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Abstract

Introduction: The study introduces the Sound Harvesting Test (SHT) as a non-destructive method to evaluate fracture resis-

tance of dental ceramics, surpassing traditional tests in predicting crack development.

Materials and Methods: The SHT, utilizing acoustic emission, assessed fracture loads in glass ceramic sheets, zirconia
sheets, and monolithic posterior zirconia crowns. The innovative setup included a sensitive microphone and audio chipset

integrated with a universal testing machine.

Results: SHT detected lower fracture loads for all materials, with glass sheets averaging 650.46N, zirconia sheets 95.25N,
and zirconia crowns 1108.99N, indicating its heightened crack detection sensitivity. These results showed significant statisti-

cal differences compared to standard tests.

Conclusion: Validating the SHT's effectiveness, the study highlights its potential as an alternative testing method, offering a

more precise measurement of brittle dental ceramics' fracture toughness and aiding their application in dental practices.
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Introduction

As cracks represent the initial events indicating
failure in ceramic materials, the precise detection of their
initiation in terms of timing and applied force is crucial for
analyzing the stress response of these materials [1]. When
stress is applied to Dental ceramics, cracks originate from
flaws known as discontinuities. These flaws or defects can
be formed due to mechanical, chemical, or thermal process-
es. By increasing the load, the crack propagates until the

component fails [1].

To better understand this response, ceramics un-
dergo rigorous fracture testing like fracture toughness test
where materials are subjected to controlled stresses and
monitor crack propagation to determine fracture toughness

and resistance values [2].

These methods encounter challenges, notably the
difficulty in analyzing cracks initiation and propagation due
to complete damage of specimens. This issue can result in
fracture toughness values that may be higher than the actual
value of the ceramic. Hence, caution is crucial when inter-
preting published values for dental materials, considering

the testing methods implemented [3].

The Non-destructive testing (NDT) is a type of
testing that involves examining materials without damaging
them. Acoustic emission testing (AET) is a type of NDT ap-
proach for dental ceramics based on the detection of elastic
waves generated by the rapid release of energy during crack

formation [4]. It allows monitoring of the integrity of struc-

tures by providing real-time information of the fracture or

damage process [5].

AET uses transducers or sensors to detect the high-
-frequency sound waves produced as a result of the sudden
strain energy released within a material following frac-
ture [5]. The AET was employed in the dental field to identi-

fy the initial fracture time in ceramic crowns [6].

Acoustic testing utilizes sound waves to detect and

measure faults or defects in materials [7,8].

Sound Harvesting test is an acoustic form of AET
based on the principle of harvesting sounds generated from

an event, like a crack, in a tested sample [2].

The aim of the study was to validate a nondestruc-
tive Sound Harvesting Test (SHT) for the evaluation of the

fracture toughness of brittle ceramics.

The null hypothesis suggests that there is no signif-
icant difference in the fracture resistance values of the three
tested samples when using SHT method and traditional frac-

ture testing.

Materials & Methods
Sample Preparation
Zirconia Crowns (Y-TZP)

Fifty monolithic zirconia crowns (MZC) (GC Ini-
tial Zirconia Disk® monolithic translucent by GC®) were pro-

duced following this protocol (Figure 1):

Figure 1: The Tested zirconia crown
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An artificial mandibular first molar model was pre-
pared by reducing 1.5 mm from the occlusal surface and 1.2
mm from the side walls, finished with a margin design taper-

ing to 0.5 mm, known as a feather edge.

Using an extra-oral scanner, a Computer Aided
Design (CAD) software (Ceramill map 400°, Amanngirr-
bach’, Germany), and a 5-axis milling unit (Everest KAvo)
prepared tooth was scanned, crown designed and milled
(Ceramil Therm®, Amanngirrbach®). and sintered at 1450°C

according to the manufacturer’s recommendations.

After sandblasting (50-micron 1.5 bar), MZC were
then cemented to printed polymethylmethacrylate (PMMA)
models with a universal resin cement (G Cem one®, GC®).
Based on the CAD model, (PMMA) casts are fabricated via
a 3D printing machine (Formlabs 2°, Massachusetts, United
States).

Following a 24-hour storage in distilled water at
37 £ 1°C, the samples underwent a thermocycling proce-

dure per international standardization, involving 500 cycles

alternating between 5 and 55°C, with an immersion time of

20 seconds and a transfer time of 5 seconds.
Glass Sheets

Forty similar rectangular glass sheets (1 cm x 1
cm) were obtained from a 2 mm thick commercial glass
piece cut with a laboratory glass cutter (LETKINGOK?®, US-
A), assuring accurate dimensions. The edges of the glass
specimens were thoroughly inspected to ensure consistency

and surface regularity.

Zirconia Sheets

Forty sheets of non-sintered monolithic translu-
cent zirconia were obtained from a monolithic translucent
zirconia block (GC Initial Zirconia Disk® monolithic translu-
cent by GC®). The block was sectioned into 1 mm thick and
1 cm x 1 cm slices using a microtome (Exact®, Germany).
The sheets were then sintered at 1450°C [9] according to
the manufacturer recommendations (Ceramil Therm?®,
Amanngirrbach) then rigorously examined for any irregular-

ities (Figure 2).

Figure 2: Zirconia sheets

Sound Harvesting Test

To ensure the UTM’s operational sounds did not
interfere, a preload of 20N was applied to secure the crown
onto its PMMA base [9]. Subsequently, the recording was

reinitialized, and the desired test commenced.

SHT was conducted using a high-sensitivity MiniS-
PL (NTI®) microphone [10], placed 1 cm from the sample
fixed in the universal testing machine (UTM) (YLE®* GmbH,
Waldstrafle Bad Kénig, Germany). The UTM applied load

with a spherical tip at a crosshead speed of 0.5 mm/minute
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ensuring controlled and gradual loading [11].

To safeguard the samples from destruction, a cus-
tom made “cut-off” switch system (Figure 3) was integrated
within the UTM, stopping the test upon detecting the specif-

ic sound of a crack forming.

4

For that, a highly sensitive microphone (20mV/-
Pa) [12] captured the sound of material cracking, passing
the signal through an amplifier (Avalon Design 737°, Cali-
fornia, USA) with an exceptional signal-to-noise ratio(93
db.) (Figure 4).

Figure 3: Custom made Cut-off switch in the UTM
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Figure 4: The audio acoustic emission testing system set up

The SHT data were collected by the UTM software
for analysis and storage. Samples were loaded until machine

stoppage, with values recorded in Newton.

Control groups were tested conventionally for
technique validation, maintaining the same conditions but

loading until fracture, with UTM software recording maxi-

JScholar Publishers

mum load values.

The results of the SHT were captured for analysis,
with the force applied recorded in Newtons. Control groups
were also tested under the same conditions but were loaded
to the point of fracture to validate the testing technique,

with the UTM software documenting the peak loads.
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Crack Analysis

Following the static load test, the positions of
cracks in the specimens were identified. Subsequently, the

tested samples underwent meticulous examination under a

low-magnification microscope (S6D, Leica®-Leica, Ger-

many, x10).

Photographic documentation of samples was con-
ducted using a DSLR camera (Canon®, Japan) in for further

analysis of crack location or potential fractures (Figure 5).

Figure 5: Occlusal

Statistical Analysis

A descriptive analysis was carried out to assess the
mean fracture loads across different materials employing di-
verse techniques. The presentation includes the minimum,
maximum, means, and standard deviations (SD) of the frac-
ture loads. The independent samples t-test and Mann-Whit-
ney test were applied to identify potential statistically signifi-
cant differences in the mean fracture load for each material
using distinct crack detection techniques. A p-value below
0.05 was considered indicative of statistical significance.
The statistical analysis was executed using IBM SPSS Statis-

tics 25 software.

Results

The study’s final sample was composed of a total
of 130 items, divided into three groups for fracture strength
testing using different crack detection methods. The groups
included forty glass sheets, with twenty subjected to the
Sound Harvesting Test (SHT) and the remaining twenty to
conventional methods. Another forty zirconia sheets were

tested, also split equally between SHT and conventional

and buccal crack of MZC

techniques. Lastly, fifty zirconia crowns were assessed, with
half evaluated using SHT and the other half using tradition-
al testing methods, to compare the efficacy of the SHT

against conventional approaches in detecting fractures.

The results were consolidated in Table 1, showing
fracture loads across various materials using Sound Harvest-

ing Testing (SHT) and conventional techniques:

- For glass sheets, SHT revealed a minimum frac-
ture load of 338 N and a maximum of 803 N, with a mean
of 650.46 N and a standard deviation (SD) of 110.38. con-
ventional testing showed a minimum load of 205 N, a maxi-
mum of 945.90 N, a mean of 691.41 N, and an SD of 155.92,
with a statistically significant difference indicated by a p-val-
ue of 0.010.

- The 0.1 mm thick zirconia sheets tested with
SHT had a minimum load of 80 N, a maximum of 111 N, a
mean of 9525 N, and an SD of 7.78. Standard testing
showed a minimum of 76 N, a maximum of 238 N, a mean
of 112.75 N, and an SD of 31.26. The difference between the
two testing methods was highly significant, with a p-value
of less than 0.001.
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- Zirconia crowns with 0.5 mm thick margins had
a mean fracture load of 1108.99 N (SD 327.89) when tested
with SHT, as opposed to a mean of 1292.52 N (SD 271.42)
with standard methods, also showing a significant differ-

ence with a p-value of 0.036.

Discussion

In our research, we explored the efficacy of the
Sound Harvesting Testing (SHT) method for evaluating the
fracture resistance of brittle ceramic materials, compared to

standard testing techniques for validation.

Our findings demonstrated significant disparities
in fracture loads when employing SHT in comparaison to

standard test.

Glass sheets assessed with SHT exhibited a mean
fracture load of 650.46 N, while standard testing yielded a
higher average of 691.41 N. Zirconia sheets under SHT had
an average fracture load of 9525 N, in comparison to
112.75 N achieved without this technique. In a similar
trend, zirconia crowns with 0.5 mm thick margins regis-
tered an average load of 1108.99 N with SHT, which was
less than the 1292.52 N obtained through standard testing.

These observed differences were not only consis-
tent but also statistically significant. The p-values ob-
tained-<0.001 for zirconia sheets, 0.036 for zirconia crowns,
and 0.010 for glass sheets-confirmed the significance of the

findings.

Furthermore, we noted that glass sheets subjected
to SHT had fracture loads ranging from a minimum of 338
N to a maximum of 803 N. Without SHT, these sheets dis-
played a wider load range from 205 N to 945.90 N. For 0.1
mm thick zirconia sheets, SHT captured a narrower load
spectrum of 80 N to 111 N, whereas non-SHT methods dis-
closed a broader range from 76 N to 238 N. Zirconia
crowns tested with SHT tolerated loads from 217.99 N to
1748 N, significant narrower than the 840 N to 1840 N
range identified without SHT.

Failure load values obtained through SHT were
notably lower than those obtained through the convention-

al method for glass sheets, zirconia sheets, and zirconia
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crowns. The capability of detecting crown cracks before
reaching catastrophic failure, resulted in more precise load-

-bearing values.

The mean fracture load results obtained using the
two crack detection techniques align with findings from pri-
or research on NDT. For example, Elakwa et al. assessing
the impact of various detection techniques on crown frac-
ture load, observed that the fracture load was notably influ-

enced by the detection method [13].

Materials Selection

Careful consideration was given to material selec-
tion to optimize sound isolation, transmission, and collec-
tion, which are critical factors in the effectiveness of the

Sound Harvesting Testing (SHT).

For the die material, we preferred those that resem-
ble the mechanical properties of natural teeth. Research by
Nakamura et al. has shown that the elasticity modulus of res-
in-based dies is notably lower than that of zirconia crowns.
Additionally, PMMA, a material frequently used for tempo-
rary dental restorations, has been studied for its acoustic
properties. Chen et al. reported that PMMA resin exhibits a
modulus of elasticity around 2100.05 + 114.28 MPa. Conse-
quently, employing PMMA and zirconia crown specimens
for fracture tests can yield results with significant clinical rel-

evance.

Furthermore, zirconia crowns are extensively util-
ized in fixed partial dentures, both as crowns and bridge ma-
terials. Their inherent brittleness and sound transmission ca-

pabilities make them suitable materials for SHT.

Glass was chosen as an additional material for its
distinctive sonic properties. Known for its variable hard-
ness, depending on its composition, glass has a relatively
low tensile strength, predisposing it to tensile fractures, yet
it maintains robust compressive strength. Glass’s lower elas-
tic modulus means it has limited capacity to deform elasti-
cally under stress, making it more likely to break. When it
does fracture, glass transmits sound waves that can be cap-
tured during acoustic testing. This was particularly consid-
ered with our 2 mm thick glass samples, facilitating a com-

parative study alongside zirconia material in our investiga-
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tion.
Sound Harvesting Set Up

Regarding the transmission speed of electric cur-
rent from the microphone to the amplifier to the cut-off
switch, the fundamental principle of our experience in-
volves harvesting electrical energy from mechanical vibra-

tions generated by sound.

The process of signal transmission from the initial
crack in a glass material to the switch breaker involves a
complex interplay of factors. High-quality microphones and
amplifiers with low latency are crucial, as they influence the
time it takes for the signal to travel. Typically, sound travels
through glass at a speed of about 5,500 meters per second,
which is much faster than in air. Upon the occurrence of a
crack, the generated acoustic energy swiftly moves through
the glass, eventually being transmitted through a cable to an

amplifier at a speed nearing that of light [8,36,37].

This rapid transition is facilitated by minimal pro-
cessing time in the amplifier, although it can be affected by
properties of the cable used. Once converted into an electri-
cal signal, the speed of transmission is significantly quicker
than the speed of sound through air, a phenomenon that is
observable in the slow crack propagation found in Zirconia
samples [29]. The speed of this electrical transmission can
be near the speed of light in ideal conditions, explaining
why there is a notable difference in the perceived rate of

crack propagation in different materials.

This phenomenon is closely linked to material
characteristics such as composition, impurities, stress condi-
tions, and the types of waves involved in the propagation of
the crack. While the speed of sound in air is greatly influ-
enced by environmental factors like temperature, humidity,
and atmospheric pressure, under standard conditions, it
travels at about 343 meters per second. In contrast, electric
signals in a wire have the capacity to move at speeds ap-
proaching that of light—approximately 299,792,458 meters

per second in a vacuum [38,39].

Understanding these transmission dynamics is cru-
cial for interpreting the Sound Harvesting test .emissions ac-

curately and improving the diagnostic capabilities of non-
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destructive testing methods in prosthodontics.

During the test, to prevent external sound interfer-
ences, noise cancellation was ensured by corrugated foam
sheets (Cactus®,USA). To consolidate the sample during the
test and to prevent noise misinterpretation, a preload of
20N was applied to the specimen. After reaching this de-
sired load, the recordings were re-initialized, and the de-
sired test was started (3). To prevent Hertzian damage [14],
a 2mm urethane rubber cylinder was placed between the in-
denter and the sample. The high sensitivity microphone
(1-50000Hz), positioned at lcm from the specimen, en-
sured the detection of even the slightest changes in sound.
The sound waves captured by the microphone were then
transmitted through an electric, XLR (Pig Hog PHM10 8m-
m°®) cables to an amplifier [15-19]. Then the speed of trans-
formation of the raw wave through a chipset to the “cut-off
switch” in the UTM influenced the accuracy of the tech-

nique.

Factors such as temperature, humidity, and mate-
rial defects can affect sound transmission speed, emphasiz-
ing the need for material-specific considerations in acoustic
non-destructive testing system design [20]. The speed of
sound in glass, approximately 4000 meters per second, As
for the Zirconia material, it exhibits a high fracture speed,
reaching up to 5 km/s due to its strong grain bond and excel-
lent wear resistance [17-19,21]. Subsequently, the acoustic
waves reach the microphone, and the resultant electrical sig-
nal travels through cables, at speeds close to light [17-19].
Compensating relatively the slow air sound transmission
(343 meters per second at 27 © C). The amplifier processes
this signal and transmits it to the switch breaker, with negli-
gible processing time assuming low-latency amplifiers (93
dB) [22].

Acoustic Emission Testing has been previously
used to detect the fracture of different dental structures, but
few are the studies using the SHT for the evaluation of the
load bearing capacities of dental ceramics [21]. Ereifej et al.
employed the AE technique to identify the initial fracture in
ceramic crowns [23], Vallittu utilized it to examine the frac-
ture of a composite veneer strengthened with woven glass
fibers [7], and Kim and Okuno applied it to investigate the

micro-fracture behavior of composite resins incorporating
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irregular-shaped fillers [24].

Al-Zubaidi et al. (2020) compared different crack
detection methods and found that acoustic testing showed
higher sensitivity and accuracy in detecting cracks com-
pared to visual inspection and dye penetration testing. This
finding is consistent with the results of your study, where
statistically significant differences were observed in the
mean fracture load using the different crack detection tech-
niques, particularly for glass sheets, 0.1 mm zirconia sheets,
and zirconia crowns with 0.5 mm thick margin-
s [25]. Another study by Zhang et al. investigated the effect
of different crack detection techniques on the fracture resis-
tance of glass ceramic crowns and reported that the use of a
microphone during crack detection led to a decrease in the
fracture load [25]. Thus, the results of our study support the
findings of these studies [26].

Another study conducted by Wang et al. showed
that acoustic testing can detect cracks and defects in dental
materials with better accuracy [27]. Zhang et al. reported
that the use of a microphone during crack detection led to a
decrease in the fracture load [24]. Thus, this shows that the
result of our study supports the findings of studies found in
the literature. Nonetheless, the presence of outliers in the
distribution of fracture loads of glass sheets using both tech-
niques could be attributed to the impurities present in the

material, considering its commercial nature.

The results of our study lead us to reject the null
hypothesis, suggesting that there is indeed a significant dif-
ference in the initiation and propagation of cracks between

the SHT method and traditional fracture testing methods.

The findings of this research indicate that the
SHT, as a non-destructive approach, offers distinctive ad-
vantages over conventional methods in accurately detecting
the timing, and force of crack initiation in dental ceramics
under stress contributing to a more realistic assessment of
their behavior. Its incorporation during fracture load test-
ing may lead to the underestimation of material strength,

highlighting the need for careful methodology selection in
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dental material assessments [27].

However Advanced research and exploration in-
volving various dental materials could enhance result accu-
racy, generalizability, and clinical implications, of these find-
ings with potential applications in posterior fixed partial

dentures involving bridges and dental implants.

Future clinical applications of this technique could
result in improved prognostic capabilities and the develop-

ment of more durable ceramic restorations.

Despite the promising results, the study acknowl-
edges certain limitations like studying only two types of ce-
ramic materials, which restricted the variability of the tested

samples potentially affecting result generalizability.

In conclusion, the present study introduced and
validated statistically the Sound Harvesting Test, showing a
significant difference in fracture load values when com-
pared to standard one, which can result in fracture tough-
ness values that may be higher than the actual value of the
ceramic. Hence, caution is crucial when interpreting pub-
lished values for dental materials, considering the testing

methods employed and the disparities of results.
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