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      Abstract


      Although dystrophic Neurofibromatosis type-1 (NF-1) is associated with severe deformity, NF-1 with vertebral dislocation only is extremely rare. We present outcomes of a 10-year follow-up of a combined anterior-posterior fusion for the correction of severe dystrophic kyphoscoliosis with a T3/T4 dislocation in a pediatric patient with neurofibromatosis type 1. Two-staged combined posterior-anterior fusion that was performed twice with an interval of four years adequately controlled spinal curvatures over a 10-year period in NF-1 dystrophic kyphoscoliosis. The long-term maintenance of correction despite dystrophic progression is largely attributed to the mechanical support provided by the anterior strut fusion of the concave side of the curvature.
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      Introduction


      Neurofibromatosis is a multisystem disorder affecting 1:3000-4000 people encompassing all ethnic groups worldwide [1-3]. Neurofibromatosis type 1 (NF-1), also known as von Recklinghausen neurofibromatosis, is the most common clinical subtype, and although there is significant variability in phenotypic expression, patients frequently present with orthopedic, dermal, and ophthalmological symptoms. Dystrophic type NF-1 is commonly associated with severely progressive scoliosis, kyphosis predominantly in the thoracic spine, and kyphoscoliosis [2]. To the best of our knowledge, only four studies have reported the spontaneous dislocation associated with dystrophic NF-1 with a maximum follow-up of 4 years [4-7]. Although the pathogenesis of the dislocation remains unclear, it might be due to bony erosion secondary to dystrophy or severe curvature deformity causing abnormal distribution of forces. We present a case of NF-1 with a severe dystrophic erosion of the vertebral column causing thoracic dislocation with kyphoscoliosis. The patient was treated with staged combined anterior-posterior surgery with a subsequent 10-year follow-up.


      Case Report


      A 10-year-old male patient first presented to the referring institution with the onset of thoracic back pain and development of a subjective spinal deformity. The patient was observed until the age of 12 years when referral to the treating institution was necessary due to the worsening of presenting symptoms. At hospital presentation, he reported no developmental delays, sensory deficits, or weakness; regular school attendance; and sports participation. He had no immediate family history of NF-1 and no other significant past medical history except for strabismus.


      On physical examination, the patient was 133 cm in height and weighed 32 kg with a BMI of 18.1. Multiple dermal hyperpigmentation (café-au-lait spots) was present, and although kyphoscoliosis was evident, the patient's external appearance did not accurately reflect its severity. He exhibited a tandem gait, and pulmonary function testing showed a restrictive pattern without dyspnea. Remarkably, no neurological deficits, including hyperreflexia, the loss of power, or sensory disturbance, were noted, and there was no tenderness besides the upper thoracic back pain.


      Radiography and MRI revealed severe dystrophic changes including rib penciling, scalloping, neurofibroma, and wedging of the cervicothoracic vertebrae with dural ectasia (Figure 1, Figure 2, and Figure 3). Most notably, he had dislocation at T3/T4 with the dorsal, right, and superior displacement of T4 causing bayonet apposition with T2/T3 (Figure 1). In addition, 64º of scoliosis from T4-T7 and 56º of thoracic kyphosis were present (Figure 2). No spinal cord compression was detected on myelogram, CT myelogram, or MRI images except shifting towards the concave side of the apex (Figure 3). Soon after making the strategic decision to perform a two-staged posterior-anterior surgery, halo-gravity traction was applied to correct the kyphosis following curve flexibility assessment. Subsequently, C7-L1 posterior correction and fusion with osteotomy was performed. Severe dystrophic changes at the level of dislocation (T3/T4) and substantial laminal thinning from T2-T9 were noted intraoperatively. Pedicle screws could be inserted only at the T10-L1 segments, and hooks were placed on C7 and T1 facet joints with sublaminar wiring to prevent displacement. Osteotomy was performed by resecting the posterior column at T3 and T4 including the pedicles at T4 and the right pedicle at T3. Osteotomy of the anterior column was also performed by removing the 4th rib head and T4 vertebral bodies on the concave (left) side to obtain mobility between T3 and T5. However, the dislocation reduction effort was abandoned due to a dural tear and a drop in electric motor evoked potential (MEP) during the procedure. After confirming MEP recovery, a titanium-alloy rod was placed bilaterally from T1-L1, followed by gradual distraction to correct kyphosis and scoliosis. Mixed morselized allograft and autograft were performed after placing two rods with MEP wave recognition. Rib strut grafting for anterior fusion occurred approximately 3 months following the posterior surgery as the patient experienced mental depression and malnutrition because he refused to eat. During anterior surgery, T2-T6 vertebral bodies were accessed via left thoracotomy, and a plexiform neurofibroma was detected on the dystrophic concave side. Careful partial resection of the neurofibroma was performed to expose the vertebral column, and discectomy was performed from T2-3 to T4-5 including cranial and caudal vertebral endplate removal of T2 and T6, respectively. On the concave side of the curvature, a rib strut graft was placed from T2-T6 taking care with its orientation in order to maximize structural support and promote osseous union. Postoperative imaging showed significant scoliosis correction to 24º and kyphosis to 47º (Figure 4). No neurological deficits were detected during the postoperative period.


      However, a gradual loss of cervical lordosis was observed on follow-up imaging in spite of no neck or back complaints from the patient. Four years after anterior-posterior fusion, radiographs showed proximal junctional kyphosis (PJK) of 18º, and MRI displayed progressive dural ectasia causing severe scalloping of the cervicothoracic segments (Figure 5). Accordingly, 2-staged posterior cervical fusion and C3-T1 anterior fibula strut graft were performed in which cervical lordosis of 36º was successfully regained (Figure 6). Furthermore, the cervical-to-thoracic transition zone was augmented by a beta-TCP graft after a second surgery at 2 years to counter the progressive dystrophic change manifesting cervical bone mass thinning. There was no decline in activities of daily living, and the patient was discharged from the second and third surgeries without complications. We used a polymer CTLSO brace to reduce flexion and rotation of the spine for 6 months.


      At 10-year follow-up, the patient denied any pain and remained neurologically intact. Scoliosis of 31º, thoracic kyphosis of 49º, and cervical lordosis of 36º was measured on plain X-ray, showing an 8º progression of scoliosis, a 2º loss of thoracic kyphosis correction, and maintenance of cervical lordosis (Figure 7）. Dystrophic change progression was not clearly detected; therefore, we will continue to monitor the patient.


      Discussion


      Although dystrophic NF-1 is associated with severe deformity, NF-1 with vertebral dislocation only is extremely rare. Counterintuitively, the lack of neurological deficits is likely a sign of severe dystrophy as dural expansion has caused sufficient vertebral erosion and canal widening to prevent cord compression despite the dislocation [5,8]. Currently, surgical stabilization is critical as progression may cause eventual destabilization with neurological compromise.


      Our patient presented at age 12 years with kyphoscoliosis of 56º and 64º, respectively, yet the magnitude of dystrophy was underestimated by the reported lateral curvature as it does not reflect the vertebral dislocation between T3/T4. Dystrophic type NF-1 was confirmed in this patient due to this dislocation and multiple rib penciling and was substantiated by dural ectasia and posterior vertebral scalloping on CT and plain X-ray images.


      That dystrophic type NF-1 is progressive with documented poor bone healing is non-contentious. Therefore, in treating such patients, the pertinent questions are that despite persistent progression, which surgical approach and what length of fusion will achieve stable, long-term correction with a better outcome? In this report, we used a staged combined anterior-posterior approach for the correction of angular kyphoscoliosis. To maximize the long-term stability, we determined that placing an anterior rib strut graft on the concave curvature would produce superior results compared to those with a convex-sided approach. The concave approach has an inherently higher risk of morbidity, including an increased risk of massive blood loss, compared with the convex approach. In a case reported by Hsu, et al., an anterior approach was deemed impossible due to excessive plexiform venous channels surrounding the vertebral bodies [9]. Our patient also presented with a highly vascularized plexiform neurofibroma located in the anterior space requiring partial resection. Additionally, the anterior concavity in the cervical spine provided an anatomical region for displacing the great vessels, trachea, and esophagus, considerably increasing the risk of intraoperative complications. Despite the substantial risks, a concave approach was attempted to maximize regional stability due to potential for catastrophic neurological consequences with further destabilization. Scoliosis correction prior to anterior bone graft along the concave side can improve the concavity to approach more safety. A case report of kyphoscoliosis progression, despite anterior-posterior fusion for thoracolumbar subluxation, attributed the progression to lack of osseous union [9]. In our case, strut placement to correct the concavity allowed transference of force from the dislocated area (curve apex) to the more cranial and caudal vertebral bodies encouraged fusion through compressive forces (Figure 8) [10]. We speculated that this force was fundamental to maintaining spinal cord integrity and curvature stability over 10 years despite dystrophic progression. A drop in MEP at the time of corpectomy occurred when correcting the deformity, but no other significant intra- or postoperative complications including dural hematomas, neurological deficits, or nonunion occurred following any of the five surgeries.


      Five surgeries were performed over the 10-year period. The third and fourth surgeries were performed to salvage the PJK of 18º, which developed by the fourth postoperative year. PJK is a common postoperative complication of spinal fusion with a reported incidence between 20% and 46% arising secondary to increased junctional stress concentration [11,12]. The proximal junction angle is the angle between the caudal endplate of the upper instrumented vertebra (UIV) to the cephalad endplate of two vertebrae proximal to the UIV [11,13]. PJK occurs at a point at which the junctional angle is > 10º and there has been a > 10º change in kyphosis from the corresponding preoperative angle [14].


      The risk of PJK in our case was considered when determining the fusion length prior to the first surgery. Significant cervicothoracic dural ectasia with adjacent vertebral scalloping suggested that a proximal fusion level not incorporating the eroded region would likely lead to bony instability proximal to the UIV [8]. With the objective of minimizing operation time, blood loss, and the risk of intra- and postoperative complications, treatment priority was given to selectively stabilizing the thoracic dislocation. Furthermore, while cervical mobility was severely impacted, the course of dural expansion was not halted by preventative fusion [8]. Therefore, the posterior instrumentation was not extended to bypass the areas of cervical erosion. Subsequent dural expansion and further bony erosion led to the development of PJK, which was stabilized using a fibular graft via anterior-posterior fusion with a fibula graft. Further dystrophic progression was monitored until substantial bone thinning in the cervicothoracic zone prompted the most recent augmentation surgery.


      According to the classification system developed by Yagi, et al., the ultimate mechanism by which PJK develops in cases of non-dystrophic curvature correction may be secondary to disc and ligamentous failure, bone failure, or implant/bone interface failure [11]. However, in this case, it is likely that postoperative increases in junctional stress exacerbated the progressive regional dystrophy causing PJK 4 years postoperatively.


      This study was a case report, which limits our conclusions. However, this study was informative to the spine surgeons to demonstrate long-term surgical outcomes over more than 10 years in patients with severe kyphoscoliosis due to NF-1.
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