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ABSTRACT
Purpose: To present a novel digital workflow (the Columbus Digital Bridge Protocol) for immediately 
loaded full-arch rehabilitations, integrating digital technologies throughout diagnostic, surgical and 
prosthetic phases, with a focus on the application of intraoral photogrammetry scanning.
Materials and methods: The workflow presented in this article, successfully implemented in 
14  patients, includes standardised clinical steps: digital diagnostic planning through matching of 
facial scans and CBCT data, surgical placement of four implants following tooth extraction, immedi-
ate post-surgical intraoral photogrammetry scanning using a three-step procedure (i.e., soft tissue 
registration, application of scan flags, final matching), and delivery of a 3D printed prototype fol-
lowed by the final restoration.
Results: The preliminary results demonstrate that the Columbus Digital Bridge Protocol represents 
a promising novel digital workflow for immediate loading of full-arch implant rehabilitations. The 
protocol achieved optimal accuracy in prosthetic fit without requiring additional scans, plaster 
impressions or major prosthetic intraoral adjustments.
Conclusions: The present novel digital protocol may offer clinicians a predictable and efficient 
method for delivering immediately loaded full-arch rehabilitations while overcoming the traditional 
challenges associated with post-surgical impressions and ensuring passive prosthetic fit. The inte-
gration of photogrammetry with intraoral scanning technology appears to provide accurate implant 
position recording and soft tissue registration within a fully digital workflow including the simplified 
possibility of pre-/post-surgical overlapping to register the maxillomandibular relation.
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Introduction

Accurate recording of implant position and deter-
mination of proper arch relationships are cru-
cial steps in the fabrication process of well-fitting 
implant-supported full-arch prostheses.1,2 Trad-
itional impression-taking methods, irrespective of 
the material used, often present challenges in terms 
of complexity and patient acceptance.3 Thanks to  

recent progress in digital technology, CAD/CAM 
technology has been progressively incorporated 
into the restorative workflow for the treatment of 
edentulous patients, reducing surgical time and 
increasing the precision of impression taking.4,5

From a clinical point of view, full-arch digital 
implant scans in resorbed arches are particularly 
challenging, as the limited keratinised mucosa, 
along with the presence of saliva, can lead to sensor 
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mist.6 To enhance the accuracy of scanning in eden-
tulous areas and facilitate the stitching process, 
various tools and methods have been employed,7 
including the application of pressure-indicating 
paste or artificial landmarks in the dentulous region, 
splinting scan bodies with thermoplastic resin or 
dental floss, positioning auxiliary geometric compo-
nents that replicate dental anatomy between scan 
bodies, and utilising fiducial markers or new scan 
bodies with lateral flags.8 More recently, the reverse 
scan body technique has also been proposed.9 At 
present, however, none of the aforementioned tech-
niques has been proven to be superior the others, or 
indeed to the gold standard (i.e., traditional plaster 
impressions).

Furthermore, in cases of immediately loaded 
full-arch rehabilitations, additional challenges have 
been documented, such as the presence of bleed-
ing and how to perform optimal detection of the 
peri-implant soft tissue conditions.10 To overcome 
these problems, photogrammetry technology has 
been applied very recently in full-arch reconstruc-
tions, providing a simple, precise, and efficient way 
to capture implant position.11 This method utilises 
multiple high-resolution images to generate an 
accurate 3D digital model of the implant locations, 
which is crucial for designing and producing pros-
thetic frameworks with a passive fit.12 In full-arch 

restorations, where the alignment and fit of the 
prosthesis are essential for optimal function and 
durability, photogrammetry guarantees that the 
final restoration is both predictable and reliable.

At present, few studies have documented the 
integration of photogrammetry in a prosthetic work-
flow with promising results: indeed, Pozzi et al13 
proved that stereophotogrammetry performed sig-
nificantly better than intraoral scanners with lower 
3D and angular deviations in an in vivo prospective 
comparative study.

The aim of this report is to present a novel and 
systematic digital workflow and highlight how the 
use of digital technologies may assist clinicians 
through all phases (diagnosis, surgery and prostho-
dontics) (Fig 1) to treat patients in need of implant- 
supported immediately loaded full-arch rehabili-
tations (i.e., the Columbus Digital Bridge Protocol 
(19046682; 27/6/2024).

Materials and methods

Case presentation: maxillary full-arch 
rehabilitation 
A 51-year-old woman who was systemically healthy, 
a non-smoker and a retired hospital administrative 
worker was seeking a comprehensive definitive 

Fig 1    Schematic 
outlining the fully-
digital diagnostic, 
surgical and pros-
thetic workflow.
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Fig 2a to e    Clin-
ical representa-
tive scenario of a 
67-year-old healthy 
patient. Baseline 
extraoral (a and b) 
and intraoral clin-
ical images (c to e) 
reveal the terminal 
dentition.

a b

dc e

fixed maxillary rehabilitation. She mentioned hav-
ing lost her anterior teeth at the age of 40 and having 
experienced debonding of the maxillary tooth–sup-
ported fixed rehabilitation several times in the pre-
vious months (Fig 2 and Table 1 [patient 5]). She did 
not feel comfortable with a treatment plan including 
a removable denture for aesthetic and functional 
reasons; thus, following extensive discussion with 
the patient about different treatment modalities 
including bone grafting procedures, the patient 
agreed to undergo the proposed treatment.

Diagnostic phase

The diagnostic phase is crucial for full-arch re
habilitations, and this was no different for the pro-
posed protocol. With digital technology, the first 
step involves matching all the preoperative data: 
facial images, facial scans (MetiSmile Facial Scanner, 
SHINING 3D, Hangzhou, China) and CBCT scans (Go 
2D/3D dental imaging, NewTom, Imola, Italy) were 
imported into dedicated software (DentalCAD, Exo-
cad, Darmstadt, Germany) and matched to enable 
the evaluation of the initial anatomical scenario 
(i.e., tooth position, bone volume and soft tissue 

conditions along with lip position and smile line 
evaluation). Following digital “segmentation”, the 
baseline scenario was removed and replaced to cre-
ate a pre-visualisation of the new rehabilitation pro-
ject including an aesthetic setup. Finally, just before 
removal of the old reconstruction, a palatal marker 
was inserted and a digital “preoperative2” scan was 
taken with a dedicated intraoral scanner (Elite IPG 
scanner, SHINING 3D) (Fig 2 to 4).

Surgical phase

Following local anaesthesia, two separate full-thick-
ness flaps were raised to preserve the inter-incisive 
papilla as an anatomical reference. Subsequent to 
extraction of all hopeless teeth, a free-hand imme-
diate implant placement protocol according to the 
“all-on-four” principles was employed. More specif-
ically, two parallel implants in the maxillary lateral 
incisor sites (Shard 3.8 × 13 mm, Mech & Human, 
Vicenza, Italy) and two implants (Shard 3.8 × 18 mm) 
tilted distally were inserted (recorded insertion 
torque > 50 Ncm). Implant placement followed the 
principles of the Columbus Bridge Protocol with the 
goal being to preserve the residual available bone 
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aTable 1    Characteristics of patients, implants and full-arch reconstructions for patients treated according to the Columbus Digital Bridge Protocol

Patient Reason for 
tooth loss

Age, y Sex Smoking Bruxism Arch Opposite 
arch

Imlant brand 
(length, 
diameter)

Number 
of 
implants

Type of 
framework

Recon-
struction 
material

1 Periodontal 
disease

66 F Yes Yes Mandible Implant-sup-
ported fixed 
reconstruction

Shard RP 
(15 × 4.3 mm) 
(Mech & Human, 
Vicenza, Italy)

4 Glass-fibre PMMA

2 Caries 58 F No Yes Maxilla Tooth-sup-
ported remov-
able partial 
denture

Shard RP 
(18 × 4.3 mm; 
15 × 4.3 mm)

4 Glass-fibre PMMA

3 Caries 68 M No Yes Maxilla Natural teeth Shard RP 
(15 × 4.3 mm; 
13 × 4.3 mm)

7 Glass-fibre PMMA

4 Periodontal 
disease

74 F No No Mandible Tooth-sup-
ported fixed 
reconstruction 

Shard RP 
(18 × 4.3 mm)

4 Cobalt-chro-
mium laser 
melted

Composite

5 Periodontal 
disease

51 F No No Maxilla Natural teeth Shard RP 
(15 × 3.8 mm; 
18 × 4.3 mm)

4 Cobalt-chro-
mium laser 
melted

Composite

6 Caries 66 M No No Mandible Natural teeth Shard RP 
(13 × 4.3 mm; 
13 × 4.3 mm)

6 Glass-fibre PMMA

7 Previous 
failed 
implants

60 F No Yes Maxilla Natural teeth Shard RP 
(13 × 4.3 mm; 
15 × 4.3 mm)

4 Glass-fibre PMMA

8 Caries 67 M Yes Yes Maxilla Natural teeth NobelActive 
(15 × 4.3 mm; 
13 × 4.3 mm) 
(Nobel Biocare, 
Kloten, Switzer-
land)

4 Cobalt-chro-
mium laser 
melted

Composite

9 Periodontal 
disease

61 M No Yes Mandible Implant-sup-
ported fixed 
reconstruction

Shard RP 
(13 × 4.3 mm)

4 Glass-fibre PMMA

10 Caries 55 F No No Maxilla Implant-sup-
ported fixed 
reconstruction

Shard RP 
(15 × 3.8 mm; 
18 × 3.8 mm)

5 Glass-fibre PMMA

11 Periodontal 
disease

42 F Yes Yes Maxilla Natural teeth Shard RP 
(15 × 4.3 mm; 
13 × 4.3 mm)

4 Cobalt-chro-
mium laser 
melted

Composite

12 Previous 
failed 
implants

62 F Yes No Maxilla Natural teeth Shard RP 
(15 × 4.3 mm)

6  Glass-fibre PMMA

13 Caries 43 F No Yes Maxilla Natural teeth Shard RP 
(13 × 4.3 mm; 
18 × 4.3 mm)

4 Glass-fibre PMMA

14 Periodontal 
disease

59 M Yes Yes Maxilla Implant-sup-
ported fixed 
reconstruction

Shard RP 
(15 × 4.3 mm)

4 Glass-fibre PMMA

F, female; M, male; PMMA, polymethylmethacrylate.

and avoid extended osteotomy. Prior to surgery 
and initial intraoral scanning, a palatal marker 
was screwed to the palatal vault to act as an add-
itional reference point for the maxillomandibular 

repositioning procedure. The flaps were sutured 
to allow transmucosal healing after placement of 
angulated multi-unit abutments (MUAs) (Fig 5). 
The two distal molars were extracted at the end 
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Fig 3a to d    Extra
oral facial photo
graph (a), matching 
of the extraoral scan 
with the CBCT file 
(b) and digital wax-
up of the maxillary 
and mandibular 
prosthesis (c and d).

Fig 4a to c    Details of the clinical scenario after removal of the insufficient fixed dental prosthesis and placement of a palatal fiduciary marker (a).  
Preoperative intraoral scans of the maxilla and mandible (b and c).

Fig 5a to c    Intraoperative clinical scenario after elevation of a full-thickness flap, extraction of all hopeless teeth and placement of two implants in the 
right (a) and left side of the maxilla (b). Postoperative clinical appearance after placement of MUAs and transmucosal healing (c).

a b

c d

a cb

a cb
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Fig 6a to d    Post-
surgical clinical 
scenario revealing 
placement of dedi-
cated flags (a) for 
digital scanning of 
the maxilla (b to d).

a b

c d

of the surgical procedure, since they did not inter-
fere with implant positioning and could be used as 
reference points.

Prosthetic phase

Immediately after surgery, an intraoral photogram-
metry (IPG) scanning procedure was performed. 
This procedure involves three steps (Fig 6): 
1.	 Post-surgical soft tissue registration (with a 

marker and eventual residual teeth);
2.	 Application of dedicated scan flags utilised for 

the stereophotogrammetry (SPG) procedure;
3.	 Final matching with accurate implant position, 

correct soft tissue conditions and a “repos-
itioned” maxillomandibular relationship.

The prototype of the digital designed prosthesis is 
printed in resin with a dedicated chairside printer 
within 2 hours after surgery to allow for an aesthetic 
and occlusion check (Fig 7). The final restoration, 
fabricated using laser melting cobalt-chromium 
(Co-Cr) technology and with composite aesthetic 

and occlusal surfaces, is delivered to the patient 
within 48 hours of implant placement. The clinical 
and radiographic images detect optimal integra-
tion of the prosthesis (Fig 8). At the end of the active 
treatment, the patient was provided with a night 
guard and enrolled on a tailored supportive peri-
odontal/peri-implant care (SPC) programme.

Case presentation: mandibular full-arch 
rehabilitation

A 74-year-old woman who was systemically healthy 
and a non-smoker was referred for replacement of 
the missing teeth on both sides of the mandible. At 
the time of the first examination, she was seeking 
a definitive, long-lasting implant-supported fixed 
solution. She explained that she had lost posterior 
support two decades earlier and that since then, 
she had never worn the removable partial den-
ture fabricated by her previous dental practitioner 
because it was not stable. Clinically and radio-
graphically, the two posterior sides of the man-
dible presented moderate-grade bone resorption 
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Fig 7a to e    Pros
thetic design of the 
full-arch reconstruc-
tion (a) and digital 
clinical pre-visualisa-
tion (b). 3D chairside 
printer (c), printed 
try-in prototype (d) 
and clinical appear-
ance after try-in (e).

a b

c d e

Fig 8a to e    Final 
prosthetic design of 
a the full-arch recon-
struction including 
a Co-Cr laser melted 
framework (a) and 
appearance immedi-
ately after print-
ing (b). Extraoral (c) 
and intraoral clinical 
images (d) revealing 
good integration of 
the reconstruction. 
Final panoramic 
radiograph (e).

ec d

a b

(mainly horizontal) while the mandibular left cen-
tral incisor, lateral incisor and canine were affected 
by interproximal caries. The teeth in the V sextant 
displayed clinical and radiographic signs of peri-
odontal attachment loss. The subsequent discus-
sion with the patient aimed to present her with 

several different treatment modalities including 
bone grafting procedures prior to implant place-
ment. The patient was determined to undergo 
a treatment protocol consisting of a fully digital 
immediately loaded full-arch rehabilitation (Fig 9 
and Table 1 [patient 4]).
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Diagnostic and surgical phase

During the first step of treatment, following the 
acquisition of the baseline information, including 
diagnostic scans of the two arches facilitated by the 
application of two mandibular markers to increase 
scanning accuracy of the edentulous areas, clin-
ical images and CBCT files, a final prosthetic setup 
was performed. The surgical procedure, according 
to a standardised protocol, included the elevation 
of a separate full-thickness flap after extraction of 

all teeth and the placement of two intraforaminal 
dental implants in fresh extraction sockets (Shard 
4.3 × 13 mm; mandibular lateral incisor sites) and 
two distal tilted implants (Shard 4.3 × 15 mm; man-
dibular second premolar sites). Implant position 
was chosen to minimise bone damage and max-
imise the future occlusal area. For all implants, the 
recorded insertion torque was > 50 Ncm2, allow-
ing for immediate loading. Prior to flap closure 
for transmucosal healing, angulated MUAs were 
mounted (Fig 10). 

Fig 9a to e    Clinical 
and radiograph-
ic representative 
scenario of a healthy 
female patient. Base-
line extraoral (a), 
intraoral clinical (b) 
and radiographic 
images (c) revealing 
terminal dentition 
in the fifth sextant. 
Intraoral scans of 
the maxilla and 
mandible after 
placement of two 
fiduciary markers in 
the posterior man-
dible as reference 
points (d and e).

a b

c

d e
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Fig 10a to d    Intra-
operative clinic-
al scenario after 
elevation of a full 
thickness flap 
(a), extraction of 
all teeth (b), and 
before placement 
of four implants. 
Clinical appearance 
after placement of 
MUAs (c and d).

a b

c d

Prosthetic phase

The prosthetic phase was initiated immediately 
after surgery and included a full-arch digital scan by 
means of IPG. This procedure involves three steps 
(Fig 11): 
1.	 Post-surgical soft tissue registration (with marker 

and eventual residual teeth);
2.	 Application of dedicated scan flags utilised for 

the SPG procedure;
3.	 Final matching with accurate implant position, 

correct soft tissue condition and “repositioned” 
maxillomandibular relationship.

Following digital planning, a 3D chairside prototype 
was printed and inserted. This step made it possible 
to check aesthetics and occlusion (Fig 12). Within 
2  days of surgery, the patient received the final 
restoration which was fabricated using laser melt-
ing Co-Cr technology, with composite aesthetic 
and occlusal surfaces. The clinical and radiographic 
images demonstrated optimal integration of the 

prosthesis (Fig 13). At the end of the active treat-
ment, the patient was provided with a resin night 
guard and enrolled on a tailored SPC programme.

Discussion 

The aims of this study were to present a new fully 
digital workflow for the fabrication of immedi-
ately loaded full-arch rehabilitations based on 
the Columbus Bridge Protocol and to report the 
preliminary data for a cohort of 14 patients who 
were successfully treated consecutively. The sci-
entific rationale for the proposed protocol rests 
on the application of a state-of-the-art and well-
established surgical and prosthetic protocol based 
on the Columbus Bridge Protocol, a trademark 
workflow for the treatment of patients with full-
arch immediately loaded rehabilitation.14

Nowadays, the use of intraoral scanners in single-
unit/reduced-span implant-supported reconstruc-
tions might be considered the standard of care;15 
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Fig 12a to d    Final 
prosthetic design of 
a the full-arch recon-
struction including 
a Co-Cr laser melted 
framework design 
(the framework anat-
omy can be planned 
using the “anatomic 
reduction” function, 
such as the “individ-
ualised bar” having 
the virtual wax-up as 
the initial reference 
point) (a and b) and 
clinical appear-
ance immediately 
after try-in (c). 
Extraoral (c) try-in 
image revealing 
balanced occlusal 
contacts (d). 

a b

c d

Fig 11a to d    Post-
surgical clinical 
scenario reveal-
ing transmucosal 
healing (a) and 
the placement of 
dedicated scan 
flags (b) for intraoral 
scanning of the man-
dible utilising IPG 
technology (Elite IPG 
Scanner) (c and d).

a b

c d
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however, in cases involving post-surgical scanning 
of full arches for immediate loading, clinicians face 
several surgical challenges.16 Nevertheless, Cap-
pare et al17 recently described intraoral scanning 
as a reliable and accurate alternative for full-arch 
implant rehabilitations, yielding a high level of 
precision in the fit of definitive restorations; how-
ever, for immediate rehabilitation they used screw-
retained acrylic resin interim prostheses that were 
relined after surgery. A similar fully digital protocol 
was proposed by Papaspyridakos et al,18 who util
ised 3D printed provisional prostheses placed over 
a template with provisional abutments. Tempor-
ary implant abutments were connected to MUAs, 
and rubber dam isolated the underlying soft tissue. 
Acrylic resin was injected to capture the temporary 
abutments, converting the denture into a screw-
retained fixed interim prosthesis using the denture 
conversion technique.19 Of the available techniques, 
the Columbus Bridge Protocol is a surgical and pros-
thetic approach designed to perform restoration in 
edentulous patients or patients with terminal denti-
tion within 48 to 72 hours.20 This protocol involves 
inserting implants with a length of at least 13 mm 

into native bone (with an insertion torque of at least 
40 Ncm) and placing angled MUAs to adjust the 
inclination of the implants prior to taking an impres-
sion. The material used is plaster (Snow White, Kerr 
Dental, Brea, CA, USA), which is considered the 
gold standard for transferring implant positions to 
the laboratory.21 Indeed, this impression material 
makes it possible to obtain a passive, well-fitting 
implant-supported full-arch framework, which is 
essential for improving the predictability of bone 
healing in contact with implants undergoing imme-
diate functionalisation. More specifically, this mater-
ial possesses several beneficial characteristics, such 
as excellent hardness, while remaining stable over 
time and not being susceptible to deformation 
when in close contact with biological fluids such as 
blood and saliva. Moreover, it provides accurate soft 
tissue reproduction, allowing the construction of a 
partial denture with a “natural” design. In contrast, 
traditional intraoral scanning procedures are nega-
tively affected by irregular and wet tissues, which 
prevent precise impressions from being taken and 
thus result in significant inaccuracies in the fitting 
of the prosthetic structure, as well as passive fit. 

a b

c d

Fig 13a to d    Clin-
ical appearance 
after delivery of the 
full-arch reconstruc-
tion (a to c) and 
panoramic radio-
graph (d).
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Based on this, and with a view to overcoming such 
challenges, SPG was applied to this field: this digital 
impression technology captures 3D objects and 
their spatial relationships using points from images 
taken by two stereo cameras. Initially introduced by 
Jemt and Lie22 to measure the fit between implants 
and frameworks, SPG has since been validated as a 
reliable technology for guided surgery. It utilises a 
stereo tracking algorithm to connect preoperative 
implant planning coordinates with real-time drill-
ing and positioning data.13 While SPG can accur
ately record implant coordinates without requiring 
a stitching process, it cannot capture the intraoral 
dental and gingival anatomy, necessitating the use 
of an additional impression for that purpose. The 
novelty of this technology (IPG, SHINING 3D) is the 
combination of the accuracy in detecting implant 
position enabled by the SPG and precise detec-
tion of peri-implant soft tissue achieved through 
intraoral scanning.

From a clinical perspective, it is important to 
point out that the proposed digital workflow was 
implemented in 14 patients (Fig 14) requiring 
rehabilitation of either arch. The accuracy of the 
fabricated try-in and the final prostheses was opti-
mal: indeed, a second scan, a plaster impression 
(i.e., need of redoing) and major intraoral prosthetic 
adjustments were never required, providing clear 
evidence of the appropriateness and reliability of 
the proposed protocol. Based on these preliminary 
results, the Columbus Digital Bridge Protocol repre-
sents a promising digital workflow for the rehabili-
tation of edentulous patients; however, randomised 
clinical trials with medium- to long-term follow-up 
periods are encouraged to further validate this 
protocol and eventually incorporate digitally guided 
implant placement.

Conclusion

The novel digital protocol presented in this art-
icle may offer clinicians a predictable and efficient 
method to deliver immediately loaded full-arch 
rehabilitations, overcoming the challenges trad
itionally associated with post-surgical impressions 
and ensuring passive prosthetic fit.
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