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Adaptive Bone Remodeling around Artificial Temporomandibular
Joint Prosthesis
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Abstract

The temporomandibular joint (TMJ) is an
important joint of the human skeleton. Some patients
with serious osteoarthristis, rheumatoid arthritis,
psoriatic arthritis and ankylosis might be good
candidates for the receiving a TMJ prosthesis. Most
of the previous papers related to the TMJ have been
clinical and case reports. The studies related to the
biomechanical analysis of the artificial TMJ
replacement and mandibular bone still rare. The
objectives of this study were to: (1) evaluate the
effect of different occlusal modes [incisal clench
(INC), intercuspal position (ICP), right unilateral
molar clench (RMOL), left unilateral molar clench
(LMOL), right group function (RGF), and left group
function (LGF)] on the TMJ prosthesis and the host
mandibular bone using finite element (FE)
simulation. (2) Bone remodeling theories based on
three different indexes (effective stress, von Mises
equivalent strain, and strain energy density) were
employed combining with FE method to perform 50
remodeling iteration stages. From the FE simulation
results: (1) the artificial implants (TMJ prosthesis
and screws) can bear all occlusal modes without
failure. The ICP and RMOL modes produced the
highest von Mises stress on the cortical bone and
cancellous bone. (2) The effective stress and von
Mises equivalent strain not suitable indexes for
evaluating bone remodeling due to the unreasonable
bone density occurred after single or several
iterations. Based on the index of strain energy
density, after 50 times bone remodeling iteration, the
bone density of cortical bone and cancellous bone
reduced to 1.328 g/cm® and 0.75 g/cm® from 1.508
glem® and 0.750 g/cm®, respectively. To conclude,
the stress and strain distribution of TMJ prosthesis
and host bone significantly affected by the occusal
mode. The bone density reduction of cancellous
bone much larger than cortical bone based on the
bone remodeling simulation.

Keywords: Artificial temporomandibular joint
prosthesis; biomehcanics; bone remodeling; finite
element simulation
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