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1. Introduction

The double crown is an attachment composed of a primary 
crown cemented to the abutment teeth and secondary crowns inte-
grated within a removable prosthesis. The main advantage of double 
crowns is that they can transfer occlusal forces along the long axis of 
the abutment tooth [1]. Oral hygiene for the abutment teeth is easy 
to perform [2], and repairs and adjustments can be easily performed 
if one of the abutment teeth requires extraction [3]. Skilled dental 
technicians typically cast primary and secondary crowns from gold 
or cobalt-chromium (Co-Cr) alloys [4], which are well suited for the 
double-crown technique because of their precise fitting, high me-
chanical strength, resistance to corrosion, high elastic modulus, and 
biocompatibility. The Co-Cr alloy also has a lower density, and there-
fore a lower weight, than gold alloy [5]. For these reasons, as well as 
its lower cost, Co-Cr alloy has become increasingly popular. Comput-
er-aided design/computer-aided manufacturing (CAD/CAM) is being 
increasingly used to mill double crowns from a homogenous disk [6]. 

In addition, intraoral scanners (IOSs) have demonstrated sufficient 
accuracy in capturing impressions for the fabrication of prosthetic 
restorations, and remarkable innovations have been made in digi-
tal dentistry [7]. However, clinical reports on the use of IOSs for the 
fabrication of double-crown-retained removable dental prostheses 
are lacking [8-10]. Therefore, the aim of this clinical report was to de-
scribe a technique to fabricate a double-crown-retained removable 
dental prosthesis with the use of an IOS and CAD/CAM technology.

2. Outline of the case

A 68-year-old female patient presented at the Department of 
Prosthodontics of Suidoubashi Hospital at Tokyo Dental College with 
complaints of missing maxillary right first and left second premolars. 
She was also congenitally missing both maxillary lateral incisors. For 
treatment, a temporary partial fixed dental prosthesis was attached 
from the right canine to the right second premolar (Fig. 1). The pa-
tient had many endodontically treated maxillary teeth, and the max-
illary left central incisor was the only vital tooth with mobility. The 
periodontal pocket around this tooth was maximum 4 mm deep, but 
the depth was 3 mm or less around other teeth, and no mobility of 
the remaining teeth was recorded. In addition, due to the anterior 
crossbite of the right side, a gingival margin discrepancy between 
the maxillary right and left central incisors was apparent (Fig. 2), but 
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the patient did not want orthodontic treatment for the malocclusion 
on the right side.

To improve the esthetics of the maxillary anterior teeth, surgical 
crown lengthening was planned. To reduce the dental mobility be-
fore surgery, cross-arch splinting (#15 to #26) with provisional resto-
ration was performed after preparing the abutment maxillary teeth 
with autopolymerizing acrylic resin (UNIFAST; GC, Tokyo, Japan). Af-
ter the completion of basic periodontal treatment, surgery was con-
ducted to improve the gingival margin.

Root canal-treated teeth tend to become brittle and therefore 
increasingly prone to fractures [11,12]; therefore, after tooth extrac-
tion, a double-crown-retained removable dental prosthesis with 
ease of repair was suggested. As a result, CAD/CAM technology was 
applied to plan treatment with a double-crown-retained removable 
dental prosthesis; the patient consented to this treatment option.

All abutment teeth were prepared with a minimum 2 mm oc-
clusal reduction and 6 degrees convergence angle with a deep-
chamfer finish line at 0.5 mm below the gingival margin. After defini-
tive preparation of the abutment teeth, the shape of the provisional 
restoration was adjusted to match the definitive prosthesis. An IOS 
(Trios3; 3Shape, Copenhagen, Denmark) was used to obtain digi-
tal scans of the provisional restoration, occlusion, antagonist arch, 
and prepared surface of the abutment teeth (Fig. 3). Dental design 

software (CARES Visual 2020, Straumann AG, Basel, Switzerland) was 
then used to design the primary crowns with a convergence angle of 
2 degrees (Fig. 4). Next, the data were sent to a milling center (CARES 
Solution Center, Tokyo, Japan), where the primary crowns were 
milled from a Co-Cr disc (coron: Straumann AG, Basel Switzerland) 
before being fitted to a three-dimensional printed dental cast and 
then ground and polished using a parallel milling machine (Fraesger-
aet-F1; Degussa, Frankfurt, Germany). Subsequently, a silicone-based 
fitting check material (Fit Checker Advanced; GC) and a sharp dental 
explorer were used to evaluate the crowns for proper marginal and 
internal fit. A small quantity of interim cement (HY-Bond Temporary 
Cement Hard; Shofu, Kyoto Japan) was used to fix the primary crowns 
to the abutment teeth, after which the surfaces of the crowns were 
coated with scan spray (CEREC Optispray; Sirona Dental Systems 
GmbH, Bensheim, Germany). The homogeneity of the coating and 
the minimum thickness without metallic reflection on the primary 
crown were visually checked. Next, an IOS was used to make a pick-
up impression of the primary crowns (Fig. 5). The same dental design 
software was used to design the secondary crowns as a unit with a 
metal occlusal surface. To provide space for resin veneering, cutback 
was then performed on the labial surface. The data were resent to 
the milling center after all crowns had been joined (Fig. 6), and the 
secondary crowns were milled from the same material as that used 
for the primary crowns. After adjusting the intaglio surface of the 
secondary crowns, the primary crown could be removed with a re-
tentive force of approximately 8–10 N (Fig. 7). Next, both the intra-
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Fig. 1. Frontal view before prosthodontic treatment.

Fig. 2. X-ray images obtained at initial examination.

Fig. 3. Intraoral scan of maxilla after preparation.

Fig. 4. Digital wax-up of primary crown.



oral fit of the secondary crowns, as well as the occlusal relationship, 
were checked in the mouth. Subsequently, the secondary crowns 
were coated tribochemically using a silica-coating system (Rocatec 
System; 3M ESPE, Seefeld, Germany), silanated (ESPE Sil; 3M ESPE), 
and finally veneered with composite resin (Twiny; YAMAKIN, Tokyo, 
Japan) (Fig. 8a, b).

The primary crowns were definitively cemented (FUJI LUTING 
EX; GC), and the prosthesis was inserted, with appropriate adjust-
ments. Follow-up appointments were scheduled for 1 day, 1 week, 
and 1 and 6 months after delivery of the double-crown-retained 
removable dental prosthesis. After delivery, the patient expressed 
satisfaction with the functionality, esthetics, and fit of the prosthetic 
(Fig. 9a, b).

3. Discussion

In this report, we described the fabrication of a double-crown-
retained removable dental prosthesis with an IOS and CAD/CAM 
technology. In this clinical situation, the anterior to posterior dental 
arch of the maxilla, in which the arch length was reduced because 
of a congenital missing tooth, was treated with a prosthesis. It has 
previously been reported that IOSs can be used as a replacement for 
conventional impressions to restore as many as 10 prosthesis units 
[13]. However, the deviations of the IOS have also been reported to 
be larger in the posterior than in the anterior area [14]. Furthermore, 

errors introduced during stitching are more common in the man-
dibular compared with those in the maxillary arch [15]. Therefore, to 
ensure that no incompatibilities due to the above-mentioned causes 
had occurred, sufficient confirmation was made at the time of trial 
fitting.

In this case, primary crowns made of Co-Cr alloy were designed 
with a convergence angle of 2 degrees. Typically, the angle is set at 
6 degrees for type-4 gold alloys, but in the present study, 2 degrees 
was chosen for material frictional coefficient [16]. The surface of the 
primary crowns was coated with scan spray when the pick-up im-
pression was being made using the IOS, because mirror-polished 
primary crowns are reflective during scanning, which can distort the 
captured image (Fig. 10a, b). However, if the scan spray covering the 
abutment teeth is too thick, the retention of the double crown is re-
duced. In the case of an ill-fitting secondary crown on the primary, 
welding is required. Therefore, when using an IOS to make a pick-
up impression of the primary crown, to provide a thin and homoge-
neous coating with scan spray, which improves reproducibility, prior 
practice is required. In addition, before conducting the CAD/CAM 
double crown, test milling of the crown and a check of the retentive 
force need to be performed. In some cases, it may be necessary to 
adjust the milling parameters. For this case, the authors considered 
two situations. First, the cement gap of the secondary crown to the 
scanning data of the primary crown is adjusted on the CAD. Second, 
the offset parameter used for the milling step of the secondary crown 
is adjusted for the inner diameter of the crown on the CAM.  The test 
milling was performed in advance with the same milling machine as 
used in other cases, and the parameters were pre-adjusted. There-
fore, test milling was not performed in this case. If the same operator 
can provide homogeneous coating with a scan spray each time, the 
same parameters could be used to obtain the retentive force of the 
double crown. However, a slight error is expected due to wear of the 
milling bar.

Until now, the fabrication of double crowns has required expert 
skills and involved many complex dental laboratory steps. This work-
flow using CAD/CAM has made it possible to simplify the steps and 
reduce the cost of materials. The limitations of using this technique 
include the cost of the intraoral scanner and the education required 
for the dental clinicians and technicians. However, establishing this 
workflow can increase the overall efficiency of fabrication of double 
crowns.
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Fig. 5. Pick-up impression of primary crown made by using an 
intraoral scanner.

Fig. 7. Fitting between primary and secondary crowns.

Fig. 6. Digital wax-up of secondary crowns.



4. Conclusion

This clinical report described the fabrication of a double-crown-
retained removable dental prosthesis by using an IOS and CAD/CAM 
technology that resulted in patient satisfaction.

Statement of informed consent and institutional approval

Written informed consent was obtained from the patient for 
publication of this clinical report and accompanying images. No in-
stitutional approval was required to publish the case details.
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Fig. 8. Finished secondary crowns. a: Occlusal view. b: Intaglio surface view.

Fig. 9. CAD/CAM double-crown-retained removable dental prosthesis after treatment. a: Frontal view of primary crown. b: Frontal view 
of secondary crowns.

Fig. 10. Comparison of pick-up impressions of primary crown made by using an intraoral scanner between coated or noncoated surface 
with scan spray. a: Image of primary crown without scan powder. b: Image of primary crown with scan powder.
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