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Purpose. To present a digital method that combines intraoral and face scanning for the computer-assisted design/computer-assisted
manufacturing (CAD/CAM) fabrication of implant-supported bars for maxillary overdentures. Methods. Over a 2-year period, all
patients presenting to a private dental clinic with a removable complete denture in the maxilla, seeking rehabilitation with implants,
were considered for inclusion in this study. Inclusion criteria were fully edentulous maxilla, functional problems with the
preexisting denture, opposing dentition, and sufficient bone volume to insert four implants. Exclusion criteria were age < 55
years, need for bone augmentation, uncompensated diabetes mellitus, immunocompromised status, radio- and/or
chemotherapy, and previous treatment with oral and/or intravenous aminobisphosphonates. All patients were rehabilitated with
a maxillary overdenture supported by a CAD/CAM polyether-ether-ketone (PEEK) implant-supported bar. The outcomes of the
study were the passive fit/adaptation of the bar, the 1-year implant survival, and the success rates of the implant-supported
overdentures. Results. 15 patients (6 males, 9 females; mean age 68 8 ± 4 7 years) received 60 implants and were rehabilitated
with a maxillary overdenture supported by a PEEK bar, designed and milled from an intraoral digital impression. The intraoral
scans were integrated with face scans, in order to design each bar with all available patient data (soft tissues, prosthesis,
implants, and face) in the correct spatial position. When testing the 3D-printed resin bar, 12 bars out of 15 (80%) had a perfect
passive adaptation and fit; in contrast, 3 out of 15 (20%) did not have a sufficient passive fit or adaptation. No implants were
lost, for a 1-year survival of 100% (60/60 surviving implants). However, some complications (two fixtures with peri-implantitis
in the same patient and two repaired overdentures in two different patients) occurred. This determined a 1-year success rate of
80% for the implant-supported overdenture. Conclusions. In this study, the combination of intraoral and face scans allowed to
successfully restore fully edentulous patients with maxillary overdentures supported by 4 implants and a CAD/CAM PEEK bar.
Further studies are needed to confirm these outcomes.

1. Introduction

The digital revolution is changing the world of dentistry [1].
Intraoral scanners (IOSs) [2, 3], face scanners (FSs) [4, 5],
and cone beam computed tomography (CBCT) [6] allow

the dentist to capture three-dimensional (3D) information
about the patient and, from such data acquisition, create vir-
tual models of teeth, face, and bone bases. These data are then
imported into specific computer-assisted design (CAD) soft-
ware and superimposed upon each other in order to obtain
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the “virtual patient” [7, 8], the starting point for 3D surgical,
prosthetic, and orthodontic planning. Within the CAD soft-
ware, the dentist and dental technician plan the therapy and
design a series of devices (surgical templates [9, 10], prosthe-
ses [11–13], and orthodontic devices [14]) to be used on
patients. Finally, these devices are processed by appropriate
computer-assisted manufacturing (CAM) software, milled
or 3D printed, and are available for clinical use [15].

In the prosthetic field, the digital revolution has a strong
impact because the dentist can capture optical impressions
with IOS [2, 3, 11–13]; these impressions are used by the den-
tal technician for the planning and hence the production of a
whole series of fixed prosthetic restorations (inlays [12, 16],
onlays [16], single crowns [17, 18], and bridges of up to 4
or 5 elements [19]). The literature now shows that all these
applications are possible and represent a clinical reality
[11]. Patients favor optical impressions, which have elimi-
nated the need for conventional analog impressions with
trays and materials (alginate, polyvinylsiloxane, and poly-
ether) [2, 20, 21]. The optical impressions also eliminate the
discomfort linked to the conventional analog impressions;
they are easy to capture for the clinician (even in the presence
of undercuts or dental implants), and they can be sent
directly to the dental laboratory by e-mail, at no cost [2,
20]. The dental technician can view the impressions and
immediately give feedback to the clinician, while the patient
sits comfortably in the dental chair. Furthermore, the high
quality of the 3D images derived from the optical impres-
sions even makes the IOS useful as a marketing tool with
patients.

Although IOSs are becoming widespread and have
become a very useful tool for capturing impressions in par-
tially edentulous patients [2, 11–19], the scientific literature
does not seem to support their use in completely edentulous
patients [22–24]. Numerous systematic reviews suggest that
IOSs do not yet have adequate accuracy to allow CAD and
thus the fabrication of full-arch-type restorations [22–24],
particularly in patients with implants [23, 24]; in this, the dis-
tance between the implants seems to play a major role [25].

However, data emerging from these revisions stem from
the analysis of previous clinical trials, in which first-
generation IOSs were used [22–24]. The technological evolu-
tion is proceeding very fast, and the manufacturing compa-
nies release new hardware and software every month to
improve the accuracy of their IOS; scientific literature has
different times and struggles to follow. Furthermore, it must
be emphasized that there are statistically significant differ-
ences in the accuracy of different IOSs, especially in scans
of completely edentulous patients [3, 26]. Moreover, the res-
toration of the completely edentulous patient can take place
with a fixed prosthesis supported by 6–8 implants [27, 28],
such as with a bar-retained overdenture supported by 4
implants [29]; in the latter application, the implants are
closer to each other, generally inserted into the anterior area
of the maxilla, in which case the optical impression can be
less difficult.

Recently, in fact, some clinical studies have shown that
using the latest-generation IOS, it is possible to design and
fabricate clinically precise CAD/CAM implant-supported

bars [30, 31]. Today, this is possible and represents an impor-
tant step forward in the field of digitalization of prosthetic
procedures within the dental practice; it is in fact possible
to plan the shape and volume of the bar according to the
prosthetic spaces available [30, 31]. In this context, the acqui-
sition of the patient’s face via FS represents a further impor-
tant development, not only to facilitate the modeling of the
bar in relation to tissue volumes but also to present the case
to the patient.

The aim of the present prospective clinical study is to
present a digital method that combines intraoral and face
scanning for the CAD/CAM fabrication of implant-
supported bars for maxillary overdentures.

2. Materials and Methods

2.1. Patient Selection. Over a 2-year period (2017–2018), all
patients presenting to a private dental clinic, and seeking
prosthetic rehabilitation with implants, were considered for
inclusion in this prospective clinical study. Inclusion criteria
for enrollment in the study were (1) fully edentulous maxilla;
(2) functional problems with the complete removable den-
ture (e.g., lack of stability, discomfort due to the size of the
prosthesis); (3) presence of opposing natural or artificial den-
tition in the antagonist arch; (4) sufficient bone volume to be
able to insert four implants of standard diameter and length
(at least 3 3mm × 10mm), suitable for supporting a bar, in
the anterior maxilla; and (5) good general health status.
Exclusion criteria for enrollment in this study were (1) age
< 55 years; (2) previous bone augmentation techniques
and/or regenerative bone procedures or need to proceed with
them, in order to be able to insert dental implants; (3)
uncompensated diabetes mellitus; (4) immunocompromised
status; (5) radio- and/or chemotherapy; and (6) treatment
with aminobisphosphonates (taken orally or parenterally).
The patients who presented with the conditions listed in
the inclusion criteria, and who did not have any of those
listed in the exclusion criteria, were informed in detail about
the possible therapeutic strategies (fixed prosthesis supported
by 6–8 implants or bar-supported overdenture sustained by 4
implants) as well as their advantages and limitations. At the
end of the informational interview, all patients who opted
for rehabilitation with bar-retained overdentures were
included in the present clinical study. Before starting the
treatment, all the enrolled patients were informed of the
importance of avoiding smoking, since smoke represents a
risk factor for implant failure in the short and long term
[32]. In addition, they received detailed information on the
potential risks related to the implant treatment and signed
an informed consent and an authorization for inclusion in
the study. This study was approved by the Ethics Committee
of Sechenov First Moscow State Medical University and was
conducted in accordance with the principles set out in the
1975 Helsinki Declaration on clinical research involving
humans, as revised in 2008.

2.2. Clinical and Laboratory Procedures. The surgery took
place under local anesthesia, as previously described [29],
by raising a full thickness flap and inserting 4 implants in
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the anterior area of the maxilla. The tapered implants used in
this study (BTSafe®, BTK, Dueville, Vicenza, Italy) were
characterized by double-lead threads with a hexagonal coni-
cal connection (11°) and integrated platform switching [33].
The dual acid-etched surface of these implants was the result
of treatment with a strong inorganic acid mixture (H2SO4,
H3PO4, HCl, and HF), giving the following roughness
parameters: Ra = 1 12 60 41 μm, Rq = 1 34 60 69 μm,
and Rt = 3 86 61 40 μm [34]. The implants were available
in different diameters (3.3, 3.75, 4.1, and 4.8mm) and lengths
(8, 10, 12, and 14mm). Once the implants were inserted and
the sutures placed, the preexisting denture was discharged
abundantly in the area of the implants (to avoid overloading),
relined, and functionalized. The preexisting denture was
carefully relined after functionalization and was therefore
extraorally scanned with a structured light IOS (CS 3600®,
Carestream Dental, Atlanta, Georgia, USA). Care was taken
to capture the entire body of the denture (Figures 1(a)–1(f
)) and, with it, the indirect functionalized impression of all
the mucosal tissues, up to the area of the fornix and muscle
insertions. The .STL file of the preexisting, relined, and func-
tionalized complete denture was then imported into a free
CAD software (Meshmixer®, Autodesk, San Rafael, CA,
USA), where it was prepared for printing. Then, a replica of
the preexisting relined and functionalized denture was 3D
printed in a proprietary opaque resin (PrecisaRD097®,
DWS, Thiene, Vicenza, Italy) using a stereolithographic
(SLA) 3D printer (3500PD®, DWS, Thiene, Vicenza, Italy)
(Figures 2(a)–2(c)). This replica was manually opened and
discarded in the anterior area, corresponding to the implant
scanbodies (Figures 2(d) and 2(e)). One week later, the
patient was recalled for a second appointment, in which
intraoral scans were taken with the aforementioned struc-
tured light IOS. The intraoral scan was performed using the
dedicated implant acquisition mode (Figures 3(a)–3(c)).
The clinician used a zig-zag technique: he started from the
buccal side, carried occlusal and then palatal, and then
returned to the occlusal, progressing constantly. The move-
ment described by the tip of the scanner was therefore an
arc, moving slowly to fly over the teeth and scanbodies, cap-
turing all details possible but only in the area of interest. The
scan started with the antagonist arch; then the master model
was scanned, in order to capture the mucosal collars of the
implants after the removal of the healing screws. The master
model scan was performed with the patient wearing the copy
of the preexisting removable denture, properly opened/dis-
carded in the anterior area, i.e., the area of the implants. In
other words, the mucosal collars and the soft tissues of the
anterior area were visible and captured, but at the same time,
the presence of the copy of the preexisting removable denture
allowed the capture of the bite (occlusion). By capturing the
bite, it was possible to get adequate information on the orig-
inal vertical dimension of occlusion of the patient, given by
the preexisting removable denture. After the capture of the
bite, the mucosal collars were selectively cancelled, using
the dedicated tools of the scanner acquisition software, and
the scanbodies were screwed onto the implants. Thus, the
first scan was completed with the capture of all the scanbo-
dies in position. In this scan too, the patient had the replica

of the denture in-mouth. Finally, before discharging the
patient, since in this work the prosthetic bases were manufac-
tured analogically, alginate impressions were recorded for the
preparation of the individual tray useful for precision
impressions and for the preparation of the prosthetic wax
try-ins, for registering the vertical dimension of occlusion.
After this meeting, all .STL files derived from the intraoral
scan were saved in a dedicated folder, in the correct recipro-
cal spatial position (Figure 4); then, the scan of the preexist-
ing denture of the patient was aligned on the master intraoral
scan without scanbodies, using the teeth as reference points,
via reverse engineering software (Studio 2012®, Geomagic,
Morrisville, NC, USA). The files were then ready to be
imported into Meshmixer®. Within this software, the model
file of the opposing arch was used as basis for designing and
modeling of the individual reference tray (IRT). The IRT was
a bite splint modeled on the anterior teeth of the antagonist
arch and therefore individualized; it was designed to fit firmly
on the patient’s antagonist model; an extraoral reference
plate was therefore connected to this bite splint. This plate
had geometric shapes (square, triangle, and circle) of known
dimensions and was provided free of charge by the manufac-
turer of the powerful face scanner (OBI®, Fifthingenium,
Milan, Italy) later used in this protocol, as an essential com-
ponent in the process of superimposition between face scans
and intraoral scans. Within Meshmixer®, through a few sim-
ple steps, the clinician modeled this individualized bite splint
and “attached” it to the extraoral reference plate, obtaining
the IRT (Figures 5(a) and 5(b)). The IRT was correctly posi-
tioned on the antagonist model, and all the models were in
the correct spatial relationship to each other. The .STL files
of the models were saved in a dedicated folder, and the IRT
file was ready for 3D printing. The IRT was printed with
the aforementioned 3500PD® SLA 3D printer, using the
same proprietary opaque resin of the denture replica
(Figure 5(c)).

Once the IRT was ready, it was possible to recall the
patient for the third appointment, in order to take the face
scans of the patient, using the aforementioned face scanner
(OBI®). The first face scan was captured with the smiling
patient, without the IRT (Figure 6(a)). The second face scan
was always carried out with the smiling patient, but with
the IRT (Figures 6(b)–6(d)). In all, the two face scans took
only 5 minutes and were performed with the scanner fixed
on a tripod, and the patient in front of it, performing head
movements, was guided by the acquisition software (turn left,
right, up, and down). Both face scans were saved in .OBJ for-
mat and were ready for import into the prosthetic CAD soft-
ware. All files (antagonist and master with copy of the
preexisting complete removable denture opened in the ante-
rior area, the latter with and without the scanbodies) deriving
from Meshmixer®, along with the file IRT, were imported
into a prosthetic CAD (Dentalcad®, Exocad, Darmstadt, Ger-
many) for the modeling of the implant-supported bar, in
respect of the correct spaces and prosthetic volumes. All files
were in the correct reciprocal spatial position. At this point,
the dental technician imported the face scans. The first face
scan to be imported was the one with the IRT. This color tex-
ture, in .OBJ format, was superimposed on the CAD drawing
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of the IRT; the overlap took place first by points, using the
geometric references of the tray (Figures 7(a) and 7(b)), and
then by surfaces, in order to obtain an ideal alignment. The
moving object was, of course, the face scan. Immediately
after, the second face scan (without IRT) was also imported.
This scan was therefore aligned on the previous face scan,
using the same method described above. The overlap by
points was performed using stable morphometric landmarks
(pupils, tip and wings of the nose, eyebrows, and tip of the
chin) and was therefore perfected by the automatic superim-
position algorithm (Figures 7(c) and 7(d)). At this point, the
face scan of the patient without the tray was perfectly aligned
with the models and the dental technician could model the
bar having all the information useful for the project: master
model with mucosal collars and scanbodies, antagonist, and
face scan. The face scan could be eventually cut out in the
smile area, in order to provide more details regarding the
positioning of the underlying prosthetic components
(Figures 8(a) and 8(b)). The dental technician proceeded to
replace the meshes of the implant scanbodies with the corre-
sponding library files and modeled the implant-supported
maxillary bar (Figures 8(c) and 8(d)). In the present study,
the implants inserted had a complete and integrated library
that allowed rapid CAD modeling in the correct positions.
The customized CAD/CAM bar was anatomically designed
by an experienced dental technician according to the implant
position and the shape and volume of the preexisting remov-
able complete denture, taking into account the information
obtained with the face scans. Four precision attachments

(spheres) were planned along the implant bar. The .STL file
of the bar (Figure 9) was then exported and printed in 3D
with 3500PD® using a proprietary transparent resin
(DS300®), in order to obtain a replica of the bar, useful for
checking the intraoral passivity and fit of the structure. This
bar was tested in the patient’s mouth, to check the adapta-
tion, precision, and passive fit of the structure. For testing,
it was screwed on all four implants to verify the passive fit
(Figures 10(a) and 10(b)). Then, the bar was unscrewed and
the functional tray was relined in the patient’s mouth using
a dedicated impression material (Permlastic®, Kerr, Orange,
CA, USA). The bar remained included in this impression.
Moreover, the vertical dimension of occlusion was recorded
by means of the wax try-ins. The lab poured a master cast
and manufactured a wax copy of the final denture, mounted
in an articulator, for the aesthetic and functional tests. When
the quality of the test bar had been verified, and the functional
and aesthetic tests were performed with the wax copy of the
final denture, it was possible to proceed with the manufacture
of the definitive bar in polyether-ether-ketone (PEEK). The
bar was manufactured from a block of PEEK in a milling cen-
ter using a 5-axis milling machine (DWX-51®, Roland Easy-
Shape, Ascoli Piceno, Italy). The dental technician polished
the bar and cemented the ball attachments, so the definitive
bar could be tested in the mouth. Again, passive adaptation
of the structure and closures was verified clinically, before
and after screwing. The final PEEK bar was delivered
(Figures 11(a)–11(c)) and screwed on the implants, together
with the final denture (Figures 11(d)–11(f)). The occlusion

(a) (b)

(c) (d)

(e) (f)

Figure 1: Extraoral scan of the preexisting complete removable denture, suitably relined with CS 3600® (Carestream Dental, Atlanta, GE,
USA). (a) Anterior perspective view; (b) vision of the inner part in contact with the mucosal tissues; (c) posterior perspective view; (d)
right side view; (e) front view; (f) left side view.
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and the aesthetic integration were carefully verified. The
patients were enrolled in a standard implant recall program.
Oral hygiene maintenance was checked and radiographs were
taken 1 year after the implant placement.

2.3. Clinical Outcome Measures. The outcomes of the study
were the adaptation/passive fit of the bar on the implants,
the functional/aesthetic integration of the overdenture, the
1-year implant survival, and the success rates of the
implant-supported overdenture.

2.3.1. Adaptation and Passive Fit of the Bar. The adaptation
and passive fit of the bar were checked clinically, before and
after screwing the replica (and the final bar) on the implants.
The adaptation and passive fit were defined acceptable, in the
absence of any movement of the bar before screwing, and
when the bar was seated perfectly on the implants without
any noticeable discrepancy. No difficulties were encountered
when screwing the bar. In the case of movements of the bar

during seating, or given evidence of discrepancies that could
render the screwing on the implants difficult, the adaptation
and passive fit were defined unacceptable, and so a new dig-
ital impression of the position of the implants, with and with-
out scanbodies, had to be captured, in order to investigate the
presence of any potential error(s) with the previous scan.

2.3.2. One-Year Implant Survival Rate. Implant mobility in
the absence of clinical signs of infection, nontreatable peri-
implant infection (with pain, suppuration, and bone loss),
severe progressive marginal bone loss in the absence of infec-
tion, and implant body fracture were the conditions for
which an implant could be removed and consequently
defined as “failed.” A distinction was made between “early”
(within 3 months after implant placement) and “late” (at
least 3 months after implant placement) failures. The 1-year
implant survival rate was therefore calculated as the percent-
age of implant survival one year after placement. The implant
survival rate was calculated at the patient level.

(a) (b)

(c) (d)

(e)

Figure 2: The copy of the preexisting complete removable denture, relined and extraorally scanned, is printed with a stereolithographic 3D
printer (3500PD®, DWS, Thiene, Vicenza, Italy) and subsequently discarded and opened in the area of scanbodies. (a) Complete copy of the
preexisting denture, internal view; (b) full copy of the preexisting denture, anterior view; (c) full copy of the preexisting denture, perspective
view; (d) the copy of the preexisting denture discarded and opened in the anterior area, in correspondence with the emergencies of the
scanbodies, internal view; (e) the copy of the preexisting denture in the anterior area, in correspondence with the emergencies of the
scanbodies, frontal view.
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(a) (b)

(c)

Figure 3: Intraoral scanning clinical images. (a) The implants before the removal of healing abutments; (b) scanbodies (BTSafe® scan
abutments, BTK, Dueville, Vicenza, Italy) in position, occlusal view; (c) scanbodies in position, frontal view.

(a) (b)

(c) (d)

(e) (f)

Figure 4: Intraoral scanning with CS 3600® (Carestream Dental, Atlanta, GE, USA), .STL files. The intraoral scan is performed with the
patient wearing the copy of the preexisting denture, printed in 3D, properly discarded and opened in the scanbody area. The presence of
this copy is essential to give the correct references for the vertical dimension of occlusion. (a) Master model with mucosal collars,
antagonist, and copy of the preexisting denture opened in the anterior area; (b) master model with mucosal collars, antagonist, copy of the
preexisting denture opened in the anterior area, and scanbodies; (c) copy of the preexisting denture and antagonist arch; (d) master model
with mucosal collars and antagonist in the correct spatial relationship; (e) master model with mucous collars and scanbodies; (f) master
model with mucosal collars, scanbodies, and antagonist in the correct spatial relationship.
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2.3.3. One-Year Success Rate of the Implant-Supported
Overdenture. In the absence of any biologic and prosthetic
complications throughout the follow-up period, the
implant-supported overdenture was considered successful.
Biologic complications would include soft tissue inflamma-

tion (peri-implant mucositis) and peri-implant infection
(peri-implantitis) with fistula formation, pain, and exuda-
tion/suppuration. The threshold for peri-implantitis was set
by a probing pocket depth ≥ 6mm with bleeding on probing
and/or pus secretion. Prosthetic complications would

(a) (b)

(c) (d)

Figure 5: Designing and 3D printing of the individual reference tray (IRT), useful for the superimposition between intraoral scans and face
scans. (a) IRT inMeshmixer® and its spatial relationship with the antagonist model; (b) detail of the IRT with known geometry; (c) printing of
the tray and the model of the antagonist assembled together; (d) detail of the individual reference tray (IRT).

(a) (b)

(c) (d)

Figure 6: Face scan with OBI® (Fifthingenium, Milan, Italy), performed with the patient wearing a preexisting denture. (a) Face scan without
an individual reference tray (IRT); (b) the individual reference tray is ready to be used; (c) extraoral detail of the individual reference tray
(IRT) worn by the patient; (d) face scan with OBI® and individual reference tray (IRT).
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encompass mechanical problems (loosening of the bar) and
technical issues related to anchorage structure (broken bars
or loose, lost, or broken attachments) or prostheses (repairs
of fractured prostheses or overdenture teeth). The success
rate of the overdenture was calculated at the patient level.

2.4. Statistical Evaluation. All data was collected from the
records of the patients consecutively enrolled in the study.
Descriptive statistics were performed for the patients’ demo-
graphics (gender, age at start of the prosthetic treatment) and
the diameter/length of the implants. Absolute and relative
(%) distributions were calculated for qualitative variables
(adaptation and passive fit, survival, and success rates).
Finally, means, standard deviations, medians, and 95% confi-
dence interval (95% CI) were estimated for quantitative var-
iables (patient’s age at start of the prosthetic treatment).

3. Results

The present clinical study was based on a sample of 15
patients (6 males, 9 females, mean age 68 8 ± 4 7 years, range
58–76, median 69, 95% CI: 66.5–71.1) rehabilitated with an
implant-retained bar-supported maxillary overdenture. In
all patients, the bar was fabricated in PEEK by means of a
CAD/CAM procedure and was supported by 4 implants;
thus, a total of 60 implants were placed. The distribution of
the implants was as reported in Table 1.

At the time of testing the 3D-printed resin bar, 12 bars
out of 15 (12/15: 80%) had a perfect passive adaptation and
fit and were consequently considered acceptable; the techni-
cian could then proceed to mill the definitive PEEK bars. In
contrast, 3 out of 15 resin bars (3/15: 20%) did not present
a sufficient passive fit or adaptation, due to the presence of
movements before screwing or difficulty in the screwing
itself. In all these cases, it was therefore necessary to repeat
the scanning, modeling, and production procedure. The rep-
etition of the procedure allowed us to solve the problems and
proceed with the manufacture of the final PEEK bars in a
completely digital flow. At the time of the test and the deliv-
ery of the PEEK bars, on the contrary, no problem occurred.
All the PEEK bars fit and screwed perfectly with an ideal pas-
sive fit and could therefore be safely delivered to the patient.

No implants were lost, for a 1-year implant survival rate
of 100% (60/60 surviving implants) (Figure 12).

Conversely, some complications (two fixtures with peri-
implantitis, in the same patient; and two repaired overden-
tures because of tooth fracture, in two different patients)
occurred during the follow-up period. This determined a 1-
year success rate of 80% (12/15 patients without any compli-
cations encountered during the entire follow-up).

4. Discussion

The use of IOS for capturing optical impressions on natural
teeth and on implants is rapidly spreading in dental offices

(a) (b)

(c) (d)

Figure 7: Import of all files from intraoral scan and face scan into the CAD software (Exocad®), in order to design the bar. (a) Import of face scan
with individual reference tray (IRT); (b) superimposition by points and by surfaces of the face scan with individual reference tray (IRT) on the
intraoral scan files, using the original CAD drawing of the tray; (c) import of the face scan without individual reference tray (IRT) and its
superposition, by points and by surfaces, on the previous face scan, using facial landmarks; (d) when the superimposition is completed, it is
now possible to design the bar having the morphology of the patient’s face in the correct spatial position, without individual reference tray (IRT).
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around the world. The process of taking optical impressions
is now comfortable for the patient [2, 20, 21] and capturing
them is now easy for the clinician; at the same time, IOSs
are accurate, as demonstrated by several in vitro studies [2,
3, 35], and allow the modeling of simple to complex fixed res-

torations that have a minimal marginal gap, as shown by sev-
eral clinical studies [11–13, 16–19].

To date, the literature has not yet clarified whether
optical impressions are able to capture quality impressions
in the completely edentulous patient, both for fixed

(a) (b)

(c) (d)

Figure 8: Design of the bar with the face references. (a) Detail of the modeled bar and scanbodies; (b) the bar modeled with precision
attachments; (c) all the files are perfectly aligned within the CAD; (d) files of the final modeling of the bar.

Figure 9: The design of the bar is ready for prototyping.

(a) (b)

Figure 10: Test of the passive fit of the 3D-printed bar. (a) Healing abutments before removal; (b) the test of the 3D-printed bar in hard and
transparent resin; it is essential to obtain a perfect fit on the implants and a passive fit.
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rehabilitations on implants and for the manufacture of
removable implant-supported overdentures [22–26].

Despite this, the impressive technological evolution and
the improvements in the acquisition software for IOS, with

consequent enhancement of accuracy, open up new vistas
and make it possible to extend the clinical applications of
these instruments today, even to the completely edentulous
patient.

In a recent clinical study, Capparè et al. [36] compared
the accuracy of digital versus conventional impressions in
the totally edentulous maxilla. In all, 50 patients who needed
to be rehabilitated with full-arch Toronto screw-retained
prostheses, each supported by 6 implants, were allocated to
one of two groups: the test group (optical impressions with
IOS) and the control group (conventional impressions)
[36]. In the patients of the test group, the definitive metal
structure of the prosthesis was milled in CAD/CAM, while
in the patients of the control group, it was carried out in a
conventional way [36]. In both groups, the passive fit and

(a) (b)

(c) (d)

(e) (f)

(g)

Figure 11: Delivery of the bar and the final overdenture. (a) Removal of healing abutments; (b) definitive PEEK bar, occlusal view; (c)
definitive PEEK bar, front view; (d) activation of the prosthesis ball attachments directly in the mouth; (e) definitive overdenture, right
side; (f) definitive overdenture, frontal view; (g) definitive overdenture, left side.

Table 1: Distribution of the implants (BTSafe®, BTK, Dueville,
Vicenza, Italy) by length and diameter (in mm).

8mm 10mm 12mm 14mm Total

3.3mm 7 8 5 2 22

3.75mm 4 6 4 3 17

4.1mm 5 4 6 1 16

4.8mm 2 2 1 0 5

Total 18 20 16 6 60
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the marginal adaptation of the definitive structure were opti-
mal, as also confirmed radiographically by the analysis of all
300 implants inserted; however, the digital procedure saved a
great deal of time in the fabrication of the prosthetic structure
[36]. The authors concluded that IOS represents a valid alter-
native for capturing suitable impressions for the modeling
and fabrication of milled bars or structures, in support of
full-arch prostheses in the maxilla [36].

This work has the merit of having highlighted how IOS is
reliable and accurate in capturing the impression in the
completely edentulous maxilla, confirming, in a larger sam-
ple of patients, the evidence that emerged in a previous work
by the same authors [30]. It should be noted that all the scans
were in the maxilla edentula, which is simpler than the eden-
tulous mandible; furthermore, in this study, the implant
scanbodies were splinted with resin [36].

Tallarico et al. [37] presented a protocol for the fabrica-
tion of overdentures, based on the extraoral chairside digita-
lization of scan abutments fixed on a specially designed
customized tray, based on the original virtual planning. This
custom tray allows one to reduce the error involved in
intraoral scanning, providing landmarks to the scanner,
and thus represents a valid alternative to splinting with resin;
moreover, it allows the acquisition of information related to
the occlusion register and the vertical dimension of occlu-
sion, which are fundamental not only for the design of the
bar but also for the design of the entire prosthesis in CAD/-
CAM [37]. In this sense, the use of face scanning can cer-
tainly help, in order to provide the technician with the
information necessary for modeling, based on the informa-
tion on the patient’s face [37]. The construction of the over-
denture in CAD/CAM, as well as that of the complete
denture, starting with intraoral scanning, is essentially bur-
dened by two practical problems: (a) the need to capture
the scans of the arches in the correct vertical dimension of
occlusion and thus in the proper spatial relationships and
(b) the need (especially with the conventional removable
denture) to obtain impressions that are correctly functional-
ized [38, 39]. Functionalization means the ability to record all
the details of muscle insertions and frenula also in activity,
which has always been a key in the making of a complete
denture [38, 39]. As one might guess, it is very difficult if
not impossible to capture optical impressions with IOS that

are functionalized; the IOS, by definition, cannot capture
dynamic changes in the soft tissues [38]. Precisely for this
reason, the authors of previous studies on the fabrication of
full digital removable dentures have always introduced ana-
logic passages within the workflow, precisely because of the
need to functionalize [38].

In the present prospective clinical study, 15 patients were
enrolled and were rehabilitated with a maxillary bar-retained
overdenture. The choice of an overdenture-type restoration
(rather than a fixed restoration without fake gingiva)
depended in this work on the absence of adequate facial sup-
port, as well as on economic (reduced cost) and hygienic rea-
sons (ease of maintaining oral hygiene domiciliary,
compared to Toronto fixed and screwed on the implants).
The merit of this work was to present a technique for CAD/-
CAM fabrication of implant-supported bars for overden-
tures, starting with intraoral scanning. In this study, most
of the CAD/CAM bars (80%) had an excellent passive fit
and adaptation, with only a limited number of bars (3/15:
20%), which presented problems of fit and adaptation during
the resin test. Although this percentage is rather high, repre-
senting about one bar out of five, it must be said that the rep-
etition of the intraoral scan and the new design made it
possible to overcome the problems and thus to create new
test bars, which fitted perfectly on the implants. The passage
through a test bar, 3D printed in resin, seems in this sense
essential, before being able to pass to the production of the
definitive PEEK bar, which obviously presents higher costs.
Note that in all three cases of inadequate adaptation, the dis-
tal implants were rather tilted and disparallel to each other.
These results seem to confirm the evidence emerged from
the most recent studies, which show how the evolution of
the software of IOS allows us today to capture sufficiently
accurate impressions to support the fabrication of full-arch-
type fixed prostheses [30, 31, 36, 37], with at least 4–6
implants. Of course, the accuracy of intraoral scanning
depends on many factors, including the scanner used (differ-
ent scanners give significantly different results) [35], the
scanning strategy [40], and the operator’s experience. The
intraoral scanning strategy is certainly relevant, as different
paths can determine different results [40]. In the present
study, we have used a zig-zag technique, with the tip describ-
ing an arc over the surface of the teeth and scanbodies. This

(a) (b)

Figure 12: Clinical and radiographic control at 1 year from implant placement. (a) Frontal clinical photo; (b) panoramic radiograph.
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scanning path was selected because it gave excellent results in
previous in vitro studies [3, 35]. In this work, the definitive
CAD/CAM bars have been milled in PEEK. This choice is
perfectly in tune with the metal-free philosophy, which is
growing in digital dentistry; however, clinical studies are still
needed to assess the performance and reliability of this mate-
rial over the medium and long term [41]. In fact, although in
this study all implants survived for one year, for a 100% sur-
vival rate, it should be noted that complications that were
recorded during this study (two fixtures with peri-
implantitis in the same patient and two repaired overden-
tures because of tooth fracture in two different patients)
determined a success rate for the implant-prosthetic rehabil-
itation with overdenture of 80%, at 1 year. These complica-
tions must be taken into account, and the behaviour of soft
tissues in relation to the PEEK of the bar should be further
investigated.

This study has limitations: the low number of patients
enrolled in the study, the limited follow-up, and the fact that
only the bars (and not the prostheses) were manufactured in
CAD/CAM. The limited follow-up is a particularly signifi-
cant limitation of the present study, since we have used a rel-
atively new material (PEEK) for the manufacture of the bars,
which are normally made in metal. There are no long-term
studies on the performance of PEEK bars and certainly an
evaluation of at least 5 years is required, in order to draw ade-
quate conclusions on the reliability of this method. More-
over, in this study, only the bars were CAD/CAM. The next
step is undoubtedly represented by the possibility of using
intraoral scans for the design and production of the overden-
ture prostheses themselves (and not just of the bars). This is
technically possible today, using the setting and the acquisi-
tion protocol used in the present clinical study. The possibil-
ity of using the patient’s face scans and working with the files
of the prosthetic bases in the correct respective spatial posi-
tions, in full compliance with the vertical dimension of occlu-
sion, represents a further merit of this study. The face scan is
able to provide information on the patient’s face, in 3D, to the
dental technician; this information is very useful for model-
ing not only the bar with the relative dimensions but also
and above all the removable overdenture, in full compliance
with the tissue volumes [4, 5, 8]. The production of the final
prosthesis can then rest on the milling of the pink acrylic
prosthetic base and the teeth (which will be glued on top of
it), as on 3D printing. Finally, a further limitation of the tech-
nique presented in this study is given by the costs of the
machines (intraoral and face scanners, 3D printer) and nec-
essary CAD software. The cost of these tools and software
is still quite high, and this could limit the spread of the tech-
nique, making it not easily accessible to everyone. However,
today, many dental practices invest in digital technologies,
and it is not even necessary to buy everything: it is possible
to rely on one of the many service centers (adequately
equipped dental laboratories), at least for CAD software
and 3D printers. In any case, when the whole process takes
place within the dental clinic, in addition to the investment
necessary for the purchase of devices and software, it is also
necessary to consider that a learning curve is necessary, in
order to learn how to use the machines and software. Digital

processes are not simple, and this may represent a further
limitation of the present study.

5. Conclusion

In the present clinical study, the integration of intraoral and
face scans allowed us to successfully restore 15 fully edentu-
lous maxillae maxillary overdentures supported by 4
implants and a CAD/CAM polyether-ether-ketone (PEEK)
bar. In fact, when testing the 3D-printed resin bars (replicas),
12 bars out of 15 (12/15: 80%) had a perfect passive adapta-
tion and fit and were consequently considered acceptable,
i.e., the technician could proceed to mill the definitive PEEK
bars. In contrast, three out of 15 bars (3/15: 20%) did not
present a sufficient passive fit or adaptation, due to the pres-
ence of movements before screwing or difficulty in the screw-
ing itself. In all these cases, it was necessary to repeat the
scanning, modeling, and production procedure. The repeti-
tion of the procedure, however, allowed to solve the problems
and proceed with the manufacture of the final PEEK bars in a
completely digital flow. A 100% implant survival rate was
found in this study; however, some complications (two fix-
tures with peri-implantitis in the same patient and two
repaired overdentures because of tooth fracture in two differ-
ent patients) occurred during the follow-up period, for a suc-
cess rate of 80% for the implant-supported overdenture
treatment. The digital procedures have the potential to
decrease patient discomfort and to reduce the laboratory
work associated with the fabrication of implant-supported
overdentures. In addition, the use of PEEK can eliminate
the need of using metals for the fabrication of the bar. How-
ever, this study has limitations, and further investigation is
needed to confirm the outcomes emerging from this
research.

Data Availability

Data are available from the corresponding author upon rea-
sonable request.

Disclosure

No funding nor materials were received from third parties.

Conflicts of Interest

The authors report no conflict of interest related to the prep-
aration of the present study.

Acknowledgments

This study was self-funded.

References

[1] F. Mangano, J. A. Shibli, and T. Fortin, “Digital dentistry: new
materials and techniques,” International Journal of Dentistry,
vol. 2016, Article ID 5261247, 2 pages, 2016.

12 Scanning



[2] F. Mangano, A. Gandolfi, G. Luongo, and S. Logozzo,
“Intraoral scanners in dentistry: a review of the current litera-
ture,” BMC Oral Health, vol. 17, no. 1, p. 149, 2017.

[3] M. Imburgia, S. Logozzo, U. Hauschild, G. Veronesi,
C. Mangano, and F. G. Mangano, “Accuracy of four intraoral
scanners in oral implantology: a comparative in vitro study,”
BMC Oral Health, vol. 17, no. 1, p. 92, 2017.

[4] B. Hassan, M. Greven, and D. Wismeijer, “Integrating 3D
facial scanning in a digital workflow to CAD/CAM design
and fabricate complete dentures for immediate total mouth
rehabilitation,” The Journal of Advanced Prosthodontics,
vol. 9, no. 5, pp. 381–386, 2017.

[5] B. Hassan, B. Gimenez Gonzalez, A. Tahmaseb, M. Greven,
and D. Wismeijer, “A digital approach integrating facial scan-
ning in a CAD-CAM workflow for complete-mouth implant-
supported rehabilitation of patients with edentulism: a pilot
clinical study,” Journal of Prosthetic Dentistry, vol. 117, no. 4,
pp. 486–492, 2017.

[6] R. Jacobs, B. Salmon, M. Codari, B. Hassan, and M. M. Born-
stein, “Cone beam computed tomography in implant den-
tistry: recommendations for clinical use,” BMC Oral Health,
vol. 18, no. 1, p. 88, 2018.

[7] C. Mangano, F. Luongo, M. Migliario, C. Mortellaro, and F. G.
Mangano, “Combining intraoral scans, cone beam computed
tomography and face scans: the virtual patient,” Journal of
Craniofacial Surgery, vol. 29, no. 8, pp. 2241–2246, 2018.

[8] T. Joda, U. Bragger, and G. Gallucci, “Systematic literature
review of digital three-dimensional superimposition tech-
niques to create virtual dental patients,” The International
Journal of Oral & Maxillofacial Implants, vol. 30, no. 2,
pp. 330–337, 2015.

[9] T. Joda, W. Derksen, J. G. Wittneben, and S. Kuehl, “Static
computer-aided implant surgery (s-CAIS) analysing
patient-reported outcome measures (PROMs), economics
and surgical complications: a systematic review,” Clinical
Oral Implants Research, vol. 29, supplement 16, pp. 359–
373, 2018.

[10] F. G. Mangano, U. Hauschild, and O. Admakin, “Full in-office
guided surgery with open selective tooth-supported templates:
a prospective clinical study on 20 patients,” International Jour-
nal of Environmental Research and Public Health, vol. 15,
no. 11, p. 2361, 2018.

[11] T. Joda, M. Ferrari, G. O. Gallucci, J. G. Wittneben, and
U. Bragger, “Digital technology in fixed implant prosthodon-
tics,” Periodontology 2000, vol. 73, no. 1, pp. 178–192, 2017.

[12] M. B. Blatz and J. Conejo, “The current state of chairside dig-
ital dentistry and materials,” Dental Clinics of North America,
vol. 63, no. 2, pp. 175–197, 2019.

[13] T. Joda, F. Zarone, andM. Ferrari, “The complete digital work-
flow in fixed prosthodontics: a systematic review,” BMC Oral
Health, vol. 17, no. 1, p. 124, 2017.

[14] G. Lecocq, “Digital impression-taking: fundamentals and ben-
efits in orthodontics,” International Orthodontics, vol. 14,
no. 2, pp. 184–194, 2016.

[15] R. van Noort, “The future of dental devices is digital,” Dental
Materials, vol. 28, no. 1, pp. 3–12, 2012.

[16] R. Eftekhar Ashtiani, L. Nasiri Khanlar, M. Mahshid, and
A. Moshaverinia, “Comparison of dimensional accuracy of
conventionally and digitally manufactured intracoronal resto-
rations,” Journal of Prosthetic Dentistry, vol. 119, no. 2,
pp. 233–238, 2018.

[17] T. Joda, U. Bragger, and N. U. Zitzmann, “CAD/CAM implant
crowns in a digital workflow: five-year follow-up of a prospec-
tive clinical trial,” Clinical Implant Dentistry and Related
Research, vol. 21, no. 1, pp. 169–174, 2019.

[18] F. Mangano, B. Margiani, and O. Admakin, “A novel full-
digital protocol (SCAN-PLAN-MAKE-DONE®) for the design
and fabrication of implant-supported monolithic translucent
zirconia crowns cemented on customized hybrid abutments:
a retrospective clinical study on 25 patients,” International
Journal of Environmental Research and Public Health,
vol. 16, no. 3, p. 317, 2019.

[19] G. I. Benic, I. Sailer, M. Zeltner, J. N. Gutermann, M. Ozcan,
and S. Muhlemann, “Randomized controlled clinical trial of
digital and conventional workflows for the fabrication of
zirconia-ceramic fixed partial dentures. Part III: marginal
and internal fit,” Journal of Prosthetic Dentistry, vol. 121,
no. 3, pp. 426–431, 2019.

[20] A. Mangano, M. Beretta, G. Luongo, C. Mangano, and
F. Mangano, “Conventional vs digital impressions: acceptabil-
ity, treatment comfort and stress among young orthodontic
patients,” The Open Dentistry Journal, vol. 12, no. 1, pp. 118–
124, 2018.

[21] E. Yuzbasioglu, H. Kurt, R. Turunc, and H. Bilir, “Comparison
of digital and conventional impression techniques: evaluation
of patients’ perception, treatment comfort, effectiveness and
clinical outcomes,” BMC Oral Health, vol. 14, no. 1, p. 10,
2014.

[22] P. Ahlholm, K. Sipila, P. Vallittu, M. Jakonen, and
U. Kotiranta, “Digital versus conventional impressions in fixed
prosthodontics: a review,” Journal of Prosthodontics, vol. 27,
no. 1, pp. 35–41, 2018.

[23] A. Di Fiore, R. Meneghello, L. Graiff et al., “Full arch digital
scanning systems performances for implant-supported fixed
dental prostheses: a comparative study of 8 intraoral scan-
ners,” Journal of Prosthodontic Research, 2019.

[24] S. Muhlemann, R. D. Kraus, C. H. F. Hammerle, and D. S.
Thoma, “Is the use of digital technologies for the fabrication
of implant-supported reconstructions more efficient and/or
more effective than conventional techniques: a systematic
review,” Clinical Oral Implants Research, vol. 29, supplement
18, pp. 184–195, 2018.

[25] M. Y. Tan, S. H. X. Yee, K. M. Wong, Y. H. Tan, and K. B. C.
Tan, “Comparison of three-dimensional accuracy of digital
and conventional implant impressions: effect of interimplant
distance in an edentulous arch,” The International Journal of
Oral & Maxillofacial Implants, vol. 34, no. 2, pp. 366–380,
2019.

[26] A. Ender, M. Zimmermann, and A. Mehl, “Accuracy of com-
plete- and partial-arch impressions of actual intraoral scan-
ning systems in vitro,” International Journal of Computerized
Dentistry, vol. 22, no. 1, pp. 11–19, 2019.

[27] G. Heydecke, M. Zwahlen, A. Nicol et al., “What is the optimal
number of implants for fixed reconstructions: a systematic
review,” Clinical Oral Implants Research, vol. 23, Supplement
6, pp. 217–228, 2012.

[28] T. Spielau, U. Hauschild, and J. Katsoulis, “Computer-assisted,
template-guided immediate implant placement and loading in
the mandible: a case report,” BMC Oral Health, vol. 19, no. 1,
p. 55, 2019.

[29] C. Mangano, F. Mangano, J. A. Shibli, M. Ricci, R. L. Sam-
mons, and M. Figliuzzi, “Morse taper connection implants
supporting “planned” maxillary and mandibular bar-retained

13Scanning



overdentures: a 5-year prospective multicenter study,” Clinical
Oral Implants Research, vol. 22, no. 10, pp. 1117–1124, 2011.

[30] E. Gherlone, P. Capparè, R. Vinci, F. Ferrini, G. Gastaldi, and
R. Crespi, “Conventional versus digital impressions for “all-
on-four” restorations,” The International Journal of Oral &
Maxillofacial Implants, vol. 31, no. 2, pp. 324–330, 2016.

[31] M. Tallarico, D. Schiappa, F. Schipani, F. Cocchi, M. Annucci,
and E. Xhanari, “Improved fully digital workflow to rehabili-
tate edentulous patient with an implant overdenture in 4
appointments: a case report,” Journal of Oral Science and
Rehabilitation, vol. 3, no. 3, pp. 38–46, 2017.

[32] H. Chen, N. Liu, X. Xu, X. Qu, and E. Lu, “Smoking, radiother-
apy, diabetes and osteoporosis as risk factors for dental
implant failure: a meta-analysis,” PLoS One, vol. 8, no. 8, arti-
cle e71955, 2013.

[33] G. A. Dolcini, M. Colombo, and C. Mangano, “From guided
surgery to final prosthesis with a fully digital procedure: a pro-
spective clinical study on 15 partially edentulous patients,”
International Journal of Dentistry, vol. 2016, Article ID
7358423, 7 pages, 2016.

[34] F. G. Mangano, J. T. Pires, J. A. Shibli et al., “Early bone
response to dual acid-etched and machined dental implants
placed in the posterior maxilla: a histologic and histomorpho-
metric human study,” Implant Dentistry, vol. 26, no. 1, pp. 24–
29, 2017.

[35] F. G. Mangano, U. Hauschild, G. Veronesi, M. Imburgia,
C. Mangano, and O. Admakin, “Trueness and precision of 5
intraoral scanners in the impressions of single and multiple
implants: a comparative in vitro study,” BMC Oral Health,
vol. 19, no. 1, p. 101, 2019.

[36] P. Capparè, G. Sannino, M. Minoli, P. Montemezzi, and
F. Ferrini, “Conventional versus digital impressions for full
arch screw-retained maxillary rehabilitations: a randomized
clinical trial,” International Journal of Environmental Research
and Public Health, vol. 16, no. 5, p. 829, 2019.

[37] M. Tallarico, E. Xhanari, M. Martinolli, E. Baldoni, and S. M.
Meloni, “Extraoral chairside digitalization: clinical reports on
a new digital protocol for surgical and prosthetic treatment
of completely edentulous patients,” Journal of Oral Science
and Rehabilitation, vol. 4, no. 2, pp. 16–20, 2018.

[38] A. Unkovskiy, E. Wahl, A. T. Zander, F. Huettig, and
S. Spintzyk, “Intraoral scanning to fabricate complete dentures
with functional borders: a proof-of-concept case report,” BMC
Oral Health, vol. 19, no. 1, p. 46, 2019.

[39] G. Bonnet, C. Batisse, M. Bessadet, E. Nicolas, and J. L. Veyr-
une, “A new digital denture procedure: a first practitioners
appraisal,” BMC Oral Health, vol. 17, no. 1, p. 155, 2017.

[40] P. Medina-Sotomayor, M. Agustín Pascual, and A. Isabel
Camps, “Accuracy of four digital scanners according to scan-
ning strategy in complete-arch impressions,” PLoS One,
vol. 13, no. 9, article e0202916, 2018.

[41] O. A. L. Jaros, G. A. P. De Carvalho, A. B. G. Franco, S. Kreve,
P. A. B. Lopes, and S. C. Dias, “Biomechanical behavior of an
implant system using polyether ether ketone bar: finite ele-
ment analysis,” Journal of International Society of Preventive
& Community Dentistry, vol. 8, no. 5, pp. 446–450, 2018.

14 Scanning


	Combining Intraoral and Face Scans for the Design and Fabrication of Computer-Assisted Design/Computer-Assisted Manufacturing (CAD/CAM) Polyether-Ether-Ketone (PEEK) Implant-Supported Bars for Maxillary Overdentures
	1. Introduction
	2. Materials and Methods
	2.1. Patient Selection
	2.2. Clinical and Laboratory Procedures
	2.3. Clinical Outcome Measures
	2.3.1. Adaptation and Passive Fit of the Bar
	2.3.2. One-Year Implant Survival Rate
	2.3.3. One-Year Success Rate of the Implant-Supported Overdenture

	2.4. Statistical Evaluation

	3. Results
	4. Discussion
	5. Conclusion
	Data Availability
	Disclosure
	Conflicts of Interest
	Acknowledgments

