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Retrospective Study Protocol

TITLE: Femoral Neck Fractures in Children and Young Adults 

Study Summary: The purpose of this study is understand the incidence, treatment, and adverse outcomes of femoral neck fractures in ambulatory patients between the ages of 2 and 25 years old. We plan to obtain a large retrospective cohort of patients treated or followed-up at participating CORTICES institutions between January 2010 and June 2024.

A. Specific Aims/Objectives 
Primary Aim: To determine the incidence and risk factors of adverse outcomes (AVN, non-union, repeat surgery, etc.) after femoral neck fractures.
Primary Hypothesis: Various patient characteristics (i.e older age), treatment factors (delayed surgical intervention), and imaging data (i.e severe displacement) will be significantly associated with higher incidence of adverse outcomes following femoral neck fractures in children treated at CORTICES institutions. 
Primary Outcome: The occurrence of adverse outcomes (AVN, non-union, repeat surgery, etc)., risk factors for adverse outcomes (imaging and clinical measures) out of all femoral neck fractures treated or followed-up with at participating CORTICES institutions between 2010 and 2024.

Secondary Aims, Hypotheses, Outcomes:
Aim 1: To identify demographic and injury characteristics that are common in patients who experience femoral neck fractures in patients treated or followed-up with at participating CORTICES institutions.
Hypothesis: We expect that patients who have experienced a femoral neck fracture will be more frequently male, have above average BMI, and have high frequency of underlying medical conditions. 
Outcome: There is no specific outcome for this aim, but we plan to summarize patient demographic, injury, and treatment characteristics for patients who experience a femoral neck fracture.


B. Background and significance:
Femoral neck fractures are uncommon injuries in children and adolescents, often associated with higher-energy injuries and/or metabolic disorders. Every aspect of treatment of femoral neck fractures is controversial, including timing of surgery, technique of reduction, capsulotomy, type of fixation, number of screws, etc. We know that adverse outcomes are not uncommon, but the reported rate in the literature is 0-53%, showing the low levels of evidence available. 

The latest systematic review of the literature published:
Xin P, Li Z, Pei S, Shi Q, Xiao L. The incidence and risk factors for femoral head necrosis after femoral neck fracture in pediatric patients: a systematic review and meta-analysis. Journal of Orthopaedic Surgery and Research. 2023 Dec;18(1):1-1.

This study included all case series in the English literature with no time limit. They found 30 papers, with a total of 1185 patients, and 303 cases of AVN, published from 1962-2022. There is only one study with over 100 patients (Wang et al, 2019, with 239 patients from 8 centers in China). The rest of the literature consists of series with an average of 30-50 patients. 

The reported AVN in the literature ranges from 0% to 53%, reflecting the heterogeneity of the published data. 

Other notable papers include the Spence et al. study from BCH, with 72 patients and a 29% rate of AVN:
Spence D, DiMauro JP, Miller PE, Glotzbecker MP, Hedequist DJ, Shore BJ. Osteonecrosis after femoral neck fractures in children and adolescents: analysis of risk factors. Journal of Pediatric Orthopaedics. 2016 Mar 1;36(2):111-6.

Overall, the quality of evidence is very low. While the results have not been consistent, there are similar patterns in the literature: initial displacement, fracture location, and time to fixation are important determinants of adverse outcomes. The impact of capsulotomy, fixation type, and other surgical factors have been inconsistent predictors. 

Given the nature of femoral neck injuries, a multi-center study capturing the important data with a large enough sample size could answer several questions.

C. Preliminary Studies
No study has yet been published by the CORTICES group on femoral neck fractures. The literature is mostly case series of small size. This database will help answer several questions on outcomes of femoral neck fractures in children. 

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

(2)	Patient Selection and Inclusion/Exclusion Criteria 

Inclusion:
•	Patients with femoral neck fracture defined as Delbet 1, 2, 3, and 4 fractures distal to the physis and proximal to the lesser trochanter, or Salter Harris 2 fractures. 
•	Presented between 1/10/2010 and 5/30/2025
•	Age 2 to ≤ 16 years at date of injury presentation
•	Presented at, transferred to, or followed up at a CORTICES-participating institution. Patients who were not initially treated at a participating center will be included if injury films are available. These patients will then analyzed by subgroup analysis based on where the surgical intervention took place.  
•	Patient should be ambulatory prior to injury
•	Patients who are non-ambulatory or with poor bone quality (CP, arthrogryposis, SMA, Spina bifida, etc) will be included but noted on inclusion sheet as “non-ambulatory at baseline” and/or “abnormal bone quality”
•	Minimum imaging requirements: Initial injury films and at least one follow-up image. For Patients who underwent surgery, intra-op or early post-op is also required.   

Exclusion:
•	Atraumatic physeal injuries: Slipped Capital femoral epiphysis (ICD-9 732.2 or ICD-10 code M93.0)


(3)	Description of Study Treatments or Exposures/Predictors 
Patient characteristics (e.g., demographics), treatment characteristics (e.g., surgical table use, capsulotomy, hardware used, etc.), imaging data (e.g., fracture location and type, displacement, etc.)

(4)	Definition of Primary and Secondary Outcomes/Endpoints 
What is Primary Outcome? 
Incidence of adverse outcomes as defined by AVN, non-union, or unplanned return to the OR. 

At what single time point will it be assessed to evaluate the primary aim? 
For patients with adverse outcomes, the timepoint where the adverse outcome is diagnosed.
For those without identifiable adverse outcomes, the latest follow-up date free from adverse outcome will be recorded. 

How is it measured and what “score” is considered significant?
Imaging will be used to measure adverse outcomes, including AVN and non-union. Significant changes in the shape and sphericity of the femoral head on plain radiographs after surgery is considered AVN, and will be quantified according to the Ficat classification. Non-union is defined as non-healing of the fracture at 6 months post-surgery. This is also measured on x-rays, with the presence of a fracture line and/or changes in alignment of the femoral neck. Return to the operating room will be extracted from the charts, and is a binary outcome. 

Secondary Outcome(s) and when it/they will be assessed? 
For the secondary aim, we plan to collect comprehensive demographic, injury, and treatment characteristics on all patients with femoral neck fractures as defined in our inclusion criteria. See section D5 for comprehensive list of variables.

(5)	Data Collection Methods, Assessments, Interventions and Schedule (what assessments performed, how often) 
Participating centers will run a query of their patient data for ICD-9 and ICD-10 codes of interest provided in the data entry guide. Charts will be reviewed against the inclusion and exclusion criteria. Research coordinators at each site will be responsible for the collection of all necessary data for this study. All data will be collected directly from sites’ own medical records and imaging databases, and trained research coordinators will enter it into a REDCap database that will be hosted by Boston Children’s Hospital. Data entered into the REDCap by participating sites will be de-identified, with the exception of dates relating to visits, date of images and procedures.

Medical records will be reviewed to obtain patient demographic, injury, treatment, and postoperative course. 

Data to be collected includes:
1) Patient characteristics: 
a)	Age, Sex
b)	Height, weight, BMI and BMI percentile 
c)	Zip code 
d)   Ambulatory status
e)	History of fractures or metabolic disease that affects bone density.
f)	History of soft bone disorders 
g)	Medications 

2) Injury characteristics:
a)	Mechanism of injury (high-energy vs low energy)
b)	Poly-trauma status (multiple fractures, need for ICU care, intubation, etc.)
c)	Open vs. closed fracture
d)	Prodromal symptoms prior to the fracture

3) Treatment characteristics:
a)	Surgical table used (Hana table, traditional fracture table, flat Jackson)
b)	Skeletal traction 
c)	Surgical approach: Anterior, Anterolateral, lateral, poke holes vs incision for screws, surgical dislocation approach (multiple choice)
d)	Whether the fracture reduced closed or open.
e)	Hardware used: k-wires, cannulated screws, screw + side plate (DHS, FNS, etc.), angled blade plate, locking plate, intramedullary nail
f)	Was capsulotomy done, and if so, was it through and open approach or percutaneous (e.g., using a Cobb elevator).
g)	Time in the OR: this will be used for patients with isolated femoral neck fractures.

4) Post-operative course:
a)	Time to full weight bearing (if available)
b)	Referral to bone health 
c)	Adverse outcomes, their treatment, and outcomes when available

5) Imaging: Anonymized images will be uploaded when available to the BCH REDCap secure server. One surgeon volunteer at each site will take the lead and measure xrays. The following data is of interest:
a)	Injury studies, including plain films and advanced imaging when available.
b)	Intra-operative films, if available. 
c)	First post-operative imaging.
d)	Imaging at the time of an adverse event.
e)	Imaging at final follow-up.

6) Injury studies will be reviewed, and the following data recorded:
a)	Fracture location: A line is drawn parallel to the femoral neck from the physis to the lateral femoral cortex. This distance will be divided in thirds. The proximal third is Type I, middle third Type II, and the lateral third will be defined as type III. The most medial aspect of the fracture line will be used. 
b)	Fracture displacement (percentage relative to the neck width) and angulation on AP and lateral views. CT scans are preferred if available.
c)	Fracture type: Incomplete, complete, stress, impacted.
d)	Skeletal maturity: status of the physis, Oxford score.

Intra-operative or early post-operative plain films will be used to determine the reduction quality: perfect reduction (displacement <10%, angulation <5 degrees), minimal malreduction (displacement 10-25%, angulation 5-15), malreduced (displacement >25%, angulation >15). Final imaging will be assessed for evidence of AVN, mal and non-union, and joint penetration by hardware. AVN is defined and graded by the Ficat classification.

(6)	Study Timeline (as applicable)
Approval of the protocol and REDCap June 2025
IRB submission and DUAs at participating centers July 2025
Beta test 5 sites launch: December 2025
Data analysis preliminary results: May 2026 
Launch to all other sites: May-September 2026
Submission of abstract POSNA: October 2026 
Complete data collection: December 2026
Final Analysis: February 2027

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  

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. 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. BCH will host the REDCap for any retrospective study and 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 in a file only accessible internally to research personnel at each 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. Private health 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).	

F. Quality Control Method
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. Centers will be responsible for quality control for chart data. To standardize the imaging data, each site will have a lead surgeon who will measure imaging. 

An alpha testing period will be performed initially by the site proposing the study. Following, 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 2 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)
The incidence of adverse events in patients aged 2 to 16 years old at participating CORTIES institutions will be estimated as the number of patients who experience an adverse event divided by the total number of femoral neck fractures in our cohort. The incidence will be reported as a percent along with a 95% confidence interval. Univariable and multivariable logistic regression analyses will be conducted to assess patient factors associated with an increased incidence of adverse outcome. For secondary aims, patient demographic, injury, and treatment characteristics will be summarized for the cohort. Comparisons to population norms or other fracture cohorts may be considered where data are available. 


H. Statistical Power and Sample Size Considerations (Statistician should write this section)
Given the enrollment of participating CORTICES institutions, we expect to have over 300 patients in the final sample. Power analysis determined that an expected sample of 300 patients would provide precision for a confidence interval as small as 3% wide if the true incidence of adverse outcome is 1% up to a confidence interval as wide as 11.6% if the true incidence of adverse outcome is 50%. This was based on estimating a two sided confidence interval with alphas set to 5%. 

I. Study Organization 
CORTICES PI: Jill Larson, MD
CORTICES Co-Investigator(s): Soroush Baghdadi, MD  
CORTICES Coordinator(s): Fernanda Canizares, Saurav Pandey, Amanda Kass. 
Statistician: Patricia Miller, PhD
If multicenter, who is lead site?	
 ☐ N/A ☐ BCH  ☒ Other, include site name and PI: Lurie Children’s Hospital of Chicago, Co-PIs: Larson. 
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