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Abstract
Objectives  To assess the clinical performance of tooth-supported 3-unit fixed dental prostheses (FDPs) made from shade-
graded monolithic 5Y-PSZ (partly stabilized zirconia) zirconia in terms of survival rate and the quality of restorations based 
on modified FDI criteria over three-years.
Materials and methods  High-translucent shade-graded monolithic zirconia (Lava Esthetic, Solventum Dental Solutions) 
was used to manufacture maxillary or mandibular three-unit FDPs in the posterior region (N = 22) employing subtractive 
milling system (Amann Girrbach). All FDPs were bonded with a universal resin cement (Rely X Universal, Solventum 
Dental Solutions) and evaluated 4 weeks after cementation (baseline) and after 1, 2, and 3 years. The primary objective was 
to assess the survival and complication rates of the restorations. Furthermore, the quality of the restorations was evaluated 
based on selected and modified FDI (World Dental Federation) criteria, which encompass functional, aesthetic, and biologi-
cal parameters. FDI criteria were analyzed using the Fisher-Freeman-Halton exact test.
Results  Twenty-one patients were examined at 1 year, 2 years, and 3 years. The survival rate was 100%. No mechanical 
complications were observed. A total of 3 biological complications occurred. These were successfully managed without any 
residual functional impairment. All FDI criteria were found to be clinically acceptable or better.
Conclusions  Monolithic shade-graded zirconia FDPs demonstrated 100% survival at 3 years with a low complication rate.
Clinical relevance  Fixed 3-unit FDPs made of high-translucent monolithic zirconia might be a viable treatment option in 
the posterior region, preventing the chipping phenomenon and providing favorable aesthetics while allowing for an efficient 
digital workflow.

Keywords  5Y-PSZ · All-ceramic · CAD/CAM · High-translucent zirconia · FDP · Fixed dental prostheses · Monolithic 
ceramic

Introduction

The digital transformation of dentistry, driven by advances 
in computer-aided design and manufacturing (CAD/CAM), 
has fundamentally reshaped traditional workflows [1]. Pro-
ducing dental restorations from prefabricated materials using 
standardized processes reduces human error, improves pre-
cision, facilitates customization, and accelerates processing 
times. Integrating CAD/CAM systems into dental practices 
is fostering a streamlined, patient-centered approach [2].

Due to their material characteristics and esthetic potential, 
all-ceramic materials have become a remarkable success in 
dentistry with a wide range of applications in modern den-
tistry - and are increasingly replacing the previous gold stand-
ard, metal ceramics [3]. In addition to glass-ceramic-based 
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materials, different generations of zirconia-based ceramics are 
available on the dental market. Zirconia, with its outstand-
ing physical properties, and excellent biocompatibility, meets 
many of the requirements of modern dentistry and dental 
technology [4]. It is employed as a framework and mono-
lithic material in single crowns and fixed dental prostheses, in 
removable prosthetics, and in the fabrication of dental implants 
[5].

Nevertheless, there are some limitations regarding zirconia 
restorations. Conventionally veneering zirconia is labor-inten-
sive, and the outcome is highly dependent on the individual 
skills of the dental technician. The restorations are prone to 
veneering fracture, clinically referred to as “chipping” [6]. 
Consequently, there is a persistent trend in the dental market 
towards monolithic zirconia materials. Advantages include, 
inter alia, a streamlined and efficient production process, 
enhanced precision, and the reduced risk of chipping [7].

In turn, another problem emerged. Conventional zirconia 
contains 3 mol% yttria, which enables the stabilization of the 
tetragonal phase at room temperature. The 3 mol% yttria-sta-
bilized tetragonal zirconia polycrystal (3Y-TZP) can form a 
transformation zone that provides protection against the for-
mation of cracks. This transformation toughening contributes 
to a high fracture resistance [8]. However, the primary disad-
vantage of the original 3Y-TZP is its opacity [9]. Therefore, 
despite the increasing use of monolithic zirconia restorations, 
especially in the posterior region, their use has remained lim-
ited due to these aesthetic considerations [7].

To overcome these drawbacks, another iteration of zirco-
nia has been developed with an increased yttria content. The 
material is fabricated with 5 mol% yttria, which partially sta-
bilizes the cubic phase (about 50%). This zirconia (5Y-PSZ) 
has been designated “cubic zirconia” or “translucent zirconia” 
due to its enhanced optical characteristics [9]. The introduction 
of 5Y-PSZ provides promising characteristics, with flexural 
strength and translucency between those of lithium disilicate 
and 3Y-TZP zirconia [10]. However, there is almost no evi-
dence on the clinical performance of restorations out of this 
category of zirconia.

Therefore, the aim of the present prospective, clinical study 
was to test the clinical outcomes of 3-unit posterior FDPs 
made from high-translucent monolithic 5Y-PSZ with shade-
grade technology and inherent fluorescence. The hypothesis 
was that FDPs have high survival rates of up to 3 years with a 
low complication rate and high patient satisfaction.

Materials and methods

Study design and patient selection

This study was designed as a pilot single arm trial to address 
the scarcity of in vivo scientific information on the tested 

shade-graded monolithic zirconia ceramic. It was approved 
by the ethics committee responsible (UE No 19–0243). The 
study was conducted in the Department of Prosthetic Den-
tistry at the University Hospital of LMU Munich. Patients 
requiring a three-unit fixed partial denture (FPD) in the pre-
molar and molar region were recruited. The assessment of 
the presence or absence of craniomandibular dysfunctions 
was conducted as proposed by Ahlers and Jakstat [11].

Inclusion criteria were met when the patient was requir-
ing a three-unit posterior bridge, had healthy/treated peri-
odontal status (maximum tooth mobility: 1), was aged 
18–99 years, agreed to participate in the study and signed 
an informed consent form.

Patients with known allergies to any product used dur-
ing the study, untreated periodontal disease, or who were 
not available for the entire duration of the study, who were 
participating in another dental clinical trial, or who were 
pregnant or breastfeeding were excluded.

Clinical treatment

Twenty-five pre-selected patients were examined but only 22 
patients, 16 males (73%) and 6 females (27%), met the inclu-
sion criteria, provided informed consent, and were finally 
included. A total of 22 posterior three-unit fixed partial den-
tures (FDPs) were fabricated, comprising 44 abutment teeth. 
Of these, 18 (41%) were located in the maxilla and 26 (59%) 
in the mandible. Four FDPs comprised the first premolar 
and first molar, 18 were attached to the second premolar and 
molar respectively. The treatment was performed by skilled 
and calibrated clinicians (JG, OS). The clinical workflow 
is illustrated in Fig. 1. The abutment teeth were prepared 
according to the manufacturer’s recommendations for the 
respective restorative material. The requirements were 
to ensure a wall thickness of 0.8 mm, and the connector 
diameter had to be greater than 14 mm2. Restorations were 
delivered between July 2019 and June 2020. Impressions 
were taken with a fast-setting polyether impression material 
(Impregum Penta Super Quick, Solventum Dental Solutions, 
Seefeld, Germany). Bite registration was performed using 
a scannable registration silicone material (Imprint 4 Bite, 
Solventum Dental Solutions). Temporary restorations were 
manufactured chairside (ProTemp, Solventum Dental Solu-
tions) and cemented with a eugenol-free temporary cement 
(RelyX Temp NE, Solventum Dental Solutions).

Fabrication of the fixed dental prostheses

Plaster casts were manufactured (Resin Rock, Whipmix, 
Louisville, KY, US) and were with a laboratory scan-
ner (S900, Zirkonzahn, Gais, Italy). All FDPs were CAD 
designed and fabricated by skilled and calibrated dental 
technicians (JS, CS).
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The monolithic FDPs were virtually designed using CAD/
CAM software (Modelier v.6173_6959_x64, Zirkonzahn) 
and milled from LAVA Esthetic partially sintered blanks 
(Solventum Dental Solutions) using a five-axis milling unit 
(Ceramill Motion 2, Amann Girrbach, Koblach, Austria). 
LAVA Esthetic is a 5 mol% yttria-stabilized cubic zirconia 
material presenting a micro-hardness of 1,200 HV [Vickers 
hardness], an elastic modulus of 216 GPa, and a flexural 
strength of 800 MPa. It is characterized as high-translucent 
and features inherent fluorescence. Milled restorations were 
sintered in a furnace (LHT 02/16; Nabertherm, Lilienthal, 
Germany), applying manufacturer’s recommendations. The 
restorations were finalized in terms of stain and glaze firing.

Delivery of the fixed dental prostheses

Prior to cementation, fit (light body silicone; Fit&Test 
Voco, Cuxhaven, Germany) and occlusal and interproxi-
mal contacts of the FDPs tested. If necessary, the occlu-
sion was adjusted, and the surfaces were polished carefully 
with ceramic polishers or glaze-fired again. The FDPs were 
cleaned with ethanol, and the abutment teeth were cleaned 
with a universal prophy paste (Prophy Paste Cleanic without 
fluoride, Kerr Dental, Brea, CA, USA). Air-abrasion of the 
intaglio surfaces was performed with 50 μm abrasive alu-
mina particles at 1 bars (0.1 MPa) [12]. No further chemi-
cal conditioning was conducted. All FDPs were cemented 
employing self-conditioning, dual-curing universal resin 
cement (RelyX Universal, Solventum Dental Solutions). 
Excess cement was removed, and occlusion was re-assessed. 
Following the treatment, but for a limited time span, 23% 
of the teeth exhibited mild hypersensitivity, while 11% 

displayed moderate hypersensitivity. After delivery, an oper-
ator’s questionnaire on the handling of the adhesive resin 
cement was completed on “satisfaction with the cementa-
tion“, “satisfaction with excess removal”, “ease of mounting 
of the mixing tip”, and “extrusion force of the mixing tip”, 
using a Likert type scale.

Clinical examinations

At the baseline examination, conducted four weeks post-
delivery, and at the subsequent follow-up examinations at 
one year, two years, and three years post-delivery, the FDPs 
were clinically examined. An overview of evaluations during 
the treatment and questionnaires are given in Table 1.

The esthetic, functional, and biological outcomes were 
evaluated in accordance with the modified FDI criteria and 
periodontal probing depth (PPD) [13, 14]. The modified 
FDI-criteria (World Dental Federation) are displayed in 
Table 2. Marginal adaptation was tested using an explorer 
probe (Fissures explorer 150EX, Deppeler, Rolle, Switzer-
land) [14].

Prior to these examinations, a calibration was performed 
to instruct and train the examining dentists. To reduce poten-
tial bias, the FDPs were examined by two independent cli-
nicians (AJ, CK) who were not involved in the reconstruc-
tive treatment. Survival of the FDPs was classified as “FDP 
in situ and in full function” at the follow-up visits. Radio-
graphs were taken at the 3-year follow-up.

All data were subjected to detailed analysis. At the one-
year follow-up, the patients were queried regarding their 
satisfaction with the functionality and the esthetic out-
come using a 5-point Likert type scale. The questionnaire 

Fig. 1   The clinical workflow (example). Preparation of occlusal grooves, renewal of a composite filling, final preparation, cording, CAD of the 
FDP, and final restoration (from left to right)
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evaluated general satisfaction, esthetic satisfaction, com-
fort, chewing comfort, and satisfaction with abilities to 
speak, also using a scale from 1 (very good) to 5 (very 
bad).

Statistical analysis

Baseline parameters were analyzed using mean, standard 
deviation, median, minimum and maximum. The change in 

Table 1   An overview of 
evaluations during the treatment 
and questionnaires

Evaluation Point in time

Fit of restoration Prior to restoration placement
Craniomandibular dysfunctions (Ahlers and Jakstat 2007) Restoration placement appointment
Restoration evaluation per FDI criteria Baseline, 1-, 2-, and 3-year follow-ups
Post-operative sensitivity Baseline
Pocket depth (6-point measurement) Prior to restoration placement, and at 

1-, 2-, and 3-year recalls
Radiographs At 3-year follow-up
Operator Questionnaire After restoration placement
Patient Questionnaire At 1-year follow-up

Table 2   Modified FDI criteria FDI Criteria Property Score

Color Stability Esthetic Property 1 Very Good
2 Good
3 Acceptable
4 Unacceptable

Fracture Functional Property 1 No
2 Yes

Retention loss Functional Property 1 No
2 Yes

Chipping Functional Property 1 No
2 Yes

Wear Functional Property 1 No
2 Attrition/Facets
3 Perforation of the Restoration

Periodontal response Biological Property 1 No plaque and no inflammation
2 Plaque and no gingivitis
3 Plaque and gingivitis

Recurrence of caries Biological Property 1 No
2 Yes

Marginal adaptation Biological Property 1 No detectable gap
2 Marginal gap < 150 μm
3 Marginal gap < 250 μm
4 Marginal gap > 250 μm

Marginal Discoloration Esthetic Property 1 No
2 Yes, but removable
3 Yes, but not removable

Vitality Biological Property 1 Vital
2 Non vital
1 Percussion negative
2 Percussion positive

Postoperative (hyper-) sensitivity 
(at baseline)

Biological Property 1 No
2 Yes
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parameters from baseline was evaluated using descriptive 
statistics. The primary outcome of this trial was the evalu-
ation of the overall survival of restorations. Complications 
were given in percentage. Modified FDI criteria scores were 
analyzed using the Fisher-Freeman-Halton exact test. For 
statistical evaluation, the software SPSS (Statistics 24.0, 
SPSS Inc., Stanford, USA) was used and level of signifi-
cance was set at p < 0.05.

Results

21 FDPs, comprising 42 abutment teeth, were examined up 
to after three years. Of these, 9 (43%) were in the maxilla 
and 12 (57%) in the mandible. 17 patients were evaluated 
in the defined interval (36 months ± 31 days), 4 patients 
exceeded the recall window due to various issues. Only 
one patient did not take part in the 3-year follow-up, as he 
had relocated to a distant location. The results were dis-
tinguished in FDP and abutment teeth related aspects are 
summarized in Tables 3 and 4. Figure 2 shows an example 
of an FDP over time.

No chipping, loss of retention, or fractures occurred, 
resulting in zero mechanical complications and a 100% sur-
vival rate. Three adverse events, i.e., biological complica-
tions, all rated “non-serious”, occurred during the 3 years 
of observation, representing a total prevalence of 14.3% 
and an annual rate of approximately 4.76%. In one patient, 
an endodontic treatment of one abutment tooth was con-
ducted. Another adverse event, classified “sensitivity due to 
occlusal trauma”, was successfully treated by minor occlusal 
adjustments. Caries was found in one FDP abutment tooth, 
necessitating filling therapy (p = 0.49). After treatments, all 
patients were without symptoms and the FDPs could remain 
in full functional service.

The parameters “marginal discoloration” (p = 1) and 
“percussion” (p = 1) did not change. Compared to baseline, 
clinical parameters “periodontal response” (p = 0.5), “color 
stability” (p = 0.43), “recurrence of caries” (p = 0.49), and 
“tooth vitality” (p = 0.736) altered, but not significantly. Vis-
ible signs of “wear” occurred in 16 restorations on anchor 
teeth (p < 0.001), and “marginal adaptation” was perceived 
less favorable (p < 0.001).

The probing depth (6-point measurement) exhibited a 
subtle variation over time, with mean values ranging from 
2.2 (± 1.0) mm to 2.6 (± 1.0) mm at the one-year mark and 
from 2.3 (± 0.7) mm to 2.8 (± 1.1) mm after three years, 
contingent on the probing site.

The operator questionnaire on the operability of the 
resin cement showed the highest levels of satisfaction in 
all aspects. The patients´ questionnaire, which was handed 
out one year after the intervention, revealed that patients 
had a generally positive assessment of the FDP, with results 

ranging from 1.0 (ability to speak) to 1.6 (chewing com-
fort) on average. Two patients expressed discontent with the 
chewing comfort and one felt general discomfort.

Discussion

The FDPs had a 100% survival rate after three years, with no 
mechanical complications, indicating notable clinical suc-
cess. The positive results support the study’s hypothesis, and 
the complete absence of chipping, likely due to the mono-
lithic design, can be considered a key factor for prognosis 
and longevity.

Regarding the modified FDI parameters, all restorations 
were rated satisfactory or better at the 3-year follow-up eval-
uation. Minor deviations from the excellent score for some 
aspects were observed from baseline to the 3-year follow-up. 
This is in line with previous studies [15–17]. Periodontal 
response was within the expected range.

The decrease in vitality resulted from a tooth needing root 
canal treatment, likely due to preparation trauma and pulp 
irritation. The treatment was successful, and the restoration 
remained fully functional. FDP abutment teeth are more 

Fig. 2   FDP in the left upper jaw comprising the second premolar to 
the second molar at baseline (top) and at 3 years (bottom)
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prone to endodontic complications due to invasive prepa-
ration and associated trauma, sometimes unavoidable due 
to axial divergences. This is not considered specific to this 
study [18]. One patient suffered sensitivity due to occlusal 
trauma, which is not uncommon after the delivery of a res-
toration, especially in terminal three unit FDPs [19], but 
could be effectively treated. A carious lesion was found on 
the buccal cervical aspect of the second abutment tooth in 
one patient. The root caries was treated with glass ionomer 
cement, and the patient remained asymptomatic afterward.

The evaluator’s assessment of the color stability of the 
restorations was similar to the assessment at baseline. The 
observation that marginal adaptation was perceived to be 
less favorable than at baseline must be qualified by two 
important factors. First, there were changes from “not detect-
able” to “<150 µm”, i.e., just perceptible, which represents 
minimal change [14]. The number of calibrated examiners 
was reduced from two to one due to an employer change, 
which may introduce some variability in measurements. To 
minimize further bias, the study team chose not to add a 
new second evaluator. Future recalls may help assess these 
effects more accurately.

Visible signs of wear could be detected in 10 restorations, 
most likely due to abrasion of the glaze layer and within the 

time frame of two years of clinical use. This is therefore 
considered an expected event [20].

The operator questionnaire on the handling of the resin 
cement showed excellent satisfaction; the questionnaire 
given to the patients showed that they had a generally posi-
tive opinion of the FDP - both of which can be considered 
a great success.

Veneered zirconia FDPs have proven to be reliable under 
clinical conditions, with high long-term success rates, but 
have the disadvantages mentioned above, such as chipping 
and laborious fabrication [6, 7, 16, 17, 21]. Nevertheless, all 
new materials or material combinations to date have to com-
pete with metal-ceramic FDPs, which are the most proven 
and considered the gold standard for posterior restorations 
[3]. The survival rates of these FDPs are notable, with 93.8% 
at five years and 89.2% at ten years of follow-up.

Long-term data on monolithic zirconia FDPs remain lim-
ited. Koenig et al. reported a 100% survival rate for second-
generation zirconia monolithic posterior restorations on 
95 teeth and implants, though all 13 FDPs were implant-
supported, making direct comparisons cautious [22]. In a 
clinical trial, Habibi et al. found monolithic restorations 
had slightly better performance, with a 96.7% survival rate 
and 93.8% success rate after three years [23]. Pontevedra 

Table 3   Results with respect to 
FDPs (n = 22)

FDI Criteria Examination time 
point

Clinical Performance Score Significancy

1 2 3 4 5

Survival rate BL n 22 1
% 100%

36 Months n 21
% 100%

Color Stability BL n 6 16 0.43
% 27.3% 72.7%

36 Months n 6 14 1
% 28.6% 66.7% 4.8%

Fracture BL n 22 1
% 100%

36 Months n 21
% 100%

Retention loss BL n 22 1
% 100.0%

36 Months n 21
% 100%

Chipping BL n 22 1
% 100%

36 Months n 21
% 100%

Wear BL n 22 < 0.001*
% 100%

36 Months n 13 8
% 61.9% 38.1%
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et al. recently reported survival rates at three years for 30 
three-unit posterior fixed partial dentures (FPDs) made from 
3Y-TZP monolithic zirconia of 90%. They concluded that 
monolithic zirconia in combination with a complete digital 
workflow could represent a viable alternative in the posterior 
regions [15].

Mid- to long-term clinical data on cubic zirconia FDPs 
are, to the authors’ knowledge, still unavailable. However, 
this trial’s positive results align with existing research. An 
in vitro study by Hensel et al. showed that 3-unit FDPs made 
from this material withstood high fracture loads of up to 
1,541.9 (± 645.8) N before and 1,705.8 (± 248.1) N after 
artificial aging, respectively [24], which may indicate that 
even after longer periods of clinical service, high survival 
rates can be expected. Park et al. found that low-temperature 
degradation (LTD) did not affect Lava Esthetic zirconia’s 
material properties. They also observed that the hardness 
increased from the incisal to the core layer, while bright-
ness decreased [25]. Additionally, Lava Esthetic caused less 
antagonist wear than lithium silicate and lithium disilicate 
ceramics [26].

The connector has been designed according to the man-
ufacturer’s recommendations, which may be important 
since the design of 3-unit fixed dentures, particularly the 

connector height, may affect fracture strength also in this 
5Y-PSZ , according to Kim et al. [27]. The benefit of mono-
lithic zirconia FDPs in this respect is the absence of veneer-
ing, which allows a larger connector diameter, particularly 
in the vertical dimension. As a result, the full diameter of the 
connector contributes to mechanical strength.

Although this is a very relevant research topic, the pre-
sent study has limitations in terms of the number of cases 
and observation period. One dropout occurred and the coro-
navirus pandemic had an impact on the time windows for 
the follow-up as well. The significance of the results must 
be considered against this background. Nonetheless, these 
findings remain important. To the authors’ knowledge, this 
is the first clinical data on the three-year performance of 
high-translucent, cubic zirconia in 3-unit FDPs, showing 
promising results. Even counting dropouts as failures, the 
three-year survival rate would be 95.5%.

Conclusion

The findings of this clinical study suggest that CAD/CAM-
manufactured 3-unit zirconia fixed dental prostheses made 
from a high-translucent shade-graded monolithic zirconia 

Table 4   Results with respect to 
abutment teeth (n = 44)

FDI Criteria Examination time 
point

Clinical Performance Score Significancy

1 2 3 4 5

Periodontal response BL n 34 9 1 0.5
% 77.3% 20.5% 2.3%

36 Months n 33 6 3
% 78.6% 14.3% 7.1%

Recurrence of caries BL n 44 0.49
% 100.0%

36 Months n 41 1
% 97.6% 2.4%

Marginal adaptation BL n 30 14 < 0.001*
% 68.2% 31.8%

36 Months n 12 30
% 28.6% 71.4%

Marginal Discoloration BL n 42 2 1
% 95.5% 4.5%

36 Months n 41 1
% 97.6% 2.4%

Vitality BL n 40 4 0.736
% 90.9% 9.1%

36 Months n 37 5
% 88.1% 11.9%

Percussion BL n 44 1
% 100.0%

36 Months n 42 0
% 100.0%
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(Lava Esthetic) may represent a viable treatment option 
for the posterior region over a minimum of three years. All 
FDPs survived without mechanical complications. The FDI 
criteria examined were rated as clinically acceptable or bet-
ter. However, to provide clinicians with the certainty and 
security they require in the use of the advantages of this 
and similar types of translucent zirconia for multi-unit fixed 
dental prostheses, further clinical data on performance and 
survival rates need to be collected with larger samples and 
over longer periods of time.
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