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Improved fully digital work-
flow to rehabilitate an 
edentulous patient with an 
implant overdenture in  
4 appointments: A case report

Abstract

B a c k g r o u n d

The digital revolution is changing the world, and dentistry is no exception. 
Through the development of new equipment and workflows, the diag-
nosis and treatment of patients are becoming simpler and more efficient. 
However, a fully digital approach to treating edentulous patients may be 
a challenge and time-consuming, because edentulous sites are often flat 
and smooth, with few features.

C a s e  p r e s e n t a t i o n 

This clinical case presentation demonstrates step by step a fully digital 
workflow to rehabilitate a 67-year-old edentulous patient with a remov-
able complete dental prosthesis. Treatment included cone beam com-
puted tomography scan taken according to a modified double-scan pro-
tocol, existing removable complete dental prosthesis digitalization, 
computer-guided template-assisted implant placement, an optical 
impression taken with a modified template, a CAD/CAM titanium bar 
and a cobalt–chromium, friction fit superstructure framework.

C o n c l u s i o n 

A fully digital workflow was effective in restoring function and esthetics 
in an edentulous male patient treated with an overdenture fully supported 
by four implants and a CAD/CAM titanium bar with a low-profile attach-
ment system.
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Intraoral scanner, digital impression, guided surgery, accuracy, dental 
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Introduction

Prosthetic-driven implant placement is a key 
factor for successful implant therapy.1–4 Hence, 
computer-assisted template-based implant 
placement has become increasingly popular 
owing to improved planning and the higher 
transfer accuracy of the virtual plan to the sur-
gical site compared with freehand insertion or 
freehand final drilling.5 Nevertheless, the accu-
racy of computer-assisted template-based 
implant placement depends on several factors, 
from data set acquisition to the surgical pro-
cedure. Originally, guided surgery protocols 
advocated a dual-scan protocol.6 Today, the 
continuous technological progress in both 
computer- based development and the dental 
manufacturing process offers additional instru-
ments for treatment planning, surgical place-
ment and prosthetic rehabilitation in an inter-
disciplinary team approach.

An accurate fit of the implant master cast 
affects the passive fit of an implant-supported 
fixed complete dental prosthesis.7 Thus, an accu-
rate implant impression is a prerequisite for fab-
ricating an accurate master cast and therefore 
an accurately fitting prosthesis.8 There are var-
ious implant impression techniques that have 
been utilized to fabricate a definitive cast for the 
production of an accurately fitting implant- 
supported fixed complete dental prosthesis.8, 9 
In a recent randomized controlled trial, it was 
concluded that the clinical outcome of plaster 
impressions for completely edentulous patients 
was found to be the same as for splinted poly-
vinyl siloxane impressions.8 Today, there is no 
doubt about the potential of recent intraoral 
optical impression systems available on the 
market regarding diagnosis and treatment plan-
ning, as well as for the fabrication of fixed dental 
prostheses. Their accuracy compares well with 
traditional impression taking.10 Moreover, intra-
oral scanners have been successfully used in the 
fabrication of partial11, 12 and removable complete 
dental prostheses.13 However, scanning edentu-
lous areas with intraoral scanners may be diffi-
cult and time-consuming because edentulous 
sites are smooth and devoid of features. Thus, 
the fabrication of complete-arch restorations 
remains a challenge when data are directly 
acquired with an intraoral scanner.

The aim of the present study is to present a 
fully digital pathway in a model-free approach 
to rehabilitate a maxillary edentulous patient 
with an implant overdenture. A newly developed 

technique to take an accurate intraoral optical 
impression of edentulous patient is described.

Case report

A partially edentulous 67-year-old man with a 
removable complete dental prosthesis in the 
upper jaw and a removable complete partial 
prosthesis in the lower jaw was referred to a 
private center in Rome, Italy, for a possible max-
illary implant-supported rehabilitation. The 
patient had been edentulous in the upper jaw 
for years. Nevertheless, he had never been com-
fortable with his maxillary removable complete 
dental prosthesis, and he stated that he was 
interested in an implant-supported fixed dental 
prosthesis.

F i r s t  c l i n i c a l  a p p o i n t m e n t

The patient’s medical history was collected and 
preoperative photographs, radiographs, peri-
odontal screening and model casts were 
obtained for initial evaluation. During the clinical 
examination, the existing removable complete 
dental prosthesis and functional and esthetic 
aspects were evaluated, with particular atten-
tion to the fit of the prosthesis, vertical dimen-
sion of occlusion, facial support and lip position. 
Extraoral examination of the patient without the 
existing removable complete dental prosthesis 
showed a wide nasolabial angle and insufficient 
lip support (Figs. 1 & 2). All treatment options 
were then discussed and evaluated together 
with the patient. An implant- supported fixed 
dental prosthesis was excluded because of the 
need for facial support. Hence, a maxillary 
implant-supported overdenture was considered 
the only possible therapeutic option.

The prosthetic-driven planning workflow 
started with a modified double-scan protocol, 
with 4–6 drops of flowable composite added to 
the existing removable complete dental pros-
thesis, instead of spherical gutta-percha mark-
ers (Fig. 3).6 In this technique, the first scan was 
a cone beam computed tomography (CBCT) scan 
(CRANEX 3Dx, SOREDEX, Tuusula, Finland) of 
the patient wearing the existing removable com-
plete dental prosthesis. A wax bite was used to 
separate the dental arches (Fig. 3). The second 
scan was only of the existing removable com-
plete dental prosthesis, performed using an 
optical intraoral scanner (Carestream Dental, 
Atlanta, Ga., U.S.) to allow the merging of the 
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DICOM data with the STL file (Figs. 4 & 5). Using 
reverse engineering, a virtual model was 
achieved (Fig. 6).

The STL and DICOM data were imported into 
a 3-D software planning program (3Diagnosys, 
Version 4.2, 3DIEMME, Cantù, Italy). The repro-
cessed surface extrapolated from the DICOM 
data and the surface of the existing removable 
complete dental prosthesis generated by the 
scanning process were merged with the best- 
fitting repositioning tools of the software 
(3Diagnosys). At this point, four prosthetic-driven 
implants with a diameter of 3.5 or 4.5 mm and 
a length of 13.0 mm (Osstem TSIII, Osstem, 
Seoul, South Korea) were planned, taking into 
account the bone quality and quantity, soft- 
tissue thickness, anatomical landmarks, and the 
type, volume and shape of the final restoration 
(New Ancorvis, Bargellino, Italy; Fig. 7). After 
careful functional and esthetic evaluation and 
final verification, the prosthetic-driven plan was 
approved, and a stereolithographic surgical tem-
plate was fabricated with a newer rapid proto-
typing technology (New Ancorvis; Fig. 8).

S e c o n d  c l i n i c a l  a p p o i n t m e n t

One hour before implant placement, the patient 
underwent professional oral hygiene, used a 
prophylactic antiseptic containing 0.2% chlor-

hexidine (CURASEPT, Curaden Healthcare, 
Saronno, Italy) for one min and received prophy-
lactic antibiotic therapy (2 g of amoxicillin or 
600 mg of clindamycin if allergic to penicillin). 
The accurate fit of the surgical templates was 
tried directly in the patient’s mouth (Fit Checker, 
GC, Tokyo, Japan). The patient was treated 
under local anesthesia using articaine with 
1:100,000 epinephrine, administered 20 min 
before surgery. The surgical template was sta-
bilized using a silicone surgical index, derived 
from the virtual plane, and five preplanned 
anchor pins (New Ancorvis). Planned implants 
(Osstem TSIII) were placed flapless using dedi-
cate drills (OsstemGuide KIT, Osstem; Fig. 9). 
All of the implants were inserted with a mini-
mum insertion torque of 35 N cm according to 
previously published protocols.14 Preplanned 
multiunit abutments were immediately screwed 
on to the implants (New Ancorvis) and never 
removed. Immediately after implant placement, 
the patient received a digital impression 
(CS 3600 intraoral scanner, Carestream Dental), 
taken at abutment level, using dedicate  
scan abutments (Type AQ, New Ancorvis; 
Figs. 10a & b). In order to improve the accuracy 
of the digital impression in a fully edentulous 
patient, a second digital impression was taken 
using a dedicate opaque template, made by vir-
tual planning, that was stabilized in the patient’s 

Fig. 1 Fig. 2

Fig. 4 Fig. 5

Fig. 3

Fig. 1
Frontal extraoral view.

Fig. 2
Lateral extraoral view.

Fig. 3
Existing removable complete 
dental prosthesis with 6  
drops of flowable composite 
and a wax bite. 

Fig. 4
Optical scanning of the 
existing removable complete 
dental prosthesis.

Fig. 5
Three-dimensional STL file  
of the existing removable 
complete dental prosthesis.
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mouth using the same anchor pin positions of 
the surgical guide. This template was custom-
ized to maintain the tooth design, but allow the 
screwing of the scan abutments (Type AQ; 
Fig. 11) so that the new STL file could be super-
imposed with the previous planning (Fig. 12). 
Finally, the multiunit abutments were covered 
with dedicate caps, and the existing removable 
complete denture was relined at chairside with 
a autopolymerizing resin (Hydro-Cast, Sultan 
Healthcare, York, Pa., U.S.), thereby ensuring no 
pressure on the healing abutments. After 
implant placement, the patient received oral and 
written recommendations about medication, 
oral hygiene maintenance and diet.

A CAD/CAM titanium bar was anatomically 
designed by an experienced dental technician 
and CAD designer (MA) according to the implant 
position and the shape and volume of the exist-
ing removable complete dental prosthesis 
(exocad DentalCAD, Engine Build 6136, exocad, 
Darmstadt, Germany; Fig. 13).15 Three thread-
able low-profile attachments (OT Equator, 
Rhein'83, Bologna, Italy) and two spheres 
(Rhein'83) were planned along the implant bar 
(Fig. 14). A cobalt–chromium alloy framework 
was then directly designed on to the CAD/CAM 
titanium bar project (Fig. 15) according to the 
existing tooth setup (exocad Partial Framework 
CAD, Version 0.x, exocad). The designs of the 

virtual bar and the superstructure framework 
were transmitted to the production center (New 
Ancorvis), where a one-piece titanium bar was 
milled from a homogenous solid block of medi-
cal titanium alloy (Ti6Al4V), while the cobalt–
chromium, friction fit superstructure framework 
was laser melted (Fig. 16).

T h i r d  c l i n i c a l  a p p o i n t m e n t

The fit of the implant bar and the superstructure 
framework was clinically and radiographically 
tested in the patient’s mouth according to estab-
lished criteria (Figs. 17 & 18).16, 17 An interocclusal 
record was taken in centric relation, and master 
models, fabricated using rapid prototyping tech-
niques, with specially designed implant replicas, 
were mounted in a fully adjustable articulator 
(PROTARevo 7, KaVo Dental, Biberach, Germany; 
Fig. 19). Digital analysis of movement was per-
formed using the ARCUSdigma device (KaVo 
Dental) to ascertain and document all the set-
tings required for programming the articulator 
(e.g., condylar inclination, Bennett angle, imme-
diate side shift and shift angle). Finally, the 
overdenture was finished using a silicone index 
derived from the existing removable complete 
dental prosthesis as tooth reference, and the 
borders sealed to minimize food impaction, and 
saliva or air leakage.

Fig. 6 Fig. 7

Fig. 8 Fig. 9

Fig. 6
Virtual model derived from the 
scan of the existing removable 
complete dental prosthesis.

Fig. 7
Prosthetic-driven virtual 
implant planning.

Fig. 8
Surgical template.

Fig. 9
Implants placed flapless using 
the surgical template.
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Figs. 10a & b

Fig. 12Fig. 11

Fig. 13

Fig. 14

Figs. 10a & b
Scan abutment screwed to  
the multiunit abutments (a)  
and optical intraoral 
impression (b).

Fig. 11
Second optical intraoral 
impression with a specially 
designed template.

Fig. 12
STL file derived from the 
second optical intraoral 
impression.

Fig. 13
CAD of the titanium bar.

Fig. 14
CAD/CAM titanium bar with 
low-profile attachments and 
spheres.

a b
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Fig. 15

Fig. 16 Fig. 17

Figs. 18a & b

Fig. 19

Fig. 15
CAD of the superstructure 
framework.

Fig. 16
Superstructure framework.

Fig. 17
Intraoral try-in of the  
CAD/CAM titanium bar.

Figs. 18a & b
Periapical radiographs 
showing the perfect  
fit between the CAD/CAM 
titanium bar and the implants 
(multiunit abutments).

Fig. 19
Implant overdenture  
mounted in the fully 
adjustable articulator.a b
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F o u r t h  c l i n i c a l  a p p o i n t m e n t

The titanium bar was screwed at the abutment 
level according to the manufacturer’s instruc-
tions and the implant overdenture was delivered 
6 weeks after the first visit (Figs. 20 & 21). The 
patient was enrolled in a standard implant recall 
program. Oral hygiene maintenance was 
checked and radiographs were taken early after 
final prosthesis delivery. Occlusion was checked 
at every appointment.

Discussion

This clinical report describes a new technique 
for fabricating a maxillary implant-supported, 
removable complete dental prosthesis using an 
intraoral digital scanner to register implant posi-
tions and soft-tissue morphology. The main 
limitation of the present study is that a single 
case report is not suitable for representative 
population samples; thus, findings from a case 
report cannot be generalized. A second limita-

Fig. 20

Fig. 21

Fig. 20
Implant overdenture in the 
patient’s mouth.

Fig. 21 
Dental panoramic tomogram 
after prosthesis delivery.
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tion could be an over interpretation of the 
results. Hence, these results should be inter-
preted with caution, since the literature presents 
a lack of scientific evidence. Nevertheless, a case 
report represents a means of detecting new 
techniques, due to the time from observation to 
publication, much shorter than for other kinds 
of studies.

Existing technologies such as CBCT, in con-
junction with virtual 3-D reconstruction of 
implant placement and fabrication of surgical 
templates with stereolithography, are used in 
both treatment planning and implant placement. 
However, errors of 1.5 mm and 1.0 mm have been 
reported in horizontal and vertical dimensions 
for the CBCT technique.18, 19 Furthermore, CBCT 
images are subject to severe contamination from 
scatter signals that induce large image artifacts, 
which limit the applications of CBCT.20 In order 
to overcome the drawbacks related to CBCT 
technologies, the existing removable complete 
dental prosthesis was digitalized using a more 
accurate intraoral scanner.21

The use of intraoral scanners in dental clinics 
for taking digital impressions of teeth and 
implants is rapidly growing, improving workflow 
with other digital technologies. Optical impres-
sions are more comfortable for the patient and 
less time consuming. At the same time, they are 
accurate and easier for the clinician.22–28 A recent 
systematic literature review and meta-analysis 
by Chochlidakis et al. concluded that intraoral 
scanners can be safely used for taking impres-
sions of single and multiple abutments in den-
tate patients.23 However, there is still a lack of 
evidence on the possibility of using intraoral 
scanners to take impressions for long-span res-
torations or in the case of fully edentulous 
patients.9 In a recent in vitro study by Imburgia 
et al., the CS 3600 had the best performance in 
terms of trueness and precision in both partially 
and fully edentulous models with 6 implants.21 
Mangano et al., in another in vitro study, found 
no differences in trueness and precision between 
partially and fully edentulous models.22 How-
ever, this result may be due to the fact that the 

3-D surface models of the partially edentulous 
patient were not cut and trimmed and the 
related calculations were consequently per-
formed on the whole arch.

In the present study, in addition to the digital 
data acquisition of soft-tissue morphology and 
implant positions, a second optical impression 
was taken with a specially designed opaque tem-
plate in conjunction with the same scan abut-
ments (New Ancorvis) to acquire accurate digi-
tal data at the implant level in a completely 
edentulous patient, as if the patient was partially 
edentate. This technique may allow the avoid-
ance of one appointment needed to try a seg-
mental verification device to confirm implant 
analogue positions.29

The presented technique uses CAD/CAM 
technology with a subtractive manufacturing 
process to fabricate a milled bar (infrastructure 
framework) and an additive process to fabricate 
a friction fit superstructure framework. This dig-
ital restorative pathway may decrease patient 
discomfort and reduce the labor associated with 
fabricating implant-supported, removable com-
plete dental prostheses. According to previously 
published prospective studies, the overdenture 
fully supported by four implants and a CAD/CAM 
titanium bar with a low-profile attachment 
system can be considered an effective and pre-
dictable option for patients in both maxilla and 
mandible.15, 30 Minimum marginal bone remod-
eling and technical complications can be 
expected, together with good periodontal param-
eters and patient satisfaction, over time.15, 30

Conclusion

The present case report may encourage the use 
of intraoral scanners to take accurate intraoral 
optical impressions, even in the case of edentu-
lous patients and according to the presented 
protocol. Nevertheless, further randomized con-
trolled trials with larger sample sizes are needed 
to confirm the outcomes that emerged from the 
present work.
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