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Working on a live human tooth takes expertise that only comes with pre-clinical practice. The typodont is an educational
model of the oral cavity used by dental students pre-clinically. But for efficient practice, a model with comparable physical
properties is imperative. Fracture strength (FS) among a few others, is a very necessary component of understanding the
structure and behaviour of a natural tooth. Thus, we have aimed to compare the FS to assess whether typodont teeth
prove to be an apt representation of natural teeth to practise on pre-clinically. 10 samples were split into two groups -
Group 1 consisted of 5 natural premolars. Group 2 consisted of 5 typodont premolars. The FS of all the typodont teeth
were higher than that of all the natural teeth. Thus, more force is required to cause a displacement within the material
of the typodont teeth than in actual teeth, leading to a difference in work style. This hints that pre-clinical students
and clinicians apply dissimilar pressures on their instruments while attempting to bring about the same results. The FS
of typodont teeth and natural teeth are significantly dissimilar, thus enlightening the need for a different material to

represent a human tooth pre-clinically.

FRACTURE STRENGTH, TYPODONT TEETH, NATURAL TEETH, DISSIMILARITIES, PRE-CLINICAL.

Dentistry is a highly specialized and exacting science
which requires the exercise of great skill. Since the
development of such skill cannot be done without
relentless systematic practice, it is logical to say that
a trainee cannot, as a bud in training, be permitted to
practice by trial and error on live patients and thus certain
specialized training apparatuses that simulate the human
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jaw and tooth structures have been developed over time
as pre-clinical aids (Garson, 1969). The most widely
used training apparatus in use today is the typodont -
a typodont is an educational model of the oral cavity
simulating teeth, the gingiva and the palate, used by
dental and hygienist students pre-clinically. Typically,
typodonts have replaceable teeth that can be screwed-
in, and are composed of materials that allow students to
prepare cavities and fill them with restorative materials
such as amalgam, composite or glass ionomer cement;
bond orthodontic brackets or to prepare temporary teeth
for crowns and bridges (Oliver and Volp, 1991; Titshall,
McKnight and Hunt, 1996; Enochs et al., 2018).

The use of typodonts have established various advantages
and disadvantages over the years. It is economical, easy to
handle and standardised - allowing room for comfortable
learning. The advent of new technology has also resulted



in the use of entities like computer programmed
mannequins (LeBlanc et al., 2004; Epps, White and
Tofil, 2013; Hemmer, 2014) with sound indicators to
alert the operator that the mannequin is in pain from
an overprepared cavity to simulate a real patient. The
computer-assisted simulator DentSim (Tavkar and Pawar,
2017), is a clinical counterfeit for pre-conservative
work providing real-time tactile feedback using three-
dimensional graphics. It consists of a mannequin, a
typodont with teeth and a set of rotary instruments
(Welk et al., 2004, 2008). The attached infrared cameras
and LEDs allow the user to visualise three-dimensional
images of their work area from different angles and
can also compare the student’s preparation to an ‘ideal
preparation’ already pre-fed into the computer (Zheng
et al., 2014; Pavaloiu et al., 2016).

As remarkable as these replicas are, they still do pose
with certain limitations. The apprehension of the patient
to dental treatments is one of the most crucial walls that
a dentist is met with in an actual practice (Kleinknecht,
Klepac and Alexander, 1973; Johren et al., 2000; Erten,
Akarslan and Bodrumlu, 2006). This psychological aspect
can only be understood and dealt with while interacting
with real patients in clinics and not on a typodont in a
pre-clinical laboratory. Saliva is another such concern.
The challenge of maintaining complete dry isolation
(Costello, 2001) during a procedure from saliva is not
encountered in a typodont and so pre-clinical work
appears to be much easier. Similarly, the movement of
a patient’s tongue (Anthony, 1956), difference in the
difficulty level of retraction of soft tissues, fogging of
the mouth mirror (O’hara, 1958), varied mouth openings
differing from patient to patient, the potential to close
his/her mouth and the patient’s tendency to move giving
rise to a margin for gross error are all problems that occur
only in real patients and not pre-clinically.

These are to be expected as they are beyond our current
scientific outreach. But there are parameters such as
the various physical properties of typodont teeth that
can be controlled and optimised to bring about a better
pre-clinical experience. To do so, we must assess each
physical aspect and make a comparison between the two
for natural and typodont teeth and propose a change in
material if the physical properties are vastly different.
One such important property is the fracture strength of
teeth (Steagall, Ishikiriama and de Lima Navarro, 1980).
Fracture strength or breaking strength is the ability of a
material to resist failure and it is designated specifically
according to the mode of applied loading such as tensile,
compressive or bending stress; or it can be defined as
the stress at which a specimen fails due to fracture
(DeGarmo et al., 1997). It is commonly recorded for a
given specimen through a tensile test which charts a
stress-strain curve, where the final point represents the
fracture strength.

The fracture strength of a typodont tooth and a natural
tooth talks about how much stress it can take before it
fractures, thus indirectly painting a picture about how
much operator adaptation is needed while handling
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each type of tooth. Ideally, there should not be much
of a difference between the two types of teeth and
the need to adapt handling techniques between them
should be minimal or none at all. If there is a large
difference in the compressive stress at maximum force
(fracture strength) between the two groups, it indicates
that typodont teeth and natural teeth are physically
dissimilar and that increases the need for adapting
handling techniques while working between the two
types of teeth, thus treating them as two different entities
altogether - therefore destroying the purpose of a pre-
clinical model for students to practice on before working
on a real tooth.

We have numerous highly cited publications that
are well designed clinical trials and lab studies
(Govindaraju, Neelakantan and Gutmann, 2017; Azeem
and Sureshbabu, 2018; Jenarthanan and Subbarao,
2018; Manohar and Sharma, 2018; Nandakumar and
Nasim, 2018; Teja, Ramesh and Priya, 2018; Janani
and Sandhya, 2019; Khandelwal and Palanivelu, 2019;
Malli Sureshbabu et al., 2019; Poorni, Srinivasan and
Nivedhitha, 2019; Rajakeerthi and Ms, 2019; Rajendran et
al.,, 2019; Ramarao and Sathyanarayanan, 2019; Siddique
and Nivedhitha, 2019; Siddique et al., 2019; Siddique,
Nivedhitha and Jacob, 2019). This has provided the right
platforms for us to pursue our present study. Hence, we
have aimed to compare the fracture strength and to assess
whether typodont teeth prove to be an apt representation
of natural teeth to practise on pre-clinically because
idealising pre-clinical models to represent real teeth as
much as humanly possible is a great attempt to improve
the efficiency of clinical performance.

Study Design and Setting: A total of 10 samples were
split into two groups and were tested for fracture strength
using compressive stress in an Instron universal testing
machine (UTM) (Annappa and Panditrao, 2012). The first
group (Group 1) consisted of 5 natural mandibular first
premolars that were free of caries, tooth wear, cracks
and fractures and were freshly extracted for therapeutic
reasons and were stored until required for use post
disinfection. The second group (Group 2) consisted of
5 new unrestored Nissin typodont (PRO 2001-UL-HD-
HM-32) mandibular first premolars. The samples were
embedded in auto-polymerizing acrylic resin blocks
made from a putty polyvinyl siloxane 3x3 square mould
and were mounted parallel to the long axis of the teeth.
The graphs and values were obtained digitally and the
compressive stress at maximum force was recorded in
MPa units. The data obtained was collected for statistical
analysis.

Data Collection and Statistical Analysis: Data was
recorded in Microsoft Excel 2016 (Microsoft Office 10)
and was later exported to the Statistical Package for
the Social Sciences for Windows (Version 20.0, SPSS,
Inc., Chicago, USA) and was then subjected to statistical
analysis. An Independent-Samples T Test (Levene’s Test
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for Equality of Variances & T Test for Equality of Means)  teeth. 5 out of 5 typodont samples have greater values
was used with the level of significance set at p<0.05. of compressive stress at maximum force (MPa) than
natural teeth.

Figure 1: Shows 5 samples from Group 1 (natural teeth)

and Group 2 (typodont teeth) which were embedded in Figure 3: Showing a sample from Group 2 (a new
acrylic resin. unrestored Nissin typodont mandibular first premolar) post
fracture along with its broken half after being tested for
fracture strength in an Instron universal testing machine.
The fracture appears to be vertical and along the long axis
of the tooth.

Figure 2: Showing a sample from Group 2 (a new
unrestored Nissin typodont mandibular first premolar)
mounted parallel to the long axis of the tooth and ready
to be tested for its fracture strength in an Instron universal
testing machine.

Figure 4: Bar chart representing the fracture strength for
each sample where Group 1 (natural teeth) and Group 2
(typodont teeth) are in the ‘X’ axis and the compressive
stress at maximum force (MPa) is in the ‘Y’ axis. Group
1 is represented by the colour light blue while Group 2
is represented by a darker blue, with the values of their
individual compressive stresses at maximum force labelled
above each bar column. It shows a clear difference in
fracture strengths between the samples in Group 1 and 2,
where the typodont teeth in Group 2 have a higher fracture
strength when compared to the natural teeth in Group 1.
(Independent-Samples T Test - Levene’s Test for Equality
of Variances &t T Test for Equality of Means, statistically
significant ‘p’ value - 0.003, p<0.05)
FRACTURE STRENGTH OF TYPODONT VERSUS NATURAL TEETH

19477

RESULTS AND DISCUSSION

The final dataset comprised of 10 samples of teeth I3 1 1D 13435
which were evenly split into 2 groups - Group 1 and 1095 1018

Group 2. Group 1 consisted of 5 natural mandibular first 5204 318
premolars that were free of caries, tooth wear, cracks 58

and fractures and were freshly extracted for therapeutic

reasons and were stored until required for use post N

disinfection. Group 2 consisted of 5 new unrestored

Nissin typodont (PRO 2001-UL-HD-HM-32) mandibular

first premolars. According to the results from Figure 4,

there is a considerable difference in the fracture strengths
of natural teeth when compared to that of typodont
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Figure 5: Bar chart representing the difference between
the mean compressive stress at maximum force for Group
1 (natural teeth) and Group 2 (typodont teeth) where the
‘X’ axis shows the two groups and the ‘Y’ axis shows the
compressive stress at maximum force in MPa units. The
lighter blue represents the natural teeth in Group 1 and
the darker blue represents the typodont teeth in Group
2. The mean compressive stress at maximum force for
natural teeth (95.878 MPa) is lower than that for typodont
teeth (156.878 MPa) hinting that the fracture strength
for typodont teeth is significantly higher. (Independent-
Samples T Test - Levene’s Test for Equality of Variances
& T Test for Equality of Means, statistically significant ‘p’
value - 0.003, p<0.05).

imum force [ MPa)

Compressive Siress at maxi

Natural Teeth B Typhodont Teeth

The values of compressive stress at maximum force
for the natural tooth samples in Group 1 are 109.54
MPa, 75.83 MPa, 110.18 MPa, 92.04 MPa and 91.8 MPa
while the values for the same parameter in Group 2 are
142.12 MPa, 194.77 MPa, 173.09 MPa, 140.06 MPa and
134.35 MPa respectively. Interestingly, even the lowest
value of 134.35 MPa for typodont teeth is greater than
the highest value of 110.18 MPa for natural teeth. The
means for compressive stress at maximum force (MPa)
were calculated for both groups as inferred from Figure
5, where the mean compressive stress at maximum force
for natural teeth (95.878 MPa) is lower than that for
typodont teeth (156.878 MPa) hinting that the fracture
strength for typodont teeth is significantly higher. To
check for statistical reliability, an Independent-Samples T
Test - Levene’s Test for Equality of Variances €& T Test for
Equality of Means was carried out where we obtained the
statistically significant ‘p’ value of 0.003, where p<0.05.
(Refer Table 1) This means that there is a significant
difference in the fracture strength of the two materials,
and that they have different physical properties.

As inferred from Table 2, the maximum force used among
the samples of Group 1 for natural teeth was 1101.81 N,
which is comparable to a maximum force of 1192.30 N
as used on intact natural premolar teeth (positive control
group) in a study conducted by Goktiirk et al. in 2018
(Goktirk et al., 2018). In contrast, the maximum force

Table 1. Tabulation showing the results of an Independent-Samples T Test - Levene’s Test for Equality of Variances
& T Test for Equality of Means conducted between the compressive stress at maximum force (MPa) and the two
groups of natural teeth (Group 1) and typodont teeth (Group 2) where we have obtained a statistically significant
‘p’ value of 0.003 where p<0.05 after rejecting our null hypothesis of equal variances assumed (p=0.002). Hence,
this means that there is a reliable difference between the compressive stress at maximum force for Group 1 and

Group 2.

Levene’s Test for
Equality of F
Variances

Compressive Stress
at Maximum
Force (MPa)

Equal Variances Assumed
Equal Variances Not
Assumed

used among the samples of Group 2 for typodont teeth
was 1947.68 N. This vast difference calls for the birth
of new materials to replace the current acrylic used
in typodont teeth to ensure a closer experience pre-
clinically to real life practice.

Mandibular premolars were selected because they are easy
to collect in the disease-free form (they are commonly
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T-Test for Equality of Means

Sig. t df Sig. Mean Std. Error

(2 tailed) | Difference | Difference
3.878 10.084 | -4.591 8 0.002 -61.000 13.288
-4.591 | 6.230 0.003 -61.000 13.288

extracted for orthodontic purposes) and have a single
root. In addition, these teeth are highly susceptible to
fracture and frequently require replacement prostheses.
But testing other teeth like incisors, canines or molars
may have yielded the possibility of different results. Since
the study does present with such limitations, further
research must be done to confirm the generalisability
of our findings.
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Table 2. Tabulation showing the maximum force applied on the samples in both groups in newton

units (N), the compressive stress at maximum force in megapascal units (MPa) and their means

for compressive stress at maximum force - also in megapascal units (MPa).

Group Maximum
Force [N]

Group 1 - Natural Teeth 1095.36
758.25
1101.81
920.38
918.02
Group 2 - Typodont Teeth 1421.16
1947.68
1730.89
1400.58
1343.47

CONCLUSION

To ensure sound preparation for an actual clinical set-up,
students must be given the closest possible resemblance
to it pre-clinically. The fracture strengths of typodont
teeth and natural teeth are significantly dissimilar, thus
enlightening the need for a different material to represent
a human tooth pre-clinically. Idealising pre-clinical
models to represent real teeth as much as humanly
possible is a great attempt to improve the efficiency of
clinical performance. But since the study does present
with limitations, further research needs to be done to
confirm the validity of our findings.
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