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In edentulous patients with 
advanced mandibular resorp
tion, complete arch prostheses 
present anatomic and bio
mechanical challenges.1 Ac
curate implant positioning, 
management of the prosthetic 
space, and passive framework 
adaptation are critical for 
long-term success.2 Conven
tional techniques often fail to 
accommodate anatomic con
straints, leading to unfavorable implant angulations, 
reduced prosthetic clearance, and misfitting prostheses 
that compromise function, esthetics, and mechanical 
longevity.3

Computer-aided design and computer-aided manu
facturing (CAD-CAM), cone beam computed tomo
graphy (CBCT), and virtual planning have transformed 
implant dentistry by enabling anatomically guided, 
prosthetically driven prostheses.4–7 Previous digital 
workflows, including guided surgery, photogrammetry, 
and virtual patient integration, have improved implant 
placement and data registration8 but often emphasize 
prosthetic design without fully incorporating bone 
morphology into the substructure planning.9 Conse

quently, discrepancies may persist between implant 
positioning and prosthetic alignment, particularly in 
patients with advanced ridge resorption where anatomic 
landmarks are critical to achieving passive frame
work fit.10

The technique presented integrated CBCT-based 
anatomic modeling, prosthetically driven implant pla
cement, and digital waxing alignment to design and 
fabricate a custom mandibular bar within a fully digital 
workflow. This approach bridged the gap between sur
gical and prosthetic stages, improving the precision of 
bar adaptation, facilitating communication among clin
ical and laboratory teams, and enhancing reproducibility 
in complex mandibular reconstructions.
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ABSTRACT 
Digital workflows integrating computer-aided design and computer-aided manufacturing (CAD- 
CAM) have improved precision in implant-supported prostheses. This article describes a step-by- 
step technique for guided mandibular implant placement and the CAD-CAM fabrication of a 
patient-specific titanium bar based on cone beam computed tomography (CBCT) segmentation, 
anatomic reconstruction, and a functional digital waxing. The workflow combines prosthetically 
driven planning with anatomic reference alignment to enhance bar adaptation and prosthetic 
accuracy. The digital sequence allows clinicians and dental laboratory technicians to virtually 
design and verify the bar on a 3-dimensionally printed mandibular model before clinical 
application, minimizing chairside adjustments and improving interdisciplinary communication 
when providing complex complete arch implant-supported prostheses. (J Prosthet Dent 
2026;135:694-699)
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TECHNIQUE

A fully digital workflow for guided implant positioning 
and the CAD-CAM fabrication of a custom mandibular 
framework supporting an implant-supported fixed 
dental prosthesis that integrates CBCT-based anatomic 
modeling, prosthetically driven planning, virtual abut
ment angulation, and digital waxing definition is de
scribed. The bar was designed in a CAD software 
program, adapted to anatomic and prosthetic para
meters, and fabricated by subtractive manufacturing. 
This protocol enhanced implant positioning accuracy 
and framework adaptation, enabling predictable and 
efficient planning for providing a complete arch pros
thesis. 

1. Acquire a high-resolution CBCT scan of the 
edentulous mandible and import the Digital 
Imaging and Communications in Medicine 
(DICOM) dataset into a medical imaging software 
program (Mimics; Materialise NV, 3DSlicer; 
Brigham and Women’s Hospital and Harvard 
Medical School, or InVesalius; Renato Archer 
Information Technology Center). Segment the 
mandibular bone to isolate relevant landmarks, 
including the mandibular canal, mental foramina, 
and cortical contours. Export the segmented model 
as a standard tessellation language (STL) file and 
refine the surface topology by removing artifacts 
and smoothing irregular areas to obtain an accurate 
3D anatomic model for virtual implant positioning 
(Figs. 1, 2).

2. Evaluate bone volume and anatomic limitations 
such as ridge asymmetry and posterior resorption. 
Position 2 axial anterior implants in the inter
foraminal region and 2 tilted posterior implants in 
the premolar zones (Straumann Tissue Level 
Roxolid SLA; Institut Straumann AG) by following 
a 4-implant distribution for an implant-supported 
fixed complete arch prosthesis to optimize implant 
spread and avoid the mandibular canal. Record the 
implant angulations relative to the basal plane and 
export the numeric data from the planning software 
program (coDiagnostiX; Dental Wings, Exoplan; 
exocad, or BlueSkyPlan; Blue Sky Bio). For the 
present patient, posterior implants were placed at 
67 to 80 degrees relative to the occlusal plane, and 
anterior implants were placed vertically (70 to 90 
degrees) and aligned with the mandibular sym
physis and basal cortical support (Fig. 3).

3. Select screw-retained abutments (Screw-Retained 
Abutment; Institut Straumann AG) based on im
plant angulation, peri-implant soft tissue thickness, 
and prosthetic requirements. Use 17- or 30-degree 
angled abutments when redirection is needed and 
straight abutments when implants are axially po
sitioned. Verify parallelism in cross-sectional and 
occlusal views to ensure a common path of inser
tion. Digitally align the diagnostic waxing to re- 
establish the occlusal vertical dimension and in
terarch relationships. Scan the waxing and import it 
into the CAD environment as a volumetric re
ference for the bar design (Figs. 4, 5).

Figure 1. Cone beam computed tomography-based 3-dimensional anatomic reconstruction of edentulous mandible with advanced resorption.
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4. Import the waxing and implant-abutment com
plex into CAD software program (SpaceClaim; 
Ansys Inc) to design the mandibular bar by fol
lowing the arch curvature and prosthetic en
velope. Incorporate precise abutment interfaces, 
contours that facilitate oral hygiene, and localized 
reinforcements to withstand occlusal loads while 
maintaining clearance from the peri-implant 
mucosa. Superimpose the framework, implants, 
and digital waxing in frontal, sagittal, and oc
clusal views to verify fit and spatial coherence. 
Confirm passive fit and proper emergence pro
files before fabrication (Figs. 6, 7).

5. Export the final CAD design as an STL or CAM file 
and mill it from grade V titanium (Ti-6Al-4V alloy; 
ISO 5832-3/ASTM F136) using a 5-axis milling 
machine (M5 Heavy Metal; Zirkonzahn GmbH). 
Remove the supports, surface finish, and polish 
using a rotary cut-off and polishing unit 
(Trennschleifgerät; Zirkonzahn GmbH). Clean the 
framework in an ultrasonic cleaner (Elmasonic P; 
Elma Schmidbauer GmbH) and verify the dimen
sions with a digital caliper (Mitutoyo Corp.) 
Evaluate the adaptation on a 3D printed 

mandibular cast or by digital superimposition with 
the reference STL file. Verify the passive fit visually 
and digitally before clinical application (Fig. 8).

DISCUSSION

The digital workflow presented should provide a struc
tured and reproducible approach to designing and fab
ricating a custom mandibular framework in patients 
with advanced ridge resorption. Integrating anatomic 
modeling, prosthetically guided implant positioning, 
and virtual abutment angulation, this technique should 
improve passive framework fit and reduce chairside 
adjustments compared with conventional analog pro
tocols.

The early incorporation of a digital waxing allows the 
bar to be designed in harmony with the planned re
storation and soft-tissue contours. Screw-retained 
abutments with variable angulations facilitates a 
common path of insertion and enhances the prosthetic 
fit. The workflow supports communication between 
surgical and laboratory teams, allowing digital mod
ifications without remaking physical models.

Bone reconstruction Segmentation Smoothing

Cortical Bone

Trabecular Bone

Assembly

Trabecular Bone

Cortical Bone

Tissue differentiation

Figure 2. Topological refinement and anatomic labeling of segmented mandible for digital planning.
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Validation on a 3D printed (Neptune 3 Pro; Elegoo 
Technology Co Ltd) mandibular model confirmed the 
passive adaptation of the titanium bar. However, me
chanical testing and clinical follow-up are necessary to 
verify long-term performance. The protocol is indicated 
for edentulous patients with severe ridge resorption or 

anatomic irregularities where traditional methods are 
limited and contraindicated when interarch space is in
sufficient or unstable soft tissues are unstable for a 
screw-retained design.

SUMMARY

A digital technique for prosthetically guided implant 
positioning and the CAD-CAM fabrication of a custom 
mandibular framework supporting an implant- 

Figure 3. Implant positioning in relation to anatomic landmarks and prosthetic zones.

Coronal View

Left cross-sectional Buccal

Occlusal View

Right Buccal

Figure 4. Digital alignment of screw-retained abutments to standardize 
prosthetic insertion path.

Figure 5. Digital waxing on a printed mandibular cast used to restore 
vertical dimension and facial support. Asymmetry corresponds to the 
original diagnostic pattern used for digital reference.
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supported fixed dental prosthesis is presented. The 
workflow integrates CBCT-based segmentation, virtual 
implant positioning, screw-retained abutment angula
tion, and digital diagnostic waxing. Each step is executed 
digitally to reproduce anatomic and prosthetic para
meters with high precision. The titanium-milled 

framework demonstrated a passive fit on a 3D printed 
mandibular cast, confirming the accuracy of the digital 
workflow. The protocol provides clinicians and dental 
laboratory technicians with a predictable, fully digital 
method for fabricating patient-specific frameworks in 
complex mandibular rehabilitations.

Isometric View

Front View

Back ViewTop View

Figure 6. Custom bar design adapted to mandibular curvature and prosthetic envelope.

Right cross-sectional Buccal
Occlusal View Coronal View

Right and Left Buccal View

Figure 7. Digital superimposition of all components to verify prosthetic coherence and fit.
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Figure 8. Digital workflow validation: titanium bar fitting on 3D printed 
mandibular cast. A, Implants positioned in mandibular cast. B, Screw- 
retained abutments screwed to implants. C, Titanium bar connected to 
screw-retained abutments and implants. D, Final seating of titanium 
bar on 3D printed cast for passive fit verification. 3D, 3-dimensionally.
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