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Background
Scoliosis is a complex deformity that affects the three planes of the coronal, sagittal and axial axis of the spine. It corresponds to the most common spinal pathology and affects 1 to 3% of children aged 10 to 16.   The association between neuromuscular pathology and vertebral alignment was initially described in 1960 and to date continued controversial. Neuromuscular pathology is usually progressive and commonly results in postural abnormalities. Surgical goals in patients with neuromuscular scoliotic deformity include not only anatomical correction but improvement in quality of life, patient management conditions in musculoskeletal terms including posture for seating and postural, improvement of respiratory and gastrointestinal function, as well as improved pain..  The classification of spinal deformities secondary to scoliosis has evolved en  with  Based  on the type and al  structuring of the scoliotic curve, the Lenke classification, classifies the deformity  con en  based on  a a  two-dimensional model and gives the guideline for the choice of fusion levels in surgical management; includes for the first time the sagit planeand simple structuredtoracolumbares curves. Currently the  treatment gold standard for scoliosis is a construct to correct and stabilize the scoliotic deformity and can consist of que screws, hooks, cable, bars and crossbars. Transpedicular screws  represent the most    used fasteningácomponent a s utilizador  in  column surgery  as they provide a stable fixation for placing the stabilization bars. The preferred technique    for the placement of transpedicular screws is "hands-free" as it saves surgical time and decreases radiation by dispensing with the  fluroscopico fluoroscopicarm. However, this technique may  not be optimal when used in the treatment of structural deformities that alter the normal anatomical topology of the column. Currently there is technology such as navigation systems that allow the digital guide to the placement of screws in the  pedicle,however,  embargo embargo,   this resource is high cost and often out of reach of low-development economic groups. The advent of 3D printing technology allows the development of three-dimensional anatomical models that have been used as part of column-based operational planning. Obtaining three-dimensional models from tomographic studies by segmentation of images, allows the study of the anatomical area of interest and allows to know the deformity in its three planes, as well  as allowthe measurement of ir  the pedicules where you try to  place screws.   This numerical model can be printed on a polymer model that can be sterilized to poder serve as a transoperative guide.
Objective:
rToTo standardize the segmentation and three-dimensional impression of a case of severe neuromuscular scoliosis of our hospital to be used in the    pre - and  trans-surgical planning of your treatment.
MATERIALS AND METHODS
CASECL I NICO CASE

There is a case of a 13-year-old female patient,   withs a history of    prematurez and low birth weight, childhood erebral paralysis  c C erebral infantil  with  right spastic hemiplegia. The patient  d D developed neuromuscular etiology scoliosis with space vertex T12-L1,  que la cataloga como Lenke 5C+ and which conditions difficulty for gait and mobilization. In 2018 she was intervened outside our hospital by insufficient instrumentation and subsequent arthrodesis  from  L3  to  T11. Post-surgical event evolves with decreased gait capacity, crouching gait, as well as decreased muscle strength in hip flexor group. The patient is derived from the column service of our hospital where heperforms evaluation anddenotes progression of the scoliotic curve from the upper point of pre-implementation which is classified    en  based on the en las a  bending conditions in thoracic region T12-T11  que lo clasifica como  Lenke 6C+ . L l a neurological titration presents right muscle strength of L2 towards distal 2/5 on the Daniels scale, patellar osteotendinous reflexes and bilateral absent aquileum.   The patient is proposed for surgical treatment consisting of instrumentation and correction of scoliotic deformity from level T3 to L5.
TOMOGRAPHIC SEGMENTATION AND  PREOPERATIVE PLANNING, AND MODEL PRINTING
From  the patient's axial tomography, a three-dimensional  stereolithographic model was obtained using    segmentation software (ScanScan  IP) and subsequently imported into a stereolithograph manipulation and measurement software(Rhinoceros)where the visual morphological analysis was performed to detect pedicular dysplasia  and the measurement of the cross-diameter of each of the pedicles at the levels of T3 to L5.   After the analysis of the virtual model, the stereolithographic file for 3D printing was processed, which was assigned 20% partial internal robustness properties to avoid excessive weight, and a surface resolution of 0.19mm to allow easy to-view of the topology. The material used consisted of an ABS Ultra  (ULTRAT,  Zortrax)polymer The model wasprinted in two segments, upper and lower for easy operation in the operating room. A state-of-the-art printer(Zortrax  300) The model is washed in an enzy acid detergentáand sent to the operating room for sterilization a in gas,  oxido  ethylene oxide. .

Results
After segmentation of the virtual three-dimensional model of the scoliotic column, visual inspection detected  pedicular violation greater than 2mm towards bilateral spinal canal in the  Pedí i asses of L1 and L2 produced in the previous instrumentation.  The printing of the 3D model also showed the pedicular violation mentioned so it  was decided to print an extra model  containing  only this segment of L1 and L2, showing the screws in a different color than the  bone model to corroborate its location and degree of violation. The surgical event was conducted with  monitoring with somatosensory evoked potentials of thoracic and pelvic limbs that gave a baseline reading with a baseline    uptake of less than 50% at the L1-L2 levels of right predominance, so the removal of   transpedicular screws at violation levels in   L1 and bilateral L2 is performed in   which no    pedicular fixation is repositioned.  Se realiz o   con T3-to-L5 iInstrumentation T3 to L5 was performed with hands-free technique following the measurements of the pedicular diameter  and its previously measured sagittal orientation. The three-dimensional surgical guide was used during  surgery to facilitate the surgeon's topographic  spatial orientation.  At levels with pedicular dysplasia in T4 to T5 rights it was decided to place fixation with wire atlas. For the correction of the curves, Smith-Petterson-type partial facet resection osteotomies( Schwab I)  ofPetterson  the concave region of the curve from T9 to T3 right and T9-T6 left vertex were performed. Post-surgical bleeding of 480 minutes is determined, with bleeding quantified at 700cc, fluoroscope time of 2.30 minutes. Ten days tobreak into surgery  the patient evolves with neurological improvement with muscle strength 4/  7 5, and presence of decreased patellar and achilesquileo reflexes. Active wanderingwithout o assistance, still claudiating due to right genu  recurvatum.  The postural improvement is evident. The surgical wound is clean and without evidence of infection or drainage.

Discusi o nDiscusion
Severe neuromuscular scoliotic deformities pose a challenge in surgical treatment due to their three-dimensional structural complexity. It is essential that a thorough analysis of the clinical case is done and the correct classification is done in order to provide adequate treatment. In the present case, it is clear that the initial correction of scoliosis was insufficient and the pedicular violation caused to the spinal canal probably aggravated the neurological state of the patient. The detection of the  violation  of the requests at the level of L1 and L2 bilaterally through the three-dimensional analysis with the  segmentation and the printed model allowed to decide on the removal of the screws  at these levels, with the consequent postoperative neurological improvement recorded by the patient. The surgeon practicedó o  the hands-free insertion of the transpedicular screws more safely by having the orientation and size of the previously measured pedicles  and having in his hand a three-dimensional replica of the spinal segment he was instrumenting. This allowed to halve the average radiation exposure time of this type of intervention in our hospital. When compared to theúusual surgical time for an instrumentation of these levels was u also reduced by approximately 2  hrs which represents a lower risk of anesthesia and bleeding to which the patient  is  subjected.

Conclusions

Three-dimensional planning and the use of three-dimensional surgicalguides i representsa good tool for deciding the type of material and configuration of the instrumentation, especially in cases of deformity such as severe scoliosis. It can help the surgeon perform transpedicular screws with the hands-free technique and reduce radiation and anesthesia time during the surgical act. 



