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Lew et al. (2009) – Iraq & Afghanistan
(n = 7,770 patients)

• Head/neck region: up to 29% of all wounds

• Mandible: most frequent fracture site (465 fractures)

• Leading mechanism: blast fragments / shrapnel

Background: Cranio-Maxillofacial Injuries in Combat

Prysiazhniuk et al. (2025) – War in Ukraine
(n = 415 patients)

Facial bone injuries in 353 patients (85.1%):

• Mandible 233 pts. (56.1%)

• Midface / frontofacial 186 pts. (44.8%)

• Complex panfacial fractures 75 pts. (18.1%)
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The Soldier’s Face Is Unprotected

Modular ballistic protection and load-carrying equipment Combat helmet, ballistic eyewear, and protective mask provide no ballistic protection for the face.
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Care Gap in the Military Evacuation Chain

Role 1 – 3

No CMF trauma or reconstructive 

surgical care

Role 4

CMF trauma or reconstructive 

surgical care after repatriation
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Research Question: Primary Care vs. MEDEVAC

Current Standard

• Strategic evacuation (MEDEVAC) for definitive CMF care:

• Ties up critical-care capacity

• Long transport times

• Delayed reconstruction:

• Functional and aesthetic defect progression

• Impaired wound healing and nonunion

• Need for secondary to tertiary reconstruction

• Permanent reduction in quality of life

Conceptual Approach

• Patient-specific CMF primary care in Role 3

• Digital “patient ID card”

• Field-ready 3D printing lab for CAD/CAM-based care

• Virtual surgical planning (VSP) with case report

• Shortened interval to reconstruction

• Fracture / trauma simplification

• Should enable non-specialist deployed surgeons

• Supervision by centralized experts

Guiding question:

Is a mobile, field-ready 3D printing laboratory for the primary patient-specific treatment of CMF injuries in the military deployed environment conceptually
and technically feasible?
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Potential Workflow in the Deployed Environment

Blast / gunshot injury
Trauma in theater

Initial care
Emergency stabilization

Imaging & data transfer
CT from Role 3 to 3D printing lab

3D printing lab (VSP + CAM)
Planning & fabrication of guides / PSI

CMF primary care
Template-guided treatment on site

Goal: Patient- & operator-specific care – reproducible and independent of the surgeon`s experience.
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Pre-Deployment Baseline: The Digital “Patient ID Card”

Capturing each service member’s individual anatomical reference dataset (“target anatomy”) before deployment.

01
Intraoral scan

Optical 3D capture of dentition and habitual occlusion as 
an individual bite reference

02
Face scan

3D surface scan of facial soft tissue: contour, symmetry 
and profile as an aesthetic reference

03
Facial CT / bone MRI 

Bony facial reference anatomy for virtual reconstruction

Stored as a digital “patient ID card” (within the service member’s electronic health record), the individual anatomy remains available as a planning 
reference even after extensive tissue loss.

Potential application in the forensic identification of military personnel.
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Concept: Mobile 3D Printing Laboratory

Modular setup
• VSP

• Fabrication 

• Additive

• Subtractive

• Post-Processing

• Sterilization

Crew

• Dental technician

• Alternatively: dental professional with extended scope of 

practice
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The Field-Ready 3D Printing Laboratory

VSP unit Additive & subtractive fabrication

3D lab
Post-Processing

Role 3

Sterilization PS(O)I
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In-House 3D Titanium Printing of Patient-Specific Implants

Patient-specific mandibular reconstruction plate

Orbital PSI

Material: Ti-6Al-4V (Grade 23 / ELI)

• High strength: 1046 MPa

• Dense, homogeneous microstructure > 99%

• Excellent flowability

Collum PSOI
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Indication & treatment

– Most frequent bony location (56,1 %1 of the blast 
cohort)

– Continuity defects: PS(O)I reconstruction plate
– PS(O)I to restore continuity and secure the airway

Advantages in the deployed context

– Higher primary stability and fit accuracy than 
manually bent plates

– Reduced revision rate
– Reproducible occlusion even with limited 

experience

– Templates enable precise repositioning despite 
limited equipment

Indication I: Mandible

1Prysiazhniuk et al. (2025)
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Indication II: Simulation Training
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Indication III: Multi Tool
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Conclusion

1   Relevant clinical need
High rate of severe CMF injuries in current conflicts.

2   Care gap
To date, CMF surgical care is provided after repatriation (Role 4).

3   Technical feasibility
The patient-specific CAD/CAM workflow might be transferred to a field-ready 3D printing laboratory.

4   In-house 3D titanium printing 
Clinically established titanium is intended to enable durable, reproducible, near-field fabrication of patient-specific implants.

5   Outlook
Pre-deployment baseline (“digital ID card”) and, in future, AI-assisted planning to advance near-field primary care.

A field-ready 3D printing laboratory might bring patient-specific CMF primary care into the military deployed environment.
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Thank you for your attention!

Major (Medical Corps) Dr. med. Dr. med. dent.  Mario J.J. Scheurer
Departments of Oral, Maxillofacial & Plastic Facial Surgery

Military Hospital Ulm (marioscheurer@bundeswehr.org)
Ulm University Medical Center (mario.scheurer@uni-ulm.de)
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