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Implant-supported fixed com-
plete prostheses (ISFCPs) have
been considered the standard
for edentulous patients, offering
predictable functional, esthetic,
and psychosocial ~benefits."
Rapid advances in digital work-
flows, including computer-aided
design and computer-aided
manufacturing ~ (CAD-CAM),
have expanded the range of
materials and fabrication op-
tions for ISFCPs, enhancing
precision, efficiency, and cost-
effectiveness.”” The selection of
prosthetic design and restorative
material significantly influences
biomechanical behavior, fabri-
cation trueness, material struc-
tural stability, and long-term
clinical outcomes.” " In digitally
assisted dentistry, trueness re-
fers to the degree of correspon-
dence between the geometry of
a fabricated object and its ori-
ginal CAD dataset, reflecting the

ABSTRACT

Statement of problem. Implant-supported, fixed, complete arch zirconia prostheses have been
widely used for edentulous patients; however, the reliability of bar-free designs remains uncertain. High-
strength zirconia formulations may enable predictable restorations without bar reinforcement.

Purpose. The purpose of this in vitro study was to evaluate the trueness, fracture resistance, and
phase transformation behavior of bar-reinforced and nonreinforced complete arch prostheses
fabricated from conventional and high-strength zirconia.

Material and methods. Thirty standardized edentulous maxillary models with 6 implant analogs
were assigned to 3 groups (n=10): bar-reinforced conventional zirconia (Katana; K-WB),
nonreinforced conventional zirconia (Katana; K-NB), and nonreinforced high-strength zirconia
(Ice Plus; ICP-NB). The frameworks were digitally designed, milled, sintered, polished, and glazed.
The titanium bar was cemented after airborne-particle abrasion. All specimens underwent
mastication simulation with thermocycling. Trueness was assessed by superimposing fabricated
frameworks onto digital design datasets, phase transformation was analyzed by X-ray diffraction
before and after aging, and fracture resistance was measured using a universal testing machine.
Data were analyzed using 1-way ANOVA with post hoc tests for fracture strength and trueness and
2-way repeated-measures ANOVA for phase transformation (a=.05).

Results. ICP-NB exhibited the highest mean *standard deviation fracture resistance (1700 +£50 N),
followed by K-WB (1550 +45 N) and K-NB (900 +40 N) (P<.05). ICP-NB showed better external trueness
compared with both Katana groups (P<.05). In contrast, K-WB demonstrated the best marginal trueness
(P<.05). After thermocycling, K-WB and K-NB exhibited significant tetragonal-to-monoclinic phase
transformation, while ICP-NB maintained a predominantly tetragonal phase with minimal
change (P>.05).

Conclusions. High-strength zirconia (ICP-NB) complete arch prostheses demonstrated favorable
fracture resistance, high trueness, and better resistance to low-temperature degradation than
conventional zirconia (K-WB, K-NB), suggesting they are a reliable alternative to bar-reinforced
designs. (J Prosthet Dent 2026;135:807.e1-€8)
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Clinical Implications

Bar-free, high-strength zirconia frameworks offer
clinicians the possibility of delivering a complete
arch prosthesis as a single, monolithic structure,
thereby eliminating interphases and the risk of
bar-framework debonding. This approach reduces
laboratory complexity and overall cost.

accuracy of the manufacturing process.”’ Zirconia-based
ceramics have gained popularity in complete arch applica-
tions because of their excellent mechanical and esthetic
properties compared with metal-ceramic prostheses.'”
The 2018 ITI Consensus Report emphasized that “implant-
supported monolithic zirconia prostheses may be a future
option with more supporting evidence,” reflecting the
growing clinical interest in these restorations.”” ** Conven-
tional 3 mol% yttria-stabilized tetragonal zirconia poly-
crystal (3Y-TZP) zirconia offers high flexural strength, low
fracture probability, and excellent antagonistic wear beha-
vior while preserving esthetics and surface quality.”” '

For durable complete arch rehabilitations, 2 principal
approaches are commonly used: bar-supported removable
overdentures and ISFCPs." "’ ISFCPs often incorporate
a CAD-CAM-fabricated titanium bar to provide rigidity,
toughness, and passive fit across long implant spans and
distal cantilevers."””**” Recent digital advances have fa-
cilitated the integration of titanium bars with monolithic
zirconia frameworks, combining titanium’s strength with
zirconia’s esthetics and biocompatibility.”” ™ Although
zirconia ISFCPs demonstrate high survival rates and re-
latively few prosthetic complications,”” " technical is-
sues such as veneering ceramic chipping, debonding at
titanium interfaces, and occasional catastrophic frame-
work fractures have been reported.””"” Careful technical
and clinical planning remains essential to minimize these
risks.>****> Moreover, zirconia prostheses have still been
associated with higher rates of technical complications
requiring maintenance and 1repai1rs,.2’4z’d“"'47 To overcome
these limitations, high-strength zirconia formulations
have been developed. Manufactured through hot isostatic
pressing (HIP), high-strength zirconia formulations
achieve flexural strength values of approximately
1900 MPa, exhibit a fine grain size, and demonstrate en-
hanced resistance to low-temperature degradation.'”"’
Such properties suggest that high-strength zirconia may
provide reliable performance without the need for bar
reinforcement.”” Therefore, the purpose of this in vitro
study was to compare the trueness, fracture resistance,
and phase transformation behavior of bar-reinforced and
nonreinforced complete arch zirconia prostheses fabri-
cated from conventional and high-strength zirconia. The
null hypothesis was that no significant differences would
be found among the tested groups.
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MATERIAL AND METHODS

An edentulous maxillary model (Standard working
model series ANA-4; Frasaco) was scanned using a 3-
dimensional (3D) desktop scanner (Medit T-Series;
Medit Corp), and the data were transferred to a design
software program (DentalCAD; exocad GmbH). A priori
power analysis with a software program (G*Power 3.1;
Heinrich-Heine-Universitdt) for a 1-way ANOVA (3
groups; f=0.40; a=.05; power=0.80) indicated 30 speci-
mens (10 per group).’ Thirty standardized digital max-
illary models were virtually constructed, incorporating 6
implant sites symmetrically positioned bilaterally be-
tween the central and lateral incisors, between the first
and second premolars, and in the first molar regions.
The exported standard tessellation (STL) files were
printed on a 3D printer (MAX UV; Asiga) using a pho-
topolymer material (Freeprint model; Detax GmbH) at a
layer thickness of 50 um. After postprocessing, which
included rinsing with isopropyl alcohol and additional
light polymerization according to the manufacturer’s
instructions, the specimens were dried and inspected for
surface irregularities. Six internal-connection titanium
implant analogs (IS-II Active, 4.0 mm x 11.5 mmy;
NeoBiotech) were inserted into the planned positions
and tightened to 20 Ncm with a calibrated torque
wrench (Universal Prosthetic kit; NeoBiotech). Corre-
sponding micro-unit transfer copings (Transfer Im-
pression Coping; NeoBiotech) were used for each
implant to ensure precise positioning and parallel
alignment of the implant analogs during embedding. A
bone-mimicking polyurethane resin (F16; Axson Tech-
nologies) with an elastic modulus of 3.6 GPa was poured
around the peri-implant regions to form a continuous 2-
to 3-mm circumferential “bone” layer. Following im-
plant analog placement, each model was rescanned
using a 3D desktop scanner (Medit T-Series; Medit
Corp) with an accuracy <7 pm. The resulting STL da-
tasets were imported into the CAD software program
(DentalCAD; exocad GmbH) and aligned within a
standardized coordinate system. Thirty frameworks
were designed (Dental CAD; exocad GmbH) and divided
into 3 groups (n=10): conventional 3Y-TZP zirconia
(Katana Zirconia; Kuraray Noritake) reinforced with a
custom-milled titanium bar (Ti-6Al-4V, Grade 5; Zir-
konzahn) (K-WB), nonreinforced conventional 3Y-TZP
zirconia (Katana Zirconia; Kuraray Noritake) (K-NB),
and nonreinforced high-strength 3Y-TZP zirconia fab-
ricated with hot isostatic pressing (Ice Plus Zirconia;
Zirkonzahn) (ICP-NB). The main compositional and
processing characteristics of the zirconia materials are
summarized in Table 1.

Katana zirconia frameworks were milled from par-
tially sintered blanks with a 5-axis milling unit (DWX-
52D; DGSHAPE Corp), while ICP-NB frameworks were
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Flexural Strength (MPa)*

Approximately 1200
Approximately 1900

Grain Size (pm)

0.4-0.6
0.2-0.4

Yttria Content

3y
3y

Hot isostatic pressing (HIP)

Processing Method
Conventional sintering

ZrO, + 3 mol% Y,0; + HfO, <5% + AlL,O; <0.5%
Zr0, + 3 mol% Y,0; + HfO, <5% + Al,O; <0.2%

Composition (wt%)

Kuraray Noritake

Manufacturer
Zirkonzahn

Katana Zirconia (3Y-TZP)
Ice Plus Zirconia (3Y-TZP HIP)

Material

Table 1.Composition and processing characteristics of zirconia materials tested

Sasany et al

*Values provided according to manufacturer data

Figure 1. Experimental groups. A, K-WB: bar-reinforced conventional
3Y-TZP zirconia prosthesis (Katana Zirconia; Kuraray Noritake) bonded
to titanium bar; B, Custom-milled titanium bar (Ti-6Al-4V, Grade 5;
Zirkonzahn); C, K-NB: nonreinforced conventional 3Y-TZP zirconia
(Katana Zirconia; Kuraray Noritake); D, ICP-NB: nonreinforced high-
strength 3Y-TZP zirconia with hot isostatic pressing (Ice Plus Zirconia;
Zirkonzahn).

milled with the manufacturer’s dedicated CAD-CAM
system. Katana zirconia (Kuraray Noritake) was sintered
at a peak temperature of approximately 1550 °C with a
total cycle time of 8 hours, including controlled heating
and cooling phases. Ice Plus zirconia (Zirkonzahn) was
sintered using a HIP-assisted protocol at a peak tem-
perature of approximately 1500 °C, with a prolonged
dwell time (up to 120 min) to ensure maximum densi-
fication and grain refinement. After sintering, the fra-
meworks were mechanically polished using a sequential
protocol with diamond rotary instruments (coarse to fine
grit, 40 to 15 pm; Komet Dental) under copious water
irrigation. Final surface finishing was performed with
zirconia-specific polishing wheels and diamond-im-
pregnated polishing paste (Zirkopol; Komet Dental)
until a smooth, glossy surface was obtained. The speci-
mens were then glazed with a thin layer of liquid glaze
(Zirkonzahn Glaze; Zirkonzahn) and fired in a porcelain
furnace at 800 °C for 7 minutes to standardize the sur-
face finish. The titanium bars were digitally designed in
the CAD software program (Detnal CAD; exocad
GmbH) by following the same implant dataset used for
the zirconia framework design in a horseshoe-shaped
configuration with uniform thickness (3 mm) and a
height of 4 mm. Each bar was wet milled from titanium
blocks using a 5-axis unit (DWX-52D, DGSHAPE Corp),
followed by dimensional inspection, sequential silicon
carbide polishing (Renfert), and 10-minute ultrasonic
cleaning in ethanol (Fig. 1).

In the K-WB group, the intaglio surface of the zir-
conia frameworks and titanium bars was airborne-par-
ticle abraded (Basic quattro; Renfert) with 50-pm
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aluminum oxide (Korox 50; BEGO) at a 0.2 MPa for
10 seconds from 10 mm, followed by cleaning with oil-
free compressed air. Prior to cementation, titanium bars
were treated with a universal primer (Monobond Plus;
Ivoclar AG). Custom-milled titanium bars were bonded
to the intaglio surface of their corresponding zirconia
superstructures using a dual-polymerizing resin cement
(Multilink Automix; Ivoclar AG). The cement was dis-
pensed into the intaglio surface of the zirconia frame-
works, the bars were seated under finger pressure, and
excess cement was removed. The margins were tack-
polymerized for 2 to 3 seconds with a light-emitting
diode (LED) polymerizing unit (Bluephase G2; Ivoclar
AG), and final polymerization occurred through dual-
polymerizing as per the manufacturer’s protocol.
Straight multi-unit abutments (2 mm cuff height, 0 de-
grees angulation; Multi Unit Abutment; NeoBiotech)
were tightened to a final torque of 20 Nem using a ca-
librated torque wrench (Universal Prosthetic kit;
NeoBiotech) according to the manufacturer’'s re-
commendations. For frameworks, a diagonal or cross-
tightening sequence was applied (from central to distal
implants bilaterally), and all screws were retightened to
20 Nem after 10 minutes to compensate for the settling
effect."* Screw access channels were sealed with poly-
tetrafluoroethylene (PTFE) tape and restored in-
crementally with a nanohybrid composite (Filtek Z250
XT; 3M ESPE), light-polymerizing each layer for 40 sec-
onds using an LED unit (Bluephase G2; Ivoclar AG).

Trueness was evaluated by rescanning each fabri-
cated framework (Medit T-Series; Medit Corp) and su-
perimposing it onto the original CAD design using an
inspection software program (Geomagic Control X; 3D
Systems). After manual pre-alignment, super-
impositions were performed using the software’s best-fit
algorithm. Root mean square (RMS) deviation values
were calculated, and color-coded deviation maps were
generated to assess both external and marginal trueness.
Phase transformation was assessed using X-ray diffrac-
tion (XRD) (Bruker D8 Advance; Bruker Corp) with
CuKa radiation (A=1.5406 A) operated at 40kV and
40 mA. Diffraction patterns were collected over a 20
range of 20 to 40 degrees with a step size of 0.02 degrees
and a counting time of 1 seconds per step. Peaks cor-
responding to tetragonal (101), at approximately 30.2
degrees, monoclinic (-111),, at approximately 28.2 de-
grees, and (111),, at approximately 31.5 degrees were
identified and used to calculate monoclinic phase con-
tent according to the Garvie-Nicholson method.”” Re-
presentative diffraction patterns were plotted, and
monoclinic phase content (%) was quantified before and
after thermocycling to assess susceptibility to low-tem-
perature degradation (LTD).

All specimens underwent mastication simulation in a
dual-axis simulator (CS-4.8; SD Mechatronik GmbH) at
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1.5Hz, under a load range of 50 to 250N at 37 °C.
Thermocycling was simultaneously performed between
5°C and 55 °C for 1 200 000 cycles, with a dwell time of
30 seconds and a transfer time of 10 seconds. For frac-
ture resistance testing, specimens were mounted in a
custom metal device and loaded in a universal testing
machine (Shimadzu AGS-X; Shimadzu Corp) with the
occlusal plane aligned perpendicular to the loading axis
(tolerance <0.5 degrees). A J6-mm hardened steel ball
was used to apply a vertical load at the central fossa of
the first molar at a crosshead speed of 1 mm/minute
until fracture. To homogenize stress distribution, a 1-
mm-thick copper foil (4 mm? surface area) was inter-
posed between the indenter and the occlusal surface.
Fracture load (N) was defined as the first sharp drop in
the load-displacement curve.

Statistical analysis was performed with a software
program (IBM SPSS Statistics, v28.0; IBM Corp).
Normality and homogeneity were assessed with the
Shapiro-Wilk and Levene tests. Fracture strength and
trueness (external and marginal RMS) were compared
using 1-way ANOVA with the Tukey HSD or, when
variances were unequal, Welch ANOVA with
Games-Howell. Phase transformation was evaluated
with 2-way repeated-measures ANOVA (Group x Time)
and, when assumptions were violated, change scores
(post—pre) analyzed with the Welch 1-way ANOVA or
Kruskal-Wallis (a=.05). Results are reported as mean
+SD or median [IQR] with effect sizes and 95% con-
fidence intervals.

RESULTS

Fracture strength, trueness, and phase transformation
results are summarized in Tables 2 and 3. For external
trueness, ICP-NB exhibited the lowest deviation values,
indicating significantly better adaptation than both Ka-
tana groups (P<.05, Table 2). In contrast, K-WB de-
monstrated the best marginal trueness, with significantly
lower deviations at the prosthesis margins compared
with K-NB and ICP-NB (P<.05, Table 2). Fracture
strength also differed significantly among groups (P<.05,
Table 2). ICP-NB achieved the highest resistance, fol-
lowed by K-WB and K-NB, and post hoc analysis con-
firmed significant differences in all comparisons. Color
maps revealed group-specific deviation patterns (Fig. 2).
ICP-NB showed predominantly green distribution, re-
flecting minimal deviation and better external trueness.
K-WB displayed more uniform green along margins,
indicating improved marginal fit. K-NB exhibited
broader color deviations, reflecting greater misfit at both
marginal and external levels.

Representative diffraction patterns showed tetra-
gonal peaks in all groups and monoclinic peaks in
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Table 2.Fracture resistance and trueness (external and marginal RMS) of complete arch zirconia prostheses fabricated from Ice Plus (ICP-NB) and
Katana zirconia (K-WB, K-NB) and one-way ANOVA results for effect of Group

Group External RMS (um) Marginal RMS (um) Fracture Resistance (N) ANOVA F (df) n? P

ICP-NB 25.0 £2.5% 455 +4.0° 1700 +50* External: F(2,27)=65.4 0.68 <.05
K-WB 32,5 +3.0° 38.0 +3.5% 1550 +45° Marginal: F(2,27)=71.2 0.70 <.05
K-NB 355 +3.2° 46.2 +4.2° 900 +40° Fracture: F(2,27)=122.8 0.82 <.05

Values presented as mean tstandard deviation. Different superscript letters within same column indicate statistically significant differences (Tukey
post hoc test, 0=.05). ICP-NB, nonreinforced high-strength zirconia; K-WB, bar-reinforced conventional zirconia; K-NB, nonreinforced conventional

zirconia.

Table 3. Monoclinic phase content (Vm %) of zirconia prostheses be-
fore and after thermocycling and two-way repeated-measures ANOVA
for effects of Group and Time

Descriptive Values (Mean +SD)

Material Before TC After TC Within-
(Vm %) (Vm %) group P*

K-WB 1.2 0.5 11.5 +1.8 <.05

K-NB 1.0 +0.4 12.0 £2.0 <.05

ICP-NB 0.9 +0.3 2.8 +0.7 >.05

Two-way repeated-measures ANOVA results

Effect F(df) n? P

Time (pre — F(1,27)=84.6 0.76 <.05

post)

Group F(2,27)=18.9 0.58 <.05

Group X F(2,27)=16.3 0.55 <.05

Time

*Within-group P values indicate differences before and after ther-
mocycling within each group. ICP-NB, nonreinforced high-strength
zirconia; K-WB, bar-reinforced conventional zirconia; K-NB, non-
reinforced conventional zirconia; TC, thermocycling; Vm, monoclinic
phase content.

Katana zirconia after thermocycling (Fig. 3). XRD re-
vealed significant effects of Time and Group (P<.05),
with monoclinic content increasing after thermocycling
(1.0 £0.4% to 8.8 +5.1%). K-WB (6.4 +5.7%) and K-NB
(6.5 £6.0%) showed higher monoclinic content than

A

ICP-NB (1.8 £1.1%). A significant Group x Time inter-
action (P<.05) confirmed differing transformation levels.
Post hoc comparisons showed a marked increase in
monoclinic content for both K-WB and K-NB after
thermocycling (P<.05), whereas ICP-NB maintained a
predominantly tetragonal phase with no significant
change (P>.05, Table 3).

DISCUSSION

The null hypothesis that no significant differences would be
found among the tested groups was rejected, as Ice Plus
zirconia without bar reinforcement demonstrated the
highest fracture resistance and excellent phase stability,
while bar-reinforced Katana zirconia achieved better mar-
ginal trueness. The higher fracture resistance observed for
Ice Plus zirconia can be explained by its microstructural
characteristics. Ice Plus is processed using HIP, which in-
creases density, reduces porosity, and refines grain size,
thereby improving crack resistance and flexural strength. "’
These properties enhance the material’s ability to withstand
tensile stresses and delay catastrophic crack propagation,
which is particularly critical in ISFCPs that are subject to
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Figure 2. Color-coded deviation maps of trueness. A, Marginal trueness of ICP-NB; B, Marginal trueness of K-WB; C, Marginal trueness of K-NB; D,
External trueness of ICP-NB; E, External trueness of K-WB; F, External trueness of K-NB. Green areas indicate minimal deviation with better adaptation,
whereas red and blue areas reflect positive and negative misfits, respectively.
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Figure 3. Representative X-ray diffraction patterns showing tetragonal and monoclinic peaks used for phase transformation analysis. K-WB, bar-
reinforced conventional 3Y-TZP zirconia prosthesis (Katana Zirconia; Kuraray Noritake) bonded to titanium bar; K-NB, nonreinforced conventional 3Y-
TZP zirconia (Katana Zirconia; Kuraray Noritake); Ice Plus, nonreinforced high-strength 3Y-TZP zirconia with hot isostatic pressing (Ice Plus Zirconia;

Zirkonzahn).

long-span loading.” By comparison, bar-reinforced Katana
zirconia achieved a similarly high resistance because the
bonded titanium bar redistributed functional stresses along
the framework, limiting flexural deformation and reducing
the risk of bulk fracture.” The significantly lower fracture
strength of nonreinforced Katana zirconia underscores the
limitations of conventional zirconia formulations when used
in long-span monolithic configurations without additional
support, as they are more susceptible to crack initiation and
unstable crack growth under loading.”'® Clinically, the high
resistance values recorded for Ice Plus and bar-reinforced
Katana exceed reported maximum bite forces (500 to
900 N),'""” supporting their suitability for clinical function.
However, in patients with parafunctional habits, the higher
strength of Ice Plus zirconia may offer added protection
against failure.

In terms of trueness, Ice Plus zirconia demonstrated the
lowest external deviation, reflecting better overall trueness
than both Katana groups, potentially because of reduced
distortion during milling and sintering, as HIP processing
minimizes sintering shrinkage variability and produces
more stable frameworks."” Precise external accuracy reduces
strain accumulation at the implant-framework interface,
minimizing the risk of screw loosening or implant compo-
nent fracture.” However, bar-reinforced Katana zirconia
exhibited the best marginal trueness, likely because of the
rigid titanium bar acting as a stabilizer during bonding,
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which reduced marginal discrepancies.” This highlights a
trade-off: nonreinforced HIP zirconia offers excellent global
trueness, whereas bar reinforcement optimizes marginal fit.
From a clinical perspective, the magnitude of misfit ob-
served in the present study remained well within reported
acceptable thresholds. Marginal discrepancies below ap-
proximately 120 pm have been generally considered clini-
cally acceptable,'*”** and similar misfit levels have been
associated with acceptable bone changes.”"” Both bar-re-
inforced and nonreinforced zirconia frameworks showed
deviations well below this threshold, suggesting that the
statistically significant differences are unlikely to have ad-
verse clinical consequences. Nonetheless, zirconia’s higher
Young modulus (200 GPa) compared with titanium
(100 GPa)'"* means it accommodates strain less effectively,
making precise adaptation essential to avoid stress con-
centration at the screw—abutment interface. These results
indicate that both HIP zirconia and bar-reinforced zirconia
can achieve clinically acceptable adaptation.

The phase transformation results revealed significant
tetragonal-to-monoclinic conversion in both Katana groups
after thermocycling, whereas Ice Plus zirconia exhibited
minimal change. This difference can be explained by the
susceptibility of conventional 3Y-TZP to LTD,” which is
accelerated in the presence of moisture and temperature
fluctuations.”” The volumetric expansion associated with the
phase transformation introduces tensile stresses and
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microcracking, which may ultimately reduce long-term
s’areng‘th.18 In contrast, the refined microstructure of HIP-
processed Ice Plus zirconia confers resistance to LTD by
lowering the driving force for transformation and reducing
the nucleation of microcracks.” Although transformation
toughening may provide short-term benefits by inhibiting
crack propagation, extended aging has been reported to
lead to strength degradation in long-term studies.”””" " Ice
Plus zirconia stability suggests greater aging resistance and
long-term durability.

Clinically, these findings highlight the benefits of
monolithic zirconia frameworks without bar reinforce-
ment. Removing the titanium bar simplifies fabrication,
reduces bulk, and eliminates potential adhesive interface
failures,'” while the absence of veneering ceramics
avoids chipping. Reported survival rates for monolithic
zirconia prostheses range from 88% to 100%, with
mostly minor complications.””"" The present results
indicate that high-strength zirconia, such as Ice Plus,
may enhance reliability by combining high fracture re-
sistance, precise adaptation, and LTD resistance with the
practical advantages of a monolithic design.

Limitations of this study included the in vitro design
using standardized edentulous maxillary models, which
did not replicate biological or biomechanical variability.
Occlusal dynamics, bone remodeling, and patient-spe-
cific parafunction were not simulated, and only short-
term thermomechanical aging was applied. Thus, find-
ings should be interpreted with caution.

CONCLUSIONS

Based on the findings of this in vitro study, the following
conclusions were drawn:

1. Prostheses made of high-strength HIP zirconia (Ice
Plus) achieved better fracture resistance and high
trueness compared with bar-reinforced conven-
tional zirconia, supporting its potential use without
bar reinforcement.

2. Bar reinforcement improved marginal trueness,
reducing discrepancies at the implant-prosthesis
interface, while HIP zirconia improved overall ex-
ternal trueness, ensuring better global adaptation.

3. Ice Plus zirconia demonstrated greater stability
against low-temperature degradation than con-
ventional Katana zirconia, suggesting a lower risk
of aging-related weakening in long-term function.
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