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Patient-specific Implant for Temporomandibular Joint
Replacement in Juvenile Arthritis and Facial Asymmetry
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The aim of this report is to present a patient with juvenile arthritis, condylar resorption, and residual facial asymmetry treated with orthognathic
surgery and unilateral joint replacement with a full three-dimensional computer-aided design and computer-aided manufacture (CAD-CAM)
temporomandibular joint (TMJ) prosthesis, including an increase in the left ramus and mandibular angle to achieve facial symmetry. The
patient, a 30-year-old male, came to our department for orthosurgical treatment. The patient had been receiving treatment for juvenile arthritis
for 15 years; at facial level, he had a chin deviation of 12 mm from the facial midline, maxillary retrusion, and Angle Class III. The computed
tomography revealed a reduced height of the left condyle and a significant difference in the morphology of the mandibular ramus and angle.
Using CAD-CAM technology and additive manufacturing, a TMJ prosthesis was produced, through the use of the mirror image, orthognathic
surgery was realized using the right side as “esthetic side” with suitable shape and angulation. The prosthesis was created, and this was taken
to the surgery. The surgery was performed without problems, a mouth opening of 35 mm and absence of pain were noted after 12 months of
follow-up. The surgery remained stable, and facial symmetry was restored. In conclusion, it is viable to develop a TMJ prosthesis by CAD-CAM
that includes esthetic modifications to the face; prospective and clinical studies must be conducted to confirm protocols.

Level of Evidence: V.
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of joint disease;P! however, esthetic restoration of the
face together with the functional restoration of the TMJ
has not been fully evaluated in these devices. Thus, many
cases of advanced degenerative alterations of the TMJ
also present an alteration of the mandibular shape, and the
resulting loss of facial symmetry associated with rotations
of the mandibular angle or maxillomandibular morphologic

INTRODUCTION

Replacement of the temporomandibular joint (TMJ) has
increased in its indication in relation to good results in
the long-term stability and functional conditions;!" also,
manufacturing design and strategies to build the TMJ
prosthesis have evolved favorably.”

Customized TMJ implants have important advantages,
such as an immediate adaptation to the receptor site,
no need to adapt anatomical structures, and reduced
surgical time.* Customized design and production of TMJ
prosthesis can be realized using biomodels by manual and
computational approach, while another technique uses
computer-aided design and computer-aided manufacture
(CAD-CAM) from a three-dimensional (3D) model
(computed tomography [CT]).

Customized TMJ prostheses have demonstrated that they
can improve the function of patients with varying levels
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changes;!®”! in some of these cases, the implementation of a
joint replacement with a design that recovers facial esthetics
could optimize the results.
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The aim of this article is to present a case where the joint
replacement was done with orthognathic surgery to improve
function and return facial symmetry.

Case Report

The patient, a 30-year-old male, came to the oral, facial,
and maxillofacial surgery clinic (Chile) complaining of
malocclusion and pain in the area of the bilateral TMJ. The
patient had been receiving treatment for juvenile arthritis for
the past 15 years.

In consultation, the patient had significant facial asymmetry,
with a chin deviation of 12 mm from the midline, associated
with pain on palpation and restricted mouth opening [Figure 1];
initially, the treatment was conservative with local techniques,
physiotherapy, and oral splint with poor results. The
facial analysis also reported maxillary and mandibular
retrusion. At the dental level, not only Class III occlusion and
maxillomandibular but also maxilla-mandibular asymmetry
was observed.

In the study with CT [Figure 2], a difference was noted in
the morphology of the mandibular region, particularly at the
level of the mandibular angle, where the right angle-ramus
complex was convex and continuous with the mandibular
shape, whereas the left angle-ramus complex presented an
area of extensive concavity. The image also revealed advanced

Figure 1: (a) Lateral view showing short mandibular length and bad
proportion in soft tissue in the mandibular area. (b) Three-fourth view with
inadequately relation in the chin position and zygoma position. (c) Facial
asymmetry, chin deviation 12 mm to the left

Figure 3: (a) Planning of the bimaxillary orthognathic surgery together
with the design of the left temporomandibular joint prosthesis.
(b) Constructed prosthesis maintaining the posterior mandibular contour in
the internal area of the prosthesis. (c) Fit of the prosthesis in posterior area
of mandibular ramus, maintaining contour and shape of the mandibular
ramus and angle

left mandibular condylar resorption and differences in the
morphology of the mandibular fossa.

Bimaxillary orthognathic surgery was proposed together with
the replacement of the left TMJ. The case was planned out
on software with the responsible engineer (V.B.) [Figure 3].
The surgical treatment consisted of surgery starting at the
mandible, performing a sagittal osteotomy of the mandibular
ramus on the right side with a regression of 2.2 mm, and joint
replacement of the TMJ on the left side where advancement of
9 mm was estimated, incorporating a condilectomy (with no
coronoidectomy), and the augmentation of the lateral volume
of the mandibular angle and the height of the gonion position
based on the mirror image on the right side. Nonsegmental Le
FortI osteotomy was realized, making a maxillary advancement
of 6 mm, ascent of 1.95 mm at the level of the right molar, and
descent of 1.79 mm at the level of the left molar; genioplasty
was performed with an advancement of 2 mm and lateral
repositioning of 5 mm to achieve facial symmetry.

Prosthesis design and production

Once the maxillomandibular osteotomies had been done
virtually, the mandibular component that includes the condylar
area and the area of mandibular angle substitution was designed;
the design includes the eight fixation points with screws (2.0
system, ANVISA record no. 10360930043, Brazil) prepared
with a titanium alloy (6AI-4V ASTM 136) for the ramus-body
unit. The condylar unit is pressed with a chromium—cobalt—
molybdenum alloy (ASTM F1537) (Atfix®, Paran, Brazil).

Figure 2: (a) Presurgical frontal view related to skeletal condition.
(b and c) Show great deviation in the normal position of the mandible
with a complex position in the mandibular angle

=] C . s
Figure 4: (a) Lateral view observing better position in the mandible length
and good relation between the mandible and neck. (b) Chin position in
relation with zygoma area and (c) Frontal view showing a correct position
in the midline with symmetry between the left and right side mandible
contour
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Figure 5: (a) Facial condition after 12 months, observing total facial
symmetry and positioning of midline of the chin. (b and ¢) Showing
stability of installed prosthesis, with no alterations of position or loss of
screws in the area

The cranial component was designed and made in ultra-high-
molecular-weight polyethylene (UHMWPE ASTM F648) and
titanium alloy 6AI-4V ASTM F 136, integrating four holes for
titanium screws of 10 mm length (2.0 system).

The patient follow-up for 12 months showed total stability
of the surgery [Figure 4], maintaining the prosthetic system
without complications; recovery of the facial symmetry was
achieved and is maintained with a mouth opening >35 mm,
and no pain is present [Figure 5]. Dental occlusion was
stable, and normal midline was observed [Figure 6] with no
complications.

Discussion

The volume increase based on facial implants are frequently
applied for esthetic modifications to the face;® the use of 3D
systems together with CAD-CAM technology for the creation
of facial implants is relatively new and offers advantages such
as a precise fit in the installation, reduction of intraoperative
bone modeling, reduced surgery time, and a better assessment
of the treatment by the patient;? disadvantages have been
observed in increased preoperative time and higher associated
economic costs; in terms of complications, the most important
related to the mandibular region are associated with the
potential exposure of the implant and infection, which are
mainly related to the intraoral access!'” and no with the
extraoral approach, as we used in this case.

Materials based on polymethyl methacrylate, polyethylene,
silicone, and polyether ether ketone (PEEK) have been
used to increase facial volume, with their construction
varying from those that need some manual work to those
manufactured completely by virtual systems. In this sense,
PEEK and titanium have been used in completely virtual
constructions,*!) demonstrating precision in the planning
stage and the surgery stage, being friendly for installation and
good postoperative stability.

In cases of facial asymmetry, like that in our patient, achieving
a mirror image helps improve the design and manufacture
of the implant. Although there is evidence of mandibular
morphology and ideal mandibular angle formats in men,!?

Figure 6: Dental condition and occlusion evolution from the (a) first
condition in the initial stage, (b) presurgical dental relation with midline
deviation of approximately 5 mm and left crossbite and (c) Stable
occlusion, maintaining canine guide and sagittal relation

recovery of facial and mandibular angle symmetry was the
main esthetic objective in this patient, where the mirror image
may be the best alternative.

It is necessary to consider that in patients with rheumatoid
arthritis, at least one joint has been replaced in 25% of the
patients.!¥ In the case of the TMJ, strategies with no use of
TMI prosthesis can present favorable functional results in some
degenerative diseases;!'"¥ however, structural modifications
that allow esthetic and functional improvement can only be
achieved with customized structures, so that the facial esthetic
variable must be considered in the comparative analyses.
Dimitroulis!” indicated that patients in category 5 (TMJ end
stage) and when it is necessary to maintain facial symmetry
in the lower third and to preserve occlusion, the TMJ must be
reconstructed where the TMJ prosthesis is a suitable option.

The method selected for this patients included orthognathic surgery
and unilateral TMJ replacement. Stoor et al.'> reported 12 patients
with juvenile idiopathic arthritis treated with orthognathic surgery,
including three patients treated with osteogenic distraction for
vertical assessment in the mandible ramus and four patients treated
with TMJ replacement with prosthetic device. They concluded
that orthognathic surgery plus TMJ replacement in adults is a
reliable and safe alternative. In the same line, Chigurupati and
Mehral" showed that in cases of condylar resorption, the most
published studies have demonstrated less than ideal outcomes;
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in agreement with Chigurupati and Mehra,'%! the selection of
orthognathic surgery and alloplastic TMJ reconstruction in the
same surgical time has been related to (1) eliminates the morbidity
of a second surgical time and relapse of orthognathic surgery,
(2) the absent of postsurgical remodeling, and (3) the stability in
a long-term follow-up.

New strategies to build a customized TMJ prostheses are constantly
analyzed," although Zou et al.,» when comparing different types
of TMJ prostheses, found no differences in maximum interincisal
opening or pain reduction or function levels. The stock prosthesis
worked similarly to the customized ones, but the esthetics was not
assessed. In the present case, the customization of the prosthesis
made it possible to improve the characteristics of facial symmetry
and to optimize the final esthetic result, confirming the versatility
to improve the joint function and the esthetics of the face.

In terms of stability of customized TMJ prostheses, O’Connor
et al® reported 26 patients who underwent a joint replacement
with a diagnosis of rheumatoid arthritis, psoriatic arthritis, or
ankylosing spondylitis with an average age of 40 years, a significant
improvement was determined in all the aspects evaluated with the
use of customized prostheses after 1 year of follow-up. Gruber
et al."™ conducted a study with 3 and 5 years of follow-up,
describing improvements in all the values associated with pain,
mouth opening, and diet; a limited number of complications
were noted, where revision surgery was applied in only 2 of the
58 patients. Similarly, in a report with 20 years of follow-up of
patients treated with customized prostheses, Wolford et al.*! also
concluded high success rates in the treatments performed.

The idea of rebuilding the TMJ in function and improving
the facial esthetic has been addressed superficially in the
literature; however, the current technology for manufacturing
a TMJ prosthesis using CAD-CAM to recover function makes
it possible to integrate the esthetic recovery of face, mainly in
patients under complex TMJ disease.

Finally, we can conclude that it is possible to work with full
CAD-CAM TMI prosthesis, including parameters of functional
and esthetic improvement in its initial design in patients with
end-stage TMJ disease.
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