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Distribution of stress on TMJ disc induced 

by use of chincup therapy: assessment 

by the finite element method

Flávio Siqueira Calçada1, Antônio Sérgio Guimarães2, Marcelo Lucchesi Teixeira3, Flávio Atsushi Takamatsu4

Objective: To assess the distribution of stress produced on TMJ disc by chincup therapy, by means of the finite 
element method.

Methods: a simplified three-dimensional TMJ disc model was developed by using Rhinoceros 3D software, and ex-
ported to ANSYS software. A 4.9N load was applied on the inferior surface of the model at inclinations of 30, 40, and 50 
degrees to the mandibular plane (GoMe). ANSYS was used to analyze stress distribution on the TMJ disc for the different 
angulations, by means of finite element method.

Results: The results showed that the tensile and compressive stresses concentrations were higher on the inferior surface 
of the model. More presence of tensile stress was found in the middle-anterior region of the model and its location was 
not altered in the three directions of load application. There was more presence of compressive stress in the middle and 
mid-posterior regions, but when a 50o inclined load was applied, concentration  in the middle region was prevalent. Ten-
sile and compressive stresses intensities progressively diminished as the load was more vertically applied.

Conclusions: stress induced by the chincup therapy is mainly located on the inferior surface of the model. Loads at 
greater angles to the mandibular plane produced distribution of stresses with lower intensity and a concentration of com-
pressive stresses in the middle region. The simplified three-dimensional model proved useful for assessing the distribution 
of stresses on the TMJ disc induced by the chincup therapy.
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INTRODUCTION

The prevalence of Class III malocclusion varies, accord-

ing to the literature, from 1 to 5% for populations of Cau-

casian descent,1 and from 2 to 13% for Asiatic populations.2 

Skeletal Class III malocclusions occur as a result of: deficient 

maxillary growth; exacerbated mandibular growth or an as-

sociation of both.3 Treatment for mandibular prognathism 

involves orthopedic interventions, such as use of the chin-

cup therapy4 or reverse traction of the maxilla.5

The chincup therapy has been described in the litera-

ture since the beginning of the 19th Century, as a clini-

cal procedure to control mandibular growth in young 

patients with mandibular prognathism.6 The chincup 

therapy effects on craniofacial growth and temporoman-

dibular joint (TMJ) have been thoroughly investigated 

by cephalometric analyses and experiments in animals.7,8 

Results such as morphologic alterations and mandibu-

lar growth inhibition have been described in the litera-

ture.9,10 The orthopedic effects of the appliance essentially 

depend on the magnitude and direction of the forces ap-

plied, and this fact in some ways may explain the diversity 

of results found with the use of the chincup therapy in 

Class III patients.3,4,7 Bone remodeling is directly related 

to the induction of stresses in the skeletal structures,11 

therefore, to gain knowledge, the distribution of stresses 

imposed by the chincup therapy should be investigated, 

thus promoting better understanding of the mandibular 

bone remodeling mechanism and providing clinicians 

with guidance on therapy with this appliance.12

The use of the chincup therapy in the orthodontic 

clinic on several occasions is questioned about the pos-

sibility of being a risk factor for temporomandibular 

disorders  (TMD), because this device adds extra loads 

to the TMJ.13 One of the functions of the TMJ disc is 

to absorb the stress imposed on the joint and dissipate 

it to the surrounding structures.14 Thus, to know the 

intensity and distribution of these stresses in the TMJ 

disc is fundamental to understand how this structure 

behaves during the use of chincup therapy. Therefore, 

this study was conducted aiming to use finite element 

method (FEM) to evaluate the stresses imposed on the 

TMJ disc by the use of chincup therapy, with load ap-

plication in different directions (Fig 1).

MATERIAL AND METHODS

A computed three-dimensional model was con-

structed with the purpose of analyzing the stresses dis- Figure 2  - CAD image, with the articular disc model highlighted.

tribution on the TMJ disc induced by the use of chincup 

therapy. Computed tomography images of a dry, young 

skull provided the data required for constructing the 

mandible and glenoid fossa. The TMJ disc was graphi-

cally designed in the space between the condyle and 

glenoid fossa, with the aid of a CAD (computer-aided 

design) software (Rhinoceros 3D, Robert McNeel & 

Associates, Seattle, USA). Its biconcave morphology 

was based on figures  taken from an anatomy atlas15 and 

its mean thickness was 2 mm16 (Fig 2).

The model was exported from Rhinoceros to AN-

SYS software (Swanson Analysis Systems Inc., Houston, 

USA), which performed the simulations and by means 

Figure 1  - Chincup therapy with Interlandi’s cap in different directions of load 

application.
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Figure 4  - Discretized TMJ disc model.

of FEM, calculated the stresses present on the TMJ disc 

model. A 4.9N (500gf) load was applied on the cepha-

lometric point Pogonion (Pg), at angulations of 30, 40 

and 50 degrees to the mandibular plane (GoMe) of the 

computed model (Fig. 3). Decomposition of the load on 

the y and z axes of the ANSYS software was equal to: 

3.092N y / 3.801N z; 3.705N y / 3.206N z and 4.206N 

y / 2.514N z, for the 30, 40 and 50 degree angles respec-

tively. After obtaining the vectors of the load on TMJ 

disc on the left side, the remainder of the model was iso-

lated and discretized, producing a mesh with 1,256,630 

elements and 1,737,367 nodes (Fig 4). Movement was 

restricted on the superior surface of the TMJ disc mod-

el, to prevent its displacement during the simulations. 

The loads were applied directly on the inferior surface 

of the TMJ disc model, specifically in the area that re-

mains in contact with the superior surface of the con-

dyle, according to the vectors previously obtained. This 

was done with the purpose of testing the possibility of 

a simplified three dimensional model satisfactorily re-

sponding to the computed simulation researches.

The mechanical properties of the TMJ disc were 

defined as Young’s modulus (E) of 40 MPa, and Pois-

son’ ration (y) of 0.417. The model was assumed to 

have isotropic properties and linear elastic deforma-

tion17. The  stresses distribution evaluated by FEM, 

contemplated the maximum principal stress (tensile 

stress) and the minimum principal stress (compres-

sive stress) on the superior and inferior surfaces of the 

TMJ disc model.

RESULTS

In Figure 5, A1, A2 and A3 shows the tensile stress 

distribution on the inferior surface of the three-dimen-

sional TMJ disc model when the loads were applied in 

the directions of 30, 40 and 50 degrees to the mandib-

ular plane (GoMe). Basically, the tensile stresses were 

present in the mid-anterior region of the model, and 

there was no change in the position of their location 

when the direction of the loads varied. The most in-

tense tensile stress, reaching 0.532 MPa, was observed 

when a load was applied at an angle of 30 degrees. 

For the 40 and 50-degree simulations, the intensity of 

these stresses progressively diminished, attaining 0.496 

and 0.459 MPa, respectively (Fig 7).

In Figure 5, B1, B2 and B3 shows the compressive 

stresses on the inferior surface of the three-dimensional 

TMJ disc model in the different directions of load ap-

plication. These stresses were basically located in the 

middle and mid-posterior regions of the inferior surface 

of the model. When the load was applied at an angle 

of 30o, more intense compressive stress was shown on 

the model, attaining - 0,479 MPa. As the load was ap-

plied at 40 and 50-degree angles, the intensity of com-

pressive stresses progressively diminished, attaining 

- 0.430 and - 0.384 MPa, respectively (Fig 7). When the 

direction of simulation was more vertical to the man-

dibular plane (50o), the compressive stresses were main-

ly located in the middle region of the model.

Figure 6 illustrates a longitudinal cut of the com-

puted TMJ disc model, showing that the tensile (A1, 

A2 and A3), and compressive (B1, B2 and B3) stresses 

were more often present on the inferior surface of the 

model, when compared with the superior surface, for all 

the simulations performed.

Figure 3  - Load applied in Pg, at angles of 30, 40 and 50 degrees to the 

mandibular plane (GoMe).

Pg
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Figure 5  - Inferior surface of the three-dimen-

sional TMJ disc model, showing distribution of 

the stresses. A1 and B1; A2 and B2, and A3 and B3 

tensile and compressive stresses respectively for 

loads applied at 30, 40 and 50-degree angles to 

the mandibular plane (GoMe). In A1: P, L, ME, ML 

and AN represent the posterior, lateral, middle, 

medial and anterior regions of the model.

Figure 6  - Longitudinal cut of the three-dimen-

sional TMJ disc model. A1 and B1; A2 and B2, and 

A3 and B3 tensile and compressive stresses re-

spectively for loads applied at 30, 40 and 50-de-

gree angles to the mandibular plane (GoMe). 

In A1: P, AN, ME, SU and IN represent the posteri-

or, anterior, middle, superior and inferior surfaces 

of the model.



© 2017 Dental Press Journal of Orthodontics Dental Press J Orthod. 2017 Sept-Oct;22(5):83-987

original articleCalçada FS, Guimarães AS, Teixeira ML, Takamatsu FA

DISCUSSION

Computed simulations analyzed by means of the 

FEM have been successfully used in the area of health 

care over the last two decades,18 and the publication 

of validation studies has contributed to the scientific 

community accepting the importance of the results 

found with this technique.19,20 The possibility of test-

ing hypotheses and changing variables in computed 

models allows for conducting studies that would never 

be possible to conduct in living beings.21,22

The morphological changes and inhibition of 

mandibular growth due to the use of the orthope-

dic chincup force have been demonstrated in various 

clinical studies, with the use of cephalometry.7,9,10 

These changes are greater and more frequent in the 

condyle, mandibular ramus and body, than in the 

glenoid fossa, and at the cranial base.23 For the bone 

remodeling process to occur, both tensile and com-

pressive stresses need to be present in the affected 

area.12 The results found in the present study con-

firmed this hypothesis, since they showed that these 

stresses were more often present on the inferior sur-

face of the TMJ disc model, which remains in con-

tact with the condyle, in all the performed simula-

tions, and did not change with the shift in direction 

of the tested loads.13 Therefore, as in normal func-

tion,24-27 the TMJ disc absorbs the load and distrib-

Figure 7 - The effect of the inclination of the load applied to the three-dimen-

sional TMJ disc model.

utes the stresses produced by chincup therapy, by 

transferring lower intensity stresses to glenoid fossa 

and cranial base.

The possibility of chincup therapy causing or 

contributing in some way to the appearance of signs 

or symptoms of TMD is a frequent questioning of 

clinicians, due to the addition of extra load in the 

TMJ. When analyzing studies using FEM in func-

tional movements such as mandibular opening and 

closing of a masticatory cycle, the stresses travel 

through the different regions of the TMJ disc, but 

basically the middle region of this structure presents 

compressive stresses,28 and the anterior region, ten-

sile stresses — the latter due to contraction of the 

lateral pterygoid muscle.26 In the present study, the 

tensile stresses were present in the middle-anterior 

region for all the simulations performed; and the 

compressive stresses were located in the middle and 

mid-posterior regions for the simulations at 30 and 

40 degrees. When a load was applied at an angle of 

50 degrees, this stresses was basically concentrated 

in the middle region of the TMJ disc model. There-

fore, the indication of the chincup therapy in man-

dibular prognathism in patients with vertical growth, 

which require a more vertical load direction of the 

device, will present a distribution of stresses in the 

TMJ disc similar to that found in chewing. While 

patients with horizontal growth, who will require 

loads with more horizontal directions, will present a 

higher concentration of the compression stresses in 

the mid-posterior region of the TMJ disc.

The possibility of chincup being a deleterious fac-

tor for TMJ should also be evaluated by the intensity of 

stresses added by chincup therapy. In this study the simu-

lated load in the three-dimensional model was 4.9 N and 

produced the highest tensile and compression stresses in 

the TMJ disc, respectively 0.532 and - 0.479 MPa, when 

a load with 30o of direction was applied. These stresses 

decreased in intensity as the load became more vertical 

(Fig 7). Studies using computerized simulation, which 

evaluated the chewing function, estimated loads up to 

80 N, and found stresses in the three-dimensional mod-

els of the TMJ disc between 1 and -1 MPA.28,29 Thus, a 

properly shaped and well-positioned TMJ disc, as de-

fined in our study, is capable of absorbing the load and 

distributing the stresses produced by the chincup thera-

py, because it is less intense than produced during clew-
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ing, even when a more horizontal load of the appliance 

is indicated. Another positive factor is the time of use of 

the chincup therapy: its installation occurs in childhood, 

when the modulus of elasticity of the TMJ disc is smaller, 

therefore with a greater capacity to absorb loads.27

In the present study, the authors applied a load of 

4,9N on one single TMJ disc model. This was done 

with the intention of evaluating whether a load with 

higher intensity could cause a different stresses distri-

bution to that found in similar studies, and whether 

a simplified three-dimensional model would satis-

factorily meet the requirements of researches involv-

ing computed simulations. The  values of the tensile 

and compressive stresses found in this study were 

higher when compared with similar published stud-

ies15 — demonstrating that the greater the intensity of 

the appliance load, the greater was the intensity of the 

stresses present on the TMJ disc; however, the distri-

bution of stresses in the different regions of the TMJ 

disc showed no significant difference. Therefore the 

direction of load application is the most important 

variable for achieving better balance in stress distri-

bution on the TMJ disc during the chincup therapy; 

thus, it should not be disregarded during the treatment 

of mandibular prognathism. Finally, the simplified 

three-dimensional model used in this study, analyzed 

by FEM, proved to be a useful tool for studying and 

understanding the distribution of stresses present on 

the TMJ disc, and obtained similar results to those of 

other published studies.13 This finding suggests that 

researches with comparative computed simulations 

may use less complex models in their methodology.

In spite of the benefits a study of this type pro-

vides in recognizing the biomechanical effects on 

components of the TMJ, further researches should 

be conducted with the aim of perfecting the con-

struction of three-dimensional models; discovering 

more precisely the mechanical properties of human 

tissues, and validating the results obtained with 

computed simulations.

CONCLUSION

After analyzing the results obtained, it can be 

concluded that:

a) The inferior surface of the TMJ disc model 

presented higher concentration of stresses than the 

superior surface, when it was submitted to the simu-

lations.

b) The middle-anterior region of the TMJ disc 

model presented tensile stresses in all the simula-

tions, and its position did not change in the different 

directions of load application.

c) The middle and mid-posterior regions of the 

TMJ disc model presented compressive stresses; 

however, when the simulated load became more 

vertical to the mandibular plane, these stresses tend-

ed to concentrate in the middle region.

d) The intensity of the compressive and tensile 

stresses present on the TMJ disc model diminished 

as the simulated loads became more vertical to the 

mandibular plane.

Thus, the chincup therapy with a more vertical 

traction on the mandibular plane (GoMe), for treat-

ment of mandibular prognathism, promote on the 

TMJ disc lower intensity of the tensile and compres-

sion stresses.



© 2017 Dental Press Journal of Orthodontics Dental Press J Orthod. 2017 Sept-Oct;22(5):83-989

original articleCalçada FS, Guimarães AS, Teixeira ML, Takamatsu FA

1. Proffit WR, Fields HW, Moray LJ. Prevalence of malocclusion and orthodontic 

treatment need in the United State: estimates from the NHANES III survey. Int J 

Adult Orthodon Orthognath Surg. 1998;13(2):97-106.

2. Miyajima K, McNamara JA Jr, Sana M, Murata S. An estimation of craniofacial 

growth in the untreated Class III female with anterior crossbite. Am J Orthod 

Dentofacial Orthop. 1997 Oct;112(4):425-34.

3. Ko YI, Baek SH, Mah J, Yang WS. Determinants of successful chincup therapy 

in skeletal Class III malocclusion. Am J Orthod Dentofacial Orthop. 2004 

July;126(1):33-41.

4. Sugawara J, Asano T, Endo N, Mitani H. Long term e!ects of chincap therapy 

on skeletal profile in mandibular prognathism. Am J Orthod Dentofacial Orthop. 

1990 Aug;98(2):127-33.

5. Haskell RT, Farman AG. Exploitation of the residual premaxillary-maxillary suture 

site in maxillary protraction. Angle Orthod. 1985 Apr;55(2):108-19.

6. Graber LW. Chin cup therapy for mandibular prognathism. Am J Orthod 

Dentofacial Orthop. 1977 July;72(1):23-41.

7. Ishikawa H, Nakamura S, Kim C, Iwasaki H, Satoh Y, Yoshida S. Individual growth 

in Class III malocclusions and its relationship to the chin-cup e!ects. Am J 

Orthod Dentofacial Orthop. 1998 Sept;114(3):337-46.

8. Joho JP. The e!ects of extraoral low-pull traction to the mandibular dentition of 

Macaca mulatta. Am J Orthod Dentofacial Orthop. 1973 Dec;64(6):555-77.

9. Sakamoto T. E!ective timing for the application of orthopedic force in the 

skeletal Class III malocclusion. Am J Orthod Dentofacial Orthop. 1981;80(4):411-

6.

10. Sugawara J, Asano T, Endo N, Mitami H. Long-term e!ects of chincap therapy 

on skeletal profile in mandibular prognathism. Am J Orthod Dentofacial Orthop. 

1990 Aug;98(2):127-33.

11. Tanne K, Sakuda M, Burstone CJ. Three-dimensional finite element analysis for 

stress in the periodontal tissue by orthodontic forces. Am J Orthod Dentofacial 

Orthop. 1987 Dec;92(6):499-505.

12. Tanne K, Lu YC, Tanaka E, Sakuda M. Biomechanical changes of the mandible 

from orthopedic chin cup force studied in a three-dimensional finite element 

model. Eur J Orthod. 1993 Dec;15(6):527-33.

13. Tanne K, Tanaka E, Sakuda M. Stress distribution in the temporomandibular joint 

produced by orthopedic chincup forces applied in varying directions: a three-

dimensional analytic approach with the finite element method. Am J Orthod 

Dentofacial Orthop. 1996 Nov;110(5): 502-7.

14. Tanaka E, van Eijden T. Biomechanical Behavior of the temporomandibular joint 

disc. Crit Rev Oral Biol Med. 2003;14(2):138-50.

15. Netter FH. Atlas de anatomia humana. 2ª ed. Porto Alegre: Artmed; 2000.

16. Hansson T, Nordström B. Thickness of the soft tissue layers and articular disk 

in temporomandibular joints with deviations in form. Acta Odontol Scand. 

1977;35(6):281-8.

REFERENCES

17. Savoldelli C, Bouchard PO, Loudad R, Baque P, Tillier Y. Stress distribuition 

in the temporo-mandibular joint discs during jaw closing: a high-resolution 

three-dimensional finite-element model analysis. Surg Radiol Anat. 2012 

July;34(5):405-13.

18. Lotti RS, Machado AW, Mazziero ET, Landre J. Aplicabilidade científica do 

método dos elementos finitos. Rev Dent Press Ortod Ortop Facial. 2006 

Abr;11(2):35-43.

19. Beek M, Koolstra JH, van Eijden TM. Human temporomandibular joint disc 

cartilage as a poroelastic material. Clin Biomech. 2003 Jan;18(1):69-76.

20. Spilker RL, Nickel JC, Iwasaki LR. A biphasic finite element model of in vitro 

plowing tests of the temporomandibular joint disc. Ann Biomed Eng. 2009 

June;37(6):1152-64.

21. Nickel J, Spilker R, Iwasaki L, Gonzalez Y, McCall WD, Ohrbach R, et al. Static 

and dynamic mechanics of the TMJ: Plowing forces, join load, and tissue stress. 

Orthod Craniofac Res. 2009 Aug;12(3):159-67. 

22. Mori H, Horiuchi S, Nishimura S, Nikawa H, Murayama T, Ueda K, et al. 

Three-dimensional finite element analysis of cartilaginous tissues in human 

temporomandibular joint during prolonged clenching. Arch Oral Biol. 2010 

Nov;55(11):879-86.

23. Ritucci R, Nanda R. The e!ect of chincup therapy on the growth and 

development of the cranial base and midface. Am J Orthod Dentofacial Orthop. 

1986 Dec;90(6):475-83.

24. Tanaka E, Rodrigo DP, Tanaka M, Kawaguchi A, Shibazaki T, Tanne K. Stress 

analysis in the TMJ during jaw opening by use of a three-dimensional finite 

element model based on magnetic resonance images. Int J Oral Maxillofac Surg. 

2001 Oct;30(5):421-30.

25. Tanaka E, Sasaki A, Tahmina K, Yamaguchi K, Mori Y, Tanne K. Mechanical 

properties of human articular disk and its influence on TMJ loading studied with 

the finite element method. J Oral Rehabil. 2001 Mar; 28(3):273-9.

26. Koolstra JH, Tanaka E. Tensile stress patterns predicted in the articular disc of the 

human temporomandibular joint. J Anat. 2009 Oct;215(4):411-6.

27. Koolstra JH, van Eijden TM. Consequences of viscoelastic behavior in the human 

temporomandibular joint disc. J Dent Res. 2007 Dec;86(12):1198-202.

28. Tanaka E, Tanaka M, Watanabe M, Del Pozo R, Tanne K. Influences of occlusal 

and skeletal discrepancies on biomechanical environment in the TMJ during 

maximum clenching: na anlytic approach with the finite elemento method. J 

Oral Rehabil. 2001 Sept;28(9):888-94.

29. Hu K, Qiguo R, Fang J, Mao JJ. E!ects of condylar fibrocartilage on the 

biomechanical loading of the human temporomandibular joint in a three-

dimensional, nonlinear finite elemento model. Med Eng Phys. 2003 

Mar;25(2):107-13.


