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Continuous Scan Strategy
(GCSS): A Novel Technique

to Improve the Accuracy of
Intraoral Digital Impressions

ABSTRACT

Purpose: To present the results obtained with the “Continuous Scan Strategy” (CSS), a
direct intraoral scanning technique based on the connection of the implant scan bodies
(SBs) with thermoplastic resin. Methods: 40 patients were restored with 45 long-span
monolithic implant-supported zirconia restorations (10 partial prostheses [PPI and 35
full arches [FAI) fabricated via a full-digital workflow after the capture of an intraoral
impression (Trios32) using the CSS technique. The primary outcomes were the mar-
ginal adaptation and passive fit of the superstructures, checked at TO (intraoral try-in
of polyurethane or metal replica of the final prosthesis) and T1 (delivery of the final zir-
conia restoration). The secondary outcomes, registered at T2 (2 years after the delivery
of the final prosthesis), were implant survival, prosthetic success, and complications. A
throughout statistical analysis was performed. Results: At T0, 40/45 replicas demon-
strated a perfect passive fit and adaptation. At T1, one prosthesis had fractured, and at
T2, an additional prosthesis had fractured and one had chipped. The implant survival rate
was 100%. The prosthetic success was 93.3%. Conclusions: CSS seems to represent a
viable option for capturing accurate intraoral digital impressions for the fabrication of
precise long-span implant-supported restorations.

oooooooooooooooooooooooooooooooooooooooooooooooooo

INTRODUCTION

The digital revolution is transforming the world of dentistry. Intraoral,'?
desktop® and face scanners,* condylographs and digital occlusometers,®
and cone-beam computed tomography (CBCT)® allow practitioners to ac-
quire three-dimensional (3D) patient information. This information, when
loaded into computer-assisted-design (CAD) software, can be combined,
allowing patient virtualization,” and is used for the diagnosis and planning
of treatment.® Finally, powerful machines such as milling units® and 3D
printers' allow for the physical production of a whole series of devices,
usable in various clinical disciplines (restorative dentistry," prosthetics,?
surgery'™ and orthodontics'™).

Intraoral scanners (I0Ss) are digital devices that capture optical impres-
sions.2 The operating mechanism of the IOS is relatively simple: they emit
a structured light grid (or less commonly, a laser beam) with known char-
acteristics that impacts the surface of the model.? Upon impact, the grid
undergoes deformation that is captured by powerful cameras, which send
the signal to the reconstruction software.? This software produces a point
cloud, combining all the images captured from different angles, taking
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into account the relative movements of the machine, and the
distances from the scanned object;2' this point cloud is tri-
angulated to generate a mesh, or surface reconstruction, of
the object.’

In implant prosthodontics, I0Ss allow for direct capture (with-
out the need to take an impression and pour a plaster cast of
positive models of the dental arches and therefore of the posi-
tion of the implants) through the use of the scan bodies (SBs),
which are the digital version of the old impression transfer
copings.2' The SBs are mathematically coupled to an implant
library; in the CAD software, therefore, the dental technician
replaces the mesh of the SB with a bonding base and can model
a screwed superstructure or a customized abutment above it,
to support the future prosthetic restoration.?'

The advantages of I0Ss are manifold. They eliminate the
discomfort caused by conventional tray impressions, which
is extremely helpful in patients with a strong gag reflex.'®
Furthermore, they simplify the capture of the impression for
the clinician (particularly in the case of multiple implants or
in the presence of undercuts), reduce the number of clinical
procedures (no need to pour plaster models), and make com-
munication with the dental laboratory easier, saving time and
money.2'%7 Finally, IOSs represent a powerful marketing tool
with the patient."”

Several in vitro"'®?° and in vivo'>'>?' studies have demon-
strated that IOSs represent an accurate and reliable solution
for the capture of impressions in partially edentulous patients
for the fabrication of short-span restorations (single crowns
[SCs] and partial prostheses [PPs]).

However, other studies?*? and reviews?*? have reported a
persistent accuracy problem with intraoral scanning when long-
span prosthetic restorations (fixed partial prostheses supported
by multiple implants, and full arches [FAs]) must be fabricated.
Screw-retained superstructures, (i.e. fixed prostheses screwed
directly onto multiple implants) require the highest accuracy,
because the acceptable tolerances are minimal, and there is a
need for absolute passive fitting.’ Although recent technological
improvements have been impressive, 10Ss still have challenges
when scanning multiple fixtures.”” These difficulties are
mainly due to the mechanism by which the IOS acquires the
images, which requires “attaching” frames to each other
during the process of acquisition. Regardless of the acquisition
technology, this intrinsic error is expected to grow with the
extension of the scan.2?%28 In fully edentulous patients,
due to lack of reference points, accuracy is more difficult to
achieve when the IOS reads the distance between different
SBs, which are also at a different height than the soft tissues.?®
Nevertheless, other factors that could be potential sources of
inaccuracy include the light conditions,? the level of operator
experience,* the implant position, depth and angulation,? and
the SBs themselves.>' Reducing the distances and the “jump”
between the implant SBs could improve the accuracy of the
scan, reducing the intrinsic scan error. In totally edentulous
patients, Tallarico et al? introduced a method based on the
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3D-printing duplication of the pre-existing removable complete
prosthesis. This replica, ground out in the SB area and inserted
into the mouth, allows for the capture of a sufficiently accurate
impression for the manufacture of a FA fixed restoration
(Toronto bridge), as well as simplifying the registration of the
vertical dimension of occlusion. Mangano et al.** developed
this strategy, and applied it to the manufacture of bar-retained
overdentures, with the bar milled in polyether-ether-ketone
(PEEK). More recently, hybrid digital-analog approaches have
been proposed, which use custom measuring aids (CMAs)33
and solid indexes®® to connect the SBs to improve the accuracy
of FA digital impressions. The rationale of these approaches is to
reduce the distances between the different SBs and to provide
artificial landmarks to reduce inaccuracies, thereby allowing for
the fabrication of long-span screw-retained superstructures to
fit onto implants passively.33¢

Our present retrospective study focuses on this latter strat-
egy, intending to present the clinical results obtained using a
novel scanning technique named “Continuous Scan Strategy”
(CSS), based on the connection of the scan abutments through
thermoplastic resin, thereby eliminating the “jump” between
the different SBs and reducing the intrinsic scan error.

MATERIALS AND METHODS

PATIENT DATA, INCLUSION AND EXCLUSION
CRITERIA

Patients enrolled in this retrospective clinical study were se-
lected from the customized dental records of two private den-
tal centres (M.I. and E.M. private dental clinics, Palermo and
Milan, Italy, respectively).

Inclusion criteria for enrollment in this study were patients
who had been treated with multiple (=4) implants (Nobel Active
Internal Connection®) via a full digital workflow with the “Con-
tinuous Scan Strategy” (CSS) for the restoration with fixed im-
plant-supported prostheses (fixed partial prostheses [PPs] and
full arches, [FAs]), over a 4-year period (2014-2017). Further
inclusion criteria were the presence of complete documenta-
tion within the customized records and a follow-up of at least 2
years from the delivery of the final prosthetic restoration.

Exclusion criteria for this study included any of the following:
the presence of systemic diseases or immunocompromised
status, uncontrolled diabetes, bisphosphonate therapy
(administered parenterally or orally, in the past and/or at the
time of enrollment in the study), anti-cancer treatments, alcohol
and drug abuse, incomplete documentation, or absence of a
follow-up for atleast 2 years. Pre- and peri-implant regenerative
bone therapies were not considered as criteria of exclusion for
the present study (pre-implant regenerative therapies were
considered bone regenerative therapies to which the patient
underwent 4 to 6 months before implant surgery; conversely,
peri-implant regenerative therapies were regenerative
procedures made at the time of implant placement).
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For the enrolled patients, the chart review included the col-
lection of patient-related (gender, age at the delivery of final
implant-supported restoration, presence/absence of parafunc-
tions such as bruxism and clenching, smoking habit), implant-
related (site/position of the fixtures, type, length and diameter
of the fixtures, presence/absence of bone regeneration pro-
cedures), and restoration-related (the type of restoration and
delivery date) information. In addition, the customized patient
records noted all the biologic or prosthetic complications (me-
chanical or technical) that had occurred during the entire fol-
low-up period, as well as any implant failure that had occurred.
Complications or failures were noted both if patients returned
to the dental clinic for treatment and were also intercepted
during annual scheduled check-ups (at least 2 control visits per
year for all patients, with professional oral hygiene sessions).
All this information, along with the clinical photographs taken
during the different phases of the prosthetic treatment and the
related radiographs, were the basis for this retrospective study
and were used for the statistical analysis.

The present retrospective clinical study was conducted in full
compliance with the principles of the Declaration of Helsinki
on Clinical Research and Experimentation in Humans (revision
2008).

PROSTHETIC TECHNIQUE

The proposed intraoral scanning technique presented in the
study, named the “Continuous Scan Strategy” (CSS), is based
on the direct connection between the implant SBs through
thermoplastic resin. This technique aims to reduce the level
of inaccuracy of intraoral digital impressions by eliminating
the problem of the distance between the SBs, which are con-
nected by thermoplastic resin; this connection also reduces
the vertical “jump” that the IOS must make from one SB to
another and during the registration of soft tissues between
the different SBs.

The scanning technique proceeded as described. One-piece
titanium SBs (Scan Abutment AQ®) were screwed onto the
implants, with the notch surface or the oblique section in
the head oriented towards the buccal side. After confirming
the SBs were screwed correctly, the thermoplastic resin was
heated and molded intraorally to connect the different SBs to
each other on the palatal/lingual side. To increase the stabil-
ity of the thermoplastic resin and avoid detachments, small
quantities of flowable composite resin were added laterally
to the SBs to connect them with the thermoplastic resin. They
were then polymerized to ensure the assembly. Neither the
thermoplastic material nor the composite interfered with the
notch surface (marker surface) of the SB, whose head must be
completely free and visible. Once the stability and rigidity of the
elements thus assembled were verified (SB, thermoplastic resin
and flowable composite resin), it was possible to proceed with
the scanning using the IOS (Trios3®), conducted through a “zig-
zag” technique. The technique started from the more distal SB
(palatal/lingual side) and passed above it to end in the buccal
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area, with progressive advancement guided by the thermoplas-
tic resin until the next SB. Particular attention was paid to the
capture of all the details of the SB. Once the scan was captured
and the mesh quality checked, the standard tessellation files
(.STL) were sent to the dental technician for modelling the final
structure in CAD software. Care was taken during the CAD mod-
elling to perform the best possible superimposition (best-fit) of
the library files of the SB onto the corresponding meshes. If the
superimposition was perfect, with an overall mean deviation of
<20 pm, the technician could proceed.

In the CAD software, appropriate titanium bases were select-
ed, and the final prosthetic superstructure was designed. Then
a replica of the same superstructure was milled with a 5-axis
milling machine (DWX-52%) into a rigid and radiopaque material
(polyurethane for the PPs, metal for the FAs). This replica was
used to test the passive intraoral adaptation (verification of the
“passive fitting” or Sheffield test) of the final prosthesis. This
grey and radiopaque replica was screwed into the mouth on
the corresponding titanium bases and its marginal adaptation
was verified, both clinically and radiographically. A series of in-
traoral x-rays were captured to verify the quality of the fitting.
If the quality of the passive adaptation was optimal, the techni-
cian could proceed with the manufacture of the final zirconia
prosthesis, starting from the CAD project itself. If it was not,
or the values detected through the best fit in the early stages
of the CAD were considered unreliable (= 30 pm), the clinician
proceeded to separate the polyurethane replica into several
parts until a passive adaptation was obtained; these portions
were connected intraorally with low-contraction resin, and the
assembly was transferred to the technician who re-scanned it
with a desktop scanner and modified the CAD project accord-
ingly. After the passive fitting and the optimal adaptation of
the structures were confirmed, the prosthetic CAD project was
ready to be used for the manufacture of the final prosthesis.
The final monolithic zirconia prosthesis (Katana ML®) was milled
with the same 5-axis milling machine (DWX-52%), sintered and,
if necessary, coloured on the buccal surfaces. Particular atten-
tion was paid to the milling of the engagements for the titani-
um luting bases, to provide close correspondence between the
parts, and a unique position. The position of the luting base was
determined only and exclusively by the housing milled inside
the zirconia structure. The milling parameters of the aforemen-
tioned interface were kept “tight”, thus avoiding any play that
could have inserted inaccuracies and, consequently, a misfit of
the structure. At this point, the dental technician could cement
the luting bases chosen during the CAD modelling inside the
monolithic structure. This cementation took place extraorally,
using anaerobic cement (Variolink Hybrid Abutment®); no lut-
ing was performed within the patient’s oral cavity. The luting of
the titanium bases to the monolithic structure was carried out
in all cases without the aid of any 3D printed model. After this,
the final monolithic zirconia prosthesis was ready to be deliv-
ered to the clinician for application.

EJPRD
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OUTCOME VARIABLES

The primary outcome of this study was the marginal quality
of closure of the superstructures and their passive fit. This out-
come was recorded in two stages: at the time of testing the final
structure, by means of a milled replica in polyurethane or metal
(time 0 =T0), and at the time of delivery of the final monolithic
zirconia restoration (time 1 =T1). The marginal closure and ad-
aptation were determined through careful clinical and manual
inspection by the prosthodontist, who worked with magnifying
glasses (Zeiss 4.5%®), and were confirmed by intraoral radio-
graphs of all implant platforms.

The secondary outcomes of the present study were the sur-
vival of the implants and the success of the prostheses. These
outcomes were collected 2 years after delivery of the final pros-
theses (time 2 = T2) and were recorded during the scheduled
recall visits for professional hygiene. Implant survival indicated
that all the implants were regularly in function, under mastica-
tory load; implants that were lost for any reason (fracture of the
fixture, loss of osseointegration, or removal of the implant due
to mechanical overload or infection) were classified as failures.
Finally, prosthetic success indicated that the final monolithic
zirconia prosthesis was regularly in function during the entire
period 2-year follow-up (from delivery to final inspection) with-
out the occurrence of any major mechanical (such as macro-
scopic fractures of the framework), minor mechanical (related
to the pre-established components sold by the implant manu-
facturer, e.g., screw loosening) or minor technical (related to
superstructure problems, such as chipping) complications.

STATISTICAL ANALYSIS

The data collected from the records of the patients enrolled
in the study were entered into a spreadsheet (Excel 2003®) and
included in statistical analysis. First, a descriptive analysis of
the patient population and the implant-supported restorations
were performed. This analysis was based on patient demo-
graphics (gender, age at the delivery of the final restoration,
smoking habit, and history of parafunctions), distribution of the
implants (site and position, length and diameter, association
with bone regeneration procedures), and type of implant-sup-
ported prosthesis (PP or FA). For this descriptive analysis, mean
+ standard deviation (SD), range, median, and 95% confidence
interval (CI) were calculated for quantitative variables (e.g.,
patient age). For the qualitative variables (i.e., patient gender,
smoking habit, history of parafunction; site and position, length
and diameter of the implants, association with bone regenera-
tive procedures and type of prosthetic restoration), absolute
(n°) and relative (%) distributions were calculated. Using this
information, the Chi-square test was utilized to assess homo-
geneity or non-homogeneity within the groups, with a level of
significance set at p<0.05.

The primary outcomes of the study (i.e., the clinical and radio-
graphic quality of the adaptation and the passive fitting of the
prosthetic superstructures) were investigated both at the time
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of testing the final structure through a polyurethane or metal
(TO) replica, and at the time of delivery of the final monolithic
zirconia prosthesis (T1), and were assessed by the prosthodon-
tist. A binary code of satisfactory or unsatisfactory was used. If
the adaptation and passive fitting were satisfactory at TO, the
laboratory could fabricate the final zirconia prosthesis, using
the same CAD project; if they were not, the dentist had to sepa-
rate the polyurethane or metal replica into several parts until
a passive adaptation was obtained. These portions were then
luted intraorally with low-contraction resin, and the assembly
was transferred to the technician who re-scanned it with a
desktop scanner and modified the CAD project accordingly. If
the adaptation or passive fitting were adequate at TO, but not
adequate at T1, the work was sent back to the laboratory for
refurbishment.

Finally, with regards to the secondary outcomes of the study,
i.e., the variables investigated during the scheduled follow-up
control 2 years after the delivery of the final prosthesis, the in-
cidence (%) of failures and complications was calculated. The
survival of implants and of the prostheses were calculated at
the implant- and at the restoration-level, respectively. The oc-
currence of a single event or complication during the 2-year
follow-up period was sufficient to allocate the prosthesis into
the failure category.

RESULTS

The analysis of the personalized medical records of the two
different dental offices involved in this retrospective clinical
study revealed that over a period of 4 years (2014-2017), a total
of 40 patients (15 males, 25 females; age 45-74 years, average
age 62.1 + 8.1 years; median 65 years; CI 95% 59.6-64.6 years)
met the conditions set out in the inclusion criteria, and also did
not have any of the conditions established in the exclusion cri-
teria. Of these patients, 6 had a clinical history of parafunction
or bruxism, and 9 were smokers. The characteristics of the en-
rolled patients are summarized in Table 1. Most of the enrolled
patients were non-smokers (p=.010) and had no parafunctions
(p=.0008).

In all, over the period indicated above, 45 prosthetic reha-
bilitations were constructed, of which 10 fixed PP (8 maxillary,
2 mandibular) were supported by >4 implants, and 35 FA (20
maxillary, 15 mandibular) were supported by 6-8 implants. In
all cases, the implants used were Nobel Active Internal Con-
nection®. The characteristics of the implants, their distribution
based on position, length and diameter, the association (or not)
with bone regeneration techniques and the type of restoration
supported by them are summarized in Table 2. The majority of
the implants were located in the maxilla (p<.00001), and most
of the implants were in native bone (p<.00001), and placed to
support FAs (p<.00001).

In all cases, the rehabilitations were performed following the
CSS protocol, starting from a direct optical impression with IOS
and consisting of monolithic full zirconia prostheses, screwed
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Table 1. Distribution (number, %) of the patients by gender,

age at surgery, smoking habit and history of parafunctions
(clenching and bruxism).

European Journal of Prosthodontics and Restorative Dentistry (2020) 28, 1-14

Table 2. Distribution (number, %o) of the implants by
position, length, diameter, bone regeneration and type of
prosthesis.

Patients Implants
0, * *
number % P number % P
Gender Position
Males 15 37.5% Maxilla 215 83.3%
.259 <.00001
Females 25 62.5% Mandible 43 16.7%
Age at surgery Length
45- 54 years 8 20% 10 mm 114 44.2%
55- 64 years 10 25% .186 11.5 mm 87 33.7% .007
65- 74 years 22 55% 13 mm 57 22.1%
Smoke Diameter
Yes 9 22.5% 3.0 mm 59 22.8%
.010
No 31 77.5% 3.5mm 91 35.3% .021
0,
History of parafunction il R Gk
Yes 6 15% Bone regeneration
.0008
Yes 28 10.9%
7 .
No 34 85% <.00001
0,
Total 40 100% - No 230 83.1%
Type of prosthesis
PP 48 18.6%
<.00001
directly onto the implants (Figures 1-12). Implant disparallel- FA 210 81.4%
isms We.rfe Ilmlted due to .computer-gw'ded .|m.plant p'lannlng Total 258 100%
and positioning; however, if, for anatomical limits, the implant

axis did not coincide with the prosthetic axis, a digital correc-
tion of the angled screw hole was made, using connection
screws with Cardan engagement.

In 40 out of 45 cases, the marginal adaptation of the prosthe-
ses at TO (proof of the replica in polyurethane or metal) was
optimal and the case could proceed directly to the production
phase of the final prosthesis. In five cases, however, passive
adaptation was not optimal; therefore, the clinician proceed-
ed to separate the polyurethane or metal replica into several
parts, until a passive adaptation was obtained. These portions
were then luted intraorally with low-contraction resin, and the
assembly was transferred to the technician who re- scanned it
with a desktop scanner and modified the CAD project accord-
ingly. In all these cases, > 30 ym distances between meshes and
libraries of multiple SBs had emerged during the early stages of
CAD (best-fit).

EJPRD
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p* = Chi-square test.

At the time of delivery of the final monolithic zirconia prosthe-
ses (T1), there were no complications, since the passive fit and
the marginal adaptation of 44 of the 45 prosthetic structures
was optimal. However, in a case of mandibular FA in a 56-year-
old woman, a minimal friction problem emerged at the time
of screwing, which did not seem to prevent the correct posi-
tioning of the prosthesis. The prosthesis was screwed on, but a
few minutes later, following a patient yawn, the prosthesis frac-
tured in the middle portion (area of the incisors). This fracture
was therefore attributed to an imperfect passive fit and man-
dibular flexure in maximum opening. In addition, the design of
the structure had reduced thicknesses in the area surrounding
the Ti Base of the more anterior implant. This complication was
solved by redesigning a new prosthesis.

Copyright ©2020 by Dennis Barber Ltd. All rights reserved.
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Figure 1: Partially edentulous patient with four implants in the anterior maxilla: clinical pictures of the scanning procedure. (A)
Frontal view: the mucosal collars after the removal of the healing abutments. (B) Occlusal view: the mucosal collars are visible. (C)

The SBs are screwed on the four implants. (D) Thermoplastic material and composite resin are used to connect the SBs, avoiding any
interference with their marker surfaces and heads.

Figure 2: Partially edentulous patient with four implants in the anterior maxilla: screenshots of the intraoral scan. (A) Occlusal view:
the mucosal collars after the removal of the healing abutments. (B) Occlusal view: the SBs are screwed on the four implants. (C)
Frontal view of the SBs. (D) Occlusal view: thermoplastic material and composite resin connect the SBs, avoiding interference with

the SB marker surfaces and heads. (E) Palatal view of the SBs linked with thermoplastic material and resin. (F) Lateral view of the
assembly.
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Figure 3: A replica of the final CAD project is milled in polyurethane hard resin and screwed intraorally to verify the passive fitting
and the marginal adaptation. Intraoral radiographs are taken to verify the adaptation. (A) Radiographic image of the replica,
implants in the right side. (B) The milled replica screwed intraorally. (C) Radiographic image of the replica, implants in the left side.

Figure 4: The final screw-retained fixed PP is ready to be delivered to patient. (A) Right view. (B) Frontal view. (C) Left view.

Figure 5: Delivery of the final screw-retained fixed PP. The
same CAD project of the milled prototype is duplicated in
zirconia. (A) Clinical view. (B) Panoramic radiograph.

Two years after the delivery of the final restorations (T2), the
implant success was high (100%) with all implants in function,
but another prosthesis fracture occurred in a mandibular FA
of a 66-year-old man. The prosthesis had to be replaced with
a new one, and again the fracture occurred in an area where

EJPRD
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the thickness of zirconia was non-optimal. Another complica-
tion occurred in a maxillary FA of a 68-year-old female, due to
chipping of a distal extension on the right upper first molar;
however, this complication was solved simply by polishing the
surface of the fractured connector. At the end of the study,
42/45 final zirconia prosthesis (93.3%) were considered suc-
cessful because they functioned without any complications
registered during the subsequent two years. Conversely, the
incidence of prosthetic complications was 6.7%. Among these
complications, two (fractures of the zirconia framework) were
major, and one (chipping) was minor. Regardless, all these
complications were technical.

DISCUSSION

To date, multiple published reports have proposed that the
insufficient accuracy of I0S in capturing impressions for the
manufacture of long-span restorations (such as FA) is the sig-
nificant limit to the use of these machines in implant prostho-
dontics.?2%¢

Although there are statistically significant differences in the
accuracy of the various 10S on the market, numerous sci-
entific studies?*?®> and reviews of the literature?*?¢ have con-
firmed the intrinsic difficulty of scanners in capturing multiple
implant impressions, particularly in completely edentulous
patients. It is now clear that the inaccuracy of the models
generated by direct intraoral scanning does not depend solely
on the machine and therefore on the technology used for the
acquisition,? but also on other factors (lighting conditions,®

Copyright ©2020 by Dennis Barber Ltd. All rights reserved.



European Journal of Prosthodontics and Restorative Dentistry (2020) 28, 1-14

ARTICLE IN PRESS

Figure 6: Fully edentulous patient with eight implants in the maxilla: intraoral scan. (A) Occlusal view of the SBs screwed on the eight
implants. (B) Before taking the intraoral scan, thermoplastic resin is used to connect the SBs, avoiding any interference with their

marker surfaces and heads.

Figure 7: An intraoral scan of a fully edentulous patient with eight implants in the maxilla. (A) Occlusal view of the mucosal collars.
(B) Occlusal view of the implant SBs screwed on the eight implants and linked with thermoplastic resin. (C) Occlusal view of the
assembly. Thermoplastic resin is used to connect the SBs, avoiding any interference with their marker surfaces and heads.

Figure 8: A replica of the final CAD project milled in metal. This replica is useful to verify the passive fit and the marginal adaptation
intraorally. (A) The milled replica, frontal view. (B) Details of the milled replica.

operator experience and scanning strategy,® position, incli-
nation and depth of the implants, design and material of the
SB3").

At the level of intrinsic error, however, it is now established
that one of the most significant difficulties for IOS lies in the
correct reading and reproduction of the spaces between the

ceceseesieiasteseeseeseeeeeeseesees. Gontinuous Digital Impression Scan Strategy...
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different SBs.?>2® These spaces are, in fact, devoid of physical
references, with a “vertical” spatial “jump” between two SBs.
It is precisely this distance and the absence of spatial refer-
ence points that cause difficulties for the I0S reconstruction
software.?® For this reason, some authors have tried to reduce
these spaces and distances, introducing replicas or custom
devices to facilitate reading by scanners.3*3

Copyright ©2020 by Dennis Barber Ltd. All rights reserved.
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Figure 9: The final fixed FA is screwed onto the implants with excellent adaptation and passive fit. (A)
Occlusal view of the prosthesis in position. (B-C-D-E) Intraoral radiographs confirm the absence of gaps

and misfts at the level of the connection.

Figure 10: The final fixed FA is delivered to the patient.

In an in vivo study, Tallarico et al.3 introduced a replica of the
patient’s total prosthesis, open in the SB area, to facilitate the
scanning and reading of the spaces between one scan abut-
ment and the other. This replica allows for accurate capture,
through intraoral scanning, of the initial vertical dimension of
patient occlusion, very useful data for the dental technician.3? A
similar approach has been followed by Mangano et al.*, who
resolved 15 cases of completely edentulous patients rehabili-
tated with an overdenture supported by a polyether-ether-
ketone (PEEK) bar and four implants. This approach is notable
because it also allows for the capture of the vertical dimension
of occlusion and, potentially, the development of a completely
digital prosthesis project. This improvement is due to the physi-
cal capture of the pre-existing prosthesis extraorally, which is
then virtually superimposed to that which is captured intraoral-
ly.3 This capture allows, due to the inversion of the normals, for
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functionalized mucosal bases to be obtained, useful for the dig-
ital modelling of the prosthesis.®* The limit of this approach is,
however, that an additional appointment is required to capture
the impression for the fabrication of the replica of the pre- ex-
isting prosthesis. In addition, a 3D printer is needed to fabricate
this replica, which must be “opened” virtually or manually, to
allow the SB to be housed without impeding their complete ac-
quisition during the optical impression.333

A different approach has been proposed by other authors:
the introduction of custom devices of different shapes, also
useful for assessing and checking the accuracy of intraoral
scanning.2*3¢ In an in vitro study, Iturrate et al.** introduced a
custom device of known dimensions, manufactured and con-
nected onto a model of an edentulous maxilla with 4 SBs. This
model was scanned with different IOSs, with and without the
auxiliary device.3* At the end of the study, the presence of the
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Figure 11: Fully edentulous patient with six implants in the maxilla. (A) The SBs are screwed on the six implants. (B) Prior to taking
the intraoral scan, composite resin (that can be used, as a variant of the technique, instead of thermoplastic resin) is used to connect
the SBs, avoiding any interference with their marker surfaces and heads. (C) Occlusal view of the scan captured with the SBs linked
with composite resin. (D) Frontal view of the SBs linked with composite resin.

auxiliary device proved useful as it served as a spatial reference
rich in anatomical landmarks for scanning, and was, therefore,
able to improve the accuracy of the optical impression, regard-
less of the type of IOS used.* A similar strategy was employed
by Gomez-Polo et al.,*> who presented a technique for increas-
ing the accuracy of intraoral scanning for FA prostheses and for
correcting deviations and distortions that occur during direct in-
traoral scanning processes. The strategy employed a reference-
marked rigid splint with known geometric features capable of
providing the scanner with reference points and therefore re-
ducing the deviation and errors given by the “jump” between
the different SBs.>> This method was based on sectioning and
best-aligning the scanned files to generate a more accurate de-
finitive cast and consequently a better- fitting restoration.*

Finally, the approach proposed by Schmidt et al*® and
Mandelli et al.>" is different but notable. Schmidt et al*® used a
solid index to better assess inter-implant distances in vitro and
in vivo. The authors prepared an in vitro model of a partially
edentulous maxilla with four implant analogues in the posterior
regions; they screwed on the SBs and scanned the model with
a reference industrial machine.*® Then, the same model was
scanned with an IOS 10 times. The authors then connected the
SBs to a custom solid index or CMA, consisting of four hollow
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connected cylinders with a parallelepiped of known dimensions
positioned on the palate. A minimum quantity of polyether
impression material was used for connecting the SBs to the
solid index. After the material had hardened, the assembly
was unscrewed and sent to the dental laboratory to undergo
investigation with a coordinate measuring machine (CMM). The
inter-implant distances were assessed. Finally, 10 conventional
impressions of the maxilla were taken, plaster models were
poured and the same CMM was used to assess the implant
distances.>® The authors compared the accuracy of the different
methods and found that significantly higher trueness was
achieved with the solid index.>® These results were confirmed in
vivo, in a series of three cases made under the same protocol.
The authors concluded that the CMA was proven to reproduce
the 3-D inter-implant distances better than conventional or
digital impression, with significantly higher accuracy.>®

Mandelli et al*” presented the clinical results obtained with a
similar hybrid digital-analogue technique, solid index impres-
sion protocol (SIIP), which used a solid custom-made index to
capture accurate impressions of multiple implants for the fab-
rication of implant-supported fixed full arches (FAs). Five pa-
tients were treated with a FA supported by four implants. Three
months after implant placement, impressions were taken for
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Figure 12: Fully edentulous patient with six implants in the maxilla. (A) The final restoration as fabricated by the laboratory. (B) View
of the implant connections. (C) Delivery of the final restoration. (B) Aesthetic integration of the final restoration.

all patients with an IOS (direct digital impression) and with SIIP,
using a custom tray consisting of four hollow cylinders con-
nected with a bar.> This index, linked to the implant transfers,
was transferred to the laboratory and used as the basis for
fabricating the definitive FAs.>” Excellent clinical precision and
passive fit were obtained in all five implant-supported fixed FAs
fabricated with SIIP.3” One year after delivery, all fixed FAs were
functional without any complications.” Finally, differences in
accuracy were found between SIIP and direct intraoral scan-
ning.’” The authors concluded that SIIP seems to represent a
viable option for capturing accurate impressions for the fabri-
cation of clinically precise implant-supported fixed FAs with a
hybrid digital-analogue workflow.?” The advantage of the ap-
proach presented by Schmidt et al.*® and Mandelli et al.*" is the
ability to register a highly accurate impression, using a solid
custom index, and also the possibility of controlling the quality
of the direct intraoral scan, also with the aid of CMM. The limit
of this approach, however, is given by the need for an extra
intraoral scan, preliminary to the preparation of the solid index,
which must be modelled and printed in 3D: this requires time
and specific skills. Furthermore, the workflow, in this case, is
not entirely digital %3’

Our present retrospective clinical study presents an easier
and more direct, entirely digital approach, which consists of
the intraoral connection of the implant SBs using thermoplastic
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resin. Once modelled and cured, this resin is further fixed to
the SBs through flowable composite, and the entire assembly is
scanned through direct intraoral scanning with Trios3®, an I0S
that several studies have reported being highly accurate.2".2738
This approach allowed us to obtain excellent passive fit and
marginal adaptation of the implant superstructures at TO
(intraoral try-in of the polyurethane or metal replicas) with only
5/45 prostheses revealing unsatisfactory clinical precision. In
these 5 FA cases, however, the clinician proceeded to separate
the polyurethane or metal replica into several parts until a
passive adaptation was obtained. These portions were then
luted intraorally with low- contraction resin, and the assembly
was transferred to the technician who re-scanned it with a
desktop scanner and modified the CAD project accordingly. It
is important to underline the fact that one-piece titanium SBs
have been used in this study. This may represent an advantage
because one-piece metal SBs are easier to fabricate for the
manufacturer (as manufacturing tolerances with PEEK are
more difficult to control) and help to minimize the positional
errors that may potentially affect two-pieces (titanium-PEEK)
SBs, due to tolerances in the assembly.*® It is also important
to note how in all these cases, a distance > 30 pm between
meshes and libraries of multiple SBs had emerged during
the early stages of CAD (best-fit): this may be considered an
indicator of error and may highlight the importance of the
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congruence between the mesh and the library file of the SBs.
In fact, in the absence of perfect congruence between these
two files in the early CAD stages, a positional error may arise.
This topic needs to be adequately addressed by the scientific
literature. At T1, however, all final monolithic zirconia revealed
excellent passive fit and adaptation, except one that revealed
a minimal friction, and fractured several minutes after being
screwed. The authors believe this minimal misfit had caused
fracture due to mandibular flexion since it occurred following a
patient yawn. At T2, the implant success was high (100%), and
no mechanical complications (i.e., complications affecting pre-
established components sold by the implant manufacturer)
occurred. However, another prosthesis fracture occurred.
Finally, a chipping occurred in a distal extension on the right
upper first molar; however, this complication was solved simply
by polishing the surface of the fractured connector. Therefore,
the incidence of prosthetic complications was 6.7%, and the
overall 2-year prosthetic success was 93.3%.

The limitations of this study include a relatively brief (up to 2
years) follow-up period after the delivery of the final zirconia
restorations; in addition, the retrospective study design is not
the most suitable to draw definitive conclusions on the reliabil-
ity of the present direct intraoral scanning technique. Further-
more, most of the prosthetic restorations were delivered in the
maxilla, that offers more stable landmarks for the IOS (such
us the palate) to reduce scan inaccuracies, when compared
with the mandible (that lacks of references and has the tongue
that may disturb the operator during scanning). The design of
this study is essentially clinical, the protocol does not allow for
proper mathematical quantification of the scanning error. In
other words, it is not possible to quantitatively verify the math-
ematical accuracy of the scans, since the only controls are clini-
cal, with a clinical and radiographic assessment of the marginal
closure of the superstructures and their passive fit: this can
be considered another limit of this study. Finally, in this clini-
cal study, a highly accurate IOS (Trios3®) has been used by an
experienced operator, and the results obtained here cannot be
generalized and automatically considered valid also for other
scanners. Hence, further long-term prospective clinical studies
are essential to confirm the positive outcomes observed.

CONCLUSIONS

At present, the scientific literature does not consider direct
intraoral scanning a sufficiently reliable method to capture
impressions for the fabrication of long-span implant-supported
prosthetic restorations, particularly in the case of FAs. Our
present retrospective clinical study presents the clinical results
obtained with a novel intraoral scanning technique, named
“Continuous Scan Strategy” (CSS), based on the connection of
the scan abutments through thermoplastic resin, to eliminate
the “jump” between the different SBs and therefore reduce the
intrinsic scan error. Over a four-year period, 40 patients were
enrolled in our study and restored with 45 long-span implant-
supported restorations (10 fixed PPs supported by >4 implants
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and 35 FAs supported by 6-8 implants) fabricated via a full-
digital workflow after the capture of an intraoral impression
following the CSS technique. At the time of the intraoral try-
in of the polyurethane or metal replica of the final prosthesis,
40/45 replicas had a perfect passive fit and adaptation. At the
delivery of the final restorations, one prosthesis fractured, and
another fracture and a chipping occurred at T2. The implant
survival rate amounted to 100%. The prosthetic success was
93.3%, with a low incidence (6.7%) of complications. Therefore,
CSS appears to represent a viable option for capturing accurate
intraoral digital impressions for the fabrication of precise long-
span implant-supported restorations. However, this study is
retrospective and has a short follow-up. Most of the prosthetic
restorations were delivered in the maxilla, that offers more
stable landmarks for the IOS (such us the palate) to reduce scan
inaccuracies, when compared with the mandible. Moreover,
the design of this study is essentially clinical, since the protocol
does not allow for proper mathematical quantification of the
scanning error. Finally, only one IOS (Trios3®) has been used
in this study, by an experienced operator, and the results
obtained here cannot be generalized also to other scanners.
Further long-term follow-up studies are needed to confirm
these positive results.
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ABBREVIATIONS

Cone beam computed tomography (CBCT); three-dimen-
sional (3D); computer-assisted- design (CAD); intraoral scan-
ner (I0S); scanbody (SB); single crown (SC); partial prosthe-
sis (PP); full arch (FA); polyether-ether-ketone (PEEK); custom
measuring aid (CMA); Continuous Scan Strategy (CSS); stand-
ard tesselletion language (.STL); standard deviations (SD); con-
fidence intervals (CI); coordinate measuring machine (CMM);
solid index impression protocol (SIIP).
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