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			Abstract

			Objectives: To evaluate short- and medium-term radiological and clinical outcomes of patients with incomplete thoracolumbar burst fractures (McCormack load-sharing (LSC) score ≤6) without neurological deficit who underwent conventional short-segment posterior fixation (SSPF) . 

			Methods: A retrospective study, the radiological and clinical data of patients with a single-level incomplete thoracolumbar burst fractures who admitted SSPF were retrospectively reviewed from 2017-2018. All variables were analysed using descriptive statistical methods.The non-parametric Mann-Whitney U tests used to infer the significance of the statistical difference between preoperative, postoperative and 12-month follow-up outcomes. 

			Results: A total number of 66 patients, the mean preoperative LSC score was 4.5 ± 1.3 points. The mean pre-operative SI° was 14.9 ± 3.6 °, 1 week after surgery the mean SI° was 4.8 ± 3.3 °; at 6 and 12 months follow-up the mean SI° were 5.2 ± 2.1 °and 5.4 ± 2.5 °, respectively (p< 0.001).The computation of the ABHC% revealed that the mean preoperative ABHC% was 32.8% ± 9.2 % , 1-week postoperatively the mean ABHC % was 11.6 %± 3.4 % , at 6 month follow-up the mean ABHC% was 11.2% ± 2.3 %, whereas at 12 month follow-up the mean ABHC% was 12.1% ± 2.4 % (p < 0.001). The mean VAS score of back pain was improved from preoperative 7.4±1.3 to postoperative 2.3±1.2, at 6- and 12-month follow-up assessments were 1.2±0.6 and 1.2±0.4 respectively (p < 0.001). There was no case of implant failure. 

			Conclusion: The results of this study demonstrated that SSPF of a single-level traumatic incomplete thoracolumbar fracture (preoperative LSC score ≤6) provided favourable radiological and clinical outcomes at 12-months follow-up, nevertheless patients are required the long- term observation after surgery. 
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			Introduction 

			The incidence of thoracolumbar fracture has increased globally, the predictive economic model of “The Global spinal implants and surgery devices market” is forecasted that the budget expenditure will be significantly increased from USD 10.3 billion in 2019 to USD 13.8 billion in 2025 [1]. Despite usage of advanced technologies and surgical techniques in spinal surgery, most patients with thoracolumbar burst fractures have significant disability. The burst fractures of the thoracolumbar spine represent 50% of all thoracolumbar injuries, of which 21% of those are incomplete burst fractures [2]. According to the updated AOSpine injury classification system, the Type A3 

fracture represents an incomplete burst fracture, which is defined as an injury of the single endplate, superior or inferior, with 2 the involvement of the posterior vertebral wall [2,3]. Almost 50% of the patients with incomplete thoracolumbar burst fractures are without neurological impairment [4]. 

			The surgical management of incomplete thoracolumbar burst fractures in neurologically intact patients offers immediate stability, decompression of the spinal canal, earlier ambulation and sooner return to daily activities [5,6]. The surgical approaches to the management of thoracolumbar burst fractures include anterior decompression and fusion, posterior instrumentation with or without decompression, and combined anterior-posterior approach; those modalities can be performed by traditional open surgery or minimally invasive techniques [7]. One of the surgical techniques is conventional short segment pedicle screw fixation (SSPF), which offers the following advantages: straightforward approach and sufficient stabilization, preservation of two or more vertebral motion segments by avoiding unnecessary fusion in the mobile healthy spinal segment, decrease surgical time and operative blood los; those factors can contribute lower morbidity and faster mobilization of the patients. Nevertheless, the risk of postoperative complications such as instrumentation failure, loss of reduction, subsequent kyphosis was reported in clinical practice [8,9]. Therefore, our study was designed to evaluate the short- and medium-term radiological and clinical outcomes of patients with incomplete thoracolumbar burst fractures (McCormack load-sharing (LSC)score ≤6) without neurological deficit who underwent conventional SSPF with polyaxial pedicle screws. 

			Material and Methods 

			Data were collected retrospectively from the medical records of patients treated between 2017 and 2018 at the department of “Traumatology, orthopedics, neurosurgery with military surgery “of the Tashkent Medical Academy (TMA). The study was executed in compliance with the Helsinki Declaration and local data protection regulations of the TMA. The database included data from patients who signed an informed consent form allowing the use of their clinical and radiological data for research purposes; the anonymous database was generated for the statistical analysis. 

			The inclusion criteria of patients to this study were: the time interval between injury and surgical treatment of < 72 hours, single-level incomplete burst fracture (AOSpine Type A3 fracture), both of the vertebral pedicles are intact without any defect on the cortical wall, the level of fractures (T11-L2) without neurologic impairment, McCormack load-sharing (LSC) score ≤6, patients who underwent posterior SSPF (1 level above and 1 below the fracture level) without fusion, age of patients were ranging from 25 to 50 years at the time of injury, the minimum follow-up of patients was 12 months. The exclusion criteria of patients were: osteoporosis (BMD 𝑇 score ≤2.5 SD), body mass index (BMI) is ≥35 %, chronic musculoskeletal disease, specific spinal disorders and deformities, pathologic fractures due to the malignancies or osteoporosis, spinal cord injury, previous thoracolumbar spine surgery and polytrauma. The accurate selection of patients was performed according to the inclusion and exclusion criteria, afterward, a total of 66 patients were enrolled in this study. The following variables were retrieved from medical records of patients: demographics characteristics, mechanism of injury, the time interval between trauma and surgery, level of fractures, radiological parameters, surgical and clinical outcomes, duration of hospitalization and complications. 

			Demographic parameters such as the age of the patients at the time of index procedure, gender, and body mass index (BMI) were included. Radiological and clinical outcomes were evaluated before surgery, 1 week after surgery, at 6- and 12-month follow-ups. Imaging assessment was performed by multi-slice computed tomography and x-ray. The radiological evaluation of fractures included the measurements of the sagittal index (SI°) and the percentage of anterior body height compression (ABHC %). The SI° was calculated with the following formula: SI° = Cobb angle of kyphosis − angle of normal vertebra, where the Cobb angle of kyphosis was the angle between lower endplates of injury vertebral and upper normal vertebral, and angle of normal vertebra is a baseline sagittal curve at the level of the fracture ( 5° in thoracic spine segments ( T10-T11 ), 0° at the thoracolumbar junction (T12-L1), and -10 ° in the lumbar spine (L2-L3).The ABHC% is calculated by the formula: ABHC% = 100 - 2a/(b + c) 100, where a- the height of fractured vertebra, b - the height of the proximal vertebra, and c - the height of the distal vertebra. 

			Clinical outcome parameters were composed of the Visual Analogue Scale (VAS) score, intraoperative blood loss, duration of the surgery, perioperative and postoperative complications. Upon considering the VAS score: 0 =absence of pain, 2 = mild pain, 4=moderate pain, 6=severe pain, 8=extreme pain 10=worst pain. 

			Statistical analysis was performed using SPSS for Windows version 18.0 (SPSS Inc., Chicago, IL, USA). All variables were analysed using descriptive statistical methods. Categorical variables are expressed as frequencies and percentages. Continuous variables are presented as the mean and standard deviation (SD). The non-parametric Mann-Whitney U tests used to infer the significance of the statistical difference between preoperative, postoperative and follow-up outcomes. Statistical significance level equal to 0.05 was used for pairwise comparison of means. The differences were considered statistically significant when p < 0.05. 

			Results 

			Between 2017 and 2018, a total of 66 patients with incomplete thoracolumbar burst fractures (T11-L2) without neurological impairment underwent SSPF, of them there were 48 male and 18 female patients. Most injuries resulted from falls from height (71%), traffic accidents (18.4 %) and sports accidents (10.6%). The mean time interval between injury and admission to surgery was 44.3 ±17.2 hours. The distribution of the injuries by vertebral segments was the following: the most commonly at the level of L 1 (67.22%), then Th12 (26.11%) and L2 (16.46%). The mean preoperative LSC score was 4.5 ± 1.3 points. The mean age of patients at the time of the surgery was 41.76 ±8.5 years, while the mean BMI was 25.8 ± 4.67 (kg/m2).The radiological evaluation of SI° demonstrated that the mean pre-operative SI° was 14.9 ± 3.6 °, while after 1 week following the operation the results showed that the significant reduction of the mean SI°, which was 4.8 ± 3.3 °. The long-term postoperative follow up demonstrated the following results: at 6 months follow-up, the mean SI° was 5.2 ± 2.1 °, whereas at 12 months follow-up the mean SI° was 5.4 ± 2.5 °. There were significant statistical differences in the mean of SI° between preoperative, postoperative and follow-up outcomes (all p – values < 0.001, statistical significance level α =0.05) (Figure 1). 
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			The estimation of ABHC% revealed that the mean preoperative ABHC% was 32.8% ± 9.2 %, whereas the 1-week postoperatively the mean ABHC % was 11.6 %± 3.4 %, at 6 months follow-up the mean ABHC% was 11.2% ± 2.3 %, whereas the subsequent at 12 months follow-up the mean ABHC% was 12.1% ± 2.4 %. There were significant statistical differences in mean of ABHC % between preoperative, postoperative follow-up outcomes (all p-values < 0.001, statistical significance level α =0.05) (Figure 2). 
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			The mean preoperative VAS score was 7.4±1.3, whilst at 1-week after surgery, the VAS score was declined up to the mean 2.3±1.2. The assessment of long-term outcomes of the VAS score revealed that at a 6-month follow-up the VAS score was 1.2±0.6, and at 12 -month follow-up the mean VAS score was 1.2±0.4. The preoperative and postoperative follow-ups (1-week, 6 and 12 months) assessment of the mean VAS scores were statistically significantly different (all p – values < 0.001, statistical significance level α =0.05) (Figure 3). 
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			The mean duration of the operation was 112.4± 28.2(min) and the mean amount of blood loss was 236 ± 101 (mL). There was no case of implant failure, as well as other complications were not observed. The mean length of hospital stay was 14.5 ± 3.2 days. The average follow-up time was 14.3± 2.2 months.

			Discussion 

			To date, there are several controversial challenges in the treatment of AO Type A3& A4 fractures in neurologically intact patients; one of the main issues is the selection of the optimal surgical approach with the minimal risk of complications. The AOSpine thoracolumbar injury classification system & McCormack load-sharing classification was used in this study to determine the surgical approach for the treatment AO Type A3 fractures. In thus study, the posterior approach has been advocated for all patients with AO Type A3 fractures, when the average preoperative LSC score was 4.5 ± 1.3 points. The posterior approach can be effective for the treatment AO Type A3 fractures when LSC score ≤ 6 points, whereas the anterior approach with anterior reconstruction should be recommended for fractures with LSC score ≥6points [10]. Tan et al. 2017 conducted a systematic review 6 and meta-analysis, which was evaluated the differences between anterior and posterior approaches in the treatment of AO Type A3 & A4 fractures. The results of this study demonstrated that neurological, radiological, and functional outcomes were no differences between the two approaches; but the length of hospital stay, and estimated blood loss were higher in the anterior approach [11]. 

			Another important issue is the selection optimal fixation model for the management of AO Type A3 fractures, which can achieve and maintain stabilization in long-term vision. Currently, the most used surgical procedures for the treatment AO Type A3 fractures are mono-segment fixation (MSF) or bi-segmental pedicle fixation [SSPF/SSPF+ intermediate screw (IS) at the fracture level]. The relative advantages and disadvantages of SSPF, SSPF+IS, and MSF for the management of AO Type A3 fractures are conflicting [12-14]. Ren et al .2017 conducted a retrospective study, which was assessed whether SSPF +IS is better than SSPF for the treatment thoracolumbar fractures, the inclusion criteria were a single-segment thoracolumbar fracture, no neurological defect and operative decompression, treatment by SSPF / SSPF+IS without fusion. The results demonstrated that pedicle fixation of the fracture did not obtain better recovery of anterior or posterior vertebral heights nor did it improve anterior wedge angle restoration. There was no significant difference between the two surgical groups (SSPF and SSPF+IS) regarding the incidence of broken screws [15]. In our clinical experience, the posterior SSPF without fusion was performed for the treatment patients with AO Type A3 (preoperative LSC score ≤ 6 points) fractures without neurological impairment. The radiological evaluation of our clinical data revealed that SI° and ABHC% measurements were significantly decreased after SSPF compared to the preoperative status and maintained through to the long-term follow-up 12 months. Respectively, the VAS pain score was significantly decreased postoperatively and maintained at favourable levels at 12 months follow- up period. The study by La Maida et al. 2016 conducted a comparative analysis of radiological and clinical outcomes of patients with AO Type A3 fractures who underwent MSF/SSPF ( preoperative LSC score ≤ 6) with granular allograft fusion. The results of this study demonstrated that there was no significant difference between MSF /SSPF group patients respecting the SI°, ABHC % and VAS score in the long -term follow up; there was no case of the instrumentation failure, or other complications [16]. Unlike of La Maida et al.2016 study in our clinical practice we did not routinely perform posterior or posterolateral fusion for the treatment AO Type A3 fractures, when facet joint or interspinal ligament was not injured, because of non-fusion method can prevent of adjacent segment degeneration, donor-site morbidity as well as decrease the duration of the surgery and blood loss [17]. Lan et al .2017 performed a systematic review and meta-analysis, the study demonstrated that non-fusion with posterior SSPF obtained radiographic and clinical results like those of posterior SSPF with fusion for thoracolumbar burst fractures [15]. Thus , posterior SSPF can provide safe and promising short- and middle-term results in patients with incomplete thoracolumbar burst fractures (McCormack load-sharing (LSC) score ≤6) without neurological deficit who underwent short-segment posterior fixation (SSPF); however, the long-term benefit from treating patients with SSPF further should be analysed [18-20]. The limitation of this study that short- and medium-term clinical and radiological outcomes after SSPF were analysed; the long-term outcomes of this research will be reported in our future publication. 

			Conclusion

			The results of this study revealed that the conventional SSPF led to significant improvements the radiological and clinical outcomes of patients with AO Type A3 (preoperative LSC score ≤ 6 points) fractures without neurological impairment during the 12-month follow-up period after surgery. 
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Figure 2: Differences of ABHC % prior and after the short segment posterior fixation with the pedicle screws.
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Figure 3: Assessment of the pain outcome using Visual analog scale (VAS) prior and after short segment posterior fixation with the pedicle
screws.
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Figure 1: Assessment of Sagital Index angle before and after short segment posterior fixation with pedicle screws.






