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Member Name Disclosure Summary

Al Muderis, Munjed MBCHB, FRACS, FRCS (Ortho)

Submitted on: 06/17/2024
Aesculap/B.Braun: Unpaid consultant
Journal of Military and Veterans' Health: Editorial or governing board
Medacta International SA: IP royalties
Osseointegration International B.V.: Stock or stock Options
Osseointegration International Pty Ltd: IP royalties; Paid consultant; Stock or stock Options
Osseointegration International S.p.A: Stock or stock Options
Permedica: Unpaid consultant
Specifica Pty Ltd: Paid consultant
World Journal of Orthopaedics: Editorial or governing board

Al Ramlawi, Akram 
Submitted on: 10/9/2024
This individual reported nothing to disclose.

Alnasser, Abdulrhman MD (This individual reported nothing to disclose); Submitted on: 09/28/2024

Alrajhi, Khaled MD
Submitted on: 5/21/2025
This individual reported nothing to disclose.

Assayag, Michael MD, FAAOS, FRCSC

Submitted on: 04/23/2024
Kyowa kirin: Paid presenter or speaker
Nuvasive: Research support
Orthopediatrics: Paid consultant

Babcock, Sharon MD, FAAOS
Submitted on: 04/09/2024
Smith & Nephew: Paid consultant

Bafor, Anirejuoritse MD, FACS

Submitted on: 5/20/2025
 WishBone Medical Inc.: Type: Other Professional Activities
 Member of the Training Committee of the Limb Lengthening and Reconstruction Society of 
Nigeria (LLRSN): Type: Board of Directors or committee member Self

LLRS - 2025 Annual Meeting - Disclosure Report

*a. All relevant financial relationships have been mitigated     **Program Committee



Baldwin, Keith MD, FAAOS

Submitted on: 4/7/2025
 OrthoPediatrics Corp.: Type: Other Professional Activities
 CORTICES Research Group- Board of Director: Type: Board of Directors or committee member 
Self 
 Editorial Board - JCO; JBJS Reviews; JOT: Type: Editorial or governing board Self

Barre, Alyssa MD
Submitted on: 4/8/2025
This individual reported nothing to disclose.

Bashier, Mohammed 
Submitted on: 5/30/2025
This individual reported nothing to disclose.

Bernstein, Mitchell MD, FAAOS**

Submitted on: 4/27/2025
 restor3d, inc.: Type: Stock Option
  Orthofix Medical, Inc.: Type: Other Professional Activities
  DePuy Synthes Products, Inc.: Type: Other Professional Activities
  OrthoPediatrics Corp.: Type: Other Professional Activities
  Smith and Nephew: Type: Other Professional Activities
  NuVasive Specialized Orthopedics, Inc.: Type: Other Professional Activities
 Limb Lengthening and Reconstruction Society: Type: Board of Directors or committee member 
Self

Bess, Laura MD
Submitted on: 6/27/2025
This individual reported nothing to disclose.

Blair, James MD, FAAOS, FACS*

Submitted on: 4/12/2025
 Smith & Nephew, Inc.: Type: Other Professional Activities
  Johnson & Johnson/Depuy Orthopedic: Type: Other Professional Activities
  Orthofix Medical, Inc.: Type: Other Professional Activities
  Stryker: Type: Other Professional Activities
  IlluminOss Medical, Inc.: Type: Other Professional Activities
  Integra LifeSciences Corporation: Type: Other Professional Activities
  Globus Medical, Inc.: Type: Other Professional Activities
 Limb Lengthening and Reconstruction Society - Member at Large: Type: Board of Directors or 
committee member Self

Bomar, James 
Submitted on: 6/8/2025
This individual reported nothing to disclose.

*a. All relevant financial relationships have been mitigated     **Program Committee



Bonilla, Kelsey MD
Submitted on: 6/11/2025
This individual reported nothing to disclose.

Bosshard, Sarah PhD
Submitted on: 5/8/2025
This individual reported nothing to disclose.

Bozzo, Isabella MD
Submitted on: 5/22/2025
This individual reported nothing to disclose.

Brooks, Benjamin 
Submitted on: 5/29/2025
This individual reported nothing to disclose.

Brown, Michael BS
Submitted on: 5/22/2025
This individual reported nothing to disclose.

Mehraban Alvandi, Leila 
Submitted on: 10/11/2024
This individual reported nothing to disclose.

Sanderson, Cody MD
Submitted on: 6/4/2025
This individual reported nothing to disclose.

Canitia, Emily NP
Submitted on: 10/10/2024
This individual reported nothing to disclose.

Casey, Virginia MD, FAAOS
Submitted on: 5/29/2025
This individual reported nothing to disclose.

Chalmers, Christen MD (This individual reported nothing to disclose); Submitted on: 06/03/2024

Chandler, Calvin MD, MBA
Submitted on: 5/8/2025
This individual reported nothing to disclose.

Chao, Jessica BS
Submitted on: 10/9/2024
This individual reported nothing to disclose.

Chen, Andrew MD, MPH, FAAOS (This individual reported nothing to disclose); Submitted on: 07/17/2024

Cherkashin, Alexander MD
Submitted on: 05/19/2024
Orthofix, Inc.: IP royalties; Paid consultant

Chhina, Harpreet PhD
Submitted on: 5/26/2025
This individual reported nothing to disclose.

Chintalapudi, Nainisha MD
Submitted on: 4/14/2025
This individual reported nothing to disclose.

Chruscinski, Rafael MD
Submitted on: 6/26/2025
This individual reported nothing to disclose.

*a. All relevant financial relationships have been mitigated     **Program Committee



Cieremans, David DO, MS
Submitted on: 4/9/2025
This individual reported nothing to disclose.

Clasen, Pernille MD, DO, DC, DDS, DMD, DMed, 
DNP, DPM, DPT, DRPH, DVM, EdD, PHARMD, PhD, 
JD, SCD, MBA, MCH(ORTH)(UK)

Submitted on: 5/26/2025
This individual reported nothing to disclose.

Coleman, Nana MD (This individual reported nothing to disclose); Submitted on: 04/24/2024

Contrucci, Sarah DO
Submitted on: 5/23/2025
This individual reported nothing to disclose.

Cooper, Anthony FRCS (Ortho)

Submitted on: 5/28/2025
 OrthoPediatrics Corp.: Type: Other Professional Activities
  BC Children?s Hospital Foundation: Type: Other Professional Activities
  BC Children's Hospital Research Institute: Type: IP Royalties
  OrthoPediatrics Corp.: Type: IP Royalties
  McMaster University: Type: IP Royalties
  DePuy Synthes Products, Inc.: Type: IP Royalties
  Pediatric Orthopaedic Society of North America: Type: IP Royalties
  BC Children?s Hospital Foundation: Type: IP Royalties
 Canadian Pediatric Orthopaedic Society: Type: Board of Directors or committee member Self

Coufal, Sarah BS
Submitted on: 5/30/2025
This individual reported nothing to disclose.

Dahodwala, Taikhoom MS (ORTH)
Submitted on: 6/3/2025
This individual reported nothing to disclose.

Darsalim, Mohammad BA
Submitted on: 5/4/2025
This individual reported nothing to disclose.

*a. All relevant financial relationships have been mitigated     **Program Committee



Davidson, Richard MD, FAAOS

Submitted on: 04/23/2020
Abbott: Stock or stock Options
Biomet: Paid consultant; Paid presenter or speaker
Bristol-Myers Squibb: Stock or stock Options
GlaxoSmithKline: Stock or stock Options
Journal of Bone and Joint Surgery - American: Editorial or governing board
Journal of Pediatric Orthopedics: Editorial or governing board
Medsonics: Unpaid consultant
Merck: Stock or stock Options
Pfizer: Stock or stock Options
Zimmer: IP royalties
ZimmerHoldings Inc Com: Stock or stock Options

Davis, Jana MD, FAAOS
Submitted on: 05/06/2024
Smith & Nephew: Paid consultant

Dean, Robert MD
Submitted on: 6/8/2025
This individual reported nothing to disclose.

DeMaio, Emily MD
Submitted on: 5/11/2025
This individual reported nothing to disclose.

Diaz, David PhD
Submitted on: 5/5/2025
 DePuy Synthes Products, Inc.: Type: Employment

Dubowy, Susan PA-C
Submitted on: 5/27/2025
This individual reported nothing to disclose.

Abdelaziz, Mohamed MD, MS, MBCHB
Submitted on: 5/27/2025
This individual reported nothing to disclose.

Elerson, Emily RN (This individual reported nothing to disclose); Submitted on: 05/13/2024

Farnsworth, Christine MS
Submitted on: 5/14/2025
This individual reported nothing to disclose.

Feldman, David MD, FAAOS

Submitted on: 04/11/2024
Globus Medical: IP royalties; Paid consultant
Medacta: IP royalties; Paid consultant
orthopediatrics: IP royalties; Paid consultant

Feng, James MD
Submitted on: 6/2/2025
This individual reported nothing to disclose.

*a. All relevant financial relationships have been mitigated     **Program Committee



Ferreri, Emily 
Submitted on: 4/9/2025
This individual reported nothing to disclose.

Flanagan, Jill MD, FAAOS**

Submitted on: 5/24/2025
 Orthofix Medical, Inc.: Type: Other Professional Activities
  OrthoPediatrics Corp.: Type: Other Professional Activities
 Limb Lengthening and Reconstruction Society, second vice president : Type: Board of Directors 
or committee member Self

Fragomen, Austin MD, FAAOS

Submitted on: 05/13/2024
Nuvasive: IP royalties; Paid consultant; Paid presenter or speaker
Smith & Nephew: Paid consultant; Paid presenter or speaker
Synthes: Paid consultant; Paid presenter or speaker

Franzone, Jeanne MD, FAAOS

Submitted on: 5/25/2025
 OrthoPediatrics Corp.: Type: Other Professional Activities
 Committee Member, Limb Lengthening and Reconstruction Society, Pediatric Society of North 
America, Osteogenesis Imperfecta Foundation, International Society for Children's Bone Health: 
Type: Board of Directors or committee member Self 
 Consultant Reviewer, Journal of Pediatric Orthopaedics (JPO): Type: Editorial or governing board 
Self

Frick, Steven MD

Submitted on: 5/29/2025
 ABOS: Type: Fiduciary Officer
  Springer Science and Business media LLC: Type: Other Professional Activities
  Elsevier Publishing: Type: Other Professional Activities
 ABOS: Type: Board of Directors or committee member Self 
 JBJS Reviews: Type: Editorial or governing board Self

Fridberg, Marie 

Submitted on: 04/03/2024
DOS. Danish Orthopaedic Society: Board or committee member
EFORT: Board or committee member
IODA, International Orthopaedics Diversity Alliance: Board or committee member

*a. All relevant financial relationships have been mitigated     **Program Committee



Frumberg, David MD, FAAOS

Submitted on: 5/13/2025
 OrthoPediatrics Corp.: Type: Other Professional Activities
  Orthofix Medical, Inc.: Type: Other Professional Activities
  Kyowa Kirin, Inc.: Type: Other Professional Activities
  Ultragenyx Pharmaceutical Inc.: Type: Other Professional Activities
 Limb Lengthening and Reconstruction Society, American Academy for Cerebral Palsy and 
Developmental Medicine: Type: Board of Directors or committee member Self

Furdock, Ryan MD
Submitted on: 6/26/2025
This individual reported nothing to disclose.

Gehred, Alison 
Submitted on: 5/23/2025
This individual reported nothing to disclose.

Ghaffari, Arash MD
Submitted on: 5/29/2025
This individual reported nothing to disclose.

Gibly, Romie MD, PhD, FAAOS

Submitted on: 4/13/2025
 Cerapedics, Inc.: Type: IP Royalties
  BAXTER HEALTHCARE: Type: Other Professional Activities
  Guidepoint Global: Type: Other Professional Activities
  Pediatric Orthopaedic Society of North America: Type: IP Royalties

Gill, Corey MD, FAAOS
Submitted on: 5/27/2025
This individual reported nothing to disclose.

Gjonbalaj, Edina BS
Submitted on: 5/13/2025
This individual reported nothing to disclose.

Glassband, Zachary 
Submitted on: 5/29/2025
This individual reported nothing to disclose.

Glatt, Vaida PhD
Submitted on: 5/19/2025
Current Institution Type: IP Royalties

Glennon, Alyssa BS
Submitted on: 6/26/2025
 Materialise USA LLC: Type: Stock

Goodbody, Christine MD (This individual reported nothing to disclose); Submitted on: 09/08/2024

Graham, Dillon 
Submitted on: 10/15/2024
This individual reported nothing to disclose.

Hadley, Morgan MD
Submitted on: 3/6/2025
This individual reported nothing to disclose.

*a. All relevant financial relationships have been mitigated     **Program Committee



Hanchar, Jonathan 
Submitted on: 5/14/2025
This individual reported nothing to disclose.

Hariharan, Arun MD, MS

Submitted on: 4/9/2025
 Globus Medical, Inc.: Type: Other Professional Activities
  highri: Type: Other Professional Activities
  Medtronic USA, Inc.: Type: Other Professional Activities
  Biedermann Motech, Inc.: Type: Other Professional Activities

Harrison, Noah MD, MSc

Submitted on: 4/9/2025
Type: IP Royalties
 American Board of Orthopaedic Surgery - Resident Advisory Panel Member: Type: Board of 
Directors or committee member Self

Hatfield, Danielle MS, NP
Submitted on: 10/10/2024
This individual reported nothing to disclose.

Haws, Brittany MD
Submitted on: 5/30/2025
This individual reported nothing to disclose.

Herge, Whitney PhD
Submitted on: 10/9/2024
This individual reported nothing to disclose.

Hernandez-Irizarry, Roberto MD, FAAOS
Submitted on: 5/15/2025
This individual reported nothing to disclose.

Herzenberg, John MD, FAAOS, FRCSC

Submitted on: 06/04/2024
DePuy Synthes: Other financial or material support
Nuvasive: Unpaid consultant
Orthofix, Inc.: Unpaid consultant
Orthopediatrics: Unpaid consultant
Smith & Nephew: IP royalties; Paid presenter or speaker
Turner Imaging: Stock or stock Options

Hoellwarth, Jason MD*
Submitted on: 04/05/2024
Stryker: Paid consultant

Horn, Bernard MD, FAAOS
Submitted on: 6/11/2025
This individual reported nothing to disclose.

Horovitz, Ofir 
Submitted on: 5/13/2025
This individual reported nothing to disclose.

*a. All relevant financial relationships have been mitigated     **Program Committee



Howard, Kateland 
Submitted on: 6/25/2025
This individual reported nothing to disclose.

Hsu, Joseph MD, FAAOS*

Submitted on: 05/06/2024
Austin Medical: Paid consultant
Smith & Nephew: IP royalties; Paid consultant; Paid presenter or speaker
Stryker: IP royalties; Paid consultant; Paid presenter or speaker

Huang, Dave (This individual reported nothing to disclose); Submitted on: 06/02/2024

Hubbard, Elizabeth MD, FAAOS

Submitted on: 08/27/2024
Editorial Board: Editorial or governing board
Journal of the Pediatric Orthopaedic Society of North America, Elsevier: Editorial or governing 
board
Limb Lengthening and Reconstruction Society: Board or committee member
Orthofix, Inc.: Unpaid consultant
Pediatric Orthopaedic Society of North America: Board or committee member

Huser, Aaron DO
Submitted on: 10/25/2023
Biomarin: Paid presenter or speaker

Husum, Hans-Christen MD (This individual reported nothing to disclose); Submitted on: 03/29/2024

Iobst, Christopher MD, FAAOS**

Submitted on: 10/9/2024
 Smith and Nephew Orthopaedics: Type: Other Professional Activities
  OrthoPediatrics Corp.: Type: Other Professional Activities
  Globus Medical, Inc.: Type: Other Professional Activities
  Orthofix Medical, Inc.: Type: Other Professional Activities
 Limb Lengthening and Reconstruction Society : Type: Board of Directors or committee member 
Self 
 Journal of Limb Lengthening and Reconstruction 
Limb Lengthening and Reconstruction Society : Type: Editorial or governing board Self

Jackson, Madeleine MD
Submitted on: 5/21/2025
This individual reported nothing to disclose.

Jaramillo, Diego 

Submitted on: 5/29/2025
 Pfizer: Type: Other Professional Activities
 American Academy of Radiology and Biomedical Imaging Research: Type: Board of Directors or 
committee member Self 
 Radiology: Type: Editorial or governing board Self

*a. All relevant financial relationships have been mitigated     **Program Committee



Jensen, Lili PhD, MSc, BSN
Submitted on: 6/10/2025
This individual reported nothing to disclose.

Jensen, Tina 
Submitted on: 6/11/2025
This individual reported nothing to disclose.

Jodah, Riasoya 
Submitted on: 6/28/2025
This individual reported nothing to disclose.

Kadhim, Muayad MD
Submitted on: 5/23/2025
This individual reported nothing to disclose.

Kahlon, Harsh 
Submitted on: 5/27/2025
This individual reported nothing to disclose.

Kahn, Mani MD, MPH, FAAOS

Submitted on: 5/21/2025
 Limb Lengthening and Reconstruction Society : Type: Other Professional Activities
  Orthopaedic Trauma Association (OTA) Disclosure Form: Type: Other Professional Activities
  Johnson and Johnson: Type: Other Professional Activities
  General Electric: Type: Other Professional Activities
 Orthopaedic trauma association and limb lengthening and reconstruction society committees 
and executive board: Type: Board of Directors or committee member Self

Kakulamarri, Shravya 
Submitted on: 5/29/2025
This individual reported nothing to disclose.

KAMMEN, Bamidele MD
Submitted on: 5/21/2025
This individual reported nothing to disclose.

Kaszuba, Stephanie MD
Submitted on: 5/13/2025
This individual reported nothing to disclose.

Kelly, Nicholas BA
Submitted on: 6/1/2025
This individual reported nothing to disclose.

Kha, Stephanie MD
Submitted on: 4/15/2025
This individual reported nothing to disclose.

Klassen, Anne PhD (This individual reported nothing to disclose); Submitted on: 04/05/2024

Kold, Søren MD, PhD
Submitted on: 5/28/2025
This individual reported nothing to disclose.

Kruse, Richard DO, FAAOS
Submitted on: 10/16/2024
This individual reported nothing to disclose.

*a. All relevant financial relationships have been mitigated     **Program Committee



Kvist, Ola MD
Submitted on: 6/26/2025
This individual reported nothing to disclose.

Law, Jennifer 
Submitted on: 5/23/2025
This individual reported nothing to disclose.

Leija, Natalia BS
Submitted on: 5/23/2025
This individual reported nothing to disclose.

Lesko, James PhD
Submitted on: 5/13/2025
 Johnson and Johnson: Type: Employment

Liu, Raymond MD, FAAOS

Submitted on: 3/28/2025
 Journal of Pediatric Orthopaedics: Type: Other Professional Activities
 Type: Other Intellectual Property
 Pediatric Orthopaedic Society of North America: Vice Chair, Evidence Based Medicine 
Committee /
American Academy of Orthopaedic Surgeons: Member, Education Assessments and 
Examinations Committee : Type: Board of Directors or committee member Self 
 Journal of Pediatric Orthopaedics: Deputy Editor, Hip and Lower Extremity: Type: Editorial or 
governing board Self

Lundblad, Henrik MD
Submitted on: 5/23/2025
This individual reported nothing to disclose.

Luzzi, Richard MD, MSc
Submitted on: 6/6/2025
This individual reported nothing to disclose.

Mahapatra, Harshit 
Submitted on: 5/31/2025
This individual reported nothing to disclose.

*a. All relevant financial relationships have been mitigated     **Program Committee



Marecek, Geoffrey MD, FAAOS

Submitted on: 4/9/2025
 Zimmer Biomet Holdings, Inc.: Type: Other Professional Activities
  AO Foundation: Type: Other Professional Activities
  AO Foundation: Type: Fiduciary Officer
  Globus Medical, Inc.: Type: Other Professional Activities
  restor3d, inc.: Type: Stock Option
  BoneSupport AB: Type: Other Professional Activities
  Siemens: Type: Other Professional Activities
  Johnson & Johnson/Depuy Orthopedic: Type: Other Professional Activities
  AO Foundation: Type: IP Royalties
  Orthofix Medical, Inc.: Type: Other Professional Activities
 Type: Other Intellectual Property
 Type: Other Intellectual Property
 AO North America Research Committee: Type: Board of Directors or committee member Self 
 AAOS Comprehensive Orthopaedic Review 4: Type: Editorial or governing board Self

Marquez, Guillermo MD
Submitted on: 5/13/2025
This individual reported nothing to disclose.

McBride-Gagyi, Sarah PhD

Submitted on: 5/30/2025
 U.S. Department of Veterans Affairs: Type: Other Professional Activities
  Orthopaedic Research Society: Type: Other Professional Activities
 Both Current and Former institution Type: IP Royalties
 Previous Institution Type: IP Royalties
  Ohio State University: Type: Employment
  Orthopaedic Research Society: Type: Other Professional Activities
  National Institutes of Health: Type: Other Professional Activities
 Orthopaedic Research Society
2024-2026 - Award and Recognition Committee
2024 - 2026 - Research and Education Officer for International Section of Fracture Repair
2022-2024 - Co-chair for Annual Meeting Bone Tract: Type: Board of Directors or committee 
member Self 
 Journal of Orthopaedic Research, editorial board: Type: Editorial or governing board Self

*a. All relevant financial relationships have been mitigated     **Program Committee



McCarthy, Alicia NP
Submitted on: 6/27/2025
This individual reported nothing to disclose.

McClure, Philip MD, FAAOS

Submitted on: 10/9/2024
 Orthofix Medical, Inc.: Type: Other Professional Activities
  OrthoPediatrics Corp.: Type: Other Professional Activities
  WishBone Medical Inc.: Type: Other Professional Activities
  NuVasive Specialized Orthopedics, Inc.: Type: Other Professional Activities

Metzger, Melodie PhD
Submitted on: 06/08/2024
Arthrex, Inc: Research support

Miller, Anna MD, FAAOS, FACS

Submitted on: 4/9/2025
 Smith and Nephew: Type: Other Professional Activities
  CustomSurg: Type: Fiduciary Officer
 Board: OTA, ACS, AOA; Committee chair AAOS: Type: Board of Directors or committee member 
Self 
 Editorial Board: JOT, Orthopedics Today, OTA FractureBook: Type: Editorial or governing board 
Self

Mir, Hassan MD, MBA, FAAOS, FACS*

Submitted on: 06/09/2024
AAOS BOS Representative from OTA: Board or committee member
Abyrx: Stock or stock Options
ACS Committee on Trauma: Board or committee member
Acumed, LLC: Paid consultant
American Orthopaedic Association: Board or committee member
AO Trauma North America: Research support
JAAOS Consultant Reviewer: Editorial or governing board
JBJS Consultant Reviewer: Editorial or governing board
Journal of Orthopaedic Trauma Associate Editor: Editorial or governing board
OrthoGrid: Stock or stock Options
OTA BOD: Board or committee member
OTA CFO: Board or committee member
OTA International Digital Editor: Editorial or governing board
Smith & Nephew: Paid consultant
Stryker: Paid consultant
Synthes: Paid consultant

*a. All relevant financial relationships have been mitigated     **Program Committee



Moon, Tyler MD
Submitted on: 10/10/2024
This individual reported nothing to disclose.

Mosfeldt, Mathias MD, PhD
Submitted on: 5/26/2025
This individual reported nothing to disclose.

Munoz, Andrea BS
Submitted on: 5/13/2025
This individual reported nothing to disclose.

Natoli, Roman MD, PhD, FAAOS
Submitted on: 10/9/2024
This individual reported nothing to disclose.

Niese, Brad 
Submitted on: 5/19/2025
This individual reported nothing to disclose.

Nocella, Kimberly MSN, RN
Submitted on: 5/5/2025
This individual reported nothing to disclose.

Nossov, Sarah MD, FAAOS

Submitted on: 11/1/2024
 BioMarin Pharmaceutical Inc.: Type: Other Professional Activities
 LLRS - membership committee - committee member
POSNA - history committee - past chair: Type: Board of Directors or committee member Self

Obremskey, William MD, MPH, FAAOS

Submitted on: 4/8/2025
 U.S. Department of Defense: Type: IP Royalties
  Orthopedic Trauma Association: Type: Other Professional Activities
 Orthopdic Trauma Association: Type: Board of Directors or committee member Self

Otterburn, David MD
Submitted on: 6/4/2025
This individual reported nothing to disclose.

Over, Daniel BS
Submitted on: 5/13/2025
This individual reported nothing to disclose.

Paley, Dror MD, FAAOS, FRCSC
Submitted on: 04/11/2024
Nuvasive: IP royalties; Paid consultant
Orthopediatrics: IP royalties

*a. All relevant financial relationships have been mitigated     **Program Committee



Patterson, Joseph MD, FAAOS, FACS*

Submitted on: 10/05/2024
AOTrauma North America: Board or committee member; Research support
Bodycad: IP royalties; Paid consultant
European Journal of Orthopaedic Surgery and Traumatology: Editorial or governing board
Globus Medical: Paid consultant
Johnson & Johnson: Paid consultant
Journal of Orthopaedic Trauma: Editorial or governing board
Orthopaedic Trauma Association: Board or committee member; Research support
Stryker: Paid consultant

Pepic, Lejla BS
Submitted on: 6/1/2025
This individual reported nothing to disclose.

Perdomo, Camilo MD
Submitted on: 5/23/2025
This individual reported nothing to disclose.

Podeszwa, David MD, FAAOS
Submitted on: 09/30/2024
Limb Lengthening and Reconstruction Society: Board or committee member
Orthofix, Inc.: Paid consultant

Pousett, Brittany 

Submitted on: 6/2/2025
 Canadian Institutes of Health Research: Type: IP Royalties
  Barber Prosthetics Clinic: Type: Employment
 Board Member - International Society of Prosthetics & Orthotics Canada
Committee Member (chair) - Prosthetics & Orthotics Joint Research Council : Type: Board of 
Directors or committee member Self

Raja, Neelufar BA (This individual reported nothing to disclose); Submitted on: 04/02/2024

Reif, Taylor MD, FAAOS
Submitted on: 4/14/2025
 Bodycad USA Corp: Type: Other Professional Activities
  OrthoPediatrics Corp.: Type: Other Professional Activities

Reyes, Alexandra BS
Submitted on: 5/23/2025
This individual reported nothing to disclose.

Rider, Danielle MD
Submitted on: 5/9/2025
This individual reported nothing to disclose.

*a. All relevant financial relationships have been mitigated     **Program Committee



Rivera, Jessica MD, PhD, FAAOS

Submitted on: 4/23/2025
 Orthopaedic Research Society: Type: Other Professional Activities
  American Academy of Orthopaedic Surgeons: Type: Other Professional Activities
 Limb Lengthening and Reconstruction Society: Type: Board of Directors or committee member 
Self 
 Journal of Limb Lengthening and Reconstruction: Type: Editorial or governing board Self

Robilotti, Elizabeth (This individual reported nothing to disclose); Submitted on: 05/06/2024

Roche, Morgan BS
Submitted on: 5/28/2025
This individual reported nothing to disclose.

Rosenblatt, Joseph DO, FAAOS

Submitted on: 4/11/2025
 Johnson & Johnson/Depuy Orthopedic: Type: Other Professional Activities
 Philadelphia Orthopedic Society, past president: Type: Board of Directors or committee member 
Self

Rozbruch, S MD, FAAOS

Submitted on: 6/7/2025
 ALM Ortho: Type: Stock
 Type: Other Intellectual Property
  ALM Ortho: Type: Stock Option
 Nuvasive Specialty orthopedics Type: IP Royalties
  Kyniska Robotics: Type: Stock Option

Ryan, Justin PhD, MBA

Submitted on: 4/11/2025
 Radiological Society of North America: Type: Other Professional Activities
  Digital Imaging and Communications in Medicine: Type: Other Professional Activities
 DICOM WG17, RSNA 3D SIG: Type: Board of Directors or committee member Self 
 3D Printing in Medicine Journal: Type: Editorial or governing board Self

Sabatini, Coleen MD, MPH, FAAOS

Submitted on: 04/05/2024
AAOS: Board or committee member
American Orthopaedic Association: Board or committee member
J. Robert Gladden Society: Board or committee member
MiracleFeet Medical Advisory Board: Board or committee member
Pediatric Orthopaedic Society of North America: Board or committee member
Ruth Jackson Orthopaedic Society: Board or committee member

*a. All relevant financial relationships have been mitigated     **Program Committee



Sabharwal, Sanjeev MD, MPH, FAAOS

Submitted on: 04/05/2024
Journal of Bone and Joint Surgery - American: Editorial or governing board; Publishing royalties, 
financial or material support
Journal of Limb Lengthening and Reconstruction: Editorial or governing board
Springer: Publishing royalties, financial or material support

Sachwani, Numera 
Submitted on: 6/30/2025
This individual reported nothing to disclose.

Samchukov, Mikhail MD
Submitted on: 05/14/2024
Orthofix, Inc.: IP royalties; Paid consultant

Samuel, Zachariah BS (This individual reported nothing to disclose); Submitted on: 09/03/2024

Sang, Luke BS
Submitted on: 4/16/2025
This individual reported nothing to disclose.

Santamaria, Gabriel BA
Submitted on: 10/31/2024
This individual reported nothing to disclose.

Sborov, Katherine MD
Submitted on: 5/22/2025
This individual reported nothing to disclose.

Schmitz, Matthew MD, FAAOS

Submitted on: 4/8/2025
Type: Other Intellectual Property
  JBJS: Type: Employment
  American Orthopaedic Association: Type: Fiduciary Officer
 American Orthopaedic Association Board Member; International Orthopaedic Diversity Alliance - 
President: Type: Board of Directors or committee member Self 
 JBJS Editorial Board: Type: Editorial or governing board Self

Seymour, Rachel PhD
Submitted on: 06/03/2024
Orthopaedic Trauma Association: Board or committee member

Shah, Suken MD, FAAOS*

Submitted on: 11/16/2024
Type: Other Intellectual Property
  Setting Scollosis Straight Foundation: Type: Fiduciary Officer
  DePuy Synthes Spine: Type: Other Professional Activities
  Scoliosis Research Society: Type: Fiduciary Officer
 Stryker/K2M Type: IP Royalties
 Scoliosis Research Society: Type: Board of Directors or committee member Self

*a. All relevant financial relationships have been mitigated     **Program Committee



Sharkey, Melinda MD, FAAOS
Submitted on: 10/24/2023
Pediatric Orthopaedic Society of North America: Board or committee member

Sharma, Mihir BS
Submitted on: 5/23/2025
This individual reported nothing to disclose.

Shenoy, Devika BS
Submitted on: 4/18/2025
This individual reported nothing to disclose.

Sieberer, Johannes MSc
Submitted on: 10/10/2024
This individual reported nothing to disclose.

Singh, Sirjanhar MD
Submitted on: 5/13/2025
This individual reported nothing to disclose.

Souder, Christopher MD, FAAOS
Submitted on: 6/3/2025
 OrthoPediatrics Corp.: Type: Other Professional Activities
 POSNA QSVI trauma committee: Type: Board of Directors or committee member Self

Strub, Daryn BA
Submitted on: 5/13/2025
This individual reported nothing to disclose.

Suh, Nina MD, FAAOS
Submitted on: 10/17/2024
This individual reported nothing to disclose.

Syzdek, Karen - STAFF** Submitted on: 4/8/2025
Swarup, Ishaan MD, FAAOS This individual reported nothing to disclose.
Thompson, Daniel MS (This individual reported nothing to disclose); Submitted on: 06/14/2024

Thomsen, Trine PhD
Submitted on: 6/8/2025
This individual reported nothing to disclose.

Todi, Niket MD
Submitted on: 6/9/2025
This individual reported nothing to disclose.

Turner, Lauren BS
Submitted on: 5/22/2025
This individual reported nothing to disclose.

Vasavada, Kinjal 
Submitted on: 5/28/2025
This individual reported nothing to disclose.

Wahle, Charlotte BA
Submitted on: 4/9/2025
This individual reported nothing to disclose.

Wallace, Stephen MD
Submitted on: 4/25/2025
 DePuy Synthes Products, Inc.: Type: Other Professional Activities
  Globus Medical, Inc.: Type: Other Professional Activities

Warner, Meredith MD, MBA, FAAOS
Submitted on: 12/22/2023
extremity medical: Paid consultant

Wassell, Meghan 
Submitted on: 5/23/2025
This individual reported nothing to disclose.

Williams, Natalie BS
Submitted on: 5/27/2025
This individual reported nothing to disclose.

WU, ALEX 
Submitted on: 5/21/2025
 Johnson & Johnson/Depuy Orthopedic: Type: Employment

Yancey, Marlee BA
Submitted on: 5/27/2025
This individual reported nothing to disclose.

Yawman, Jonathan MD (This individual reported nothing to disclose); Submitted on: 06/04/2024

Yong, Bicheng 
Submitted on: 5/20/2025
This individual reported nothing to disclose.

Yu, Ziqing MS (This individual reported nothing to disclose); Submitted on: 05/29/2024

*a. All relevant financial relationships have been mitigated     **Program Committee
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�‡Series: 7 patients, mean age 46.6 years (range 19-81 years)
�‡Plate-tensioned-nail with autograft bone augmentation (mean 29 cc, range 10-40 cc)
�‡Mean time to mobilization 1.2 days
�‡7/7 clinical and radiographic union within 6 months
�‡At 6 months, mean PROMIS percent of normal +18.3%, PROMIS Physical Function +3.2
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Table 1. Outcomes of Studies for All Internal Bone Transport  

Author Year Method N Bone  
BHI 
(days/cm) 

Time to Union 
(weeks) 

Baumgart*6 1997 FIT 1 Femur and Tibia** 45 72 
Kold7 2014 FIT 1 Tibia 45 20 
Mikuzis8 2021 FIT 15 8 Femur, 4 Tibia NM NM 
Ferner9 2020 BTN 1 Femur 30.25***  30 
Zeckey10 2020 BTN 1 Tibia 30 26 
Kern11 2021 BTN 9 Femur 46 NM 
Stoneback12 2021 BTN 2 Tibia 53.25 32 
Zuckerman13* 2021 BTN 2 Femur 21.41 52 
Carrion-
Martinez14 2022 BTN 1 Tibia 60 64 
Blair15 2023 BTN 4 Tibia 41.4 43.53 
Geiger16 2023 BTN 4 Tibia 63 58***  
Hackl17 2023 BTN 9 4 femur, 5 Tibia 7.4 67 
Krettek18 2017 CKTST 1 Tibia NM NM 

Krettek19 2018 CKTST 2 
1 Femur, 1 Tibia 
(same as above) NM NM 

Barinaga20 2018 PABST 1 Tibia 56.9 72 
Olesen21 2018 PABST 3 2 Femur, 1 Tibia NM NM 

Olesen22 2019 PABST 9 5 Femur, 4 Tibia 

Femur 
24.3; Tibia 

37.8 Femur 34; Tibia 30  
Wright23 2019 PABST 3 3 Femur NM NM 
Eldesouqi24* 2021 PABST 1 Tibia  78 26 
Hwang25 2021 PABST 1 Tibia NM NM 
Olesen26 2023 PABST 1 Femur 20 48 
Summers27 2021 PABST 5 5 Femur   24 72.4 
Freischmidt28 2024 PABST 15 7 femur, 8 Tibia 57 46 

*Oncology 
**Patient with Ewing’s sarcoma s/p wide excision who underwent arthrodesis of femur and 
tibia with intramedullary nail; data reported in table is specific to this patient rather than the 
reported averages of the 12 patients included in that paper. Other eleven patients were 
eliminated as they were lengthening cases and not bone defect cases.   
***Extrapolated from other data that was reported 
NM = not mentioned 
FIT = Fitbone 
BTN = Precice Bone Transport Nail 
PABST = Plate assisted bone segment transport 
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TABLE 1: Presenting Characteristics of Children Showing Spontaneous Resolution of Early-onset 
Blount Disease and Those Who Underwent Surgery 
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Figure 1 

AP Radiograph with Sample Measurements 

Line 1 represents the reference line drawn from the center of the tibial shaft to 
the center of the knee. Line 2 is the femoral condylar axis. Line 3 is the femoral 
physeal line measured from the metaphyseal flare. Line 4 is the tibial plateau 
measured from the flattest point medial and lateral. Line 5 is the slope of the 
medial plateau. Line 6 is the lateral plateau. Line 7 is the tibial physis. All 
angles were measured medially except the lateral plateau 

 

 

 

Figure 2  

Lateral Radiograph with Sample Measurements 

Line 2 is the reference line drawn from the anterior 1/5 of the proximal 
tibial metaphysis centered distally on the shaft. Line 3 is the tibial slope. 
Line 4 is the physeal slope. Line 5 is the fibular shaft. All angles were 
measured posteriorly.  

 



Table 1-AP Measurements 

Age n 
Femoral 
Condyles ±SD 

Femoral 
Physis ±SD 

Tibial 
plateau ±SD 

Medial 
Plateau ±SD 

Lateral 
Plateau ±SD 

Tibial 
Physis ±SD 

2 9 98.11 2.8 97.46 2.28 91.30 2.74 63.19 2.11 58.61 3.37 94.35 1.87 
3 10 94.65 2.3 97.90 2.4 90.95 2.0 62.93 3.5 63.32 6.0 94.58 1.2 
4 10 92.38 2.8 96.03 2.4 91.13 2.7 63.05 3.4 64.53 3.7 93.22 2.1 
5 10 89.63 1.1 95.35 1.01 90.48 1.7 66.08 3.1 67.57 3.5 93.09 1.6 
6 4 91.50 0.6 96.75 1.6 91.29 1.6 64.21 2.8 65.04 4.3 93.29 2.8 
7 6 90.64 1.3 97.39 1.9 91.53 1.3 70.08 3.1 72.58 2.7 93.67 1.5 
8 1 90.33   100.00   91.50   71.00   70.83   93.67   
9 4 88.96 1.3 95.33 1.1 90.71 1.2 72.46 2.4 72.67 1.9 90.88 0.9 

10 5 87.90 1.0 93.97 1.5 89.50 0.4 72.10 2.7 74.17 1.9 91.93 1.4 
11 7 89.93 1.0 94.98 1.8 90.26 0.9 75.38 4.2 74.62 1.7 92.81 2.1 
12 6 88.56 1.0 93.92 3.4 89.28 1.3 75.67 1.6 76.83 1.6 94.03 3.1 
13 10 89.94 2.0 94.21 2.3 90.34 1.5 75.64 3.0 75.36 2.9 93.29 2.8 
14 6 88.19 1.6 92.76 1.0 89.24 1.4 77.42 3.1 79.14 3.3 93.53 1.2 
15 5 86.37 1.7 92.47 2.0 88.50 1.0 75.07 3.0 80.73 3.2 93.53 2.4 
16 3 87.72 0.8 90.22 1.3 88.28 1.6 76.17 1.9 79.28 0.7 92.22 0.6 
17 1 87.75   93.5   89.67   76.33   79.83   89.83   

 

All measurements reported as means using tibial shaft as reference line. N=number of subjects analyzed, SD=standard 
deviation 

 

Table 2- Lateral Measurements  

Age n 
Tibial 
Physis ±SD 

Tibial 
plateau ±SD Fibular Shaft ±SD 

2 9 81.06 2.1 84.30 2.6 2.20 1.3 
3 10 83.13 2.0 84.29 1.7 2.49 0.8 
4 10 77.62 2.0 80.99 2.5 2.18 0.9 
5 10 77.83 2.0 80.90 2.6 3.53 1.1 
6 4 76.67 2.5 80.83 2.3 3.71 1.6 
7 6 80.50 3.1 82.02 3.7 3.71 2.1 
8 1 74.50   76.00   1.00   
9 4 76.29 2.1 78.50 2.7 4.33 1.9 

10 5 76.37 1.9 82.03 1.8 2.67 0.8 
11 7 76.26 3.6 78.95 2.8 2.83 1.2 
12 6 77.39 2.6 80.69 2.5 3.00 1.5 
13 10 77.95 2.7 81.38 2.7 3.24 1.9 
14 6 79.22 2.5 81.67 3.3 2.46 0.9 
15 5 77.60 3.5 80.70 2.6 0.95 0.6 
16 3 77.44 2.1 78.89 1.5 2.61 0.9 
17 1 73.83   77.17   2.67   

 

All measurements reported as means using tibial shaft as reference line. N=number of subjects analyzed, SD=standard 
deviation 
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Table 1: Results of Mild vs Moderate/Severe Valgus Over-Correction in the Surgical Treatment of 
Early-Onset Blount Disease 
 
 
 

Table 2: Valgus Over-Correction vs Under-Correction (residual neutral or varus alignment) in 

 
Overcorrected to -1 Overcorrected to -2 or -

3��
P value��

N 10 7  

Age at Diagnosis (mean (SD)) 5.10 (1.86) 3.21 (2.26) 0.078 

Years of Follow-up (mean (SD)) 4.88 (1.91) 4.76 (2.15) 0.9 

Female (%) 7 (70.0) 4 (57.1) 0.976 

Race (%)   0.186 

   Black or African American 5 (50.0) 3 (42.9)  

   Not Black or African American 5 (50.0) 2 (28.6)  

   Unknown 0 (0.0) 2 (28.6)  

Ethnicity (%)   0.529 

   Not Spanish/Hispanic/Latino 4 (40.0) 3 (42.9)  

   Spanish/Hispanic/Latino 5 (50.0) 2 (28.6)  

   Unknown 1 (10.0) 2 (28.6)  

BMI Percentile (mean (SD)) 90.60 (15.51) 96.77 (2.09) 0.317 

Bilateral (%) 10 (100.0) 5 (71.4) 0.301 

Preoperative Langenskiold Stage   0.142 

I 4 (40.0) 0 (0.0)  

II 2 (20.0) 3 (42.9)  

III 1 (10.0) 1 (14.3)  

IV 2 (20.0) 0 (0.0)  

V 1 (10.0) 3 (42.9)  

Preoperative MAD   0.651 

1 1 (11.1) 0 (0.0)  

2 2 (22.2) 1 (16.7)  

3 6 (66.7) 5 (83.3)  

Most Recent Drennan Angle (mean (SD)) 15.87 (27.64) 9.05 (6.07) 0.603 

Most Recent mLDFA (mean (SD)) 90.74 (1.97) 89.24 (2.99) 0.301 

Most Recent mMPTA (mean (SD)) 89.80 (2.81) 85.36 (3.79) 0.052 

Varus at Most Recent Follow Up (%) 0 (0.0) 1 (16.7) 0.936 

Langenskiold Resolution (%) 6 (60.0) 5 (71.4) 1 

Number of Corrective Surgeries (mean (SD)) 1.30 (0.67) 1.14 (0.38) 0.587 

 

��
��



Table 2: Valgus Over-Correction vs Under-Correction (residual neutral or varus alignment) in 
Early-Onset Blount Disease 

��
��

 
Corrected to Valgus 

MAD -1, -2, or -3��
Under-corrected to  

MAD 1, 2, or 3 
P value��

 

N 17 20  
Age at Diagnosis (mean (SD)) 4.32 (2.19) 5.10 (2.82) 0.361 
Years of Follow-up (mean (SD)) 4.83 (1.95) 6.35 (2.94) 0.079 
Female (%) 11 (64.7) 6 (30.0) 0.075 
Race (%)   0.775 
   Black or African American 8 (47.1) 11 (55.0)  
   Not Black or African American 7 (41.2) 6 (30.0)  
   Unknown 2 (11.8) 3 (15.0)  
Ethnicity   0.569 
   Not Spanish/Hispanic/Latino 7 (41.2) 11 (55.0)  
   Spanish/Hispanic/Latino 7 (41.2) 5 (25.0)  
   Unknown 3 (17.6) 4 (20.0)  
BMI Percentile (mean (SD)) 93.14 (12.11) 95.75 (11.25) 0.502 
Bilateral (%) 15 (88.2) 17 (85.0) 1 
Initial Treatment (%)    0.013 
   Guided Growth 17 (100.0) 12 (60.0)  
   Osteotomy +Acute Correction 0 (0.0) 5 (25.0)  
   Osteotomy + Gradual Correction 0 (0.0) 3 (15.0)  
Preoperative Langenskiold Stage   0.596 

I 4 (23.5) 4 (22.2)  

II 5 (29.4) 7 (38.9)  

III 2 (11.8) 2 (11.1)  

IV 2 (11.8) 4 (22.2)  

V 4 (23.5) 1 (5.6)  

Preoperative MAD   0.508 

1 1 (6.7) 0 (0.0)  

2 3 (20.0) 3 (16.7)  

3 11 (73.3) 15 (83.3)  

Most Recent Drennan Angle (mean (SD)) 13.25 (21.68) 13.54 (7.56) 0.963 
Most Recent mLDFA (mean (SD)) 90.05 (2.51) 91.66 (5.81) 0.358 
Most Recent mMPTA (mean (SD)) 87.78 (3.88) 85.13 (7.91) 0.321 
Varus at Most Recent Follow Up (%) 1 (7.7) 9 (47.4) 0.047 
Langenskiold Resolution (%) 11 (64.7) 8 (44.4) 0.388 
Number of Corrective Surgeries (mean (SD)) 1.24 (0.56) 1.55 (0.76) 0.167 
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TABLE 1 - Spearman Correlations Between PROMs Domains and LLRS-AIM Index

LLRS-AIM Index

LD-SRS

LD-SRS Overall -0.10 (0.36)

LD-SRS Pain -0.06 (0.61)

LD-SRS Function -0.26 (0.02)

LD-SRS Self Image 0.10 (0.39)

LD-SRS Mental Health 0.09 (0.43)

PROMIS

PROMIS Anxiety -0.07 (0.52)

PROMIS Depression -0.05 (0.63)

PROMIS Fatigue -0.07 (0.53)

PROMIS Pain Interference 0.10 (0.39)

PROMIS Peer Relationship -0.22 (0.05)

PROMIS Functional Mobility -0.22 (0.05)

Data are presented as Spearman’s rho (p value). Statistically significant values are bolded.

PROMs indicates patient-reported outcome measures; LD-SRS, Limb Deformity-Scoliosis Research Society; PROMIS, Patient Reported 
Outcomes Measurement Information System; LLRS-AIM, Limb Lengthening and Reconstruction Society AIM.

TABLE 2 - Ceiling and Floor Effects of PROMs Instruments Domains and LLRS-AIM Index

Ceiling Floor

LD-SRS

LD-SRS Overall 1 (1.2%) 1 (1.2%)

LD-SRS Pain 17 (21.0%) 1 (1.2%)

LD-SRS Function 1 (1.2%) 1 (1.2%)

LD-SRS Self Image 2 (2.5%) 1 (1.2%)

LD-SRS Mental Health 7 (8.6%) 1 (1.2%)

PROMIS

PROMIS Anxiety 1 (1.2%) 18 (22.2%)

PROMIS Depression 1 (1.2%) 26 (32.1%)

PROMIS Fatigue 1 (1.2%) 20 (24.7%)

PROMIS Pain Interference 2 (2.5%) 15 (18.5%)

PROMIS Peer Relationship 13 (16.1%) 1 (1.2%)

PROMIS Functional Mobility 19 (23.5%) 1 (1.2%)

LLRS-AIM Index

LLRS-AIM 1 (1.2%) 19 (23.5%)

LD-SRS indicates Limb Deformity-Scoliosis Research Society; PROMIS, Patient Reported Outcomes Measurement Information 
System; LLRS-AIM, Limb Lengthening and Reconstruction Society AIM.
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Dr. Herzenberg is married to Merrill Chaus, RN, MPH. They have three grown daughters: two 
nurses, and an architect. He is an honorary member of the Israeli Orthopedic Association and 
operates there yearly in various hospitals. Since 1998, he and his family have volunteered yearly 
with Operation Rainbow, providing orthopedic surgery to underprivileged children and adults in 
Nicaragua, Colombia, Ecuador, Uganda, Ethiopia, Liberia, Nepal, Honduras, and Haiti. He has 
recently volunteered in two active war zones: Ukraine, and Israel. In recognition of sustained 
international service, he was given POSNA’s 2016 Humanitarian Award. Most recently, he is 
being inducted into the  
inaugural class of the LLRS Hall of Fame. Dr. Herzenberg recently retired (summer 2023) from 
active clinical practice, and has relocated to Boulder, CO, where he and Merrill are full time 
grandparents, as of August 2023. Even more recently, they have another grandson in Miami, so 
they now travel back and forth from Miami to Colorado. Dr. Herzenberg’s current status is 
Emeritus Faculty at Sinai Hospital, and he continues to be involved in teaching, research, 
publishing, the annual Baltimore Limb Deformity Course, and organizing international service 
missions to the Developing World.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Dror Paley, MD 
 

 
 
Dror Paley, MD, FRCSC is the CEO, Founder, and Medical Director of the Paley Orthopedic and 
Spine Institute in West Palm Beach, Florida, from 2009 to present, and the Founder of the Paley 
European Institute in Warsaw, Poland, 2018, Paley Middle East Clinic, Abu Dhabi, UAE 2023 
and Instituto Paley Latino America  
2024 in Medellin, Colombia. The Paley Institute is the world’s largest medicaltourism center, 
treating patients from 110 countries and all 50 states. He speaks, lectures and reads and writes in 
6 languages. He was the Founder and Director of the Rubin Institute for Advanced Orthopedics, 
Baltimore, 2001–2009, and Professor & Chief of Pediatric Orthopedics at the University of 
Maryland,  
1987–2001, and Associate Staff at Hospital of Sick Children, Toronto, Canada, 1987.  
 
He did three years of subspecialty fellowship training in Pediatric Orthopedics, Hand Surgery, 
Trauma Surgery, and Limb Lengthening and Reconstruction Surgery,1985–87. He completed his 
orthopedic surgery residency at the University of Toronto 1980–1985 and his internship at Johns 
Hopkins 1979– 80. He received his medical degree from the University of Toronto Medical 
School, Toronto, Canada, in 1979. He was Professor of Orthopedics at University of Maryland 
1987–2001. He was adjunct Professor of Orthopedic Surgery and consultant at the Hospital for 
Sick Children, University of Toronto, from 2010–2014. He currently holds academic 
appointments as a Professor of Orthopedics at the University of Vermont and at Florida Atlantic 
University. He sits on the Board of Governors of St. Mary’s Medical Center. He has performed 
25,000+ surgeries. He runs the Paley and unLIMBited Foundations and does mission trips around 
the world.  
Dr. Paley is internationally recognized for his expertise in limb lengthening and reconstruction. 
He trained under the guidance of Prof. Gavril Ilizarov during multiple visits to Kurgan, Soviet 
Union. Dr. Paley introduced the Ilizarov method to the US and Canada in 1987 and subsequently 
was instrumental in the introduction and dissemination of the Ilizarov method in Northern 
Europe, South  
  



America, across Asia, Australia and New Zealand and parts of Africa. He was the Founder and 
first president of the Limb Lengthening and Reconstruction Society in 1989 and of the 
International Limb Lengthening and Reconstruction Society in 2015. He is the recipient of 
numerous awards, including Gubernatorial Citation 1990, Pauwel’s Medal in Clinical 
Biomechanics 1997, Best paper/poster award by SICOT, AAOS, POSNA, AORS; best illustrated 
medical textbook 2003; Health Professional of the Year 2011, Health Hero of the Year 2013, 
Florida Most Influential Business Leader 2019, 20, 21, 22, 23 and was named a Living Legend 
and most influential business leader in Palm Beach by the Palm Beach Illustrated.  
 
He served as the Orthopedic Surgeon to the White House from 2017 to 2021 and was reappointed 
again in 2025. He has published 193 peer– reviewed articles, 73 book chapters, 50 video 
productions and 9 books; most notably: Congenital Femoral Deficiency 2023, and Principles of 
Deformity Correction, Springer (2002, 2005). The CORA method of deformity analysis in this 
text has become the gold standard for deformity planning in orthopedics.Dr. Paley developed 
over 100 surgical procedures including: SUPERhip, SUPERknee, SUPERankle, SHORDT, Paley 
Weber patelloplasty, ulnarization, Paley Rotationplasty, modified Judet quadricepsplasty, Paley 
Cross Union for CPT, MHE forearm interosseous correction, four–segment achondroplasia 
lengthening, and many others. He had had an interest in Perthes disease since 1989 when he first 
developed the method of articulated hip distraction for Perthes. He has also developed a method 
to reshape the femoral head using Femoral Head Reduction Osteotomy. He developed the 
Multiplier method of predicting leg length discrepancy and timing of epiphysiodesis, now 
available using the Android and iOS app Paley Growth Multiplier App.  
 
He lives with his wife, Jennifer, and has four grown children, Benjamin, Jonathan, Aviva, and 
Daelan; three grandchildren, Dalia, Jack and Lev. His hobbies include reading history, skiing, 
road and mountain biking, rock climbing, and scuba diving.  
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Outcomes of Elective Transtibial Amputation for Foot and Ankle Problems 
 
Austin T. Fragomen, MD; Mohamed Abdelaziz Elghazy, MD; Zachary Glassband, BA; 
Taylor J. Reif, MD; Jason S. Hoellwarth, MD; S. Robert Rozbruch, MD 
FragomenA@hss.edu 
 
Question: Some patients with foot and ankle deformity, chronic infection, or intractable pain 
elect for transtibial amputation instead of reconstruction surgery. However, unlike limb salvage 
patients, the outcome of elective amputation for this group is not well studied. The aim of this 
study was to evaluate the clinical outcomes and patient satisfaction after undergoing elective 
transtibial amputation with conventional socket rehabilitation. 
 
Answer: Medical records were reviewed to identify patients who had transtibial amputation 
instead of reconstruction for reasons of deformity, pain, or infection. Exclusion criteria were less 
than one year follow−up, patients who received tibial osseointegration implants, and amputation 
due to tumors, vascular insufficiency or acute traumatic amputation. The primary outcome was 
adverse events. Secondary outcomes were postoperative−only patient−reported surveys 
(LD−SRS and PROMIS); preoperative surveys were not administered. Patients also rated their 
satisfaction from 1 (very unsatisfied) to 5 (very satisfied) and were asked if they would have the 
same management again (5=definitely yes, 1=definitely no). 
 
Results: Fourteen patients were included in this study with an average follow up of 29.1±20.2 
months. All patients obtained a socket prothesis for rehabilitation. The causes for amputation 
were Charcot foot and ankle (n=6), CRPS (n=3), chronic foot infection (n=2), and complex 
deformity (n=1). Two patients had bilateral amputation, one for bilateral CRPS, and the other for 
bilateral congenital clubfoot. Four patients had surgical debridement after primary amputation. 
One patient had a displaced fracture of the lateral femoral condyle three years later managed with 
open reduction and internal fixation. The clinical outcome scores of LD−SRS and PROMIS are 
listed in table 1. LD−SRS scores averaged nearly a 4 (out of 5) across all domains. Of 11 patients 
who responded to satisfaction surveys, 2 (18%) were satisfied and 9 were very satisfied (82%). 
Of those same 11, 9 (82%) would definitely have the same procedure again, 1 (9%) would 
probably do it again, and the one patient who was unsure expressed he would have considered 
osseointegration if he were to do it again. 
 
Conclusions: For patients with unilateral complex foot and ankle deformities, elective transtibial 
amputation with socket prosthesis rehabilitation can provide high satisfaction with the outcomes 
with a low risk profile. Patients who are not satisfied may benefit from consultation regarding 
osseointegration. 
 
  



Dynamic Interfragmentary Compression Through a Tibial Intramedullary Nail Compared 
to Backslapping Alone: A Biomechanical Analysis 
 
James A. Blair, MD, FACS; Brittany E. Haws, MD; J. Daniel Thompson, MS; Jonathan P. 
Yawman, MD; Jana M. Davis, MD; Nina Suh, MD 
jablair@emory.edu 
 
Question: We sought to investigate the amount of interfragmentary compression that can be 
obtained in a transverse tibia fracture model with backslapping alone (BS) versus the 
intramedullary nail’s dynamic internal compression (IC) mechanism and if that compression is 
maintained after loading. The hypothesis is that IC will achieve and maintain greater 
compression of a transverse tibial fracture compared to BS.   
 
Answer: A biomechanical transverse diaphyseal tibia fracture model was used. A Smith+Nephew 
Trigen (S+N) or Stryker T2Alpha (T2A) nail was inserted. Tibias were divided into two groups 
(n=10/group). Fracture compression was obtained either by BS or use of the nail’s IC device. 
Specimens were loaded for 135,000 cycles of 700N @ 3Hz to simulate three months of 
weightbearing. Interfragmentary pressure measurements were recorded at procedure completion 
(pre−cycling) and after loading (post−cycling). Compression at each stage was compared 
between BS and IC groups as well as changes in compression after loading. A subanalysis was 
performed to compare outcomes between the T2A and S+N nails.  
 
Results: Significantly greater compression was generated pre−cycling in the IC compared to the 
BS group (394.4N vs. 94.7N, p < 0.001) and maintained post−cycling (331.6N vs. 67.5N, p < 
0.001). Both groups experienced statistically significant loss of compression during the cycling 
process (BS, 28.7% loss, IC, 15.9% loss, p < 0.05 each. On subanalysis, IC of the T2A nail 
demonstrated no significant loss of compression after cycling (5.7%, p=0.148) and also exhibited 
greater post−cycling compression than that obtained by IC of the S+N nail (416.6N vs 246.6N, 
p=0.032). However, the S+N BS group generated and maintained significantly more compression 
than the T2A BS group (pre−cycling: 168.3 N vs. 21.1 N, p=0.001; post−cycling: 120.2N vs 
14.9N, p=0.004).  
 
Conclusions: Our test results suggest that intramedullary IC devices generate and maintain 
greater interfragmentary fracture compression than traditional BS techniques alone. However, 
some compressive force is lost after loading regardless of compression technique utilized. 
Differences in compressive force were observed between nail manufacturers with both 
techniques, which suggests that nail geometry may contribute to maintaining interfragmentary 
fracture compression.  
  



Motorized Intramedullary Limb Lengthening: Management of and Risk Factors for 
Fracture 
 
Jason S. Hoellwarth, MD; Zachary Glassband, BA; Taylor J. Reif, MD 
Austin T. Fragomen, MD; S. Robert Rozbruch 
hoellwarthj@hss.edu 
 
Question: Motorized intramedullary lengthening nails (MILN) are a common implant to provide 
limb lengthening. While there has been substantial literature written about MILN use and 
complication management, the complication of fractures related to limb lengthening with a 
MILN has never been the focus of investigation. This research aims to describe our practice’s 
incidence and management of fractures in patients who had MILN surgery, and also evaluate 
potential risk factors.  
 
Answer: Medical records of 541 MILN limb segments were retrospectively reviewed, 
identifying 18 patients (3%) who sustained fractures (all unilateral). The primary outcomes were 
anatomic location of the fracture, management technique, and time to weight bearing as tolerated. 
Additionally, comparison of demographic data was performed between lengthening patients that 
fractured and those that did not in order to evaluate the potential risks for fracture.  
 
Results: Fourteen fractures were in the lengthened bone: seven (50.0%) were provided 
intramedullary nailing, three (21.4%) were managed with protected weight bearing (two with 
supportive orthosis), two (14.3%) had plate and screw fixation, one (7.2%) had intramedullary 
nailing with an external fixator, and one (7.2%) had intramedullary nailing with plate and screw 
fixation. Four fractures were in the ipsilateral limb but different bone: one femoral lengthening 
patient had a subsequent tibia fracture managed by external fixation, one tibia lengthening patient 
had a subsequent femur fracture managed with plate and screw fixation, one femur lengthening 
patient had a subsequent fibula fracture managed with protected weight bearing, and one femur 
lengthening patient had a subsequent metatarsal fracture managed with protected weightbearing. 
All patients regained full function of their lengthened limb following healing of the injury, 
notably full weight bearing independent walking without restriction. No patients experienced a 
permanent reduction of function due to the fracture. Risk factors significant (p<.05) for fracture 
after MILN lengthening were: female sex, unilateral lengthening, and a shorter total lengthened 
amount (it is noted that a potential confounder is the large representation of men who had 
bilateral stature lengthening).  
 
Conclusions: Fracture after limb lengthening surgery is an uncommon complication. Multiple 
common fracture care options are successful in achieving patient healing and resumption of 
activities without limitation.  
 
  



Evaluating In Vivo Efficacy of Enzymatic Biofilm Dispersal from Orthopaedic Implants 
 
Jessica C. Rivera, MD, PhD 
jrive5@lsuhsc.edu 
 
Question: Bacterial biofilms are difficult to treat etiologies of implant related orthopaedic 
infections. When implant retention is desired, eradicating biofilm in vivo can be especially 
difficult. Recent in vitro studies from our lab have shown that debridement with bromelain, an 
enzyme derived from pineapple stem, can effectively disperse biofilms from surgical grade 
orthopaedic screws. This effect in vivo is important to consider given the persistent 
“culture−condition” that a living organism provides to bacteria. The purpose of this study was to 
determine how well in vivo conditions replicate in vitro biofilm dispersal results using bromelain 
based enymatic debridement.  
 
Answer: Stainless steel bone pins were incubated at 37„ƒ in tryptic soy broth with 10% fetal 
bovine serum and inoculated with methicillin−resistant Staphylococcus aureus (MRSA) clinical 
isolate BAA−1683. Biofilm washed pins were first infected in the same fashion and then soaked 
in 1000 Î¼g/mL bromelain for 20 minutes and washed in phosphate buffered saline (PBS). A 
second set of pins prepared as above were placed into the intramedullary space of adult Sprague 
Dawley rats for 7 days and explanted. All pins were fixed and stained with Sytox Orange and 
imaged at 100x magnification using confocal microscopy. €‹ The bacterial burden was quantified 
using SlideBook 5.0 software (3i) including size exclusion relative to host cells. The explanted 
femurs were imaged using micro−CT to determine bone volume ratio. Statistical comparisons 
between exposures were done using one−way analysis of variance.   
 
Results: The in vitro infected pins (n=6) exhibited a mean bacterial burden of 560.83 CFU, while 
the in vivo infected pins (n=3) displayed a higher mean burden of 873.7 CFU (p=0.3944). The 
bromelain pre−washed in vivo pins (n=3) had a mean bacterial burden of 819.3 CFU compared 
to the in vitro bromelain−washed pins (n=4), demonstrating a vastly lower bacterial burden of 
96.5 CFU (p=0.0195). Micro−CT results for infected pins demonstrates lower bone volume to 
total volume ratio (BV/TV), consistent with the osteolytic properties of the used clinical isolate. 
Contrasting BV/TV findings from the bromelain washed pins and uninfected pins indicated that 
these pins did not have the same osteolytic response in the bone and a consistent “shell” was 
evident around the implant.  
 
Conclusions: The data indicate that while bromelain shows promise as a viable option for 
cleaning infected orthopedic implants, in vitro conditions do not adequately allow for reliable 
study of in vivo potential. Although the bromelain washes effectively reduced the bacterial 
burden in vitro, low bacterial levels in vivo were not maintained following seven days of 
implantation which is essentially a physiologic culture condition. Base on micro−CT results 
where the bromelain washes pins did allow for some osteoblastic response, the resurgence of 
bacterial was likely delayed by the reduced burden of bacterial prior to implanting the pins. 
These findings are an important reminder that following any method of debridement, persisting 
bacteria in wounds and on bone/implants do have the opportunity to rebound as persistent 
infection. 
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Figure 3:  Representative AP and lateral radiographs of 
implanted pins



Use of Ankle Distraction Frames in Treatment of Pilon Fractures: Technical Trick  
 
Katherine Sborov, Lauren Turner, Geoffrey Marecek, MD 
katherine.sborov@cshs.org 
 
Question: Tibiotalar arthrodiastasis, or ankle distraction arthroplasty, can facilitate cartilage 
repair, restore joint space, and improve range of motion for ankle arthritis. We describe an 
adaptation of this technique for acute treatment of pilon fractures to facilitate immediate weight 
bearing, early range of motion, maintenance of articular reduction, and chondroprotection due to 
distraction and motion.   
 
Answer: Four patients underwent open reduction internal fixation (ORIF) of pilon fractures 
(AO/OTA 43B or C). An ankle arthrodiastasis frame was applied after definitive internal fixation. 
All patients were treated by a single orthopedic trauma fellowship trained surgeon at a large 
academic hospital. Patients had the ankle locked in a plantigrade position for 2 weeks while the 
surgical incisions healed and were permitted range of motion as tolerated thereafter. All patients 
were permitted weight bearing as tolerated after frame application. The frames were removed at 3 
months postoperatively.  
 
Results: The mean age was 33.3 (range 23−47) and three patients were male. Three patients had 
initial ankle−spanning external fixation using a ringed external fixator followed by modification 
for ankle distraction after ORIF. One patient had the distraction frame applied after ORIF; no 
initial spanning was performed. One patient had a contralateral injury that precluded 
weightbearing on that leg while the others had isolated injuries. Follow up ranged from 3−27 
months. Mean PROMIS scores for physical function and pain interference were 34 and 62, 
respectively, at 3 months for all patients, and 44 and 61 at > 1 year follow−up for two patients. 
There were no complications, related to the frame or otherwise. One patient underwent removal 
of hardware at 1 year.  
 
Conclusions: Distraction arthroplasty in the acute treatment of pilon fractures allows for early 
weight bearing, immediate ankle range of motion, and the potential biologic and biomechanical 
properties of arthrodiastasis on articular cartilage and joint function.   
  



Differences in Treatment Course Between Upper and Lower Extremity Nonunions 
 
Mihir Sharma, BS; Morgan Roche, BS; Mohammed Bashier, BA; Sirjanhar Singh, 
Mani D. Kahn, MD 
mihir.sharma@einsteinmed.edu 
 
Question: Are there differences in the treatment courses and outcomes for nonunions in different 
areas of the body?  
 
Answer: We conducted a retrospective analysis of patients who underwent surgical treatment for 
nonunion or malunion between November 2015 and June 2024 at a single center. Included 
patients were over 18 at the time of surgery, had at least 90 days of follow–up after treatment, 
and had injury from iatrogenic or traumatic causes. Variables recorded included 
nonunion/malunion location (between upper extremity and lower extremity), patient 
demographic details, whether union was achieved within 1 year and within 2 years, time to union 
and length of hospital stays in those achieving union, and presence of post–operative 
complications within 90 days of definitive surgery (including severe medical complications, 
rehospitalization, unplanned reoperation, etc.). Associations between injury location and rates of 
union within one year and presence of post–operative complications were analyzed using Chi–
Squared or Fisher Exact Test. Associations between injury location and time to union and length 
of stay were analyzed using the Mann–Whitney U–test.  
 
Results: 208 patients were included in the analysis, with 171 having at least 1 year of follow–up, 
156 having at least 2 years of follow–up, and 143 being followed–up until union was achieved. 
45.2% of lower extremity nonunions united within 1 year, compared to 83% of upper extremity 
nonunions (p < 0.001). After 2 years, 87.5% of lower extremity injuries had united while 100% 
of upper extremity nonunions had united (p = 0.013). Lower extremity injuries had a median time 
to union of 288 days, compared with 121 days for upper extremity injuries, respectively (p < 
0.001). Median length of stays were 6 and 0 days for lower and upper extremity injuries, 
respectively (p < 0.001). Injury location was not significantly associated with differences in 
postoperative complications, rates of rehospitalization, and unplanned reoperations in the 90 days 
after the definitive surgery.  
 
Conclusions: Nonunions and malunions in the lower extremity are associated with longer times 
to union, longer hospital stays, and less union within one year of definitive surgery compared to 
similar injuries in the upper extremity. While injuries were more likely to unite within 2 years, 
there was still a significant difference in union rates between upper and lower extremity 
nonunions.  
  



Evaluation of Outcomes by Surgical Technique for Aseptic Nonunion and Malunion 
 
Mohammed Bashier, BA; Mihir Sharma, BS; Morgan Roche, BS; Sirjanhar Singh, 
Mani D. Kahn, MD 
mohammed.bashier@einsteinmed.edu 
 
Question: To compare the efficacy of open reduction internal fixation (ORIF), intramedullary 
nailing (IMN), and external fixation in the correction of aseptic nonunion and malunion.  
 
Answer: This retrospective cohort study included adult patients undergoing corrective surgery 
for chronic aseptic nonunion or malunion at a single academic center between October 2014 and 
May 2024. Demographic (age, sex, race, ethnicity, insurance, etc.) and clinical course details 
were collected via chart review. Postoperative outcomes (union, complication, rehospitalization, 
and reoperation rates) were analyzed for patients with at least 90 days of follow–up after 
definitive surgery. Statistical analysis was performed using R (version 4.4.0). Fisher’s exact test 
was employed to assess significance for categorical variables, and Kruskal–Wallis test was used 
for continuous variables.  
 
Results: One hundred sixty–eight patients were identified (ORIF 57.4%; IMN 37.5%; external 
fixation 4.8%). ORIF patients had a greater median age (60 vs 47 vs 49 years, p=0.004), and all 
external fixation patients were male (p=0.005). Patients treated with ORIF had significantly 
decreased median time from presentation to definitive surgery compared to IMN and external 
fixation (54 vs 133 vs 179 days; p<0.001) and decreased total length of stay across all admissions 
(1 vs 4 vs 3 days, p<0.001). Median time to union was significantly shorter for ORIF compared 
to IMN and external fixation (176.5 vs 309 vs 461 days; p<0.001). Among patients with at least 
one year of follow–up or union within one year (66.7%), 79.4% of ORIF patients achieved union 
within one year compared to 51.2% for IMN and 25.0% for external fixation (p<0.001). 
However, among patients with at least 90 days follow–up (83.9%), no differences were observed 
with respect to postoperative complications, rehospitalization, or unplanned return to operating 
room, and there were no differences in loss to follow–up rates among all patients.  
 
Conclusions: Patients undergoing ORIF for management of aseptic nonunion or malunion 
exhibit significantly decreased time to definitive surgery, total length of stay, and time to union 
compared to IMN and external fixation, along with higher one–year union rates, suggesting the 
potential to expedite the recovery process and curtail resource utilization and patient burden.  
  



Pelvic Osseointegration for Unilateral Hip Disarticulation: A Case Series  
 
Munjed Al Muderis, MD 
munjed@me.com 
 
Question: Lower–limb amputees face significant challenges to rehabilitate. Traditional socket 
prostheses (TSPs) have been the standard for artificial limb attachment but are often associated 
with discomfort and mobility restrictions, leading to limited wear time and prosthesis 
abandonment rates of 25–57%. Hip disarticulation patients face further disability with increased 
TSP challenges. Fewer than half tolerate a prosthesis. Pelvic osseointegration is an emerging 
solution for patients with unilateral hip disarticulation. This study aimed to evaluate (1) the rate 
of complications following the primary procedure, (2) changes in prosthesis wear time and 
mobility, and (3) patient–reported perceptions of prosthesis use.  
 
Answer: A retrospective review of our osseointegration registry identified all patients who 
underwent pelvic osseointegration at least two years prior. Mobility outcomes, prosthesis wear 
time, patient–reported satisfaction, and complications were analyzed.  
 
Results: Five patients (4M, 1F; mean age 51.8 years, range 37–63) underwent pelvic 
osseointegration. Three patients were initially wheelchair–bound. At follow–up, three of these 
became ambulators: two were ambulating without assistive devices, and one was a home 
ambulator using two crutches as aid. One patient (BMI 44.3) remained wheelchair–dependent 
due to insufficient strength. One patient experienced complications and was lost to follow–up.   
 
Conclusions: Pelvic osseointegration can significantly improve mobility and prosthesis use in 
appropriately selected patients. However, higher BMI may be a risk factor for poorer mobility 
outcomes. Future studies should further assess long–term functional outcomes and patient–
reported satisfaction. 
  



Distal Humerus Nonunions: Surgical Outcomes and Risk Factors for Recalcitrant 
Nonunion 
 
Noah Harrison, Laura Bess, Roman Natoli, Joseph R. Hsu, MD; Nainisha Chintalapudi -  
Ziqing Yu, Andrew Chen, Sharon Babcock, Hassan Mir, Anna Miller 
William Obremskey, MD 
nharrison@wustl.edu 
 
Question: Distal humerus nonunion develops following fracture fixation in 4–25% of cases. 
Current literature on distal humerus nonunions consists of small, single–center, retrospective case 
series. No studies have investigated risk factors of distal humerus nonunion surgery failure. The 
purpose of this study is to describe outcomes after distal humerus nonunion surgery in a 
multicenter series of patients and to identify risk factors of nonunion surgery failure.   
 
Answer: We performed a retrospective analysis on a database of 30 surgically treated aseptic 
distal humerus nonunions from 7 level I trauma centers between 2007–2019. Bivariate analyses 
were performed to evaluate the likelihood of nonunion surgery success based on patient 
demographics, comorbidities, fracture–related characteristics, use of bone graft/bone graft 
substitutes, and postoperative complications.  
 
Results: Of the 30 distal humerus nonunions, we found that 7 (23.3%) failed to unite following 
surgery. Twelve patients (40.0%) experienced one or more postoperative complications 
(infection, deep vein thrombosis, hardware failure, reoperation, and/or readmission). 
Complications were associated with nonunion surgery failure (p=0.009). All 7 patients that 
developed recalcitrant nonunion initially sustained an open distal humerus fracture. The use of 
bone graft or bone graft substitute was not associated with recalcitrant nonunion (p=0.22 and 
p=0.62 respectively). Patient age, body mass index, smoking status, diabetes, and initial AO/OTA 
fracture classification were not associated with the nonunion repair success rate.  
 
Conclusions: This multicenter series challenges the previously described >95% union rate 
following distal humerus nonunion surgery. Our data suggest that an initially open distal humerus 
fracture may increase the risk of recalcitrant distal humerus nonunion. Postoperative 
complications were associated with distal humerus nonunion surgery failure, however modifiable 
risk factors like bone graft use and smoking did not influence the success rate of nonunion 
surgery in this study. These findings can be used to give patients an improved expectation of 
results and complications following distal humerus nonunion surgery. Investigation into methods 
for improving the success rate of distal humerus nonunion surgery is warranted.   
 
  



Outcomes of Elective Transtibial Amputation with Osseointegration for Foot and Ankle 
Problems  
 
Austin T. Fragomen, MD; Mohamed Abdelaziz Elghazy, MD; Zachary Glassband, BA; 
Taylor J. Reif, MD; Jason S. Hoellwarth, MD; S. Robert Rozbruch, MD 
FragomenA@hss.edu 
 
Question: Some patients with foot and ankle deformity, chronic infection, or intractable pain 
elect for transtibial amputation instead of reconstruction surgery. Recently, press–fit titanium 
transcutaneous osseointegration nailing (TiTON) has been introduced which entails attaching 
prosthesis directly to the skeleton to bypass the need of a socket. Most osseointegration literature 
focuses on patients who were existing amputees. The aim of this study was to evaluate the 
clinical outcomes and patient satisfaction after undergoing elective transtibial amputation with 
simultaneous primary osseointegration. 
 
Answer: Retrospective review was performed of all our osseointegration patients who had a 
primary tibia amputation (rather than existing amputation) with simultaneous osseointegration 
(rather than osseointegration performed at a different surgery). The primary outcome was adverse 
events. Secondary outcomes were patient–reported surveys (LD–SRS and PROMIS). Patients 
also rated their satisfaction from 1 (very unsatisfied) to 5 (very satisfied) and were asked if they 
would have the same management again (5=definitely yes, 1=definitely no). 
 
Results: Twelve patients were included, with an average follow up of 26.0±15.6 months. The 
causes for amputation were posttraumatic complications of chronic painful deformity and 
arthritis (n=4), CRPS (n=2), failed ankle fusion (n=1), chronic hindfoot osteomyelitis with 
diabetic neuropathy (n=1), foot drop and neurogenic pain after traumatic brain hemorrhage (n=1), 
dislocation of revision total ankle replacement with total talus (n=1), nonunion of supramalleolar 
osteotomy with hx of neurofibromatosis and club foot surgeries (n=1), and Maffuci syndrome 
with hx of multiple surgeries of enchondroma and hemangioma excision (n=1). 
 
Two patients had subsequent surgical debridement to address infection; there were no other 
postoperative adverse events. Multiple PROMIS domains significantly improved: Global 
Physical Health, Pain Interference, and Physical Function. All LD–SRS domains significantly 
improved except for the mental health domain (table 1). All patients were satisfied (50%) or very 
satisfied (50%) with their limb management. All patients stated they would have the same 
surgery again. 
 
Conclusions: For patients with unilateral complex foot and ankle deformities, elective transtibial 
amputation with simultaneous osseointegration confers significant quality of life benefits and 
high satisfaction, with a very good safety profile. This treatment option seems very reasonable to 
offer well informed patients. 
  



Correction of Ulnar Deformity in Pediatric Patients with Multiple Hereditary Exostoses for 
the Treatment of Radiocapitellar Instability 
 
Aaron Huser, DO; Arun Hariharan, Dror Paley, MD; David S. Feldman, MD 
aaron.huser@gmail.com 
 
Question: What are the clinical and radiographic results of acute ulnar osteotomy to treat 
radiocapitellar instability in pediatric patients with multiple hereditary exostoses (MHE)?  
 
Answer: A retrospective chart review of all patients who underwent an osteotomy of the ulna 
was performed. Patients were included if they had a diagnosis of MHE, were skeletally immature 
at the time of surgery, were treated with an acute osteotomy over an intramedullary nail and their 
radial head was not dislocated preoperatively. Patients were excluded if they did not meet the 
minimum two−year follow−up. Radiographic measurements including percent ulnar length 
(PUL), total radial bow (TRB), total ulnar bow (TUB) were recorded and compared at the 
preoperative, immediate postoperative and final follow−up time intervals using Friedman 
two−way ANOVA by ranks followed by Dunn’s test with Bonferroni correction. Radiocapitellar 
joint status was analyzed with Fisher’s exact test at each time interval. A secondary analysis was 
performed on all forearms regardless of follow−up to evaluate for complications.  
 
Results: Twenty upper extremities (13 male/7 female) met the 2−year minimum follow−up 
requirement. The mean age at the time of surgery was 8.8 years (±3.1 years) and mean follow−up 
was 3.4 years (±1.0 years). Twelve radiocapitellar joints (60%) were subluxated on the 
preoperative images. Thirteen ulnas had plate in addition to the intramedullary fixation; 7/13 had 
the plates removed during the follow−up period. 
 
Preoperative pronation measured 70 degrees (IQR 51 degrees) and supination measured 73 
degrees (IQR 41 degrees). There was no significant improvement at final follow−up for 
pronation (68 degrees [IQR 31 degrees], p = 0.3929) or supination (88 degrees [IQR 30 
degrees],p = 0.6373). PUL demonstrated no significant improvement with deformity correction 
(preoperative: 105%, p=0.0863). TUB significantly improved overall improvement from 19.6 
degrees preoperatively to 4.5 degrees at final follow−up (p<0.0001) with a large effect size 
(W=0.824). TRB did not show any significant change (preoperative: 16.5 degrees, p=0.4240). All 
radiocapitellar joints were reduced on the immediate postoperative films. All but one radial head 
was reduced on final follow−up imaging which was a significant improvement compared to 
preoperative films (p<0.0001, OR 26.0, CI 3.0 − 1270.0). Figure 1 demonstrates the 
improvement of final follow−up TUB/PUL compared to the preoperative values. There is a left 
shift away from the instability line which has been previously published. 
 
A secondary analysis of all forearms that underwent acute ulnar osteotomy was performed to 
assess complications. 50 forearms in 44 patients were included. The mean age at the time of 
surgery was 8.9 years (±3.1 years) and the mean follow−up time was 1.8 years (±1.6 years). 
There were 9 (18%) complications. Two radiocapitellar joints subluxated postoperatively: one 
from recurrence of the ulnar bow in a patient who was 2.5 years old at the time of the index 
procedure and one from a proximal ulnar osteochondroma causing a mass effect; both have been 
indicated for surgery. 
  



Correction of Ulnar Deformity in Pediatric Patients with Multiple Hereditary Exostoses for 
the Treatment of Radiocapitellar Instability continued 
 
Aaron Huser, DO; Arun Hariharan, Dror Paley, MD; David S. Feldman, MD 
aaron.huser@gmail.com 
 
One forearm had a superficial wound infection treated with antibiotics. Five forearms had 
symptomatic distal ulnar deformity; two have undergone revision surgery. One patient had a 
non−union requiring repair. 
 
Conclusions: An acute osteotomy of the ulna improves radiographic deformity and reduces the 
radial head in patients with MHE. The most common complication is the development of a distal 
ulnar deformity which may be symptomatic and require surgical correction. A small percentage 
may re-subluxate; continued surveillance is recommended. 
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Pre−Built Computer Assisted External Fixators Compared to Intraoperatively Built 
Fixators for Deformity Correction and Limb Lengthening, A Retrospective Analysis 
 
Akram Al Ramlawi, MD; Michael Assayag, MD; Philip K McClure, MD; 
John E. Herzenberg, MD 
akram.ramlawi@gmail.com 
 
Question: External fixators (EF) have been proven to be an effective treatment for multiple limb 
deformities. The advent of computer assisted external fixators allowed orthopedic surgeons to 
treat complex multiplanar deformity. Additionally, it allowed surgeons to pre−build their EFs 
before surgery. We hypothesize that pre−building EFs using computer software will decrease 
surgical time while improving their surgical outcome. 
 
Answer: Data concerning patients demographics, indication for surgery, surgical timing, 
outcomes and complications of 97 computer assisted external fixators were retrospectively 
collected (48 pre−assembled and 49 intraoperatively assembled).  
 
Results: Average age was 18.7 (18.3 for pre−assembled and 21.4 for intra−operatively 
assembled) (P>.05). The cohort comprised 60 males and 37 females. All patients met their initial 
goal of surgery within 4 months of follow up. Operative room (OR) time was significantly less in 
the pre−assembled group with 106 minutes and 127.5 minutes respectively (P<0.05). Similarly, 
estimated blood loss was significantly less in the pre−assembled group with 48 versus 99 ml of 
blood (P<0.05). All patients successfully reached their goal height and/or deformity correction 
within 4 months of index procedure. 
 
Conclusions: Pre−built frame offers the advantage of decreasing OR time and blood loss during 
surgery, without affecting the patient’s final outcomes.   
  



Health Related Quality of Life of Children with Fibular Hemimelia − The Nine Year 
Experience of a Regional Children’s Hospital  

 
Harsh Kahlon, Harpreet Chhina, PhD; Jennifer Law, Ye Shen, Jeffrey Bone, *** 
Anthony Cooper, MD 
kharsh@student.ubc.ca 
 
Question: Does surgical intervention in children with Fibular Hemimelia cause an improvement 
in their Health Related Quality of Life (HRQL)?  
 
Answer: A prospective longitudinal study collected clinical, functional and HRQL data in 
children with FH at the senior author€™s institution since 2015. HRQL was assessed using the 
Pediatric Quality of Life (PedsQL) questionnaire, Pediatric Outcomes Data Collection Instrument 
(PODCI) and Numeric Pain Rating Scale (NPRS). Linear−mixed model and nonlinear analysis 
was used to observe the effects of time since presentation, respondent type, and pre 
vs.post−surgery status on outcome measures.  
 
Results: Of the 38 participants, 30 have had surgery at our institution at the time of analysis. 
Four out of 38 children had amputations prior to their first visit at our institution. Parents 
consistently reported lower PedsQL scores than children (p < 0.05). Frame removal significantly 
improved physical and social functioning scores across PedsQL domains (p < 0.05). 
Post−surgery, physical and social functioning decreased, but recovery over time, especially after 
frame removal, was associated with improved outcomes (p < 0.05). NPRS had a median pain 
score of 0, indicating low levels of reported pain.  
 
Conclusions: Our study highlights a decline in Social Functioning in children with FH post 
operatively, suggesting surgery may negatively impact social well−being in the early 
post−operative period. The external fixator frame significantly affects mobility and physical 
functioning, with lower scores when the frame is on and higher scores when it is removed. 
Finally, we demonstrate a consistent difference in how parents perceive their child’s HRQL 
versus children’s self−perception. The lack of significant changes in overall HRQL scores 
suggests gaps in understanding how surgery impacts clinical and HRQL outcomes, which could 
be explored through qualitative research and the use of patient−reported outcome measures 
specific to lower limb deformity.  
  



Utility Of Long Hip to Ankle Radiographs in Evaluating Limb Length Equality After 
Prosthesis Fitting for Patients with Lower Extremity Osseointegration 
 
Mohamed Abdelaziz Elghazy, MD; Zachary Glassband, BA; Taylor J. Reif, MD; 
S. Robert Rozbruch, MD; Haris Kafedzic, Jason S. Hoellwarth, MD 
mohamedaelghazy@gmail.com 
 
Question: Since osseointegrated limbs do not change position as socket prostheses do, the 
normal goal is to provide patients equal limb length to optimize gait and minimize pain related to 
limb length difference. Typically, a prosthetist evaluates the limb lengths clinically, without 
access to a long leg radiograph (LLR), which is a common technique for limb lengthening 
surgeons. The usefulness of the LLR after osseointegrated prosthesis provision has never been 
evaluated. The aim of this study was to assess the value of LLR to evaluate the accuracy of limb 
length after the first fitting of the prosthetic leg following osseointegration. 
 
Answer: Medical records at a single institution were reviewed of 124 patients (72 femur and 42 
tibia) patients who had unilateral and/or bilateral femur and/or tibial osseointegration and also 
LLR following prosthesis fitting. Limb length discrepancy (LLD) was measured using the 
indirect method (difference from a plumb line between the two hip joints). The LLD was 
tabulated both as the raw amount and also categorized as ≤5 mm, 5–10 mm, 10–20 mm, or ≥20 
mm. 
 
Results: The average ILLD was 9.9±8.7 mm (range 3 to 48 mm). Table 1 shows that for both 
femur and tibia, the most common LLD was ≤5 mm (27 (37.5%) femur, 19 (36.5%) tibia) and the 
least common was ≥20 mm (11 (15.3%) femur, 3 (5.8%) tibia). There was no significant 
difference between the accuracy of femur versus tibia patients (≤5 mm 37.5% vs 36.5%, p=.435).  
 
Conclusions: In this cohort, 62.9% of patients exceeded 5 mm and 37.1% exceeded 10 mm of 
LLD. While it is uncertain how much LLD is impactful to osseointegrated patients, given that the 
osseointegrated prostheses do not change position the way socket prostheses do, it seems 
obtaining an LLR after the first prosthesis fitting is useful to achieve limb length equality, which 
is a standard goal for non–amputated patients. Further research is merited to determine a typical 
patient–reported detectable difference.  
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!" 5-10 10-20 #$% 

All 46 (37.1%) 32 (25.8%) 32 (25.8%) 14 (11.3%) 

Femur 27 (37.5%) 18 (25%) 16 (22.2%) 11 (15.3%) 

Tibia 19 (36.5%) 14 (26.9%) 16 (30.8%) 3 (5.8%) 

 

Table1: The number of patients LLD with long film after lower extremity OI in all 4 groups. 

 



Socioeconomic Factors Increase Delays to Treatment for Nonunions Without Significantly 
Compromising Outcomes  
 
Morgan Roche, BS; Mihir Sharma, BS; Mohammed Bashier, BA; Sirjanhar Singh, MD; 
Yungtai Lo, PhD; Mani D. Kahn, MD 
morgan.roche@einsteinmed.edu 
 
Question: Nonunions are physically and financially burdensome for patients and clinically 
challenging for orthopedic surgeons. There is evidence that socioeconomic factors are associated 
with delays to care in general, theoretically increasing the risk of nonunion and malunion 
treatment failure. The purpose of this study was to determine if the social determinants of health 
(SDOHs) are associated with delays to care, treatment course complexity, and adverse outcomes 
among patients with fracture nonunion or malunion.  
 
Answer: We conducted a retrospective analysis of all patients ≥18 years old with fracture 
nonunion or malunion who underwent surgical correction at a three–hospital health system in an 
underserved urban community between November 2015 and June 2024. SDOHs considered 
include race, ethnicity, spoken language, insurance, Distressed Community Index, and prior 
treatment location (domestic vs. abroad). Outcomes assessed include time from initial injury to 
corrective operation, incidence of postoperative complications within 90 days, and bone union 
within 12 months. For patients achieving union, additional outcomes include number of 
operations required, total hospital length of stay for operations, unexpected reoperations, and 
time to union. P–values were obtained from Wilcoxon rank–sum, Kruskal–Wallis, or Fisher’s 
exact tests as appropriate.  
 
Results: Of 246 patients, other and black race (p = 0.011), non–English language (p = 0.001), 
and initial treatment abroad (p = 0.001) were significantly associated with longer time to 
treatment from initial injury. Of 212 patients with ≥90 days of follow–up, the selected SDOHs 
were not significantly associated with complications or rehospitalizations. Of 162 patients with 
≥12 months of follow–up, the selected SDOHs were not associated with achieving union within 
12 months of operation. Of 136 patients achieving union, those initially treated abroad 
experienced significantly longer times to union (p = 0.020). Private insurance was associated 
with more corrective operations (p = 0.043), and public insurance was associated with achieving 
union with the original surgical plan (p = 0.032). The selected SDOHs were not significantly 
associated with total length of stay or unexpected reoperation.  
 
Conclusions: SDOHs are associated with delays to nonunion or malunion care. Patients initially 
treated abroad experience longer times to union following surgery. The lack of association 
between SDOHs and complication and reoperation rates suggest institutional success in 
addressing these disparities, suggesting that institutions serving diverse communities are 
positioned to bridge prevalent disparities in chronic fracture management.   
  



Unexpected Positive Intraoperative Cultures (UPIC) at Index Press–fit Osseointegration Do 
Not Lead to Postoperative Infection Events  
 
Sarah Hebert-Seropian, MD; Zachary Glassband, BA; Taylor J. Reif, MD; 
S. Robert Rozbruch, MD; Jason S. Hoellwarth, MD 
hebertseropians@hss.edu 
 
Question: Although diagnosis remains ambiguous, infection remains the most commonly 
reported adverse event following transcutaneous osseointegration. The assumption is that the 
majority of contamination originates from the transcutaneous portal, but pre–existing 
intramedullary or intraoperative contamination can represent another potential source. However, 
only one study has evaluated this potential impact. The current study builds upon the previous 
publication, evaluating the clinical impact of unexpected positive intraoperative cultures (UPIC) 
on postoperative infection rates after osseointegration.  
 
Answer: Medical records were retrospectively reviewed for 17 patients with UPIC and 111 
patients with negative intraoperative cultures (NIC), all of whom had at least one year of post–
osseointegration follow–up. All patients received routine immediate preoperative and 
postoperative antibiotic prophylaxis for 24 hours; patients with UPIC (determined from 
intraoperative cultures from the intramedullary canal immediately after exposure) were given 
additional targeted antibiotics based on culture sensitivities. The main outcome measure was 
postoperative infection intervention, which was graded as 0) none, 1) oral antibiotics prescribed 
for clinical reasons unrelated to culture results at the initial surgery, 2) operative debridement 
with implant retention, or 3) implant removal.   
 
Results: Table 1 shows the UPIC vs. NIC rate of interventions to manage post–operative 
infection: Grade 0, 47.1 % (8/17) vs. 37.2 % (42/113) (Fisher&#039;s p = 0.437); Grade 1, 35.3 
% (6/17) vs. 50.4 % (57/113) (p = 0.303); Grade 2, 17.6 % (3/17) vs. 9.7 % (11/113) (p = 0.394); 
Grade 3, 0 % (0/17) vs. 0.9 % (1/113) (p = 1.000). No differences were statistically significant. 
No UPIC patients who received the therapeutic antibiotic course developed antibiotic–related 
adverse sequelae.  
 
Conclusions: At the current volume, there is no recognized impact of UPIC on postoperative 
infection intervention, when the UPIC patients are provided a therapeutic course of postoperative 
antibiotics. Targeted antibiotic therapy was not associated with adverse outcomes. However, the 
clinical benefit of providing versus not providing directed antibiotic therapy for UPIC remains 
unknown, as no UPIC patients did not receive a therapeutic course.  
 

  



Understanding the Experiences of Families and the Role of Social Stigma in Children with 
Lower Limb Differences: A Qualitative Study  
 
Shravya Kakulamarri, Charlotte Wahle, Riasoya Jodah, Coleen Sabatini, 
Sanjeev Sabharwal, MD 
shravya.kakulamarri@ucsf.edu 
 
Question: What are the unique experiences of families with children with lower limb 
differences, particularly in regards to navigating health education, treatment, the healthcare 
system, and societal barriers and stigma?   
 
Answer: Parents of children with lower limb differences were interviewed for this qualitative 
research study. Interviews with open–ended questions were conducted and transcribed. Each 
interview was coded by two independent reviewers on Dedoose, a qualitative coding platform. 
Following a thematic analysis approach, categorical groupings and emerging patterns were 
identified.   
 
Results: 14 parents of 11 children were interviewed. 11 are mothers and 3 are fathers. 
Demographic data of the parents showed that 8 identified as Caucasian, 3 as African American, 
and 3 as Asian. The average age of children was 11.4 ï‚± 4.05 years (range: 6–18). 7 children 
identified as female, 6 as male, and 1 as nonbinary. Lower limb differences were categorized as 
congenital (n=5), developmental (n=5), and acquired (n=1). Thematic analysis of the interviews 
revealed the following as prevalent emerging themes:  
 
(1) Impact on Day–to–Day Life: 
Parents described challenges in helping their children transition back to their daily routines, 
especially returning to sports like soccer and swimming. Some also noted that their children 
experienced social difficulties, including losing friends due to misconceptions about their 
abilities. 
  
(2) Support from Community:  
Despite initial difficulties in responding to questions from others, most parents felt that these 
inquires stemmed from general curiosity rather than judgment. Many also noted that teachers 
provided strong support in helping their children adjust in the school setting.  
 
(3) Trust in Medical Team:  
Although parents described the initial process of navigating care as overwhelming, all expressed 
immense satisfaction with the medical team at their current institution. Many emphasized their 
appreciation for the team’s commitment to shared decision–making when considering treatment 
options for their child.  
 
Conclusions: This study has provided initial insights into the role social stigma plays in parental 
decisions while navigating care for their children with lower limb differences. Further 
contextualizing the psychosocial experience of patients and their families may lead to improved 
treatment adherence and better outcomes. Next steps include conducting more interviews 
including parents of children with different ethnicities, an in–depth analysis of the interviews and 
quotes, interviewing the patients, and ultimately expanding the study to other countries to 
identify how local resources and social factors shape experiences across diverse settings.   
  



Reference Values for Pediatric Coronal Lower Extremity Alignment using EOS Standing 
Radiographs 
 
Stephanie Kha, MD; JD Bomar, Christopher Souder, MD 
stephaniekha14@gmail.com 
 
Question: There is a lack of data on normal reference values for standing lower extremity 
alignment in the pediatric population in the United States. This study aims to outline normal 
reference values for coronal lower extremity alignment parameters in the pediatric population by 
age group using EOS standing radiographs.   
 
Answer: We measured coronal plane lower extremity alignment parameters in the pediatric 
population using EOS standing radiographs. For each age group from 4 to 16 years, we measured 
radiographic parameters for at least 10 lower extremities without pathology or surgical history, 
and we collected the following information from each radiograph: mechanical axis deviation 
(MAD), mechanical lateral distal femoral angle (mLDFA), medial proximal tibial angle (MPTA), 
and lateral distal tibial angle (LDTA). We calculated the mean and standard deviation of each 
parameter in each age group.  
 
Results: In this study, 134 EOS films were analyzed for coronal lower extremity alignment in the 
pediatric population age 4 to 16 years. Our results displayed in Table 1 show that some variation 
exists in mechanical axis deviation as the pediatric population ages, however valgus alignment 
predominates, with MAD range of –1.7mm to –9mm valgus alignment during childhood. Table 1 
also demonstrates that the measured coronal alignment angular values in the pediatric population 
were within reference range of adult–specific values throughout childhood and into adolescence.  
 
Conclusions: EOS standing films can be utilized to measure coronal lower extremity alignment 
in the pediatric population. It may be useful to use pediatric–specific reference values when 
evaluating mechanical axis deviation, however it may be reasonable to use adult–specific 
reference values for coronal angular measurements in the pediatric population. Future studies 
should seek to investigate gender differences in alignment within in each age group as well as 
sagittal alignment analysis using EOS films. 
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Table 1. Coronal plane lower extremity measurements in the pediatric population using EOS 
standing films 
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Do Social Determinants of Health Impact the Management and Outcomes of Pediatric 
Blount's Disease Correction with External Fixation?  
 
Christine M. Goodbody, MD, MBE; Maia Regan, Alexandre Arkader,*** Keith Baldwin, 
B. David Horn, MD; Richard Davidson, MD 
goodbodyc@chop.edu 
 
Question: The goal of this study was to determine the relationship between degree of social 
deprivation and the severity/outcomes of Blount’s disease correction with external fixation.   
 
Answer: A retrospective cohort study was conducted of patients ≤ 21 years of age with a 
diagnosis of Blount’s Disease who underwent external fixator correction at a single, large tertiary 
care pediatric hospital from 2012−2024. Demographic, clinical, and radiographic characteristics 
including mechanical axis deviation (MAD) were collected. Neighborhood conditions were 
categorized using the Child Opportunity Index (COI) scores. COI is classified in two different 
ways: COI quintiles ranging from “very low” to “very high” and by a nationally normed COI 
numeric score ranging from 0−100. Clinical and radiographic parameters were compared across 
COI categories and insurance types.   
 
Results: A total of 41 patients (10 female, 31 male) with a mean age of 13.8 ± 2.8 years met the 
inclusion criteria. Of this cohort, 16 (39%) patients were white, 21 (51.2%) were African 
American, and 4 (9.7%) were a different race. 35 (85.4%) patients underwent unilateral 
correction, while 6 (14.6%) had bilateral correction. 36 patients had COI information available, 
and all patients had insurance information. 
 
Pre−operatively, the average MAD for patients with an angular deformity was 74.5 ± 34.5 mm 
[range: 12.8−172.1 mm]. There was a significant negative correlation in the degree of 
pre−operative angular deformity quantified by MAD and COI (p=0.009) suggesting that patients 
residing in the lowest opportunity neighborhoods presented with a greater deformity.  
 
There were no significant differences in the average number of days in the external fixator (142.8 
± 63.6 days), number of pin site infections (0.7 ± 1.1), or number of no−show appointments (0.4 
± 1.0) and national COI level (p=0.243, 0.910, 0.086 respectively). Furthermore, we did not 
appreciate a significant difference in post−operative outcomes and COI category or insurance 
type (Tables 2 and 3). 
 
Conclusions: Neighborhood resources can be associated with delays in presentation, specifically 
for patients with Blount’s Disease, hence increased degree of deformity severity. We did not 
appreciate statistical significance in COI and external fixator outcomes, although this was likely 
due to small sample size. Identification of care timelines and postoperative outcomes facilitate 
future research efforts to examine underlying barriers to poor outcomes and post−operative 
difficulties with external fixator care compliance.  
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Table 1: Limb deformity parameters based on national COI 

 Correlation 
Coefficient 

P-value1 

Initial MAD  -0.431 0.009*** 
Final MAD  -0.308 0.134 
Time in Ex Fix  -0.200 0.243 
Number Pin Site 
Infections  

-0.020 0.910 

Number of No-Show 
Appointments  

-0.290 0.086 

1Spearman’s correlation; ***P value < 0.05 was considered significant 
 

 

 

Figure 1: Correlation between MAD at presentation and national COI.  

 

 

 

 

 

 

 



Table 2: Characteristics by nationally normed COI level 

 COI National  

n (%)  
P-value1 

 Very Low Low Moderate High Very 
High 

 

Sex      0.905 
      Female  5 (13.9) 0 (0) 2 (5.6) 2 (5.6) 1 (2.8)  
      Male 12 (33.3) 0 (0) 5 (13.9) 3 (8.3) 6 (16.7)  
Laterality      0.299 
      Left  10 (27.8) 0 (0) 5 (13.9) 4 (11.1) 2 (5.6)  
      Right  7 (19.4) 0 (0) 2 (5.6) 1 (2.8) 5 (13.9)  
Complications      0.351 
      Yes  11 (30.6) 0 (0) 3 (8.3) 1 (2.8) 4 (11.1)  
      No 6 (16.7) 0 (0) 4 (11.1) 4 (11.1) 3 (8.3)  
Pin Site Infections      0.729 
      Yes   8 (22.2) 0 (0) 2 (5.6) 1 (2.8) 3 (8.3)  
      No 9 (25.0) 0 (0) 5 (13.9) 4 (11.1) 4 (11.1)  
Return to OR      0.999 
      Yes  1 (2.8) 0 (0) 0 (0) 0 (0) 0 (0)  
      No 16 (44.4) 0 (0) 7 (19.4) 5 (13.9) 7 (19.4)  
Struts Incorrect      0.733 
      Yes  8 (22.2) 0 (0) 2 (5.6) 1 (2.8) 2 (5.6)  
      No 9 (25.0) 0 (0) 5 (13.9) 4 (11.1) 5 (13.9)  
Residual Program 
Run 

     0.504 

      Yes  6 (16.7) 0 (0) 4 (11.1) 1 (2.8) 4 (11.1)  
      No 11 (30.6) 0 (0) 3 (8.3) 4 (11.1) 3 (8.3)  
Antibiotics      0.729 
      Yes  8 (22.2) 0 (0) 2 (5.6) 1 (2.8) 3 (8.3)  
      No 9 (25.0) 0 (0) 5 (13.9) 4 (11.1) 4 (11.1)  
PT       0.833 
      Yes  11 (30.6) 0 (0) 5 (13.9) 3 (8.3) 6 (16.7)  
      No 6 (16.7) 0 (0) 2 (5.6) 2 (5.6) 1 (2.8)  
Inpatient Stay for 
Rehab/Difficulty with 
Turns 

     0.101 

      Yes  0 (0) 0 (0) 1 (2.8) 1 (2.8) 2 (5.6)  
      No 17 (47.2) 0 (0) 6 (16.7) 5 (13.9) 5 (13.9)  

1Fisher’s Exact Test; ***P value < 0.05 was considered significant 
 

 

 



Table 3: Characteristics by insurance status 

 Insurance Type P-value1 
 Private Public  
Sex   0.081 
      Female  2 (4.9) 8 (19.5)  
      Male 16 (39.0) 15 (36.6)  
Laterality   0.600 
      Left  10 (24.4) 13 (31.7)  
      Right  8 (19.5) 10 (24.4)  
Complications   0.540 
      Yes  10 (24.4) 12 (29.3)  
      No 8 (19.5) 11 (26.8)  
Pin Site Infections   0.621 
      Yes  7 (17.1) 9 (22.0)  
      No 11 (26.8) 14 (34.1)  
Return to OR   0.187 
      Yes  2 (4.9) 0 (0)  
      No 16 (39.0) 23 (56.1)  
Struts Incorrect   0.406 
      Yes  7 (17.1) 7 (17.1)  
      No 11 (26.8) 16 (39.0)  
Residual Program 
Run 

  0.479 

      Yes  6 (14.6) 9 (22.0)  
      No 12 (29.3) 14 (34.1)  
Antibiotics   0.621 
      Yes  7 (17.1) 9 (22.0)  
      No 11 (26.8) 14 (34.1)  
PT    0.594 
      Yes  12 (29.3) 15 (36.6)  
      No 6 (14.6) 8 (19.5)  
Inpatient Stay for 
Rehab/Difficulty with 
Turns 

  0.615 

      Yes  1 (2.4)  2 (4.9)  
      No 17 (41.5) 21 (51.2)  

1Fisher’s Exact Test; ***P value < 0.05 was considered significant 
 

 

 

 



Employing a Computerized Circular External Fixator to Correct Post−Operative Valgus 
Collapse and Lateral Knee Instability following the Comminuted Tibial Plateau Fracture  
 
Daniel J. Over, Akram Al Ramlawi, MD; Michael Assayag, MD; Philip K McClure, MD; 
John E. Herzenberg, MD 
dover@lifebridgehealth.org  
 
Question: Valgus collapse and lateral joint instability are both common and feared complications 
following comminuted tibial plateau fractures, conferring significant loss of form and function 
and eventual definitive treatment with arthroplasty. Many treatment modalities have been 
assessed for acute deformity correction but often yield unsatisfactory results. This study aims to 
evaluate the treatment of such deformities using a computerized hexapod frame.   
 
Answer: A single−center retrospective chart review of valgus collapse following comminuted 
tibial plateau fractures treated with computerized hexapod frame application was performed. 
Radiographic parameters included mechanical axis deviation (MAD), angle of valgus, 
mechanical lateral distal femoral angle (mLDFA), mechanical medial proximal tibial angle 
(mMPTA), time to radiographic union, and degree of most treatment osteoarthritic change. 
Functional parameters include the degree of lateral joint laxity, range of motion, and verbalized 
pain scores.   
 
Results: A total of four patients were identified with valgus collapse and malunion following 
tibial plateau fracture fixation. Initial injury classification included Schatzker type VI (2), 
Schatzker type V (1), and Schatzker type II (1). The mean age at application was 60.25 years 
(49−68) with a mean latency from injury to reconstruction of 316.5 days (112−559). Mean time 
to device removal was 159.25 days (130−184) and mean time to union was 175.25 days 
(143−202). All four subjects (100%) achieved a neutral mechanical axis and reported significant 
improvement of lateral joint laxity and instability on valgus stress. All four subjects reported 
significant improvement of pain from 4.5(1−7) pre−operatively to 1(0−2) postoperatively. All 
four subjects (100%) regained full range of motion despite two subjects (50%) developing 
post−reconstructive flexion contracture of mean 7.5 degrees (5−10) treated with extensive 
physical therapy. 
 
Conclusions: Osteotomy at the lateral tibial plateau and application of a computerized external 
fixator for gradual correction of valgus collapse following comminuted tibial plateau fractures 
allows for precise restoration of mechanical alignment and rescue of lateral knee laxity and 
instability. Soft tissue management and physical therapy remained key in preventing flexion 
contracture during and after reconstruction, which resulted in significant improvements in form, 
function, and stability. 
  



Postoperative Non−Invasive Blood Pressure Monitoring for Patients with Osteogenesis 
Imperfecta is Safe and Feasible 
 
Jeanne M. Franzone, MD; Alicia McCarthy, Caitlyn Tramontozzi, Suken Shah, 
Susan Dubowy, Morgan Hadley 
jeanne.franzone@nemours.org 
 
Question: Osteogenesis imperfecta (OI) is a genetic disorder related to inadequately or 
improperly produced Type I collagen. OI patients require multiple surgeries with significant 
blood loss and pain medications associated with hypotension. Their fragile bones and bowing 
deformities introduce challenges and fracture risk with a non−invasive blood pressure (BP) cuff. 
Scant literature exists regarding postoperative non−invasive BP monitoring. Our purpose was to 
design such a protocol and demonstrate safe implementation to €œbust the myth€฀ this is not 
feasible.  
 
Answer: OI patients undergoing extremity or spine procedures were prospectively enrolled. 
Inclusion criteria included approval by an orthopaedic surgeon specialized in OI care, ages 1−35 
years and postoperative admittance to non−ICU settings. As hypotension was the primary 
concern and to minimize fracture risk, low maximum inflating pressures were used: 100 mmHg − 
neonatal/infant/pediatric sized cuffs; 130 mm Hg − adult cuffs. Blood pressures were taken per 
standard institutional postoperative care: no more than every 4 hours for the first 24 hours; every 
8 hours or less thereafter. BP was measured manually by RNs with inspection of the extremity 
and inquiry regarding signs of fracture before and after each measurement. If a blood pressure 
was not feasible, RN attempted same protocol on alternate side if feasible.  
 
Results: Fifty−five participants enrolled. Nine did not participate due to changes in the interval 
between consent and study procedure onset; five changed their minds, three subsequently met 
exclusion criteria, one had surgery when the study was temporarily paused. Of the remaining 46 
participants: mean age was 12 years, 24 females, 22 males. Twenty−six underwent extremity and 
30 spine surgery. Types of OI included: Type I−4, Type III−19, Type IV−19, Type XI−2, 
Cole−Carpenter−2. Patients underwent average of 11 BP measurements each with no sequelae. 
No fractures occurred. Two participants withdrew prior to study completion, one after four BP 
readings due to discomfort with cuff, one after five readings as parent perceived BPs no longer 
necessary.  
 
Conclusions: Non−invasive BP measurements may be safely obtained in the postoperative 
period for OI patients. We recommend manual cuff use and monitoring for signs or symptoms of 
fracture. This practice−changing protocol may help OI patients avoid postoperative use of arterial 
lines and associated ICU admission. This protocol is applicable to other hospitals and allows OI 
patients to have non−invasive BP monitoring previously avoided. As adults with OI live longer, 
this protocol will help facilitate preventative care for cardiovascular disease.  
  



Use of Reamer–Irrigator–Aspirator (RIA) in the Treatment of Septic Nonunion Associated 
with Less Postoperative Infections 
 
Morgan Roche, BS; Mihir Sharma, BS; Mohammed Bashier, BA; Sirjanhar Singh, MD; 
Mani D. Kahn, MD 
morgan.roche@einsteinmed.edu 
 
Questions: The purpose of this study was to assess rates of union and complications associated 
with irrigation and debridement (I&D) of suspected septic nonunion of the leg with RIA versus 
without.  
 
Answer: We conducted a retrospective cohort study of all adult patients with fracture nonunion 
or malunion of any bone who underwent surgical correction at a three–hospital health system 
between November 2015 and June 2024. 54 patients who underwent I&D for suspected septic 
nonunion of the leg were identified; RIA was used in 59.3% (n = 32) of I&D cases. Outcomes 
assessed included if union was achieved within 12 months of surgery and the incidence of having 
1 or more complications within 90 days, as well as the specific incidences of postoperative 
anemia, infection, vascular complications [including myocardial infarction (MI), venous 
thromboembolism (VTE), stroke, and transient ischemic attack (TIA)], and rehospitalization for 
complication. Patients with less than 12 months and 90 days of follow–up were excluded from 
analysis, respectively. Fisher€™s exact tests were used to assess statistical significance.  
 
Results: Of 48 patients with 90 days of follow–up, patients with femur or tibia nonunions treated 
with I&D with RIA had significantly fewer postoperative infections compared to I&D without 
RIA (p = 0.049). The incidence of having 1 or more complications (p = 0.769), postoperative 
anemia (p = 1.000), vascular complications (p = 1.000), and rehospitalization for complication (p 
= 1.000) were comparable between groups who underwent I&D with and without RIA. Of 41 
patients with 12 months of follow–up, there was no statistically significant difference in rates of 
achieving union within 12 months of operation for both groups (p = 0.277). No fatalities were 
reported in either group.  
 
Conclusions: Use of RIA in I&D of septic nonunion of the leg is significantly associated with 
fewer postoperative infections than I&D without RIA. This data suggests that RIA is a safe 
device associated with no added complication risk that can be used to successfully treat suspected 
septic nonunion of the femur or tibia.   
  



Guided Growth Treatment for Leg Length Discrepancy and Angular Deformities 
 
Sanjeev Sabharwal, MD; Muayad Kadhim, MD; Nicholas Kelly, MS 
Sanjeev.sabharwal@ucsf.edu 
 
Question: What is the rate of correction, rate of need to return to the operating room and rate of 
complications during the guided growth treatment for lower limb deformity correction and limb 
length discrepancy?  
 
Answer: This is a retrospective study of patients who were managed with GGT since 2012 until 
2024 at a single center. We included all patient who received this treatment to correct coronal 
plane deformities in the distal femur and/or the proximal tibia. Data was collected from the 
medical and radiographic records and then stratified based on deformity type and location. The 
endpoint of this study was achievement of treatment goal (typically mechanical axis in zone 1 for 
children with AD and limb length difference less than 1cm in children with LLD.   
 
Results: The total number of patients was 131 (69 boys, 53%), mean age at the time of surgery 
was 11.7 ± 2.6 years. The most common etiology was developmental, 68 (52%). The indication 
for surgery was limb length discrepancy in 27 patients, in these instrumented guided growth 
included (11 tension band plates, 1 staple and 3 transphyseal screws) while irreversible, non–
instrumented method was used in 12. The rate of failure to reach limb length equalization was 
high (22/27), while 4 patient achieved limb length difference within 1cm and one patient had an 
over correction within 1 cm. None of these patients required further limb length equalization 
procedure. However, some patients were still under observation and had not reached skeletal 
maturity at the latest follow up.  
In patients with angular deformity, 27 had varus deformity, 75 had valgus and 2 had a windswept 
deformity. Bilateral growth modulation was done in 73/106 (69%) patients. Overall, the number 
of limbs with angular deformity was 174, 121 (70%) achieved full correction, 2 had an 
overcorrection and 51 did not reach full correction. However, some patients were still under 
observation and had not reached skeletal maturity.  Based on the most recent follow–up, limbs 
that underwent both distal femur and proximal tibia guided growth (rather than a single bone), 
while demonstrating improved alignment more often failed to achieve mechanical axis alignment 
through zone 1 (p<0.0001). We also noted a higher rate of complete healing in patients with genu 
valgum deformity (<0.0001).  
Guided growth instrumentation removal was performed in 78/131 (59%) patients. Overall, the 
rate of complications was 13/131 (1%). Based on Dindo–Clavien classification, 5 patients had 
grade 2 complication because of superficial wound infection and dehiscence that required oral 
antibiotics. Eight patients had grade 3 complication that required return to the OR (5 patient for 
unplanned hardware removal for pain, prominence or overcorrection and 3 needed surgeries for 
further guided growth treatment).  
 
Conclusions: While guided growth treatment for LLD and AD is effective in improving 
alignment and limb length. Patients require careful selection and monitoring to avoid 
overcorrection and to allow enough time to intervene to achieve the desired correction.  
 

  



A New Percutaneous Osteotomy for Better Regenerate 
 
Stephen Wallace, MD 
swallace021@gmail.com 
 
Question: How can we get better regenerate? Distraction osteogenesis is a used for both bone 
lengthening and bone transport in complex deformity and bone defect cases. Traditional 
techniques involve creating a transverse osteotomy that is perpendicular to the long axis of the 
bone. The geometry of this transverse osteotomy minimizes bony surface area for regenerate 
potential.   
 
Answer: The purpose of this presentation is to demonstrate a new technique to perform a 
controlled oblique osteotomy to increase cross–sectional area of the osteotomy through a 
percutaneous procedure.  
 
Results: In a cylindrical bone model, a 45° osteotomy increases cross–sectional area by 41%. 
This has clinical implications for more robust regenerate formation and faster lengthening and 
transport times.   
 
Conclusions: This novel percutaneous technique allowed for creation of an oblique osteotomy to 
increase cross–sectional area that increases volume of bony regenerate and decreases distraction 
time during long bone lengthening and transport. 
 
# 89 Figure 
 

  





Press–fit Osseointegration for Tibial Amputees with Ertl Crossunion 
 
Zachary Glassband, BA; Sarah Hebert-Seropian, MD; Taylor J. Reif, MD; 
S. Robert Rozbruch, MD; Jason S. Hoellwarth, MD 
glassbandz@hss.edu 
 
Question: Press–fit transtibial osseointegration of the tibia enables a direct transcutaneous 
skeletal connection between a prosthetic leg and the residual tibia. A skeletally anchored 
prosthesis typically improves mobility, balance, and proprioception to amputees, eliminating 
problems associated with socket mounted prostheses such as skin irritation, poor fit, and pain. 
The Ertl technique for transtibial amputation is relatively frequently performed, and features 
creation of a tibiofibular bone bridge to potentially provide additional stability. It has never been 
studied to what extent this bony bridge impacts osseointegration planning, technique, or 
outcomes. The purpose of this research is to evaluate the clinical and patient reported outcomes 
of transtibial osseointegration following existing Ertl amputations.   
 
Answer: Retrospective review was performed of all patients who underwent press–fit tibial 
osseointegration at our center for existing Ertl and non–Ertl transtibial amputation. The primary 
outcome was adverse events prompting additional surgery. Additional outcomes were changes in 
mobility: timed up and go (TUG), 2 minute walk test (2MWT), 6 minute walk test (6MWT), and 
patient–reported quality of life surveys (LD–SRS and PROMIS) outcome scores.  
 
Results: Nine patients with ten Ertl amputations were included. Their outcomes were compared 
to 85 limbs undergoing tibial osseointegration after non–Ertl amputations. Although all Ertl 
patients€™ osseointegration required revising the amputation to above the cross–union, there 
were no additional planning or technique challenges. No instances of implant loosening, or 
periprosthetic fracture occurred or breakage occurred, nor did any patient develop a deep 
infection prompting additional surgery. Both the Ertl and Not Ertl cohorts had statistically 
significant improvements in most mobility and survey categories. Comparing Ertl vs Not Ertl, 
only the Timed Up and Go revealed a clinically significant difference.  
 
Conclusions: The presence of an Ertl style amputation crossunion does pose a detectable 
planning, technique, or recovery risk versus non–Ertl patients, nor is there a recognized 
difference in mobility and quality of life outcomes. Surgeons may want to plan revision 
amputation with implant insertion proximal to the crossunion when possible, rather than placing 
the implant through the transverse crossunion, to provide the most familiar technical experience. 
  



Quantitative Assessment of Regenerate Bone Maturation Using the Pixel Value Ratio 
Following Distraction Osteogenesis: A Scoping Review 
 
Anirejuoritse Bafor, MD; Alison Gehred, Christopher A. Iobst, MD;  
Marie Fridberg, MD, PhD; Søren Kold, Ole Rahbek*** 
anirejuoritse.bafor@nationwidechildrens.org 
 
Question: Methods to objectively assess the maturation of the regenerate bone formed during 
distraction osteogenesis, such as quantitative Computerized Tomography (qCT) scans or DEXA 
scans, are expensive and impractical. This has led to the search for more affordable and practical 
solutions. The pixel value ratio (PVR), derived from digital radiological images, has 
demonstrated a good correlation and reliability in providing an objective assessment of the 
mineralization state of the regenerate. However, the threshold value for safe full−weight bearing 
using the PVR remains unknown. This scoping review, based on a systematic literature search, 
aims to identify studies that have used the PVR to assess mineralization of the regenerate 
following distraction osteogenesis for limb lengthening in humans, describe and review the 
methods of application of the PVR in assessing bone mineralization, and determine the PVR at 
the time of full unassisted weight−bearing ambulation, hardware removal, and the incidence of 
complications related to the timing of full weight−bearing ambulation.   
 
Answer: The findings of this scoping review are reported according to the Preferred Reporting 
Items for Systematic Reviews and Meta−Analyses extension for Scoping Reviews 
(PRISMA−ScR). Using the PCC (Participants, concept, and context) framework, human clinical 
studies evaluating the mineralization of the regenerate bone using the PVR, either as a 
stand−alone assessment tool or as an adjunct to other objective measures of mineralization, 
published in English, were reviewed. We carried out a systematic search of seven databases using 
relevant keywords. An experienced librarian was involved in creating the search string. We 
managed our data using an EndNote library and the Covidence software tool. Two independent 
reviewers conducted title and abstract screening, as well as full−text screening, with 
disagreements resolved by consensus. Data from the included full texts were extracted using a 
data extraction tool, with the results summarized and presented in a narrative format.  
  
Results: Two hundred and fifteen studies were found using our search strategy. One hundred and 
twenty−three duplicates were removed. Sixty−three studies were deemed irrelevant after 
screening the titles and abstracts. Twenty−two of the twenty−nine full texts screened were 
eligible for inclusion in the review. This included 21 retrospective and one prospective 
randomized controlled trial. (See Figure) Fourteen studies involved the assessment of the 
regenerate following extramedullary lengthening, while six involved intramedullary bone 
lengthening, and two combined both intramedullary and extramedullary lengthening. The number 
of included patients in the studies ranged from 12−125. Ten studies assessed the tibia, four 
studies evaluated the femur, while seven studies combined assessment of the tibia and femur. 
One study assessed the regenerate bone in the humerus and femur. Sixteen studies calculated the 
PVR by dividing the pixel value of the regenerate bone by the average pixel value of the 
proximal and distal adjacent cortex. Only 8 of the 22 studies reported the PVR at the time of full  
  



Quantitative Assessment of Regenerate Bone Maturation Using the Pixel Value Ratio 
Following Distraction Osteogenesis: A Scoping Review continued 
 
Anirejuoritse Bafor, MD; Alison Gehred, Christopher A. Iobst, MD;  
Marie Fridberg, MD, PhD; Søren Kold, Ole Rahbek*** 
anirejuoritse.bafor@nationwidechildrens.org 
 
weight−bearing ambulation. In 5 of the studies, this ranged from 0.85 to 0.94. The PVR at the 
time of hardware removal was not determined in 19 studies. The PVR was used as the sole 
method of assessing the regenerate bone in only three studies. Only two studies discussed 
complications related to the regenerate bone.   
 
Conclusions: The PVR has been used thus far, largely as an adjunct to assessing consolidation 
and mineralization of the regenerate during distraction osteogenesis. There is no consensus on the 
best modality for calculating the PVR, and to date, its application in determining the time to 
commence full weight−bearing ambulation or hardware removal following distraction 
osteogenesis has been limited.  
 
# 11 Figure 
  





Measuring What Children Like or Dislike about Their Prosthesis: Development of A New 
PROM to Measure Children’s Satisfaction with Their Prosthesis  
 
Harpreet Chhina, PhD; Anne Klassen, Corey Gill, Brittany Pousett, 
Anthony Cooper, MD 
hchhina@cw.bc.ca 
 
Question: Children with limb deficiencies face unique challenges in participating in day−to−day 
and recreational activities. Satisfaction with their prosthesis plays a critical role in mobility, 
prosthesis use, and overall adherence to treatment. However, dissatisfaction rates are high − with 
40−60% of patients reporting dissatisfaction, and rejection rates up to 31% in lower limb and 
50% non−use in upper limb prostheses. Despite this, there is currently no validated 
patient−reported outcome measure (PROM) developed with direct input from children to assess 
satisfaction with their prosthesis. Our study aims to address this question: How can we develop a 
validated, patient−reported outcome measure (PROM) that accurately captures satisfaction with 
prostheses from the perspective of children with amputations and limb differences? 
 
Answer: We are conducting a prospective, multiphase, mixed−methods study to develop a 
child−centered PROM. In Phase 1 (currently in progress), we are conducting cognitive debriefing 
interviews with children aged 8−18 years who use upper or lower limb prostheses. Participants 
were recruited through pediatric limb difference clinics, prosthetic clinics across Canada and US, 
War Amps newsletters, and social media platforms. Interview data include demographic and 
clinical information, such as age, gender, diagnosis, type of amputation, type of prosthesis, 
treatment history, and current stage of treatment. Feedback from these interviews is being used to 
develop the new PROM.   
 
Results: To date, seven interviews have been completed with children using lower limb 
prostheses (5 boys, 2 girls; mean age 15.62 years, range 8−17 years). Recruitment is ongoing. 
Preliminary analysis has identified new themes relevant to prosthesis satisfaction, including the 
importance of flexibility across different situations, experience with liners and socks, and the 
look and durability of the prosthetic foot. Minor revisions to the PROM have been made based 
on this feedback. Once data saturation is reached, expert feedback from clinicians (orthopaedic 
surgeons, prosthetists, nurses, physiotherapists, occupational therapists, and psychologists) will 
be used to finalize the draft of PROM which will be field−tested in an international study.  
 
Conclusions: Measuring children’s satisfaction with their prosthesis using a validated PROM is 
the first step towards improving satisfaction with prosthesis. This is the first study to develop a 
PROM by directly engaging children with a prosthesis during the development and validation of 
this new PROM. Once complete, this tool will support patient−centered care and help improve 
outcomes for children with limb differences.  
  



 
Press−fit Osseointegration for Amish Patients 
 
Jason S. Hoellwarth, MD; Zachary Glassband, BA; Taylor J. Reif, MD;  
S. Robert Rozbruch, MD 
hoellwarthj@hss.edu 
 
Question: Press−fit transcutaneous osseointegration allows for a direct transcutaneous skeletal 
connection between a prosthetic leg and the residual bone, offering enhanced mobility, balance, 
proprioception, and relief of common difficulties with socket use. The use of this procedure is 
growing in many patient populations, including the people of Amish and related denominational 
lifestyle. This study aims to evaluate the outcomes of and perspectives on transcutaneous 
osseointegration among Amish patients.   
 
Answer: A retrospective review was performed of all our osseointegration patients who 
expressed Amish lifestyle. Complications such as periprosthetic fracture or subsequent surgery 
were identified. Additionally, qualitative interviews were performed to assess attitudes around 
and satisfaction with osseointegration.  
 
Results: Twenty patients were identified, all with unilateral lower extremity osseointegration. 
Indications for osseointegration included poor socket fit (13), pain (15), skin irritation (12), and 
mobility limitations (12). 16 reported working medium to high demand professions. One patient 
(5%) had a postoperative adverse event. His implant fractured after 19 months when his horse 
violently pulled him while driving his wagon. This was managed with implant extraction, 
antibiotic depot, and revision osseointegration after two months. There were no other 
complications. All patients reported being satisfied or very satisfied with their osseointegration 
procedure and all reported that they would probably or definitely have the same procedure again.
  
 
Conclusions: Transcutaneous osseointegration appears safe and enabling for patients living an 
Amish lifestyle. There were no apparent risks or complications that appeared unique to this 
patient population.  
 
  



Assessment of Outcomes by Surgical Technique for Infected Nonunion and Malunion 
 
Mohammed Bashier, BA; Mihir Sharma, BS; Morgan Roche, BS; Sirjanhar Singh, 
Mani D. Kahn, MD 
mohammed.bashier@einsteinmed.edu 
 
Question: To compare the efficacy of open reduction internal fixation (ORIF), intramedullary 
nailing (IMN), and external fixation in the management of infected nonunion and malunion.  
 
Answer: This retrospective cohort study included adult patients undergoing corrective surgery 
for chronic septic nonunion or malunion at a single academic center between January 2013 and 
July 2024. Infection was defined as positive preoperative or intraoperative cultures or a high 
degree of suspicion by the treating surgeon. Demographic (age, sex, race, ethnicity, insurance, 
etc.) and clinical course details were collected via chart review. Postoperative outcomes (e.g. 
union, complication, rehospitalization, and reoperation rates) were analyzed for patients with at 
least 90 days of follow–up after definitive surgery. Statistical analysis was performed using R 
(version 4.4.0). Fisher’s exact test was employed to assess significance for categorical variables, 
and Kruskal–Wallis test was used for continuous variables.  
 
Results: Sixty–one patients were identified (IMN 59.0%; ORIF 21.3%; external fixation 19.7%). 
No demographic differences were observed between surgical techniques. Nonunion cases with 
the presence of deformity were more often managed with external fixation than ORIF or IMN 
(44.4% vs 16.7% vs 38.8%, p=0.001). There were no differences in median time between 
presentation and definitive surgery or median time to union. However, external fixation patients 
had a significantly increased total length of stay across all admissions compared to IMN and 
ORIF (36.5 vs 11 vs 8 days, p<0.001) as well as a greater number of total operations (5.5 vs 2 vs 
1, p<0.001). No differences were observed in postoperative complications, rehospitalization, or 
unplanned return to operating room, and rates of successful union within one year were also 
similar (for patients with at least one year of follow–up). Additionally, there were no differences 
between surgical techniques with respect to loss to follow–up rates among all patients.  
 
Conclusions: Patients with septic nonunion or malunion experience increased cumulative length 
of stay and number of operations when treated with external fixation, but outcomes and follow–
up rates are comparable to other techniques. Characteristics such as deformity or bone defect 
may necessitate its use in the setting of chronic infection.  
  



Role of Psychoeducational Coloring Book Tool in Limb Lengthening and Reconstruction 
Preparation for the Young Child 
 
Whitney M. Herge, PhD; Mikhail Samchukov, MD; Alexander Cherkashin, MD; 
Elizabeth Hubbard, MD; Emily Elerson, RN; Meghan Wassel, David A. Podeszwa, MD 
whitney.herge@tsrh.org 
 
Question: Limb lengthening and reconstruction (LLR) is arguably one of, if not the most, 
demanding orthopedic treatments for pediatric patients and families. Managing a 
lengthening/correction prescription, physical therapy exercises, weightbearing expectations, and 
pain management, all within the context of a child’ s greater cognitive, social, and emotional 
development is often a significant burden for families. It may feel especially challenging to 
navigate this process with a very young child, whose cognitive abilities, executive functioning, 
behavioral regulation skills, and emotion regulation skills are all still developing.  
 
Psychoeducational assessment and preparation for children and families planning for surgical 
treatment is increasingly recognized as a valuable dimension of standard of care. To this end, 
psychology, social work, and child life specialists are often embedded members of 
interdisciplinary teams. Perhaps unsurprisingly, however, there are scant psychoeducational tools 
available to prepare young patients for LLR treatment. 
 
With this in mind, our team created a psychoeducational coloring book tool to assist with the 
developmentally–appropriate treatment preparation of very young children (ages 3–6) in 
anticipation of LLR. Our question was whether the coloring book tool was deemed acceptable 
and appropriate by patients and families as part of the treatment preparation process.  
 
Answer: Our team of multidisciplinary experts, composed of pediatric orthopedic surgeons, 
pediatric psychologists, advanced practice providers, nurses, and child life specialists 
collaborated to create an educational coloring book detailing the process of LLR. This tool was 
grounded in the team’s collective clinical and research experience and provided to patients (ages 
3–6 years) and families undergoing LLR treatment at our pediatric orthopedic institution. Patients 
and families were asked seven questions regarding the suitability, acceptability, and 
appropriateness of the educational coloring book, and their responses were deidentified and 
collated.   
 
Patients and families undergoing LLR received the coloring book and agreed to provide feedback 
on its contents. All families considered the psychoeducational tool acceptable. Further, all 
families described the tool as appropriate. Families reported that they considered the coloring 
book a helpful tool in facilitating conversation with their child regarding the details of treatment 
and normalizing use of an external fixator. Similarly, families noted that the coloring book 
elicited questions from their children that prompted helpful treatment discussion. Families also 
reported that their children enjoyed sharing the coloring book with siblings and extended family 
members to teach them about LLR. Finally, families reported that they appreciated having the 
medical team member “baseball cards” to learn more about their care team. 
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Suggested changes to the coloring book included potentially shortening the book, acknowledging 
the variability of treatment (e.g., one family noted that their child did not stand for radiographs; 
one family noted that their child completed turns on their frame utilizing a wrench), and adding 
bonus coloring sheets.  
 
Conclusions: The psychoeducational coloring book tool developed by our limb lengthening and 
reconstruction team for young children appears provisionally acceptable and appropriate to 
patients and families. Beneficial changes, such as acknowledging the variability of treatment 
details, were suggested.  
 
Next steps include ongoing data collection at our institution, as well as from interested limb 
lengthening and reconstruction teams at other institutions with similar patient populations.  
  



Determining the Rate, Effectiveness, and Complications of Leg Length Discrepancy 
Correction using Plate and Screw Physeal Tethering Temporary Epiphysiodesis in Young 
Children  
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Question: Few studies have documented the use of plate and screw physeal tethering temporary 
epiphysiodesis as a treatment for leg length discrepancies (LLD) in young children. Untreated 
LLD can affect posture and biomechanics, leading to unequal limb length, back and leg pain, and 
antalgic gait patterns of varying severity. LLDs are attributable to several causes, including 
congenital, developmental, and acquired conditions. For those with minor LLDs, conservative 
treatments such as shoe lifts or orthotics are available. Other patients could benefit from surgical 
intervention to improve their LLD. Early intervention can be critical to limiting the 
broad−ranging impacts of LLD. The primary objective of this study is to examine the efficacy of 
using temporary epiphysiodesis in young children with leg length discrepancy. The secondary 
objectives are to describe the rate of leg length correction, define complications of temporary 
epiphysiodesis, and describe the frequency of occurrence.  
 
Answer: A retrospective serial chart review design study was completed, examining the efficacy 
of treating pediatric LLDs with temporary epiphysiodesis using a plate a screw construct. 
Children who are 0−10 years of age who have been treated with temporary epiphysiodesis, 
identified through CPT codes, were included in this study. Pertinent data, including patient 
demographics, LLD etiology and details, operative reports, post−operative complications, and 
measurements, were collected and reviewed by study staff. Collected data was analyzed using 
descriptive statistics to understand the efficacy of temporary epiphysiodesis as an LLD treatment 
in young pediatric populations and treatment−related outcomes. Assessing efficacy requires the 
actual improvement divided by the expected theoretical improvement after epiphysiodesis, then 
multiplying by the percentage growth responsible for either the femur or tibia. Efficacy was 
quantified using the Multiplier Method and the formula (Lth−Lr)/([Lth−Li]x0.7) for distal 
femoral epiphysiodesis and (Lth−Lr)/([Lth−Li]x0.55) for proximal tibial epiphysiodesis.   
 
Results: A total of 4 patients (2 boys, 2 girls) and 7 bone segments (4 femurs, 3 tibias) were 
included in the study. The mean age of the patients at initial surgery was 9.38 years. All surgeons 
used the plate and screw physeal tether surgical technique when conducting the temporary 
epiphysiodesis surgery. The etiology of LLD varies per patient. TEX001 had a congenitally short 
femur and hemimelia; TEX002 had amyoplasia in addition to other diagnoses, while the last 
participants, TEX003 and TEX004, both had hemihypertrophy. Right and left femoral efficacies 
were averaged from TEX001 (81%), TEX002 (78%), TEX003 (116%), and TEX004 (102%). 
Tibial efficacies were also measured, TEX001 (144%), TEX003 (145%), and TEX004 (129%). 
TEX002 did not receive the temporary epiphysiodesis procedure of the tibia. Efficacy calculated 
6 months post−operatively showed a right femoral efficacy mean of 108% and a left femoral 
efficacy mean of 109%. Right and left tibial efficacy only included patients TEX001, TEX003, 
and TEX004. 
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Means included 157% right tibial efficacy and 152% left tibial efficacy at six months. Our 
efficacy values for one year included patients TEX001, TEX003, and TEX004. The average right 
femoral efficacy at one year was 91% and the left, 95%. Right and left tibial efficacy was 142% 
and 137%, respectively. Lastly, efficacy was measured at 1 year and 6 months with patients 
TEX003 and TEX004, measuring 95% for the right femur and 93% for the left femur. Tibial 
mean efficacies included 129% and 118% for right and left tibias, respectively. All patients had 
variable levels of growth as TEX001 had an overall right femoral growth of 2.9cm and right 
tibial growth of 1.1 cm. TEX002 had right femoral growth of 5.5 cm and TEX003 had left 
femoral and tibial growth of 1.9cm each. Lastly, TEX004 had right femoral growth of 4.9cm and 
3.7cm of tibial growth. Complications identified in this study included genu varum, genu valgus, 
and the need for revision surgery. All patients experienced at least one complication 
postoperatively; ¾ had an unexpected revision surgery, ½ developed genu varum and ¼ had 
acquired genu valgus. Complications were noted to arise, on average of 397 days postoperatively. 
Notably, ¾ of patients developed angular deformities associated with plate and screw physeal 
tethering fixation. 
  
Conclusions: In general, the temporary epipshysiodesis procedure using plate and screw physeal 
tethering was effective. However, it was associated with a high complication rate and unexpected 
revision surgery. This is a limited case series, and we plan to perform a multi−center study to 
include more patients. This study does raise the question if temporary epiphsyiodesis should be 
performed, or an appropriately timed permanent physeal ablation would be a better option. 
 
#21 Figure 
  



Figure 1. Efficacy of Plate and Screw Physeal Tethering Over Time 
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Question: To determine whether trauma and deformity correction training among orthopedic 
surgeons influences the management, clinical course, and outcomes of patients undergoing 
surgical treatment for nonunion and malunion.  
 
Answer: This retrospective cohort study included adult patients undergoing corrective surgery 
for traumatic or iatrogenic nonunion or malunion at a single academic center between October 
2014 and July 2024. Demographics (age, sex, race, ethnicity, insurance, etc.) and clinical course 
details were collected via chart review. Postoperative outcomes (union, complication, 
rehospitalization, and reoperation rates) were analyzed for patients with at least 90 days of 
follow–up after the definitive surgery. Statistical analysis was performed using R (version 4.4.0). 
Chi–squared test was employed to assess significance for categorical variables, and Mann–
Whitney U test was used for continuous variables.  
 
Results: Two hundred forty–six nonunion and malunion patients were identified; 46.3% were 
treated by a single orthopedic surgeon trained in trauma and deformity correction, 5.3% were 
treated by trauma–trained orthopedic surgeons, and 48.4% were treated by non–trauma–trained 
orthopedic surgeons. Patients treated by the orthopedic surgeon trained in trauma and deformity 
correction had an overall longer median time from injury to surgery compared to those treated by 
trauma–trained and non–trauma–trained surgeons (367 vs 274 vs 264.5 days, p = 0.049). 
However, patients treated by trauma–trained orthopedic surgeons exceeded those treated by the 
trauma plus deformity correction–trained surgeon and the non–trauma–trained surgeons with 
respect to time to union (318.5 vs 270.5 vs 210.5 days, p = 0.022) and total length of stay across 
all admissions (9 vs 5 vs 2 days, p < 0.001). No differences were observed in total number of 
procedures, union rates, length of follow–up, loss to follow–up, postoperative complications, 
rehospitalizations, or unexpected return to operating room. For all outcomes, bivariate analysis 
showed no statistically significant differences when comparing training in trauma versus training 
in trauma plus deformity correction.  
 
Conclusions: The findings of this study suggest that orthopedic training in trauma plus deformity 
correction, although often equating to a more complex patient population, allows for relatively 
equivalent outcomes when compared to nonunion and malunion patients treated by orthopedic 
surgeons with and without trauma fellowship training. 
  



Unusual Distribution of C. acnes Infection after Surgery in Patients from The Middle East 
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Question: Post−operative infection is a well known complication after orthopedic surgery. 
Obtaining intraoperative cultures is essential for identifying the bacteria responsible for infection 
which dictates antibiotic therapy. Being able to predict infectious organisms in different patient 
populations can be helpful for prophylactic intraoperative management and setting of 
postoperative expectation. The purpose of this study was to analyze intraoperative culture data 
from Middle Eastern patients who underwent orthopedic surgery at our practice and compare 
these results to an historical control cohort.  
 
Answer: Medical records of 136 Middle Eastern patients were retrospectively reviewed, 
identifying 17 patients (12.5%) who had positive intraoperative culture results. Main outcome 
measures included the types and prevalence of each microorganism cultured. Additionally, 
comparison of the prevalence of microorganism cultures was performed between the Middle 
Eastern patient cohort and the historical control cohort, which included 67 patients.  
 
Results: The most commonly cultured microorganism in the Middle Eastern patient cohort was 
Cutibacterium acnes with 8 of the 17 patients with positive intraoperative cultures (47.1%) 
growing C. acnes. This was significantly higher than the 0/67 patients that grew C. acnes in the 
historical cohort (p<001). The other common microorganisms grown in our cohort were 
Staphylococcus epidermidis (17.6%) and Staphylococcus aureus (17.6%). None of these were 
significantly different from the historical control cohort in which the prevalence of 
Staphylococcus epidermidis was 20.9% (p=1.0), Staphylococcus aureus was 9.0% (p=0.378).  
 
Conclusions: This study reports a significantly different distribution of infectious organisms with 
a higher prevalence of Cutibacterium acnes (C. acnes) in the intraoperative cultures from Middle 
Eastern patients who underwent orthopedic surgery as compared to a historical control cohort. 
These findings may warrant population−specific preoperative and/or perioperative management 
strategies. Further investigation is required to determine the underlying factors that contribute to 
the different microorganisms cultured in this cohort.       
              
              
      

  



DF2 Brace vs Spica Cast for Pediatric Femoral Shaft Fractures  
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Question: Femoral shaft fractures are the leading cause of pediatric orthopedic hospitalization. 
The DF2 functional brace offers a potential alternative to traditional spica casting, which, while 
effective, has challenges. This study compares outcomes and complications between the DF2 
brace and spica casting in the management of pediatric femoral shaft fractures.   
 
Answer: A retrospective matched cohort study analyzed 42 patients aged 1−5 years with 
diaphyseal femur fractures (OTA 32) treated between September 2021 and August 2024. 
Twenty−one patients treated with the DF2 brace were matched with 21 spica cast patients based 
on age, weight, and fracture characteristics. Primary outcomes included fracture union, time to 
weight−bearing, and radiographic alignment. Secondary outcomes encompassed hospital 
admission rates, length of stay, and complications.   
 
Results: Demographics were similar between groups (mean age 2.3 years, 78.6% male). Hospital 
admission rates were significantly lower in the DF2 group (33.3% vs 71.4%, p=0.013) with 
shorter mean length of stay (0.33 vs 1.10 days, p=0.015). Notably, 95.2% of spica cast patients 
required an operating room compared to none in the DF2 group. All fractures achieved 
radiographic union at 6 weeks, with similar time to brace/cast removal and weight−bearing (DF2: 
40.9 days, Spica: 40.1 days, p=0.715). Changes in angulation from initial to final radiographs 
were similar between groups in both planes. The DF2 group experienced more emergency 
department returns (3 vs 1), while the spica group had two cases of skin breakdown.   
 
Conclusions: The DF2 brace demonstrated comparable union rates and alignment to spica 
casting while reducing hospital admissions, length of stay, and need for operative intervention. 
Although the DF2 group had more unplanned emergency department visits, the overall 
complication profile was similar between groups. These findings suggest the DF2 brace 
represents a viable alternative for pediatric femoral shaft fractures, potentially optimizing 
healthcare resource utilization without compromising treatment efficacy.  
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Question: Loss to follow–up can significantly impact patient outcomes in the treatment of limb 
deformities. Patients with chronic fractures may have had limited engagement in their initial 
fracture treatment, possibly contributing to treatment delays and the chronicity of their condition. 
As a result, they may be at higher risk for continued inconsistent follow–up. This study aims to 
determine if patients treated for chronic fractures experience different rates of loss to follow–up 
than those treated for acute fractures.  
 
Answer: We conducted a retrospective analysis of all adult patients with fracture nonunion or 
malunion of any bone who underwent surgical correction at a single center in an underserved 
urban community between November 2015 and June 2024. We also conducted a retrospective 
analysis of all adult patients who underwent open reduction and internal fixation (ORIF) for 
ankle fractures at the same center between September 2016 and June 2023. The 
nonunion/malunion group was compared with the primary ankle ORIF group, which served as a 
sample of acute fractures. Primary outcomes include loss to follow–up within 6 months of 
surgery and at any point during the treatment course. Demographic variables including race, 
ethnicity, spoken language (English vs. non–English), and Distressed Community Index (<75 vs. 
‰¥75) were controlled for if significantly associated with loss to follow–up. Outcomes were 
analyzed using Chi–Square tests.  
 
Results: Of 242 patients undergoing nonunion or malunion surgery, 36.9% (n = 89) were lost to 
follow–up [20.7% (n = 50) within 6 months]. Of 941 patients undergoing ORIF for ankle 
fractures, 35.5% (n = 334) were lost to follow–up [25.0% (n = 236) within 6 months]. Of the 
demographics considered, only spoken language was significantly associated with loss to follow–
up overall (p = 0.015) and within 6 months (p = 0.038). We controlled for this by analyzing 
English–speaking and non–English–speaking patients separately. Analysis revealed no 
statistically significant difference in loss of follow–up between groups within 6 months of 
surgery (p = 0.509, p = 0.487) and at any point (p = 0.171, p = 0.837) for both English–speaking 
and non–English–speaking patients, respectively.  
 
Conclusions: The proportion of patients lost to follow–up after surgical treatment for nonunion 
or malunion is comparable to those treated for acute ankle fractures, suggesting that fracture 
chronicity is not a factor in loss to follow–up. Patients treated for nonunion or malunion may 
experience similar barriers to follow–up when compared to patients being treated surgically for 
acute fractures.  
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Question: In recent years, the prominence of 3D modelling in medicine has surged, particularly 
in pre–surgical deformity evaluation and correction. This technology enables a thorough analysis 
of a patient’s anatomical structure, offering detailed insights into the deformity’s nature and 
scope. Its integration has transformed surgical planning, benefiting both patients and surgeons by 
facilitating precise assessments and personalised surgical plans, thereby diminishing risks and 
enhancing outcomes. We report the advancements in 3D modelling and its relevance to limb 
reconstruction surgery for patient assessment and management. 1) what is the method our team 
has developed to integrate this technology into orthopaedic surgery 2) what are the outcomes of 
the patients who have been treated following this method.  
 
Answer: Our approach involved utilising various software tools for corrective alignments and 
pre–surgical assessments, with Materialise and 3–Matic emerging as the most effective options. 
These tools deliver precise outputs, aiding orthopaedic surgeons in evaluating patient deformities 
accurately. By quantifying diverse parameters and integrating them into deformity analyses, 
virtual surgery simulations enable iterative processes to minimize intraoperative risks. 
Additionally, the growing accessibility of 3D printing technology has enhanced our ability to 
execute deformity correction surgeries through the provision of 3D–printed guides.  
 
Results: The utilisation of 3D modelling has not only facilitated the customisation of implants 
but has also significantly enhanced our capacity to assess and rectify deformities accurately. This 
has resulted in improved patient outcomes and reduced surgical risks. Our team has leveraged 3D 
modelling technology to implement various techniques, enabling the detailed assessment of 
deformities and the development of custom patient–specific guides and implants. Through these 
demonstrations, we aim to underscore the transformative potential of 3D modelling in medicine.  
 
Conclusions: Patients who have been treated with our method have proved integration of this 
technology can take surgeries and treatment to a new length. There is further scope of expanding 
this area and ways to better integrate this technology into orthopaedic surgery where it can allow 
surgeons to develop a comprehensive treatment plan for complex limb reconstruction prior to 
surgery and achieve better patient outcomes. 
 
 

 

 
 


