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In our practice we often encounter major chal-
lenges when just a single tooth needs to be sub-
stituted. In order to estimate the risk of an un-
acceptable aesthetic treatment result and to 
determine the most effective treatment plan, it 
is necessary to perform an analysis of the de-
sired tooth shape, the soft tissue architecture 
and the bone volume necessary to stabilise an implant in 
the optimal position and support the soft tissue. 

In the following, an approach to cases will be described in 
which a single tooth needs to be replaced by an implant-
supported crown. After an anamnestic interview with the 
patient, we proceed with the intra-oral examination. Hygiene 
and periodontal health are checked. Normally, an intra-oral 
radiograph for a single tooth is taken first (Fig. 1) or a den-
tal panoramic tomogram if the need for a more extensive 
treatment is suspected. In the same session, both dental 
arches are scanned with an intra-oral scanner and the bite is  
registered. The photographic sequence is as follows: 
1.	Full frontal view intra-oral photograph. 
2.	Detailed photograph of the single arch, possibly with a 

black mirror to contrast the teeth (Fig. 2).
3.	Photograph of laterolateral detail of the tooth and  

gingival profile (Fig. 3). 
4.	Full-face photograph with maximum gingival exposure. 
5.	Full-face photograph of a spontaneous smile. 
6.	Photograph of the full face at rest.

This sequence allows one to view immediately 
the presence of orthognathic and periodontal 
issues (Fig. 1), to evaluate the biotype (Fig. 2) 
and to estimate aesthetic challenges, like tooth 
colour, tooth texture, soft tissue/lip exposure 
and position of the incisal edge/lip (Fig. 3). The 
3D intra-oral scan is helpful for determining or-

thodontic alignment of the teeth and in our protocol re-
places an occlusal and/or 12 o’clock photograph in most 
cases. “There can be different ways of treating a disease, 
but there can be only one correct diagnosis.” Dr Morton  
Amsterdam, 1974. When anamnesis, intra-oral examina-
tion and preliminary radiographs conclude that the tooth 
in question cannot be preserved, it needs to be decided 
what the optimal timing for extraction and a CBCT scan 
is and how to provide for a temporary tooth replacement. 
Also, the operator must choose between immediate, early 
or delayed placement in the fresh extraction socket. 

Our policy is the following: in case of acute inflamma-
tion that cannot be effectively treated, we will proceed 
with extraction. A temporary fixed etch and bond or re-
movable prosthesis can be used to guarantee accept-
able aesthetic comfort to the patient. In these cases, a 
CBCT scan will be taken after extraction so that the most 
detailed image of the socket anatomy can be obtained. 
Since a provisional solution has been provided for, there 
is no need for very early implant placement. Timing is now 
based on the expected period needed for the infection 
to be eliminated and the risk of loss of volume by the col-
lapse of tissue. Normally, the implant is placed four to six 
weeks after the extraction. Another reason for delayed 
implant placement can be the need for healed soft tissue 
in order to facilitate proper wound closure to protect, for 
example, bone substitutes and membranes when bone 
augmentation is necessary. 

If the patient is suffering, extraction should be done 
quickly. If the anatomy and biological conditions are fa-
vourable, implant surgery can be carried out as early 
as one week after extraction. Only if there is no inflam-
mation or infection, and sufficient bone and soft tissue 
quantity and quality are present, the implant should be 
placed in the fresh extraction socket. In such a case, 
the CBCT scan would be performed before proceeding.  
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Minor bone augmentation and/or connective tissue graft-
ing can be performed contemporaneously. The decision 
to place an immediate provisional crown on the implant 
is strongly related to the expected primary stability of the 
implant, as well as the opportunity to manage the posi-
tion of biomaterials in such way that undisturbed and un-
contaminated healing is guaranteed. After healing, good 
aesthetics and sufficient protection of the underlying im-
plant and implant–prosthesis connection are requisite if 
we wish to treat our patients in the best possible way.

Risk evaluation

First aesthetic risk evaluation
One can start with a render of a 2D photograph. We use 
the macro intra-oral shot with the black background be-
hind the teeth (Fig. 2). With Adobe Photoshop, GIMP, Mi-
crosoft PowerPoint or Keynote, for example, it is easily 
possible to cut out the shape of the contralateral tooth 
that will not be extracted, copy it, flip it horizontally and 
paste it in the position of the tooth that needs replace-
ment. It will be clear immediately whether this shape sup-
ports the papillae sufficiently or whether there is a lack 
of volume that needs to be compensated for. Also, this 
image with the flipped contralateral tooth can be aligned 
with the original photograph and then draw a horizon-
tal line across both images that coincides with the same 
gingival reference points. This will demonstrate whether 
there is a vertical component that indicates a lack or 
abundance of soft tissue. This can be easily quantified in 
a metric system if an intra-oral reference is measured with 

a calliper. The patient can now be informed whether ad-
ditional procedures like guided bone regeneration (GBR) 
or a connective tissue graft will be needed.

Second risk evaluation
The intra-oral scan is imported into CAD software and 
transformed into a virtual master model without the tooth 
to be extracted and a separate STL shape of the ideal 
CAD-designed tooth. Now there is the opportunity for 3D 
evaluation of the dimensional relation between the new 
tooth and the soft tissue before extraction. In the cur-
rent case, the tooth involved had not been extracted and 
a CBCT scan was performed (X-Mind trium, ACTEON; 
110 x 80 mm field of view; 0.15 mm voxel size) for further 
investigation and treatment planning. In the AIS 3D App 
software that comes with the CBCT X-Mind trium de-
vice, STL files can be matched and aligned with the 3D 
bone volume, thus giving the opportunity to plan the fu-
ture implant position taking into account the shape and 
position of the future crown (Figs. 4a & b). In accordance 
with the prosthetic procedure preferred, cemented ver-
sus screw-retained, CAD/CAM-fabricated versus manual 
layering and the type of material to be used, all the infor-
mation for the final treatment plan is available, on which 
decisions can be made regarding GBR, connective  
tissue graft and timing of implant loading.

Case report

The female patient, aged 47 and a non-smoker, was in 
good general health. She experienced increasing mo-
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bility of the maxillary left central incisor and complained 
about compromised aesthetics due to the extrusion and 
progressive migration of the tooth in a buccal direction. 
The incisor had been treated with a crown at a preadoles-
cent age after a violent trauma. The intra-oral radiograph 
showed incomplete root development and evidence of a 
root canal therapy suggesting a strip perforation though 
no signs of periapical lesions were present. The shape 
of the crown was not symmetrical in relation to the tri-
angular shape of the maxillary right central incisor, but 
had a wider and rectangular profile. Minor general gingi-
val recession had led to the presence of a tiny interden-
tal space. The marginal gingiva was reddened, and the 
central papilla was not symmetrical. Probing depths were 
within 2 mm for both the right and left central incisors and 
the radiographic mesial and distal bone peaks were of 
a regular height. The photographic aesthetic evaluation 
showed that it would be very difficult to obtain symmetry 
in tooth shape and have good-looking and healthy soft 
tissue support at the same time. The patient’s maximum 
smile exposed the gingival contours. In such cases, it 
may be wise to consider also the possibility of altering 
the anatomy of the contralateral tooth with, for example, 
a ceramic veneer and discuss outcomes with the patient 
before finalising the treatment plan. This can be evalu-

ated by performing the cut/copy/flip/paste sequence in 
reverse. It was decided to start performing the best pos-
sible replacement of the maxillary left central incisor and 
evaluate at an advanced stage with a temporary crown 
on the implant and mature, conditioned tissue whether to 
add a veneer to the maxillary right central incisor.

Analysing the CBCT scan

The short-rooted tooth could be extracted without 
compromising the buccal bone, and there was suffi-
cient bone volume and quality to obtain good primary 
implant stability. Thanks to the AIS 3D App software, 
this information can be visualised using the bone den-
sity tool and linear measures tool (Fig. 4c). The pres-
ence of the nasopalatine duct prohibited ideal palatal 
positioning of the implant, and if the implant were to be 
placed flush with the palatal alveolar bone, this would 
have resulted in a 1.5–2.0 mm high exposure of the im-
plant collar on the buccal aspect (Fig. 5a). It was thus 
decided to place the implant in that position and to aug-
ment the buccal bone volume with a contemporane-
ous GBR procedure, thus also providing for major soft  
tissue support. Literature suggests that that in some 
measure the implant will deviate buccally from the orig-

Fig. 5a Fig. 5b Fig. 5c

Fig. 6

Fig. 11

Fig. 7

Fig. 12

Fig. 8

Fig. 13

Fig. 9

Fig. 14

Fig. 10

Fig. 15

08 3 2019

| research 



inal planning because of the major mechanical resis-
tance of the palatal plate.2–4

The author’s team prefers screw-retained solutions. Sev-
eral production centres are capable of milling angulated 
screw access holes in cobalt-chromium abutments of up 
to 25°.5 It can be easily checked in the implant planning 
software whether the future access hole will exit on the 
palatal aspect of the tooth, either by angulating the im-
plant extension tool or by choosing a virtual abutment 
from the library. Confirming being in the safety range from 
this point of view allowed for an approach that foresaw 
the implant in native bone without the necessity for major 
GBR on the apical aspect of the implant. It was decided 
to use a surgical guide (Figs. 5a & b) for only the first drill 
to determine with precision the position and angulation of 
the osteotomy that would be performed freehand there-
after. A removable temporary prosthetic tooth was pro-
duced in advance.

Surgery

Local anaesthesia was performed with 2 % mepivacaine 
with 1:100,000 adrenaline. Preventative antibiotic therapy 
with amoxicillin (1 g, b.d. for five days) was prescribed, 

aided by use of a 0.2 % chlorhexidine mouth-rinse three 
times a day. The tooth was extracted and the sulcular ep-
ithelium removed with diamond burs. The milled surgical 
template (Figs. 6 & 7) served as a guide for the first 2 mm 
diameter pilot drill (Fig. 8). Thus, the planned depth, posi-
tion and angulation of the osteotomy were obtained. The 
drill sequence was completed freehand, using tapered 3.0 
and 3.4 mm drills. A Neoss Pro-Active Tapered Implant of 
4 mm in diameter and 13 mm in length was inserted flush 
with the mesial/palatal/distal bone, motor driven up to a 
torque of 50 Ncm and then with a manual wrench (Fig. 9). 
The correct position of the internal hex was verified by 
checking the references on the implant driver, which ide-
ally points in the buccal direction. Resonance frequency 
analysis with Penguin-RFA (Integration Diagnostics Swe-
den) determined an ISQ value of 73/76. A Neoss Esthetic 
Healing Abutment with a ScanPeg was connected to the 
implant (Fig. 10). A flap was then raised after a vertical inci-
sion of the frenulum and the expected buccal exposure of 
the implant neck was evident. Autogenous bone was po-
sitioned directly on the implant surface (Fig. 11), followed 
by a bone substitute on top of it and on the buccal cortical 
bone (Fig. 12). This material was covered with a resorb-
able membrane (Fig. 13). The mobilised flap was then re-
positioned by rotating it coronally and fixed with single su-
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tures (Fig. 14). The removable partial denture was adapted 
and delivered (Fig. 15). An immediate postoperative CBCT 
scan of 60 x 60 mm was performed, and it confirmed a 
perfectly centred implant position (Figs. 16 & 17).

Intra-oral scan

Eight days after surgery, the patient reported that heal-
ing was uneventful and the prosthodontist removed the 
stitches. It has become the author’s standard protocol 
to perform an intra-oral scan for implant position in this 
same session (Fig. 18). The specific and unique PEEK 
healing abutment used has an internal circular channel 
and on one side, normally positioned on the buccal as-
pect, a vertical rectangular slot (Fig. 19). After removing 
the PTFE tape used to plug this area during surgery, a 
ScanPeg can be positioned inside the healing abutment. 
This allows for a unique scanning procedure without re-
moving the healing abutment, thus avoiding disturbing 
healing tissue or dislocating recently placed biomaterials.

Temporary crown

The surgeon indicated that the healing abutment may 
be removed after four weeks. By then, the temporary 
screw-retained crown had already been fabricated by 
the technician, who had prepared a CAD/CAM-milled 
acrylic tooth glued on to a Neoss NeoLink abutment 
(Figs. 20 & 21). As a result of the decision to place the 
implant entirely in native bone, the angulation was such 
as to locate the screw access hole of the provisional on 
the buccal aspect. This can be easily camouflaged by a 
simple composite filling after plugging the channel with 
PTFE tape. The gingival profile copies in this first stage of 
loading the central incisor anatomy of the Neoss Esthetic 
Healing Abutment (Fig. 22).

Tissue conditioning

As evidenced by the aesthetic analysis before treatment, 
it was clear that symmetry with the contralateral incisor 
would be impossible. The implant was placed slightly 
distal because the distal papilla normally has a narrower  
mesiodistal basis than the central papilla. The tissue  
volume augmentation helped to obtain the necessary 
quantity of gingiva to shape nice papillae, leaving a min-
imal gap. The soft tissue architecture was conditioned 
by adding composite to the temporary crown and grind-
ing material where necessary until the prosthodontist and 
the patient felt an optimal result had been achieved.

Transfer of the profile

Another intra-oral scan of the full arch with the temporary 
crown in place was performed. The provisional was then 
removed from the mouth and screwed on to an implant 
replica fixed to a stable support with wax. A second scan 
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revealed in 360° the modified shape of the temporary  
crown, including the gingival profile (Fig. 23). These files 
can be easily matched in the CAD software when de
signing the definitive crown (Figs. 24 & 25). 

Definitive crown

Owing to the angulation of the implant, it was necessary 
to relocate the screw access hole. In CAD, the design 
for a cobalt-chromium support that copied the gingival 
profile of the temporary was prepared, and the screw 
access was brought to the palatal aspect (Fig. 26). The 
file was sent to a milling centre in Sweden. High-qual-
ity material and CAM production guarantee an excellent 
outcome in terms of connection and smooth surfaces 
(Fig. 27). Feldspathic ceramics are layered to obtain 
the final anatomy and texture. The patient was satisfied 
with the result. Minor gingival asymmetries are not re-
ally disturbing when viewed at social distance if other  
parameters, like colour, incisal edge, and tooth texture 
are respected (Fig. 28).

Conclusion

Innovative technologies enable very accurate diagnosis 
and treatment planning. Affordable high-quality CBCT 
has profoundly changed our profession. In the current 
case, the detailed X-Mind trium 3D images allowed for 
planning and performing implant placement in the opti-
mal mesiodistal position. After collecting all of the nec-
essary information and knowing what technology can 
provide, it is possible that one team will opt for GBR 
and monolithic crowns, where another might try to mi-
nimise the invasiveness of surgery and employ innova-
tive milling strategies. In the actual challenging bucco-
palatal dimension, the implant was perfectly planned 
and guided into the centre of the native bone. GBR was 
limited to the minimum. The fact that bone volume could 
be matched with the dental preoperative situation and 
the CAD virtual wax-up made the whole procedure very 
predictable. Bone volume, bone quality, extent of GBR 
indicated and the type of prosthodontic solution were all 
known before starting treatment thanks to the implant 
planning with the AIS 3D App software.

Editorial note: This article was originally published by  
Dental Tribune International in the 1/2019 issue of CAD/
CAM—international magazine of digital dentistry. It is re-
printed here (as shortened version with editing changes) 
with permission. Scan the QR code at the top of the ar-
ticle for the full-length version.
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