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Cyclic loading testing machine is important to test the strength of core build up material under cyclic loading. The
presence of tensile stress in specimens after the load has been loaded . It has been stated that under repeated load the
tensile stresses vary in a cyclic manner that may result in fatigue cracks in subsurface areas. The aim of the study
was to find awareness of cyclic loading testing machines among undergraduate (UG) students of a Dental College. The
survey was conducted among 100 undergraduate students of Dental College and Hospital. A questionnaire consisting
of 11 questions regarding cyclic loading testing machines was framed and shared using a link created by google forms
to UG students of Dental College. Then the data were collected, results were finally tabulated and imported using SPSS.
The results showed that 3rd year (25.0%), 4th year (10.7%), Intern (9.8%) of them had higher awareness about cyclic
loading testing machines than 1st year and 2nd year undergraduate dental students. Association was done between the
year of the study participants and the knowledge and awareness on cyclic loading testing machines, it was found to be
statistically significant since p value <0.05. Within the limitations of the study, we can conclude that 3rd year (25.0%),
4th year (10.7%) and Interns (9.8%) had higher awareness about cyclic loading testing machines than 1st year and 2nd
year undergraduate dental students. Therefore for the 1st and 2nd year undergraduate dental students group discussion
and seminar can be conducted in order to create awareness on cyclic loading testing machines.

CYCLIC LOADING; TESTING MACHINE; COMPRESSIVE STRESS; LOAD; STRENGTH..

The Tensile compression cyclic loading is a complex
behavior deformation under cyclic loading. In the tensile
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compression cyclic loading process most of the metal will
tend to appear in the Bauschinger Effect [1]. The curve
of stress-strain under the cyclic loading can be directly
obtained by tensile-compression cyclic loading test [2].
All-ceramic dental restorations is widely applied in the
prosthodontics due to the properties like aesthetic,inert
properties and biocompatible [3]. The Dynamic fatigue
testing will provide an efficient means for estimating
the materials long-term mechanical properties under a
constant ratio of cyclic stress. Mechanical degradation
in toughness and flexural stress has been realized in
different dental ceramics [4], [5].



The dental ceramics that has flaws and defects in it can
act as a localized stress concentrators, even-though the
stress which has been created by less mastication loads
that doesn’t even exceed their characteristic strength,
these type of stresses can lead to subcritical crack growth,
which may finally lead to substantial reduction in
strength and failure in catastrophic potential [6], [7]. The
definition for the fracture toughness is the critical stress
intensity factor at which a given flaw starts growing, and
it indicates the intrinsic capacity of a material to resist
rapid crack propagation and consequent catastrophic
failure [8]. The significant increase in flexible strength
is shown in CAD/CAM ceramic but it doesn't satisfy
the strength of fracture resistance after cyclic loading.
Fatigue is responsible for all mechanical failures which
is estimated to be 90% [9]. The load bearing capacities
of all-ceramic crowns would reduce after combined with
cyclic stress and moist and thermal cycling [10],[11].

Newly, the quasi-static fracture tests have shown that
the ageing of the cement is due to moisture that can
also lead to decrease in load-bearing capacities of
crowns made of all-ceramic [12]. Reference of various
literature compared the type of cement retentiveness
used in implant dentistry along with the different
types of restorations in prosthetic, abutments and
different conditions in compressive loading, and
different simulating intraoral conditions [13], [14]. In
contrast, there are very few references that compares
the retentiveness before and after the cyclic compressive
loading which will be similar to mastication and this
will decide whether the final retention of these various
types of cement after a long duration of mastication is
sufficient to support the retrievability and simultaneous
the presence of restoration in the place [15]. There are
studies reported that the various materials will exhibit
different types of responses while subjected to cyclic
loading some materials tend to become more stronger
and ductile, whereas others tend to become weaker and
more brittle [16].

Previously our department has published extensive
research on various aspects of prosthetic dentistry
[17-27], this vast research experience has inspired us
to research about awareness of cyclic loading testing
machine among undergraduate students of a Dental
College

This was a cross sectional questionnaire based study,
which was done in the month of December 2019 among
Undergraduate students of Saveetha Dental College.
The present study was an online based survey. The
participants were from 1st, 2nd, 3rd, 4th and Intern year
of BDS. The study was approved by the Institutional
Review Board. The predesigned validated questionnaire
was used to analyse the awareness of cyclic loading
testing machines among undergraduate students of a
dental college. Validated and structured questionnaires
containing 11 questions were framed and it was
distributed among dental students through an online
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link from google form. It consists of two parts: section
I demographic data of the participants which includes
students’ year of study were obtained from the responses
and further analysis. and section II awareness of cyclic
loading testing machines.

The sample size was 100 undergraduate dental students
and the sampling method used was a simple random
sampling method and only the completed surveys
were included for analysis. In order to minimise bias
all variables were included (Randomisation) and no
sorting process was done. Participants in this study were
voluntary. Independent variables were demographics
such as year of the study of participants. Dependent
variables were types of cyclic loading testing machine,
function, principles. Data collected was verified by 2
reviewers. Internal validity was a pretested questionnaire
and external validity was Homogenisation, replication
of experiment and cross verification with existing
studies.

The Data analysis was done using Statistical Product
and Service Solutions (SPSS) software 20.0 and the
statistics used for analysis was Descriptive statistics and
comparison of variables were done using chi square test
where p<0.05, statistically significant. Type of analysis
used was association and the results were tabulated in
excel sheet and transferred to SPSS software to analyse
and represented in the bar graph.

The study sample contains 100 undergraduate students
of a dental college, from 1st, 2nd, 3rd, 4th and Intern.
In that majority of them participated from 3rd year
(42.0%). Previous studies done regarding awareness of
cyclic loading testing machines among dental students
were sparse. And studies regarding the testing of various
materials on cyclic loading testing machines were
available.

The 3rd year students are more aware of cyclic loading
testing machines followed by 4th year and Interns
(Figure 1). Patterson et al. [28] in their study they tested
cyclic loading on 4 mesh. And successful analysis was
done using the DIC(Digital Image correlation) testing
was only achieved for the two meshes Mersilene and
Marlex showed the lowest levels of modulus that changed
during the 200 cycles. Whereas Gynemesh and Bard Soft
deformation was too large.

The 3rd year (22.09%), followed by Interns (12.79%) and
4th year (10.47%) know that application of cyclic loads
to metal or alloys in aggressive environments often result
in reduction of normal expected fatigue lives (Figure 2).
And Guo Y et al. [29] in their study discovered two modes
of failure through analysing the fracture morphology, the
curves of stress-strain under the uniaxial compressive
and cyclic loading, the maximum stress effect and the
characteristics of fatigue damage evolution. Overall the
results showed the effect of cyclic loading is clear.



Figure 1: Bar graph shows the association between the
year of the study of the participants and awareness about
cyclic loading testing machines. X axis represents the
year of the study of participants and Y axis represents
the percentage of undergraduate students aware about
cyclic loading testing machines. Chi-square test was done
and association was found to be statistically significant.
Pearson’s Chi-square value:35.242, DF:4, p value:
0.000(<0.05) hence statistically significant, proving that
3rd year undergraduate students have better awareness
than other years of undergraduate students.
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Figure 2: Bar graph shows the association between years
of the study of the participants and awareness about cyclic
loading testing machines. X axis represents the year of the
study of participants and Y axis represents the percentage
of undergraduate students who know that application of
cyclic loads to metal or alloys in aggressive environments
often result in reduction of normal expected fatigue lives.
Chi-square test was done and association was found to be
statistically significant. Pearson’s Chi-square value:26.807,
DF:4, p value: 0.000(<0.05) hence statistically significant,
proving that 3rd year (22.09%), followed by Interns
(12.79%) and 4th year (10.47%) undergraduate students
have better knowledge compared to 1st and 2nd year of
undergraduate students.
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Majority of 3rd year (24.55%), followed by 4th year and
Intern (10.0%) were aware that axial dynamic cyclic
loading testing machines are used to test endurance and
life of materials and product design (Figure 3). McAlorum
et al. [30] in their study they calculated the model value
of =70 MPa at that point. This was below the estimated
endurance limit of the steel, ce = 125 MPa. And there is
possible to decrease the stress at that contact point by
introducing a soft material such as rubber.

Figure 3: Bar graph shows the association between years
of the study of the participants and awareness about
cyclic loading testing machines. X axis represents the
year of the study of participants and Y axis represents the
percentage of undergraduate students who are aware that
axial dynamic cyclic load testing machines are used to test
the endurance and life of materials and product design.
Chi-square test was done and association was found to be
statistically significant. Pearson’s Chi-square value:32.125,
DF:4, p value: 0.000(<0.05) hence statistically significant,
proving that 3rd year (24.55%), followed by 4th year
(10.0%) and Interns (10.0%) undergraduate students have
better awareness than 1st and 2nd year of undergraduate
students.
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The 3rd year (16.0%) of them choose a simple cyclic
loading testing machine that is used most commonly
followed by (13.1%) axial dynamic cyclic loading testing
machine (Figure 4). Liu et al. [31] in there study stated
that on beginning of initial axial cyclic loading, the
samples was elastic, and when the number of cycles
increased, the samples changed from elastic to elastic
plastic and the sample attained irreversible deformation
that includes axial, volumetric and lateral strains and
the magnitudes increased.

Most 3rd year (24.17%) undergraduate students are aware
that cyclic loading testing machines are used in various
departments like endodontic,prosthodontics (Figure 5).
Wang et al. [32] in their experimental study approach
in order to evaluate the effects of fatigue loading on
the fracture toughness and load-bearing capacities of
various materials like [IPSe.max Press and zirconia dental
ceramics. The different mechanical properties after the
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cyclic loading was observed in the two types of dental
specimens. And found that there was no significant
influence by fatigue loading on the material properties
(E,H) or KIC for zirconia. But they observed lithium
disilicate core degradation due to anisotropic behaviour
mechanical

Figure 4: Bar graph shows the association between years
of the study of the participants and awareness about
cyclic loading testing machines. X axis represents the
year of the study of participants and Y axis represents the
percentage of the type of cyclic loading testing machine
used the most. Chi-square test was done and association
was found to be statistically not significant. Pearson’s Chi-
square value:15.082, DF:8, p value: 0.058(<0.05) hence
statistically not significant.
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Majority of the 3rd year (25.44%) undergraduate
students agreed that cyclic compressive load decreases
the retentive strength of cement (Figure 6). Alvarez et
al. [33] in their study found that the cyclic compressive
load decreases the retention strength of the various
cement types like resin composite and resin modified
glass ionomer cement types recorded the least percentage
of retention loss whereas resin urethane based cement
the highest.

The (24.17%) 3rd year undergraduate students agreed
that functional load applied on the anterior portion of
the prosthesis can change the fit between prosthetic
superstructure and implant supported abutment (Figure
7). Hecker et.al [34] in their study about the fit between
the prosthetic superstructure and the implant-supported
abutment gets altered when the functional loading
applied on the anterior portion of the prosthesis.

Majority of them (22.39%) 3rd years agreed that cyclic
loading testing machines play an important role in
dentistry (Figure 8). Choi et al. [35] in there study found
a significant difference in fracture resistance between
the lithium disilicate pressed on zirconia (4943.87 +
1243.70 N) and monolithic lithium disilicate (2872.61
+ 658.78 N) groups. And also between the groups of
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monolithic lithium disilicate and monolithic zirconia
(4948.02 + 974.51 N) (P<.05). There was no significant
difference between lithium disilicate pressed on zirconia
and monolithic zirconia groups found (P>.05). In relation
to fracture pattern, there were three cases of veneer
chipping and two interfacial fractures in lithium disilicate
pressed on zirconia group, and in all the specimens of
monolithic lithium disilicate and monolithic zirconia
groups complete fracture was found.

Figure 5: Bar graph shows the association between years
of the study of the participants and awareness about
cyclic loading testing machines. X axis represents the
year of the study of participants and Y axis represents
the percentage of undergraduate students who are aware
that cyclic loading testing machines are used in various
departments like endodontics, prosthodontics. Chi-square
test was done and association was found to be statistically
significant. Pearson’s Chi-square value:14.371, DF:4, p
value: 0.006(<0.05) hence statistically significant, proving
that 3rd year (24.17%), followed by 4th year (8.333%)
and Intern (8.333%) undergraduate students have better
awareness compared to 1st and 2nd year of undergraduate
students.
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Majority (25.0%) was aware of cyclic loading testing
machine principle whereas (18.55%) was not aware
of cyclic loading testing machine principle (Figure 9).
Whereas in the Mayer et al. [36] study stated about the
ultrasonic equipment working principle. The measure of
displacement amplitude at one end of the specimen is
proportional to the strain amplitude in the centre. Hence
that can be used for test generator control purposes.

Majority of 3rd year (26.6%) are aware that Servo-
hydraulic testing machines are available in various sizes
for testing both small and large loads (Figure 10). Lieb
et al. [37] in there study stated that the servo-hydraulic
actuators based around a universal testing machine will
provide a flexible, low-cost of biaxial testing facility and
it can also be used to examine the direct influence of
biaxial stress on deformation and propagation of crack,
specifically in high cycle fatigue. And Lee et al.[38] in
their study they demonstrated the design of a structural
fatigue testing machine capable of both bending and



torsional loading. In that a hydraulic system was
incorporated in order to apply loading and to fix the

test specimen.

Figure 6: Bar graph shows the association between years
of the study of the participants and awareness about
cyclic loading testing machines. X axis represents the
year of the study of participants and Y axis represents
the percentage of undergraduate students who are aware
that cyclic loading testing machines are used in various
departments like endodontics, prosthodontics. Chi-square
test was done and association was found to be statistically
significant. Pearson’s Chi-square value:14.371, DF:4, p
value: 0.006(<0.05) hence statistically significant, proving
that 3rd year (24.17%), followed by 4th year (8.333%)
and Intern (8.333%) undergraduate students have better
awareness compared to 1st and 2nd year of undergraduate
students.
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Figure 7: Bar graph shows the association between years
of the study of the participants and awareness about cyclic
loading testing machines. X axis represents the year of the
study of participants and Y axis represents the percentage of
undergraduate students that agree functional load applied on
to anterior portion of the prosthesis can change the fit between
prosthetic superstructure and implant supported abutment. Chi-
square test was done and association was found to be statistically
significant. Pearson’s Chi-square value:22.782, DF:4, p value:
0.000(<0.05) hence statistically significant, proving that 3rd year
(24.17%), followed by 4th year (9.167%) and Intern (9.167%)
undergraduate students have better awareness compared to 1st
and 2nd year of undergraduate students.
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Figure 8: Bar graph shows the association between years
of the study of the participants and awareness about
cyclic loading testing machines. X axis represents the
year of the study of participants and Y axis represents
the percentage of undergraduate students that agree that
cyclic loading testing machines plays an important role in
dentistry. Chi-square test was done and association was
found to be statistically significant. Pearson’s Chi-square
value:9.259, DF:4, p value: 0.055(<0.05) hence statistically
significant, proving that 3rd year (22.39%), followed by
Intern (8.209%) and 4th year undergraduate students
have better knowledge compared to 1st and 2nd year of
undergraduate students.
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Figure 9: Bar graph shows the association between years
of the study of the participants and awareness about
cyclic loading testing machines. X axis represents the
year of the study of participants and Y axis represents
the percentage of undergraduate students who are aware
of cyclic loading testing machine principles. Chi-square
test was done and association was found to be statistically
significant. Pearson’s Chi-square value:25.951, DF:4, p
value: 0.000(<0.05) hence statistically significant, proving
that 3rd year (25.0%), followed by Interns (13.16%) and
4th year (9.211%) undergraduate students have better
awareness compared to 1st and 2nd year of undergraduate
students.
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Figure 10: Bar graph shows the association between years
of the study of the participants and awareness about
cyclic loading testing machines. X axis represents the
year of the study of participants and Y axis represents
the percentage of undergraduate students who are aware
that Servo- hydraulic testing machines are available in
various sizes for testing both small and large loads. Chi-
square test was done and association was found to be
statistically significant. Pearson’s Chi-square value:16.850,
DF:4, p value: 0.002(<0.05) hence statistically significant,
proving that 3rd year (26.6%), followed by 4th year
(9.574%) and Intern (7.447%) undergraduate students
have better awareness compared to 1st and 2nd year of
undergraduate students.
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Limitations: There are certain limitations in our survey.
There is a small sample size used for our survey which
cannot be generated for a large population. And
the survey doesn’t represent the ethnic group and
population.

Future Scope: The survey should be done in a larger
population. Multicentered surveys should be done
including other criterias.

CONCLUSION

Within the limitations of the study, we can concluded
that 3rd year (25.0%), 4th year (10.7%), Intern (9.8%) of
them had higher awareness about cyclic loading testing
machines than 1st year and 2nd year undergraduate
dental students. Therefore for them group discussion and
seminar can be conducted in order to create awareness
on cyclic loading testing machines.
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