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Abstract
Thoracolumbar Burst Fracture in Patients with Neurological Deficit: An Evidence-Based Systematic Review Comparing Anterior Versus Posterior Surgical Approach for Spinal Decompression and Fixation
Keywords: 

Introduction

The majority of spinal fractures occur in the thoracolumbar (TL) region of the spine, segments T11-L2, which has some particular biomechanics features predisposing to this potential vulnerability, as the rigid thoracic region of the spine connects with the mobile lumbar segments at the TL junction of the spinal column. Thoracolumbar injuries are usually the result of high energy trauma, being the TL burst fractures, characterized by anterior vertebral body height loss, fracture of the posterior wall of the vertebral body and retropulsion of bone fragments into the spinal canal, accountable for around 10- 20% of all traumatic spinal injuries [1-3]. The clinical features of burst fractures may include spinal pain, deformity, neurological deficits and sphincter disturbances, according to the region, type of fracture, and severity of the neurological compression [1,4,5].

The well-known anatomic discrepancy between the vertebral and spinal cord level is very important for the understanding of the neurological findings of patients with TL fractures [6]. Fractures at the spinal level T11-12 may affect the segments of the lumbar spinal cord, which are normally inside the spinal canal at that level. At the spinal level L1, the sacro-coccigeal segments of the spinal cord are inside the canal and can be injured. The patients with TL trauma can present with conus medullaris and/or cauda equina syndrome, according to the level and type of trauma [6-8].

Thoracolumbar burst fractures are usually caused by trauma that imply high axial compression forces, like falls from heights, motor vehicle accidents, and lesions caused by high-intensity sports [1,9- 12].

About half of the patients are neurologically intact and the opinions are still largely divided regarding their best management, as both the nonsurgical and the surgical treatment strategies have been recommended [13]. The nonoperative approach involves physiotherapy, postural re-education, bed rest, analgesics, body cast, and use of orthoses. Operative management includes spinal fixation, with or without fusion, through various approaches, like posterior, anterior, or combined surgical approaches [14-16].

Many classification systems of spinal fractures to facilitate communication and encourage optimal treatment protocols have been described. The Thoracolumbar Injury Classification System (TLICS) evaluates the injury morphology, integrity of the posterior ligamentous complex (PLC), and neurological status. TLICS aims to guide treatment decision using a scoring system, which assigns point values based on those described parameters. It should be recommended nonsurgical treatment if the total score is less than 4 points; indeterminate if 4 points; or surgical treatment if more than 4 points [5,17]. The AO Spine Trauma Knowledge Forum, an international group of academic spine surgeons, developed and validated a classification system incorporating both fracture 031-043.

morphology and clinical factors relevant for surgical decision making, such as the presence of neurological deficits [18]. The systematic review of Oner et al. [5] demonstrated that TLICS is the most useful classification system for surgical and nonsurgical decision-making with regard to thoracolumbar spine injuries.

In the majority of cases of TL fractures, the conservative management is satisfactory. Surgical management can be considered in symptomatic, unstable TL fractures, and those associated with neurological deficit [16,19-21]. Surgical intervention can decompress neural elements, restore vertebral body height, correct angular deformity and stabilize the spine. However, controversies still exist over the best specific approach to be used for the surgical treatment. Spinal surgeons can choose either anterior, posterior, or combined surgical approach for the TL spine region, using minimally invasive or open-traditional technique. Some authors recommend posterior approach (PA) for decompression and fixation, because of the excellent results obtained in terms of spinal stability, anatomical alignment, very familiar approach for most of the spinal surgeons, postoperative neurological improvement and low patient morbidity [22-25]. In contrast, advocates of the anterior approach (AA) cite direct and predictable decompression of the spinal canal, improvement in postoperative neurological function and no significant increase in surgical morbidity [26-28]. Both the AA and PA are associated with satisfactory results as well as some potential complications. Treatment of traumatic TL injury depends on many factors such as patient age, associated co-morbidities, surgeon’s experience and preference, available instruments and spinal implants, extent of spinal canal compromise, sagittal index, anterior vertebral body height, degree of integrity of posterior elements and presence of neurological deficit [29]. All these parameters may affect the decision regarding the best surgical approach for a particular case, with each parameter being an indication for one or the other approach [22-29].

In cases of TL spine injury, the surgeon must decide whether the injury requires a surgical or conservative treatment, and TLICS can be helpful for this decision [5]. If an operation is required, the surgeon must decide whether the surgery can be optimally accomplished via anterior, posterior, or combined approach. In the absence of good scientific data to guide decision making, expert consensus opinions can be helpful. Vaccaro et al [17] published a paper based on a survey among the members of the Spine Trauma Study Group (STSG) to define the major characteristics of TL spine injuries that influence their surgical decision making. The best surgical approach and treatment of unstable TL spine injuries are still controversial due to the limited number of published comparative studies, as Evidence Level I to III. This lack of clear evidence-based consensus about the ideal surgical approach may result in uncertainty for the involved surgeons and patients being treated inappropriately or sub-optimally [5,30-35].

Objectives

The main purpose of this study is to systematically review the literature, in special the published controlled clinical trials (Evidence Level I-III), to clarify the differences between the AA and PA, aiming to help to guide the spinal surgeons in choosing the most appropriate surgical technique for the treatment of acute, traumatic TL unstable spinal fractures, in patients with spinal cord compression and neurological deficit.

Materials and Methods

Search strategy

An Evidence-based Systematic Review of the literature available in the PubMed Database (indexed for MEDLINE) [36] and Cochrane Central Register of Controlled Trials (Cochrane Library) [37] was conducted, initially by 2 independent reviewers, limited to clinical articles comparing anterior versus posterior approach for the surgical treatment of thoracolumbar spinal fractures in patients with associated neurological deficit; in English-language; adult-human population; published in the last 20 years (1998-2018), in order to reflect current practices and modern surgical techniques.

The following main search terms were used, combined or isolated to select the papers based on the titles and/or abstracts, and, if preselected, we reviewed the full article: “thoracolumbar fracture” (1,216), “thoracolumbar burst fracture” (372), “surgery for thoracolumbar burst fractures” (329), “thoracolumbar fracture with neurological deficit” (231), “thoracolumbar fracture with spinal cord injury” (173), “thoracolumbar fracture with conus medullaris syndrome” (67), “thoracolumbar fracture with incomplete neurological deficit” (31), “AO Spine type B thoracolumbar fracture” (8), and “anterior versus posterior surgery for thoracolumbar burst fracture with neurological deficit” (2) were used. Cross-reference articles were also searched and reviewed.

Selection criteria

Comparative prospective and retrospective studies describing patients with traumatic TLfractures with neurological deficit, comparing operative cases of patients’ submitted to anterior versus posterior surgical decompression and/or fixation were pulled and reviewed. The reviewers independently assessed the titles and abstracts of the identified reports. Any disagreements were resolved by discussion and consensus among the authors (Flow chart - appendix).

Articles that were duplicate reports were excluded. Articles in which the group of patients with neurological deficit could not be clearly retrieved for the proposed comparison between anterior versus posterior approach were excluded. Studies related to chronic spinal injury, fractures of other different regions of the spine, and other etiological factors, like pathologic or osteoporotic vertebral fractures, were also excluded of this systematic review. Relevant sociodemographic and clinical data, image studies, surgical technique, complications of the treatment, and patient outcome described by the included papers were analyzed and discussed. Descriptive statistics were compiled when appropriate.

Quality assessment

The articles were graded according to Levels of Evidence guidelines of Wright et al. [38], and of Kaiser et al. [39], adopted by the North American Spine Society (NASS), with levels varying from I through V as follows: Level I (well done randomized controlled studies or systematic reviews of such studies), Level II (prospective cohort studies, poor-quality randomized controlled trials, or systematic reviews of such studies), Level III (case-control studies, retrospective cohort studies, or systematic reviews of such studies), Level IV (case series with no, or historical, control group), and Level V (expert opinion) [38-40].

031-043.

Articles-citations identified through PubMed database Additional records identified searching through other sources (n = 459) (n = 6) Identification Citations after duplicates removedRecords after duplicates removed (n = 439)(n = 439) Citations screened Citations (n = 439) excluded Screening (n = 383) Full-text articles Full-text assessed for eligibility articles (n = 56) exclude, with reasons (n = 53) Eligibility Studies included in qualitative synthesis (n = 3) Studies included in quantitative synthesis (meta-analysis) Included (n = 3) Flow Chart : PRISMA 2009 Flow Diagram.

According to the Level of Evidence (LOE), the NASS guidelines also gives Recommendation Grades, as the highest-quality recommendation, Grade “A” (recommended), required 2 or more Level I studies with consistent findings. Fair evidence, either a single Level I study or consistent findings from multiple Level II or III studies, was given a Grade “B” (suggested). Poor-quality evidence would support a Grade “C” (option), including either a single Level II study or consistent findings from Level IV or V studies. Recommendations based on a single Level III or lower-level study or studies of equal strength that demonstrated conflicting results were given a Grade “I” (insufficient) designation [38-40].

Measurements and statistical analysis

Pre-operative and post-operative main outcomes, including motor and sensory neurological function (ASIA classification score) [41], vertebral height of the affected vertebrae, surgical time, blood loss and other parameters reported in the selected literature were averaged and the standard deviations calculated. Appropriate weighting with respect to sample size were applied in order to arrive at the final figures. This was also applied for the spinal fusion and complication rates. Statistical comparisons of the outcomes were evaluated separately for anterior and posterior approaches. Statistical Packages for Social Scientists (SPSS), version 24 (IBM SPSS, Inc., Chicago, Illinois, USA), was used for the statistical analysis.

Results

The search strategy identified initially 465 citations, reading the titles and abstracts of those articles, 56 papers were pre-selected and fully reviewed with only 3 papers satisfying the inclusion criteria for data extraction and systematic review (Flow chart - appendix) [42- 44]. This study included those selected papers in order to make a homogeneous, appropriate and reliable comparison between AA and Prospective, comparative study of 25 patients, admitted with unstable TL fracture, with incomplete (ASIA B-D) or without neurological deficit, submitted to surgical treatment. AA for spinal cord decompression and TL fixation was used in 52% (13/25), and the PA in 48% (12/25) of the patients, according to type of implants The median age was 36 years-old (range: 18-53) at the AA, and 35 years-old (range:

16-60) at PA group. Male/female distribution was 7/6 at the AA and 8/4 at the PA group. The fractured level was: T12 in 1, L1 in 10 and L2 in 2 patients of the AA group; and T12 in 2, L1 in 9 and L2 in 2 patients of the PA group. Both groups did not differ significantly in their age, gender or preoperative clinical data.

Neurological (ASIA/IMSOP) improvement and functional outcome were similar in At the AA group, the average surgical timing and intraoperative blood loss was 250 min and 1,362 ml, respectively, while at the PA group, the average surgical timing and intraoperative blood loss was 174 min and 750 ml, respectively, demonstrating a significantly lesser surgical timing and blood loss at the PA group.

Retrospective, cohort study of 63 patients with TL fracture, submitted to surgical treatment. AA for spinal cord decompression and TL fixation was used in 60.3% (38/63), and the PA in 39.6% (25/63) of the patients.

The mean age was 42 years-old (range: 18-70) at the AA, and 42 years-old (range:

22-64) at PA group. Male/female distribution was 26/38 at the AA and 19/25 at the PA group. The fractured level was: T11 in 1, T12 in 13, L1 in 18 and L2 in 6 patients of the AA group; and T11 in 1, T12 in 3, L1 in 12 and L2 in 9 patients of the At the AA group, the mean Frankel motor score system improved from 3.7 to 4.2 after surgery, while at the PA group, improved from 3.5 to 4.0 after surgery, not Randomized Controlled Trial of 120 patients, with TL fracture, submitted to surgical treatment. AA for spinal cord decompression and TL fixation was used in 50% (60/120), and the PA in the remaining 50% (60/120) of the patients.

The average age was 46.5 years-old (range: 23-57) at the AA, and 46 years-old (range: 22-58) at the PA group. Male/female distribution was 37/60 at the AA and 35/60 at the PA group. Both groups did not differ significantly in their age, gender At the AA group, the average motor score improved from 39.2 to 69.9 after surgery, while at the PA group, the average motor score improved from 39.9 to 52.8 after surgery, demonstrating a significantly better motor recovery at the AA group. At the AA group, the average sensory score improved from 44.9 to 72.5 after surgery, while at the PA group, the average sensory score improved from 45.3 to 61.2 after surgery, also demonstrating a significantly better sensory recovery at the AA group.

At the AA group, the average surgical timing and intraoperative blood loss was 217 min and 498 ml, respectively, while at the PA group, the average surgical timing and intraoperative blood loss was 154 min and 275 ml, respectively, demonstrating a significantly lesser surgical timing and blood loss at the PA group.

Vertebral height restoration of the affected vertebral body increased from 1.4 to 4.1 cm in the AA, and from 1.5 to 2.4 cm in the PA group, showing significantly superior anatomical correction of the fractured vertebral in the AA group.

PA for patients with TL fractures and neurological deficit associated with spinal cord compression (Table 1 and 2, Figures 1-6).

The reported results for a total population of 208 individuals described in the 3included papers [42-44] were analyzed, of whom 63.5% were males and 36.5% females. For anterior approach (AA) group sample size was 111, while in posterior approach (PA) sample size was 97. In both types the L1 experienced the largest number of fractures (Table 1 and 2).

Table 1: Descriptive summary of all included studies regarding the use of anterior X posterior decompression-fixation for thoracolumbar burst fractures in patients with neurological deficit.[image: Table 1: Descriptive summary of all included studies regarding the use of anterior X posterior decompression-fixation for thoracolumbar burst fractures in patients with neurological deficit.]
available in the operating theater.

Stancic et al. [44] II both the AA and the PA groups.

Hitchon et al. [43] III PA group.

demonstrating significant difference.

or preoperative clinical data.

Cui et al. [42] I Abbreviations: AA = Anterior Approach; PA = Posterior Approach; ASIA = 031-043.

Stancic et al. [44] published a prospective, comparative study (Evidence Level II) in 2001, of 25 patients with TL fracture, submitted to surgical treatment. AA for spinal cord decompression and TL fixation was used in 52% (13/25), and the PA in 48% (12/25) of the patients. Both groups did not differ significantly in their age, gender or preoperative clinical data. The technique used at AA group was antero-lateral approach, subtotal corpectomy, decompression, insertion of iliac crest auto graft, followed by fixation using screwsplate instrumentation or screws-rod system. The technique used at This study supports that anterior approach is similar to posterior approach for neurological recovery.

Nonetheless, posterior approach has shorter operation time and less intraoperative blood loss than anterior approach.

This study supports that anterior approach is similar to posterior approach for neurological recovery.

This study supports that anterior approach is superior to posterior approach for neurological recovery and vertebral height restoration.

Nonetheless, posterior approach has shorter operation time and less intraoperative blood loss than anterior approach.

American Spinal Injury Association; TL = Thoracolumbar.

Quantitative summary of the included studies regarding the use of anterior X posterior decompression-fixation for thoracolumbar burst of medical evidence = randomized controlled trial = 33.3% (1) [42] of medical evidence = prospective, comparative study = 33.3% (1) (AA) = 53.3% (111/208 patients) (PA) = 46.6% (97/208 patients) et al. [44] study population = 25 patients et al. [43] study population = 63 patients et al. [42] study population = 120 patients

Table 2:

fractures in patients with neurological deficit.

Characteristics Description (after systematic review) Papers included • 3 papers [42-44] Level of medical evidence for • Level I therapeutic studies and study • Level II description • Level III of medical evidence = retrospective, cohort study = Patients • N = 208 patients

• Anterior approach

Surgical technique Patients per study • Mean = 69.3 patients/study (25-120) • Age in years (range) = 16–70 years-old • Gender distribution √ Total study population = 208 patients • Male = 63.5% (132/208) • Female = 36.5% (76/208) √ AA group = 111 • Male = 63.1% (70/111) • Female = 36.9% (41/111) √ PA group = 97 • Male = 63.9% (62/97) • Female = 36.1% (35/97) 1. Stancic • AA group = 13 √ Median age = 36 years (18-53 yr.-old) √ Male = 54% (7/13) √ Female = 46% (6/13) • PA group = 12 √ Median age = 35 years (16-60 yr.-old) Age and gender √ Male = 67% (8/12) √ emale = 33% (4/12) 2. Hitchon • AA group = 38 √ Median age = 42 years (18-70 yr.-old) √ Male =68% (26/38) √ Female = 32% (12/38) • PA group = 25 √ Median age = 42 years (22-64 yr.-old) √ Male = 76% (19/25) √ Female = 24% (6/25) 3. Cui • AA = 60 √ Median age = 46.5 years (23-57 yr.-old) √ Male = 62% (37/60) √ Female = 38% (23/60) • PA = 60 √ Median age = 46 years (22-58 yr.-old) √ Male =58% (35/60) √ Female = 42% (25/60) 031-043.

[44] 33.3% (1) [43] group = 53.3% (111/208) group = 46.7% (97/208) improvement = 21.4/100 points (n = 120 patients) [42] Motor score improvement was 2.3 folds more in AA than PA group Information available = 33.3% (1/3) of the studies (limitations) [42] improvement = 21.7/112 points (n = 120 patients) [42] Sensory score improvement was 1.7 folds more in AA than PA group Information available = 33.3% (1/3) of the studies [42] gain= 1.8 cm (n = 120 patients) [42] Vertebral height restoration was 3 folds superior in AA than PA group Information available = 33.3% (1/3) of the studies [42] Averagesurgical time was 1.42 times longer in AA than PA group Information available = 66.6% (2/3) of the studies [42,44]

• Anterior approach

√ T11 = 19.8% (22/111) √ T12 = 23.4% (26/111) √ L1 = 41.4% (46/111) √ L2 = 3.5% (15/111) Vertebral fracture level √ T11 = 19.5% (19/97) √ T12 = 15.3% (17/97) √ L1 = 36.9% (41/97) √ L2 = 20.6% (20/97) • Average motorscore • AA = 30/100 points (n = 60) • PA = 12.9/100 points (n = 60) √

• Anterior approachscores

√ Preoperative: 39.2 (+17.2) Motor score improvement √ Postoperative: 69.2 (+23.1) (ASIA score) [41] Improvement = 30 points √ Preoperative: 39.9 (+17.4) √ Postoperative: 52.8 (+24.8) Improvement = 12.9 points o • Average sensory score • AA = 27.6/112 points (n = 60) • PA = 15.9/112 points (n = 60) √

• Anterior approach

√ Preoperative: 44.9 (+16.1) Sensory score (ASIA score) [41] √ Postoperative: 72.5 (+15.6) • Improvement = 27.6 √ Preoperative: 45.3 (+15.8) √ Postoperative: 61.2 (+15.9) • Improvement = 16.2 o • Average vertebral height • AA = 2.7 cm (n = 60) • PA = 0.9 cm (n = 60) √

• Anterior approach

√ Preoperative: 1.4 cm (+0.6) Vertebral height gain(cm) √ Postoperative: 4.1 cm (+0.4) • Averagevertebral height gain = 2.7 cm √ Preoperative: 1.5 cm (+0.6) √ Postoperative: 2.4 cm (+0.8) • Averagevertebral height gain = 0.9 cm o • Average surgical time [42,44] • AA = 233.8 min • PA = 164.3 min √

• Anterior approach

• Stancic et al: [40] √ Intraoperative: 250 min (200-295) Surgical time (min) • Cui et al: [8] √ Intraoperative: 217.6 min (+19.8)

•Posterior approach

• Stancic et al: [40] √ Intraoperative: 174 min (130-215) • Cui et al: [8] √ Intraoperative: 154.6 min (+16.3) o 031-043. Blood volume: 1362.0 ml (1150-1500) Information available = 66.6% (2/3) of the studies Information available = 66.6% (2/3) of the studies • Average intraoperative blood loss • AA = 930.3 ml • PA = 512.8 ml • Average intraoperative blood loss √ Stancic et al. [40] o √ Cui et al. [8] Intraoperative blood loss (ml) o Blood volume : 498.60 ml (+24.7) √ Stancic et al. [40] o Blood volume: 750.0 ml (500-1100) √ Cui et al. [8] o Blood volume: 275.6 ml (+18.5) o • Average surgicalcomplication rate = 11.4% (10/88) of the patients [42,44] √ AA = 7.8% (4/51) √ PA = 16.2% (6/37) • Stancic et al. [40] √ AA (n = 13) o Complication rate = 15.4% (2/13) √ PA (n= 12 ) Surgicalcomplications o Complication rate 8.3% (1/12) • Hitchon et al. [21] √ AA (n = 38) o Complication rate = 5.2% (2/38) √ PA (n = 25) o Complication rate = 20% (5/25) o the PA group was posterior spinal exposure, indirect decompression, laminectomy, fixation using a combination of hook-rod and pedicle screws (Table 1 and 2).

Neurological (ASIA/IMSOP) [41] improvement and functional outcome were similar in both the AA and the PA groups. At the AA group, the average surgical timing and intraoperative blood loss was 250 min and 1,362 ml, respectively, while at the PA group it was 174 min and 750 ml, respectively, demonstrating a significantly lesser surgical timing and blood loss at the PA group(Table 1 and 2, Figures 4-6) [44].

Hitchon et al. [43] published a retrospective, cohort study (Evidence Level III) in 2006, of 63 patients with TL fracture, submitted to surgical treatment. Anterior approach for spinal cord decompression and TL fixation was used in 60.3% (38/63), and PA in 39.6% (25/63) of the patients. The surgical technique used at the AA group was antero-lateral approach, subtotal corpectomy, decompression, insertion of cage, bone allograft, and/or iliac crest autograft was performed to fill the space of the corpectomy, followed by lateral instrumentation using dual-rods and screws or plate system with screws. The technique used at the PA group was posterior spinal exposure, decompression using laminectomy and disimpaction, transpedicular or transfect approach and/or ligamentotaxis, fixation using pedicle screws or pedicle screws with hooks (1 or 2 segments above and below), followed by bone graft for fusion (autograft and allograft) (Table 1 and 2).

Neurological status was assessed using the Frankel motor score system [45]. For ease of statistical analysis, the Frankel grade was converted into a numerical score in which A is equal to 1 (complete motor and sensory paralysis below the lesion), B is 2 (complete motor paralysis but some residual sensory perception), C is 3 (residual motor function but not of practical usefulness), D is 4 (useful but subnormal motor function below the lesion), and E is 5 (normal 031-043.

[42,44] was 1.81 fold more in AA than PA group Anterior approach

[image: Figure 1: Preoperative and postoperative ASIA motor score]Figure 1: Preoperative and postoperative ASIA motor score
comparing both types of thoracolumbar surgical approaches [8].

motor and sensory function).At the AA group, the mean Frankel score improved from 3.7 to 4.2 after surgery, while at the PA group, improved from 3.5 to 4.0 after surgery, not demonstrating significant difference (Table 1 and 2) [43].

Thoracolumbar average angular deformity at the fractured level was corrected from 11.9° to 2.0° after surgery in the AA group, and from 4.1° to 3.4° in the PA group, showing significantly better angular correction of the fractured vertebra in the AA group. In the AA group, average angulation was corrected by 9.9° between admission and discharge, and the correction persisted at 4.5° at follow up. In the PA group, however, average angulation decreased only 0.7° between admission and discharge, whereas it progressed to 9.8° at the final follow-up examination. At the follow-up evaluation, the average angulation in the PA group was significantly greater than that in the AA group (Table 1 and 2) [43].

At the AA group, 5% (2/38) of the patients’ required repeated surgery that involved posterior instrumentation for fusion, while at the PA group, 20% (5/25) of the patients required repeated surgery. Four patients of the PA group required revision of the instrumentation, and in 1 patient an infection necessitated the removal of the hardware. Posterior approaches in cases of burst fractures needed decompression in many cases. This complication rate associated with posterior instrumentation has been underscored by other published data. There was no significant difference between the two approaches in the SF-36 questionnaire, duration of the procedure, cost of the implant, neither in the total cost of hospitalization (Table 1 and 2, Figure 6) [43].

Cui et al. [42] published a Randomized Controlled Trial (Evidence Level I) in 2015, of 120 patients with TL fracture, submitted to surgical treatment. Anterior approach for spinal cord decompression and TL fixation was used in 50% (60/120), and the PA in the remaining 50% (60/120) of the patients. Both groups did not differ significantly in their age, gender or preoperative clinical data. The surgical technique used at the AA group was antero-lateral approach, subtotal corpectomy, decompression, insertion of bone graft, followed by instrumentation (screw-rods). The technique used at the PA group

[image: Figure 2: Preoperative and postoperative ASIA sensory score]Figure 2: Preoperative and postoperative ASIA sensory score
comparing both types of thoracolumbar surgical approaches [8].

[image: Figure 3: Vertebral height preoperative and postoperative comparing]Figure 3: Vertebral height preoperative and postoperative comparing
both types of thoracolumbar surgical approaches [8].

[image: Figure 4: Average surgical time comparing both types of thoracolumbar surgical approaches [8,40].]Figure 4: Average surgical time comparing both types of thoracolumbar surgical approaches [8,40].
[image: Figure 5: Average blood loss comparing both types of thoracolumbar surgical approaches [8,40].]Figure 5: Average blood loss comparing both types of thoracolumbar surgical approaches [8,40].
[image: Figure 6: Surgical complications comparing both types of thoracolumbar surgical approaches [21,40].]Figure 6: Surgical complications comparing both types of thoracolumbar surgical approaches [21,40].
was posterior spinal exposure, laminectomy for decompression and fixation using pedicle screws, 1 segment above and below (Table 1 and 2).

Neurological (ASIA) [41] functional outcome showed a significant difference between the two surgical approaches. At the AA group, the average motor score improved from 39.2 to 69.9 after surgery, while at the PA group, improved from 39.9 to 52.8 after surgery, demonstrating a significantly better motor recovery at the AA group (AA group was 2.38 fold superior to PA). At the AA group, the average sensory score improved from 44.9 to 72.5 after surgery, while at the PA group, improved from 45.3 to 61.2 after surgery, also demonstrating a significantly better sensory recovery at the AA group (AA group was 1.74 fold superior to PA) (Table 1 and 2, Figure 1 and 2) [42].

Average vertebral height restoration of the affected vertebral body increased from 1.4 to 4.1 cm in the AA, and from 1.5 to 2.4 cm in the PA group, showing significantly superior anatomical correction of the fractured vertebral in the AA group (AA group had 3 fold more anatomical correction than PA) (Table 1 and 2, Figure 3) [42].

At the AA group, the average surgical timing and intraoperative blood loss was 217 min and 498 ml, respectively, while at the PA group, it was 154 min and 275 ml, respectively, demonstrating a significantly lesser surgical timing at the PA group (Table 1 and 2, Figure 4) [42].

Average intraoperative blood loss was 930 ml for the AA group, while for the PA group it was 512.8 ml, demonstrating a significantly lesser intraoperative bleeding (AA group had 1.81 fold more bleeding than PA) (Table 1 and 2, Figure 5) [42,44].

Discussion

Surgical intervention is usually indicated in the treatment of TL burst fractures when the patient presents with associated neurological deficit, pain, or spinal instability [43,46]. The main goal of surgical intervention is decompression of the neural elements, restoration of vertebral body height, correction of angular deformity, and stabilization. Such decompression and stabilization can be performed with anterior or posterior surgical approach, using minimally invasive or open technique, and both approaches have been associated with favorable results, as well as complications [22-28,42-44,47].

The antero-lateral through the retroperitoneal flank, diaphragm and/or transthoracic approach allows the surgeon to perform corpectomy and fusion, reconstructing the anterior and middle columns of the spine. Bone and disc fragments can be removed from the canal under direct vision. Following corpectomy, the vertebral column is reconstructed by inserting a bone graft and/or prosthesis, correcting angulation and loss in vertebral body height. When placing anterior instrumentation for immobilization and fusion, the hardware generally incorporates one vertebral body above and one below to the fracture [26-28,47,48].

When the posterior surgical route is used, access to the canal is gained by laminectomy and/or removal of the facet joints and pedicle, generally on one side, and neurological decompression is achieved by disimpaction. Posterior stabilization generally requires that the instrumentation be placed one or two levels above and below the site of injury [22-25].

The proper management of unstable TL burst fracture with neurological deficit remains challenging since the best surgical approach aims to decompress the spinal cord and/or cauda equina, increase the chance of neurological recovery, correct the localized deformity and perform a stable fixation, with acceptable risk of 031-043.

complications. There are many clinical and review articles comparing anterior versus posterior surgical approach for TL spinal fractures, but most of those studies do not differentiate patients with and without neurological deficit, including and mixing all the cases in the same sample, nevertheless, the presence of spinal cord compression and neurological deficit are important factors for the decision about the operation and surgical technique [5,30-35].

The systematic review of Scheer et al [32] addressed the management of TL fractures, in patients with and without neurological deficit. They included 272 studies published from 1992 until 2014. The level of evidence (LOE) was assessed and the result was the following: 1.5% (4) of the studies were considered LOE I; 7% (19) were LOE II; 14% (38) LOE III; 77.2% (210) LOE IV; and 0.4% (1) LOE V. They concluded that the literature contains a high LOE to support the operative management of traumatic TL burst fractures. There is a lot of controversy wether to operate on neurologically intact patients and on the appropriate surgical approach. However, there was no RCT (LOE I) comparing AA versus PA in patients with neurologic deficit.

The meta-analysis of Xu et al [34] and the systematic review of Zhu et al [35] reviewed controlled studies (level I and II of evidence) comparing anterior versus posterior approaches for TL fractures, including patients with and without neurologic deficit. They concluded that there were no significant differences in terms of neurological recovery, return to work, complications and Cobb angle between the two groups. Nonetheless, the AA was associated with longer operative time and greater blood loss than the PA group. Therefore, the reviewed literature had a large degree of heterogeneity, including patients with and without neurological deficit, lack of randomized controlled trials (RCTs), small sample sizes, and a large number of patients lost follow-up.

The studies of Stancic et al. [44] published in 2001 (LOE II), and of Hitchon et al. [43] 2006 (Level III), showed that the neurological recovery was not significantly different comparing AA versus PA in both papers (Table 1 and 2). The article of Stancic et al. [44] and the RCT of Cui et al. [44] published in 2015 (Level I), showed a significantly lesser surgical timing and blood loss at the PA in comparison with AA group (Table 1 and 2, Figure 4 and 5). The study of Hitchon et al. [43] showed that the angular deformity at the fractured area was more successfully corrected and maintained using the AA in comparison with the PA. There was no significant difference between the two approaches in the neurological recovery, SF-36 questionnaire, duration of the procedure, cost of the implant, neither in the total cost of hospitalization (Table 1 and 2).

The RCT of Cui et al. [42], the most recent (2015) and the only with LOE I, demonstrated a significantly better neurological (motor and sensory score) recovery at the AA in comparison with the PA group. The vertebral height gain and anatomical correction after surgery was also significantly superior at the AA in comparison with the PA group (Table 1 and 2, Figure 1 and 2). None of the included comparative studies were using minimally invasive techniques.
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address of corresponding author = page 1 for the review = pages 7-9 such that it could be repeated = pages 7-9 7-9 outcomes, with rationale = page 7-9 page 18 , Kendall’s τ) = table 1 and 2 N/A reporting within studies) N/A antero-lateral fixation [43]. The vertebral height restoration is also better using AA technique [42] (Table 1 and 2, Figure 3). The AA protects the integrity of the posterior column and is associated with a sustained correction of angular deformity and vertebral height maintenance as well [42,43]. The supplementation of an anterior construct with posterior instrumentation is generally unnecessary, but it may be indicated in unique cases in which there are two adjacent vertebral bodies fractures or three-column injuries [43].

The PA, however, is usually performed with shorter surgical timing, consequently, less blood loss, and better postoperative pulmonary function (Table 1 and 2, Figure 4 and 5) [42,44,49]. Nevertheless, this method may fail upon anterior spinal compression that hinders effective removal of compressed bone and disc fragments. Upon severe violent injuries, the patients with TL fractures are mainly manifested as considerable height losses of anterior and middle vertebral bodies with spinal instability, thus reducing the bearing and support forces of the anterior column. Since the spinal cord is injured by being compressed with the intervertebral disc tissues in front of the spinal dura mater and fractured bones, anterior decompression seems to be more suitable for alleviating or eliminating spinal cord compression under antero-lateral direct vision [42,50].

Postoperative complications after TL spinal surgeries include:pain, surgical site infection, implant loosening and screw breakage, pseudoarthrosis and bone grafting failure, misplaced screws, spinal deformity, pulmonary complications, urinary tract infection,among others [31,33,35]. Complications of respiratory system infection and intercostal nerve pain were not significantly different between the AA and PA, but complications of hemopneumothorax, abdominal distension, and constipation were fewer in PA group [51]. The Systematic Review of Zhu et al. [52] showed no significant difference in postoperative complications between the anterior and posterior approaches. The randomized controlled study (RCT) of Wood et al. [33] compared anterior versus posterior treatment of stable thoracolumbarburst fractures in 38 patients neurologically intact, being allocated 18 patients to PA and 20 to AA group. The authorsreported 94.4% (17/18) complications in individuals treated with PA, including late removal of painful posterior instrumentation, instrumentation breaks, and failure of posterior fixation; whereas only 15% (3/20) in patients treated with the AA, without infections nor instrumentation-related problems. However, it seems that there were fewer complications of hemopneumothorax, abdominal distension, and constipation in the PA group, because the posterior approach avoids violating the pulmonary, visceral, and vascular structures, and is less technically demanding for most of the spinal surgeons [33,51,52].

This Evidence-based Systematic Review identified an average postoperative complication rate of 11.3% (10/88) of the patients, according to the study of Stancic et al. [44] and Hitchon et al. [43] AA presented with overall less complication rate than PA group, 7.8% (4/51) versus 16.2% (6/37), respectively (Table 1 and 2, Figure 6) [43,44].

There were some limitations to this work. This is a Systematic Review of a few available studies addressing the topic, limited comparable results, and there was lack of a standardized way to describe the main results. The number and quality of the studies included was not very satisfactory.

031-043.

Classification of the Best Available Evidence

Level I of Medical Evidence (well done randomized controlled studies or systematic reviews of such studies) for Therapeutic Study [39] was provided with this Systematic Review supporting that anterior approach (AA) for decompression and fixation of the unstable thoracolumbar (TL) fractures in patients with neurological deficit was superior to posterior approach (PA) for neurological recovery(motor and sensory function) and for vertebral height restoration [42].

Level I of Medical Evidence (well done randomized controlled studies or systematic reviews of such studies) for Therapeutic Study [39] was provided with this Systematic Review supporting that posterior approach (PA) for decompression and fixation of the unstable thoracolumbar fractures in patients with neurological deficit had shorter operation time and less intraoperative blood loss than anterior approach (AA) [42,44].

Recommendations

Recommendation Grade B (fair evidence, either a single Level I study or consistent findings from multiple Level II or III studies) [39] can be formulated supporting the role of anterior approach (AA) as the preferred technique in comparison with posterior approach (PA) for the treatment of unstable thoracolumbar fracture in patients with neurological deficit, in order to improve the neurological (motor and sensory) function and to increase the vertebral height of the fractured vertebra [42].

Recommendation Grade B (fair evidence, either a single Level I study or consistent findings from multiple Level II or III studies) [39] can be formulated supporting the role of posterior approach (PA) as the preferred technique in comparison with anterior approach (AA) for the treatment of unstable thoracolumbar fracture in patients with neurological deficit, in order to reduce operation time and minimize intraoperative blood loss [42,44].

Conclusions

This Evidence-based Systematic Review of the literature demonstrated that anterior surgical approach for decompression and fixation of the thoracolumbar fractures in patients with neurological deficit increases the chance of achieving a better neurological function [42] and sustained anatomical correction of the fracture than posterior approach [42,43]. Nonetheless, posterior surgical approach group had shorter operation time and less blood loss than those patients submitted to anterior approach. The rate of general surgical complications was less in the anterior approach group in comparison to posterior approach [42,44].

There is a limited number of papers with high Level of Evidence to support any specific surgical technique for the treatment of TL fractures in patients with neurological deficit. Therefore, selection of the appropriate approach must be made cautiously and on case-bycase basis. However, according to the available medical evidence, the anterior surgical approach seems to offers better therapeutic results than posterior approach for decompression and fixation of unstable thoracolumbar fractures in patients with neurological deficit [42,43].

Directions for Future Research

A prospective multicenter registry of a higher number of cases of thoracolumbar burst fractures, in patients with neurological deficit, would allow for a more consistent outcome reporting and better comparison between different treatment modalities.
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