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Abstract
For full-mouth rehabilitation of worn dentition, “diagnostic” interim restorations are
required to reestablish the interocclusal relationship. It is important but challenging to
transfer the interocclusal relationship and to map the basic form and contour of interim
restorations to the final restorations. Alignment of interim restorations and working
casts is difficult when using digital workflows because of a lack of consistent hard
tissue reference points. The digital workflow presented in this study used a “3-point
sectional-cast digital cross-mounting method” to transfer the interocclusal relationship
during full-mouth rehabilitation. An intermediate cast was made with three interim
restorations: one on an incisor and two on molars. The interocclusal relationship and
occlusal morphologies of the diagnostic interim prostheses were transferred and aligned
to working casts using the 3-point sectional casts.
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Rehabilitation of worn dentition is a complex operation that
involves reconstruction of dental morphology and interoc-
clusal relationships based on functional occlusion at the
individual level.1 Interim restorations are used for a few
months to allow jaw adaptation in terms of position and
movement. Final restorations are then fabricated based on the
interim restorations.2,3 Interim restorations can reestablish
the occlusal vertical dimension (OVD) and centric relation.
Eccentric movement can be recorded on the occlusal surfaces
of interim restorations because the interim resin material has
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low hardness and is subjected to wear. The occlusal mor-
phologies of the interim restorations after a period of use are
replicated in the final prostheses to ensure accurate transfer
of the OVD, as well as centric and eccentric occlusion.

The interocclusal relationship is generally transferred from
interim to final restorations by cross-mounting on articula-
tors, which is a complicated and time-consuming process
requiring a skilled operator.4–6 Digital workflows are widely
used for registering natural teeth or provisional restorations
on working casts 7,8 and for replicating planned morpholo-
gies in final restorations for partial arch restoration. However,
digital workflows are difficult to use in cases of full-mouth
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F I G U R E 1 Clinical findings at presentation. (a) Extraoral view at rest. (b) Intraoral view of the intercuspal position. (c) Maxillary occlusal view. (d)
Mandibular occlusal view

F I G U R E 2 Clinical view of the “diagnostic” interim restorations. (a) Extraoral view at rest. (b) Extraoral view of the smile. (c) Intraoral view of the
intercuspal position

rehabilitation, which involve the preparation of all abutment
teeth and lack consistent hard tissue reference points between
provisional restorations and working casts.9 Soft tissue areas
of interim restoration and working casts have been used
for registration,10 but they lack features that could guide
intraoral scanning; this leads to splicing errors. Additionally,
soft tissues may be deformed during traditional impressions,
resulting in errors during registration.11

The present technique describes a digital workflow using
a “3-point sectional-cast digital cross-mounting method”
for full-mouth rehabilitation cases. Intermediate casts were
made, and three interim restorations were placed: one on an
incisor and two on bilateral molars. The remaining teeth were
also prepared for registration. Registration of provisional
prostheses using the 3-point segmental and working casts
allowed unification of their coordinate systems. The mor-
phologies and occlusal forms of interim restorations could
then be transferred to the final prostheses, to ensure accurate
esthetic and functional replication.

TECHNIQUE

A digital workflow was applied in the treatment of a 52-year-
old female patient with severely worn dentition. The patient
complained of short teeth, masticatory weakness, an aged
appearance, and a lack of tooth display when smiling. She
had no discomfort in the temporomandibular joints or mas-
ticatory muscles. The following procedures can be used to
carry out the present method.

1. Perform clinical examination and acquire diagnostic
imaging. In this case, the clinical examination revealed
that no maxillary central incisors were exposed at rest
(Figure 1a). The occlusion was stable (Figure 1b) and the
dentition was worn down to the dentin layer (Figure 1c,d).

2. Fabricate the diagnostic interim restoration. After thor-
ough esthetic analysis, facebow record, and occlusal
design, provide the patient with an occlusal splint at the
appropriate OVD, followed by mock-up and diagnostic
interim restorations (Luxatemp Star; DMG Chemisch-
Pharmazeutische Fabrik GmbH, Hamburg, Germany).
The resting maxillary central incisor exposure was 2 mm,
and the occlusal relationship was stable and coordinated
(Figure 2).

3. Fabricate three groups of digital maxillary and mandibular
casts. The first group was the interim restoration dentition
when all interim restorations were in place with a stable
interocclusal relationship (Figure 3a,b). The second group
was the 3-point segmental casts of the mixed dentition
consisting of tooth preparations and three sets (one on an
incisor and two on bilateral molars) of interim restorations
(Figure 3c,d). The third group was complete-arch tooth
preparations without interim restorations (Figure 3e,f).
Make analog impressions (Impregum; 3M ESPE AG,
Seefeld, Germany) first and scan them to achieve dig-
ital casts using a laboratory scanner (D2000; 3Shape,
Copenhagen, Denmark).

4. Transfer the interocclusal relationship. Save the digital
cast data in standard tessellation language format and
transfer them into 3D reverse engineering software (Geo-
magic Studio 2014; 3D Systems, Rock Hill, SC, USA) for
registration. Align the interim restoration casts with the 3-
point segmental casts based on the three common areas
(Figure 4), and align the working cast with the 3-point
segmental cast in a similar manner (Figure 5). Register
the interocclusal relationship of the interim restoration
casts to the maxillary and mandibular working casts
(Figure 6).

5. Design and manufacture the final restorations. Copy the
interim restoration morphologies to the final restorations
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F I G U R E 3 Intraoral photos and digital casts of the provisional restoration, 3-point segmental dentition, and prepared teeth. (a) Maxillary interim
restoration. (b) Mandibular interim restoration. (c) Maxillary 3-point segmental dentition. (d) Mandibular 3-point segmental dentition. (e) Maxillary prepared
teeth. (f) Mandibular prepared teeth. (1) Intraoral photos. (2) Digital casts used for registration

F I G U R E 4 Registration of the maxillary interim restoration and 3-point segmental casts. (a) Common areas on the interim restoration cast. (b)
Common areas on the 3-point segmental cast. (c) Images from (a) and (b) were superimposed to complete the registration

F I G U R E 5 Registration of the maxillary working and 3-point segmental casts. (a) Common areas on the 3-point segmental cast. (b) Common areas on
the working cast. (c) Images from (a) and (b) were superimposed to complete the registration

in a computer-aided design and computer-aided manu-
facturing (CAD–CAM) system (exocad; exocad GmbH,
Darmstadt, Germany) (Figure 7), followed by labial
surface reduction of the four maxillary incisors. Mill
monolithic disilicate glass-ceramic CAD–CAM crowns
(LTVA1; Upcera, Shenzhen, China) and add feldspathic
porcelain to the labial surfaces of the maxillary incisors.

6. Prepare the final restoration. Finish the final restorations
after try-in and minor occlusal adjustments, and cement
them using resin cement (PANAVIA V5; Kuraray Co.,
Ltd., Tokyo, Japan). In this case, satisfactory esthetic

appearance with 2-mm increased max anterior tooth
display, stable occlusion, and appropriate occlusal mor-
phology were seen at the 3-month follow-up (Figure 8).

DISCUSSION

In cases of full-mouth rehabilitation, it may be necessary to
modify interim restorations several times to achieve satisfac-
tory occlusal and esthetic outcomes.12 Interim restorations
establish centric occlusion and the OVD. Accurate transfer



276 LIU ET AL.

F I G U R E 6 Registration of the working casts to the interim restorations cast. (a) Maxillary dentition. (b) Mandibular dentition. (c) Maxillary and
mandibular dentition with interocclusal relationship

F I G U R E 7 Transfer of morphologies and the occlusal relationship of interim restorations to the final restorations. (a) Maxillary restorations. (b)
Mandibular restorations. (c) Labial surface reduction of the four maxillary incisors

F I G U R E 8 Clinical findings at the 3-month follow-up. (a) Extraoral view at rest. (b) Intraoral view in the intercuspal position. (c) Maxillary occlusal
view. (d) Mandibular occlusal view

of the interim interocclusal relationship and tooth mor-
phologies to the final restorations is the key to successful
full-mouth rehabilitation. The present 3-point sectional-cast
digital method introduced a new approach for cast registration
in full-mouth rehabilitation.

Accurate digital impressions are important for a suc-
cessful outcome. Digital impressions include direct and
indirect scans, also known as intraoral and extraoral scans,
respectively. Direct scanning is performed intraorally to
obtain digital models of soft and hard tissues,13 whereas
indirect scanning is performed for traditional impressions
or plaster models using laboratory scanners.14 Advances
in scanners and impression materials have increased the
use of indirect impression scanning,15 which obviates the
need for plaster model pouring and thus saves time.16 We
previously compared the accuracy of digital impressions
based on intraoral, impression, and cast scanning and
demonstrated that the accuracy was highest with impres-
sion scans. Therefore, in the present study, high-precision
digital impressions were recorded using a laboratory
scanner.

Accurate transfer of the interocclusal relationship of
diagnostic interim restorations is crucial but challenging. In
analog workflows, interim restorations are usually partially
jaw-retained to support the occlusal relationship. However,

the occlusion and mandibular positions may change due
to partial loss of support, which may lead to discrepancies
between the interim and final restorations. Previous studies
reported digital methods to determine the interocclusal rela-
tionship by scanning invariant soft or hard tissues of both
arches.7,8 With the present method, tooth morphologies and
the interocclusal relationship are recorded with all interim
restorations in place; therefore, the interocclusal relationship
remains stable. Multiple occlusal records are not required
during the preparation of 3-point segmental and working
casts, which saves time. Furthermore, the interim restorations
for 3-point segmental casts are distributed in a triangle shape
and are separated by the greatest distances possible to prevent
rotation errors. As the occlusal morphologies were copied
from interim restorations to final restorations in the same
coordinate system, the interocclusal relationship would be
transferred accordingly.

The success of the technique described herein depends
on several factors. First, the interim restorations should be
divided into sections during fabrication, to dissociate the “3-
point restorations” from other sites and allow easy prosthesis
removal during transfer. Second, convex features, such as
cusps and point angles, are preferable for alignment because
the depth of impression material penetration into grooves
may vary; concave features such as pits, fossas, and grooves
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should be avoided. Third, areas above the cervical margins of
provisional restorations and marginal edges of preparations
should guide registration.

In the present study, a 3-point sectional-cast digital cross-
mounting method was used to transfer the morphologies and
interocclusal relationship of the diagnostic interim restora-
tions to the final restorations. This may improve dental
efficiency and reduce the time required for occlusion adjust-
ments. However, a degree of proficiency in the use of reverse
engineering software is needed. Further research is required
to evaluate the accuracy of our digital CAD workflow and
minimize technical difficulties.

SUMMARY

This study used a digital workflow and a 3-point sectional-
cast digital cross-mounting method to transfer the interoc-
clusal relationship for full-mouth rehabilitation in a case of
worn dentition. More comprehensive pros and cons should
be confirmed through further clinical investigations.
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