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Reverse impression technique: A fully digital protocol for the
fabrication of the definitive fixed prosthesis for completely

edentulous patients
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Conventional protocols  for
complete arch fixed implant-
supported prostheses have
been successfully used for de-
cades, but the recent evolution
of digital technology and in-
traoral scanners (IOSs) has
simplified the  procedure,
reduced treatment time, and
increased accuracy.' > Howev-

ABSTRACT

In complete arch implant rehabilitation, one of the greatest difficulties still encountered in the
digital workflow is the deviation of the implant position during intraoral scanner (I0S) data
acquisition. As a result, the passivity of a definitive prosthesis fabricated using 10S data might be
compromised. Thus, an implant position verification method is essential, either digitally or
conventionally executed. A fully digital protocol for the fabrication of the definitive fixed
prosthesis for completely edentulous patients, without the interference of any conventional step
within the digital process, is presented. For the verification of the captured position of the scan-
bodies, novel scan analogs were connected to the interim prosthesis extraorally and scanned.
The virtual superimposition of the interim prosthesis intraorally with the same prosthesis
extraorally served as a verification device for the position of the implants. (J Prosthet Dent

er, technology presents its own 2023;m:m-m)
limitations. Interimplant dis-

tance, clinician experience, scanning path strategy, cali-
bration of the 10S, surface characteristics, presence of
blood or saliva, and ambient light may all affect the ac-
curacy of I0S data acquisition.*® This initial IOS
discrepancy may adversely affect the passivity of the
prosthesis.”

At present, 2 of the most commonly used digital
methods for implant recording are intraoral scanning and
photogrammetry.” Although IOSs can record the implant
position, 3-dimensional (3D) deviations have been re-
ported, and verification methods are still needed.*”
Photogrammetry may accurately capture the implant
position but does not capture the surrounding anatomic
structures, and an additional soft tissue digital scan or
conventional impression is necessary.'’"'> The digital

scan must include information on the soft tissues, adja-
cent tooth position and anatomy, as well as prosthetic
parameters such as the vertical dimension and inter-
maxillary relationship.

Different conventional verification methods have
been described, including a splinted open tray impres-
sion, a verification device for the definitive cast, and a
computer-aided design and computer-aided
manufacturing (CAD-CAM) prosthesis.'*'> Therefore,
the need for a fully digital workflow that does not entail
complex conventional verification methods or high-cost
digital devices is required. The use of the existing
interim prosthesis seems to be a logical alternative for
verifying the implant position digitally, as has been done
for many years in the conventional way, by taking
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Figure 1. Clinical evaluation of 3D-printed dentures for esthetic and
functional analysis. 3D, 3-dimensional.

advantage of the interim prosthesis to fabricate the
definitive cast and obtain the exact position of the
implants.

The purpose of this technique article was to provide a
tully digital protocol for the fabrication of the definitive
fixed prosthesis for completely edentulous patients.

TECHNIQUE

1. Fabricate and deliver a removable denture, conven-
tionally or digitally, for the evaluation of all the parameters,
esthetic and functional, if the existing one is not correct
(Fig. 1). Scan the denture, digitally modify the intaglio
surface by removing the buccal flange and palatal exten-
sion, and provide a flat intaglio surface. Make perforations
digitally according to the emergence of the virtual abut-
ments of the implant planification and fabricate the interim
prosthesis  (polymethyl = methacrylate  multiblank;
anaxdent).

2. Place the implants fully guided by following the
planification and using a surgical guide (Surgical Guide
Resin; Formlabs). Connect screw-retained titanium
interim abutments to each implant, widen the perfora-
tions of the prosthesis, if needed, and protect the sur-
rounding soft tissue with dental dam (nic tone rubber
dam; Expert Tech Solutions). Connect the prosthesis to
the coronal part of the titanium abutments after trans-
epithelial placement with a polymethyl methacrylate-
based material (SR Ivocron; Ivoclar AG) if immediate
loading is possible. If not immediately loaded, this step
may be accomplished after osseointegration depending
on the surgery (Figs. 2 and 3). To position the prosthesis
accurately over the interim abutments, use a guide that
has been designed and fabricated for this purpose. The
fixation pins of the referred guide and the surgical guide
share the same position, and the design restricts move-
ment of the prosthesis. Design the repositioning guide of
the prosthesis in the same open-source software pro-
gram (Meshmixer; Autodesk, Inc) used to design the
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surgical guide. Then, 3D print the guide (Form 2; For-
mlabs) with a surgical resin (Surgical Guide Resin; For-
mlabs), postprocess, and sterilize for 30 minutes at 120
°C according to the manufacturer’s guidelines. The bor-
ders of the guide should start from the level of the fixa-
tion pins (2 subnasal and 2 in the tuberosity area) over
the crestal bone and should surround the whole structure
of the prosthesis with which it is in contact via small
extensions of the proper guide. The structure of the guide
should not interfere with the path of insertion of the
prosthesis over the interim abutments.

3. After the osseointegration phase, make an intraoral
digital scan (TRIOS 3; 3Shape A/S) of the external surface
of the interim prosthesis, of the antagonists, and of the
occlusion. Recording the intermaxillary relationship of the
interim restoration is essential to stabilize all the prosthetic
parameters during the subsequent steps of the workflow.
After removing the interim prosthesis and screwing the
scan abutments over the transepithelial abutments,
perform the definitive scan intraorally (Fig. 4).

4. Clean and air dry the interim prosthesis and screw
the scan analogs (Scananalog; Dynamic Abutment So-
lutions) over the interim abutments. Obtain an additional
extraoral scan of the prosthesis starting from the occlusal
surface that can be more easily recognized by the IOS
software program. After the acquisition of the external
part of the prosthesis, capture the intaglio surface with
the scan analogs (Fig. 5).

5. Remove the scan analogs from the interim pros-
thesis and replace it intraorally over the transepithelial
abutments after removing the intraoral scan abutments.

6. In a CAD design software program (Dental CAD 3.0
Galway; exocad GmbH), superimpose the standard
tessellation language (STL) files of the interim prosthesis
intraorally and extraorally. From the scan analog, the
software program can insert the scan abutment on top of it.

7. The dental laboratory technician takes as a refer-
ence the position of the implants obtained from the
prosthesis and begins the design of the definitive pros-
thesis (Dental CAD 3.0 Galway; exocad GmbH).

8. After the design of the prosthesis, evaluate the
passivity of the prosthesis with a resin prototype and the
esthetic and functional parameters (Fig. 6).

9. If passivity is confirmed with the resin prototype,
the dental laboratory technician can proceed with the
fabrication of the definitive prosthesis.

10. At the next clinical appointment, remove the
interim prosthesis and deliver the definitive prosthesis.
Confirm the passivity with radiographs, tighten the
prosthesis according to the manufacturer’s recommen-
dation, and seal the access holes with Teflon (Teflodent
Nastro; Henry Schein) and composite resin (Micerium
ENA HRi; Micerium S.p.A.) (Figs. 7 and 8).
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Figure 2. A, Guide to position interim prosthesis. B, Interim prosthesis placed inside guide. C, Interim prosthesis (milled duplicate of diagnostic dentures

designed without flange) with access holes depending on implant plan.

Figure 3. Interim prosthesis after pickup of implants extraorally.

DISCUSSION

A step-by-step, fully digital protocol for the fabrication of a
complete arch implant-supported prosthesis is described.
Its novelty is that the verification method for the prosthesis
passivity is fully digital and that no additional devices are
required. This protocol can be used for patients where the
interim prosthesis is fabricated intraorally by connecting
the implant connection with the prosthesis. The technique
is similar to the conventional method, where the interim
prosthesis is removed from the patient's mouth and
implant analogs are screwed from the intaglio surface of
the prosthesis. A definitive cast is fabricated by pouring
these analogs.'® However, this conventional method is
time-consuming, with errors that include the expansion of
gypsum and also the possibility of movement of the
implant analog during the procedure.

In complete arch implant rehabilitation, after the
implant placement, a pick-up of the prosthesis is typically
performed, accompanied by the relevant guide.'” As a
result, the prosthesis itself can be used to verify the implant
position, as the implants were captured intraorally,
ensuring passivity. Thus, an additional pick up verification
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device is not needed, as the multiunit prostheses are
tightened at the correct torque with no loosening.

The present protocol is straightforward, provided
analogs are available from the implant company. There is
no need to fabricate a CAD-CAM device or a template
with surfaces to perform a pickup,'® a process that re-
quires additional laboratory and clinical time. An
advantage is that extraoral scanning is more straightfor-
ward and potentially more accurate than intraoral scan-
ning, where ambient light and intraoral conditions can
affect accuracy.*” The missing link has been the avail-
ability of analogs that could be scanned. These scan
analogs are made from a polymeric material that facili-
tates the scanning process.

Another advantage is the straightforward superim-
position with the best fit algorithm in the CAD software
program. This minimizes errors for cross mounting
digitally because the 2 STL files, one of the prosthesis
intraorally and the other extraorally, are identical.'”
This superimposition of the 2 virtual casts entails a
precise correlation of the implant position, the vertical
dimension of occlusion, and the position of the teeth,
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Figure 4. Steps of intraoral scanning workflow. A, Interim prosthesis for acquisition of external surface, placed intraorally. B, Occlusion with definitive
mandibular prosthesis after scanning mandibular arch as separate step. C, D, Scan abutments placed intraorally in frontal and in occlusal view.

Figure 5. Interim prosthesis extraorally with scan analogs screwed to
interim abutments and ready to be captured with intraoral scanner.

making the design of the definitive prosthesis more
predictable.

Limitations of this digital protocol include the lack of
clinical studies and the flat morphology of the intaglio
surface of the prosthesis, possibly leading to the inaccurate
stitching of images, with a possible error on the definitive
surface and consequently of the implant position. If misfit
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Figure 6. Resin prototype screwed intraorally before fabrication of
definitive prosthesis to evaluate passivity of prosthesis over multiunit
abutments.

occurs because of the inaccuracy of the digital scan, the
prototype should be sectioned and reconnected
intraorally.

The present protocol uses an IOS system to scan the
prosthesis with the scan analogs. This procedure could
decrease accuracy, as the overall quality of the digitalized data
depends on the specific system used and scanning
completely edentulous patients has limitations."*° The use of
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Figure 7. Definitive prosthesis (monolithic, milled, stained zirconia)
screwed intraorally with torque of 15 Ncm.

Figure 8. Postoperative panoramic radiograph.

an extraoral optical scanner may therefore show higher
precision and eliminate any distortion from the IOS system.”'

SUMMARY

The present article presents a step-by-step, digital
workflow for complete arch fixed implant-supported
prostheses. This protocol verifies the 3D implant posi-
tion without the interference of an analog step, simpli-
fying the prosthetic procedure for both clinician and
dental laboratory technician.
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