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Surgery of craniofacially malformed patients impose multiple difficulties. Skull reconstruction approaches are aimed to reconstruct a normal anatomy. It is difficult to define the treatment goal in these patients, since the malformed anatomy has a great deviation from norm. In all complex cases of craniosynostosis, branchial arch diseases and seldom syndromes normal reverence planes, angles and distances are missing. A high number of these patients have asymmetries, leading two dimensional planning principles behind. Three dimensional virtual planning and execution of bone surgeries are an evolving field in craniofacial surgery1. To operate on these patients multiple aspects have to be considered: i) do we have reference systems (norm skulls) 2 , ii) how to match the normal anatomy with the malformed anatomy (through overlay or mirroring procedures), iii) what kind of execution tools are available (splints, osteotomy and burr guides, PSI implants),  iv) which operative strategy should be used3 and v) what is the precision of such reconstructions. The recent state of virtual surgery planning and execution in craniofacial malformation can be reached through a step-wise approach. Mathematical algorithms allow nowadays an automatic evaluation of data sets. Special emphasis is given on all steps of such treatment approaches. The generation of a normative skull database, the procedures of landmark detection, the various forms of matching procedures and the subsequent planning steps are presented. Different surgical execution tools allow the precise performance of craniofacial bone surgeries. The application of these principles is demonstrated for each group of craniofacial malformations from infancy to adulthood. Craniosynostosis patients, patients suffering from branchial arch diseases (Treacher-Collins-Syndrome, Goldenhar Syndrome) as well as seldom syndromic patients (frontonasal dysplasia) can be planned and treated through this approach4. Control of the operative precision through a matching of the planning with the operative outcome reveal a high precision of bone movements (Figure 1)5. Virtual planning and execution of craniofacial bone surgery is a promising new tool in craniofacial surgery. Artificial intelligence will accelerate all single steps of planning and execution.
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Figure 1: Operative precision control through a matching of the planning data set with the operative result. 
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Post-operative Analysis: Planned vs Post-operative Position

Post-operative position (green) overlaid on final planned position (orange).
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