
12
EXAMINATION OF STRENGTH 
PROPERTIES OF THE 
TEMPOROMANDIBULAR 
JOINT DISC
Agnieszka Szust1    , Anna Wybraniec1    , 
Gabriela Wielgus1,2*    

1 Wrocław University of Science and Technology, 
Faculty of Mechanical Engineering, 
Department of Mechanics, Materials 
and Biomedical Engineering, 
Wybrzeże St. Wyspiańskiego 27, 
50-370 Wrocław, Poland
2 Silesian University of Technology, 
Faculty of Biomedical Engineering, 
Akademicka 2A, 44-100 Gliwice, Poland
*e-mail: gw309118@student.polsl.pl

Abstract

The purpose of this research was to determine selected 
biomechanical properties of the temporomandibular disc. 
After endurance tests and once the load-displacement 
characteristics were determined, the susceptibility and di-
mensionless energy dissipation coefficient were determined. 
The research was carried out on ten discs (six fresh and four 
frozen) taken from five young pigs. Endurance tests were 
conducted in the laboratory of Wrocław University of Sci-
ence and Technology, using the INSTRON 5944 machine.  
All tested discs were kept in a NaCl solution heated to 
37.5ºC during the experiment. A recurring difference of 1 mm 
in the height of the fresh and frozen discs was observed.  
In contrast, the strength of the discs was similar regard-
less of the method of storing the preparation. The material 
susceptibility values ranged from 0.4 to 1.4 millimetre per 
Newton, and the dimensionless energy dissipation factor 
oscillated between 0.27 and 0.87.

The aim of these experimental investigations was to 
determine the compressive force at predefined strain levels 
and to elucidate the loading characteristics corresponding 
to displacement. Due to the observed variability in these 
characteristics across consecutive measurement cycles, 
the analysis in this paper is restricted to the results obtained 
from the first measurement series.
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Introduction

The temporomandibular joint is considered the most 
complex joint in the human body both functionally and 
anatomically. The temporomandibular joint is the only 
paired joint and the only mobile joint, a true joint, in the 
craniofacial region. Therefore, the functional anatomy and 
biomechanics of this joint are extremely complex. The disc in 
the temporomandibular joint is classified as a hinge position 
joint, which means that it allows hinged movement in one 
plane and translational movements. With this combination 
of movements, it is possible to open and close the mouth 
and move the mandible in different directions [1].

The functional and anatomical complexity of the temporo-
mandibular joint often results in various dysfunctions. These 
are congenital, developmental, and acquired as a result 
of conditions such as neck muscle contractures, postural 
defects, or malocclusion, for example. As a result of these 
dysfunctions and damage from trauma, disc damage and 
inflammatory or degenerative conditions can occur [2-5].

Despite the important role of the temporomandibular 
joint in anatomy and function, many questions about its 
biomechanics and adaptation in different conditions remain 
unclear. Most studies are based on research material col-
lected from animals, and, in particular, pigs [6-11]. Porcine 
anatomy has a high convergence with human anatomy, mak-
ing it a suitable model for the study of the temporomandibular 
joint and other anatomical structures [12]. Taking this into 
account, the authors of this thesis decided to conduct an 
experimental strength study using pig temporomandibular 
joint discs.

Materials and Methods

The study material consisted of the temporomandibular 
joint of pigs aged between 4 and 6 months. The discs were 
collected immediately after the head of the pig was delivered 
to the laboratory. After the discs were taken from the pig’s 
head, the biological material was tested for strength, or 
frozen until testing (FIG. 1). Each time before the strength 
tests, the discs were visually assessed for mechanical dam-
age or other defects that would disqualify the testing value 
of the sampled material. The dimensions of the discs were 
then measured.

Based on thickness measurements, the amount of strain 
understood as the change in disc height at the central 
point of the surface was determined (FIG. 2) [9]. Thanks 
to these measurements, it was possible to properly adjust 
the strength test conditions to the specific parameters of the 
biological material tested, which was crucial to the correct-
ness and precision of the tests carried out.

After taking all the necessary measurements, the tempo-
romandibular joint discs were subjected to a compression 
test. The test was carried out using the INSTRON 5944 
testing machine, equipped with a 2 kN actuator (FIG. 3). 
The tests were carried out in an aqueous environment - 90% 
NaCl heated to 37.5°C, using a vessel for this solution. The 
discs were subjected to a compression test, loading the 
centre of the disc with force, resulting in a change in height 
corresponding to a relative deformation of 80% of the height.
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FIG. 1. a) Process of preparing the material for the endurance testing disc in the porcine temporomandibular 
joint before preparation, b) prepared test specimen - the temporomandibular joint disc.

FIG. 2. a) Diagram with marked zones for measuring the thickness of the temporomandibular joint disc from 
the cranial side - before examination, b) the temporomandibular joint disc from the mandibular side - before 
examination.

FIG. 3. Test stand for en-
durance tests, with the 
temporomandibular joint 
disc preparation to be 
tested, in holding wraps, 
in a saline bath at 37.5°C.



14
All tests were carried out under the same conditions, 

using the following procedure: in the first minute, the tem-
poromandibular joint disc was loaded with a force to reach 
80% of its height; in the second minute of measurements, the 
disc was compressed by the testing machine at a constant 
displacement of the actuator in the last minute of each meas-
urement series, the disc was relaxed, i.e. relieved of load 
(each test consisted of three series of measurement) [12] - 
after the experiment was performed, the load-displacement 
characteristics were obtained. Subsequently, a strength 
test analysis was carried out to determine the compressive 
deformation susceptibility of the material (the compressive 
stiffness of the puck was not determined because the gov-
erning formula is applied using Hooke’s law, which does not 
apply when testing on biological material). The susceptibility 
was determined from the first measurement test.

Sc = u/Fc [mm/N]
u - displacement [mm],
Fc - compressive force [N].

On the basis of the results obtained, hysteresis loops 
were determined (based on the approximation of the dia-
gram) to determine the dimensionless energy dissipation 
factor. The dimensionless energy dissipation factor was 
determined on the basis of the first measurement attempt.

Ψ = AH/AS

AS - field under the graph, 
AH - hysteresis surface area.

After the strength test, the geometry of each disc was 
re-measured.

Results and Discussions

Six discs were selected for the analysis of the results, 
four of which were fresh and two of which had undergone 
a freezing process. This decision was made in order to 
eliminate incorrect measurement data, raising doubts about 
the other materials collected. The designations of the test 
samples are summarized in TABLE 1.

Before and after the compressive strength test, the 
width and height of the discs were measured to observe 
the geometric changes of the test material. The results of 
the geometric disc measurements are shown in TABLE 2 
and in FIGs 4 and 5.

TABLE 1. Designation of test samples.

TABLE 2. Geometric dimensions of the articular disc from the cranial side before and after examination.

FIG. 4. Width of the temporomandibular joint disc before and after the test.

Sample Temporomandibular 
joint disc

k.1 frozen

k.2 fresh

k.3 fresh

k.4 frozen

k.5 fresh
k.6 fresh

Sample
width of the temporomandibular joint disc [mm] height of the temporomandibular joint disc [mm]

before the test after the test before the test after the test
k.1 27.9 28.2 17.4 16.9
k.2 28.2 28.7 17.9 17.1
k.3 30.5 30.9 17.9 17.2
k.4 31.8 31.2 18.5 18.3
k.5 28.8 29.2 21.0 19.8
k.6 26.1 27.1 18.4 15.6

results (28.9±2.0) (29.2±1.6) (18.5±1.3) (17.5±1.4)
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The results of the pre- and post-test disc thickness 
measurements were collected as mean values along with 
the standard deviation (TABLE 3). The key measurement 
was the central area, marked C, which was subjected to 
further strength testing. The thickness of the discs was also 
measured after the experiments to observe any differences.

The results of the maximum temporomandibular joint disc 
load measurements for each first measurement trial were 
collected and presented in TABLE 4. Load-displacement 
characteristics was determined for each temporomandibular 
disc tested (FIG. 6).

The results of the maximum susceptibility values of the 
discs for the first measurement test are summarized in 
TABLE 5.

A dimensionless energy dissipation coefficient was then 
determined, understood as a measure of energy loss during 
cyclic loading, which reflects the material’s ability to absorb 
energy during deformation and resist fracture. Analysis 
of this coefficient allows the strength of the material and 
its behaviour under dynamic conditions to be assessed.  

TABLE 3. Measurement of the thickness of the temporomandibular joint disc.

FIG. 5. Height of the temporomandibular joint disc before and after the test.

TABLE 4. Maximum load values.

Sample
before the strength test [mm]

A B C D E F G
k.1 0.09±0.02 0.97±0.01 0.86 ±0.01 0.94 ±0.01 0.93±0.02 1.31±0.04 2.63±0.01
k.2 0.64±0.01 1.00±0.02 1.06 ±0.01 0.89±0.01 1.10±0.02 3.40±0.01 2.35±0.02
k.3 0.94±0.04 0.74±0.01 0.76±0.01 0.59±0.01 1.20 ±0.01 3.90±0.01 3.33±0.01
k.4 1.17±0.02 1.14±0.03 1.06 ±0.02 1.31±0.02 1.07±0.02 3.13±0.04 4.5±0.02
k.5 0.79±0.01 0.61±0.01 0.92±0.01 0.91±0.02 0.86±0.01 2.01±0.03 2.09±0.01
k.6 1.01±0.01 0.76±0.01 1.00±0.01 0.82±0.01 0.82±0.01 3.72±0.03 3.44±0.01

                      after the strength test [mm]
k.1 1.56±0.03 1.06±0.02 0.99±0.02 1.21±0.01 0.99 ±0.03 1.13±0.02 3.20±0.08
k.2 1.01±0.02 1.04±0.01 1.19±0.02 1.03±0.02 0.87±0.02 2.59±0.01 1.74±0.03
k.3 1.36±0.02 1.68±0.01 1.75±0.01 0.93±0.02 1.18±0.01 2.94±0.02 3.46±0.02
k.4 1.16±0.13 0.96±0.02 1.25±0.02 1.21±0.01 1.12±0.02 3.70±0.04 3.09±0.02
k.5 0.97±0.01 1.01±0.01 0.71±0.01 0.55±0.01 0.82±0.02 1.96±0.06 2.96±0.02
k.6 1.08±0.02 0.84±0.01 1.11±0.01 1.17±0.04 0.92±0.01 3.85±0.01 3.88±0.02

Measurement series k.1 k.2 k.3 k.4 k.5 k.6
Fcmax [N]

I 2.14 1.2 2.44 0.56 1.99 1.91
II 0.67 0.87 1.52 0.25 2.21 0.35
III 0.50 0.76 1.46 0.24 2.04 0.26
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The AH parameter was determined by calculating the hys-
teresis area (TABLE 6). This analysis focuses on various 
aspects of the behaviour of the temporomandibular joint 
disc under load and the interpretation of the data obtained 
in terms of their clinical and biomechanical significance.

Geometric measurements of the temporomandibular 
joint discs from the cranial side were taken before strength 
testing. It was observed that frozen discs appeared slightly 
thicker than those freshly collected from pigs. However, it 
should be noted that this difference is not significant. The 
results of these measurements are shown in TABLE 2, 
where the values obtained differed by approximately ±1 mm.

When compression tests were carried out on the discs, 
slight changes were observed in the thickness of the discs. 
After the test, the width of the discs increased, while the 
height of the discs decreased. After three measurement 
series on a given disc, the second and third series were 
characterized by lower maximum load values, confirming 
the thesis of geometric changes in the disc. These differ-
ences are described in detail in TABLE 3. The width of the 
discs marked in FIG. 2a at points (A, B, D, E) increases, 
while their height at points (F and G) decreases. This is  
a predictable effect of the compression tests, which results 
in a flatter disc. The largest geometric changes have been 
observed for disc k.1, which is a frozen disc, and the small-
est changes have been observed for the fresh disc, k.6. 
However, these differences are not relatively high between 
fresh and frozen discs.

In addition, based on geometry measurements, great 
similarity in the size of the human temporomandibular joint 
disc was observed - the thickness of the pig disc at point C 
of the disc k.1 is 0.86 mm, while the human disc according 
to [12] is 0.9 mm. This observation provides further confir-
mation of the validity of subletting experimental studies on 
pig discs.

Hysteresis plots were obtained for all samples tested, 
as described in this article. To correctly visualize the mea-
surement data, a polynomial approximation of the trend line  
(3rd order) was used. Thus, it should be noted that the 
‘moduli’ of the measurement series carried out grew non-
linearly, clearly demonstrating the non-linear nature of the 
material. It has been observed that excessive compression 
of the disc is associated with permanent, invariant geometric 
changes [7]. 

In addition, the susceptibility of the discs was determined 
for each of the first measurement trials, the values obtained 
for which are shown in TABLE 5. The susceptibility values 
of the material ranged from ±0.4-1.4 mm/N. The relatively 
low susceptibility values may be due to the collection of 
material from young pigs between 4 and 6 months of age.

Subsequently, the dimensionless energy dissipation fac-
tor was also determined for each first measurement sample. 
This ratio, which is the ratio of the area of the hysteresis 
loop to the area under the graph, reached values oscillating 
between ±0.27 and 0.87, consistent with the data available 
in the literature [13]. It was found that the area under the 
hysteresis plot is related to the geometry of the temporo-
mandibular joint disc and its storage method, i.e., whether 
it is fresh or frozen. The highest energy damping coefficient 
was recorded for the fresh disc marked k.3. 

FIG. 6. Temporomandibular joint disc strength test: a) frozen disc, b) fresh disc.

TABLE 6. Dimensionless energy dissipation factor.TABLE 5. Maximum values for temporomandibular 
joint disc compliance.

Temporomandibular 
joint disc Sc [mm/N]

k.1 0.37
k.2 0.67
k.3 0.33
k.4 1.43
k.5 0.40
k.6 0.42

Sample AH AS Ψ

k.1 0.18 0.24 0.76
k.2 0.18 0.38 0.48
k.3 0.25 0.29 0.87
k.4 0.02 0.10 0.21
k.5 0.08 0.15 0.56
k.6 0.06 0.23 0.27
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Conclusions

The experimental studies of the temporomandibular joint 
discs described in this work are pilot studies to determine 
how to proceed in strength testing for uniformity in the origin 
of biological material. The most important objective of these 
experimental studies was to determine the compressive 
force at a given strain and to determine and describe the 
characteristics of loading from displacement. Due to the 
variability of characteristics during successive measure-
ment cycles, in this paper, the analysis of the results is 
presented only for the first measurement series [12]. During 
the strength tests, the values of the susceptibility Sc of the 
tested biological material and the dimensionless energy dis-
sipation coefficient Ψ were determined. The results obtained 
do not differ from the typical results observed for tests on 
temporomandibular joint discs [13]. In the future, the over-
arching research objective for the authors is to present for  
a wider research sample the strength properties of the discs, 
which can serve as a source for both further experimental 
and analytical (FEM) studies.

References
[1] Dołoszycka M., Kulesa-Mrowiecka M., Kopański Z., Krzemiński D.,  
Ptak W., Dyl S., Sklyarov I.: Selected aspects of anatomy and bio-
mechanics of the stomatognathic system. Journal of Public Health, 
Nursing and Medical Rescue 6 (2018) 1-4.
[2] Górecka M., Pihut M., Ferendiuk E.: Charakterystyka schorzeń 
stawów skroniowo-żuchwowych. Dental Forum XLIV(1) (2016) 63-67.  
[3] Luo D., Yang Z., Qiu C., Jiang Y., Zhou R., Yang J.: A magnetic 
resonance imaging study on the temporomandibular joint disc–
condyle relationship in young asymptomatic adults. Int. J. Oral 
Maxillofac. Surg. 51(2) (2022) 226-233.
[4] Pihut M., Wiśniewska G., Majewski S.: Odległe wyniki leczenia 
pacjentów z objawami patologicznego przemieszczenia krążka sta-
wowego bez zablokowania. Protet. Stomatol. LXI(5) (2011) 419-425.
[5] Majewski S., Wieczorek A., Loster J., Pihut M.: Mięśnie żucia 
i stawy skroniowo-żuchwowe w aspekcie fizjologicznych funkcji 
układu stomatologicznego. Protet. Stomatol. LX(1) (2010) 10-16.
[6] Kajzer A., Kajzer W., Basiaga M., Kuna E.: Badania własności 
mechanicznych kości wołowych i wieprzowych. Inżynieria 
Biomateriałów 119 (2013) 45-50.
[7] Matuska A.M., Muller S., Dolwick M.F., McFetridge P.S.: Biome-
chanical and biochemical outcomes of porcine temporomandibular 
joint disc deformation. Osteoarthritis and Cartilage 17 (2009) 
1408-1415.

[8] Murphy M.K., Arzi B., Hu J.C., Athanasio K.A.: Tensile Charac-
terization of Porcine Temporomandibular Joint Disc Attachments. 
J Dent Res 92(8) (2013) 753-758.
[9] Wu Y., Kuo J., Wright G.J., Ciewski S.E., Wei F., Kern M.J.,  
Yao H.: Viscoelastic shear properties of porcine temporomandibular 
joint disc. Orthod Craniofac Res 18(1) (2015) 156-163.
[10] Bermejo A., Gonzalez O., Gonzalez J.M.: The pig as an animal 
model for experimentation on the temporomandibular articular 
complex. Oral Surc Oral Med Oral Pathol 75 (1993) 18-23.
[11] Murphy M.K., Arzi B., Hu J.C., Athanasiou K.A.: Tensile Char-
acterization of Porcine Temporomandibular Joint Disc Attachments. 
J Dent Res 92(8) (2013) 753-758.
[12] Chaldek W., Czerwika I.: Wpływ przecięcia tkanek na wyniki 
badań właściwości mechanicznych krążków stawu skroniowo 
żuchwowego. Inżynieria Biomateriałów 67-68 (2007) 16-18.
[13] Margielewicz J., Kijak E., Lipski T., Pihut M., Kosiewicz J., Lietz-
Kijak D.: Badania modelowe równowagi biostatycznej narządu żucia 
człowieka. Centrum Inżynierii Biomedycznej, Gliwice (2012) 4-206.

Acknowledgements

This work was supported by a subvention from the Divi-
sion of Biomedical Engineering and Experimental Mechan-
ics, Wrocław University of Technology, Wrocław, Poland.

ORCID iD
A. Szust:		  https://orcid.org/0000-0002-6448-6703 
A. Wybraniec:		  https://orcid.org/0000-0002-6947-2765 
G. Wielgus:		  https://orcid.org/0009-0001-5180-5269 

https://orcid.org/0000-0002-6947-2765
https://orcid.org/0009-0001-5180-5269

https://orcid.org/0000-0002-6448-6703

