
Journal of Orthopaedic Trauma Publish Ahead of Print
DOI: 10.1097/BOT.0000000000001773

Fixation using Alternative Implants for the Treatment of Hip Fractures (FAITH-2): The 

Clinical Outcomes of a Multi-Centre 2x2 Factorial Randomized Controlled Pilot Trial in 

Young Femoral Neck Fracture Patients 

Writing Committee: Gerard P. Slobogean1 (Co-Chair), Sheila Sprague2,3 (Co-Chair) PhD, 

Sofia Bzovsky2 MSc, Taryn Scott2 MSW, MSc, Lehana Thabane3 PhD, Diane Heels-

Ansdell3 MSc, Robert V. O’Toole1 MD, Andrea Howe1 BS, Greg E. Gaski4 MD, Lauren 

C. Hill4 BS, CCRC, Krista M. Brown4 MS, CCRC, Darius Viskontas5 MD, Mauri Zomar6

CCRP, Gregory J. Della Rocca7 MD, PhD, FACS, Nathan N. O’Hara1 MHA, and Mohit 

Bhandari1,2 MD, PhD, FRCSC, FAITH-2 Investigators* 

1R Adams Cowley Shock Trauma Center, Department of Orthopaedics, University of 

Maryland School of Medicine, 22 South Greene Street, Baltimore, Maryland, 21201, 

USA 

2Division of Orthopaedic Surgery, Department of Surgery, McMaster University, 1280 

Main Street West, Hamilton, Ontario, L8S 4L8, Canada 

3Department of Health Research Methods, Evidence, and Impact, McMaster University, 

1280 Main Street West, Hamilton, Ontario, L8S 4L8, Canada 

4Department of Orthopaedic Surgery, Indiana University School of Medicine, 

Indianapolis, Indiana, 46202, USA 

5Department of Orthopaedics, University of British Columbia, New Westminster, British 

Columbia, V6T 1Z4, Canada 

ACCEPTED

_______________________________________________

This is the author's manuscript of the article published in final edited form as:

Slobogean, G. P., Sprague, S., Bzovsky, S., Scott, T., Thabane, L., Heels-Ansdell, D., O’Toole, R. V., Howe, A., Gaski, G. E., Hill, L. 
C., Brown, K. M., Viskontas, D., Zomar, M., Della Rocca, G. J., O’Hara, N. N., Bhandari, M., & Investigators*, F.-2. (2020). Fixation 
Using Alternative Implants for the Treatment of Hip Fractures (FAITH-2): The Clinical Outcomes of a Multicenter 2 × 2 Factorial 
Randomized Controlled Pilot Trial in Young Femoral Neck Fracture Patients. Journal of Orthopaedic Trauma, 34(10), 524–532. 
https://doi.org/10.1097/BOT.0000000000001773

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by IUPUIScholarWorks

https://core.ac.uk/display/344336382?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.1097/BOT.0000000000001773


2

6Division of Orthopaedics, Fraser Health Authority, New Westminster, British Columbia, 

V3L 3W2 

7Department of Orthopaedic Surgery, University of Missouri, Columbia, Missouri, 

65212, USA  

Correspondence: Gerard P. Slobogean, Department of Orthopaedics, University of 

Maryland School of Medicine, R Adams Cowley Shock Trauma Center 22 South Greene 

Street, Baltimore, Maryland, USA, Tel: 410-328-6280, Fax: 410-328-2893, Email: 

gslobogean@som.umaryland.edu 

Presented in part or as a poster at the Annual Meeting of the Canadian Orthopaedic 

Association (COA) Annual Meeting, Montreal, QC, June 19-22, 2019 and at the 

Orthopaedic Trauma Association (OTA) Annual Meeting, Denver, CO, September 25-28, 

2019. 

Source Of Funding: The trial was supported by research grants from the Canadian 

Institutes of Health Research (MOP-130271 and MTO-130912), McMaster Surgical 

Associates, and Hamilton Health Sciences (NIF 13329). The trial funders had no role in 

the trial design, data collection, data analysis, data interpretation, or writing of the report. 

The corresponding author had full access to all the data in the trial and had final 

responsibility for the decision to submit for publication. 

The authors report no conflicts of interest related to this work. ACCEPTED

Copyright � 20 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.20



3

FAITH-2 INVESTIGATORS 

Writing Committee: Gerard P. Slobogean (Co-Chair), Sheila Sprague (Co-Chair), Sofia 

Bzovsky, Taryn Scott, Lehana Thabane, Diane Heels-Ansdell, Robert V. O’Toole, 

Andrea Howe, Greg E. Gaski, Lauren C. Hill, Krista M. Brown, Darius Viskontas, Mauri 

Zomar, Gregory J. Della Rocca, Nathan N. O’Hara, and Mohit Bhandari; 

Steering Committee: Gerard P. Slobogean (Co-Chair, University of Maryland), Mohit 

Bhandari (Co-Chair, McMaster University), Sheila Sprague (McMaster University), Earl 

Bogoch (St. Michael’s Hospital), PJ Devereaux (McMaster University), Gordon Guyatt 

(McMaster University), Martin J. Heetveld (Spaarne Gasthuis, Haarlem), Kyle Jeray 

(Greenville Health System), Susan Liew (The Alfred), Robert V. O'Toole (University of 

Maryland), Andrew N. Pollak (University of Maryland), Emil H. Schemitsch (University 

of Western Ontario), Marc Swiontkowski (University of Minnesota), Lehana Thabane 

(McMaster University); 

Principal Investigators: Gerard P. Slobogean (Co-Chair, University of Maryland), 

Mohit Bhandari (Co-Chair, McMaster University), 

Methods Centre: Sheila Sprague (Co-Investigator); Dale Williams (Co-Investigator); 

Sofia Bzovsky, Kim Madden, Alisha Garibaldi, Taryn Scott (Project Managers); Diane 

Heels-Ansdell (Statistical Analysis); Lisa Buckingham (Data Management); Nicole 

Simunovic (Grants Management) (McMaster University); Martí Bernaus (Research 

Fellow, Hospital Universitari Mútua Terrassa); 

ACCEPTED

Copyright � 20 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.20



 4

Data and Safety Monitoring Committee: Eleanor M. Pullenayegum (The Hospital for 

Sick Children), Matthew Menon (University of Alberta), David Teague (University of 

Oklahoma Health Sciences Center); 

 

Adjudicator: Gregory J. Della Rocca (University of Missouri); 

 

Clinical Sites: 

Canada:  

Richard J. Jenkinson, Hans J. Kreder, David J.G. Stephen, Markku Nousiainen, Diane 

Nam, Patrick Henry, John Iazzetta, Katrina Hatzifilalithis, Katrine Milner, Monica Kunz, 

Aimee Theriault, Wesley Ghent, Araby Sivananthan, Fathima Adamsahib, Danyella Dias, 

Abeer Wasim, Ravianne Tuazon, Katerina Polihronidis (Sunnybrook Health Sciences 

Centre); 

 

Emil H. Schemitsch, Aaron Nauth, Michael D. McKee, Jeremy A. Hall, Earl Bogoch, 

Daniel Whelan, Timothy Daniels, Sarah Ward, Henry Ahn, James Waddell, David 

Walmsley, Amit Atrey, Laura Parsons, Ann Dowbenka, Gitana Ramonas, Milena R. 

Vicente, Jennifer T. Hidy, Paril Suthar, Melanie MacNevin (St. Michael’s Hospital); 

 

Darius Viskontas, Robert McCormack, Farhad Moola, Bertrand Perey, Trevor Stone, 

Kelly Apostle, Dory Boyer, H. Michael Lemke, Mauri Zomar, Karyn Moon, Raely 

Pritchard (Moon), Brenda Chen Fan, Bindu Mohan (University of British Columbia / 

Fraser Health Authority – Royal Columbian Hospital); 

ACCEPTED

Copyright � 20 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 20



 5

 

Pierre Guy, Kelly Lefaivre, Peter O’Brien, Henry Broekhuyse, Piotr Blachut, Dean 

Malish, Jeffrey Potter, Raman Johal, Irene Leung, Benita Okocha, Jessica Peattie, 

Abdullah Mamun (University of British Columbia/Vancouver General Hospital);  

 

Steven Papp, Wade Gofton, Allan Liew, Sherry Weir, Darren M. Roffey, Nicole Harris, 

Julia Foxall (The Ottawa Hospital – Civic Campus); 

  

Andrew Furey, Keegan Au, Daniel Squire, Peter Rockwood, Ashley Buck, Karen Ryan, 

Garrett Wells, Zeta Hannaford, Valisha Keough, Erin Baker, Sarah Anthony (Memorial 

University); 

 

USA:  

Mark Richardson, Thomas DiPasquale, Paul Muccino, Troy Caron, Adrienne Brandon, 

Krystal Swasey, Tara Moore (York Hospital) ;  

 

David Hubbard, John France, Michelle A. Bramer, Brock Lindsey, Benjamin Frye, 

Matthew Dietz, Adam Klein, George K. Bal, E. Barry McDonough, John P. Lubicky, 

Scott Daffner, T. Ryan Murphy, Lisa Giblin Sutton, Sheila Rye, Nina Clovis, Sherri 

Davis (West Virginia University) ; 

 

ACCEPTED

Copyright � 20 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 20



 6

Robert A. Hymes, Cary C. Schwartzbach, A. Stephen Malekzadeh, Jeff E. Schulman, 

Michael Holzman, Anastasia Lialios-Ramfos, Lolita Ramsey, Sharon Haaser (Inova 

Fairfax Medical Campus);  

 

Gudrun Mirick Mueller, David Templeman, Andrew Schmidt, Tzivia Leviton, Jerald R. 

Westberg (Hennepin County Medical Center); 

 

Saam Morshed, Eric Meinberg, Paul Toogood, David Shearer, Murat Pekmezci, Paul 

Knaus, Sara McFarland, Tigist Belaye, Eleni Berhaneselase, Johnathan Kwong 

(University of California, San Francisco); 

 

Robert V. O'Toole, Andrew N. Pollak, Gerard P. Slobogean, Christina Boulton, 

Christopher LeBrun, Jason W. Nascone, Marcus F. Sciadini, Raymond Pensy, Theodore 

Manson, W. Andrew Eglseder Jr., Andrea L. Howe, Daniel Connelly, Katherine Ordonio, 

Raza Zaidi, Yasmin Degani, Merryjessica Fuerst, Carrie Schoonover, George Reahl, 

Katherine Ordonio, Peter Berger, Ryan Montalvo, Dimitrius Marinos, Daniel 

Mascarenhas, Joshua Rudnicki (University of Maryland);  

 

Clifford B. Jones, Sarim Ahmed, Norman Chutkan, Michael Lucero, Jason Lowe, Russell 

Meldrum, Sarim Ahmed, Niloofar Dehghan, Ryan DiGiovanni, Pierce Johnson, Sean 

Karr, Sean Mitchell, Robert Walker, Debra L. Sietsema, Cyndi Ventry, Susan Mauro, 

Karen Walsh, Bonnie Sumner, Taylor Dykes, Michael Duran, Blake Eyberg, Joseph 

Walker, Collin Barber, Jessica Burns, Jill Goodwin, Ryan Shelhamer, Joshua Hustedt, 

ACCEPTED

Copyright � 20 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 20



 7

Damien Richardson, Julie Robbins (The Center for Orthopedic Research and 

Education (CORE) Institute); 

 

Greg E. Gaski, Todd O. McKinley, Walter W. Virkus, Laurence B. Kempton, Anthony T. 

Sorkin, Roman Natoli, Charles Lieder, Landon Fine, Lauren C. Hill, Krista M. Brown, 

Lakye Deeter (Indiana University Health Methodist Hospital); 

 

Jennifer Hagen, André Spiguel, Kalia Sadasivan, Matthew Patrick, Melissa Johnson, 

Susan Beltz, Elizabeth Agustin, Chris Koenig, Sonya Brisbane (University of Florida); 

 

Clinical Co-Investigators: 

Canada:  

Tudor V. Tufescu and Nigar Sultana (Health Sciences Centre Winnipeg); 

 

Ryan Bicknell, Heather Grant, Fiona Howells (Queen’s University); 

 

USA:  

Todd M. Oliver, Michelle Vogt, Vicki Jones, Tina Carter (Boone Hospital Center – 

Columbia Orthopaedic Group); 

 

Edward Westrick and Traci Salopek (Allegheny General Hospital); 

 

Aaron Perdue; Joel J. Gagnier, James Goulet, Mark Hake (University of Michigan);  

ACCEPTED

Copyright � 20 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 20



 8

 

Andrew J. Marcantonio, Michael S.H. Kain, Craig Donahue, Cynthia Carter, John S. 

Garfi (Lahey Hospital & Medical Center); 

 

Australia: 

Susan Liew, Anne Mak, Zoe Murdoch (Alfred Health);  

 

ABSTRACT  

Objective: To assess whether fixation method and vitamin D supplementation impact the 

risk of patient important outcomes within 12 months of injury in non-geriatric femoral 

neck fracture patients. 

Design: Pilot factorial randomized controlled trial. 

Setting: 15 North American clinical sites. 

Participants: 91 adults aged 18-60 years with a femoral neck fracture requiring surgical 

fixation. 

Intervention: Participants were randomized to a surgical intervention (sliding hip screw 

or cancellous screws) and a vitamin D intervention (vitamin D3 4,000 IU daily versus 

placebo for 6 months). 

Main Outcome Measurements: The primary clinical outcome was a composite of patient 

important complications (re-operation, femoral head osteonecrosis, severe femoral neck 

malunion, nonunion). Secondary outcomes included fracture healing complications and 

radiographic fracture healing. 
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Results: 86 participants with a mean age of 41 years were included. We found no 

statistically significant difference in the risk of patient important outcomes between the 

surgical treatment arms (hazard ratio (HR) 0.90, 95% CI 0.40-2.02, p=0.80) and vitamin 

D supplementation treatment arms (HR 0.96, 95% CI 0.42- 2.18, p=0.92). 

Conclusions: These pilot trial results continue to describe the results of current fixation 

implants, inform the challenges of improving outcomes in this fracture population, and 

may guide future vitamin D trials to improve healing outcomes in young fracture 

populations. Although the pilot trial was not adequately powered to detect treatment 

effects, publishing these results may facilitate future meta-analyses on this topic.   

Level of Evidence: Therapeutic Level II 

Keywords: clinical protocols; femoral neck fractures; fracture fixation, internal; vitamin D; randomized 

controlled trial 

INTRODUCTION  

Femoral neck fractures in non-geriatric adults represent a distinct and challenging hip 

fracture population.  The differences in physiology, injury characteristics, and activity 

level warrant a different treatment pathway compared to elderly fracture patients.1–3 

Internal fixation methods, using either cancellous screws (CS) or a sliding hip screw 

(SHS), are used to manage most femoral neck fractures in patients ≤60 years.3 Despite 

internal fixation being the standard of care for treating younger adults with femoral neck 

fractures, there is no conclusive clinical evidence to determine if the CS or the SHS is the 

best device to use in this patient population.4  
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In addition to the lack of consensus for the optimal fixation device, it is plausible that 

non-surgical treatments could also improve fracture healing outcomes. Vitamin D is an 

essential nutrient for bone health and experimental animal studies suggest it may also 

play an important role in fracture healing.5–9 Numerous observational studies have 

reported that nearly 75% of healthy adult fracture patients between the ages of 18-50 

have vitamin D deficiency or insufficiency5,6 Moreover, circulating vitamin D levels have 

been reported to acutely decrease following a fracture.6,7,10–13 Therefore, vitamin D 

supplementation for young femoral neck fracture patients may be an effective non-

surgical adjuvant therapy to improve healing outcomes.6,14,15  

Recognizing the controversies surrounding implant selection and the unknown effect of 

vitamin D supplementation for young femoral neck fracture patients, we conducted the 

Fixation using Alternative Implants for the Treatment of Hip Fractures (FAITH-2) pilot 

trial.  The primary clinical research objective of the FAITH-2 pilot trial was to determine 

whether fixation with a SHS and supplementation with vitamin D independently lowered 

the risk of patient important complications during the 12-month post-injury follow-up 

period in young adults (ages 18-60) with femoral neck fractures. Details of the feasibility 

and vitamin D supplementation adherence of the FAITH-2 pilot trial are reported 

separately.16 Since these analyses demonstrated a multicenter definitive trial was not 

feasible, we present the clinical outcomes data for the pilot trial.  We considered all 

clinical analyses of the pilot trial data as exploratory.ACCEPTED
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MATERIALS AND METHODS 

Trial Design  

FAITH-2 was a pilot trial conducted to determine the feasibility of a definitive 2x2 

factorial design randomized controlled trial (RCT) comparing the two surgical implants 

plus vitamin D supplementation versus placebo for the treatment of femoral neck 

fractures in young adult patients (ages 18-60). A previously published protocol 

manuscript details the trial objectives and methods.2 The trial was registered with 

ClinicalTrials.gov, number NCT01908751, and it was approved by the Hamilton 

Integrated Research Ethics Board (#13-807) and by all participating clinical sites’ 

research ethics boards/institutional review boards.  

 

Participants  

We randomized patients with a femoral neck fracture requiring fracture fixation across 15 

clinical centers in the USA and Canada. Eligible patients were adult men and women 

aged 18 to 60 years with a femoral neck fracture. All fracture patterns (subcapital, 

midcervical, or basicervical) amenable to both surgical treatments (SHS and CS) were 

eligible.  Patients with osteoporosis or other bone metabolism disorders were excluded. 

Ipsilateral femoral shaft fractures treated with retrograde nailing or plating were eligible 

for inclusion, as well as patients with multiple trauma.  

 

Surgical Procedures 

Participants allocated to the CS group received multiple cancellous screws with a 

minimum diameter of 6.5 mm. Participants allocated to the SHS group received a single 
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larger diameter partially threaded screw affixed to the proximal femur with a side-plate. 

Surgeons were permitted to use any fixed-angle plate construct which included a large 

diameter screw or blade that could slide within the plate. Surgeons were also allowed to 

use additional derotation screws and buttress plates.  

 

Procedures for Vitamin D Supplementation 

Vitamin D supplementation was administered upon hospital discharge or within two 

weeks of the participant’s femoral neck surgery, whichever came first. Participants 

allocated to the vitamin D group received a bottle of 2,000 IU vitamin D drops (Ddrops®, 

Ddrops Company) and were instructed to take two drops daily for six months, for a total 

daily dose of 4,000 IU. Participants in the placebo group received an identical bottle of 

placebo drops with no active ingredient.  

 

Follow-up Schedule  

Participant follow-up visits occurred post-operatively, and at 6 weeks, 3 months, 6 

months, 9 months, and 12 months post-fracture.  

 

Primary Clinical Outcome 

The primary clinical outcome for the pilot trial was a composite of patient important 

outcomes that occurred within the 12 months from the index surgery.  A participant was 

classified as having the primary clinical outcome if they experienced one or more of the 

following patient important outcomes: 1) re-operation, defined as any unplanned surgery 

related to the treatment of the femoral neck fracture; 2) femoral head osteonecrosis as 

ACCEPTED

Copyright � 20 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 20



 13

reported on any follow-up medical imaging study 3) severe femoral neck malunion, 

defined as shortening of >10mm in any plane on follow-up x-rays; or, 4) nonunion, 

defined as the failure of the fracture to progress towards healing defined as a 

Radiographic Union Score for Hip (RUSH) below 18, at 6 months or greater post-

injury.17 The individual complications within the composite outcome were chosen to 

balance a feasible one-year follow-up timeline and the likelihood of a clinically important 

event. For example, asymptomatic or “pre-collapse” femoral head osteonecrosis was 

included because many of these cases will not progress to full collapse or reoperation 

until more than 12-months post-injury.  

 

Secondary Clinical Outcomes 

The secondary outcomes for the pilot trial included fracture healing complications and 

radiographic fracture healing. Fracture healing complications included wound healing 

problems, infection (superficial and deep), hardware failure, hardware breakage, painful 

hardware, and peri-prosthetic fracture.  

 

Adjudication Procedures and Blinding 

An orthopaedic surgeon with prior adjudication experience independently adjudicated 

participant eligibility and study outcomes. Surgeons, research personnel, participants, and 

the adjudicator could not be blinded to the treatment allocation of the surgical 

interventions (SHS versus CS), but the data analyst, Steering Committee, and those 

interpreting the trial results were blinded to the surgical treatment allocation. The 
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complete blinding of the supplement was achieved by using vitamin D3 and placebo 

liquid products that were indistinguishable.  

 

Statistical Analysis 

Sample Size 

The planned sample size for the definitive RCT was 898 patients. Based on our feasibility 

objectives for this pilot trial, we sought to enroll a minimum of 60 patients within a 12-

month recruitment period.  

 

Statistical Analysis of Outcomes 

We adopted the CONSORT extension to pilot trials in reporting the results of this pilot 

trial.18 The baseline characteristics, fracture and injury characteristics, surgical details, 

and peri-operative care data were summarized using descriptive statistics. We considered 

the clinical analyses of the pilot trial data as exploratory; therefore, we did not adjust for 

multiple testing, nor did the analyses seek to make definitive conclusions.19 The first 

analysis of clinical outcomes was a Cox proportional hazards regression with main 

effects for implant type and supplementation, and the interaction between the two. In this 

analysis, we used 377 days post-fracture as the time of censoring, which was the time of 

the last reported event within the composite, and within 2-weeks of the 12-month follow-

up date. We conducted additional sensitivity analyses censoring at 365 days, which did 

not change our study results. All analyses were adjusted for 1) femoral neck fracture 

displacement, 2) presence of an ipsilateral femoral shaft fracture, and 3) geographic 

region of the recruiting center (Canada versus the United States). The test of interaction 
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between the surgical implant and vitamin D supplement interventions was not significant, 

and therefore their treatment effects were analyzed separately. Hazard ratios with 95% 

confidence intervals (CI) were reported for each model. All outcome analyses adhered to 

the intention-to-treat principle. We used SPSS Version 25 to perform all analyses.  

 

RESULTS 

Enrollment 

Between February 2015 and March 2018, 91 patients were randomized from 15 North 

American hospitals into the FAITH-2 pilot trial. 86 patients were deemed eligible and 

included in the analyses (Figure 1 and Table, Supplemental Digital Content 1, 

http://links.lww.com/JOT/B21). Of the 86 participants, 43 were allocated to receive a 

sliding hip screw and 43 were allocated to receive CS. Concomitantly, 45 were allocated 

to receive vitamin D, and 41 were allocated to receive placebo (see Figure, 

Supplemental Digital Content 2, http://links.lww.com/JOT/B22). 12-month follow-up 

was achieved for 67 patients (77.9%). 

 

Participant Demographics and Fracture Characteristics 

Typical participants were men (73.3%) of white/Caucasian ethnicity (79.1%) with a mean 

age of 41.1 (SD 12.2). The majority of fractures were displaced (71%), with 44% of the 

fractures being a vertical Pauwels Type III pattern (Table 1). Of the 86 eligible 

participants, 15 (17.4%) also sustained an ipsilateral femoral shaft fracture (see Table, 

Supplemental Digital Content 3, http://links.lww.com/JOT/B23). 
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Surgical Details 

The mean time from injury to surgery was similar across all treatment groups (median: 

21.2 hours, interquartile range: 18.1 hours). An open reduction was used in the majority 

of participants (55.8%).  The remainder of key surgical details are summarized in Table 

2.  

 

Vitamin D Supplementation Adherence 

The proportion of participants taking a minimum of 75% of their prescribed daily 

supplements decreased significantly with time. At 6 weeks post-fracture, 72.1% reported 

acceptable adherence; at 3-months the proportion decreased to 60.5%; at 6-months, only 

54.7% of participants were taking at least 75% of their daily doses. Overall, only 33% of 

participants reported full daily adherence for the first three months. 

 

Primary Clinical Outcome 

Eleven participants in the SHS group (25.6%) and 13 participants in the CS group 

(30.2%) experienced the composite complication outcome (HR 0.90, 95% CI 0.40 – 

2.02).  Re-operations accounted for nine SHS events and six CS events (Table 3). There 

were three conversions to total hip arthroplasty (THA) in the SHS group and one 

conversion to THA in the CS group (Table 4). There was one case in the SHS group and 

five cases in the CS group of femoral neck osteonecrosis that did not result in a re-

operation within the 12-month trial period. There was one case in the SHS group and two 

cases in the CS group of isolated femoral neck shortening >1 cm that was not also 

associated with femoral head osteonecrosis or a re-operation. All seven nonunion cases 
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were treated with a re-operation: four cases in the SHS group and three cases in the CS 

group.  

With respect to the vitamin D supplement comparison, the composite complication 

outcome occurred in 11 participants (24.4%) in the vitamin D group and 13 participants 

(31.7%) in the placebo group (HR 0.96, 95% CI 0.42 – 2.18).  There were seven 

reoperations in the vitamin D group and eight reoperations in the placebo group.  There 

were two conversions to THA in each treatment group.  Breakdowns of the primary 

clinical endpoint composite by treatment group and re-operation by treatment group are 

displayed in Tables 3 and 4, respectively. 

Secondary Clinical Outcomes 

Fracture Healing Complications 

All fracture healing complications were either treated with re-operation or captured under 

the primary composite outcome, except for one case. One participant in the CS surgical 

treatment group experienced painful hardware at the final 12-month follow-up visit that 

was not treated with re-operation. 

Ipsilateral Shaft Fractures 

Of the 86 eligible participants, 15 (17.4%) also sustained an ipsilateral femoral shaft 

fracture. The majority of these fractures were closed (64.7%) and located in the middle 

(76.5%) of the femoral shaft. Three participants in the CS group and none in the SHS 

group underwent a re-operation to treat non-union or delayed healing. 
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We were able to confirm radiographic healing of the ipsilateral femoral shaft fracture in 

10 participants (66.7%). The average time to radiographic healing for ipsilateral femoral 

shaft fractures was 11.1 months (SD 3.8 months) for those who did achieve radiographic 

healing and did not differ between the surgical treatment groups (p=0.75) nor the vitamin 

D supplementation treatment groups (p=0.52).  

 

DISCUSSION 

The FAITH-2 pilot trial successfully enrolled 86 young femoral neck fracture patients 

across 15 North American trauma centers. This pilot trial sought to demonstrate the 

feasibility of proceeding to a larger 898-patient definitive trial comparing the sliding hip 

screw (SHS) versus cancellous screws (CS) and supplementation with vitamin D3 versus 

placebo to independently reduce the risk of patient-important complications within 12-

months post-injury. Secondarily, the pilot trial sought to add to the sparse clinical 

outcomes data in this challenging fracture population. 

The slow recruitment and regulatory challenges of administering vitamin D outside of 

North America have led to the conclusion that the larger trial is not feasible. As expected, 

the preliminary clinical results do not approach statistical significance within the pilot 

sample size; however, the point estimates for each treatment comparison are in the 

hypothesized direction. The hazard ratio for complications was 0.90 for the SHS relative 

to CS (p=0.80), and 0.96 for vitamin D supplementation relative to placebo (p=0.92).  

Despite the pilot nature, the clinical results of this trial are important exploratory 

comparisons. The previous literature comparing surgical implants for young femoral neck 

fracture patients remains sparse. A similar 30 patient RCT comparing CS and the SHS 
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reported CS led to decreased operative time, superior functional outcomes, and fewer 

complications; however, key data were missing from the report to support the author’s 

conclusions. Moreover, this trial was conducted in a developing country 30 years ago, 

and its generalizability to current practice remains unclear. These potential concerns have 

been further highlighted by conflicting retrospective studies suggesting superior 

outcomes with fixed angle devices.20,21 More recently, a fifty-eight patient RCT reported 

a larger proportion of CS patients lost >5°  of coronal alignment reduction within 6 

months of injury, and all were treated with a valgus intertrochanteric osteotomy (18% vs 

0%, p<0.001).22 There were no differences detected in the incidence of osteonecrosis, and 

the authors did not report the incidence of nonunion. 

With respect to our findings for the potential effectiveness of vitamin D supplementation, 

we are unaware of any previous results from other young femoral neck fracture 

populations. Even within other non-osteoporotic fracture populations, there have been 

few studies that have examined the effectiveness of vitamin D supplementation to 

improve fracture healing outcomes. Previous authors have shown that post-fracture 

vitamin D supplementation can increase serum 25(OH)D levels in the adult fracture 

population.23–25  Naturally, the increase in serum levels is dependent on patient 

adherence, which also seems to vary between populations. Andres et al. reported 82% of 

their adult fracture patients were adherent to a daily 1,600 IU vitamin D dose;25 this is 

much higher than the 33% of participants that reported taking their supplement daily in 

our trial.  Regardless, the evidence for the clinical effectiveness of vitamin D 

supplementation to reduce fracture complications remains lacking.26,27 Similarly, a recent 

meta-analysis has suggested no benefit to vitamin D supplementation in most potential 
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clinical indications.27 Despite the lack of efficacy data to suggest vitamin D 

supplementation improves fracture healing, some authors continue to recommend its 

routine use because it is an inexpensive intervention with a wide safety profile.28  

Our clinical results highlight ongoing uncertainty within surgical treatment and vitamin D 

supplement choices, and these results must be further considered within the limitations of 

the pilot trial. Since the sample size of the FAITH-2 pilot trial was chosen to test trial 

feasibility, it was underpowered to detect treatment effects and support definitive clinical 

comparisons. Despite this limitation, we decided to report the clinical results of FAITH-2 

as per the recommendation of Conn et al.29 Not only is it unethical to not report results of 

a conducted trial, but in making these results available, it allows for their inclusion in 

future meta-analyses.29 Other challenges of the FAITH-2 pilot trial included relatively 

low participant adherence to taking the daily vitamin D supplement and maintaining 

>80% 1-year follow-up.16 This is not surprising compared to other hip fracture trials, 

given the higher proportion of young male participants and individuals with multiple 

injuries that were recruited.  Finally, it is important to recognize that the 1-year duration 

of follow-up may underestimate the occurrence of several important complications. For 

example, femoral head osteonecrosis is known to present later than 1-year post-injury, 

and population-level data suggest the median time to conversion to total hip arthroplasty 

after a young femoral neck fracture is 16 months.30   

Despite the inability of this pilot data to guide strong clinical recommendations, the 

FAITH-2 trial is an incremental step towards improving clinical research within this 

challenging fracture population. The 2x2 factorial randomization allowed for novel 

efficiencies to compare two surgical interventions and vitamin D supplements in a single 
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trial.  The multi-center recruitment helped increase the sample size and ensure the results 

are generalizable beyond a single center. The vitamin D intervention was placebo 

controlled and double-blinded, which removes multiple potential sources of treatment and 

assessment biases. Although the surgical interventions could not be blinded, a single 

independent orthopaedic surgeon adjudicated all trial outcomes to minimize any local site 

or investigator biases. 

There are several important over-arching conclusions to be drawn from the FAITH-2 

trial. First, the complication rate of internal fixation for young femoral neck fractures 

remains >20%. Second, despite the apparent need to improve treatment outcomes, it is 

unlikely to be feasible to conduct a large multi-center trial in this fracture population. 

Third, the superiority of a surgical implant to decrease the risk of nonunion remains to be 

proven in both young and elderly femoral neck fractures; however, the complication 

profile of the SHS and CS continues to be consistent.  It was the implant specific 

complications that were the primary determinant of differences in the risk for reoperation 

among the displaced elderly femoral neck fractures in the FAITH trial (HR 0.57, p=0.04). 

CS fail with varus fracture collapse and lateral screw prominence; the SHS fails with 

superior screw cutout.  Therefore, the relevant clinical question may not be, “Which 

implant is better?” but rather, “Which complication profile is most acceptable for each 

individual patient?” Finally, when considering whether to add vitamin D supplementation 

to the post-operative treatments of young femoral neck fracture patients, surgeons should 

not expect daily adherence to a supplement prescription. 
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The FAITH-2 program will not proceed to a definitive trial, but these pilot trial results 

continue to describe the results of current fixation implants, inform the challenges of 

improving outcomes in this fracture population, and may guide future vitamin D trials to 

improve healing outcomes in young fracture populations. Although the pilot trial was not 

adequately powered to detect treatment effects, publishing these results may facilitate 

future meta-analyses on this topic.  
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Table 1: Participant Demographics 

Characteristic 
CS 

N=43 
SHS 
N=43 

Vitamin D 
N=45 

Placebo 
N=41 

Total 
N=86 

Age in years, mean (SD) 39.2 (13.2) 43.0 (11.4) 40.6 (12.0) 41.6 (13.0) 41.1 (12.4) 

Sex, n (%) 
 Male 
 Female 

33 (76.7) 
10 (23.3) 

30 (69.8) 
13 (30.2) 

33 (73.3) 
12 (26.7) 

30 (73.2) 
11 (26.8) 

63 (73.3) 
23 (26.7) 

Ethnicity, n (%) 
 Native/Aboriginal 
 South Asian 
 East Asian 
 Southeast Asian (Filipino) 
 Hispanic/Latino 
 White/Caucasian 
 Black (African/Caribbean) 
 Mixed (Black & White) 
 Middle Eastern 

0 (0.0) 
1 (2.3) 
0 (0.0) 
0 (0.0) 
1 (2.3) 
36 (83.7) 
4 (9.3) 
0 (0.0) 
1 (2.3) 

1 (2.3) 
1 (2.3) 
0 (0.0) 
1 (2.3) 
1 (2.3) 
32 (74.4) 
5 (11.6) 
1 (2.3) 
1 (2.3) 

0 (0.0) 
1 (2.2) 
0 (0.0) 
0 (0.0) 
1 (2.2) 
33 (73.3) 
7 (15.6) 
1 (2.2) 
2 (4.4) 

1 (2.4) 
1 (2.4) 
0 (0.0) 
1 (2.4) 
1 (2.4) 
35 (85.4) 
2 (4.9) 
0 (0.0) 
0 (0.0) 

1 (1.2) 
2 (2.3) 
1 (1.2) 
1 (1.2) 
2 (2.3) 
68 (79.1) 
9 (10.5) 
1 (1.2) 
2 (2.3) 

Work Related Injury, n (%) 4 (9.3) 8 (18.6) 8 (17.8) 4 (26.7) 12 (14.1) 
History of Smoking, n (%) 
 Yes 
 Previously smoked but quit 
 No 
 Unknown 

17 (39.5) 
3 (7.0) 
22 (51.2) 
1 (2.3) 

15 (34.9) 
13 (30.2) 
15 (34.9) 
0 

11 (24.4) 
12 (26.7) 
22 (48.9) 
0 

21 (52.5) 
4 (10.0) 
15 (37.5) 
1 (2.4) 

32 (37.2) 
16 (18.6) 
37 (43.0) 
1 (1.2) 

Consumption of Alcohol, n (%) 29 (67.4) 24 (55.8) 32 (71.1) 21 (51.2) 53 (61.6) 
Current Medications, n (%) 
 None 
 NSAID 
 Steroid Medications 
 Calcium 
 Vitamin D 

33 (78.6) 
4 (9.3) 
1 (2.3) 
3 (7.0) 
4 (9.3) 

29 (90.7) 
4 (9.3) 
1 (2.3) 
7 (16.3) 
8 (18.6) 

32 (71.1) 
4 (8.9) 
1 (2.2) 
8 (17.8) 
8 (17.8) 

30 (73.2) 
4 (9.8) 
1 (2.4) 
2 (4.9) 
4 (9.8) 

62 (72.0) 
8 (9.3) 
2 (2.3) 
10 (11.6) 
12 (14.0) 

Number of Major Co-Morbidities, n 
(%) 
 None 
 One 
 Two 
 Three 
 Four 

23 (53.5) 
10 (50.0) 
5 (25.0) 
3 (15.0) 
1 (5.0) 
1 (5.0) 

14 (32.6) 
15 (51.7) 
6 (20.7) 
7 (24.1) 
0 (0.0) 
1 (3.4) 

19 (42.2) 
14 (53.8) 
6 (23.1) 
5 (24.1) 
0 (0.0) 
1 (3.8) 

18 (44.0) 
11 (47.8) 
5 (21.7) 
5 (21.7) 
1 (4.3) 
1 (4.3) 

37 (43.0) 
25 (51.0) 
11 (22.4) 
10 (20.4) 
1 (2.0) 
2 (4.1) 

Level of the Fracture Line, n (%) 
 Subcapital 
 Midcervical 
 Basal 
 Unable to Assess 

11 (25.6) 
13 (30.2) 
18 (41.9) 
1 (2.3) 

13 (30.2) 
15 (34.9) 
15 (34.9) 
0 (0.0) 

11 (24.4) 
13 (28.9) 
21 (46.7) 
0 (0.0) 

13 (31.7) 
15 (36.6) 
12 (29.3) 
1 (2.4) 

24 (27.9) 
28 (32.6) 
33 (38.4) 
1 (1.2) 

Garden Classification, n (%) 
 Garden I (undisplaced) 
 Garden II (undisplaced) 
 Garden III (displaced) 
 Garden IV (displaced) 
 Unable to Assess 

5 (11.6) 
6 (14.0) 
14 (32.6) 
17 (39.5) 
1 (2.3) 

9 (20.9) 
3 (7.0) 
13 (30.2) 
17 (39.5) 
1 (2.3) 

7 (15.6) 
5 (11.1) 
16 (35.6) 
16 (35.6) 
1 (2.2) 

7 (17.1) 
4 (9.8) 
11 (26.8) 
18 (43.9) 
1 (2.4) 

14 (16.3) 
9 (10.5) 
27 (31.4) 
34 (39.5) 
2 (2.3) 

Pauwels’ Classification, n (%) 
 Type I 
 Type II 
 Type III 
 Unable to Assess 

3 (7.0) 
16 (37.2) 
23 (53.5) 
1 (2.3) 

9 (20.9) 
19 (44.2) 
15 (34.9) 
0 (0.0) 

5 (11.1) 
19 (42.2) 
21 (46.7) 
0 (0.0) 

7 (17.1) 
16 (39.0) 
17 (41.5) 
1 (2.4) 

12 (14.0) 
35 (40.7) 
38 (44.2) 
1 (1.2) 
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Table 2: Surgical Details  

Surgery Characteristic 
CS 

N=43 
SHS 
N=43 

Vitamin D 
N=45 

Placebo 
N=41 

Total 
N=86 

Time from Injury to Surgery in hours, mean (SD) 28.9 (24.3) 25.0 
(16.2) 

28.0 (23.4) 25.7 (17.5) 26.9 (20.6) 

Type of Reduction Used, n (%) 
  Closed 
  Open 
  None 

 
16 (37.2) 
23 (53.5) 
4 (9.3) 

 
16 (37.2) 
25 (58.1) 
2 (4.7) 

 
16 (35.6) 
25 (55.6) 
4 (8.9) 

 
16 (39.0) 
23 (56.1) 
2 (4.9) 

 
32 (37.2) 
48 (55.8) 
6 (7.0) 

Procedure Performed, n (%) 
  CS 
  SHS 
  Cephalomedullary Nail (Protocol Deviation) 

 
43 (100.0) 
0 (0.0) 
0 (0.0) 

 
1 (2.3) 
41 (95.3) 
1 (2.3) 

 
24 (53.3) 
21 (46.7) 
0 (0.0) 

 
20 (48.8) 
20 (48.8) 
1 (2.4) 

 
44 (51.2) 
41 (47.7) 
1 (1.2) 

Other Procedures Performed During Same 
Operation as Femoral Neck Fracture Internal 
Fixation, n (%) 

14 (32.6) 11 (25.6) 14 (31.1) 11 (26.8) 25 (29.1) 

Number of Screws Used, n (%) 
   Three 
   Four 

 
39 (88.6) 
5 (11.4) 

    

Diameter of Screws, n (%) 
   6.5 mm 
   7.3 mm 
   8.0 mm 

 
12 (27.3) 
30 (68.2) 
2 (4.5) 

    

Formation of Screws (or Pins), n (%) 
   Triangle (Apex at Top) (3 Screws) 
   Inverted Triangle (Apex at Bottom) (3 Screws) 
   Square (4 Screws) 
   Diamond 
   Pauwels   

 
6 (13.6) 
31 (70.5) 
2 (4.5) 
1 (2.3) 
4 (9.1) 

    

Aiming of Screws (or Pins), n (%) 
   Parallel 
   Crossed 

 
40 (90.9) 
4 (9.1) 

    

Type of Sliding Fixed-Angle Plate Construct 
Used, n (%) 
   Traditional Large Diameter Hip Screw     
   Spiral/Helical Blade  

 
 
 

 
 
38 (92.7) 
3 (7.3) 

   

Implant Position in Head of Femur  
   Centre-Centre Position, n (%) 
   Superior Position 
   Anterior Position  
   Inferior Position  
   Posterior Position 

 
 

 
22 (53.7) 
1 (2.4) 
1 (2.4) 
16 (39.0) 
1 (2.4) 

   

Supplemental (Derotational) Screws Included in 
Fixation, n (%) 

 
 
 

29 (67.4)    
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Table 3: Primary Clinical Endpoint Composite by Treatment Group 

Endpoint 
Overall 
N=86 

CS 
N=43 

SHS 
N=43 

Vitamin D 
N=45 

Placebo 
N=41 

Primary Clinical Endpoint*, n (%)  24 (27.9) 13 (30.2) 11 (25.6) 11 (24.4) 13 (31.7) 
  
Individual Endpoints  
Re-operation,** n (%) 15 (17.4) 6 (14.0) 9 (20.9) 7 (15.2) 8 (19.5) 
Femoral head osteonecrosis,***  n (%) 9 (10.5) 7 (16.3) 2 (4.7) 5 (10.9) 4 (10.0) 
Severe femoral neck malunion,****  n (%) 8 (9.3) 6 (14.0) 2 (4.7) 5 (10.9) 3 (7.5) 
Nonunion,*****  n (%) 7 (8.2) 3 (7.0) 4 (9.3) 4 (8.7) 3 (7.5) 
*For the primary clinical endpoint, one event per patient was counted  
**3 patients underwent two, two, and three separate re-operations, respectively. Therefore, breakdown of re-
operations totals to 19 instead of 15.  
***3 patients with femoral head osteonecrosis also underwent a re-operation 
****3 patients with severe femoral neck malunion also underwent a re-operation, 2 patients with severe femoral 
neck malunion also had femoral head osteonecrosis, and 1 patient with severe femoral neck malunion had a 
nonunion 
*****All 7 patients with a nonunion also underwent a re-operation 
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Table 4: Re-Operation by Treatment Group 

Endpoint 
Overall 
N=86 

CS 
N=43 

SHS 
N=43 

Vitamin D 
N=45 

Placebo 
N=41 

 
 

Primary Clinical Endpoint of Re-operation   
 

Re-operation*, n (%) 15 (17.4) 6 (14.0) 9 (20.9) 7 (15.2) 8 (19.5) 
 

Conversation to Total Hip Arthroplasty, n 
(%) 

4 (4.7) 1 (2.3) 3 (7.0) 2 (4.4) 2 (4.9) 
 

Proximal Femur Osteotomy, n (%) 5 (5.8) 3 (7.0) 2 (4.7) 3 (6.7) 2 (4.9) 
 

Implant Removal, n (%) 5 (5.8) 1 (2.3) 4 (9.3) 1 (2.2) 4 (10.0) 
 

Irrigation and Debridement for Deep 
Infection, n (%) 

3 (3.5) 0 (0.0) 3 (7.0) 3 (6.7) 0 (0.0) 
 

Implant Exchange, n (%) 2 (2.3) 1 (2.3) 1 (2.3) 0 (0.0) 2 (4.9) 
 

*For the primary clinical endpoint, one event per patient was counted  
*3 patients underwent two, two, and three separate re-operations, respectively. Therefore, breakdown of re-
operations totals to 19 instead of 15.  
   
 

ACCEPTED

Copyright � 20 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 20



Figure 1: Flow Diagram – Surgical Treatment

Patients screened (N=376)

Patients ineligible (N=285)

Patients randomized (N=91)

Allocated to SHS (N=46) Allocated to CS (N=45)

Randomization Errors (N=3)
2 did not provide informed consent   
1 did not have a femoral neck fracture

Randomization Errors (N=2)
1 not between the ages of 18-60 years 
1 pathological fracture

Included in primary analysis (N=43) Included in primary analysis (N=43)

Participants completed 12-month follow-up (N=33) Participants completed 12-month follow-up (N=34)

Participants withdrawn 
early at:
Post-Surgery (N=0)
6 weeks (N=2)
3 months (N=1)
6 months (N=0)
9 months (N=0)
12 months (N=7)

Participants withdrawn 
early at:
Post-Surgery (N=1)*
6 weeks (N=0)
3 months (N=1)
6 months (N=0)
9 months (N=0)
12 months (N=7)

*One patient withdrew their consent post-surgery
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