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Abstract
This case presents a whole treatment of a patient with residual dentition 

and poor esthetics due to the phenomenon of Godon. The planning of 
the treatment included conducting face scans, intraoral scans, extraoral 
photographs in smile and CBCT diagnostic. While the esthetics were as 
important to the patient as a function, Digital Smile Design was necessary 
to fulfill these expectations. New digital position of teeth arch dictated 
the position of the implants (6 in the maxilla and 4 in the mandible) 
and pointed to the need for bone reduction, as due to the phenomenon 
of Godon, the excessive bone volume would interfere with prosthetic 
restoration. Two triple, stacked surgical guides, for both maxilla and 
mandible, were designed and 3D-printed from dedicated resin. First 
guide was placed on residual teeth and determined the proper position 
of the second guide, which was pinned to the bone and served as both 
guide for alveolar bone reduction and as a base for the third guide for 
fully navigated implantation. Implants were immediately loaded after 
intraoral welding of titanium wire and creating a rigid frame for long-
term temporary prosthetic reconstruction. After 6 months of healing, all-
ceramic milled superstructures on a titanium anodized bar were delivered 
and the occlusion was checked with a dedicated electronic device. This 
case is unique for its fusion of DSD, guided bone reduction and immediate 
loading on a welded titanium frame, all planned from the very beginning 
due to proper diagnosis and potential of digital tools.

Keywords: Digital smile design; Bone reduction; Surgical guide; 
Computer-aided implantology; Intraoral welding; Immediate loading; 3D 
printing; Case report

Introduction
Nowadays clinicians in their everyday practice have at their disposal 

many modern and digital tools to improve the outcome of the treatment. 
Occasionally, a patient’s situation is so challenging, that the default approach 
and standard treatment is highly inefficient (or even harmful) and all accessible 
options need to be gathered into one thoughtful and refined treatment plan to 
achieve success.

Patient Information and Clinical Findings
The 46-year-old patient was referred to the dental office due to the need 

for complex stomatognathic system rehabilitation. 

During intraoral examination, it was determined that the patient’s 
occlusion is a bilateral lingualized occlusion with a compensatory vertical 
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growth of the alveolar process of the maxilla and mandible 
through the phenomenon of Godon (Figure 1A,B). The 
majority of remaining residual teeth were already extracted 
in another dental office. 

Due to the lack of space for incisors in the neutral zone, 
the other office proceeded with removable partial prosthesis 
(Figure 1A), which did not improve the functions, and 
which also, via protrusive positioning of the upper incisors, 
suppressed lip contact, thus leading to the drying of the 
mucosa. Due to professional and social activity, the patient 
did not agree to temporary edentulism.

Therefore, it was decided to proceed with a one-day 
extraction protocol along with implantation and a long-
lasting temporary treatment, then after osseointegration time 
to finish with the final work [1].

Figure 1: Baseline situation before the treatment. Extraoral view 
with a partial denture (A) and without (B) - bare mucosa of upper 
alveolar ridge is visible under the lip.

Therapeutic Intervention and Outcomes
Preparation

The decision regarding the treatment plan was made after 
preparing the project based on a CBCT, intraoral scans, and 
a facial scan. 

The following scans: intraoral, handled with the 
application of the Medit i500 scanner (Medit Corporation, 
Seoul, South Korea), as well as the facial scans (Figure 
2A,B,C), handled with the application of the Bellus3D ARC 
facial scanner (Bellus3D, Campbell, California, USA), were 
assembled with the CBCT in the Blue Sky Bio software (Blue 
Sky Bio, LLC, Libertyville, IL, USA) (Figure 3A,B,C). 

In compliance with the patient’s remarks regarding the 
esthetic sphere and the performed DSD diagnostics (Smile 
Designer Pro, Tasty Tech LTD., Toronto, Ontario, Canada), 
as well as relying on the application of the facial scan and 
Camper’s plane (established on facial scan’s basis), two new 
dental arches were designed (Figure 4A,B). 

A digital bone reduction was conducted on the basis of 
the planned position of both arches, and subsequently, the 
implants planned in regions (FDI numbering system): 16, 14, 
11, 21, 24, 26 and 32, 34 (tilted), 42, 44 (tilted) (Figure 3A). 

Figure 2: Face scans taken with Bellus3D ARC facial scanner. 
Front view without the partial denture (A), with the denture (B) and 
with new position of teeth after Digital Smile Design (C).

Figure 3: Digital planning in Blue Sky Plan software on patient’s 
CBCT: with new teeth arches and implants’ positions (A), with 
intraoral scans of baseline maxilla (blue), mandible (yellow) and 
partial denture (red) (B) and planned teeth arches with surgical 
guides before separating into division(yellow and pink) (C).

On the basis of the project design, a triple, stacked surgical 
guide with bone support for alveolar ridge osteotomy, as well 
as for fully navigated implantation was generated (Figure 
5A,B,C; 6A,B,C). 

Both, the project of the outer shell of both dental arches 
in long-term temporaries, as well as the division of surgical 
guides, were handled in the Meshmixer software (Meshmixer, 
Autodesk, Inc., ver:3.5.474, San Francisco, CA, USA). The 
stackable surgical guides and shells of both dental arches 
were printed on a 3D printer in DLP technology (Phrozen 
mini 8k, Phrozen Tech. Co., Ltd., Hsinchu City, Taiwan) 
with the Nextdent C&B bleach and Nextdent Base Light Pink 
resins (NextDent B.V., Soesterberg, The Netherlands).

Surgery & immediate loading
On the day of the treatment, the patient was given a local 

articaine + adrenaline anesthesia (40 mg + 0. 01 mg)/mL). 
A full-thickness mucosal flap was prepared on the bucco-
labial and palatal sides, with the ligation of the soft tissues 
with a nylon 5-0 suture (Resorba Medical GmbH, Nürnberg, 
Germany). After placing the surgical guide on the top of the 
remaining teeth and on the bare bone, the lower guide (the 
bone reduction guide) was pinned (Figure 5A; 6A). 

After detaching the upper part of the guide, all residual 
dentition was removed and the excessive bone was reduced 
to template level with the piezotome VarioSurg3 (NSK, 
Shinagawa City, Tokyo, Japan). About 2-5 mm in the maxilla 
and 5-7 mm in the mandible (Figure 6B, C; 7A, B). Next, the 
upper template (the third one) for fully guided implantation 
was placed on the pinned template with the use of connectors 
in order to conduct osteotomy and place the implants (Figure 
5C).
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Both of the alveolar processes were provided with 
ROOTT implants (ROOTT, Trate Ag, Root, Switzerland) 
(Figure 8A). In the maxilla six were axially loaded and in 
the mandible four were placed, with the two outermost tilted 
(Figure 9A,B). The implants primary stability reached 45 
Ncm which is above the required value of 30 Ncm [2]. 

Afterwards, the post-extraction sockets were filled with 
leukocyte- and platelet-rich fibrin (L-PRF, Intra-Lock, Boca 
Raton, FL, USA).

Multiunit abutments (MUA) were screwed to the implant 
platform. Due to philosophy of a one-day loading of the 
implants, straight AM abutment connectors were tightened 
to the MUAs (Figure 8B) and welded intraorally with a 2.0 
titanium wire, thus creating a rigid titanium frame (Figure 
10A,B,C).

The next step was connecting the above-mentioned rigid 
structure with the 3D-printed shells of teeth arches in plane 
occlusal contacts [3] in order to obtain a long-term temporary 
solution with the reconstruction of the esthetics and functions 
for the period of osseointegration [4,5] (Figure 11A,B,C). 
The superstructure's intramucosal side was polished and other 
surfaces were glazed [6] (Optiglaze clear, GC International 
AG, Luzern, Switzerland).

Figure 4: Translucent face scans from the profile perspective with 
CBCT and intraoral scans of maxilla (green) and mandible (red) 
(A) and bone level after planned reduction with new teeth arches in 
alignment with DSD (B).

Figure 5: Maxilla - intraoral photos of the triple, stacked surgical 
guide. First guide over the residual teeth connected via connectors 
with second, pinned guide (A); Second guide for bone reduction 
(B); Third guide for fully navigated implantation on the second one, 
also connected via connectors (C).

Figure 6: Mandible - also here intraoral photos of the triple, stacked 
surgical guide. First guide over the residual teeth connected via 
connectors with second, pinned guide (A); Second guide for bone 
reduction and with visible retracting suture of soft tissues from the 
lingual side (B); Situation after bone reduction with a new shape of 
the alveolar ridge (C).

Figure 7: The design of the bone reduction. CBCT with two surgical 
guides demonstrating how much bone needs to be removed (A). 
An example of a cross-section scan showing measured distances 
between present and desired top of the alveolar ridge (B).

 

Figure 8: Maxilla - after bone reduction and implantation (A); after 
screwing in the MUAs, AM abutments and suturing (B).

 

Figure 9: Orthopantomogram (OPG) with visible implants’ 
positions (A) and 3D visualization from post-op CBCT (B).

 

Figure 10: Intraoral view of both arches: with AM abutments  
(A); after intraoral welding of titanium wire and creating rigid frame 
for long-lasting temporary reconstructions (B); healing abutments 
screwed in to MUAs’ to prevent soft tissues collapsing during the 
time of preparation and completing the temporary reconstructions 
(C).
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Final reconstruction
After a 6-months healing period, radiological diagnostics 

was conducted (Carestream 8100 3D, Carestream Dental 
Germany GmbH, Stuttgart, Germany) (Figure 9A) and the 
long-temporary restoration was dismounted in order to assess 
the MUA tightening torque. 

The original plan was to complete the case in a fully 
digital manner (Figure 12A,B,C), although due to:

●	 reduced basal seat area in the lower arch,

●	 impossibility to obtain a good-quality scan with the use of 
scan flags (Figure 12C) and

●	 debatable precision of intra-oral scanning in edentulism, 
it was decided to implement both: 

●	 traditional method - analog impressions on MUA level 
with the application of an open tray (Figure 12D) and 

●	 digital method - 360⁰ scan of the temporary superstructures 
along with the basal seat area (mucosa) as well as the 
emergence profile and interocclusal contacts’ record. 
Everything was done in coordinates. 

Due to the extensive scans, as well as to the undoubtedly 
residual scanflag scan, it was possible to connect the intraoral 
scans with the scan of the plaster model made from the 
impression. The spontaneous and intuitive overlapping of 
these structures was minimized, thus it was possible to create 
the passive 3D-printed superstructures for try-in (Figure 
13A,B,C,D).

During the try-in of the printed superstructures with 
a titanium bar in the patient's mouth (Figure 13D) the 
passiveness was checked via a Sheffield test. Furthermore, 
it was also confirmed with a passive fitting of the printed-
welded temporaries on a plaster model [7]. Minimal 
intercuspation modifications were made and marked with a 
color flow-type composite in order to illustrate them for the 
technical laboratory.

The last stage of the treatment was the delivery of the 
all-ceramic milled superstructures mounted in the technical 
laboratory onto a titanium anodized bar [8] (Figure 14A,B). 
The equilibration of the above-mentioned full-arch prosthetic 
restorations in static and dynamic occlusion was conducted 
with the articulating papers and digital pressure meter 
OccluSense (Baush, Germany GmbH, Hainspitz, Germany) 

 

Figure 11: Long-term temporary reconstructions for immediate 
loading made from 3D-printed teeth-like shell and rigid, welded 
titanium frame. Presented extraorally (A), intraorally (B) and in a 
smile (designed with DSD) (C) - created in a chair-side manner, on 
the day of implantation.

 

Figure 13: Preparation for the final reconstruction - a 3D-printed 
superstructure with a titanium bar (A) created to check the 
passiveness of the bar; healed mucosa with MUA in maxilla (B) 
and mandible (C) and after try-in in the mouth (D). At this point the 
color of the teeth is irrelevant, as it was only made for the purpose 
of passiveness check up.

 

Figure 14: Final restoration. All-ceramic milled superstructures on 
a titanium anodized bar (A) and its passive fit on the plaster model 
in the mandible (B).

 
Figure 12: After the 6-months of osseointegration period, the 
long-term temporaries were scanned (A); the scan of the maxilla 
for final reconstruction was conducted with scanflags (B), while 
the in the mandible the scan by itself was insufficient (C) and the 
traditional impression had to be taken to guarantee the passiveness 
and precision of the final reconstruction (D).
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(Figure 15A,B). It was also assured that the dynamic 
occlusion follows the given pattern of a bilaterally balanced 
occlusion in dynamics [9,10]. The final outcome was highly 
satisfactory for the patient (Figure 16).

are only a few studies [12-16] showing DSD combined with 
immediate loading on implants. 

Moreover, at this moment (December 2023) there are only 
three reported  cases [17-19] where additional bone reduction 
was needed.

In the study by Todaro et al. similarly authors used face 
scans to establish an ideal teeth position in the prosthetic 
reconstruction [17]. However, the immediate temporary was 
a denture (3D printed) without intraoral welding and only 
the mandible was treated, so the occlusion could be adjusted 
to maxilla. Moreover, the surgical guide for ostectomy was 
“closed”, as the fissure in the guide dictated the path of the 
piezosurgical tip. This potentially could impair the cooling of 
the bone and be prone to overheating.

In the study by Costa et al. small magnets were used to 
connect two surgical guides. Similarly as in the previously 
mentioned study, the temporary prosthesis (from PMMA) 
was glued in the abutments without intraoral welding. In our 
case, surgical guides were connected with “connectors” (in a 
fitting die and counter-die shape) which seems to be cheaper 
and less complex to manufacture than guides with magnets 
[18].

In the study by Wang et al. the new bone level has been 
marked with a few drilled points made with a guide [19]. The 
bone reduction was conducted using a manual tool (Bone 
Rongeur). and the burs were only used to smoothen the 
surface. In that study the bone reduction was limited only to a 
few particular spots, not in the whole alveolar ridge.

Bone reduction
The “bone reduction” or “alveolar ridge ostectomy” 

is usually conducted in cases when the bone level of the 
alveolar ridge is uneven or when the ideal implant position is 
so deep that an excessive bone volume may interfere with the 
range of desired prosthetic reconstruction [20]. The surgical 
guide improves the predictability of the whole procedure (not 
only bone reduction), reduces the time of the operation and 
increases the precision of ostectomy, while making it safer 
for the patient [21].

Some early cases of bone reduction included gutta-percha 
radiological markers and marking the ostectomy level on 
the bone surface with a pencil [22]. Fortunately, modern 
technologies such as the CAD-CAM approach and desktop 
3D-printers allow us to create surgical guides specifically for 
the bone reduction procedure. 

In this case, two (one for maxilla and one for mandible) 
triple stacked surgical guides have been used, both 
immobilized by pins in order to guarantee stillness of the 
guide during the operation. 

Both of the triple stacked surgical guides consisted of:

Discussion
Complex cases of full-mouth rehabilitation with high 

esthetic requirements may challenge the clinicians into 
implementing all existing digital solutions to gain the best 
possible outcome.

In this case, the patient’s biggest concern was an esthetic 
issue, which set high standards and guided the rest of the 
therapeutic workflow. The decision to conduct Digital 
Smile Design was dictated due to the possibility to better 
communicate with the patient and fulfill her esthetic needs 
on both stages of a long-term temporary restoration and a 
final restoration [11]. Missing this step would led to placing 
implants in surgically right though prosthetically wrong 
positions and would create an unmanageable final situation.

DSD
While digital smile design typically refers to restorative 

dentistry and prosthetic reconstructions on teeth [11], there 

 

Figure 15: Occlusense device (A) and a screenshot from the 
dedicated software showing the occlusally overloaded areas (B).

 

Figure 16: Extraoral photos with the final restoration. Thanks to the 
DSD, the esthetics of the smile have been significantly improved 
compared to the baseline situation.
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●	 The first guide which surrounded the remaining teeth for 
unambiguous position.

●	 The second guide in a shape of a frame, which was pinned 
to the bone and served as a guide for bone reduction and 
base for the third guide.

●	 The third guide which served as a classical implantation 
guide in full navigation.

As mentioned earlier, the DSD indicated the ideal position 
of implants, which subsequently unveiled the need for bone 
reduction, in mean dimensions 3,5 mm in the maxilla and 6 
mm in the mandible.

While planning the bone reduction volume, it was meant to 
ensure implant placement 2 mm subcrestally [23,24] and 4-6 
mm below the free gingiva margin (depending on the shape 
of the margin and presence of papilla) in order to maintain 
the soft tissue thickness at least 3 mm [25], as proper soft 
tissue thickness contributes to the stability of the bone level 
and minimizes the risk of implant loss [26,27].

In simpler cases of minor bone reduction it can be 
done from free hand, without surgical guide, as presented 
by Vizcaya [28], while in other cases even the dynamic 
navigation may be applied [29].

In the case of such vast bone reduction as presented in 
this study, without the surgical guide the surgeon might have 
easily lost orientation and cut out excessive or insufficient 
bone volume, which would have led to subsequent poor 
esthetic outcome.

While full arch implantations with immediate loading 
and intraoral welding is commonly known and practiced 
technique, the combination of all of these elements with bone 
reduction based on DSD and face scans have never been 
described in the literature.

Full-digital protocol
Although in the described case, the final long-term 

mandible restoration was done combining  digital and 
traditional way due to difficulties with scanning the mandible 
for the intra-oral scanner to work properly, a full-digital 
workflow is perfectly possible in this and in similar cases 
[18,30].

Occlusion
During designing the case the minimisation of the 

cantilever was planned. With the use of Occlusense the 
balanced occlusion was checked and there was a strive for 
minimal overbite. Relatively flat cusps were used to lower 
inclination of cuspal planes not exceeding the inclination of 
condylar path.

Conclusions
Some cases may require only basic surgical and 

prosthetic skills, while others, such as presented above, must 
combine complex approaches in order to achieve rewarding 
results. This case shows a unique combination of advanced 
technological amenities, such as DSD, face scans, digital 
planning of the surgery (on many levels) and designing and 
manufacturing prosthetic reconstructions which allowed a 
difficult treatment to succeed. While the sole topic of bone 
reduction is commonly known and practiced, now with 
surgical guides its process can be more predictable, safe and 
faster than with any other traditional method.
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