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Characterisation of a sponge
behaving similarly to the
temporo-mandibular disc

M. Bohr
1 B. Guldogan
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2

A. Baldit
2∗
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Abstract

Temporo-mandibular disorders are mainly related to joint disorder. This latter key element is the disc that
plays a paramount role allowing the motion and damping the physiological mechanical loading. This study
has been performed through a collaboration between a High School and a University during a scientific
communication event. Working on a similar material made of a sponge, the dissipative and non-linear
behaviour of disc tissue has been illustrated.

I. Introduction

Temporo-mandibular disorders are
mainly related to joint disorder. This
latter key element, presented in figure 1,

is the disc that plays a paramount role allowing
the motion and damping the physiological
mechanical loading.
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Figure 1 – Temporomandibular joint from Willard et al.
[2011].

∗Corresponding author adrien.baldit@univ-lorraine.fr

This study has been performed through
a collaboration between a High School
and a University during a scientific com-

munication event taking place in the LEM3 at
ENIM. To better understand this tissue, work-
ing on a similar material made of a sponge two
mechanical properties have been characterised
thanks to a method from Tappert et al. [2017 in
Press].

II. Methods

An indentation test has been performed to mea-
sure the mechanical properties of the material
especially the Young’s modulus E and the Pois-
son ratio ν thanks to the following relation :

F =
4 × E × R

1
2 × d

3
2

3 × (1 − ν2)

where F states for the force, d is the depth
of the penetration and R corresponds to the
indenter radius.

A cyclic test has been used to highlight the
viscous behaviour of the material thanks to a
tension compression machine.

3

mailto:adrien.baldit@univ-lorraine.fr


Journal of LEM3 Fête de la Science • Octobre 2017 • Vol. 1 (1) • pp. 3-5 • Bohr et al., 2017

a)

Sample Camera

Indentor

Load
cell

Indentor

Sampleb)

Figure 2 – a) Indentation experimental bench and b) in-
denter and sample.

The maximum displacement has been fixed
to 5 mm and reached with a displacement ve-
locity of 0.1 mm.s−1. The measurements were
performed thanks to a 100 N load cell with an
initial pre-load of 0.1 N.

III. Results

The sponge was tested in dry condition with
new material. The following curve (figure 3)
has been obtain through the indentation test.
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Figure 3 – Force displacement curve obtained through
indentation cyclic test.

IV. Discussion

The curves are very similar to the ones ob-
tained on temporo-mandibular discs as pre-
sented by [Tappert et al., 2017 in Press].

Actually, the sponge structure recalls the disc
bi-phasic constitution of fluid and solid. Us-
ing a wetted sponge would allow obtaining
closest condition compared to the temporo-
mandibular disc. Finally, working on a sim-
ilar material made of a sponge, the dissipa-
tive and non-linear behaviour of the temporo-
mandibular disc tissue has been illustrated.

V. Disclosure statement

No potential conflict of interest was reported
by the authors. The involved editors only su-
pervised the project.

VI. Notes on contributors

M. Bohr is a student in the High School Louis
Vincent from Metz. Her passion is dance
and horse riding. She contributed to this
work writing the report and discussing the
results and outcomes.

B. Guldogan is a student in the High School
Louis Vincent from Metz. She contributed
to this work writing the report and dis-
cussing the results and outcomes.

A. Baldit is a Lecturer of Lorraine University
Teaching at ENIM and doing research in
biomechanics within the LEM3. He con-
tributed to this work preparing the sample
and supervising the project.

A. Bonnet is a Lecturer of Lorraine Univer-
sity Teaching at ENIM and doing research
in biomechanics within the LEM3. She
contributed to this work supervising the
project.
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Abstract

Temporo-mandibular disorders are mainly related to joint disorder. This latter key element is the disc that
plays a paramount role allowing the motion and damping the physiological mechanical loading. This study
has been performed through a collaboration between a High School and a University during a scientific
communication event. Working on a similar material made of a sponge, the dissipative and non-linear
behaviour of disc tissue has been illustrated.

I. Introduction

Temporo-mandibular disorders are
mainly related to joint disorder. This
latter key element, presented in figure 1,

is the disc that plays a paramount role allowing
the motion and damping the physiological
mechanical loading.
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Figure 1 – Temporomandibular joint from Willard et al.
[2011].

∗Corresponding author adrien.baldit@univ-lorraine.fr

This study has been performed through
a collaboration between a High School
and a University during a scientific com-

munication event taking place in the LEM3 at
ENIM. To better understand this tissue, work-
ing on a similar material made of a sponge two
mechanical properties have been characterised
thanks to a method from Tappert et al. [2017 in
Press].

II. Methods

An indentation test has been performed to mea-
sure the mechanical properties of the material
especially the Young’s modulus E and the Pois-
son ratio ν thanks to the following relation :

F =
4 × E × R

1
2 × d

3
2

3 × (1 − ν2)

where F states for the force, d is the depth
of the penetration and R corresponds to the
indenter radius.

A cyclic test has been used to highlight the
viscous behaviour of the material thanks to a
tension compression machine.
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Figure 2 – a) Indentation experimental bench and b) in-
denter and sample.

The maximum displacement has been fixed
to 5 mm and reached with a displacement ve-
locity of 0.1 mm.s−1. The measurements were
performed with an initial pre-load of 0.1 N.

III. Results

The sponge was tested in dry condition with
new material. The following curve (figure 3)
has been obtain through the indentation test.
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Figure 3 – Force displacement curve obtained through
indentation cyclic test.

IV. Discussion

The curves are very similar to the ones ob-
tained on temporo-mandibular discs as pre-
sented by [Tappert et al., 2017 in Press].

Actually, the sponge structure recalls the disc
bi-phasic constitution of fluid and solid. Us-
ing a wetted sponge would allow obtaining
closest condition compared to the temporo-
mandibular disc. Finally, working on a sim-
ilar material made of a sponge, the dissipa-
tive and non-linear behaviour of the temporo-
mandibular disc tissue has been illustrated.

Nonetheless, this work did not take into ac-
count the presence of pores within the sample
that plays a major role regarding the sample
hydration and behaviour.

V. Disclosure statement

No potential conflict of interest was reported
by the authors. The involved editors only su-
pervised the project.

VI. Notes on contributors

J. Genson is a student in the High School
Louis Vincent from Metz. His passion is
the football. He contributed to this work
preparing the sample ,writing the report
and discussing the results and outcomes.
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Vincent from Metz. His passion is the foot-
ball. He contributed to this work defining
the protocol and discussing the results and
outcomes.

J. Lutumba is a student in the High School
Louis Vincent from Metz. His passion is
the basketball. He contributed to this work
discussing the results and outcomes.

A. Bonnet is a Lecturer of Lorraine Univer-
sity Teaching at ENIM and doing research
in biomechanics within the LEM3. She
contributed to this work supervising the
project.
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Abstract

Temporo-mandibular disorders are mainly related to joint disorder. This latter key element is the disc that
plays a paramount role allowing the motion and damping the physiological mechanical loading. This study
has been performed through a collaboration between a High School and a University during a scientific
communication event. Working on a similar material made of a sponge, the dissipative and non-linear
behaviour of disc tissue has been illustrated.

I. Introduction

Temporo-mandibular disorders are
mainly related to joint disorder. This
latter key element, presented in figure 1,

is the disc that plays a paramount role allowing
the motion and damping the physiological
mechanical loading.
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Figure 1 – Temporomandibular joint from Willard et al.
[2011].

∗Corresponding author adrien.baldit@univ-lorraine.fr

This study has been performed through
a collaboration between a High School
and a University during a scientific com-

munication event taking place in the LEM3 at
ENIM. To better understand this tissue, work-
ing on a similar material made of a sponge two
mechanical properties have been characterised
thanks to a method from Tappert et al. [2017 in
Press].

II. Methods

An indentation test has been performed to mea-
sure the mechanical properties of the material
especially the Young’s modulus E and the Pois-
son ratio ν thanks to the following relation :

F =
4 × E × R

1
2 × d

3
2

3 × (1 − ν2)

where F states for the force, d is the depth
of the penetration and R corresponds to the
indenter radius.

A cyclic test has been used to highlight the
viscous behaviour of the material thanks to a
tension compression machine.
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Figure 2 – a) Indentation experimental bench and b) in-
denter and sample.

The maximum displacement has been fixed
to 5 mm and reached with a displacement ve-
locity of 0.1 mm.s−1. The measurements were
performed with an initial pre-load of 0.1 N.

III. Results

The sponge was tested in two different con-
ditions to characterise its different behaviours
depending mainly on its water content. There-
fore the results are entitled: new and wetted.
The following curves (figure 3) have been ob-
tained through the indentation tests.
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Figure 3 – Force displacement curves obtained through
indentation cyclic test on new and wetted
sponges.

IV. Discussion

The curves are very similar to the ones ob-
tained on temporo-mandibular discs as pre-
sented by [Tappert et al., 2017 in Press]. The
behaviour is very different from one condition
to another. Actually, the wetted sponge is the
softer material and that can be related to is
bi-phasic constitution of fluid and solid. It
is therefore the closest condition compared to
the temporo-mandibular disc. Finally, work-
ing on a similar material made of a sponge,
the dissipative and non-linear behaviour of the
temporo-mandibular disc tissue has been illus-
trated. Although, thorough investigations have
to be done to confirm uncertainties related to
the small amount of tests.

V. Disclosure statement

No potential conflict of interest was reported
by the authors. The involved editors only su-
pervised the project.

VI. Notes on contributors

C. Baptiste is a student in the High School
Louis Vincent from Metz. She contributed
to this work defining the protocol, writing
the report and discussing the results and
outcomes.

L. Vincent is a student in the High School
Louis Vincent from Metz. She contributed
to this work, writing the report and dis-
cussing the results and outcomes.

F. Del Florian is a student in the High School
Louis Vincent from Metz. He contributed
to this work discussing the results and
outcomes.

A. Bonnet is a Lecturer of Lorraine Univer-
sity Teaching at ENIM and doing research
in biomechanics within the LEM3. She
contributed to this work supervising the
project.

A. Baldit is a Lecturer of Lorraine University
Teaching at ENIM and doing research in
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Abstract

Temporo-mandibular disorders are mainly related to joint disorder. This latter key element is the disc that
plays a paramount role allowing the motion and damping the physiological mechanical loading. This study
has been performed through a collaboration between a High School and a University during a scientific
communication event. Working on a similar material made of a sponge, the dissipative and non-linear
behaviour of disc tissue has been illustrated.

I. Introduction

Temporo-mandibular disorders are
mainly related to joint disorder. This
latter key element, presented in figure 1,

is the disc that plays a paramount role allowing
the motion and damping the physiological
mechanical loading.
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Figure 1 – Temporomandibular joint from Willard et al.
[2011].

∗Corresponding author adrien.baldit@univ-lorraine.fr

This study has been performed through
a collaboration between a High School
and a University during a scientific com-

munication event taking place in the LEM3 at
ENIM. To better understand this tissue, work-
ing on a similar material made of a sponge two
mechanical properties have been characterised
thanks to a method from Tappert et al. [2017 in
Press].

II. Methods

An indentation test has been performed to mea-
sure the mechanical properties of the material
especially the Young’s modulus E and the Pois-
son ratio ν thanks to the following relation :

F =
4 × E × R

1
2 × d

3
2

3 × (1 − ν2)

where F states for the force, d is the depth
of the penetration and R corresponds to the
indenter radius.

A cyclic test has been used to highlight the
viscous behaviour of the material thanks to a
tension compression machine.
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Figure 2 – a) Indentation experimental bench and b) in-
denter and sample.

The maximum displacement has been fixed
to 5 mm and reached with a displacement ve-
locity of 0.1 mm.s−1. The measurements were
performed with an initial pre-load of 0.1 N.

III. Results

The sponge was tested in two different con-
ditions to characterise its different behaviours
depending mainly on its water content. There-
fore the results are entitled: new and wetted.
The following curves (figure 3) have been ob-
tained through the indentation tests.
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Figure 3 – Force displacement curves obtained through
indentation cyclic test on new and wetted
sponges.

IV. Discussion

The curves are very similar to the ones ob-
tained on temporo-mandibular discs as pre-
sented by [Tappert et al., 2017 in Press]. The
behaviour is very different from one condition
to another. Actually, the wetted sponge is the
softer material and that can be related to is
bi-phasic constitution of fluid and solid. It
is therefore the closest condition compared to
the temporo-mandibular disc. Finally, work-
ing on a similar material made of a sponge,
the dissipative and non-linear behaviour of the
temporo-mandibular disc tissue has been illus-
trated.

V. Disclosure statement

No potential conflict of interest was reported
by the authors. The involved editors only su-
pervised the project.
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D. Decastro is a student in the High School
Louis Vincent from Metz. He contributed
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the report and discussing the results and
outcomes.
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tributed to this work writing the report
and discussing the results and outcomes.

A. Schmitt is a student in the High School
Louis Vincent from Metz. He contributed
to this work writing the report and dis-
cussing the results and outcomes.

A. Bonnet is a Lecturer of Lorraine Univer-
sity Teaching at ENIM and doing research
in biomechanics within the LEM3. She
contributed to this work supervising the
project.

A. Baldit is a Lecturer of Lorraine University
Teaching at ENIM and doing research in
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Abstract

Temporo-mandibular disorders are mainly related to joint disorder. This latter key element is the disc that
plays a paramount role allowing the motion and damping the physiological mechanical loading. This study
has been performed through a collaboration between a High School and a University during a scientific
communication event. Working on a similar material made of a sponge, the dissipative and non-linear
behaviour of disc tissue has been illustrated.

I. Introduction

Temporo-mandibular disorders are
mainly related to joint disorder. This
latter key element, presented in figure 1,

is the disc that plays a paramount role allowing
the motion and damping the physiological
mechanical loading.
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Figure 1 – Temporomandibular joint from Willard et al.
[2011].

∗Corresponding author adrien.baldit@univ-lorraine.fr

This study has been performed through
a collaboration between a High School
and a University during a scientific com-

munication event taking place in the LEM3 at
ENIM. To better understand this tissue, work-
ing on a similar material made of a sponge two
mechanical properties have been characterised
thanks to a method from Tappert et al. [2017 in
Press].

II. Methods

An indentation test has been performed to mea-
sure the mechanical properties of the material
especially the Young’s modulus E and the Pois-
son ratio ν thanks to the following relation :

F =
4 × E × R

1
2 × d

3
2

3 × (1 − ν2)

where F states for the force, d is the depth
of the penetration and R corresponds to the
indenter radius.

A cyclic test has been used to highlight the
viscous behaviour of the material thanks to a
tension compression machine.
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Figure 2 – a) Indentation experimental bench and b) in-
denter and sample.

The maximum displacement has been fixed
to 5 mm and reached with a displacement ve-
locity of 0.1 mm.s−1. The measurements were
performed with an initial pre-load of 0.1 N.

III. Results

The sponge was tested in two different con-
ditions to characterise its different behaviours
depending mainly on its water content. There-
fore the results are entitled: new and wetted.
The following curves (figure 3) have been ob-
tained through the indentation tests.
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Figure 3 – Force displacement curves obtained through
indentation cyclic test on new and wetted
sponges.

IV. Discussion

The curves are very similar to the ones ob-
tained on temporo-mandibular discs as pre-
sented by [Tappert et al., 2017 in Press].

The behaviour is very different from one con-
dition to another. Actually, the wetted sponge
is the softer material and that can be related
to is bi-phasic constitution of fluid and solid.
It is therefore the closest condition compared
to the temporo-mandibular disc. Finally, work-
ing on a similar material made of a sponge,
the dissipative and non-linear behaviour of the
temporo-mandibular disc tissue has been illus-
trated.
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by the authors. The involved editors only su-
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this work defining the protocol, writing
the report and discussing the results and
outcomes.

T. Kieffer is a student in the High School De
La Salle from Metz. She contributed to
this work defining the protocol, writing
the report and discussing the results and
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Abstract

Temporo-mandibular disorders are mainly related to joint disorder. This latter key element is the disc that
plays a paramount role allowing the motion and damping the physiological mechanical loading. This study
has been performed through a collaboration between a High School and a University during a scientific
communication event. Working on a similar material made of a sponge, the dissipative and non-linear
behaviour of disc tissue has been illustrated.

I. Introduction

Temporo-mandibular disorders are
mainly related to joint disorder. This
latter key element, presented in figure 1,

is the disc that plays a paramount role allowing
the motion and damping the physiological
mechanical loading.
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Figure 1 – Temporomandibular joint from Willard et al.
[2011].
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This study has been performed through
a collaboration between a High School
and a University during a scientific com-

munication event taking place in the LEM3 at
ENIM. To better understand this tissue, work-
ing on a similar material made of a sponge two
mechanical properties have been characterised
thanks to a method from Tappert et al. [2017 in
Press].

II. Methods

An indentation test has been performed to mea-
sure the mechanical properties of the material
especially the Young’s modulus E and the Pois-
son ratio ν thanks to the following relation :

F =
4 × E × R

1
2 × d

3
2

3 × (1 − ν2)

where F states for the force, d is the depth
of the penetration and R corresponds to the
indenter radius.

A cyclic test has been used to highlight the
viscous behaviour of the material thanks to a
tension compression machine.
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Figure 2 – a) Indentation experimental bench and b) in-
denter and sample.

The maximum displacement has been fixed
to 5 mm and reached with a displacement ve-
locity of 0.1 mm.s−1. The measurements were
performed with an initial pre-load of 0.1 N.

An inverse method was used to characterised
the Young’s Modulus and the Poisson Ratio.
Computations were done thank to the Python
Scipy library.

III. Results

The sponge was tested in two different con-
ditions to characterise its different behaviours
depending mainly on its water content. There-
fore the results are entitled: new and wetted.
The following curves (figure 3) have been ob-
tained through the indentation tests.
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Figure 3 – Force displacement curves obtained through
indentation cyclic test on new and wetted
sponges.

IV. Discussion

The curves are very similar to the ones ob-
tained on temporo-mandibular discs as pre-
sented by [Tappert et al., 2017 in Press].

The behaviour is very different from one con-
dition to another. Actually, the wetted sponge
is the softer material and that can be related to
is bi-phasic constitution of fluid and solid. It
is therefore the closest condition compared to
the temporo-mandibular disc.

Finally, working on a similar material made
of a sponge, the dissipative and non-linear be-
haviour of the temporo-mandibular disc tissue
has been illustrated.
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Abstract

Temporo-mandibular disorders are mainly related to joint disorder. This latter key element is the disc that
plays a paramount role allowing the motion and damping the physiological mechanical loading. This study
has been performed through a collaboration between a High School and a University during a scientific
communication event. Working on a similar material made of a sponge, the dissipative and non-linear
behaviour of disc tissue has been illustrated.

I. Introduction

Temporo-mandibular disorders are
mainly related to joint disorder. This
latter key element, presented in figure 1,

is the disc that plays a paramount role allowing
the motion and damping the physiological
mechanical loading.
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Figure 1 – Temporomandibular joint from Willard et al.
[2011].

∗Corresponding author adrien.baldit@univ-lorraine.fr

This study has been performed through
a collaboration between a High School
and a University during a scientific com-

munication event taking place in the LEM3 at
ENIM. To better understand this tissue, work-
ing on a similar material made of a sponge two
mechanical properties have been characterised
thanks to a method from Tappert et al. [2017 in
Press].

II. Methods

An indentation test has been performed to mea-
sure the mechanical properties of the material
especially the Young’s modulus E and the Pois-
son ratio ν thanks to the following relation :

F =
4 × E × R

1
2 × d

3
2

3 × (1 − ν2)

where F states for the force, d is the depth
of the penetration and R corresponds to the
indenter radius.

A cyclic test has been used to highlight the
viscous behaviour of the material thanks to a
tension compression machine.
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Figure 2 – a) Indentation experimental bench and b) in-
denter and sample.

The maximum displacement has been fixed to
5 mm and reached with a displacement velocity
of 0.1 mm.s−1.

An inverse method was used to characterised
the Young’s Modulus and the Poisson Ratio.
Computations were done thank to the Python
Scipy library.

III. Results

The sponge was tested in two different con-
ditions to characterise its different behaviours
depending mainly on its water content. There-
fore the results are entitled: new and wetted.
The following curves (figure 3) have been ob-
tained through the indentation tests.
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Figure 3 – Force displacement curves obtained through
indentation cyclic test on new and wetted
sponges.

IV. Discussion

The curves are very similar to the ones ob-
tained on temporo-mandibular discs as pre-
sented by [Tappert et al., 2017 in Press].

The behaviour is very different from one con-
dition to another. Actually, the wetted sponge
is the softer material and that can be related
to is bi-phasic constitution of fluid and solid.
It is therefore the closest condition compared
to the temporomandibular disc. Finally, work-
ing on a similar material made of a sponge,
the dissipative and non-linear behaviour of the
temporo-mandibular disc tissue has been illus-
trated.
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Abstract

Temporo-mandibular disorders are mainly related to joint disorder. This latter key element is the disc that
plays a paramount role allowing the motion and damping the physiological mechanical loading. This study
has been performed through a collaboration between a High School and a University during a scientific
communication event. Working on a similar material made of a sponge, the dissipative and non-linear
behaviour of disc tissue has been illustrated.

I. Introduction

Temporo-mandibular disorders are
mainly related to joint disorder. This
latter key element, presented in figure 1,

is the disc that plays a paramount role allowing
the motion and damping the physiological
mechanical loading.
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Figure 1 – Temporomandibular joint from Willard et al.
[2011].

∗Corresponding author adrien.baldit@univ-lorraine.fr

This study has been performed through
a collaboration between a High School
and a University during a scientific com-

munication event taking place in the LEM3 at
ENIM. To better understand this tissue, work-
ing on a similar material made of a sponge two
mechanical properties have been characterised
thanks to a method from Tappert et al. [2017 in
Press].

II. Methods

An indentation test has been performed to mea-
sure the mechanical properties of the material
especially the Young’s modulus E and the Pois-
son ratio ν thanks to the following relation :

F =
4 × E × R

1
2 × d

3
2

3 × (1 − ν2)

where F states for the force, d is the depth
of the penetration and R corresponds to the
indenter radius.

A cyclic test has been used to highlight the
viscous behaviour of the material thanks to a
tension compression machine.
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The indenter had a spherical indenter with a
radius of R = 3 mm.
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Figure 2 – a) Indentation experimental bench and b) in-
denter and sample.

The maximum displacement has been fixed
to 5 mm and reached with a displacement ve-
locity of 0.1 mm.s−1. The measurements were
performed with an initial pre-load of 0.1 N.

III. Results

The sponge was tested in two different con-
ditions to characterise its different behaviours
depending mainly on its water content. There-
fore the results are entitled: new and wetted.
The following curves (figure 3) have been ob-
tained through the indentation tests.
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Figure 3 – Force displacement curves obtained through
indentation cyclic test on new and wetted
sponges.

IV. Discussion

The curves are very similar to the ones ob-
tained on temporo-mandibular discs as pre-
sented by [Tappert et al., 2017 in Press].

The behaviour is very different from one con-
dition to another. Actually, the wetted sponge
is the softer material and that can be related
to is bi-phasic constitution of fluid and solid.
It is therefore the closest condition compared
to the temporomandibular disc. Finally, work-
ing on a similar material made of a sponge,
the dissipative and non-linear behaviour of the
temporo-mandibular disc tissue has been illus-
trated.

Although, thorough investigations have to
be done to confirm uncertainties related to the
small amount of tests.
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Abstract

Temporo-mandibular disorders are mainly related to joint disorder. This latter key element is the disc that
plays a paramount role allowing the motion and damping the physiological mechanical loading. This study
has been performed during a scientific communication event. Working on a similar material made of a sponge,
the dissipative and non-linear behaviour of disc tissue has been illustrated.

I. Introduction

Temporo-mandibular disorders are
mainly related to joint disorder. This
latter key element, presented in figure 1,

is the disc that plays a paramount role allowing
the motion and damping the physiological
mechanical loading.
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Figure 1 – Temporomandibular joint from Willard et al.
[2011].

This study has been performed during
a scientific communication event taking

∗Corresponding author adrien.baldit@univ-lorraine.fr

place in the LEM3 at ENIM. To better
understand this tissue, working on a similar
material made of a sponge two mechanical
properties have been characterised thanks to a
method from Tappert et al. [2017 in Press].

II. Methods

An indentation test has been performed to mea-
sure the mechanical properties of the material
especially the Young’s modulus E and the Pois-
son ratio ν thanks to the following relation :

F =
4 × E × R

1
2 × d

3
2

3 × (1 − ν2)

where F states for the force, d is the depth
of the penetration and R corresponds to the
indenter radius.

A cyclic test has been used to highlight the
viscous behaviour of the material thanks to a
tension compression machine.

The indenter had a spherical indenter with a
radius of R = 3 mm.
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Figure 2 – a) Indentation experimental bench and b) in-
denter and sample.

The maximum displacement has been fixed
to 5 mm and reached with a displacement ve-
locity of 0.1 mm.s−1. The measurements were
performed thanks to a 100 N load cell with an
initial pre-load of 0.1 N. An inverse method
was used to characterised the Young’s Modu-
lus and the Poisson Ratio. Computations were
done thank to the Python Scipy library.

III. Results

The sponge was tested in two different con-
ditions to characterise its different behaviours
depending mainly on its water content. There-
fore the results are entitled: new and wetted.
The following curves (figure 3) have been ob-
tained through the indentation tests.
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Figure 3 – Force displacement curves obtained through
indentation cyclic test on new and wetted
sponges.

The measurement were then performed on a
dried sponge and the result was strongly dif-
ferent mainly in magnitude as presented on
figure 4.
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Figure 4 – Force displacement curved obtained through
indentation cyclic test on dried sponge.

All conditions allow highlighting hysteresis
during cyclic tests. For this last sample, it was
also noticed that at the end of the unloading
phase for each cycle the indenter wasn’t any
more in contact with the surface. Therefore,
the second cycle can not be used for any char-
acterisation.

The order of magnitude of the sponge
Young’s modulus is around 10 to 100 kPa and
the Poisson ratio was always the same equal to
0.5.

IV. Discussion

The curves are very similar to the ones ob-
tained on temporo-mandibular discs as pre-
sented by [Tappert et al., 2017 in Press].

The behaviour is very different from one con-
dition to another. Actually, the wetted sponge
is the softer material and that can be related to
is bi-phasic constitution of fluid and solid. It is
therefore the closest condition compared to the
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temporomandibular disc. On the other hand,
the died sponge has the hardest behaviour with
properties ten times higher than the previous
one. Eventually, the new sponge has an in-
termediate behaviour but remains closer to
the wet one. This observation let the authors
suspicious that a peculiar conditioning is re-
alised to give clients a good quality feeling
by a soft touch. The Young’s modulus val-
ues obtained are consistent with the literature
where foams’ values are in between 10 and
100 kPa. Moreover, its Poisson ratio close or
equal to 0.5 translates an incompressible be-
haviour. This highlights a limit of the model
used due to the dried condition that should
not obviously be evolving with a constant bulk.
The characterisation could be enrich by den-
sity measurements that would allow a better
behaviour casting. The surface flatness of the
sample was not really controlled and should
be investigate to confirm the obtained results.
Finally, working on a similar material made
of a sponge, the dissipative and non-linear be-
haviour of the temporo-mandibular disc tissue
has been illustrated.

Nonetheless, this work did not take into ac-
count the presence of pores within the sample
that plays a major role regarding the sample
hydration and behaviour. Besides, thorough
investigations have to be done to confirm uncer-
tainties related to the small amount of tests, for
instance the water content for wetted sponge.
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Abstract

Temporo-mandibular disorders are mainly related to joint disorder. This latter key element is the disc that
plays a paramount role allowing the motion and damping the physiological mechanical loading. This study
has been performed during a scientific communication event. Working on a similar material made of a sponge,
the dissipative and non-linear behaviour of disc tissue has been illustrated.

I. Introduction

Temporo-mandibular disorders are
mainly related to joint disorder. This
latter key element, presented in figure 1,

is the disc that plays a paramount role allowing
the motion and damping the physiological
mechanical loading.
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Figure 1 – Temporomandibular joint from Willard et al.
[2011].

This study has been performed during
a scientific communication event taking

∗Corresponding author adrien.baldit@univ-lorraine.fr

place in the LEM3 at ENIM. To better
understand this tissue, working on a similar
material made of a sponge two mechanical
properties have been characterised thanks to a
method from Tappert et al. [2017 in Press].

II. Methods

An indentation test has been performed to mea-
sure the mechanical properties of the material
especially the Young’s modulus E and the Pois-
son ratio ν thanks to the following relation :

F =
4 × E × R

1
2 × d

3
2

3 × (1 − ν2)

where F states for the force, d is the depth
of the penetration and R corresponds to the
indenter radius.

A cyclic test has been used to highlight the
viscous behaviour of the material thanks to a
tension compression machine.

The indenter had a spherical indenter with a
radius of R = 5.98/2 mm.
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Figure 2 – a) Indentation experimental bench and b) in-
denter and sample.

The maximum displacement has been fixed
to 5 mm and reached with a displacement ve-
locity of 0.1 mm.s−1. The measurements were
performed with an initial pre-load of 0.1 N.

III. Results

The sponge was tested in two different con-
ditions to characterise its different behaviours
depending mainly on its water content. There-
fore the results are entitled: new and wetted.
The following curves (figure 3) have been ob-
tained through the indentation tests.
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Figure 3 – Force displacement curves obtained through
indentation cyclic test on new and wetted
sponges.

IV. Discussion

The curves are very similar to the ones ob-
tained on temporo-mandibular discs as pre-
sented by [Tappert et al., 2017 in Press].

The behaviour is very different from one con-
dition to another. Actually, the wetted sponge
is the softer material and that can be related
to is bi-phasic constitution of fluid and solid.
It is therefore the closest condition compared
to the temporomandibular disc. Finally, work-
ing on a similar material made of a sponge,
the dissipative and non-linear behaviour of the
temporo-mandibular disc tissue has been illus-
trated.

Although, thorough investigations have to
be done to confirm uncertainties related to the
small amount of tests.
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Abstract

Temporo-mandibular disorders are mainly related to joint disorder. This latter key element is the disc that
plays a paramount role allowing the motion and damping the physiological mechanical loading. This study
has been performed during a scientific communication event. Working on a similar material made of a sponge,
the dissipative and non-linear behaviour of disc tissue has been illustrated.

I. Introduction

Temporo-mandibular disorders are
mainly related to joint disorder. This
latter key element, presented in figure 1,

is the disc that plays a paramount role allowing
the motion and damping the physiological
mechanical loading.
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Figure 1 – Temporomandibular joint from Willard et al.
[2011].

This study has been performed during
a scientific communication event taking
place in the LEM3 at ENIM. To better

understand this tissue, working on a similar
material made of a sponge two mechanical
properties have been characterised thanks to a
method from Tappert et al. [2017 in Press].

II. Methods

An indentation test has been performed to mea-
sure the mechanical properties of the material
especially the Young’s modulus E and the Pois-
son ratio ν thanks to the following relation :

F =
4 × E × R

1
2 × d

3
2

3 × (1 − ν2)

where F states for the force, d is the depth
of the penetration and R corresponds to the
indenter radius.
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A cyclic test has been used to highlight the
viscous behaviour of the material thanks to a
tension compression machine.

The indenter had a spherical indenter with a
radius of R = 6.18/2 mm.

a)

Sample Camera

Indentor

Load
cell

Indentor

Sampleb)

Figure 2 – a) Indentation experimental bench and b) in-
denter and sample.

III. Results

The sponge was tested in two different con-
ditions to characterise its different behaviours
depending mainly on its water content. There-
fore the results are entitled: new and wetted.
The following curves (figure 3) have been ob-
tained through the indentation tests.
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Figure 3 – Force displacement curves obtained through
indentation cyclic test on new and wetted
sponges.

IV. Discussion

The curves are very similar to the ones ob-
tained on temporo-mandibular discs as pre-
sented by [Tappert et al., 2017 in Press].

The behaviour is very different from one con-
dition to another. Actually, the wetted sponge
is the softer material and that can be related
to is bi-phasic constitution of fluid and solid.
It is therefore the closest condition compared
to the temporomandibular disc. Finally, work-
ing on a similar material made of a sponge,
the dissipative and non-linear behaviour of the
temporo-mandibular disc tissue has been illus-
trated.
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Abstract

Temporo-mandibular disorders are mainly related to joint disorder. This latter key element is the disc that
plays a paramount role allowing the motion and damping the physiological mechanical loading. This study
has been performed during a scientific communication event. Working on a similar material made of a sponge,
the dissipative and non-linear behaviour of disc tissue has been illustrated.

I. Introduction

Temporo-mandibular disorders are
mainly related to joint disorder. This
latter key element, presented in figure 1,

is the disc that plays a paramount role allowing
the motion and damping the physiological
mechanical loading.
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Figure 1 – Temporomandibular joint from Willard et al.
[2011].

This study has been performed during
a scientific communication event taking

∗Corresponding author adrien.baldit@univ-lorraine.fr

place in the LEM3 at ENIM. To better
understand this tissue, working on a similar
material made of a sponge two mechanical
properties have been characterised thanks to a
method from Tappert et al. [2017 in Press].

II. Methods

An indentation test has been performed to mea-
sure the mechanical properties of the material
especially the Young’s modulus E and the Pois-
son ratio ν thanks to the following relation :

F =
4 × E × R

1
2 × d

3
2

3 × (1 − ν2)

where F states for the force, d is the depth
of the penetration and R corresponds to the
indenter radius.

A cyclic test has been used to highlight the
viscous behaviour of the material thanks to a
tension compression machine.

The indenter had a spherical indenter with a
radius of R = 3 mm.
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Figure 2 – a) Indentation experimental bench and b) in-
denter and sample.

The maximum displacement has been fixed
to 5 mm and reached with a displacement ve-
locity of 0.1 mm.s−1. The measurements were
performed with an initial pre-load of 0.1 N.

III. Results

The sponge was tested in two different con-
ditions to characterise its different behaviours
depending mainly on its water content. There-
fore the results are entitled: new and wetted.
The following curves (figure 3) have been ob-
tained through the indentation tests.
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Figure 3 – Force displacement curves obtained through
indentation cyclic test on new and wetted
sponges.

IV. Discussion

The curves are very similar to the ones ob-
tained on temporo-mandibular discs as pre-
sented by [Tappert et al., 2017 in Press].

The behaviour is very different from one con-
dition to another. Actually, the wetted sponge
is the softer material and that can be related
to is bi-phasic constitution of fluid and solid.
It is therefore the closest condition compared
to the temporomandibular disc. Finally, work-
ing on a similar material made of a sponge,
the dissipative and non-linear behaviour of the
temporo-mandibular disc tissue has been illus-
trated.
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