score of 0 to 3 (PI and GI), or 1 
to 4 (MI and pocket depth). Statistical software (IBM SPSS 
Statistics 22.0, IBM Corp, Armonk, NY, USA) was used 
for the analysis and statistical significance was established 
at α = 0.05.

Results

A total of 60 patients received 60 three-unit FPDs (30 
veneered and 30 monolithic zirconia). No participants were 
lost during the observation period (40 ± 2.6 months). Nine 
patients (15%) with probable bruxism were included in the 
study: 5 in the veneered zirconia group and 4 in the mono-
lithic zirconia group. The survival rate for the veneered zir-
conia restorations was 100%, whereas that for the monolithic 
zirconia restorations was 90%. The success rate was 86.7% 
for the veneered zirconia due to the chipping of the veneer-
ing ceramic, and 90% for the monolithic zirconia FPDs due 
to biological complications. Three biologic complications 
were found at the 3-year follow-up in monolithic restora-
tions: two vertical fractures in one of the abutment teeth 
which required extraction and one secondary caries that 
made it necessary to remove the restorations. One of the 
abutment fractures occurred in a bruxist patient. No fractures 
of zirconia frameworks were observed during the observa-
tion period.

Fig. 4  Clinical view of a maxillary posterior monolithic zirconia FPD 
after cementation
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All restorations from both groups were assessed as sat-
isfactory. Deviations from the score of excellent are pre-
sented in Fig. 5a–c. The percentage of chipping increased 
from zero at baseline to 6.6% and 13.3% after 2 and 3 years, 
respectively. However, the zirconia frameworks remained 
covered, and remaking of the restorations was not necessary. 
Surface roughness was observed in 4 FPDs of each group 
from baseline. A significant change was observed within the 
veneered zirconia restorations from baseline to the 3-year 
follow-up evaluation (p = 0.008). No differences were 
observed between the two groups for surface and color. With 

respect to anatomical form, one (3.7%) monolithic zirconia 
restoration and six (20%) veneered zirconia were assessed 
as acceptable at the 3-year follow-up evaluation due to wear 
at the occlusal surface, slightly over-contoured restorations, 
or contact areas slightly opened. There were no significant 
changes within each group from baseline to the 3-year fol-
low-up evaluation. Significant differences (p = 0.04) were 
observed between both groups at the 2-year follow-up. The 
marginal integrity was ranked as excellent in 93% for both 
types of zirconia restorations. Margin discoloration with no 
evidence of caries was the reason for changes form excellent 

Fig. 5  Results for CDA criteria at baseline, 1-, 2-, and 3-year follow-up evaluations for monolithic and veneered zirconia FPDs. a Surface and 
color. b Anatomic form. c Margin integrity
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to acceptable in both groups. No differences were observed 
within each group and between both groups from baseline 
to the 3-year follow-up evaluation.

Periodontal parameters are summarized in Table 2. No 
differences were observed in the abutment teeth from base-
line to the 3-year follow-up evaluation within each group 
or between both groups with regard to PI, GI, and pocket 
depth. Likewise, no differences were shown of the abutment 
and control teeth at both groups. The MI remained stable 
throughout the follow-up period within each group.

Discussion

This study analyzed the clinical performance and survival 
and success rates of 3-unit monolithic and veneered zirconia 
FPDs. The data obtained support the partial rejection of the 
null hypothesis since significant differences were observed 
between both groups in anatomical form at the 2-year fol-
low-up evaluation.

The survival rate for monolithic zirconia FPDs was 90%. 
Three FPDs were lost because of biologic complications. It 
is important to emphasize that due to the global situation 
caused by COVID-19, the patients have been subjected to 
an important stress for months. The results are consistent 
with previous studies in monolithic zirconia crowns that 
reported survival rates in the range of 91.5 to 100% [10, 
35–42]. However, studies on posterior monolithic zirconia 
FPDs are scarce. Two- and 3-year follow-up studies have 
shown survival rates higher than the finding of the study 
(96.7 to 100%) [31, 43, 44]. The survival rates for veneered 
zirconia were 100% after 3 years, consistent with previous 
findings [5, 8, 11, 12, 45–47]. However, the success rate 
was 86.7% due to veneer chipping fractures. This was the 

main complication in veneered zirconia FPDs as previously 
reported [5, 6, 11, 12, 14, 46–48], although the zirconia 
framework remained covered. The fractures could be pol-
ished without affecting the function or esthetic consistent 
with previous findings [5, 6, 11–14, 24, 31, 48]. Although 
the minimum material thickness recommended by the man-
ufacturer for monolithic zirconia was 0.6–0.8 mm, in the 
study, an axial reduction of 1 mm and an occlusal reduction 
of 1.5 mm was performed. Reduced abutment tooth prepara-
tion is an advantage of monolithic zirconia restoration; how-
ever, insufficient interocclusal space can lead to the failure 
of the monolithic zirconia restoration [42].

According to the CDA scores, all restorations were 
assessed as satisfactory at the 3-year follow-up evaluation. 
Small deviations from the score of excellent regarding sur-
face and color, anatomic form, and margin integrity were 
observed from baseline to the 3-year follow-up evaluation; 
however, no differences were observed from baseline within 
each group. This is consistent with previous studies [5, 6, 
11–14, 24, 31, 48]. Nevertheless, differences in anatomical 
form were observed between the groups at the 2-year follow-
up evaluation. This could be explained because of contact 
area slightly opened in one veneered zirconia FPDs.

No fracture of the frameworks was observed in any of the 
groups consistent with previous systematic reviews on zirco-
nia posterior FPDs [25]. This could be due to the stability of 
the zirconia as a structural material [25] and to the dimen-
sion of the connector area (9  mm2) [12, 31]. In the study, 
no decementation, abutment sensitivity, or abutment loss of 
vitality was observed in either group, which is consistent 
with previous studies [12, 14, 31, 49].

At the 3-year time point, a good response in the soft tis-
sues was observed in both groups with no differences thor-
ough the observation period within the groups, between the 

Table 2  Periodontal parameters 
assessments at baseline (B), 
1-, 2-, and 3-year follow-up 
evaluations for monolithic and 
veneered zirconia FPDs

Monolithic zirconia Veneered zirconia

Abutment teeth Control teeth Abutment teeth Control teeth

Score B 1 2 3 B 1 2 3 B 1 2 3 B 1 2 3

Plaque index 0 20 20 19 15 21 18 20 14 21 23 20 17 24 22 18 17
1 6 7 7 8 7 11 8 11 7 6 8 10 5 8 12 12
2 4 3 4 4 2 1 2 2 2 1 2 3 1 0 0 1
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gingival index 0 21 22 20 17 21 20 20 17 23 20 21 19 24 20 16 19
1 7 5 6 7 9 8 8 8 5 9- 7 10 5 9 13 10
2 2 3 4 3 0 2 2 2 2 1 2 1 1 1 1 1
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pocket depth 1 22 23 21 19 23 20 20 19 23 23 21 20 25 24 22 21
2 8 7 9 8 7 10 10 8 7 7 9 10 5 6 8 9
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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groups, and among abutment and control teeth. The results 
are consistent with previous findings [31, 33, 50], but con-
tradictory to other studies that reported an increased risk of 
gingivitis in the vicinity of a fixed prosthesis, and differences 
from baseline in the periodontal parameters [11, 12, 14]. 
The findings of the study could be due to the good plaque 
control, the good marginal fit of both type of zirconia resto-
rations, and the excellent biocompatibility of zirconia [51].

The introduction of digital technology has allowed the 
fabrication of dental restorations to become more auto-
mated, more time efficient, and accurate. Digital workflow 
has shown results comparable to those obtained with con-
ventional techniques. One of the parameters associated with 
the success of restorations is the marginal fit, along with 
resistance to fracture, and studies have shown excellent 
results for restorations made with a digital flow [31, 41, 52, 
53]. However, several factors can affect the accuracy of the 
prostheses, such as the software version, the experience of 
both the clinician and the technician, and the adjustment 
parameters. In the study, a complete digital workflow was 
performed with patient satisfaction, reduction time, and 
clinically satisfying outcomes as previously reported [29, 
31, 39, 52–54]. However, clinical evidence is scarce and 
further studies are necessary [31, 54].

The limitations of the study were that no power analysis 
was performed to determine the sample size and the short 
observation period. Nevertheless, the results of the study 
suggest that monolithic zirconia and complete digital flow 
could be a viable alternative to veneered zirconia in the pos-
terior regions. However, additional randomized clinical trial 
studies comparing both types of restorations with a longer 
observational period are needed.

Conclusions

Within the limitations of the present study, the 3-year results 
suggest that monolithic zirconia restorations fabricated in 
a complete digital flow are a viable alternative to veneered 
zirconia restorations in the posterior regions avoiding the 
chipping problem.
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