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Objective: Fractures of the thoracolumbar spine are the most common fractures of the spinal column. This retrospective cohort study aimed to determine whether it is necessary to remove implants of patients aged over 65 years after the fixation of thoracolumbar and lumbar burst fractures without fusion.



Methods: This retrospective cohort study included 107 consecutive patients aged ≥65 years without neurological deficits, who underwent non-fusion short posterior segmental fixation for thoracolumbar or lumbar burst fractures. Outcome measures included the visual analog score (VAS), Oswestry Disability Index (ODI), residual symptoms, complications, and imaging parameters. Patients were divided into groups A (underwent implant removal) and B (implant retention) and were examined clinically at 1, 3, 6, and 12 months postoperatively and annually thereafter, with a final follow-up at 48.5 months.



Results: Overall, 96 patients with a mean age of 69.4 (range, 65–77) years were analyzed. At the latest follow-up, no significant differences were observed in functional outcomes and radiological parameters between both groups, except in the local motion range (LMR) (P = 0.006). Similarly, between preimplant removal and the latest follow-up in group A, significant differences were found only in LMR (P < 0.001). Two patients experienced screw breakage without clinical symptoms. Significant differences were only found in operation time, blood loss, ODI, and fracture type between minimally invasive group and open group.



Conclusions: Similar radiological and functional outcomes were observed in elderly patients, regardless of implant removal. Implant removal may not be necessary after weighing the risks and benefits for elderly patients. Patients should be informed about the possibility of implant breakage and accelerating degeneration of adjacent segments in advance.
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INTRODUCTION

Fractures of the thoracolumbar spine are the most common fractures of the spinal column (1). These injuries can lead to problems, such as paraplegia, pain, bowel and bladder dysfunction, and sexual dysfunction (1, 2). Stabilization with pedicle screws is a prevalent treatment for thoracolumbar and lumbar fractures without neurological deficit (3). The operation can establish stability and restore spinal alignment to prevent neurologic deterioration and alleviate pain (4, 5).

Surgical site infection, pain, implant breakage or loosening, and soft tissue irritation are indications for implant removal (6, 7). However, in some successful asymptomatic cases, the indications for implant removal remain controversial. Pedicle screw removal may eliminate the potential risks of metal fretting, infection, micromotion, disc degeneration, allergic reaction, and osteopenia caused by stress shielding (5, 7, 8); however, implant removal as a second surgical operation is accompanied by the risks of surgical site infection, neurovascular injury, and refracture (7, 9).

To date, most published studies have only discussed implant removal because of symptoms associated with implants (8, 10). Jeon et al. (7) reported that in patients treated successfully for thoracolumbar burst fractures, pedicle screw removal after surgery was beneficial because it alleviated pain and disability. However, Chou et al. (11) found no significant differences in the treatment outcomes between patients in whom the implants were removed, and those in whom they were not removed after fixation of burst fractures of the thoracolumbar and lumbar spine. Moreover, all these studies discussed young cases (mean age ≤45 years), and few studies have focused on elderly patients with thoracolumbar and lumbar fractures. The primary goal of this study was to determine whether it is necessary to remove the implants of patients that were >65 years of age after fixation of thoracolumbar and lumbar spinal fractures without fusion.



MATERIALS AND METHODS

This was a retrospective cohort study. A total of 107 consecutive patients aged ≥65 years without neurological deficits, who underwent non-fusion short posterior segmental fixation using pedicle screws for thoracolumbar or lumbar burst fractures (type A3 or A4 in terms of AO spine classification) at our university hospital between August 2011 and August 2018 were included in the study. Of these, 11 patients were lost to follow-up because they did not finish the follow-up protocol or could not be contacted. The study was approved by the regional ethics committee (IRB00006761-M2020579), and the need for informed consent was waived by the ethics committee.

We excluded patients with neurological deficits, severe injury of the facet joints, spine malformation, polytrauma, and other situations that affected patients' waist and lower limb functions or bone healing (e.g., autoimmune disease, ankylosing spondylitis, and systemic corticosteroid treatment).

Fracture fixation was performed at an average of 4.8 days after injury. The operation used a four-transpedicle-screw fixation without fusion, ranging one level above and below the fracture site. In 64 patients, percutaneous pedicle screws were used, while in the remaining 32 patients for whom satisfied closed reduction was not achievable on the operation table, a posterior midline approach using Schanz screws was employed. Ambulation was initiated within 2 days after surgery with the protection of a thoracolumbosacral orthosis brace for 6–8 weeks. We recommend a postoperative brace for elderly patients in order to further increase local stability, relieve pain, and encourage early rehabilitation exercises. In our department, implant removal was considered at least 12 months after surgery when fracture healing was observed, or when irritating symptom from internal fixation occurred. Some surgeons recommended implant removal to their patients, while others did not recommend implant removal for elderly patients. Therefore, the patients were divided into two groups retrospectively: group A (n = 46), whose implants were removed, and group B (n = 50), whose implants were retained.

The patients were examined clinically at 1, 3, 6, and 12 months postoperatively, and annually thereafter, with a final mean follow-up duration of 50.2 (range, 36–102) months in group A and 46.9 (range, 24–96) months in group B. In our study, when a blurred fracture line or increased density and callus formation of the fractured vertebrae were visualized on the X-ray, the bony union of the vertebrae was confirmed. All implants were removed in group A at a mean of 16.8 (range, 12–34) months. Plain radiographs (anteroposterior and lateral views) and the visual analog score (VAS) for back pain were obtained preoperatively and postoperatively at 1, 3, 6, and 12 months, and at the final follow-up. Preoperative computed tomography and magnetic resonance images of the spine were also obtained. Preimplant removal and final follow-up flexion and extension lateral radiographs were obtained for all patients and analyzed. We considered that there was no bone fusion when patients lack a clear continuous callus and local vertebral body movement was observed on the last flexion and extension lateral radiographs. Function was assessed using the Oswestry Disability Index (ODI), which was obtained at 1, 3, 6, and 12 months and at the final follow-up.

All imaging parameters, such as kyphotic angles and anterior vertebral body height, were measured on standing lateral radiographs, and all angles were measured using Cobb's technique (kyphosis defined as positive value and lordosis defined as negative values). The anterior vertebral body-to-height ratio (AVHR) (12) was used to determine the change in the injured vertebral body height (Figure 1A). The angle between the upper endplate and lower endplate of a fixed segment was defined as Cobb A, and the angle between the upper and lower endplates of the injured vertebra was defined as Cobb B. Cobb C was defined as the sum of the Cobb angles of the discs just above and below the injured vertebra (Figures 1E,F). In preimplant removal and final follow-up radiographs, to determine the motion range of fixed segments and total thoracolumbar and lumbar segments in flexion and extension lateral radiographs, we used the local motion range (LMR) and the total motion range (TMR). The LMR was calculated by subtracting the value of Cobb A in the extension radiograph from the value of Cobb A in the flexion radiograph. The TMR was based on the differences in the kyphotic angles of the lower endplate of T10 to the lower endplate of L5 between dynamic flexion-extension lateral radiographs (Figures 1G,H). All measurements were performed by two authors (X-XY and C-Y) and were obtained three times using the arithmetic mean.


[image: Figure 1]
FIGURE 1 | Non-fusion fixation using percutaneous pedicle screws for L1 fracture (type A3). A 67-year-old woman from group A presented in 2017 with lower back pain without neurological deficit after a fall. (A–C) Lateral radiography, sagittal computed tomography, and T-2 weighted magnetic resonance imaging were taken preoperatively. Anterior vertebral body-to-height ratio = 21.8/[(30.1 + 32.8)/2] × 100% = 69.3%. (D,E) At the 1-month follow-up, anteroposterior and lateral radiographs show that the L1 vertebral body height had recovered, and the kyphotic angle had decreased (Cobb A = 5.1°). (F) At the 1-year follow-up, lateral radiographs were taken before implant removal. Cobb B = 8.0° and Cobb C = (−4.6°) + (−4.3°) = −8.9°. (G,H) At the 40-month follow-up, flexion and extension lateral radiographs show the motion range of the spine. Local motion range = 7.0°–3.5° = 3.5° and total motion range = (−35.0°) − (−47.2°) = 12.2°.


Statistical analyses were performed using the Statistical Package for the Social Sciences for Windows (version 25.0; IBM Corp, Chicago, Illinois). Data are reported as mean ± standard error of the mean for continuous data, and as frequencies (percentages) for categorical variables, unless otherwise noted. The Student's t-test (for continuous data), Chi-squared test, and Fisher's exact test (for categorical data) were used to evaluate the parameters between the two groups. Statistical significance was set at P ≤ 0.05.



RESULTS

A total of 96 patients (96/107, 89.7%) with a mean age of 69.4 (range, 65–77) years were finally analyzed. The demographics, mechanism of burst fractures, injury level, surgical approach, follow-up time, and fracture type of AO spine classification are shown in Table 1. No significant differences were found between groups A and B.


TABLE 1 | Patient characteristics at the time of injury.
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Before implant removal, functional outcomes and radiological parameters, such as Cobb A, Cobb B, and Cobb C (Figure 2), VAS, AVHR, and ODI (Figure 3), were collected. No significant differences were found in these data between the two groups within the 1-year follow-up period (Table 2).


[image: Figure 2]
FIGURE 2 | Mean kyphotic angles (Cobb A, Cobb B, and Cobb C) of the two groups at each time point.



[image: Figure 3]
FIGURE 3 | Mean anterior vertebral body-to-height ratio and mean Oswestry Disability Index of the two groups at each time point.



TABLE 2 | Clinical and radiological parameters before implant removal.
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For residual symptoms, chronic back pain was defined by a VAS score of ≥3 at the latest follow-up, and subjective lumbar movement restriction was defined when patients specifically complained of restricted motion of the lumbar spine at the latest follow-up. No significant differences were observed in the functional outcomes and radiological parameters (Table 3) between the two groups, except for LMR (P = 0.006) at the latest follow-up. Comparison of preimplant removal and the latest follow-up in group A (Table 4) revealed significant differences only in LMR (P < 0.001).


TABLE 3 | Radiological and functional outcomes at the latest follow-up.
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TABLE 4 | Results comparison of group A between preimplant removal and the latest follow-up.

[image: Table 4]

Two patients experienced screw breakage without clinical symptoms and obvious cause 15 and 21 months after surgery, respectively. Consequently, they accepted implant removal surgery (Figure 4). No screw or rod breakage was found in the other patients before implant removal. No neurological deficit, spondylolisthesis, or bony fusion were observed in either group at the latest follow-up.


[image: Figure 4]
FIGURE 4 | Non-fusion fixation using percutaneous pedicle screws for L3 fracture (type A4). A 68-year-old man from group B presented in 2016 with severe lower back pain without neurological deficit after a fall. (A–C) Preoperative lateral radiography, sagittal computed tomography, and T-2 weighted magnetic resonance imaging were taken 6 h after the fall. (D) Lateral radiography was taken at the 3-month follow-up. (E) At the 21-month follow-up, screw breakage was found without any symptoms. Implant removal surgery was subsequently performed, the broken screw could not be removed. (F,G) At the 56-month follow-up, anteroposterior and lateral radiographs show that the L3 vertebral body height and kyphotic angle were almost maintained, and the broken screw was still in the right pedicle of L4.


In our study, 64 patients underwent percutaneous pedicle screw fixation (minimally invasive group) and in 32 patients Schanz screws were used (Figure 5) with the posterior midline approach (open surgery group). Statistically significant differences were found in operation time, blood loss, ODI (1, 3, and 6 months), and fracture type between the two groups (Table 5). No significant differences were found in the other functional and radiological outcomes between the two groups.


[image: Figure 5]
FIGURE 5 | Non-fusion short-segment fixation using Schanz screws for L2 fracture (type A3). A 66-year-old woman from group B presented in 2014 with severe lower back pain without neurological deficit after a traffic accident. (A,B) Preoperative lateral radiography and T-2 weighted magnetic resonance imaging show a posterior vertebral wall fracture of L2. (C,D) Anteroposterior and lateral radiographs at the 1-year follow-up. (E,F) At the 51-month follow-up visit, anteroposterior and lateral radiographs show that the implant position remains unchanged.



TABLE 5 | Comparison of two surgical approaches at the latest follow-up.
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DISCUSSION

For thoracolumbar and lumbar compression fractures without neurological deficit, stabilization with pedicle screws and percutaneous kyphoplasty (PKP) are both safe and effective in elderly patients. However, some complications, such as bone cement leakage and adjacent vertebral fractures, may occur when PKP is used to treat burst fractures (13, 14). In our study, all burst fractures were caused by moderate-to-high violence trauma. Therefore, we did not choose PKP for these patients. And we did not use bone cement for screw augmentation either, because there is a remaining risks of cement extravasation into the venous system, spinal canal, or disk space (15) and most patients with osteoporosis after pedicle screw fixation have a good prognosis in our experience. Non-operative treatment for burst fractures without neurological deficit has been reported to yield good results, although a great residual kyphotic angle has been noted (16, 17). Therefore, we recommend surgical treatment for patients who can tolerate surgery after preoperative evaluation, especially for elderly patients who might have a higher risk of long-term bed rest.

Screw breakage and progressive kyphosis are common complications of spinal fixation surgery, even in surgeries with successful fusion (16). However, many studies have reported that functional outcomes were not affected by implant failure (16, 18, 19). Although solid fusion was achieved, the incidence of implant failure ranged from 9.5 to 20% (18, 19). Chou et al. (11) reported that the incidence of implant failure for patients with an average age of 45.3 years was 36.3% without fusion. In our study, the incidence of screw breakage was 4% in group B. The reason for the lower incidence of screw breakage in our study might be that elderly patients are less active than young ones, which could also explain why our patients with screw breakage were asymptomatic.

The functional and radiological outcomes were similar between the two groups, except for the LMR. Kim et al. (20) reported that in final radiographs after implant removal, the mean motion angle of the fixed segment in the sagittal plane was 14.2° for patients with an average age of 28 years. Jeon et al. (7) reported that for patients who underwent short-segment fusion surgery with an average age of 39.7 years, the segmental motion angle was 1.6° ± 1.5° at the time of implant removal, and this increased significantly to 5.8° ± 3.9° at the 1-year follow-up visit. In our series, although statistical significance was found in LMR, the mean LMR only differed by 0.8° (group A 4.4°, group B 3.6°) between the two groups and 1.3° (final follow-up 4.4°, preimplant removal 3.1°) after implant removal in group A, which was questionable for the clinical significance. Mean TMR differed only by 1.2° with no significant difference between the two groups. In this study, the motion range of the waist in group A was lower than that in other studies, and this might be related to the lower waist activity of elderly patients. No neurological symptoms were found due to the degeneration of the adjacent segments at the latest follow-up.

Many studies have reported the correction loss of the kyphotic angle or vertebral body height after surgery. Palmisani et al. (21) showed that the correction loss of segmental kyphosis (Cobb A) and wedging deformity (Cobb B) were 5.1° and 3.7°, respectively, with a mean follow-up of 14.2 months for patients with an average age of 45 years. In a 10-year follow-up period, Kocanli et al. (22) reported that for patients with a mean age of 30.1 years, the correction loss of Cobb A and Cobb B were 8.06° and 3.49°, respectively. Chou et al. (11) reported that the correction loss of the kyphotic angle and vertebral body height was unrelated to implant removal in 69 patients with a mean age of 45.3 years after a mean follow-up of 66.2 months, and the correction loss of their AVHR was only 0.1%. In our series, the fracture levels we treated were from T11 to L4 and no hyperkyphosis was found during the entire follow-up. However, the correction loss of Cobb A, Cobb B, and AVHR were 7.8°, 4.1°, and 10.6%, respectively, and these were more serious than those reported in other studies. This could be attributed to the following reasons: (1) In our study, almost half of the patients had osteoporosis (T-score ≤−2.5) with a median T-score of −2.4 (−2.1 to −5.1). (2) All the patients underwent short-segment fixation. Atlay et al. (23) reported that the correction loss of sagittal angles and heights was more common and larger in short-segment fixation surgery than in long-segment fixation. However, the disadvantages of long-segment fixation (23) that includes sacrificing more motion segments, greater costs, prolonged surgical time, and higher complication rate, are also difficult to accept, especially for the elderly.

Tian et al. (24) concluded that percutaneous short-segment pedicle instrumentation in cases with satisfactory results could replace extensive open surgery in many cases and did not increase related complications. Lee et al. (25) reported that percutaneous fixation demonstrated favorable radiological and clinical outcomes for the treatment of unstable thoracolumbar and lumbar fractures compared to open Schanz screw stabilization. The results of our study were consistent with those of these studies. However, open surgery using Schanz screws for reduction has its own advantages. Compared to the open surgery group, the minimally invasive group showed better outcomes in terms of operation time, blood loss, and ODI within 6 months, with similar results in other functional and radiological outcomes.

Jor et al. (26) found that the hypotension rate after the induction of general anesthesia, that can increase postoperative morbidity and mortality, depends on age, degree of blood pressure decompensation prior surgery, and the presence of diabetes mellitus type II. Meanwhile, in our series, the proportion of elderly individuals with hypertension or diabetes was 38.5%. Consequently, a second surgery under general anesthesia would mean a higher risk for the elderly.

This study has some limitations. This was a single-center retrospective cohort study, and the number of patients included was small. In addition, the choice of implant removal was not randomized, and the removal time for each patient was not consistent. Hence, we recommend a multi-center prospective randomized controlled trial to confirm our findings. Although all the parameters were measured three times by the two authors with the arithmetic mean used, bias may still be found.



CONCLUSION

We found similar radiological and functional outcomes in elderly patients, regardless of implant removal. Furthermore, the incidence of screw breakage was lower, and no obvious symptoms were found after breakage in elderly patients. Although the LMR increased after removal, no obvious benefits were observed for overall waist mobility. Additionally, the removal surgery would increase the medical expenses. Considering the risks of further surgery under general anesthesia for the elderly, removal of the implants may not be necessary. Nevertheless, patients should be informed about the possibility of implant breakage and accelerated degeneration of the adjacent segments before surgery.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Suplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

All procedures performed in studies involving human participants were in accordance with the ethical standards of the Ethical Committee of Peking University Third Hospital and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Owing to the retrospective nature of the study, the need for informed consent was waived by the committee.



AUTHOR CONTRIBUTIONS

YL and FZ designed the study. XYX and YC was responsible for the data collection and analysis and wrote the manuscript. JXF were responsible for the data collection. YT, HQJ, ZSZ, YG, ZWY, GJH were responsible of data analysis and interpretation. All authors contributed to the article and approved the submitted version.



FUNDING

This study was supported by National Key R&D Program of China (No. 2018YFF0301102), National Natural Science Foundation of China (No. 81702127), Natural Science Foundation of Beijing (No. 7202222), and Clinical Medicine Foundation of Peking University (No. PKU2020LCX001). All the funding sources were not involved in the design, collection, analysis, and interpretation of the data, or in the writing of the manuscript.



REFERENCES

1. Wood KB, Li W, Lebl DR, Ploumis A. Management of thoracolumbar spine fractures. Spine J. (2014) 14:145–64. doi: 10.1016/j.spinee.2012.10.041

2. Rava A, Fusini F, Cinnella P, Masse A, Girardo M. Is cast an option in the treatment of thoracolumbar vertebral fractures? J Craniovertebr Junction Spine. (2019) 10:51–6. doi: 10.4103/jcvjs.JCVJS_8_19

3. McAnany SJ, Overley SC, Kim JS, Baird EO, Qureshi SA, Anderson PA. Open versus minimally invasive fixation techniques for thoracolumbar trauma: a meta-analysis. Global Spine J. (2016) 6:186–94. doi: 10.1055/s-0035-1554777

4. Kim HS, Kim SW, Ju CI, Wang HS, Lee SM, Kim DM. Implant removal after percutaneous short segment fixation for thoracolumbar burst fracture : does it preserve motion? J Korean Neurosurg Soc. (2014) 55:73–7. doi: 10.3340/jkns.2014.55.2.73

5. Smits AJ, den Ouden L, Jonkergouw A, Deunk J, Bloemers FW. Posterior implant removal in patients with thoracolumbar spine fractures: long-term results. Eur Spine J. (2017) 26:1525–34. doi: 10.1007/s00586-016-4883-8

6. Hanson B, van der Werken C, Stengel D. Surgeons’ beliefs and perceptions about removal of orthopaedic implants. BMC Musculoskelet Disord. (2008) 9:73. doi: 10.1186/1471-2474-9-73

7. Jeon CH, Lee HD, Lee YS, Seo JH, Chung NS. Is it beneficial to remove the pedicle screw instrument after successful posterior fusion of thoracolumbar burst fractures? Spine. (2015) 40:E627–33. doi: 10.1097/BRS.0000000000000870

8. Kim HJ, Kang KT, Moon SH, Chun HJ, Kim HS, Park JO, et al. The quantitative assessment of risk factors to overstress at adjacent segments after lumbar fusion removal of posterior ligaments and pedicle screws. Spine. (2011) 36:1367–73. doi: 10.1097/BRS.0b013e318221a595

9. Kim JI, Suh KT, Kim SJ, Lee JS. Implant removal for the management of infection after instrumented spinal fusion. J Spinal Disord Tech. (2010) 23:258–65. doi: 10.1097/BSD.0b013e3181a9452c

10. Jentzsch T, Gomes de Lima V, Seifert B, Sprengel K, Werner CM. The benefits of elective spinal implant removal: a retrospective study of 137 patients. Eur Spine J. (2016) 25:856–64. doi: 10.1007/s00586-015-4211-8

11. Chou PH, Ma HL, Liu CL, Wang ST, Lee OK, Chang MC, et al. Is removal of the implants needed after fixation of burst fractures of the thoracolumbar and lumbar spine without fusion? A retrospective evaluation of radiological and functional outcomes. Bone Joint J. (2016) 98-B:109–16. doi: 10.1302/0301-620X.98B1.35832.

12. Xu X, Han S, Jiang L, Yang S, Liu X, Yuan H, et al. Clinical features and treatment outcomes of langerhans cell histiocytosis of the spine. Spine J. (2018) 18:1755–62. doi: 10.1016/j.spinee.2018.02.025

13. Rho YJ, Choe WJ, Chun YI. Risk factors predicting the new symptomatic vertebral compression fractures after percutaneous vertebroplasty or kyphoplasty. Eur Spine J. (2012) 21:905–11. doi: 10.1007/s00586-011-2099-5

14. Lin WC, Lee YC, Lee CH, Kuo YL, Cheng YF, Lui CC, et al. Refractures in cemented vertebrae after percutaneous vertebroplasty: a retrospective analysis. Eur Spine J. (2008) 17:592–9. doi: 10.1007/s00586-007-0564-y

15. Hoppe S, Keel MJ. Pedicle screw augmentation in osteoporotic spine: indications, limitations and technical aspects. Eur J Trauma Emerg Surg. (2017) 43:3–8. doi: 10.1007/s00068-016-0750-x.

16. Chou PH, Ma HL, Wang ST, Liu CL, Chang MC, Yu WK. Fusion may not be a necessary procedure for surgically treated burst fractures of the thoracolumbar and lumbar spines: a follow-up of at least ten years. J Bone Joint Surg Am. (2014) 96:1724–31. doi: 10.2106/JBJS.M.01486

17. Tian NF, Wu YS, Zhang XL, Wu XL, Chi YL, Mao FM. Fusion versus nonfusion for surgically treated thoracolumbar burst fractures: a meta-analysis. PLoS One. (2013) 8:e63995. doi: 10.1371/journal.pone.0063995

18. Butt MF, Farooq M, Mir B, Dhar AS, Hussain A, Mumtaz M. Management of unstable thoracolumbar spinal injuries by posterior short segment spinal fixation. Int Orthop. (2007) 31:259–64. doi: 10.1007/s00264-006-0161-4

19. Liu CL, Wang ST, Lin HJ, Kao HC, Yu WK, Lo WH. AO Fixateur interne in treating burst fractures of the thoracolumbar spine. Zhonghua Yi Xue Za Zhi (Taipei). (1999) 62:619–25. PMID: 10502853

20. Kim YM, Kim DS, Choi ES, Shon HC, Park KJ, Cho BK, et al. Nonfusion method in thoracolumbar and lumbar spinal fractures. Spine. (2011) 36:170–6. doi: 10.1097/BRS.0b013e3181cd59d1

21. Palmisani M, Gasbarrini A, Brodano GB, De Iure F, Cappuccio M, Boriani L, et al. Minimally invasive percutaneous fixation in the treatment of thoracic and lumbar spine fractures. Eur Spine J. (2009) 18(Suppl 1):71–4. doi: 10.1007/s00586-009-0989-6

22. Kocanli O, Komur B, Duymus TM, Guclu B, Yilmaz B, Sesli E. Ten-year follow-up results of posterior instrumentation without fusion for traumatic thoracic and lumbar spine fractures. J Orthop. (2016) 13:301–5. doi: 10.1016/j.jor.2016.06.021

23. Altay M, Ozkurt B, Aktekin CN, Ozturk AM, Dogan O, Tabak AY. Treatment of unstable thoracolumbar junction burst fractures with short- or long-segment posterior fixation in magerl type a fractures. Eur Spine J. (2007) 16:1145–55. doi: 10.1007/s00586-007-0310-5

24. Tian F, Tu LY, Gu WF, Zhang EF, Wang ZB, Chu G, et al. Percutaneous versus open pedicle screw instrumentation in treatment of thoracic and lumbar spine fractures: a systematic review and meta-analysis. Medicine (Baltimore). (2018) 97:e12535. doi: 10.1097/MD.0000000000012535

25. Lee YC, Selby M, Zotti M, Roy D, Freeman B. Minimally invasive stabilization for thoracolumbar and lumbar fractures: a comparative study with short segment open schanz screw constructs. J Spine Surg. (2019) 5:13–8. doi: 10.21037/jss.2019.01.06

26. Jor O, Maca J, Koutna J, Gemrotova M, Vymazal T, Litschmannova M, et al. Hypotension after induction of general anesthesia: occurrence, risk factors, and therapy. A prospective multicentre observational study. J Anesth. (2018) 32:673–80. doi: 10.1007/s00540-018-2532-6


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Xu, Cao, Fan, Lv, Zhou, Tian, Ji, Zhang, Guo, Yang and Hou. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fsurg-09-921678-g002.jpg
Kyphotic angle (°)

25

=

Pre

Post

M

—&— Group A Cobb A
—e— Group A Cobb B
—a— Group A Cobb C
—— Group B Cobb A
—=&— Group B Cobb B
~+— Group B Cobb C

Latest

3m M 12m
Follow-up times
+
.






OPS/images/fsurg-09-921678-g001.jpg





OPS/images/fsurg-09-921678-g004.jpg





OPS/images/fsurg-09-921678-g003.jpg
AVHR and ODI (%)

100 4

904

804

704

60

504

404

304 —=— Group A AVHR
—e— Group B AVHR
—e&— Group A ODI

3ael *— Group B ODI

104

Pre Post ™ 3M 6M 12M Latest

Follow-up times





OPS/images/Table_2.jpg
Total Group A Group B P-Value
(n=96) n=46) (=50
AVHR (56)
Pre-operative 66.0+98 67.9£10.3 639188 0.124
Post-operative 911257 918156 90358 0.306
1 month 86474 874167 85.5+80 0.335
3 months. 83.0:86 842170 82.0£10.0 0.343
6 months. 82086 831272 80.9:96 0.331
12 months. 81.5+85 826175 80494 0.323
Cobb A ()
Pre-operative 137131 128159 144102 0.651
Post-operative 51£124 46+140 55+£109 0.794
1 month 72£122 61£140 82+104 0.528
3 months. 89+124 75+143 10.2+10.5 0.410
6 months. 10.1£123 83+137 11.7£108 0.301
12 months. 11.3£122 93+139 13.2+104 0.240
Cobb B ()
Pre-operative 172271 159277 185165 0175
Post-operative 73241 66+39 7.9+43 0.244
1 month 82+43 7.4£40 9.0£44 0172
3 months. 94£45 83+46 104244 0.096
6 months. 101246 9.0£46 111245 0.088
12 months. 105247 95+47 116245 0.002
Cobb C ()
Pre-operative -125+54 -135+5.0 -116+56 0177
Post-operative -129+41 -137+45 -121£35 0.157
1 month -110:49 -120:47 -10.1+49 0.145
3 months. -100+48 -107+46 -9.4:49 0.300
6 months. 933146 -9.8243 -89:49 0.499
12 months. 87144 -9.2240 -82247 0.354
VAS for back pain
Pre-operative 68+1.1 67+1.1 69+1.1 0518
Post-operative 28+1.1 25+12 30£1.0 0.073
1 month 25412 23£13 27+11 0.264
3 months. 20£17 XL 22+16 0.267
6 months. 12113 12:11 1214 0.869
12 months. 09£13 1011 08+14 0.481
0D (%)
1 month 37.8+20.9 3724234 38.4+187 0.825
3 months. 27.0£203 2594216 28.0+£19.4 0.706
6 months. 16.1£155 152155 169157 0.681
12 months. 85+113 89+108 81119 0.788

AVHR, anterior vertebral body-to-height ratio; ODI, Oswestry Disabilty Index; VAS,

A ik e





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Is It Necessary to Remove the Implants After Fixation of Thoracolumbar and Lumbar Burst Fractures Without Fusion? A Retrospective Cohort Study of Elderly Patients

		Introduction



		Materials and Methods



		Results



		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		References



















OPS/images/cover.jpg
’ frontiers
in Nutrition

Is It Necessary to Remove the Implants After
Fixation of Thoracolumbar and Lumbar Burst
Fractures Without Fusion? A
Retrospective Cohort Study of Elderly Patients





OPS/images/Table_1.jpg
Total Group A Group B P-Value
n=96) n=46) n=50)
Gender 0556
Male 45@69  28(00) 2240
Female 51631  28(00)  28(56.0)
Age (years) 604222  698+25 691:19 0120
Body mass index 251231 252:28 249234 0686
Injured level 0079
™ 2@1) 0@ 200
T2 60167  6(130  10@00
u 46@79  210@s7) 25500
12 21019 0@l 11@20
13 662) 6(13.0) 0@
4 562) 3686) 200
Injury mechanism 0555
Fall 57694  27(87)  30(60.0)
Traffic accident 130135  6(130 70140
Fall fromaheight ~ 21@19  9(19.8  12@40
Others. 562) 4@7) 120
Fracture type 0827
A 87006 42013  45(90.0)
B 904) 4@7) 5(10.0)
Follow-up time (mths) ~ 485+22.4 5022259 469+196 0302
Surgical approach 0312
Perautaneous 4667  3BFL) 31620

i

32 (33.3)

13 28.3)

19 (38.0)





OPS/images/fsurg-09-921678-g005.jpg





OPS/images/Table_4.jpg
Preimplant removal  Latest follow-up  P-Value

AVHR (%) 843174 820286 0308
Cobb A () 96+141 1142144 0653
Cobb B ) 96+47 106252 0.460
Cobb C () 111254 9046 0.130
LMR () 31210 44214 <0.001*
T™R () 101246 111247 0.444
VAS for back pain 11214 12216 0785
0DI (%) 87+107 83:110 0907

“Statistcally significant P-values were the results after comperison between the two
growps.

AVHR, anterior vertebral body-to-height rato; ODI, Oswestry Disabilty Index; VAS,
vl ol soore: LA Tooud selion-aege: TRIR Jot mullon we.





OPS/images/Table_3.jpg
Total GroupA  GroupB  P-Value
(n=96) (n=a6) =50
AVHR (%) 805+90 82086 791293 0231
Cobb A () 1292123 1142144 1442101 0367
Cobb B () 114248 106252  122:44 0216
Cobb G () -84246  -90s46 7846 0327
LMR () 40213 44214 36210 0019
T™R (%) 105239 11.1:47  99:28 0252
VAS forbackpain  1.0£1.5 12216 08214 0289
oD (%) 73+111 83110  63s112 0502
Screw breakage 2@ 00 200 0496
SLMR 3@ 00 369 0243
Chronic back pain 11 (115) 6(13.0) 5(10.0 0640

“Statistically significant P-values were the rsults after comparison betwesn the two

groups.

AVHR, anterior vertebral body-to-height ratio; ODI, Oswestry Disabilty Index; VAS,
visual analogue scors; LMR, local motion range; TMPR, total motion range; SLMR,

sulisoive hanbar maserment attiotion





OPS/images/Table_5.jpg
Minimally invasive Open P-Value
(n=64) (n=32)
Operation time (mir) 8442225 9792204 0005
Blood loss (mi) 60.9+50.9 1528836  <0.001"
Hospitalization time (day) 56129 60218 0357
Screw breakage 201) 00 0551
SLMR 201) 169 1.000
Ghronic pain 8(125) 3(0.49 0747
0DI (%)
1 month 287+148 4182220 0012
3 months. 1942158 303214 0039
& months. 1072101 185169 0038
12 months 57290 972121 0287
Latest folow-up 592102 79115 0559
Fracture type 000"
A 62969 25 (78.1)
B 201) 7@19

“Statistically signiicant P-values were the results ater comparison between the two

groups.

SLMR, subjective lumbar movement: ODI, Oswestry Disability Index.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Nutrition





