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with immediately loaded full-arch implant prostheses on Morse cone tissue-level con-
CONE TISSUE-LEVEL nectors. Procedures were performed using a fully digital protocol. The primary outcome
CONNECTORS 1'VEAR measures were implant and prosthesis survival rates and complications. The secondary
POST-LOAD'NG RESU LTS outcome measure was peri-implant marginal bone loss.

OF A CASE SERIES

RESULTS. Nine patients received 52 implants supporting 10 cross-arch titanium-resin
prostheses, seven in the lower jaw and three in the upper jaw. One year after prosthesis
fitting, no patient dropped out, no implants or prostheses failed, and no biological com-
plication occurred. Only two minor resin chips occurred in two different patients. Howe-
ver, the first two prostheses prefabricated via a fullly digital workflow (to be fitted in two
consecutive patients) did not fit on the Morse cone tissue level connectors. The misfit
was solved via intra-oral resin relining after abutment removal from the prosthesis, whi-
ch was screwed directly onto the tissue-level connectors. After these two consecutive
misfits, the protocol was changed: a physical intra-oral impression was taken and the
other eight cross-arch prostheses were fitted 24 hours after surgery.

One year after loading, the mean marginal bone loss at patient level was 0.07+0.02 mm
(95% Cl: 0.05-0.08).
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CONCLUSIONS. Fully digital protocols still present various limitations when used in com-
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Fully digital prosthetics workflow

A computer-guided surgical-prosthetics protocol offers several clinical benefits, helping cli-
nicians to virtually plan the ideal implant position and direction taking into account the pa-
tient's anatomical structures and the prosthetic parameters’s.

Likewise, the development of digital dental equipment, such as cone-beam computed tomo-
graphy, intraoral scanners, and specialized software that allows for virtual implant planning,
have improved guided implant placement, making it safer, simpler and more accurate®". The
fully digital workflow has been developed with the aim of making these procedures more
predictable and less invasive, and to require shorter chair-side time and appointments®.

To be successful over time, an implant-supported prosthesis needs to respect some require-
ments, in particular passive fit of the framework, because prosthesis misfit may lead to me-
chanical and biological complications®. As with every method, the fully digital workflow pre-
sents some drawbacks, such as a learning curve and costs®, but other problems are related
to the accuracy of implant placement using a fully digital protocol versus virtual planning and
impression taking"™®.

Several authors, including Tahmaseb™ and Vercruyssen”, have revealed a discrepancy betwe-
en the virtual planning of implant placement and the actual final position in the oral cavity,
and the effectiveness of digital impressions for full arches is still unclear. In fact, Zhang®, in a
review, claimed that the digital full-arch implant impressions using intraoral scanners are not
sufficiently accurate for clinical application. Other authors, such as Andriessen' or Schmidt?,
have concluded the same.

In this context, aim of this case series was to evaluate the performance of full-arch prosthe-
ses screwed on Morse cone abutments connected at implant installation and not removed,
with the entire protocol relying on digital workflow. This study is reported according to the
STROBE guidelines [https://www.strobe-statement.org/checklists/).

MATERIALS AND METHODS

Patients were treated at a private centre in Sardinia (Italy) from March 2021 to December
2022. Two experienced clinicians (S.M.M, B.F) performed all surgical procedures. Two other
clinicians (M.P, B.F) performed all prosthetic treatments. All patients gave their informed writ-
ten consent to the treatment. Any patient aged 18 years or older, affected by total edentulism
or with non-viable dentition, and able to understand and sign informed consent was treated.
Patients were not treated if any of the following exclusion criteria applied: American Society
of Anesthesiologist (ASA) class Il or IV; pregnancy or nursing; alcohol or drug abuse; heavy
smoking (>10 cigarettes/day); radiation therapy to head or neck region within 5 years; and/or
untreated periodontitis.

Surgical and prosthetic procedures

All patients received periapical or panoramic radiographs for initial screening and asses-
sment. The implant-prosthetics workflow began by taking a CBCT scan (Rayscan, Sulzbach,
Germany) to plan the correct implant position. After that, a digital model was generated using
a CS 3600 intraoral scanner (Carestream Dental, Atlanta, GA, USA). In fully edentulous subjects,
a double-scan protocol was implemented. Specifically, prostheses were made from physical
impressions; after that a CBCT scan of the patient was performed with the prosthesis in sity,
followed by a single scan of the prosthesis with gutta-percha (Dentsply Sirona Italia, Rome,
Italy) reference points to obtain a match between the two datasets (FIGS. 1-4). Standard Tes-
selation Language interface format digital data (STL data) was imported into 3D design
software (Exocad DentalCAD, Exocad, Darmstadt, Germany) to generate a virtual wax-up ac-
cording to the functional and aesthetic requirements and planning. STL and Digital Imaging



|
Fully digital prosthetics workflow

FIG. 1: Edentulous maxilla: initial clinical condition of the patient FIG. 2: Extra-oral lateral picture of the patient: note the lack of lip support
caused by the missing teeth

FIG. 3: Temporary remavable prostheses made for the double-scan protocol: FIG. 4: Temporary prostheses made for the double-scan protocol inserted in
reference points for subsequent DICOM/STL file-matching the patient's mouth

and Communications in Medicine (DICOM) data were imported into 3D planning software
(3Diagnosys, 3P Guide, Version 4.2, 3DIEMME, Cantu, Italy) (FIGS. 5, 6).

Patients received 2 g amoxicillin + clavulanic acid (Augmentin, GlaxoSmithKline, London, UK)
one hour before surgery and 1g twice daily for one week thereafter. In the event of penicillin
allergy, clindamycin was administered for premedication (600 mg one hour before surgery)
and after surgery (300 mg four times a day for one week]). Patients were instructed to rinse
with 0.2% chlorhexidine solution (Curasept, Curaden Healthcare, Saronno, Italy) for one minute
before surgery, and a sterile surgical drape was applied to minimise potential contamination
from extra-oral sources. Oral sedation with triazolam 0.50 mg (Triazolam Ratiopharm, Milan,
Italy) was given prior to surgery. Local anaesthesia (Septanest with adrenaline, 1/100000, Sep-
todont, Matar¢, Spain) was used.

Following the extraction of non-viable teeth, a mid-crestal incision was made into the kerati-
nized tissue using a n. 15 surgical blade, and a full-thickness mini-flap was raised. In three
subjects, a flapless protocol was performed. All implants (cono in 3P Implafavourite, Scalegne,
Torino, Italy) were installed following a fully guided protocol (FIGS. 7, 8). In cases of poor bone

[ ] [ ]
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FIGS. 7, 8: Surgical template for implant placement in the
mandible and maxilla

FIGS. 5, 6: 3D plan for implant insertion in both mandible and maxilla

density, the implant site was underprepared. All of the implants were inserted with a mini-
mum insertion torque of 35 Ncm 0.0 mm to 1 mm below bone level (FIGS. 9, 10). Morse cone
tissue level connectors abutment were inserted (TLC base 3P Implafavourite) (FIGS. 11, 12). In
post-extraction cases, the gap between the implant and the vestibular bone plate was filled
with bovine bone (Re-bone, Ubgen, Vigonza, Italy). Flaps were sutured with Vicryl 4-0 sutures
(Ethicon J&) International, Sint-Stevens Woluwe, Belgium). Immediate loading was to be per-
formed with a prefabricated titanium resin prosthesis (FIGS. 13, 14). Afterwards, all patients
received oral and written recommendations about medication, oral hygiene maintenance
with an antiseptic agent (0.2% chlorhexidine, CURASEPT, Curaden) and diet. Patients were re-
called every three months until one year after loading.

[ ] [ ]
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FIG. 11: Placement of tissue level connectors in the mandible after implant
insertion

FIG. 13: Analogue model produced by virtual planning with tissue level
connectors

20

FIG. 10: Surgical template of the maxilla with implants inserted

FIG. 12: Implant with Morse cone tissue-level connector

FIG. 14: Prefabricated titanium-resin prosthesis made from virtual planning
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Outcome measures

Implant and prosthesis survival rates and complications were the primary outcome measu-

res.

— Implant failure: any removal of implants dictated by implant mobility, progressive margi-
nal bone loss, infection or implant fracture.

— Prosthesis failure: any prosthesis redone for any reason.

— Surgical complications, such as infection or intraoperative or postoperative issues, pro-
sthetic complications (e.g., fractures, chipping, abutment mobility, prefabricated pro-
sthesis not fitting) and biological complications (wound or implant infection, mucositis,
abscesses or peri-implantitis) were recorded. Complications were assessed and treated
by the same clinicians who originally treated the patients.

— The secondary outcome measure was peri-implant marginal bone loss. This was calcula-
ted on digital periapical radiographs taken with the paralleling technigue using a film-hol-
der (Rinn XCP, Dentsply, Elgin, lllinois, USA) at both implant placement/loading (baseline)
and one year after loading. The radiographs were accepted or rejected for evaluation
based on the clarity of the implant threads. The distance from the most coronal margin
of the implant collar to the most coronal point of bone-to-implant contact was calcula-
ted. All readable radiographs were displayed using image analysis software (DFW2.8 for
windows, Soredex, Tuusula, Finland) on a 24-inch LCD screen (iMac, Apple, Cupertino, CA,
USA) and evaluated under standardised conditions (SO 12646: 2004). The software was
calibrated for each single image using the known distance between two adjacent implant
threads. Measurements of the mesial and distal bone crest level adjacent to each im-
plant were made to the nearest 0.01 mm and averaged at patient level.

Statistical analysis

All analyses were carried out using SPSS software for Mac 0S X (version 22.0; SPSS, Chicago,
lllinois, USA). Two dentists (M.T, M.D.) analysed the data. Descriptive analysis was performed
for numeric parameters using mean=SD and 95% confidence interval (Cl). The differences in
mean marginal bone levels over time were compared using paired t-tests.

RESULTS

Nine patients (three male and six female) with a mean age of 55+3.2 years received 10 tita-
nium-resin full-arch restorations, seven in the lower jaw and three in the upper. All procedu-
res were performed fully guided, and three procedures were carried out flapless. Overall, 52
implants of diameter 4.5, 3.8 or 3.2 mm and length 10-12-14mm were inserted, and Morse cone
tissue-level connectors (TLC bases, 3P Implafavourite] 3.8 mm in diameter and 1.5 or 25 mm
long were connected. One year after prosthesis delivery no patient had dropped out, no
implant or prosthesis had failed, and no surgical or biological complications had arisen.
However, the first two prefabricated prosthesis obtained from a fully digital workflow, to be
fitted in two consecutive patients, did not fit on the Morse cone tissue-level connectors;
the misfit was corrected via intra-oral resin relining after abutment removal from the pro-
sthesis, and screwing the latter directly onto the tissue-level connectors (FIGS. 15A, B, 16,
17). After these two consecutive misfits, the protocol was changed: a physical intra-oral
impression was taken and the other eight cross-arch prosthesis were fitted 24 hours after
surgery (FIGG. 18, 19). Only two other biomechanical complications were recorded, both
minor, namely two resin chipping events in two different patients; in both cases it was
sufficient to rubber polish the resin intraorally.
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FIG. 16: Prefabricated titanium-resin prosthesis with relined areas FIG. 17: Prefabricated titanium-resin prosthesis one year after loading. Note
the relined areas with increased plaque accumulation; a new prosthesis will be
fabricated

FIGS. 18, 19: Extra-oral clinical photos after prosthesis fitting; note the lip support provided by the prostheses

[ ] [ ]
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TABLE 1 PERI-IMPLANT MARGINAL BONE LEVELS IN MM AT PATIENT LEVEL (NINE

PATIENTS])
IMPLANT PLACEMENT 1YEAR
Marginal bone levels (mm) 0.02+0.01; 95% Cl: 0.01 0.09+0.02; 95% Cl: 0.07
to 0.03 to 010
Marginal bone loss compared 0.07+0.02; 95% CI: 0.05
with baseline to 0.08
P-value <0.000

FIG. 20: Periapical x-rays one year after loading

One year after loading, the mean marginal bone loss at patient level was 0.07+0.02 (95% Cl:
0.05-0.08; TABLE 1) (FIG. 20).

DISCUSSION

The results of this study support the use of computer-guided surgery and minimal bone re-
modelling around implants with Morse cone connection, but do not support the fitting of
prosthesis obtained via a fully digital workflow before surgery. The main concerns emerging
from this study are related to the fit of the prefabricated prosthesis. In the first two cases
treated, the prosthesis did not fit correctly, and it was necessary to refit the prosthesis intra-
orally; subsequently the protocol was changed, and loading was performed after 24 hours.

In implant dentistry, the use of digital workflow is quickly developing, with accurate work and
a lower number of manual stages in clinical practice??. The various stages of treatment may
seem easy, but digital workflow has a demanding learning curve and includes possible
drawbacks such as inaccurate intraoral scanning, variations in implant position and prosthe-
ses misfit¥®*#*. Indeed, in order to obtain an accurate result, it is essential to have knowledge
of different software programmes for proper planning. Furthermore, the software program-
mes used for virtual planning in implantology require several steps that are not always easy

23
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to perform, like segmentation, elimination of artefacts, image overlay (DICOM/STL) and virtual
implant positioning®. Due to this, the presence of numerous complex points during the plan-
ning stages could lead to errors and their accumulation, which may result in failure.

One of the first problems observed in a fully digital protocol regards impression taking.
Zhang™®, in a review, showed that full-arch digital implant impressions are not sufficiently ac-
curate for clinical application. Similarly, Andriessen®, in a pilot study comparing the effective-
ness of digital intraoral scans and preformed cast models showed that the implant distance
and angulation errors in the scans were too great to allow fabrication of well-fitting implant
structures for edentulous jaws; the main cause of unreliable scans appeared to be the lack
of anatomical reference points for scanning.

Regarding surgical technigue, however, guided implant surgery is typically quicker than tradi-
tional freehand surgery, and results in higher comfort for the patient in the post-operative
period?. The efficacy of fully guided surgery compared to freehand surgery for implant pla-
cement is documented in the literature, and several authors such as Gargallo-Albiol?, Varga®®
or Vercruyssen® have shown statistically significant differences between different protocols,
with fully guided surgery displaying greater accuracy. However, there is an issue regarding
the discrepancy between virtual implant position and the real position in the oral cavity®". A
systematic review conducted by Tahmaseb et al’® showed that a discrepancy can exist betwe-
en the virtual and real positions of the implant amounting to a total mean error of 1.2 mm (1.04
mm to 144 mm) at the entry point and 14 mm (1.28 mm to 1.58 mm) at the apical point, as well
as a deviation of 3.5°(3.0° to 3.96°); nevertheless, they concluded that computerised static
implant surgery is accurate, albeit with some errors, and that a safety margin of at least 2
mm must be respected.

In line with these findings, there were errors related to prosthesis fit in our case series when
the fully digital protocol associated with computerized static implant surgery was applied;
hence, after two consecutive cases of evident prosthesis misfit, the loading protocol was
changed to involve an analogue workflow.

We wish to underline that this kind of titanium-reinforced resin screw-retained prosthesis is to
be considered a medium-term, temporary prosthesis, especially if intra-orally relined. Often in
our clinical practice, we replace these prostheses with polymethylmethacrylate (PMMA) or
acrylic resin prostheses on computer-aided design/computer aided manufacturing (CAD/CAM)
titanium bar or zirconia-ceramic on CAD/CAM titanium prosthesis after two to three years.
The main limitations of the present study are the fact that it was a case series, without sui-
table controls, the low number of patients treated, the lack of independent assessment, and
the short follow-up. Despite these limitations, the fully guided computer-assisted implant in-
stallation proved to be easily applied, and the Morse cone tissue-level connector simplified
the fitting of screw-retained prosthesis on implants with Morse cone connection.

It is our opinion that procedures described in this article can be easily managed by dentists
with medium-level skills in implant therapy. To rehabilitate edentulous patients, we suggest
using a digital workflow and computer assistance for implant placement; however, a fully di-
gital workflow for immediate loading is to be avoided, preferring instead a manual procedure
for impression taking an loading after 24 hours.

CONCLUSIONS
Fully digital protocols still present various limitations when used in complex rehabilita-
tions.
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