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Retrospective Study Protocol

TITLE: Operative Management of Pediatric Thoracolumbar Spinal Trauma

Study Summary: Retrospective chart review of pediatric patients (age 0-18) undergoing spinal surgery for thoracolumbar (TL) spinal trauma.  There is no established standard of care for the management of pediatric TL spine trauma, so literature from the adult population is extrapolated to the pediatric population. The study aims to review the characteristics of injury patterns of TL spine trauma that require surgical intervention (TLICS score and AO classification) as well as the surgical characteristics (instrumentation with fusion, instrumentation without fusion, posterior only, anterior only, anterior and posterior, EBL, reoperation rate, complication rate). This will be achieved through retrospective chart review of all TL spine trauma cases treated operatively by orthopedic departments, neurosurgery departments, or a combination of orthopedic/neurosurgery departments at high-volume CORTICES institutions with the hope of establishing standards of treatment for these injuries.

A. Specific Aims/Objectives 
Primary Aim: To determine the most frequent fracture patterns and associated treatment characteristics, and to compare intraoperative outcomes across injury and treatment variations, for pediatric thoracolumbar (TL) spinal trauma treated at CORTICES institutions. 
Primary Hypothesis: The most common fracture pattern in pediatric thoracolumbar trauma will be burst-type fractures, with posterior spinal fusion spanning two levels above and below the injured segment as the predominant surgical treatment across institutions. 
Primary Outcome: Preoperative diagnostic characteristics will include mechanism of injury, fracture classification using the AOTL trauma classification and the TLICS score. Treatment characteristics will include specifics of surgical intervention (instrumentation with fusion, instrumentation without fusion, posterior only, anterior only, anterior and posterior), instrumented levels, and institution departments involved in surgery (Orthopedics and/or Neurosurgery). Intraoperative outcomes will include estimated blood loss (EBL), neuromonitoring changes during case, and durotomy.

Secondary Aims, Hypotheses, Outcomes:
Secondary Aim 1: To estimate the frequency of reoperation and to determine the most common complications following spinal surgery for TL trauma in pediatric patients treated at CORTICES institutions. 
Hypothesis: Pediatric patients undergoing spinal surgery for thoracolumbar trauma will have a low rate of reoperation and implant related issues will be the most common complications following spinal surgery for TL trauma.
Outcome: The proportion of patients that return to the operating room and specifics of return surgery including surgery performed (I&D for infection, removal of hardware), number of additional surgeries, EBL of additional surgeries, and complications resulting from initial and additional surgeries. 
Secondary Aim 2: To determine both regional and surgeon-specific differences in the surgical management of pediatric thoracolumbar trauma, including treating surgeon specialties and surgical approaches, across CORTICES institutions
Hypothesis: There will be significant differences in the surgical management with variation in both regional treatment patterns and surgeon-specific practices, particularly regarding whether the treating surgeon is from Orthopedics or Neurosurgery. 
Outcome: Operative characteristics across four US Census regions (Northeast, Midwest, South, West)  including posterior, anterior, or combined surgical, as well as the percentage of cases treated by Orthopedics, Neurosurgery, or a combination of both. Intraoperative characteristics will include EBL, duration of surgery, and choice of operative techniques by surgical specialty.
 
B. Background and significance
Spinal injuries are much rarer in children compared to adults. Only 5 percent of pediatric fractures occur in the spine, and thoracolumbar (TL) spine fractures account for 1-2 percent of all pediatric fractures. Motor vehicle accidents are the most common cause of TL trauma in children but other common mechanisms include falls, sports injuries, and child abuse.1

Younger children (less than 8 years old) are less likely to have TL fractures as their larger head-to-body ratios lead to more cervical fractures compared to older children. Older children are more likely to participate in high-risk activities that can cause TL fractures, and their more mature spines may follow more adult-like patterns of fractures. Generally, pediatric spines are more flexible and elastic along their ligaments, have shallower facets, and include more elastic nucleus pulposuses.1

Compression fractures are the most common pediatric TL spine trauma and rarely present with neurological deficits, so nonsurgical management is utilized. Stable burst fractures with no neurologic deficits are often treated with hyperextension casting or bracing, but unstable burst fractures are usually managed surgically. Burst fractures may become unstable with focal kyphosis, significant retropulsion, lamina fracture, facet subluxation, or neurologic injury. Surgical management of unstable burst fractures is not conclusive as options include posterior instrumentation, fusion (1-2 levels above/below), and/or decompression.1

TL spinal injuries in adults are typically classified via one of 2 major systems: Thoracolumbar Injury Classification and Severity Scale (TLICS) [Figure 1] or the AO Spine TL Classification [Figure 2]. In the TLICS system, fractures are scored based on the morphology of injury (compression, burst, translational/rotation, other), neurologic involvement (intact, nerve root, complete cord, incomplete cord, cauda equina), and posterior ligamentous complex (intact, suspected/indeterminate injury, injured.) If the score is 3 points or less, conservative treatment is recommended. At 4 points, non-operative or operative treatment is recommended, and scores of 5 points or greater should be managed surgically with stabilization and/or fracture reduction.2 This system has moderate to high reliability3 and validity3,4 in adults but variability exists in how surgeons interpret the stability of the posterior ligamentous complex on MRI.5

The AO Spine TL Classification is a subset of a larger spine classification system that also includes upper cervical, subaxial cervical, and sacral spine. Injuries are classified into the following types: Type A – compression injury, Type B – failure of anterior/posterior tension band without gross translation, Type C – dislocation or rotational/displacement injuries with subtypes depending on increasing severity and instability.5,6 

These classification systems have been applied to pediatric cases in a limited capacity. A survey of 20 pediatric TL cases distributed to 20 surgeons found that TLICS had good reliability and validity for pediatrics but less so than for adults.7 A retrospective analysis of 60 patients found that the TLICS and AO Classification systems are reliable and valid in pediatrics but they do not account for the distinct fracture characteristics of different age groups.8  When it comes to treatment, there is even less consonance. One single center retrospective review of 73 patients characterized the epidemiology of general pediatric spinal trauma and analyzed surgical techniques used over a 12-year period. They found that disk ligament maturation was an important consideration in surgical management and that surgeries should occur promptly when patients present with neurological deficits. They recommended a 2 level up-and-down fixation for thoracolumbar cases.9

Due to low frequency of pediatric spine trauma, definitive guidelines for management do not exist and the current practice continues to be the 2-level up-and-down fixation. Currently management guidelines for these injuries are largely derived from adult populations and there is a significant gap in the literature specific to pediatric cases, especially regarding instrumentation levels and surgical techniques. Most of the existing literature is based on single-institution data, which lacks the breadth needed to draw generalizable conclusions. Additionally, our recent CORTICES survey has highlighted considerable variation across institutions in the treatment of pediatric thoracolumbar trauma, particularly in terms of instrumentation levels and the specialties involved in management, with some centers relying on pediatric spine surgeons and others incorporating neurosurgery. Given the variation observed, a retrospective study utilizing data from multiple CORTICES institutions will allow us to identify patterns and provide more robust evidence regarding best practices for surgical management across different regions and specialties. 

C. Preliminary Studies
From a preliminary CORTICES Variability in Care of TL Pedatric Spine Trauma survey of 18 sites, demographic data and on-call workflows were collected alongside treatment approaches to two clinical cases. The survey showed that out of nineteen surgeons that completed the survey (orthopedics: 84%, n=16; neurosurgery: 16% n=3) the arrangement for a spinal TL trauma call is as follows: both orthopedics and neurosurgery involvement (50%, 9/18), alternating orthopedics and neurosurgery (17%, 3/18), and orthopedics alone (11%, 2/18). Neurological status was the primary decider for admission to one department or another. 
[bookmark: _Int_8bCKTLa5]The two clinical scenarios presented to the group were one, a L1 injury with neurologic deficits where the primary approach by respondents taking an operative spine call was to treat with posterior spinal decompression and fusion (81%, 13/16). The most common upper instrumented level chosen was T11 (56%, 9/16), and the most common lower instrumented level was L3 (75%, 12/16). For the second case of a neurologically intact L1 injury, half (8/16) of the respondents on operative spine call preferred non-operative treatment. Among those opting for surgical management, posterior spinal fusion was the most popular (50%, 4/8), followed by posterior spinal instrumentation without fusion (25%, 2/8). T12 was the most chosen upper instrumented level (50%, 4/8), while L3 was preferred for the lower instrumented level (63%, 5/8). For a thoracolumbar injury with neurologic deficits, a moderate consensus of treatment with posterior spinal decompression and fusion was reached; however, surgeons varied in which upper and lower instrumentation levels to utilize. When the injury did not include neurologic deficits, surgeons were split on surgical and non-surgical management.

D. Design and Methods 
(1) Study Design
☒ Retrospective 
☐ Cohort   ☐ Case-cohort    ☐ Case-control   ☐ Case series
Multicenter? ☐ Yes  ☐ No  

[bookmark: _Hlk192775122](2)	Patient Selection and Inclusion/Exclusion Criteria 
Inclusion criteria:
· Pediatric patients ages 0 to 18 years of age. 
· Patient who underwent spinal surgery for thoracolumbar (TL) spinal trauma at CORTICES institutions between January 2002 and June 2025.
· Patients treated by orthopedic surgery, neurosurgery, or a combined orthopedic–neurosurgery team. 
Exclusion criteria:
· Previous history of underlying non-traumatic spinal conditions that required operative intervention.
· Spinal injuries such as contusion or distortion, exclusive ligamentous injuries, cervical and sacral fractures, and fractures of the spinous or transverse processes, and the vertebral arch. 
· Questionable fractures without clear radiologic evidence or incomplete radiological documentation.
· Fractures that were initially treated at an external hospital not part of CORTICES. 

(3)	Description of Study Treatments or Exposures/Predictors 
· Patients have been treated with an accepted standard of care for a thoracolumbar spinal trauma.

(4)	Definition of Primary and Secondary Outcomes/Endpoints 
What is Primary Outcome? 
· Fracture Patterns: The classification of thoracolumbar spinal fractures based on the Thoracolumbar Injury Classification and Severity Scale (TLICS) or AO Spine TL Classification. 
· Type of Surgical Intervention: The specific type of surgery performed, such as posterior spinal fusion, instrumentation without fusion, or other approaches (e.g., decompression or laminectomy). This indicates whether fusion is required or if instrumentation is used without fusion
· Instrumented Levels: The number of vertebral levels included in the surgical intervention, indicating the extent of spinal instrumentation or fusion (e.g., two levels above and below the injury). 
· Estimated Blood Loss (EBL): Definition: The estimated amount of blood lost during the surgical procedure, which is an important indicator of the complexity and invasiveness of the surgery.
· Surgical Approach and Technique: The specific surgical method used for treatment, such as minimally invasive versus open surgery, and details about the approach (e.g., posterior-only, anterior-posterior, or lateral approach). This may also include instrumentation choices like screw fixation versus rod fixation.
· Departments involved in surgery: The identification of which departments were involved in surgery and how they each department contributed to surgery
· Preoperative data & Injury Characteristics: 
· Date of Injury, date of surgery, admitted to which department, which department(s) assessed the patient, Location of injury (T-?), fracture classification from x-ray. Any comorbidities.  
· Intraoperative, Surgical Management and postoperative data:
· Surgical decision made, Levels fused during surgery, Complete blood work during surgery (ie. Blood loss ), halo traction, type of intraoperative imaging used, Individuals on the orthopedic surgical team (fellow, resident, second attending), Dural injury, or Bone graft conducted 
· Post-op complication details: what complication(s) occurred, any additional unexpected ED visit, hospitalization or ICU stay (readmission), any additional surgeries conducted.
· Fracture patterns: 
· TLICS (Thoracolumbar Injury Classification and Severity Scale): TLICS scores range from 0 to 12, with higher scores indicating more severe fractures. A TLICS score of ≥ 4 often indicates that surgical intervention is recommended. TLICS scores are based on three factors: (Figure 1)
· Radiographic Morphology: The type of fracture (compression, burst, etc.).
· Neurological Status: Whether the patient has any neurological deficit.
· AO Spine TL Classification is used to classify fractures by type and stability, assessing the involvement of bone and soft tissue and the fracture’s complexity. The classification categorizes fractures into types (A, B, C), with each type representing increasing levels of severity and instability. Fractures classified as type B or C typically require more complex surgical management. (Figure 2) 

At what single time point will it be assessed to evaluate the primary aim? 
We would collect type of surgical intervention (fusion versus instrumentation without fusion), fracture patterns, instrumented levels, estimated blood loss (EBL), surgical approach and technique, institution departments involved in surgery, preoperative diagnostic classification of the injury using the AOTL trauma classification and the TLICS score from the pre-operative and operative notes around the time of surgery. 

What Secondary Outcome(s) 
· Mechanism of Injury:
· Low Energy Fall- A fall from less than the height of the person
· High Energy Fall- A fall from greater than the height of the person 
· MVA/MCA/ATV- A Motor Vehicular Accident (MVA), a  Motorcycle Accident (MCA), or an All-Terrain Vehicle (ATV) accident
· Auto-Ped- Accident involving a moving vehicle and a person on foot 
· Sports 
· Other
· Postoperative Course: Course of life after the operation including but not limited to associated relevant surgeries, complications of surgery that may have occurred, specifics of the associated relevant surgeries, the number of additional surgeries, the EBL (estimated blood loss) that occurred during the additional surgeries and any relevant notes related to the initial thoracolumbar trauma surgery 
· Reoperation Rates: The frequency of patients requiring additional surgical interventions following the initial surgery, measured as the percentage of patients who return to the operating room after their initial thoracolumbar spinal surgery.
· Type of Reoperation: Irrigation and debridement (I&D), hardware removal, or revision fusion.
· Postoperative Complications: The types and frequencies of complications after surgery, including but not limited to neurological deficits, wound infections, implant failure, and venous thromboembolic events. These complications can be either related to the primary surgery or due to reoperation. 
· Surgical Specialty: The type of surgeon performing the procedure (e.g., Orthopedic spine surgeon, Neurosurgeon), identifying which specialty is predominantly responsible for pediatric thoracolumbar trauma surgery across different CORTICES institutions. 
· US Region: Institutional ID will be used to group sites into 4 regions according to the US census Bureau in Northeast, Midwest, South, West. 
When will Secondary Outcomes be assessed?
Secondary Outcomes will be assessed at either pre-operative, intraoperative or post-operative time points depending on the outcome. Overall, they will be assessed in the time around the original TL Spinal Trauma.

(5)	Data Collection Methods, Assessments, Interventions and Schedule (what assessments performed, how often) 
· Patients will be identified at each CORTICES institution using local term or code search engines depending on the institution’s capabilities (EPIC search, CPT codes, ICD-9 or ICD-10 codes)
· ICD-10 Codes [2015-Onwards]:
· S22.0: Fracture of Thoracic Vertebra
· S32.0: Fracture of Lumbar Vertebra
· S24.1: Other and unspecified injuries of thoracic spinal cord (optional)
· S34.1: Other and unspecified injury of lumbar and sacral spinal cord (optional)
· ICD-9 Codes [Prior to 2015]:
· 805.2, 805.3, 805.4, 805.5
· 806.2, 806.3, 806.4, 806.5
· CPT Codes:
· 22556
· 22610
· 22612
· 22630
· 22633
· 22800
· 22802
· 22804
· 22842
· 22843
· 22844
· 63003
· 63016
· 63042
· 63046
· 63047
· 63055
· 63056
· 63057
· 63064
· Each site will retrospectively collect preoperative, surgical and postoperative information from charts and enter it directly into our BCH REDCap
· Data entry will be standardized with a Data Entry Guide and a Launch meeting to teach the coordinators and PIs involved proper data entry 

(6)	Study Timeline (as applicable)
· Research Committee Approval 
· Alpha Test to be conducted by BCH in November 2025 – February 2025
· Beta Test estimated start February 2026
· To be Launched to 5 CORTICES beta sites and presented to CORTICES members at POSNA 2026 Las Vegas in May for review
· Upon modifications of study from POSNA comments, a Full Launch with all Study sites will be conducted in May/June of 2026
· August/September 2026: Data Cleaning will occur 
· October 2026: Statistician will conduct analysis with the Data Analysis Plan
· November 2026: Manuscript writing will begin

E. Data Management Methods 
Where will data be entered and stored?  Check all that apply.
☒  REDCap  ☐ Excel  ☐ Other, specify:
	If multiple checked, please specify why:
Will anyone outside BCH need access to REDCap? ☒ Yes    ☐ No    ☐ N/A  
	
F. Quality Control Method
To minimize the risk of loss of patient data and maintain data according to institutional guidelines, we will use REDCap™ as the primary receptacle of our data management. REDCap™ is a secure software toolset and workflow methodology for electronic collection and management of research data. Real-time validation rules (with automated data type and range checks) at the time of entry will be incorporated by the BCH team at the time of project development. 
 
Access to the REDCap ™ database will be set during the creation of the project assigning access to only members specified in the CORTICES Registry IRB protocol (BCH: IRB-P00036058) and participating institutions after local IRB and DUA requirements are met and verified by the BCH team. In addition, data collected will be recorded in such a manner (coded) that subjects will not be directly identified. The key code will be stored in a password-protected computer file only accessible to research personnel at each internal CORTICES site. All data entered into REDCap will have their own assigned unique study ID per patient and each institution will have a two-digit prefix unique to their site. Information about study subjects will be kept confidential and managed according to the requirements of the Health Insurance Portability and Accountability Act of 1996 (HIPAA).
 
To ensure standardized data entry across sites the team proposing the study will create and share a “data entry guide” document outlining variable definitions and measurement guidelines. All participating sites are responsible for their own data collection and entry into REDCap using proper methods. 
 
An ‘alpha testing” will be conducted by the proposing institution using their own patients. A “beta testing” period with 3-5 institutions (including BCH) will be conducted in order to test REDCap project features such as branching logic, detect errors, and change any variable option before rolling out the study to all sites. Any data entered at the end of the testing period will have to be modified or cleaned according to the latest and final version of the codebook approved by the lead team at BCH and the team proposing the study. 
 
After data entry has been finalized, the research team at BCH will generate individual data cleaning sheets that will be shared to each participating institution to address any missing data point or questionable entry. Each site will have up to 4 weeks to clean their data queries in order to be added to the final dataset for analysis.  
 
If the analysis will be performed by BCH’s statistician, it will be required to have a Data Analysis Plan document mapping variables and requested tables and graphs prior to analysis. BCH will be in charge of generating the dataset for the BCH statistician or sending the data securely for analysis to other statistician from a CORTICES participating institution.

G. Data Analysis Plan (Statistician should write this section)
Injury and treatment characteristics will be summarized for the cohort. Intraoperative outcomes including EBL, neuromonitoring changes, and durotomy will be stratified for the most frequent fracture patterns as well as by treatment intervention variants. For secondary aims, the proportion of cases that required reoperation will be estimated along with a 95% confidence intervals. The proportions of primary complications will be summarized and compared across fracture pattern and treatment variant groups via multivariable logistic regression analysis. Lastly, injury and treatment characteristics will be stratified and compared across regions, as well as across surgeon specialties. Multivariable binomial and multinomial logistic models will be considered in the presence of confounding factors.

H. Statistical Power and Sample Size Considerations (Statistician should write this section)
Preliminary assessment across sites indicates that we expect approximately 400 patients across all sites with TL fracture over the study period. Depending on actual frequency of each AO spine class, approximately 100 patients per primary classification (A B, C) would provide precision around estimates to within 5% of the true value. In addition, the total sample size of 400 will provide ample power for primary and secondary analyses including bivariate comparisons and multivariable analyses with up to 20 covariates. 

I. Study Organization 
CORTICES PI: Daniel Hedequist MD & Craig Birch MD
CORTICES Co-Investigator(s): Benjamin Shore MD MPH, Ying Li MD, Vidyadhar (Salil) Upasani MD, Benjamin Sheffer MD, Julia Sanders MD.
CORTICES Coordinator(s): Saurav Pandey; Fernanda Canizares
Statistician: Patricia E. Miller PhD
If multicenter, who is lead site?	
 ☐ N/A ☒ BCH  ☐ Other, include site name and PI: 
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Thoracolumbar Injury Classification and Severity (TLICS) Score
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