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			Abstract

												Introduction

												
												The concept of reconstruction of skull defects is based on the need to restore anatomical relationships for the maximum possible recovery of brain function.



In the absence of autogenous bone due to various reasons, the choice of an implant becomes an important problem of reconstructive surgery. With introduction of computer modelling and development of prototyping technologies the issues of cosmetic reconstructive operations are becoming less relevant. In late cranioplasty implant production and installation is complicated by the presence of significant bone growth along the perimeter of cranial defect. The ability to adjust implant to a bone window with uneven edges is not always possible, even with personalized manufacturing.
												

												Materials and methods

												
												A case of late closure of skull defect after a decompressive craniectomy by an implant from RLS Martin PEEK material in an 8-year-old boy is presented. Our goal is to show possibility of optimizing late reconstructive surgery of complex skull defects using a preconditioned implant.
												

												Results

												
												There were no complications in the perioperative period. Borders of resection of bone outgrowths were marked according to presurgical navigation planning based on stereolithographic model of patient's skull. Control CT scans demonstrate almost complete alignment of stereolithographic skull model and performed reconstruction of cranial wall.
												

												Conclusion

												
												The use of neuronavigation made it possible to accurately outline the limits of resection of bone outgrowths to achieve complete congruence of bone window (defect) and the implant.
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Introduction


History of cranioplasty is very long. In 1668 Van Meekeren described a closure of a skull defect in a young Russian gentleman by a dog bone. However the implant was later removed under the threat of excommunication [1]. Despite such a long history of reconstructive surgery of the skull, many problems remain unresolved. Timing of surgery and choice of material for closure of skull defects are still debated [2-4]. The number of patients with large defects after decompressive craniotomy has increased. This results to the syndrome of trephined skull [4-7].



Reconstructive surgery of skull defects is an integral part of neurorehabilitation. Restoration of anatomical integrity of skull results into normalization of cerebral perfusion, brain protection, and eliminates a cosmetic defect [1,8,9].



Autologous bone remains a golden standard for cranial defects closure despite many papers on shortcomings of its use. Allografts such as titanium, PMMA, hydroxyapatite etc. are widely used as an alternative to autotransplantation. Each of them has its own advantages and disadvantages [2,4].



An implanted material should be safe, biocompatible and cosmetic. Cosmetic issues in reconstructive surgery are mostly solved due to development of computer modelling and prototyping technologies. In case of late cranioplasty manufacturing and insertion of an implant is complicated due to bone overgrowth at margins of a defect lacking support ability.



Available implants have different strength grades which complicates their shaping during surgery. It means that an implant might not be always adjusted to a bone window. Moreover it should not hinder further diagnostic investigations.



We present a case of late (3 years after head injury) cranial vault reconstruction after decompressive craniectomy.


Case Presentation


An 8-year-old child suffered closed head injury 3 years ago due to fall from height. Initially he was hospitalized at a municipal hospital at his place of residence. On admission he had GCS score 6 and anisocoria. CT scans revealed acute epidural hematoma (40 ml) on the right and midline shift 7 mm with compression of cistern ambiens. Decompressive craniectomy and removal of epidural hematoma was performed. Posttraumatic hydrocephalus developed after surgery. VP-shunting with medium pressure valve was performed 12 months after initial surgery. Tonic seizures without loss of consciousness started. Several anti-epileptic drugs were administered.



On admission to our clinic (Research Institute for Emergency Pediatric Surgery and Trauma) on neurological examination: Minimal conscious state plus, paresis of right III and VI cranial nerves, pseudobulbar syndrome and spastic tetraparesis predominantly on the left (Ashworth 3). Optic nerves are partly atrophic. EEG showed epileptic activity in left fronto-temporal region and bilaterally in frontal and anterior temporal regions. No seizures were recorded on video.



MRI scans (Figure 1) showed enlarged and asymmetrical lateral ventricles. Subarachnoid spaces are also enlarged. There is a catheter in anterior horn of the left ventricle. Small cysts and gliosis in the right hemisphere are visible. Corpus callosum is thin and heterodense. Basal nuclei are decreased. There are small multiple hypointensive signals in right parieto-temporal region. Basal cisterns are enlarged.




	
		
		Figure 1: MRI 1, 5 year after injury. Multiple zones of gliosis mostly on the right side. CSF cavities are enlarged and deformed. 
		View Figure 1
		
	



 
    

CT scans (Figure 2) showed extensive cranial vault defect in right fronto-parieto-temporal region. There are multiple foci of bone overgrowth at margins of the defect.




	
		
		Figure 2: Cranial vault defect after craniectomy in right fronto-parieto-temporal region. 
			View Figure 2
		
	



  
   

It was decided to close the defect by biopolymer synthetic implant PEEK (KLS Martin) produced with CAD/CAM-technologies because it allows MRI scanning with minimal artifacts.



We performed 3D planning with electromagnetic system Asi EM of Medtronic Stells Navigation System. For this purpose CT-scanning of stereolithographic model of patient's skull was made. We superimposed images of 3D model of patient's skull and its stereolithographic model. Detailed contours of the post trepanation defect were marked. Resection of bone overgrowth was planned according to these marks (Figure 3).




	
		
		Figure 3: Presurgical planning with surgical navigation station. 
			View Figure 3
		
	



  
   

Surgery was performed under general anesthesia. The child was in left lateral position. Skin incision followed the old scar. Marked adhesions betweens cart issues and dura mater were noticed. There were also numerous defects of dura filled by scary arachnoidea. Dural defects were repaired by periosteum and surgical sponge (Tachocomb®).



 Bone margins were separated from surrounding tissues. Borders of resection of bone outgrowths were marked according to presurgical navigation planning based on stereolithographic model of patient's skull. The outgrowths were resected using bone forceps and high speed surgical burr. Polymer implant was prepared. It was fixed with Y-shaped miniplates to the margins of the skull defect. Stages of surgery are shown on Figure 4.




	
		
		Figure 4: Stages of surgical intervention. (A) Forming of skin and scalp flap and delineation of margins of bone window; (B) Formation of bone window and duraplasty by periosteum and Tachocomb; (C) Implant fixation. 
			View Figure 4
		
	



  
     

Control CT scans demonstrate almost complete alignment of stereolithographic skull model and reconstruction of cranial wall.



Postoperative period was uneventful. Neurological examination after 6 months revealed vocalization and decrease of rate of epileptic seizures (GOS score 3).


Discussion


Indications for cranioplasty in children with skull defects are debated (patient's age, timing of surgery, and choice of implant), Size and localization of skull defect are considered main indications for surgery. The general trend is early closure within 1-6 months after injury [5,6].



The primary goals of cranioplasty after DC are to protect the brain, achieve a natural appearance and prevent sinking skin flap syndrome (or syndrome of the trephined). Furthermore, restoring patients' functional outcome and closure of external defects helps patients to improve their self-esteem [9]. There is neurological improvement after cranioplasty that allows us to view this surgery as crucial part of neurorehabilitation after head injury in adults and children [1,5].



The choice of closure material is one the main problems in cranioplasty. Autologous bone is preferred especially in children due to the skull growth. However is it not always possible (as in our case). Then we have to use allografts. These are foreign materials (-РММА, titanium, hydroxoapatite, PEEK, etc.). We select an implant depending on patient's needs and possibilities. In our case we took into consideration the possibility of future MRI scanning. In addition, according to some data, in сomparison of polyetheretherketone and titanium cranioplasty after decompressive craniectomy a trend toward increase in exposed implant in titanium cranioplasty compared with PEEK cranioplasty was observed (P = 0.074) [9].



Manufacturing exact implant from different materials is possible by using different methods of 3D-prototyping based on CAD/CAM-technologies [1,10]. Such approach is widely practiced since early 1990s. However there are pathological bone outgrowths (especially in cases of late skull defects' reconstruction). That is why an implant is produced from a virtual bone defect with even borders but there is a problem of alignment between an implant and a bone defect.



Next requirement was maximal alignment of an implant and margins of a skull defect. Using high resolution spiral CT scans we produced a synthetic implant from PEEK and stereolithographic model of patient's skull taking in consideration detailed borders of the bone window. There are few publications on navigation for controlling reposition of bones after craniofacial injury [9-13].



Previously frameless navigation was used for surgical treatment of orbital posttraumatic defects and deformations. In such cases an implant was produced during surgery under neuronavigation control [8].



In our case we took an opposite approach by forming skull defect according to a preconditioned implant (KLS Martin PEEK manufactured with CAD/CAM technology).



PEEK implants are very durable and cannot be corrected intraoperatively. In our case the main problem was pathological bone outgrowths at margins of the skull defect. That is why we had to mark a virtual contour of the defect within normal bone before surgery. During surgery bone outgrowths were resected according to our plan. The use of neuronavigation allowed us to perform optimal volume of resection. It is very important, because excessive removal of bone tissue might result into incongruence between the size of an implant and a bone window. In such case implant fixation is difficult and it may sink into cranial cavity. The use of frameless navigation in such case is original solution of the problem.


Conclusions


Our case shows possibilities of neuronavigation in reconstructive skull surgery which might be recommended in similar cases.
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