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Abstract: Purpose: Transferring precise information to the dental laboratory is one of the key factors
to achieving clinical success. The aim of the present study was to describe classical and digital
work-flows used to rehabilitate an implant with a convergent collar in the aesthetic zone following
the BOPT (biologically oriented preparation technique) approach and to report the three years
follow-up outcomes of two patients rehabilitated following such procedures. Materials and methods:
Two central incisors of two different patients were rehabilitated with a tissue-level implant with a
convergent collar and, after a provisional and healing phase, one implant was “impressed” using
a classical workflow and one using a digital one. The primary outcome measured was the mean
bone loss. An intraoral radiograph was taken at crown delivery and at the three years follow-up
visit. Secondary Esthetic outcomes pre-op and post-op were evaluated using the PES (pink esthetic
score). Results: At the three years follow-up visit, radiographic analysis showed no signs of bone
resorption. For the analogic procedure, the pre-and post-op PES scores were 8, whereas for the digital
procedure the pre-op PES score was 4 and a post-op score of 9 was obtained. Conclusions: classical
and digital work flows succeeded in giving precise and complete anatomical information of implant
position, including the soft tissue contour. Minimum bone loss and an esthetic success were obtained
in both procedures.

Keywords: digital dentistry; esthetics; digital work-flow; analogic workflow; bone augmentation;
implant dentistry; PES; radiographic analysis

1. Introduction

In recent years, the management of the esthetic areas and the maintenance of tissue stability
surrounding implant abutment have been two of the main topics of discussion and study [1,2].

Bacterial infiltration at the implant–abutment connection has been claimed to be responsible of
crestal bone loss, with possible consequential onset of an inflammatory process [3]. Different techniques
and components morphologies have been tested to improve tissue stability and reduce bone loss
and inflammation around the implant–abutment connection. The Platform-Switching concept (PS)
has been clinically validated by the literature [4] The aim is moving the bacterial infiltration at the
implant–abutment interface far from crestal bone towards the centre of the implant, thus reducing the
marginal bone loss.

On the other side, transmucosal implants have been proposed that move the implant–abutment
connection coronally with respect to crestal bone. However, this design remains controversial [5].
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In fact, the classical transmucosal implant neck design presents a divergent morphology making
difficult the clinical management of the tissues especially in the esthetic areas [6].

Recently, a prosthetic protocol (BOPT—biologically oriented preparation technique) has been
proposed by Ignazio Loi [7] for the vertical preparation of natural teeth, with the aim to module soft
tissue compression through provisional crowns and maximize soft tissue upgrowth.

The BOPT principles have been transposed in implant dentistry, creating a transmucosal implant
with a coronally convergent neck. This convergent neck allows the realization of cemented fixed
restorations following the same BOPT principles applied when restoring natural teeth with a
vertical preparation. In fact, the crown emergence forms a continuity between the implant and
the prosthodontics components without any horizontal gap [8]. In this way, the infiltrated bacteria are
sealed inside the prosthodontic components and maintained away from the bone.

This design makes it easier for the clinician soft tissues conditioning and makes peri-implant
soft tissue management more similar to the management of periodontal tissues in tooth-supported
restorations as opposed to traditional implant abutments or divergent neck tissue-level implants.
Once peri-implant tissues are healed, one of the key factors in order to achieve an aesthetic success is the
transfer to the dental lab of a precise impression of the “shaped” provisional crown and of peri-implant
soft tissues. In particular, the impression of the soft tissue contour is particularly demanding.

Impressions-taking procedures are rapidly evolving and new technologies may aid the
clinicians in data transfer to the dental laboratory [9]. In particular, traditional impression
materials and techniques are more and more replaced by intraoral scanning (IOS) followed by
CAD/CAM-production of anatomically full-contour restorations or frameworks combined with
CAD-on veneering [10].

The aim of the present study was to describe classical and digital work-flows used to rehabilitate
a tissue-level implant with a convergent collar in the aesthetic zone following the BOPT approach and
to report the three years follow-up outcomes of two patients rehabilitated following such procedures.

2. Materials and Methods

The present report was conducted in accordance with the Helsinki Declaration. All patients were
carefully informed about the study protocol and provided written informed consent prior to the start
of the study.

2.1. Study Design and Patient Enrollment

Between January and June 2015, two patients from a private dental office in Rome were enrolled.
Patients were in good medical conditions, with no contraindications to oral surgery and with one
hopeless central incisor tooth in the maxillary area. One patient, rehabilitated with the analogical
work-flow was 39 years old, male; the other, rehabilitated with a digital work flow, was 48 years
old, male.

Both patients were non-smokers, did not assume anticoagulants, and were not
immunosuppressed. Before implants insertion patients underwent scaling, root planning,
and received oral hygiene instructions or any periodontal treatment necessary. Both patients were
treated by the same clinician (L.C.). Hopeless teeth were extracted using a minimally invasive,
flapless approach and Mg-enriched nano-hydroxyapatite (Mg-e HA) granules (SINTlife 600–900 µm,
Finceramica) were grafted into the socket up to 3 mm apical to the soft tissue margin. A collagen disk
(Gingistat, GABA-Vebas) was used to seal the alveolar socket and a Maryland bridge was adopted as
provisional restoration.

After three months, a re-entry procedure was performed and two identical implants (length:
TOT mm, diameter: TOT mm) were inserted after mini-flap elevation. The implants (Prama, Sweden
& Martina, Padova, Italy) used had a machined titanium, 2.8 mm high, cylindrical/conical shape
collar, tapered in occlusal direction. The platform presents an internal hexagon connection with a
3.4 mm diameter.
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The implant body-collar interface was positioned 0.5 mm below the level of the bone crest and
the implant was mid-crestally inserted. In fact, the cylindrical part of the smooth collar (0.8 mm) was
positioned almost below the bone level. Attention was paid that at least 1.5 mm of bone volume was
present all around the implant coronal platform.

Before surgery, impressions of the dental arches were obtained and a resin provisional crown was
prepared to fabricate a chairside cemented provisional restoration.

A temporary titanium abutment was directly screwed on the implant and the provisional crown
was adjusted avoiding occlusal contacts. The provisional crown was shaped and remodeled over
time according to the principles of BOPT technique [10] and circumferentially embraced the smooth
surfaced convergent collar of the implant. Taking advantage of the transgingival convergent neck of the
implant, the margin line and the emergence profile were individually designed to improve the esthetics
of soft tissues. The provisional crown was cemented using a provisional cement (Figures 1 and 2).
Three months thereafter, tissues were ready for the final impression (Figures 3 and 4) and two different
work-flows were followed in the two patients:

2.2. Analogic Work-Flow

An individualized transfer was created, that was modeled according to the provisional crown as
described by Papadopoulos et al. [11]. A silicon open tray impression was taken in order to give to the
dental lab all the information about soft peri-implant tissues and the final master cast was produced
(Figure 5).

2.3. Digital Work-Flow

Three intraoral impressions were obtained using an intraoral scanner (CS3600, Carestream,
Atlanta, GA, USA):

1. Dental arch with the cemented provisional crown,
2. Provisional crown connected with a digital analogue,
3. Dental arch with a scan body screwed onto the implant.

All these information were matched, transferring to the dental lab both the provisional crown
shape and soft tissues contour. The “digital” master cast was produced (Figure 6).

Both patients were rehabilitated with a CAD/CAM zircon abutment and a final lithium disilicate
CAD/CAM crown realized by the same dental technician and luted using a resin cement.

2.4. Outcome Measures

The primary outcome measured was mean bone loss. Patients underwent a standardized
periapical radiograph at crown delivery and at the three-year follow-up visit. Radiographs were
obtained with the parallel long-cone technique. The implant body-collar interface was used as a
reference point for bone level measurements on mesial and distal side of each implant. Two examiners
(P.P. and M.M.) performed the clinical measurements after a calibration exercise demonstrating 95.7%
concordance within ±0.5 mm for measurements.

Secondary Esthetic outcomes were evaluated using PES (pink esthetic score) modified by
Belser et al. and comparing pre- and post-operative situation for each scenario. A score of 2, 1, or 0
was assigned to all five PES parameters. The sum of the five adds up, under optimum conditions, to a
score of 10. Photographs were captured with Canon Rebel XT equipped with 100-mm macro with ring
flash, under similar light conditions. All measurements were made by two independent examiners
using photographs available in Power Point files (P.P. and M.M.). (Figures 7 and 8).

During the three-year follow-up, appointments for professional oral hygiene were scheduled
every 6 months.
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Figure 1. Preoperative situation of first case (a) and soft tissue contour after site development 3 
months after tooth extraction (b); implant insertion (c); provisional abutment screwed immediately 
after implant insertion (d). 

 

Figure 2. Preoperative situation of second case(a) (please note the interincisal diastema) and soft 
tissue contour after site development 3 months after tooth extraction (b); implant insertion (c); 
provisional abutment screwed immediately after implant insertion (d). 

 

Figure 3. Soft tissue contour of first case after different provisional restoration modifications 4 and 1 
months after implant insertion (a–b); soft tissue contour after soft tissue maturation with and 
without provisional restoration after one additional month(c–d). 

 

Figure 4. Soft tissue contour of the second case after different provisional restoration modifications 1 
month after implant insertion (a–b); soft tissue contour after soft tissue maturation with and without 
provisional restoration additional 1 month after implant insertion (c–d). 

 

Figure 5. the first case: scan abutment at the time of digital impression (a) and the provisional crown 
with the abutment and analog (b); scanning of the final provisional restoration defining the 
sub-gingival contour (c); matching of the models and the provisional restoration (d). 
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Figure 1. Preoperative situation of first case (a) and soft tissue contour after site development 3 months
after tooth extraction (b); implant insertion (c); provisional abutment screwed immediately after
implant insertion (d).
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Figure 2. Preoperative situation of second case(a) (please note the interincisal diastema) and soft tissue
contour after site development 3 months after tooth extraction (b); implant insertion (c); provisional
abutment screwed immediately after implant insertion (d).
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Figure 3. Soft tissue contour of first case after different provisional restoration modifications 4 and
1 months after implant insertion (a–b); soft tissue contour after soft tissue maturation with and without
provisional restoration after one additional month(c–d).
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Figure 4. Soft tissue contour of the second case after different provisional restoration modifications
1 month after implant insertion (a–b); soft tissue contour after soft tissue maturation with and without
provisional restoration additional 1 month after implant insertion (c–d).
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Figure 5. The first case: scan abutment at the time of digital impression (a) and the provisional crown
with the abutment and analog (b); scanning of the final provisional restoration defining the sub-gingival
contour (c); matching of the models and the provisional restoration (d).
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Figure 6. Second case Sub-gingival provisional restoration contour duplication (a); Modification of the
transfer to reproduce subgingival contour (b); traditional analogic impression with modified pick-up
transfer (c); transfer of the soft tissue contour on the model (d).
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Figure 7. Definitive restoration of the first case after three years: radiographic (a) and clinical
appearance (b,c).
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Figure 8. Definitive restoration of the second case after three years: radioraphic (a) and clinical
appearance (b,c).

3. Results

Both patients attended scheduled follow-up appointments and at the three years follow-up visit
both implants were in function and stable. Radiographic analysis showed no signs of bone resorption
at three years. Mean bone loss for the implant rehabilitated with the analogic procedure was 0.08 mm,
whereas for the digital procedure it was 0.05 mm.

Esthetic comparison of pre- vs. post-op situation at the three years of follow-up showed a pre-op
PES score of 8 and a post-op score of 8 for the analogic procedure, whereas for the digital procedure
pre-op PES score was 4 and a post-op score 9.

Both patients referred to be satisfied of the esthetic appearance of their implant rehabilitation.

4. Discussion

The clinical application of digital workflows in dentistry has increased in recent years due to
the headway made in technologies such as intraoral scanners and software, which have improved
communication and data transfer between the clinician and the dental technician [10].
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Additionally, digital impression techniques consent to overcome some drawbacks of conventional
impressions such as: discomfort, nausea, unsatisfactory taste, time consumption, remakes in case of
air bubbles inclusion, and forceful removal of highly retentive impressions with a risk for potential
damage [12].

Digital impression is becoming widespread in clinical dental practice and it is considered equally
accurate as conventional impressions for individual restorations or 3–4 element bridges on natural
teeth and on implants [13,14] or even implant full-arch restorations [15].

Conversely the main disadvantages of using digital impressions are: the difficulty in detecting
deep margin lines in prepared teeth and in case of bleeding, the learning curve, and the purchasing
and managing costs [13,16].

The present research described a conventional and a digital workflow used to rehabilitate a
tissue-level implant with a convergent collar in the aesthetic zone. Following the BOPT technique, the
position of the soft tissues and the final crown esthetic is determined by the crown’s contours [7,8],
therefore the management of the provisional crown is of paramount importance in shaping tissues. At
the same time, transferring all the information about the provisional crown and the shaped peri-implant
soft tissues to the dental lab is the key to achieve aesthetic success.

Joda et al. [17] described the “Individualized Scanbody Technique” to transfer the mucosal
information to the dental lab, individually modifying the scan body in accordance with the created
emergence profile of the provisional implant-supported restoration. In this way, the mucosa outline
can be transferred predictably into the process chain of the analogical workflow. With the digital
work-flow described in the present paper this passage has been overcome, in fact the technician was
directly provided with the scannerization of the provisional restoration. The technique presented in
this case report might results slightly more precise compared to the one described by Joda. In fact,
the one reported in the present study allows a better matching because it is based on the original
provisional restoration, avoiding any intermediate step for the duplication of the mucosal profile.

Comparing the two workflows, both succeeded in giving the dental lab precise and complete
information about the implant position, including the soft tissue contour, to realize a clinically
successful final crown.

It must be underlined that the present paper describes a case series of two patients only. Further
comprehensive and long-term clinical research is needed to support the present observations.

5. Conclusions

Within the limits of the present case report, analogic and digital work flows succeeded in giving
precise and complete anatomical information of implant position, including the soft tissue contour.
Results after three years showed minimum bone loss and an esthetic success in both procedures.

Author Contributions: Conceptualization: L.C.; Data curation: F.M. and P.P.; Investigation: L.C.; Methodology:
P.P.; Writing—original draft: L.C. and A.D.D.; Writing—review and editing: M.M. and P.P.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bosshardt, D.D.; Chappuis, V.; Buser, D. Osseointegration of titanium, titanium alloy and zirconia dental
implants: Current knowledge and open questions. Periodontol. 2000 2017, 73, 22–40. [CrossRef] [PubMed]

2. Wallner, G.; Rieder, D.; Wichmann, M.G.; Heckmann, S.M. Peri-implant bone loss of tissue-level and
bone-level implants in the esthetic zone with gingival biotype analysis. Int. J. Oral Maxillofac. Implant. 2018,
33, 1119–1125. [CrossRef] [PubMed]

3. Canullo, L.; Penarrocha-Oltra, D.; Soldini, C.; Mazzocco, F.; Penarrocha, M.; Covani, U. Microbiological
assessment of the implant-abutment interface in different connections: Cross-sectional study after 5 years of
functio- nal loading. Clin. Oral Implant. Res. 2015, 26, 426–434. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/prd.12179
http://www.ncbi.nlm.nih.gov/pubmed/28000277
http://dx.doi.org/10.11607/jomi.6641
http://www.ncbi.nlm.nih.gov/pubmed/30231100
http://dx.doi.org/10.1111/clr.12383
http://www.ncbi.nlm.nih.gov/pubmed/24665919


Int. J. Environ. Res. Public Health 2018, 15, 2623 7 of 7

4. Botticelli, D.; Lang, N.; Bressan, E.; Corazza, B.; Rizzi, S.; Almagro, U.Z.; Botticelli, D. The platform switching
concept revisited. An experimental study in dogs. Clin. Oral Implant. Res. 2013, 25, 1200–6.

5. Lago, L.; da Silva, L.; Martinez-Silva, I.; Rilo, B. Radiographic assessment of crestal bone loss in tissue-level
implants restored by platform matching compared with bone-level implants restored by platform switching:
A randomized, controlled, split-mouth trial with 3-year follow-up. Int. J. Oral Maxillofac. Implant. 2018.
[CrossRef] [PubMed]

6. Zhao, X.; Qiao, S.C.; Shi, J.Y.; Uemura, N.; Arai, K.; Lai, H.C. Evaluation of the clinical and aesthetic outcomes
of Straumann® Standard Plus implants supported single crowns placed in non-aug-mented healed sites in
the anterior maxilla: A 5–8 years retrospective study. Clin. Oral Implant. Res. 2016, 27, 106–112. [CrossRef]
[PubMed]

7. Loi, I.; Di Felice, A. Biologically oriented preparation techni-que (BOPT): A new approach for prosthetic
restoration of periodontically healthy teeth. Eur. J. Esthet. Dent. 2013, 8, 10–23. [PubMed]

8. Solá-Ruiz, M.F.; Del Rio Highsmith, J.; Labaig-Rueda, C.; Agustín-Panadero, R. Biologically oriented
preparation technique (BOPT) for implant-supported fixed prostheses. J. Clin. Exp. Dent. 2017, 9, e603–e607.
[CrossRef] [PubMed]

9. Colombo, M.; Mangano, C.; Mijiritsky, E.; Krebs, M.; Hauschild, U.; Fortin, T. Clinical applications
and effectiveness of guided implant surgery: A critical review based on randomized controlled trials.
BMC Oral Health 2017, 17, 150. [CrossRef] [PubMed]

10. Joda, T.; Zarone, F.; Ferrari, M. The complete digital workflow in fixed prosthodontics: A systematic review.
BMC Oral Health 2017, 17, 124. [CrossRef] [PubMed]

11. Papadopoulos, I.; Pozidi, G.; Goussias, H.; Kourtis, S. Transferring the emergence profile from the provisional
to the final restoration. J. Esthet. Restor. Dent. 2014, 26, 154–161. [CrossRef] [PubMed]

12. Albdour, E.A.; Shaheen, E.; Vranckx, M.; Mangano, F.G.; Politis, C.; Jacobs, R. A novel in vivo method to
evaluate trueness of digital impressions. BMC Oral Health 2018, 18, 117. [CrossRef] [PubMed]

13. Mangano, F.; Gandolfi, A.; Luongo, G.; Logozzo, S. Intraoral scanners in dentistry: A review of the current
literature. BMC Oral Health 2017, 17, 149. [CrossRef] [PubMed]

14. Imburgia, M.; Logozzo, S.; Hauschild, U.; Veronesi, G.; Mangano, C.; Mangano, F.G. Accuracy of four
intraoral scanners in oral implantology: A comparative in vitro study. BMC Oral Health 2017, 17, 92.
[CrossRef] [PubMed]

15. Pesce, P.; Pera, F.; Setti, P.; Menini, M. Precision and accuracy of a digital impression scanner in full-arch
implant rehabilitation. Int. J. Prosthodont. 2018, 31, 171–175. [CrossRef] [PubMed]

16. Nedelcu, R.; Olsson, P.; Nyström, I.; Thor, A. Finish line distinctness and accuracy in 7 intraoral scanners
versus conventional impression: An in vitro descriptive comparison. BMC Oral Health 2018, 18, 27. [CrossRef]
[PubMed]

17. Joda, T.; Wittneben, J.G.; Brägger, U. Digital implant impressions with the “Individualized Scanbody
Technique” for emergence profile support. Clin. Oral Implant. Res. 2014, 25, 395–397. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.11607/jomi.6954
http://www.ncbi.nlm.nih.gov/pubmed/30282088
http://dx.doi.org/10.1111/clr.12540
http://www.ncbi.nlm.nih.gov/pubmed/25534135
http://www.ncbi.nlm.nih.gov/pubmed/23390618
http://dx.doi.org/10.4317/jced.53703
http://www.ncbi.nlm.nih.gov/pubmed/28469832
http://dx.doi.org/10.1186/s12903-017-0441-y
http://www.ncbi.nlm.nih.gov/pubmed/29237427
http://dx.doi.org/10.1186/s12903-017-0415-0
http://www.ncbi.nlm.nih.gov/pubmed/28927393
http://dx.doi.org/10.1111/jerd.12068
http://www.ncbi.nlm.nih.gov/pubmed/24341517
http://dx.doi.org/10.1186/s12903-018-0580-9
http://www.ncbi.nlm.nih.gov/pubmed/29970056
http://dx.doi.org/10.1186/s12903-017-0442-x
http://www.ncbi.nlm.nih.gov/pubmed/29233132
http://dx.doi.org/10.1186/s12903-017-0383-4
http://www.ncbi.nlm.nih.gov/pubmed/28577366
http://dx.doi.org/10.11607/ijp.5535
http://www.ncbi.nlm.nih.gov/pubmed/29518813
http://dx.doi.org/10.1186/s12903-018-0489-3
http://www.ncbi.nlm.nih.gov/pubmed/29471825
http://dx.doi.org/10.1111/clr.12099
http://www.ncbi.nlm.nih.gov/pubmed/23289874
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Patient Enrollment 
	Analogic Work-Flow 
	Digital Work-Flow 
	Outcome Measures 

	Results 
	Discussion 
	Conclusions 
	References

