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Evaluation of Mandibular Position 
for Splint Therapy Using a  
Virtual Articulator

bersome. Today’s digital technology offers an alter-
native approach.9-12 This article introduces a novel 
method of evaluating mandibular position before 
and after splint therapy with a virtual articulator, 
using a single cone-beam computed tomography 
(CBCT) image and successive intraoral scans.

Case Report
A 22-year-old female presented with the 

chief complaint of anterior protrusion. She had a 
skeletal Class II malocclusion with a hyperdiver-
gent pattern, a convex profile, and multiple resto-
rations. The lower left second and third molars 
were tilted mesially because of a missing lower 
left first molar. Bilateral condylar resorption was 
observed, and the left condylar cortical layer was 
thinned. A bilateral click of the TMJ was detected 
on opening and closing, and bilateral joint pain 

If the occlusion and TMJ are unstable, some 
kind of splint therapy will be necessary before a 
diagnosis can be made. Previous studies have re-
ported that a stabilization splint is more effective 
than a biteplane splint or anterior-positioning 
splint.3,4 A stabilizing splint causes fibroses of the 
TMJ retrodiscal tissue, forming a “pseudodisc” 
that allows the condyle to be positioned stably and 
function reliably, thus improving most of the pa-
tient’s related symptoms.5 The condyle will then 
be located in the uppermost position within the 
articular fossa, with the pseudodisc interposed in 
the upper part. Once the TMJ and condyle are 
functionally stable, the clinician can evaluate the 
patient’s proper TMJ position, make a diagnosis, 
and develop a treatment plan.6-8

The traditional analog articulator and facebow 
transfer used to confirm stability of the condyle 
during splint therapy can be complicated and cum-

To perform an accurate evaluation of occlusion, the clinician must guide 
the mandible into a correct position relative to the condyle.1,2 If there is 
an occlusal discrepancy between maximum intercuspation and the cen-

tric position of the condyle, the condylar position must first be assessed.1
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Fig. 1 Digital intraoral scans. A. Maximal intercuspal position (MIP). B. Centric-related occlusion (CRO).

was reported with palpation in the lateral and pos-
terior aspects of each TMJ. The patient could open 
her mouth 31mm without pain and 37mm with a 
forced opening. Because of the discrepancy be-
tween centric-related occlusion (CRO) and maxi-
mum intercuspal position (MIP) and the unstable 
occlusion, the mandibular position had to be sta-
bilized with a splint before a proper jaw position 
could be determined and an orthodontic treatment 
plan established.

A TRIOS* digital scanner was used to take 
intraoral scans of both arches in MIP and CRO 
(Fig. 1). For the CRO scan, the mandible was po-
sitioned in a musculoskeletally stable position 
using bilateral manual manipulation and a wax 
bite registration.** The intraoral scan data were 

*Registered trademark of 3Shape, Copenhagen, Denmark;  
www.3shape.com.
**Almorewax, Almore International Inc., Beaverton, OR; www.
almore.com.
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imported into the OrthoAnalyzer*** software 
program and reprocessed as a stereolithographic 
(STL) file.

A CBCT scanner† was set at 80kV and 5mA, 
with a voxel size of .39mm × .39mm × .39mm and 
a 200mm × 179mm field of view. The digital im-
aging and communication in medicine (DICOM) 
file obtained from the CBCT and model scan data 
were imported into the software program 
R2GATE,‡ version 2.0.0.

The maxillary model was registered on the 
CBCT scan in R2GATE. All anterior teeth and 
both second molars were included when the region 
of interest was selected, using the manual adjust-
ment scale bar. The initial registration was per-
formed by selecting three corresponding points on 
each model and the CBCT image; automatic fine 
registration was used to finish the process. The 

maxillary teeth in the CBCT scan were replaced 
with the maxillary teeth of the model scan data. 
Using the virtual facebow transfer function, a vir-
tual articulator was imported and adjusted to the 
right and left condyle medial poles and right orbit-
ale (Fig. 2). These data were exported and saved 
in an STL file format.

The mandibular position was evaluated by 
superimposing the STL file in both CRO and MIP. 
A quantitative measurement of the CRO-MIP dis-
crepancy was obtained using the grid function 
(Fig. 3).

Fig. 2 Cone-beam computed tomography data imported into R2GATE‡ program and merged with intraoral scan 
data. Virtual articulator imported and adjusted to right and left condyle medial poles and right orbitale.

***Trademark of 3Shape, Copenhagen, Denmark; www.3shape.
com.
†Alphard Vega, Asahiroentgen, Kyoto, Japan; www.asahi-xray.co.jp/
global.
‡Trademark of MegaGEN Implant Co., Ltd., Seoul, Korea; www.
r2gate.com.
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tional activity that often accompanies periods of 
stress.16-19 When a patient presents with TMD re-
lated to muscle hyperactivity—such as bruxism—a 
stabilization appliance will help minimize the forc-
es that can damage tissues, thus allowing more 
efficient healing.20,21 While the stabilization splint 
is worn, however, the protective co-contraction 
disappears and the position of the condyle changes, 
resulting in a change in occlusion. Therefore, the 
clinician should periodically adjust the splint to 
maintain an ideal functional occlusion. In addition, 
the positional changes of the condyle should be 
recorded at each visit using a device such as a man-
dibular position indicator. Once the position of the 
condyle has been kept constant for three months, 
the condyle can be considered stabilized.3,13

The patient wore the splint for six months—
the recommended period of stabilization before 
diagnosis and treatment planning.13 During this 
time, only intraoral scans (no further CBCT scans) 
were taken at each visit, and the virtual mounting 
process was repeated to confirm that the condyle 
was stable (Fig. 4). Cephalometric analysis showed 
that the mandible was rotated in a clockwise di-
rection and the condyle was positioned in an up-
ward direction compared with their initial posi-
tions (Fig. 5).

Discussion
A stabilization appliance can be used to treat 

muscle pain disorders14,15 by reducing the parafunc-

Fig. 3 Mandibular position in MIP (gray) and CRO (red). CRO-MIP discrepancy measured on grid.
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Our digital method allows sequential man-
dibular positions to be evaluated based on super-
impositions of the initial CBCT data and the 
intraoral scans taken at each visit (Fig. 6). This 
technique reduces chairtime and avoids compli-
cated and costly laboratory work during splint 
therapy.

For bite scanning, the digital scanner man-
ufacturer recommends taking only partial scans 
of the premolar and molar areas. In CRO registra-
tion, however, unlike MIP, the upper and lower 
posterior teeth do not contact each other, poten-
tially causing errors in the algorithm for stitching 
bite scans onto the maxillary and mandibular 
scans.22 Therefore, an additional adjustment is 
needed for accurate CRO registration. In this case, 

Fig. 4 Change in condylar position during splint stabilization treatment. Quantitative measurement of mandibular 
positional changes in MIP (pink) and CRO (green) and after stabilization (purple).

Fig. 5 Superimposition of pretreatment (black) and 
post-stabilization (red) cephalometric tracings after 
six months of splint stabilization.
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