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Renan Lúcio Berbel da Silva, DDS, MS2
Ana Paula Ayres, DDS2
Arthur Rodriguez Gonzalez Cortes, DDS, PhD3*
INTRODUCTION

D

igital workflow has been frequently used in implant
dentistry and has proven reliable for single-crown
implant rehabilitation. The use of a digital workflow
leads to greater predictability of treatment outcomes
with less chairside time in comparison with conventional
workflows.1–3 The first step of a digital workflow is the
acquisition of 3-dimensional (3D) images by means of intraoral
scanning and cone-beam computerized tomography (CBCT).
The resulting files can be imported to computer-aided design
(CAD) software, combined, and used for creating a virtual waxup, esthetic analyses, and surgical planning for immediate or
delayed implant placement.4
Immediate implant placement is one option for replacing a
failing single tooth in the esthetic zone. Such procedures
require atraumatic extraction of the failing tooth. In addition,
most cases require grafting to fill the remaining gap between
the implant surface and the buccal bone of the alveolar socket
to prevent postoperative bone resorption.5 Nevertheless,
obtaining an ideal emergence profile with conventional workflows and interim restorations might be challenging, especially
in cases with insufficient keratinized tissue. In this context,
several studies have described the usefulness of custom healing
and prosthetic abutments for achieving better esthetic results
in the anterior region.1,2,6,7 On the other hand, none of the
aforementioned citations addressed the use of custom-milled
zirconia abutments to reproduce the natural emergence profile
of the patient’s tooth prior to extraction. Furthermore, little is

known about advantages of digitally designing customized
abutments for immediate implants in the esthetic zone.
Thus, the aim of this report was to present a digital
workflow technique for designing customized abutments for
immediate implants based on the 3D segmentation of the
natural emergence profile obtained from the tooth to be
extracted.

DESCRIPTION

OF THE

METHOD

After the initial clinical examination (Figure 1), a CBCT scan
(OP300 3D Maxio, Instrumentarium Dental, Helsinki, Finland) of
the patient should be taken using an imaging protocol that
encompasses both the maxilla and mandible (ie, 200 lm voxel,
90 kVp, 8 mA, exposure time of 12.5 seconds, and field of view
of 61 mm in diameter by 78 mm in height). For this purpose, a
lip retractor should be used during the scan to enhance the
visualization of the buccal marginal and attached gingiva. This
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FIGURE 1. Initial clinical view of a case of failing left maxillary central
incisor.
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FIGURES 2–4. FIGURE 2. Virtual implant planning with intraoral and cone-beam computerized tomography images. FIGURE 3. Virtual wax
procedure performed with DentalCAD software (Exocad). (a) Three-dimensional (3D) segmentation of the failing tooth, exported as an
standard tessellation language file. (B) A 3D image of the implant with customized abutment (left); after superimposition of the segmented
failing tooth (middle), and after superimposition of the virtual wax-up (right). Figure 4. Screenshot of DentalCAD software after finalizing
the virtual wax-up of the case.

facilitates the procedure of alignment of CBCT and intraoral
scans.8 The resulting CBCT Digital Imaging and Communications in Medicine (DICOM) files should then be imported into
implant-planning software (Nemoceph, Nemotec Dental Systems, Madrid, Spain). This software will be initially used to
perform a 3D segmentation of the failing tooth (ie, a 3D
reconstructed model composed of both the root and crown of
the tooth with their actual shapes, boundaries, and contours).
Such segmentation can be performed by using the threshold
tool of the software to recognize and depict different pixel
intensities from different anatomical structures.
In addition to CBCT, the patient should also undergo
intraoral scans (TRIOS 2, 3Shape, Copenhagen, Denmark) of
both dental arches and of the occlusion, also using lip
2

retractors. The resulting images should be saved as standard
tessellation language (STL) files and imported into Nemoceph
software. The intraoral scanning images should be superimposed onto the CBCT images to perform prosthetically driven
implant surgical planning (Figure 2). In this procedure, the
optimal position of the implant platform (ie, 3–4 mm below the
cementoenamel junction and 1.5 mm distant from the adjacent
teeth) should be considered. After defining the optimal implant
position, a tooth-supported surgical guide will be digitally
designed in the same software according to the desired shape
and height of the drilling sleeves.
The resulting virtual implant position should then be
exported as a new STL file. This will be imported and
superimposed to the CBCT and intraoral scans in the
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FIGURE 5. Immediate implant surgery. (a) Clinical view after atraumatic tooth extraction. (b) Surgical guide in position. (c) Try-in of the
customized abutment immediately after implant placement. (d) Final implant position after buccal gap grafting. Note the sutures used to
secure the connective tissue graft.

DentalCAD (Exocad GmbH, Darmstadt, Germany) software. A
screw-retained platform-switch cone-morse Ti-base abutment
with an appropriate height can be then selected according to
the position of the implant in relation to the alveolar bone
crest. The next component to be digitally designed in the
DentalCAD software (Exocad GmbH) is a customized abutment,
which will be cemented onto the Ti-base abutment. Such
customized abutment should be designed considering the 3D
segmentation of the failing tooth and the conditions of the
surrounding soft tissue (Figure 3a). Since the positions of the

alveolar bone crest, surrounding soft tissue, and failing tooth
crown with root are obtained from the tooth 3D segmentation,
the resulting emergence profile will be similar to the natural
one the patient had prior to the extraction. Similarly, the digital
design of the interim temporary implant restoration should also
be based on the 3D segmentation of the failing tooth crown,
using the same CAD software (DentalCAD, Exocad GmbH;
Figure 3b). The resulting restoration will also be exported as an
STL file (Figure 4).
The customized abutment can then be fabricated from a
Journal of Oral Implantology
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guided surgery (Neo Guided Surgery Kit, Neodent, Curitiba,
Paraná, Brazil). For this purpose, the surgical guide (Figure 5b)
should be in position to orientate drilling. The dental implant
(cone-morse, 3.5 3 16 mm, Neodent) should then be placed to
the bone level with the indexed hexagon face of the implant
facing the buccal plate of the alveolar socket. This step should
then be followed by the immediate try-in of both Ti-base and
customized abutments (Figure 5c). The buccal gap can then be
grafted with particulate bovine graft (Bio-Oss, Geistlich Pharma
AG, Wolhusen, Switzerland) followed by a subsequent connective tissue graft removed from the palate. The grafting site
should then be secured with monofilament sutures (Figure 5d).
After achieving a successful try-in of the Ti-base abutment
intraorally, it is recommended to remove the Ti-base abutment
to perform cementation of the customized abutment to this Tibase abutment with a resin-based luting agent (RelyX Unicem;
3M ESPE, Irvine, Calif) out of the oral cavity (Figure 6). The
resulting set of abutments can then be screwed to the dental
implant. Finally, the interim implant restoration can then be
cemented to the customized abutment with a temporary luting
agent (RelyX Temp NE, 3M ESPE; Figures 7 and 8).

DISCUSSION
F IGURE 6. Clinical view of the customized abutment after
installation. (a) Frontal view. (b) Oclusal view.

zirconia block of the desired shade (Upcera, Liaoning, China)
using a milling device (DM5, Technodrill, Rio Grande do Sul,
Brazil). After milling, the customized abutment should be dried
before sintering for 30 minutes at 808C and 10 minutes at
1508C, followed by high-speed sintering at 15108C for 2 hours.
The interim implant restoration, in turn, will be manufactured
with polymethyl methacrylate (PMMA multilayer; Trilux, Arnsberg, Germany) using the same milling machine (DM5,
Technodrill).
After the above-mentioned procedures, atraumatic extraction of the failing tooth can be performed under local
anesthesia (Figure 5a). The immediate implant site will then
be created using the implant manufacturer’s kit designed for

This technique report aimed at addressing an alternative for
cases of immediate placement and provisionalization of single
anterior implants. The virtual treatment plan could also take
into consideration the procedure of filling the gap between the
implant fixture and socket buccal bone with particulate bone
substitute and connective tissue graft. As suggested by
previous studies, the present report supports the finding that
satisfactory peri-implant esthetics can be achieved with digital
workflow.8–18 In addition to the aforementioned citations, the
technique described herein presented advantages such as the
predictability of maintaining the hard- and soft-tissue architecture. For this purpose, a platform-switch Ti-base abutment with
cone-morse connection is used between the implant and the
digitally designed customized abutment. The latter, in turn, is
custom milled from a zirconia block, which is an adequate and
biocompatible material for customized abutments of implants

FIGURE 7. Final clinical result after 2 weeks with the interim implant restoration.
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FIGURE 8. Final periapical radiograph after surgery. Both diameters
of the implant and Ti-base platforms were coincidentally the same
(ie, 3.5 mm). However, the Ti-base abutment chosen herein also
had 0.8 mm of transmucosal height. The radiograph shows that
there was no gap between the Ti-base and customized abutments.

with cone-morse connections. The shape and color of the
zirconia can be chosen according to each individual case to
achieve satisfactory esthetic results.19 Another advantage of
this technique is that no angled abutments are required,
because different angulations between optimal implant and
crown positions can be corrected by the shape of the
customized abutment. In such cases, even if the screw
connecting the Ti-base and the customized abutment to the
implant needs to emerge in the customized abutment by the
buccal side, there are no esthetic issues, since the interim
restoration will be subsequently cemented on the customized
abutment surface.
This is the first report to describe a digital workflow for
designing definitive custom-milled zirconia abutments for
dental implants according to the natural emergence profile of
the patient. These customized abutments are manufactured
preoperatively to be immediately used on the Ti-base
abutment with a CAD-CAM PMMA interim restoration. However, despite the high success rate of implant rehabilitations for
the treatment modalities described, the clinician must make
careful patient selections and have proper software knowledge
to obtain satisfactory results.20
The present findings support previous studies suggesting
that image-guided surgery and virtual tooth segmentation
could be used to reproduce the emergence profile of an

implant abutment or crown.1,2,6,7 However, to our knowledge,
this is the first study addressing the use of a customized
zirconia abutment on a platform-switch cone-morse Ti-base
abutment. Because of its biocompatibility and ability to
reproduce different marginal gingival levels at each of the
surfaces of the tooth (ie, mesial, distal, buccal, and lingual), the
marginal alveolar crest levels are maintained. As a result, the
CAD-CAM customized abutment does not need to be replaced
after soft-tissue healing and implant osseointegration. Instead,
only the interim restoration is replaced by a definite CAD-CAM
implant crown after implant osseointegration. According to the
present findings, this methodology could be useful for
immediate implant cases with satisfactory alveolar bone and
surrounding soft-tissue conditions. However, since this is a
technique report, future prospective clinical studies are
recommended to address long-term results with the methodology presented herein.
The findings presented herein are also in agreement with
previous studies addressing the importance of immediate
provisionalization of single-tooth implants in fresh extraction
sites in the maxillary esthetic zone.8–13,19 In addition to
eliminating the need for an interim removable prosthesis,
implant provisionalization has also demonstrated a role in the
preservation of the existing bone and gingival architecture.12,13,19 In this context, the advantages of immediate
implants include (1) reduced treatment time, (2) fewer surgical
procedures, (3) better esthetics, and (4) preservation of the
alveolar bone in height and thickness.12,13,18,19 On the other
hand, immediate implant placement can be challenging in
cases of a malpositioned failing tooth, lack of implant primary
stability, or limited keratinized soft tissue.14
In conclusion, within the limitations of this technique
report, the present findings suggest that a natural emergence
profile based on the tooth to be extracted can be obtained in
immediate implant cases presenting with satisfactory alveolar
bone and surrounding soft-tissue conditions.

ABBREVIATIONS
3D: 3-dimensional
CAD-CAM: computer-aided design–computer-aided manufacturing
CBCT: cone-beam computerized tomography
DICOM: Digital Imaging and Communications in Medicine
PMMA: polymethyl methacrylate
STL: standard tessellation language
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