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Limb Lengthening and Reconstruction Society: Type: Board of Directors or committee
Self

member

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
llluminOss 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 Dire
committee member Self

ctors or

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, DM¢
DNP, DPM, DPT, DRPH, DVM, EdD, PHARML
JD, SCD, MBA, MCH(ORTH)(UK)

EgERrBitted 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 memb

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

er Self

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
or committee member Self

Director:

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
America, Osteogenesis Imperfecta Foundation, International Society for Children's Bon
Type: Board of Directors or committee member Self

Consultant Reviewer, Journal of Pediatric Orthopaedics (JPO): Type: Editorial or gove
Self

bf North
e Health

ning boe

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
Developmental Medicine: Type: Board of Directors or committee member Self

and

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: Bo
Directors or committee member Self

ard of

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 goV
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

lobst, 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
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 D
committee member Self

Radiology: Type: Editorial or governing board Self

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

erning

member

rectors o



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 A

Johnson and Johnson: Type: Other Professional Activities
General Electric: Type: Other Professional Activities

tivities

Orthopaedic trauma association and limb lengthening and reconstruction society comnittees

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, Sgren 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 Medicing)
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: Editd
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

rial or



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 memb
AAOS Comprehensive Orthopaedic Review 4: Type: Editorial or governing board Self

er 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 Rep
2022-2024 - Co-chair for Annual Meeting Bone Tract: Type: Board of Directors or comn
member Self

air
Nittee

Journal of Orthopaedic Research, editorial board: Type: Editorial or governing board S

1)
=

*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 committg

Self
Editorial Board: JOT, Orthopedics Today, OTA FractureBook: Type: Editorial or goverr

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

e membe

ing boarc



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 membe|

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, FAAQOS, FRCSC

Submitted on: 04/11/2024
Nuvasive: IP royalties; Paid consultant

Orthopediatrics: IP royalties

*a. All relevant financial relationships have been mitigated

**Program Committee

Self



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 bog
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

ard

=

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: Bo
Directors or committee member Self

ard of

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



Submitted on: 4/23/2025
Orthopaedic Research Society: Type: Other Professional Activities

Rivera, Jessica MD, PhD. FAAOS American Acaqemy of Orthopaedi(? Surgegns: Type: Other Profgssional Activitie§
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

Submitted on: 5/28/2025

This individual reported nothing to disclose.

Submitted on: 4/11/2025

Johnson & Johnson/Depuy Orthopedic: Type: Other Professional Activities

Philadelphia Orthopedic Society, past president: Type: Board of Directors or committeg membe
Self

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
Submitted on: 4/11/2025
Radiological Society of North America: Type: Other Professional Activities
Ryan, Justin PhD, MBA 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
Submitted on: 04/05/2024
AAOS: Board or committee member
American Orthopaedic Association: Board or committee member
Sabatini, Coleen MD, MPH, FAAOS 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

Roche, Morgan BS

Rosenblatt, Joseph DO, FAAOS

Rozbruch, S MD, FAAOS

*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
financial or material support

Journal of Limb Lengthening and Reconstruction: Editorial or governing board
Springer: Publishing royalties, financial or material support

royalties,

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
President: Type: Board of Directors or committee member Self
JBJS Editorial Board: Type: Editorial or governing board Self

Alliance -

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.
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1>.<=28MCQ JGLIGLE ? J?PEC DP?EKCLR NJ?RC RM RFC A
L?GJ ?Q ? RCLQGML @?LB NCPKGER?QBDNCP B KKREGE REMUWCZT
DCKMP?J JCLERFCLGLE MP DP?ARSPC PCN?GP

7<@.7 A?QC QCPGCQ MD N?RGCLRQ U?Q GBCLRGDGCB D
PCKMT?J MD NPCTGMSQ GKNJ?LRQ TG? ? J?RCP?J QS@T?
@GMNQGCB ?LB PCBSACB " PCGB INGKPNGIDM PKGAMCQRPY
GLQCPRCB ?LB JMAICB NPMVGK?JJW SQGLE ? KK PCAM
J?PEC DP?EKCLR NJ?RC U?Q AMLRMSPCB RM RFC J?RCP?.
KMBGDGCB UGRF ? KK BPGJJ B® GRKEKMP ZTAAMMKEMBC B CUF
GLQCPRCB RFPMSEF RFC NJ?RC ?LB RFC L?GJ GLRM RFC
RM RFC QF?DR UGRF ? 7TCP@PSEEC AJ?KN ?LB RCLQGMLC
QCOSCLRG?J CAAKDRPNRAREGNVQCRRGWQ 5FC L?G10 G APAN
QAPCU "SRMEP?DR @MLC F?PTCQRCB DPMK RFC EJSRC?J
QGRC 1MQRMNCP?RGTCJIJW DSJJ UCGEFR@C?PGLE ?LB SI

".<>54€TCL N?RGCLRQ K?JC DCK?JC UGRF ? NPMVGK
D?GJCB JCLERFCLGLE MP DP?ARSPC PCN?GP UCPC RPC?F
?SRMIMEMSQ @MLC EP?DR KC?L TMJSKC AA P?LEC x
B?WQ NMQRMNCP?RGTCIVWVAFRBTOLTECB AJGLIGANI RG 6 LARAB C
KMLRFQ "R KMLRFQ RFC KC?L 130.C4BNCPACLRBR RBCLKC
130.*4 1FWQGA?J 'SLARGML GKRRWNCB GCLANMBN? RGO/ R M N
AMKNJGA?RGML GLAJSBGLE GLDCARGML GKNJ?LR D?GJS

87,5><28KNJ?RCXRCLQGMLCBxL?GJI AMLQRPSAR ?SEKCLF
GKKCBG?RC SLPCQRPGARCB ?ARGTGRW ?LB PCJG?@JW ?.
DMJJMUGLE D?GJCB JCLERFCLGLE MP DP?ARSPC PCN?GP






em

tSeries: 7 patients, mean age 46.6 years (range 19-81 years)
¥Plate-tensioned-nail with autograft bone augmentation (mean 29 cc, range 1¢
FMean time to mobilization 1.2 days

$7/7 clinical and radiographic union within 6 months

TAt 6 months, mean PROMIS percent of normal +18.3%, PROMIS Phgiskeunctior,
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I>.<=283CPCGL UC NPMNMQC ? LMTCJ UMPIDJMU DMP RFC
JMUCP JGK@ BCDMPKGRGCQ SQGLE 7 Q% CKA\GEGIG NP RICRE!
ESGBCQ AMK@GLCB UGRF RFC ?NNJGA?RGML MD ?L GLRF
@MRF GLRPMBSAC RFC NPMNMQBBIKCRFMBRBELIBCRQQQQQ

7<@.1?RGCLR B?R? GLAJSBCB RFC N?RGCLR Q ?EC 2L
QGRC ?LB CIRGWCAWRW TRPKC?QSPCKCLRQ MD 'RIFTLB M'ECNB
VP?WQ QSPECPW B?RC LSK@CP MD MQRCMRMKGCQ NCF
BCDMPKGRW ?DRCP QSPECPW i R® WICIRRGBLK'CIC 7S BG-MI NI ? G (
DM JIBWUN JIRRPIWVGK?ECQ ?LB AMKNJGA?RGMLQ

0D N?RGCLRQ N?RGCLRQ F?TC AMBNJITR BRE @ R G K CQO@
MD RFGQ N?NCPnQ QS@KGQQGML

".<>5834GLGA?J ?LB P?B(CNNEPGNBGAEMMQFMWCB FGEFJW Q-
RFC RPC?RCB CVRPCKGRGCQ GL ?JJ A?QCQ O5SFC ?TCP?EC

UCCIQ 5FGQ CVAJSBCQ MLOMIBMWCLE BEM N?7R GEICRRQ |
SN

87,5><2BHF6Q A?QC QCPGCQNREIFRGE KRMB EMQ UBRF NCPC
ESGBCQ A?L CLF?LAC BCDMPKGRW ANMREBGCARQG MLG B BGAHHEK. X
BCDMPKGRGCQ % NJ?LLGLE NPNJIABRGQENTPICEAGEQ CNNPCH
KCBSJJ?PW A?L?JQ DMP RFC MNRGK?J *./ NJ?ACKCLR
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1>, <=287M<C "KCPGA?L 4MAGCRW MD "LCQRFCQGMJMEGQRQ
AMKKMLJW SQCB RM AMKKSLGA?RC ? N?RGCLRNQ AMKMP ¢
RFGQ QRSBW GQ RM BCRCPKGLC GD FGEFC®IMDQAMPCQ
AMKNJGA?RGMLQ DMJIJMUGLE LMLSLGML MP K?JSLGML QS

7<@.8C AMLBSARCB ? PCRPMQNCARGTC AMFMPR QRSBW
LMLSLGML MP K?JSLGML MD ?LW JOAWLRP QAR GSHLB @ RGR RE i
QWQRCK @CRUCCL /IMTCK@CP 2LB +SLC 0OSRAMKC:
NMQRMNCP?RGTC AMKNJGA?RG MILGY UGR FRRFIC GBAWBCM B CC
AMKNJGA?RGMLQ KMPR?JGRW T? QU\BA ?P BAGWK N3JIGDA?HRAR\GL
RFPMK@MCK@MJGQK 75& QRFAACRRPAIRB?LGGCMORBRQN
QCNQGQ F?PBU?PC D?GJSPC NLCSKMLG? PCL?J AMKNJG
SPGL?PW PCRCLRGML NMQRMMCRTGRAGTC GLAKSBGLERLT®
2LB AMKNJCWPEEGQ@WLBPMKC ?LB E?QRPMGLRCQRGL?J

$JMQRPGBGSK BGDDGAGJC GLDCARGML ?LB 0OEGJTGC QW|
U?Q ?2JQM AMLQGBCPCB 'GQFCPnQ CV?AR RCQRQ UCPC S

" <>588 N?RGCLRQ UGRF PCNMPRCB NPCMNCP?RGTC "
L F?B ?L "4" L FPREL "4"L F?B ?L

)GEFCP "4" QAMPC U?Q QGELGDGA?LRJW ?QQMAG?RCB UG

B?WQ MD QSPECPW N ) QEFE R ?'I4UWQ 2AQPIC AGAR QBl T

MD QCNQGQ N T?QASJ?P AMKNJGA?RGMLQ N

N 0D LMRC KMPR NLZBWMQGRQMEQW?MAASPPCB GL

MD MP "4" QAMPC U?Q GLTCPQCJW ?QQMAG?RCB UGRF

LMR QGELGDGA?LRJW ?QQMAG?RCB UGRF RFC MRFCP QN
BSC M XAA?RGML

87,5><28FGEFCP "4" QAMPC GQ QGELGDGA?LRJIJW ?2QQMAC
RFPC?RCLGLE AMKNJGA?RGMLQ GLAJSBGLE .* 75& QRP]
QSEECQR RF?R NPCMNCP?RGTC N?RGCLR FC?JRF D?ARMF
AMKNJGA?RGMLQ MP KMPR?JGRW RERRMRFNCBSREGIPHE ML
UCGEF RFC @CLCDGRQ ?LB PGQIQ MD QSPECPW RM AMPP
FGEFCP "4" QAMPCQ CQNCAG?JJW QAMPCQ MD MP
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1>, <=280KMP?J TCPQGML GQ APGRGA?J GL JMUCP CVRPCK
DCKSP "@LMPK?J ?LRCTCPQGML UFGAF CVACCBQ RFGQ
GLAPC?QCB PGQI MD HMGLR N?GL ?LB GLQR3 @ PCGRMK N&JF:
2Q0QCQQ DCKMP?J TCPQGML UFGJC DGVGLE DP?ARSPCQ |
FWNMRFCQGXCB RF?R ? J?PER? N® MEF® R & M B 6 DDEIPEG AE!
TCPQGML KC?QSPCKCI?R@ MIRNQ GBC RFTMAMAG?PRCB UGRF J°
C?AF QGBC 5FGQ F?Q GKNJGA?RGMLQ GL PCAMLQRPSARC

7<@."CKMP?J TCPQGML U?Q KC?QSPCB GL ?2JJ N?RGCLRQ
MTCP RFC J?QR WC?PQ ?LB$GL?NPEGREEPRQFW MGHRMB G U (
MTCRKMLRF NCPGMB %CKMEP?NFGA GLDMPK?RGML GLAJ
4AS@HCARQ UFM F?B ? FGQRMPW MD NPGMP FGN ILCC ?PR
2@MTC ILCC ?KNSR?RGML UCPC CVAJSBCB "BBBRIGARRU P
2AO0SGPCB DCKMP?J BCDMPKGRW CE 0JJGCPnQ 1CPRFC
2APMQQ ?JJ QS@HCARQ ?LB UGRFGL @CRUCCL BCKMEP?N

" <>5=RKMR?J MD FGNQ UCPC ?QQCQQCB GL N?RGCL
BCEPCCQ i$* <« B5FC KC?L BG DDICH®R. A CBAGPCFEFRCU ? Q
$* <i = MD FGNQ F?B TCPQGML KC?QSPCKCLRQ MSI
MD N?RGCLRQ F?BCEHPCR BB RFCRPCLAC DPMK C?AF
RF?LBCEPCC BGDDCPCLAC @CRUCEREGMAKQGBSESP ARRGRQ
LMPK?J PPLERCEPCCQ F?B RCERO?RTIFGAERTERCCEGPDCP
@CRUCCL C?AF QGBC RF?L N?RGCLRIMMUGRRGL RFC LMPK

87,5><2'8JKMQR MD N?RGCLRQ F?TC BGDDCPCLACQ MD
KC?QSPCB DCKMP?J TCPQGML 1?RGCLRQ UGRF GLAPC?Q
FGEFCP JGICJGFMMB MD F?T GPL?E BRIDA?A PFOAN G QiI@ERIFC Ol
PCAMLQRPSARGML ?LB DP?ARSPC A?PC ?LB QSEECQRQ R
2Q ?AASP?RC ?2Q UC RFGLI



.*5270 '8>7-<  *;5B A9.;2.7,. @2=1 $;*7<?.;<. $2+2*5 $;*7<

"11& &2". .CPPCBGRF 8?PLCP
HPGTC 'JOSFQA CBS

1>.<=28P?LQTCPQC RG@G? RP?LQRMFAR /N PMBGRRE B A CJ PRV
CDDCARQ MD BGQRP?ARGML FGQRMECLCQGQ RM ?GB UMS
UGLBMU AMPRGAMRMKW UFGAF GQ RFCL RP2LIQD®PRCMBPR
2AFGCTCB '%" ?NNPMT?J GL PCACLR KMLRFQ 5FC NPMAC!
PCECLCP?RGML ?LB ACJJSJ?P KCR?@MJGQK ILMUL RM MA
PCQSJR RFGQ ?NNPM?AF GQ QFMUGLE NPMKGQC DMP FC
BGQ?BT?LR?ECB QSAF ?Q AFPML\NG B UQUSR.B @ C5RBQ GTANIMF
RFGQ RCAFLGOSC DMP RPC?RKCLR MD AF?JJCLEGLE UMS

7<@." AMLQCASRGTC A?QC QCPGCQ MD RP?LQTCPQC RGZ¢
@CRUCCL RUM QSPECMLQ UG R FPOWACEPIPCLQ CQ AGISBG R @ -
RP?LQTCPQC RG@G? RP?LQNMPR UGRF MLC QW Q/RC R FD?M
RP?LQNMPR ?R KK RUGAC B?GJW MLC UCCI MD AMPRG/
?BBGRGML?J UCCIQ MD FC?JGLE NPGMP RM BCTGAC PCKM
BCQAPGNRGTC A?QC QCPGCQ

" <>54€TCL N?RGCLRQ SLBCPUCLR RFC RP?LQTCPQC RGG@
A?PC ?R RFC RGKC MD RFGQ PCNMPR "JJ UMSLBQ UCPC |
PCA?JAGRP?LR RM MRFCP RFCP?NGCQ 8MSLB CRGMJMEG
AFPMLGA TCLMSQ QR?QGQ UMSLB GL MLC N?RGCLR AFPM
MQRCMKWCJGRGQ GL MLC N?RGCLR ?LB AFPMLGA RP?SK
MLC N?RGCLR .SJRGBGQAGNJGL?PW MRPEMG2E8 RCBSGPL
GLDCARGMSQ BGQC?QC RPC?RKCLR ?LB UMSLB A?PC 'M
QSAACQQDSJIJW FC?JCB /M NGL QGRC NPM@JCKQ UCPC L
BCTCIJMNCB ? FCK?RMK? ?R RFC RP?LQNMPRLBGRC UFGAF

87,5><2BFXLQTCPQC RG@G? RP?LQNMPNRE GIRTIK BEIC?R RVPLE ¢
@W BGQRP?ARGML FGQRMECLCQGQ GQ ? NPMKGQGLE RC
?KMLE RFC RMN RFPCC JC?BGLE QR?RCQ GL BG?@CRCQ L
K?W NPMTGBC ?L MNRGML DMP N?RGCLRQ ?R PGQI DMP J
AMJIJCARGML GQ MLEMGLE
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I>.<=28FGJBPCL ?ECB RM WC?PQ K?W F?TC JGKGRCB ?
GLQRPSARGMLQ DMJIJMUGLE JGK@ JCLERFCLGLE QSPECP
?EC P?LEC CVNCPGCLAC FGEFCP AMKNJGA?RGML P?RCQ ¢/
RF?L

7<@.8C AMLBSARCB ? PCRPMQNCARGTC PCTGCU MD AMLC
JCLERFCLGLE ?R ? QGLEJC ACLRCP SQGLE CVRCPL?J DG\
ML ?EC ?R QSPECPW (PMSN N WOCCPWCIPQ L?LB (PARPR?
GLAJSBCB JCLERF E?GLCB GLAGBCLAC MD NGL QGRC GLI
QSPEGA?J QGRC GLDCARGMLQ 44* AMLRP?ARSPCQ \
NGL @PC?I?ERMRPB REK@CP MD PCRSPLQ RM RFC MNCP?
UCPC ?L?JWXCB SQGLE ?NNPMNPG?RC QR?RGQRGA?J RCC

".<>58fC KC?L ?KMSLR MD JCLERFCLGLE U?Q AMKN?P?@J

AK 1GL QGRC GLDCARGMLQ MAASPPCB GL MD (P
UGRF RUM N?RGCLRQ GL (PMSN PCOSGPGLW GEHREBBARI (

"JRFMSEF AMLRP?ARSPCQ CVACCBGLE \ UCPC KMP
RFC BGDDCPCLAC U?Q LMR QR?RGQRGA?JIW QGELGDGA?
RF?R ? RMR?J MD N?RGCLRQ@ LCOBREGWML@GLPERABGSB RRW
QGELGDGA?LAC 3CTCPQ?J MD JCLERFCLGLE ?LB NGL @P
C?AF O0TCP?JJ N?RGCLRQ GL (PMSN F?B ? FGEFCP P?R

TQ

87,5><28F¥&IJBPCL ?ECB RM WC?PQ ?PC ?R EPC?RCP PC
?LB QSPEGA?J QGRC GLDCARGMLQ DMJIJMUGLE JGK@ JCL
NCBG?RPGA AMFMPRQ 5?7PECRGMELN ?RMILE VGBRR?RIGRCAIRQ G
QSPTCGJJIJ?LAC K?W FCIJN KGRGE?RC RFCQC PGQIQ ?LB C
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1> <=28DRCMECLCQGQ GKNCPDCAR? 0* GQ ? ECLCRGA A
GKNPMNCPJW NPMBSACB 5WNC * AMJJ?ECL "DDCARCB JM
?2LB BCTCJMN @MUGLE BCDMPKGRGCQ 5FCTR2G8GMR?®LMD
PC?JGELKCLR ?LB GLRP?KCBSJJ?PW PMBBGLE UGRF RCJC
FMUCTCP F?TC A?L?JQ RMM QK?TUG PRPARCBCQICME G AJPHP
BCTCJMNKCLR MD ? RFPENBCB5BME2RCGCRRWBSMCB RFC C
RFPC?BCB DC?RSPC BCAPC?QC AMKNJGA?RGMLQ ?LB PCT

7<@.5FGQ QGLEJCXACLRCP PCRPMQNCARGTC QRSBW GLA
PC?JGELKCLR ?LB PMBBGLE MD SNNCP ?LB JMUCP CVRPC
4JGK /?GJ 1CE? .CBGA?J ?LB LMLXRFPC?BCBx/53 , UGP
1?RGCLRQ UCPC K?RAFCB @W ?EC @MLC QCEKCLR ?LB 0
LM DSPRFCP RF?L LCCBCB UGRF K& CGKBKLMIL B GUAC?TRG DIM g
GLAJSBCB ? A?L?J RMM QK?JJ DMP T RTIRYAMNRS PGIBW 7
NMMP OS?JGRW RM ?AACNR R ICTIAMN G B CALNRE DG @ B RN C
QSPEGA?J B?R?

" <>55EGPRWxDGTC N?RGCLRQ DCK?JCQ K?JCQ UGH
GLRP?KCBSJJ?PW PMBBGLE MD JMLE @MLC QCEKCLRQ UG
?EC ?LB QCTCPGRW K?RAFCB AMLRPMJ N?RGCLREB DCK
.?RAFCB 0* 5WNCQ GLAJSBCB 5WNC *x B5WNC ***x  5WN:
QCEKCLRQ GLAJSBCB DCKSPQ RG@G?Q FSKCPG
EPMSN BCKMLQRP?RCB PMB NWIMK GPL\CEBRKGIME P C O SIGRG CE |
PCASPPCLR DP?ARSPCQ NCPGNPMQRFCRGA DP?ARSPC
5FC RFPC?BCBx/53 EPMSN GLAJSBCB LM NPMKGLCLACQ M
?LB FSKCPSQ 5FCPC GOGDTGARPR @IREATRWMPBESQC MD F
UGRF ? PCJ?RGTC PGQIl MD AMKNJGA?RGML GL RFC LMLRHF
AMKN?PCB RM RFC RFPC?BCBx/53 EPMSN

87,5><28Q€ MD ? RFPC?BCB LMLXRCJCQAMNGA PMB GL RI
PMB PCTGQGML BSC RM NPMKGLCLAC MP KGEP?RGML *L
NMNSJ?RGML PCOSGPGLE DPCOSCLR PCTGQGML QSPECPC
PCACLRIJW BCTCIJMNCB GKNJ?LRQ RM FCIJN GKNPMTC MSR
@SPBCL GL RFGQ N?RGCLR NMNSJ?RGML 5FGQ UMPI UGJ
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I>.<=28/MUGLE RFC PCJ?RGTC AJMQSPC N?RRCPL MD BGD
BCAGQGML K?IGLE GL NCBG?RFGARFMEC REAVOITGRBWE RY OBFG 4
EPMURF @?QCB ML AJMQSPC MBNF@QCC IDRBBFQEGN EBH
BCAGQGML K?IGLE O0SP QRSBW MK GG (P MEBRENIEFP PNV QR @ R
$CLRCP UFGAF AMLR?GLQ ?LLS?J QCPG?J P?BGMEP?NFQ
RM BCRCPKGLC PCJ?RGTCQMREGCE MDFAIRRQSPC UGRFGL ?

7<@.3?BGMEP?NFQ MD RFC QFMSJBCP CJ@QMU UPGQR F*
?7QQCQQ GLBGTGBS?J EPMURF NJ?RCQ SQGLE ? EP?BC MCLC
DSQGML "EC ?R AMKNJCRC DSQGML U?Q PCAMPBCB ?LB
AMKN?PC KC?L ?EC MD AJMQSPC MD SNNCP ?LB JMUCP C\

" <>5=RKMR?J MD P?BGMEP?NFQ ?APMQQ QRSBW TG
P?LEC RM W ?LB K?JCQ KC?L ?EC W P?LEC
2EC MD AJMQSPC DMP RFC SNNCP ?LB JM U C®PFCVRPLOKIGIKC
OS?PRGJC KC?L PB OS?PRGJC C?ABMKRIFEXK §IC PE @ GIDCR N
SNNCP ?LB JMUCP CVRPCKGRGCQ iMD $KPK K ?DP BLBVD QKPG e Q
EPMURF NJ?RCQ GL C?AF HMGLR

87,5><28BF€ MPBCP MD AJMQSPC T?PGCQ QJGEFRJIJW @W C(
RFC SNNCP CVRPCKGRW RFC MJCAP?LML ?LB BGQR?J FS|
BGQR?J NF?J?LV RFC P?BG?J RECBPTIKB?GLCBGE JF CINBG ENME
ECLCP?JJW DPMK BGQR?J RM NPMVGK?J RFC NPMB8GIK?J |
5FC JMUCP CVRPCKGRW F?Q EPC?RCP T?PG?@GJGRW @C
@MRF DCK?JCQ ?LB K?JCQ RFC RPGP?BG?RC AJMQCQ DG
RG@G? ?LB NPMVGK?J DCKSP AJMQC NPGMP RM RFC BGQ
J?QR RM AIJMQC 5FCQC B?R? K?W @C SQCDSJ GL FGBEGL
UGRF P?BGMEP?NFQ MD KSJRGNJC HMGLRQ



Table 1. Average age, in years, of growth plate closure in the A) upper and B) lower extremities.

Female Male

Female Male
Iliac Crest 148 16.1

Olecranon 13.3 15.7
Triradiate 1238 149

Radial Head 14.5 16.5
Proximal Femur 13.7 155

Distal Humerus 134 15.5
Greater Trochanter 139 15.5

Medial Epicondyle 14.5 16.2
Distal Femur 146 16.3

Proximal Humerus 16.0 173
Proximal Tibia 144 16.2

Distal Radius 16.2 18.5
Proximal Fibula 155 16.8

A Distal Ulna 16.3 174 B

Distal Tibia 139 154

1st Distal Phalanx 14.7 16.6
Distal Fibula 14.7 16.2

1st Proximal Phalanx 15.3 171
Calcaneal Apophysis 13.7 153

1st Metacarpal 15.1 16.6
1st Distal Phalanx 1338 156

5th Distal Phalanx 144 16.3
1st Proximal Phalanx 141 15.7

5th Middle Phalanx 146 16.5
1st Metatarsal 146 16.1

Sth Proximal Phalanx 14.7 16.4
S5thM al 15.4 16.8 Sth Proximal Phalanx 14.2 159
4 5th Metatarsal 14.9 16.1

Proximal Humerus

Medial Epicondyle

Upper Extremity - Females

I b, d

S BN

Distal Humerus
Olecranon

Radial Head

Distal Radius

Distal Ulna

5th Metacarpal

Sth Proximal Phalanx
Sth Middle Phalanx
5th Distal Phalamnx
1st Metacarpal

15t Prasdimal Phalanx

1st Distal Phalanx

Figure 1. Timing, in years, of upper extremity growth plate closures in female adolescents (n = 43).
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I 2, C, d
I 2, C, d

13 14 15 16

Min-Q1 ®mQ1-Mean mMean-Q3 mQ3-Max

17

18

Letters indicate statistically significant differences where a = compared to the proximal humerus, b =

compared to the olecranon, ¢ = compared to the distal radius, and d = compared to the 5" distal

phalanx.



Upper Extremity - Males

Proximal Humerus T -
Medial Epicondyle I . <
Distal Humerus I o, C, d
Olecranon e [EER
Radlal Head I D,
Distal Radius I b, d
Distal Ulna I b, d
5th Metacarpal B ]
5th Proximal Phalanx I b,
5th Middle Phalanx I D, c
5th Distal Phalarx e C
1st Metacarpal I b
1st Proximal Phalanx - T
1st Distal Phalanx I b
13 14 15 16 17 18 19

Min-Q1 mQ1-Mean ®mMean-Q3 ®Q3-Max

Figure 2. Timing, in years, of upper extremity growth plate closures in male adolescents (n = 38). Letters
indicate statistically significant differences where a = compared to the proximal humerus, b = compared
to the olecranon, ¢ = compared to the distal radius, and d = compared to the 5" distal phalanx.

Lower Extremity - Females

Ihiac Crest I . -
Triradiate I 0. c, d
Proximal Femur I
Greater Trochanter I o
Distal Femur [
Proximal Tibia I =
Proximil Fibula I ., @, C, d
Distal Tibia S e . 2
Distal Fibula I &
Calcaneal Apophysis - IO
5th Metatarsal e NG
Sth Proximal Phalan . 2
15t Metatarsal L ]
1t Prosimat Phatan: . o
151 Distal Phalanx P ]
1 12 13 14 15 16 17 18 19

Min-Q1 mQ71-Mean mMean-Q3 ®BQ3-Max

Figure 3. Timing, in years, of lower extremity growth plate closures in female adolescents (n = 43).
Letters indicate statistically significant differences where a = compared to the triradiate, b = compared to
the distal femur, c = compared to the distal tibia, and d = compared to the 5" proximal phalanx.



Lower Extremity - Males

lliac Crast - 000 |
Trirndiate . b, d
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Figure 4. Timing, in years, of lower extremity growth plate closures in male adolescents (n = 39). Letters
indicate statistically significant differences where a = compared to the triradiate, b = compared to the
distal femur, c = compared to the distal tibia, and d

compared to the 5" proximal phalanx.
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1>, <=28?RGCLRQ UGRF "PRFPMEPWNMQGQ .SJRGNJCV $ML
DJCVGML AMLRP?ARSPCQ GL AFGJBFMMB %GQR?J DCKMP
GL RFC ACPC@P?J N?2JQW AMKKSLGRW GL ?@M3LEAQEBEREW I
AFGJBPCL ?Q CQNCAG?JJW QCCL GL ".$ MDRCL PCASP ?]
AMPPCARGML MD ILCC AMLRP?ARSPCQ UGRF ? NMQRCPGM
KM@GJGRW GL NCBG?GMSAJNPYRGGURB VERRMPKRSPCJIW
MQRCMRMKGCQ

7<@.5FGQ GQ ? PCRPMQNCARGTC QRSBW MD N?RGCLRQ |
AMLRP?ARSPC AMPPCARGML GL RFC QCRRGLE MD D?GJCB
N?RGCLRQ UGRF ".$ DCK?JC KNLRPRAR SPARBRRMICTRER
ILCC DJCVGML AMLRP?ARSPMDAMPRGARE BG GR?RFICCRGIRR.

?2LB ?R ?L CJCARGTC MPRIG\NRKRC B % & KNWCERRE?INRBEER0 F N
AJGLGA?J P?LEC MD KMRGMP ?KE G@ SP\CKCLLEREMN. DB E DBIGCM (
DIJCVGML CVRCLQGML AMLRP?ARSPC JGKGR?RGMLQ UCPC
AMKNJGA?RGMLQ UCPC LMRCB

".<>58€C ?TCP?EC ?EC MD NPGMP CVRCLQGML MQIRCMRM
MNCP?RIMWNICPIFTRIGTC Q?EGRR?J BCDMPEKGERW MBCEPC BG Q@
P?BGMEP?NFGA CVRCLQGML AMLRP?ARSPC MD RFC BGQR
AMPPCARGML RM BCEPCCQ P?BGMEP?NFGA?JINC PRECL &

R M BCEPCCQ 'GTC AMKNIGAARSBIAE) UNPEW QMRICBF
JMMQCLGLE UMSLB BCFGQACHAC] NPUPRISFPKEEPMNMIEW E?AG
?J3J

87,5><2®BQR?J DCKMP?J CVRCLQGML MQRCMRMKGCQ QF
QGELGDGA?LR EPMURF PCK?GLGLE DMP DJCVGML AMLRP?*
UGRF D?GJCB BGQR?J DCKMP?J MQRCMRMKGCW @® PCAS
QSAACQQDSJ RPC?RCB UGRF ?L ?ASRC AMPPCARGML SQG
"JJ N?RGCLRQ F?B GKNPMTCKCLR GL AJGLGA?J CVRCLQG!
GKNPMTCKCLR GL ?K@SJ?RGMMTP TRETI®IW) KMLRFQ NI
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I>.<=287CC DJCVGML AMLRP?ARSPC GQ ? NPM@JCK DMP ?
BGQMPBCPQ ?Q GR AMLRPG@SRCQ RM BG DD GARIRLEEMU
MQRCMRMKW GQ MLC RPC?RKC B QIARG® C B FROUNKILEIRIGIRCRY
UCGEFR@C?PGLE "BBGRGML?JJW QSPEGA?J RPC?RKCLR
PCAMLQRPSARGML A?L @C AMKNJGA?RCB @W MQRCMNCL
NPCQCLRCB RF?R ?2JJMUQ DMP GKKCBG?RC UCGEFR @C?F

7<@." AMLQCASRGTC A?QC PCTGCU U?Q NCPDMPKCB MD
DJCVGML AMLRP?ARSPC UFM SLBCPUCLR BGQR?J DCKMP?
DGV?RGML 5FC RCAFLGOROMANRQCB8QRGBAOLE BRGELEMA Gl
ICSPMKSQASJ?P CRGMJIJMEW N?RGCLR BCKMEP?NFGAQ ?|
PC?JGELKCLR ?LB F?KQRPGLE JCLERFCLGLE UCPC PCAMP
KC?QSPCKCLR ?L?IWQGQ U?Q NCPBMPMREB AR GPC MANL@BP R
P?BGMEP?NFQ RM AMKN?PC K?GLRCL?LAC MD AMPPCARGI
'GE .?JSLGML U?Q BCDGLCB ?Q JMQQ MD ?JGELKCLR

" <>5=d?RGCLRQ F?B ?L SLBCPJWBCL® BE? H & MM @ VN BV QR
QWLBPMKC ?LB QN?QRGA FCKGNJCEG? QCAMLB?PW RM
UCPC N?PR MD ? 4&.-4 "JJ N?RGCLRQ BCKMLQRP?RCB P?]
#JMAIGLE QAPCUQ UCPC SRGJGXICIB?GS LTIN LAY QF@ BURGRC
PCTGQGMLQ /M N?RGCLRQ CVNCPGCLACB K?HMP GLAJSE
PCQNGP?RMPW D?GJSPMP GBGN®E P BTICEP GCDTTARKRWML GLAJ
"* FCK?RMK? NLCSKMLG? RP?LQDSQGML 65* MP UMSL

iB?WQ NMQRMNCP?RGTCJW "JJ RRR\GIC NRI@ RIER C P?@ &0 &
N?RGCLR BCTCJMNCB F?KQRPGLE TBONRRN G\F R K MB CLOIPN]
QRPCLERF RP?GLGLE PCEGKCL OLC N?RGCLR PCK?GLCB

87,5><2®BGQR?J DCKSP CVRCLQRGML MQRCMRMKW WQHER G
BCTGAC GQ ? Q?DC ?LB CDDEARIBCCCRBAAECGEHSIR G?LL B KINP
N?RGCLRQ UGRF ILCC DJCVGMIPAORRMINE B/P G MDD LREGA AL
GKKCBG?RC NMQRMNCP?RGTC UCGEFR@C?PGLE UGRFMSHF



Fig 1. Preoperative (a, b) and postoperative (c, d) radiographs of a 47-year-old man with spastic hemiplegia.
Sagittal correction was 37 degrees extension.
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1>, <=28B@G?J) QF?DPRACMESUGBMLEGLE RM RPC?R BSC RM R
KGAPMKMRGML $MKNPCQQGML L?GJGLE K?W GKNPMTC M
DMPACQ .?ELCRGA AMKNPCQQGML L?GJQ .$/Q UFGAF M
K?WPMTGBC ?L ?BT?LR?EC 5FC EMPI MMRRBQQMRESTEIWD M7
@CRUCCL QR?LB?PB GLRP?KCBSJJ?PW *. L?GJQ UGRF Al

7<@.5UCJTC 4?2U@MLC RG@G? KMBCJQ RP?LQTCPQCJW Q
UGRF ? QR?LB?PB L MP K?ELCRGA AMKNPCQQGML .$

ACLRP?J FMJC U?Q NJ?ACB ?R RFC QCARGML QGRC RM KC
AMKNPCQQCB RM /~K .$/Q UCPC AMKNPCQQCB RM K?R
SLBCPUCLR iRWMJC QCRQ MD ?LEJCB ZRM?BGREB RUM QCR(
PMR?RGML *%3K .$/Q UCPC PCRGEFRIACBQ® RC BRMNGIE B

".<>52kGRG?J NPCQQSPCQ UCPC QGKGJ?P 4R?LB?”PB
'MJIMUGLE RFC DGPQRWALUE QMAKWIPEEQQGMLQ RFC ?TCP?E
L?GJQ UCPC ) .17 ?LB FC .$ LPGIUFGIEGREQ UCF
.1? ?LB .17 UGRFMSR PCRGEFRCLGLE

*LRCPL?J PMR?RGML AWAJGLE A?SQCB NPCQQSPC BPMNQ
. $/ ) 1?7 .$/ NPCQQSPC U?Q PCQRMPCB RM 1
4R?LB?PB L?GJ NPCQQSPC NJ?RC?SCB ?R Y iQCAMLMDRCR
AWAJGLE PCQSJRCB GL KC?L NPCQQSPCQ MD 17
.$ L?GJ AMLQRPSARQ PCQNCARGTCJW .$/ AMLQRPSARQ

87,5><2BFC€QC DGLBGLEQ QFMU RF?R @MRF L?GJ AMLQRF
RWNGA?J ?VG?J JM?BGLE AMLBGRGMLQ *LRCPL?J PMR?R
MLJW RFC .$/Q ?JJMUCB AMKNP CQEFR\CL G CK) R'NFPERR CR/R-ZR(]
QR?LB?PB L?GJQ NJ?RC?SCB ?DRCP RFC DGPQR GLRCPL?
PCQSJRQ QSEECQR RF?R .$/Q A?L PCQRMPC ?LB K?GLR?G
JM?BGLE QSNNMPRGLE RFC LCACQQ?PW KGAPMKMRGML
FC?JGLE N?PRGASJ?PJW GL A?QCQ MD LMLSLGML
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1> <=28CSPMKSQASJ?P AMLBGRGMLQ AF?P?ARCPGXCB @W
BCTG?RGMLQ RM JMUCP CVRP CKIDDIEC AARGM E CRRF® L GAQ HNWR
AF?LECQ A?L A?SQC N?GL GLQR?@GJGRW ?LB BGKGLGQ
BCQGELCB RM ?BBPCQQ RFCQML @QOBIEIGAPC B PR K BROGBN
LMLXLCSPMKSQASJ?P NMNSJ?REBPFARCBEEQ RRS NG MEKA F
@CRUCCL LCSPMKSQASJ?P /.?P LLBCLOVM)L SLOOSIPEMREP@GSXB G k
GK?EGLE RCAFLGOSCQ SJRGK?RCJW GLDMPKGLE KMPC N
GKNPMTGLE MSRAMKCQ DMP RFGQ N?RGCLR NMNSJ?RGML

7<@." PCRPMQNCARGTC A?QCXAMLRPMJ QRSBW U?Q AML
QA?LQ MD RFC ILCC DPMK /. ?2LB LMLx/. N?RGCLRQ 5FC /.
UGRF ACPC@P?J N?JQW KSJRGNJC QAJCPMQGQ NMQRXN
MJGEMBCLBPMEJGMK? ?2JJ UFM TYRG AGRC B/ PVBICORGIV B
UFGJC LMR DPCC MD N?RFMJMEW AMLQGQRCB MD GLBGT
RMPQGML DCKMP?J ?LRCTCPQGML MP MQRCMQ?PAMK?
ILCC @GMKCAF?LGAQ RFCW BMASMRPMP\GE0E2RR @WIM K LIB
2NNPMNPG?RC AMKN?P?RMP EPMSN

% TGPRS?J PCAMLQRPSARG MEKCMRCIR @C BQ RIPBIAMRSPE S QI
QMDRU?PC .?RCPG?JGQC --$ 1JWKMSRF .* RM CQR?@J(
BCPGTC ICW N?RCJIJMDCKMP?J5T.@ GG GRG \BICCHMFGR WRR B
BGQR?LAC 55x5( ?LB CVRCPL?BERRG®AEDTKAP 2P PIMBRB ¢
CKNJMWCB RM ?2QQCQQ GLRCPEPMSN BGDDCPCLACQ UGR
TG? #MLDCPPMLG AMPPCARGML URIGKCPDMRKIB QGRE %
DMP 2 NMUCP JCTCJ MD

" <>5=</. ILCCQ ?EC ) WC?PLB QGWLIRKMJ ILCCQ

WC?PQ QCV D K UCPC CARUGBGER?GR BEO DRSEGL /
BGQR?LAC ?LB CVRCPL?J RG @G NOETKWKSQ FICR FBEGNGER G 6 |
GLAPC?QCB KCBG?L 55x5( BGQR?LAC KK TQ KK N
PMR?RGML \ TQ \ N

87,5><2BFQQ QRSBW QFMUQ CJCT?RCB RG@GMDCKMP?J |
AMKN?PCB RM LMLx/. ILCCQ 1PCTGMSQ JGRCP?RSPC F?0Q
GLAPC?QCQ 55x5( CVNJ?GLGLE KMQR MD RFC 55x3R JBAGEDLE
PMR?RGML?J BCTG?RGML NPCT?JCLR GL /. N?RGCLRQ RF*
GLQR?@GJGRW ?LB K?JRP?AIGLE &V?ACP@?RCB @W QN?
RFCQC ?@LMPK?JGRGCQ AMSJB JC?B RM NPMEPCQQGTC |
QSPEGA?J NPMACBSPCQ UFGAF NPGK?PGJW RPC?R CJCT?
RFCQC PMR?RGML?J ?@LMPK?JGRGCQ
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*LRCEP?RGLE % GK?EGLE GLRM NPCMNCP?RGTC ?2QQCQQ
NJ?LLGLE ?LB NPMKMRC KMPCPN\CBCREBQC @EREEARERRGMNQC
QFMSJB DSPRFCP GLTCQRGE?RC AMLBT®GWRIK QNITRGEDDS A |
CVNJMPC RFC AJGLGA?J GKN?AR MD PMR?RGML?J BCDMP|
PCF?@GJGR?RGML QRP?RCEGCQ DMP /. ILCCQ

87,5><28872ASRC MQRCMRMKW MD RFC SJL? GKNPMTCQ P
P?BG?J FC?B GL N?RGCLRQ UGRF .)& 5FC KMQR AMKKML
SJL?P BCDMPKGRW UFGAF K?W QEGCGAOAWKXKNRMRCREBSG WML B"RL
K?W PCxQS@JSV?RC AMLRGLSCB QSPTCGJJ?LAC GQ PCAI
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%.&/0,-%". ,(MOCAMBEPCPI?QFGGIEGI 4?2KABSIMT
#P?B /GCQC
AFPGOQORMNFCP GM@QR!'L ?RGMLUGBCAFGJBPCLQ MPE

1>.<=28CGEJG Q?UQ ?PC QNCAG?JGXCB KCBGA?J UGPC Q?U
QSPECPGCQ BSC RM RFCGP ?@GJGRW RM APC?RC NPCAG
YMUCTCP AMKKCPAG?JJW ?2T?GJ?@JC KCBGA?JXEP?BC (C
@PC?I?EC BSPGLE SQC NPCMNKREEK?E ?GLROLC B RMBERGLER.E
AMKN?PC QGV BGDDCPCLR UGPC Q?U BCQGELQ x GLAJSB(
Q?UQ ?LB DMSP LMLXKCBGABRARGUE @ DPMESRWG LHFC MR ECLC
CDDGAGCLAW ?LB BSP?@GJGRW SLBCP QRPCQQ

7<@."L .54 KCAF?LGA?J RCQRGLE QWQRCK 'P?LI #?2AML

SLGDMPKJW ?BT?LAC DM?K @JMALG' BTUQ@GRTQ URPILE) RV
MQAGJJ?RGLE ?R ? AMLOQGQRCDR SPNRCBR&PWRJTT BRBCI
?BT?LACKCLR P?RC MD KK KGL DMP QCAMLBQ NCP AS
UGRF ?L GLDP?PCB RFCPKMKCRCP 1MQRXASRRGLE RCQR
2Q0QCQQ BSP?@GJGRW 3CAMPBCB N?P?KCRCPQ GLAJSBC
MQAGJJ?RGMLQ ASR UGBRF PCQGQR?LAC RM D?GJSPC

" <>558EC QGV RCQRCB Q?UQ BGQNJ?WCB T?PG?RGMLQ GL
RFPCC EPMSNQ DMSP RUGQRCB UGPC Q?UQ GLAJSBGLE
CK@CBBCB BG?KMLB Q?2U AMKKCPAG?J QRMLC CAIRRER ER
BG?KMLBQ AMKKCPAG?J RFGL ASRRGLE Q?U /M Q?U H?¥
RCLQGMLXRMxD?GJSPC ?QQCQQKCLRQ MLC KCBGA?J Q2L
QGELGDGA?LRJW RFGAICP CVFG@GRCB RFC FGEFCQR PC
UGRF ? RFGLLCP UGPC GLRCPRUGLCB @CRUCCL RUM RFG
/| IMLXxKCBGA?J Q?UQ QFMUCB GLRCPKCBG?RC RCLQGJC
RCKNCP?RSPC BSPGLE ASRRIGEEGK?Q RF CK ?GLBGRR R G PE
UGBRFQ T?PGCB QS@QR?LRG?JJW UGRF RFC RFGL QGLE

KK ?LB RFC RFGAICP BG?KMLBXCK@CBBCB Q?U GLRCI
UGBCQR KK QGEEJRKGBGPC BG?KMLB Q?U PCOSGPCB R
DMJIJMUCB AJMQCJW @W RFC RUM KCBGA?J BCTGACQ /

87,5><2BF6Q QRSBW BCKMLQRP?RCQ QGELGDGA?LR NCPI
LMLXKCBGA?J (GEJG Q?U BCQGEKNLBKFCKRFGRB QB RRUCKDB |
KMQR D?TMP?@JC NCPDMPK?LAC AMK@GL?RGML AF?P?AI
KGLGK?J ASRRGLE PCQGQR?LAC ?LB CVACNRGML?JJIJW L?
?BT?LR?ECQ GL SRGJGXGLE LMLXxKCBGA?J UGPC Q?U BCQ
BG?KMLB CK@CBBGLE GLRM KCBG6APRPALER3BEJAED G SIRAN



Figure 1. A) Commercially Available Gigli Saw Design #1; B) Commercially Available Gigli Saw Design # 2; C) Single-
Wire Diamond Saw; D) Emergency Camping Chainsaw; E) Triple Spiral Wire Saw; F) Thick Diamond Cable Saw
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I>. <=28ZRCEP?RREEGAIKECPKMLGRMP G LE QRICIAFARM MES\WQ ?2AB KK S L
N?RFU?WQ RM RP?Al N?RGCLKPRFMREBOR GFE BNRKRER WEL
N?RGCLR A?PC ?LB NPMTGBQ RGKTUMR B ¥R DMPUCTEECQR -
RCAFLMJMEGCQ D?AC AF?JJCLECQ UFCL GKNJEKRCRTBLE
LCCB RM @C RCQRCB DMP DC?QG@GJGRW ?LB ?AACNR?@
2AACNR?@GJGRW MD ? KMLGRMPGLE QWQRCK GLAJSBGLE
2NRLB ? AMKKSLGA?RGML RMMJ

7<@.5FC KMLGRMPGLE QWQRCK AMKNPGQCQ "ARGTGRYV
"N Q "NN DMP PCEGQRCPGLE N?GL ?LB KCBGA?RGML G|
QGKNJC KCIGBQC LMK SLGA?RGML RMMJ DMP ?QWLAFPMLM
?2LB RFCGP FC?JRFA?PC RC?K -CR%G?JME 7*4." 3CRCLF
KMLGRMPGLE N?PRGAGN?LRQ NPMTGBGLE ?ARGTGRW DC
&JGB®JC N?PRGAGN?LRQ ?PC N ?RCIMRKGRMWB @ MPWG AR GM L
6LGTCPQGRW )MQNGR?J OARM@CP 0k% CACK@CP

QSPECPW ?LB KMLGRMPGLE AMLRGLSCQ DMP RFPCC KML
PCAPSGRKCLR QSAACQQ AMKNJG?LAC UGRF QCLQMP UC?
OPRM"NN ?LB SQ?EC B?R? MD -CR%G?JMRRRAILERRP @B GG
GLRCPTGCUQ UGRF N?PRGAGN?LRQ @?QCB ML ? RFCMPC

" <>5%%] RCL N?RGCLRQ DCK?JC L K?JCKIMLRF?N ® QRN X
KMLGRMPGLESN. BIORMGVB L RFESANFCB ?2Q 1'% &GEFR MD RC
QCLQMP AMLQGQRCLRJW ?APMQQ ?JJ B?WQ BSPGLE
NCPGMBQ OLC N?RGCLR SQCB RFETRGTCQMFPGMBVPLRFC W
NMQRMNCP?RGTC NCPGMB OLC N?RGCLR BQ QE RGE B CLE
DMP RFC NMQRMNCP?2RKRR® ARG M@ 19%'ESPREC KCBG?2L P?
N?RGCLRQ PCNMPRCB GL RFC 0PRM"NINB UDN)PDKIFB 8 AGR G M

i 5FC KCBG?L P?LEQNKBGIPCR RKICIRRARQ DPMK N?

i 1?PRGAGN?LRQ CVNPCQQCB NCPACNRGMLQ MD CDD
-CR%G?JME )MUCTCP RFCW ?JQM PCDJCARCB SNML @SP
?2LB ? J?Al MD LMRGDGA?RGMLQ ?LB DCCB@?Al QWQRCKQ
PCNMPRCB DCCJGLE Q?DC ?LB AJMQC RM RFCGP FC?JRFA

$MLAIJSQGML %GEGR?J KMLGRMPGLE MD N?RGCLRQ SLBC
?LB ?AACNR?@JC -?PECP QA?JC QRSBGRGRECNPERGECR K
?2IJQM A?L GKNPMTC N?RGCLR MSRAMKC



Total
patients
n=20

Excluded due to criteria:

. lrfidger the age of fifteen

n=1

Postponed surgery
n=3

Eligible patients —»

n=13

-

Patients included
n=10

v

Patients completed
full follow-up period
n=10

n=3

* Inability to understand Danish

Declined participation

JLIXUH)ORZFKDUW LOOXVWUDWLQJ WKH LQFOXVLR
SDUWLFLSDQWYV WKURXJK WKH VWXG\

Number of Steps

' Aﬁfﬂ
| Lﬂ‘J“/ﬁ’hih'\“'af"r’!ﬂl'ﬁllﬁ;\

Time (Days)

JLIXUHRU HDFK RI WKH WHQ SDWLHQWV LV VKRZQ WKH UHODWLRQVVKLS EHWZHHQ S

DQG VHQVRU ZHDULQJ WLPH GD\V
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I>.<=280KMP?J ?LB RG@G?J BCDMPKGRGCQ A?L QGELGDG
PCOSGPGLE QSPEGA?J GLRCPTCLRGML RFPMSEF AJMQGL|
QFMPRCLGLE DMJIJMUGLE RFGQ NPMACBSPC LCACQQGR?F
BGKCLQGML?J % TGPRS?J QRREGAGDRSA?’ASBGREGPEBESGR
?AASP?AW MD BCDMPKGRW AMPPCARGML S5FGQ QRSBW ?(
AIJMQGLE UCBEC MQRCMRMKW KIPHPRPGKEZBGRAMIBKMB8CJ RM
GKNJGA?RGMLQ MD ?LEJC AMPPCARGML ML JCE JCLERF

7<@.*L RFGQ PCRPMQNCARGTC QRSBW % TGPRS?J JM
?L?IWXCB 1PCMNCP?RGTC NJ?LLGLE GLTMJTCB QCEKCLR
GK?ECQ RM APC?RC ? % TGPRS?J KMBCJ -CAINMQLEERF WKCE
MQRCMRMKW UCPC M@R?GLCB [CPROMRRROIBEC UGFPR EFL KXMBECA
BCDMPKGRW AMPPCARGML

".<>58€C KCBG?L AMPML?J ?LEJC AMPPCARGML DMJJMUGI
< = 5FC KCBG?L QFMPRCLGLE MD RFC RPCI?RCB JC

= 4NC?PK?L AMPPCJ?RGMLGE@DGAN¥ DR Q WEACPIR G MM @X
BCDMPKGRW AMPPCARGML ?KBIiRFC WNF?LEC GL JCE JCLER

87,5><2BHFQQ QRSBW NPMTGBCQ T?JS?@JC GLQGEFRQ GL
ML JCE JCLERF BGQAPCN?LAW 03f BCQEIJR®? B PBGAPREGI
MQRCMRMKW ML CGRFCP RFC BGQR?J DCKSP MP NPMVGK
2JRCP?RGML GL --% .MPCMTCP RFC BCEPCC MD BCDMPK
UGRF RFC CVRCLR MD JCE QFMPRCLGLE 5FCQC DGLBGLE
MQRCMRMKW ?Q ? PCISBR@®ATI NMBRAPEIAGMP ?BBPCQQGLE
NCBG?RPGA N?RGCLRQ
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% )"l ). "%&&4 3M@CPR SMX@PSAF . % .GRAFCJJ #CPLQR
4?P?F J)GA@EMRG?L % *Q?7@CJJ? #MXXM "@BSJPFK?L "JL
|IF?JCB ?JP?HFEGI!IK?GJ KAEGJJ A?

1> <=28CA?JAGRP?LR FWNCPRPMNFGA RG@G? LMLSLGMLC
RP?SK?RMIJMEW MDRCL JC?BGLE RM NPMJMLECB KMP@ G
QSPECPGCQ )CV?NMB DGV?RMP RCAFLGOX®AUQERAHMCOR 2Q
GLQR?@GJGRW ?LB A?L ?2JQM ECLCP?RC M@JGOSC TCAR
? QCOSCLAC MD RPC?RKCLR GL MPBCP RM MNRGKGXC RF
ML RFC SQC MD ?BKSGARGI@GPELPABCEGML RPC?RKCLR G
RM BCQAPG@C RFC P?BGMEP?NFGA AF?P?ARCPGQRGAQ NV
GL ? N?RGCLR AMFMPR

7<@.5FGQ GQ ? PCRPMQNCARGTC A?QC QCPGCQ MD B?R?
GLQRGRSRGMLQ @CRUCCL ?2LB 5FC QRSBW GLAJS
RF?R UCPC K?L?ECB UGRF FCV?NMB DG VE RGAPLC i MDIGH G RGC
%CKMEP?NFGAQ ?LB AMKNSRCB RMKMEP?NFW AF?P?ARCP
M@JGOSGRW ?LEJC '0" GQ GCRRMBHEYGEEIEY & PG PMBJIL F
RFC LMLSLGML NJ?LC #3B?P RGILRFACCOMWMCICBGF?DR 5FC NP

" <>55EGQ QRSBW GLTMJTCB N?RGCLRQ K?JCQ DCK
N?RGCLRQ NPCQCLRCB UGRF RG@G? DEREGREWCRP ? S\KD U
MNCL DP?ARSPCQ 5BCCRGWIMKSIRODRMIRMPG?J GLAJS
1PGMP RM RPC?RKCLR UGRF NCPASR?LCMSQ J?E QAPCUQ
GLRCPTCLRGIMLQ?B?REC KC?L RGKC DPMK GQWBEW RRICR!
U?Q WCBPQKMLRFQiPMEECPQ "BHSLARGTC NPMACBSPC
DGV?RMPQ MQRCMRMKW ?LB @MLC EP?DRGLE 5FC MSR/
SLGML UFGJC N?RGCLR D?(GQCIB RG&K CARIE CSILG B L GNDIR CFF
NCPASR?LC®ISQ U?D QARMLRFQXMLREE 5FC DP?ARSPC K
CVFG@GRCB ?L M@JGOSC N?RRCPL AF?P?ARCPGXCB @W
"BBGRGML?JJW RFC KC?L DP?ARSPC E?N U?Q KC?QSPCB

87,5><2BCRASR?LCMSQ J?E QAPCU DGV?RGML UFCL SQC
RPC?RKCLR QRP?RCEGCQ K?W @C ?L CDDCARGTC RPC?RI
LMLSLGMLQ 5FC PCQSJRQ DPMK RFGQ QRSBW QSEECQR |
DMP RG@G?J LMLSLGMLQ RF?R BCKMLQRP?RC QNCAGDGA
J?PECP Q?KNJC QGXC ?PC LCCBCB RM DSPRFCP CVNJMPC
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1>.<=28@QCQQKCLR MD KMPGREQLICDRNRBEC GKNPCQQGML
JMA?RGMLQ ?LB MRFCP AF?P?ARCPGQRGAQ MD RFC NGLQ
CVNCPGCLAC GQ AMKKML BCQNGRC GR F?Q LMR @CCL PC
C?AF GLBGTEBS®? RRBGAICB KGEFR @C RFC @?PPGCP QGL:
PCNMPRGRGLGLDCARGMLQ AMSLRCB NCP N?RGCLR

5FC NPGK?PW ?GK U?Q RM PCNMPR RFC ?L?RMKGA?JiIJMA
QGRCQ DMP N?RGCLRQ UGRF CVRCPL?J PGLE DGV?RMPQ

I>.<=287R? U?Q AMJJCARCB GL ? APMQQ QCARGML?J BCQ
AJ?QQGDGA?RGML 4WQRCK .(4 @CB QGRC U?Q SQGBR®RM
(4 QAMPC U?Q AMLQGBCPCB ? AMLDGPK?RMPW QGEL N\
MD ?iQIGRC GLDCARGML DMP RFGQ BCQAPGNRGTC QS@EP]
KCBG?L T?JSCQ MD RFC DMJJMUGLE AF?P?ARCPGQRGAQ
AMLQRPSAR ?L?RMKGAARC RWARPRGHE@MB BIGQR?MP UGPCC
BGQR?LAC RM LQGREA@MRGCE?NS2RCB DPMK BGEGR?J GK*
B?W

" <>5=< MD  iQNGRCOQ N?RGCLRQ GLTCQRGE?RCB U
NGQGRCQ UCPC CVAJSBCB ?DRCP DGPQR GLDIQRREA GL
NBQGRCQ UCPC GLAJSBCBI QEREOC |(CAMRAREE?RGE L
UCPC RAGMIRRPGAT GNQCORTMBEAPRGML DMP RPC?RKCL]
N?RGCLRQ NPGMP DP?ARSIFRQUGRF AMP®CARGREAMLC L ENRF
N?RGCLRQ .MPC RF?L ADJORKED BEC G GLCRRT BMRGACARG |

NBQGRCQ 5FC K?HMPGRW MD N?RGCLRQ F?B ? EC
PCQRGLE NMQGRGML KCBG?L 7"4 QAMPRC F?BFC QOIERBD]
5FC K?HMPGRW MSR MD MD RFC GLDCARCB iQGRT

UGRFGAK 5FC ?L?RMKGA?J KMQR RPMS @ 2T QRNEKIOG @ GKECKRC
UFCPC MD RFC iQGROCQARCBCNGILQCPRCB

87,5><28C<DMSLB RF?R RFC K?HOQGRB® WIP G LINACRCE NG
KCR?NFWQGQRP?>UGXGREBML UGPC GLQCPRCB ?R RFC NPM
@C RFC KMQR RPMS@JCQMKC EFT NRER\CP G RMC MRGNAR BCI
MD NSQ DPIMIGREC NBM. CVNCPGORARE?GL DPMK RFC NGL



Anatomical segment of pins and wires
Infected number (26) / total number (205)

TIBIA META
PROXIMAL

SISAHdVId
vigall

Posterior

P 0O/0 TIBIA

W 1/1 META
DISTAL

PO/3 HIND

W 0/0 FOOT

MID

FORE
FOOT

19 PATIENTS
?
Medial Lateral | Anterior
P1/1 P1/1 P 3/26
W 2/18 W 7/20 1 W O0/2
P 0/0 P 0/0 P 2/43
W 1/5 W 0/5 W 0/0
P0O/0 P0/0 P3/11
W 0/12 W2/12 |W 0/1
P 0O/0 P 0/0 P 0/0
W 1/12 W 0/12 W 0/0
0/0 - 0/0 0/0
P 0/0 \\ P 0/0 0/0
W 2/10 \WOMO
\ \\'
\
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Patients Pins sites

First event of pin site with infection (MGS 4) 1% 26
Indication for treatment

Acute fracture 7 7

Prior fracture (no infection) 4 5

comection/lengthening B8 14
Symptoms of pain (VAS score)

General pain in leg/foot with frame resting position (median) | 14(VAS3)

Specific pain score forinfected pin [median) 14 [VAS 4)
Frame construction

Wires 17

Pins 9

Close located pin or wire (within 2-3 cm) 15

Other infected pin sites (on same frame on same day) 21

Mo ohter infected pin sites {on same frame on same day) 5
Treatment

Oral antibiotics last week 12

Start oral antibiotics today <

Increased pin care last week 15

Continue pin care as last week 18

Wire removal 1

Removal entire frame construct 1
Anatomical location, segment

Tibia proximal metaphysis 14

Tibia Diaphysis segment 3

Tibia distal metaphysis i

Hindfoot 1

Midfoot 0

Forefoot 2
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I>.<=280 RFCPC ?PC BGDDCPCLACQ GL RPC?RKCLR AMSPC
2LB ?QCNRGA LMLSLGMLQ ?LB K?JSLGMLQ

7<@.8C AMLBSARCB ? PCRPMQNCARGTC AMFMPR ?2L?2JWQ(
LMLSLGMLQ ?LB K?JSLGMLQ DPMK ARTZIQ@CRJC ARMRICPLC
GLAJSBCB GD RFCW UCPC MTCP UFCL RPC?RI®BKDVPL G I¥?
UGRF ?R JC?QR iSB\PWMRIEP BRMGP?MRKCLR 5FC GBHBWW PQC
MD QGLSQ RP?AR CVNMQCB F?PBU?PC ASJRSPC NMQGRC
0OSRAMKCQ PCAMPBCB GLAJSBC UFCRFCP SLGML U?Q ?AF(
SLGML JCLERF MD FMQNGR?MIQRAVBE BE R N QWQNZIAXG GIDGN
AMKNJGA?RGMLQ UGRFGL B?WQ MD BCDGLGRGTC QSPE
PCFMQNGR?JGX?RGML SLNJ?LLCB PCMNCP?RGML CRA

LMLSLGML K?JSLGML ?LB AMKN JGSALZR\GIM U G RIFGR.FALC P (B 2V
SQGLE4A®BSGBPCB MP 'GQFCPnQ CV?AR RCQR ?LB ?QQMAG?}I
SLGML ?LB JCLERF MD FMQNGR?Ji8RGRIQRIGFRC ?L?2IJWXCB

" <>5=< N?RGCLRQ UCPC GLAJSBCH TINGRE C R LG NQRENV G ¢

F?TGLE ?R JC?QRiSWC?PPR) M ®DAMICWEGLE SLGML NRGM
GLHSPGCQ SLGRCB GL MLC WC?P AMKN?PCB RM MD N
WC?PQ MBNDMIFGMRC GQ LM QGELGDGAPIPRRBGDILCREC A @
GLHSPGCQ 4CNRGA GLHSPGCQ UCPC ?2JQM QGELGDGA?LF
B C D G LSARECTFONQ N 5FC KCBG?L IRGGKETRM) SPE ®P VWD RIX
?2LB B?WQ DMP ?QCNRGA ?LB QCNRGA GLHSPGCQ PCOQI
FMQNGR?J QR?WQ UCPC ?LB B?WQ DMP RQCNRGA5ECE
U?Q LM QGELGDGA?LR BGDDGRGILAR KON RATRERLQCM R CS M
UGRFGL B?WQ

87,5><2B7RGCLRQ QSDDCPGLE DPMK GLDCARCB LMLSLGM
AMSPQCQ RF?L QGKGJ?P ?QCNRGA GLHSPGCQ ?LB F?TC C
RPC?RKCLR BCQNGRC QGKGJ?P MTCP?JJ SLGML P?RCQ C
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1>.<=28PGRGA?J @MLC BCDCARQ ?PC AF?JJCLEGLE N?RFN
CT?JS?RCQ MSRAMKCQ MD KCBSJJ?PWx@?QCB @MLC RP?
QCEKCLR RP?LQNMPR 1"#45 ?LB RP?LQNMPR L?GJQ

7<@.8C AMLBSARCB ? JGRCP?RSPC PCTGCU 1S@KCB &.%
MD +MSPL?J MD -GK@ -CLERFCLGEEB DIVBP 3 CPAAVR.GQRRIS @ REG K
SQGLE 1"#45 MP RP?LQNMPR L?GJQ <CGRFCP '"GR@MLC MI

".<>58CLRWXRFPCC QRSBGCQ GLTMJTGLE N?RGCLRQ <
ECLBCP RG@G? DCKSP MLC UGRF PCQCARGML MD I
UCPC GLAJSBCB 5?@JC SFC ?TCP?EC ?EC U?Q wC?
SFC J?RCLAW NCPGMBQ GL RFC QRSBGCQ GLAJSBCB P?LE
DPMK R M KK B?W UGRF KK B?W @CGLE RFC KMQR

#MLC )C?JGLE *LBCV #)*

3CNMPRCB #)*Q P?LECB DPMK RM B?WQ AK UGRF 2L
'GR@MLC ?LB #5/ DMP 1"#45 )MUCTCP RFC BCDGLGF
QRSBGCQ

$MKNJGA?RGMLQ

$MKNJGA?RGMLQ MAASPPCB GL MSR MD RFC N?RGCLF
AMKNJGA?RGML P?RC GL N?RGCLRQ KMQR LMR?@J\
EPMSN F?B DCUCP AMKNJGA?RBMIMXKMGLW BNIRB/CIBR QL G
MD RFC CVRCPL?J PCKMRC AMC®P BRC? L'B# UM E P Bl $IC 2I®LME
AMKNJGA?RGMLQ GL N?RGCLRQ KMQRJW GLTMJTGL
QRGDDLCQQ FCRCPMRMNGA MQQGDGA?RGML

87,5><2BF@Q QRSBW BCKMLQRP?RCQ NPMKGQGLE MSRAM
2LB JMUCP AMKNJGA?RGML P?RC AMKN?PCB RM RP?BGRG
MSRAMKCQ PCNMPRGLE GLAJSBGLE AMLQGQRCLR BCDGL
CL?@JGLE KC?LGLEDSJ AMKN?PGQMLQ ?APMQQ QRSBGCQ



Table 1. Outcomes of Studies for All Internal Bone Transport

BHI Time to Union

Author Year Method N Bone (days/cm) (weeks)
Baumgart® 1997 FIT 1 Femur and Tibia** 45 72
Kold 2014 FIT 1 Tibia 45 20
Mikuzi$ 2021 FIT 15 8 Femur, 4 Tibia NM NM
Fernef 2020 BTN 1 Femur 30.25%** 30
ZeckeyP 2020 BTN 1 Tibia 30 26
Kernt 2021 BTN 9 Femur 46 NM
Stoneback? 2021 BTN 2 Tibia 53.25 32
Zuckermat®* 2021 BTN 2 Femur 21.41 52
Carrion

Martinez# 2022 BTN 1 Tibia 60 64
Blaift® 2023 BTN 4 Tibia 41.4 43.53
Geiget® 2023 BTN 4 Tibia 63 58***
Hack}’ 2023 BTN 9 4 femur, 5 Tibia 7.4 67
Krettekl8 2017 CKTST 1 Tibia NM NM

1 Femur, 1 Tibia
Krettek'® 2018 CKTST 2 (same as above) NM NM
Barinagd® 2018 PABST 1 Tibia 56.9 72
Olesenr?! 2018 PABST 3 2 Femur, 1 Tibia NM NM
Femur
24.3;Tibia

Oleser? 2019 PABST 9 5 Femur, 4 Tibia 37.8 Femur 34; Tibia 3!
Wright?? 2019 PABST 3 3 Femur NM NM
Eldesoudi*™ 2021 PABST 1 Tibia 78 26
Hwang® 2021 PABST 1 Tibia NM NM
Olesenr® 2023 PABST 1 Femur 20 48
Summerg’ 2021 PABST 5 5Femur 24 72.4
Freischmid®® 2024 PABST 15 7 femur, 8 Tibia 57 46
*Oncology

**Patient with Ewing’s sarcoma s/p wide excision who underwent arthrodddsnour and
tibia with intramedullary nail; data reported in table is specific to this patient rathan the
reported averages of the 12 patients included in that paper. Othevezi 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 Nalil
PABST = Plate assisted bone segment transport
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I>.<=28FC DCKSP ?Q ?2i®THMBLECHNEIFR @MLC A?L CVFG@
BCDMPKGRGCQ 5FCQC BCDMPISGRB G/P KPMWM @B WC@M P CB
5FCW A?L MAASP GL ? QGLEJC NJ?LC MP QN?L KSJRGNJC
AMKNJCVGRWGK?ICOMPSPERRGML N?PRGASJ?PJW AF?JJCLE
* | UFCL AMK@GLCB UGRKN KEFRRIATTIMSQOLNBCE ?LB RCAF
DG ViPRME QRCB @JMAIGLE QAPCU KCRFMB '"#4 QCPTCQ
RFGQ QRSBW U?Q RM APGRGA?JJW ?QQCQQ RFC Q?DCRW
?2AFGCTGLE ?AASP?RC DCKMP?J BCDMPKGRW AMPPCARGM

7<@.8C AMLBSARCB ? PCRPMQNCARGTC PCTGCU MD N?RC
BCDMPKGRW AMPPCARGML SQGLE@ CRUELRPIKE®E JJ?PWBL™
UGRF ? KGLGKSK MD MBI WTREPCMB QP RPIVMBCB UGRFBI@LE
DPMK RFGQ QRSBW 1PCMNCP?RGTC BCDMPKGRW AMPPCA
NMQRMNCP?RGTC ?AASP?AW GQCAGGEB T GTEGRHIYO EG M
GLAJEE@QB?LGA?J ?VGQ BCTG?RGML ."% KCAF?LGA?J J?
MTCP?JJ BCDMPKGRW K?ELGREBCCHNMSA7’REQGCUTMNPBCRAF
CVAJSBCB ?Q ?L ?AASP?AW KCRPGA RM ?TMGB AMLDMSLB

" <>58€ CT?JS?RCB DCKSPQ DPMK N?RGCLRQ UFM S
AMPPCARGML UGRF *./ 0D RFCQC DCKSPQ F?B NSPCJ\
RM DMASQ ML AMPML?J MP AMK@GLCB AMPML?J ®LPB PMR"
2L?JWQGQ 5FC ?TCP?EC N?RGCLR ?EC U?Q WC?PQ U
NPCBMKGL?LRJW AMLECLGR?J iRMTSKRG A B C D WRSKRGFRIGN
DCKSPQ 'MSPRCCL DCKSPQ BCKMLQRP?RCB GQMJ?F
Q?EGRR?J NJ?LCQ UFGJC CVFG@GRCB AMK@GLCB ?LE¢

oL ?TCP?EC AMPPCARGMLQ ?AFGCTCB UCPC KK ° I
\ \ GL DMA?J BCDMPKARMWM KMB?J RMR?RGML 1PCMI
KCR UGRF ?AASP?AGCQ MD ’ DMP K-%"'" ) ’
DMP DMA?J BCDMPKGRW 5FPCC N?RGCLRQ CVNCPG
GLRCPTCLRGML MLC N?RGCLR SLBCPUCLR CVAF?LEC L?C
?AFGCTGLE FC?JGLE ?LB RUM N?RGRCRIRMKGCRCDIE B HPCB
BCDMPKGRGCQ /M GLDCARGMLQ PCOSGPGLE MP?J ?LRGC

87,5><28WSRC DCKMP?J BCDMPKGRW AMPPCARGML SQGLE
NPCAGQC RCAFLGOSC DMP K?LMRBKHERANKN JISTAC KZNINRFAWNZ2IA
FGEF ?AASP?AW GL ?AFGCTGLE NMOLRZBCAMP PAOVARRNIAING IAQ R
CDDCARGTCJW K?L?ECB
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1> <=28Q 1F?PK?AMJMEGA?J "BHST?LR 5FGPPGE WL* & N CBRPLR
1QCSB?PRFPMQGQ MD RFC 5G@G?

7<@." RMR?J MD N?RGCLRQ UGRF AMLECLGR?J NQCSB?
@CRUCCL ?2LB @W RFC Q?KC QPPERNQ ?'LBMLEDRRE.
SLGJ?RCP?J A?QCQ UGRF LB DDRRR GCP R FEPR R ZESTHE R/
WC?PQ P?LEGLE DPMK WC?PQ RM WC?PQ ?LB  KMLRI
5FPCC N?RGCLRQ UCPC CVAJSBCB @CA?BQGMREC M@HCAI

" <>542JCWnQ AJ?QQGDGA?RGML U?Q SQCB

N?RGCLRQ UCPC AJ?QQGDGCB ?Q RWNC

N?RGCLRQ ?Q RWNC MLC RE®BVWANC ? ?LB RFC MRFCP

N?RGCLR ?Q RWNC

N?RGCLRQ ?Q RWNC QS ARIVARWNC AS @BRWRNEA@] RCE
BCQAPG@CB @W $FMW 2LB?PBITRGMLQ UGRE MERCSER
UCPC SQCB GL ?2JJ /M ?2JJMEP?DR ?BBCB 0D RFC QCJC
QSPECPGCQ P?LEGLE DPMK MLC RM RFPCC NPMACBSPCQ
XMJCBPMLGA ?AGB ;" *L i6NGRGCLBQ BAFGKERC"2J N?R
UCPC GL RFGQ EPRPBN#MMCN ARFBNAMECLCRGA 1PMRCROW  #.
5FC QR?LB?PB AMLQMJGB?RGML NCPGMB U?Q M@QCPTCB
CVRCLBCB @CWMLB KMLRFQ MLC R?IGLE KMLRFQ ?LB
N?RGCCRQPCQR P G?®@ B B RSUNRGEE. @C MPRFMQGQ UGRF ?L ?
N?RGCLRQ PCOSGPCB PCMNEG®?2REBWQ GRM NICRIIA € NRNFROM R (
RFC GLGRG?J QSPECPW BSC RM D?GJSP U RMEEBFGPE RBMC
?2TCP?ECI®PMRIBKLC U?Q WC?PQ ?LB KMLRAQ WRTLPGLELB
KMLRFQ %SPGLENRNFGRGHMBIIMUN?RGCLRQ CVNCPGCLACE

87,5><2BTQNGRC RFC QK?JJ LSK@CP MD A?QCQ RFCPC
AMLQMJGB?RGML ?LB ? QGELGDGA?LR PCBSARGML GL LC!
NF?PK?AMJMEGA?J RPC?RKCLRQ :" ?LB MP #.1 GNDRTJGREQ
RFPMSEF MPRFMRGA SQC
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I>.<=287?L BGDDSQGML RCLQMP GK?EGLE %5* KCRPGAQ ¢
PCDJCAR EPMURF RPCLBQ MD RFC BGQR?J RG@G? ?LB DC

7<@.%5* GQ @LOMDGTC GK?EGLE RCAFLGOSC RF?R KC?QF
PCTC?J RGQQSC KGAAPQMIBRDSARSPRPIWSEIGLE A?LPREGRICAF
MD NFWQC?J EPMURF ?Q RFC ACJJSJ?P KCK@P?LCQ MD F
KCR?NFWQGQ ?LB LCUJW DMPKCB @MLC PCQRPGAR RFC
JMLEGRSBGL?J ?VGQ 5FGQ ?2JJMUQ %5* RM GLBGPCARJW
2Q RP?ARMEP?NFW UGRF JMLECP RP?ARQ GLBGA?RGLE P
GQ ? PCRPMQNCARGTC ?2L?2JWQGQ MDWEQPIR B WNMN EIBECRPC
K?ELCRGA PCQML?LAC GK?EGLE .3* UGRF Q?EGRR?J %5
NFWQC?J N?RFMJMEW UCPC CVAIGBRBBDPMI? RFACTORSBI\E
KCRPGAQ GLAJSBGLE DP?ARGML?J 2LGQMRPMNW '" RP"
RP?BGRGML?J K?PICPQ MD NCBG?RPGA EPMERGEGRA ISBG
@MBW K?QQ GLBOYAMPCQ?RBPGTCB DPMK QR?LB?PBGXCB
5P?ARMEP?NFW KCRPGAQ UCPCGL.CKRMRB CBBDDAPKCPB M ?RG
LMPK?RGTC T?JSCQ 4NCOUPK?SEQABPRB®ICRGBMI?RC PCJ?RG
KCRPGAQ ?LB NCBG?RPGA EPMURF K?PICPQ 4GELGDGA?L
T?2JSC .MBCP?RC QRPCLEMBF?QMPPE&2P8 GMARP M) B @
U?Q BCD&LCB ?Q

" <>55EC ?L?JWQGQ GLAJSBCB RMR?J NCBG?RPGA N?RC

WC?PQ ?LB K?JC N?RGCLWQ?RQ?L*RERFC RG@G? 4N

2L?JWQGQ PCTC?JCB KMBCP?RC QRPCLERF QQA/ELGQP GAB LS

RG@G?J RP?AR MEIAB?J RP?AR JTLERE @G?J RP?AR TMJS

4GKGJ?PJW 4NC?PK?L ?L?JWQGQ MD RFC BGQR?J DG@SJ

AMPPCJ?RGMLQ @BRBCQL?EBAEF@ SV ?P PEW@RIAN R AR .
?LB DG@SJ?P RP?ARGEMPTKC ?LB

87,5><2®%B& RP?ARMEP?NFW KCRPGAQ BCPGTCB DPMK RF
NCBG?RPGA N?RGCLRQ QFMU QGELGDGA?LRIGENBEECQR T &)
EPC?RCP RP?AR AMSLRQ JCGPRP G2L B 7TRGIG KREDTRIGR EGE GN
QR?LB?PBGXQBMRGEFRFEQC DGLBGLEQ QSEECQR RF?R %
DMP ?QQCQQGLE EPMURF RPCLBQ GL NCBG?RPGA N?RGCI
CT?JS?RGLE NFWQC?J EPMURF ?@LMPK?JGRGCQ



Figure 1. DTI Tractography of the Distal Tibia and Fibular Physis of a Pediatric Patient

Figure 2. Significant Correlations between DTI Metrics and Height Z-Scores
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Tibia Tractography Correlations

rho=0.38, p=0.0028

Fibula Tractography Correlations

rho=0.42, p=0.0009
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Figure 3. DTI Tractography Metrics and Height Z-Score Correlation Plots
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1>.<=28NS@QCR MD N?RGLOILRR) AIGIBE K BREIWC?QC SLBCPEN
RFCGP AFGJBFMMB RM DSJJW AMPPCAR RFCGP JMUCP CV
NPCMNCP?RGTC AF?P?ARCPGQRGAQMFRPERRBIEBD BhGRCLRIE? |
PCOSGPC KSJRGNJC AMPPCARGTC QSPECPGCQ DPMK RFM
N?RGCLRQ UGRF RFC KMPC QCTCPC DMPK MD RFGQ BGQC
NPMRMAMJQ RM KGLGKGX® REEGLPIKBRIETNMPMBCQ SR ERBA COB

7<@."L *3#® NNPMTCB PCRPMQNCARGTC ?L?JWQGMUQGR
#JMSLR %GQC?QC SLBCPEMGLE QSPECPW @CRUCCL 2
1?RGCLRQ UCPC A?RCEMPGXCB GLRM RUM E R\GINCQQ RAFE/C;
RFMQC UFM PCOSGPCB RUM MP KMPC QSPECIKGROAFCR AJS
2L?JWQGQ U?Q AMLBSARCB RM CLQSPC iSMKN?RBG@LRB ?EC
BCKMEP?NFGAQ ?LB NPCMNCP?RQ TG IPRBEBWE E?NEG L KD 5
%PCLL?L ?LEJC KCAF?LGA?J J?RCP?J BGQR?J DCKMP?J ?
"% UCPC AMKN?PCB @CRUQGS?PRMBINQ' SQECENQF GV ?AF

" <>5 RMR?J MD N?RGCLRQ QGLEJC QSPECPW KS.
QGELGDGA?LR BGDDCPCLAC GL ?EC ?R BG?ELMQGQ KC?L
DMJIBWU KC?L TQ N 1?RGCLRQ PCOSGPGLE
KMPC ?BT?LACB -?LECLQIGMJB QR?ECQ *7 MP 7 RF?L QG
N 2Q UCJJ ?Q FGEFCP NPGMNCR?RGTC %P LL?L ?LBJ
2 NPCMNCP?RGTC ."% GL XMLC AMKN?PCB RM MLJW

87,5><2B7RGCLRQ NPCQCLRGLE UGRF ?BT?LACB ir?LECLQ
MNCP?RGTC %PCLL?L ?LEJC KC?L ?R PGQBMMPC OSGPF GIC
AMPPCARGTC QSPECPGCQ $FGJBPCL UFM GLGRG?JJW NP
CQPIMLQCR #JMSLR BGQC?QC -?LECLQMG®J R IOR ? ERGG EF MGF
2LEJC KC?L \ K?W @CLCDGR DPMK KMPC ?EEPCQQGTC
PCASPPCLAC MD BCDMPKGRW ?LB LCCB DMP KSJRGNJC Q
AMLQGQR MD NPMVGK?J RG@G? ?LB DG@SJ? MQRCMRMKYV
MD RFC NPMVGK?J RG@G? ?LRIPR@BI? LUCER E NN B &R BT
2EC MD RFC AFGJB ?LB D?KGJW NPCDCPCLAC 5FCQC B?R
PC?JGQRGA CVNCAR?RGMLQ ?@MSR RFC QSPEGA?JIGLRC
MLQCR #JMSLR %GQC?QC
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&?AMMQCR #JMSLR BGQC?QC GQ AF?P?ARCPGXCB @W BG(
NFWQGQ MDRCL JC?BGLE RM NPRME®CRQEIRCHCPRARBRK
8FGJC QMKC WMSLE N?RGCLRQ QFMU QNMLR?LCMSQ PCQ
BCDMPKGRW AMPPCARGML *BCLRGOP BLCE NPEBGMR M RIS J
BCAGQGML K?IGLE ?LB D?KGJW AW BICRCRXLEL G NG Q GXR.RB
D?ARMPQ ?QQMAG?RCB UGRF LIMILMCE&PRREEGCCROEMLERSE |
2L *3%¥NNPMTCB PCRPMQNCARGTC PCTGGCMLYPT M #RESLR B!
@CRUCCL ?2LB ?R ? RCORICRP W IRRPCRAREQCPQ C?RP
DMJIBWUUCPC CVAJSBCB %CIKMEMIBFGROEG?LE ?2LB %PCL
BG?ELMQGQ UCPC PCAMPBCB ?LBPEMKNTEBBUG RRM SR LQXC
RF?R PCOSGPCB MNCP?RGTC GLRCPTCLRGML

".<>5:*®RMR?J MD JGK@Q UCPC GLAJSBCB MNCP?RGT(
PCOMJSRGML MD #JMSLR BGQC?QC U?Q LMRCB GL AFGJBI
2EC TQ WC?PQ N ?2LB F?B JMUCP #A.* NCPACI
5FCW ?JQM F?B JMUCP %PCLL?L ?LEJCQ \ TQ \ N

"% TQ N ?R NPCQGCR?RGNIC A2DCRILAPE -
AF?LECQ UGRF NPCQCLRGIGK@Q U8 FPFCIM JTCBLMGRFM

87,5><28NMLR?LCMSQ PCOWLIBRR MLMSL RC BB ?2QC U?Q L
WC?PQ MJB NPCQCRREBCBEGRFEQT?P-IW MP ** JMUCP
BCDMPKGRW KC?L %PCLL?L ?LBENNMPR ?5K K QQ GCIREIARGITE!
?NNPM?AF GL QCJCAR N?RGCLRQ TCiP\R AVEN SBEQXFGUB P CE
BCDMPKGRGCQ 3CAMELGXGLEFREEQXJ MEBBEGARGBTQ @7?RAW
QSNNMPR NCPQML?JGXCEMAQR®R @RM SRR EBEIXL GQCC?PJW



TABLE 1: Presenting Characteristics of Children Showing Spontaneous Resolution of Early-onset
Blount Diseaseand Those Who Underwent Surgery

2SHUDWLYH 5HVRARBESHUD P Value

n
Age at Diagnosis (mean (SD)) <0.001
Years of Followup (mean (SD))
Female (%)
BMI percentile (mean (SD)) 0.025
Bilateral (%)
Pre-Operative Langenskiold Stage (%

> J ge (%) <0.001
Pre-Operative DrennanAngle (mean <0.001

(SD))

Pre-Operative MAD (%) 0.013
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1>, <=28FMURF KMBSJ?RGML QSPECPW UGRF FCKGXCNGNF)
T?PG?@JC PCQSJRQ GL NPGMP JGRCP?RSPC 8C NPCTGMS
EPMURF KMBSJ?RGML QSPECPW DMP RG@G? T?P? 0SP PC
PCK?GLGLE U?Q RFC QGLEJC @CQR NPCBGARMP MD QSAA
RFC CDDCAR MD JGK@ JCLERF BGDDCPCLAC --% ?R NPC
BCRCPKGL?LRQ MD QSAACQQ REC®® GLRSRWCUGRDB S QIGAL d
QSAACQQ SQGLE EPMURF KMBSJ?RGML DMP RG@G? T?P?

7<@.8C PCRPMQNCARGTCJW PCTGCUCB N?RGCLRQ UGRF
RCLQGML @?LB NJ?RC -5#1 ESGBCB EPMURF ?R ? RCPRC
XWC?P NCPGMB 1PC ?LB NMBGDWNEBTREG RC R BPEN ERIRY
BCKMEP?NFGA B?R? U?Q AMJJCARTIBP ? BASMBRCE NQ RIG\CAR R
WC?P DMJJMU SN MP J?QR P CBREAMKEPT?NF Q SNPGG/PS R M RF @
QSAACQQ U?Q BCDGLCB ?QJIGMRKTILERX MR GMMW MT? JIE2PE M T C
JGK@ "L 30$ ASPTC BCRCPKGLCB RFC MNRGK?J --% ASRNM
UCPC NCPDMPKCB RM GBCLRGDW NMRCLRG?J PGQI ?LB R
RPC?RKCLRQ GBQBUEGERM@SRBK?RMPQ RM ?AAMSLR DMP J

" <>5=<N?RGCLRQ JGK@Q KCR MSP GLAJSQGML APGRC
QSAACQQDSJJW RPC?RCB "L --% MD AK U?Q GBCLRGDG(
?DDCARCB JGK@Q @GJ?RCP?J ?DDCARCB JGK@Q F?B

N AS@x?L?JWQCQ MD SLGJ?RCP?J ?LB @GJ?RCP?J
QGELGDGA?LRIJW ?QQMAG?RCB UGRF RPC?RKCLR QSAACQC

87,5><287MSP N?RGCLR AMFMPR @GJ?RCP?J JGK@ GLTN
QSAACQQ MD -057 UGRF -5#1 *LRCPCQRGLEJW --% U?Q L
QSAACQQ 5FGQ GLDMPK?RGML EGTCQ FCIJNDSJ GLQGEFR
RCAFLGOSC DMP -057 ?LB NPMTGBCQ D?KGJGCQ UGRF @
PGQlI D?ARMPQ *L ?BBGRGML RM BCDMPKGRW K?ELGRSB
KMBSJ?RGML QSPECPW DMP -057 U?Q ?JQM ?DDCARCB @V
4GKGJ?P RM GKNJ?LR RWNC --% BGB LMR ?DDCAR QSAAC
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1>, <=28BEGB GLRP?KCBSJJ?PW L?GJGLE GQ GLAPC?QGLE.
GKK?RSPC N?RGCLRQ FMUCTCP RFC TMJSKC MD GLHSPW
PGQI MD ?@LMPK?J EPMURF GQ SLILMUL GL RFGQ N?RGC]|
TMJSKC MD GLHSPW RM RFC NPMVGK?J RG@G?J NFW®IGQ
QICJCR?JJW GKK?RSPC ?BMJCQACLRQ 5FGQ QRSBW GQ ?
B?K?EC RM RFC PRMWARASRO?BSPREAE MNCLGLE PC?KGLE ?
5FC PCQSJRQ MD RFGQ QRSBW UGJJ @C GKN?ARDSJ GL Q
UGRF RG@G? DP?ARSPCQ ML @MRF ? JMA?J ?LB L?RGML?
IMSLB?RGML MD ?L?RMKGA?J ?2LB XKRS PRG BG ©@Q BCRGLA
AMKNJGA?RGMLQ ?DRCP QS@QR?LRG?J GLHSPW RM RFC !

7<@.*L RFGQ QRSBW UC KC?QSPCB RFC TMJSKC MD GLH
AMKNSRCP QGKSJ?RGML KMBCJGLE MD PGEGB GLRP?KCB!
.GKGAQ .?RCPG?JGXC *LA 8C QGKSJ?RCB RFC QSPEG,
ML % PCAMLQRPSARGMLQ MD $MK NXSPRXB RRFKOVE P W ERP $
LMPK?J NPMVGK?J RG@G?Q ?LB MNCL NFWQCQ UGRF RGG@
GLTMJTCB BP BIGGHERTPPREECCBIRFPMSEF RFC ?LRCPGMP
RG@G?J NFWQGQ DPMK ? QR?LB?PBGXCB QR?PRGLE NMG
ONCLGLE PC?KCP BG?KCRCPQ K?RAFCB ? P?LEC MD RFMQ
?2LB KK 8C RFCL A?JASJ?RCB RFC TMJSKC MD NFWQGQ
NPMVGK?J RG@G?J NFWQGQ RO ML BC P ISE W RRF ® ANC R A Q/LC
PC?KGLE ?Q BCKMLQRP?RCB GL 'GESPC

".<>582@JC JGQRQ RFC NCPACLR TMJSKC MD GLHSPW R
PC?KGLE RFPMSEF RFC NPMVGK?J RG@G?J UGRF ? KK
RFPCC WC?P MJB QICIJCR?JIW GKK?RSPC KRIGRF 2RI RKX
QA?LQ MD RFC NPMVGK?J RG@G? 5FC P?LEC MD GLHSPW
MD RFC NPMVGK?J RG@G? NFWQGQ 5FC P?LEC MDOGBLH?S
MD RFC NPMVGK?JRRERG@GRLENFWQRGQHBIPBN DMP RFC
ok MD RFC NPMVGK?J RG@G? NFWQGQ

87,5><2BFQQ QRSBW B C K MRMRRATRR) DNPMSIRGIGXGLE AM
KMBCJGLE RM OS?LRGDW RFC TMJSKC MD GLHSPW RM RF
?BMJCQACLR RG@G?Q 5FGQ GQ LMR MLJW ?L GKK®BRELF
DMP ?BMJCQACLR RG@G? DP?ARSPCQ @SR ?JQM NPMTGE
APGRGA?J RFPCQFMJB MD NFWQC?J GLHSPW ?2Q UCJJ ?2Q






Injured Physis Volume (mm?) % Physis Volume Injured

9.75mm 11.0mm 12.0mm Total Physis 9.75mm 11.0mm 12.0mm

Case
Reamer Reamer Reamer Volume (mm3) Reamer Reamer Reamer
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1> <=28WMJSKCRPGA .SQAJC -MQQ 7.- GQ ? K?HMP A?SQC
QCTCPC CVRPCKGRW GLHSP GO MAGROL PRABKIRGSE D PY!
TCFGAJC ?AAGBCLRQ MP KSQMPCGRPRDQEARBEMLHSPHCT LRRVIR.
?SRMIJMEMSQ KSQAJC RP?LQNJ?LR?RGML ?LB PCF?@GJGR
KMRMP BWQDSLARGML UGRF QMKC N?RGCLRQ SJRGK?RC
GQ ? NPCQQGLE 2JROBPRMRBTTCINVMNP M?AFCQ DMP 7.- RPC?
? APGRGA?J GLGRG?J QRCN GL RFC PCN?GP MD T?PGMSQ
QS@QR?LRG?JJW GLDJSCLACQ RGQQSC PCECLCP?RGML I
QRPSARSP?J ?LB @GMJMEGA?J BGDDCPCLAEC BLEU@ UL Q
BCDCARQ 5FGQ JCB RM RFC B)XTIKZRMKCC 4R MDA ? DHAWIBG 1B
KGKGA RFC DP?ARSPC FCK?RMK? ?LB QCPTC 1?RC A BILIGATT
NGJMR AJGLGA?J QRSBGCQ F?TC iQ ENDIDIC RR @GR GL)WB GLGRGCF
@MLC PCN?GP A?QA?BC QSA®MLCDBJDWARCE O GREMSRL. B
3CAMELGXGLE RF?R @MRF KSQAJC ?LB @MLC GLHSPGCQ
FWNMRFCQGXCB RF?R GL J?PBML @ BTAOITARQD RAR QF OXGR®I
BGJSRCB PCQSJRGLE GL GLGENOSPRB ACMRGDEPEKRPRG MR
CVNJMPC RFC NMRCIMIGB?2QMP REIGEFC PW?DOFGAJC DIMP K3
ANCAGDGA 48MIOBG2 KWMECLGA EPMURF D?ARMELRM?RBN
J?PEC KSQAJC BCDCARQ

7<@." DSRFGAILCQQ RMR?J ?PC? BCDCAR U?Q APC?R(
MD K?JC ?LB DCK?JC 'GQAECP3?R®?RIPC BGTGBCB GLRM
L EPMSN &KNRW %CDCAR &% #GMKGKCRGA JCK?

K3/" #) "L SLGLHSPCB JGK@ QCPTCB @ OMRIFEC WML BRP MUL
AMK@GLCB UGRF A?JAGSK ?LB RFPMK@GL RM DMPK i? #) (
K3/" U?Q KGVCB UGRF @JMMB NPGMP RM REQRRE&EEURPCSC
2Q0QCQQ DSLARGML?J PCAMTCPW "DRCP UCCIQ P?RQ U
EPMQQ UCGEFR ?LB FGOQRMJWEWE QLUPONQ GRYLERARG B B
RCQRQ

" <>55EC &% EPMSN F?B GLAPC?QCB AMKNJGA?RGML P?R¢
FCK?RMK? DMSP CVNCPGCLAGLRLGWKSLBBBWAEQ AL IRFT 2)
K3/" #) EPMSNQ MLJW MLC A?QC MD UMSLB BCFGQACLAC
EPMSNGCF MM QGELGDGA?LR BCDGAGRQ GL EPGN QRPCLE!
2LB &% EPMSNQ F?B LMR?@JC BCDGAGRQ 5" KSQAJC UCG
LMR BGDDCP QGELGDGA?LRIJWFMNMKNCPC R RM &4 EIPHEFNC B
JMUCP 5" UCGEFRQ "R UCCIQ EPMQQ GLQNCARGML PCT
EPMSNQ AJMQCJW PCQCK®@JCB RFEGARG L?HIBWE GO LGRFAWLI
RGQQSC GL RFC &% EPMSN CFGUGHRFICBPKCHC KT EPRCSN RS
BCKMLQRP?RCB KMPNFMJMEW ?RE RET?RASIPEBEBRGM I
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87,5><2BF6Q NPCIJGKGL?PW QRSBW BCKMLQRP?RCQ RF?F
3410 K3/" CDDCARGTCJW PCECLCP?RCBIZTCIQL FE?R) RN
EPMSN QFMUCB LM KMPNFMJME GIAPIC B GIXK@ CRA CULTRKME® F
K3/" PCQRMPCB EPGN QRPCLERF KMPC P?NGBJW RF?L #) -
M@QQCPTCB GL RFC &% EPMSN GLBGA?RGLE GKN?GPCB F
?SRMIMEMSQ #) QA?DDMJB RF?R KGKGAQ RFC NPMNCPRG
'SPRFCP PCQC?PAF K?W JC?B RM ? NPMKGQGLE ?SRMJME
BCDCAR PCECLCP?RGML GL AJGLGA?J QCRRGLEQ
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1>, <=287CC BCDMPKGRGCQ GL RFC NCBG?RPGA NMNSJ?RG
JC?B RM HMGLR BCECLCP?RGML ?LB DSLARGML?J GKN?GF
2JGELKCLR GL ILCC BCDMPKGRGCQ @SR MERBGR U PNFMIA
41CJCR?J BWQNJ?QG?Q ?LB #JMSLRnQ BGQC?QC GL N?PR
RM 2QWKKCRPGA RG@G?J NJ?RC?S BCTCIJMNKCLR UFGAF
BCAGQGML RM NCPDMPESAFABP FSG BUB ECARIRFLIQP FCKG
PCOSGPCQ NPCAGQC SLBCPQR?LBGLE MD LMPK?J RG@G?
AMKNPCFCLQGTC NCBG?RPGA B?R? GQ J?AIGLE 5FGQ QR
NCBG?RRGARBMFMIMEW RM CLF?LAC RFC NPCAGQGML 2L
2L?JWQGQ ?LB AMPPCARGML

7<@.1PMVGK?J RG@G?J KMPNFMJMEW U?Q KC?QSPCB ML
KMLRFQ RM WC?PQ UFM SLBCPUCLR ILCC MP RG@G? DG
?SRFMPQ &VAJSQGML APGRCPG? GLAJSBCB DP?ARSPCQ
BWQNJ?QG? NPGMP RG@G?J DP?ARSPCQ MQRCMKMNFIER
UCPC BCCKCB ?BCOS?RC GD ML RFC ?LRCPMNMQRCPGMP
RFCPC U?Q RG@G?xDG@SJ? MTCPJ?N JCQBCROF?ARC U?20Q |
?2Q RFC KCBG?J ?LB J?RCP?J AMLBWJCQ ?LB NJ?RC?SQ @
MTCPJ?N OL RFC "1 RFC RG@GRAMEGDR W1 SQEBCDQUTI
RFC DCKMPCQD AMCBMP?J NFWQGQ RG@G?J NJ?RC?S KCB
NFWQGQ 'GESPC OL RFC J?RCP?J P?BGMEP?NF RFC R:
KC?QSPCB DPMK RFC RG@G?J NJ?RC?S RG®GORGEWQBELO
GLAJSBCB KC?LQ QR?LB?PB BCTG?RGMLQ RXxRCQRQ ?LE

" <>58<P?WQ DPMK K?JC N?RGCLRQ UCPC ?2L?JWXCB 52?
QR?LB?PB BCTG?RGMLQ DMP "1 ?LB J?RCP?J 9 P?WQ PCQ
QRPMLE ?QQMAG?RGMLQ @CRUCCL ?EC ?LB J?RCP?J KCB
N 2LB KMBCP?RC ?QQMAG?RGML DMP RG@G?J NFV
NxT?JSC JCQQ RF?L

87,5><2BFQQ QRSBW CQR?@JGQFCQ LMPK?RGTC ?ECX@?
KMPNFMJMEW RM NPMTGBC ESGB?LAC DMP BCDMPKGRW ?
IGLB RFGQ F?Q RFC NMRCLRG?J RM GKNPMTCANRB&ESG V
2L?JWQGQ RM CVN?LB MSP Q?KNJC QGXC ?LB GLAJSBC D(
BGDDCPCLACQ 8C UGJJ ?L?JWXC GLRP?XM@QCPTCP PCJC
BGDDCPCLR RGKC NMGLRQ MTCP QGV KMLRFQ "LMRFCP I
NPMVGK?J RG@G? KMPNFMJME W? BO\B ARAW I L OIIMETIAR 3 RRER
,LCC 4ICJCR?J .?RSPGRW 4WQRCK



Figure 1
AP Radiograph with Sample Measurements

Line 1 represents the reference line drawn from the center of the tibial sha
the center of the knee. Line 2 is the femoral condylar axis. Line 3 is the fer
physeal line measured from the metaphyseal flare. Line 4 is the tibial plate
measured fnm 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 proxima
tibial metaphysis centered distally on the shaft. Line 3 is the tibial slog
Line 4 is the physeal slope. Line 5 is the fibular shaft. All angles were
measured posteriorly.




Table 1-AP Measurements

Femoral Femoral Tibial Medial Lateral Tibial
Age n Condyles +SD Physis +SD platcau *SD Plateau +SD Plateau +SD Physis £SD

2 9 98.11 2.8 97.46 2.28 9130 274 6319 211 58.61 3.37 94.35 1.87

3 10 94.65 2.3 97.90 24 90.95 20 62.93 3.5 63.32 6.0 9458 1.2
4 10 92.38 2.8 96.03 2.4 91.13 27  63.05 3.4 64.53 3.7 9322 21
5 10 89.63 1.1 95.35 1.01 90.48 1.7 66.08 3.1 67.57 3.5 93.09 16
6 4 91.50 0.6 96.75 1.6 91.29 16 64.21 2.8 65.04 43 93.29 238
7 6 90.64 1.3 9739 1.9 91.53 1.3 70.08 3.1 72.58 2.7 93.67 15
8 1 90.33 100.00 91.50 71.00 70.83 93.67

9 4 88.96 1.3 9633 11 90.71 12 72.46 2.4 72.67 1.9 90.88 0.9
10 5 8790 1.0 93.97 15 89.50 04 7210 2.7 7417 1.9 9193 14
11 7 89.93 1.0 9498 1.8 90.26 09 7538 4.2 74.62 1.7 9281 21
12 6 88.56 1.0 93.92 34 89.28 1.3  75.67 1.6 76.83 1.6 94.03 3.1
13 10 89.94 20 9421 23 90.34 15 75.64 3.0 75.36 2.9 93.29 28
14 6 88.19 1.6 92.76 1.0 89.24 1.4 77.42 3.1 79.14 3.3 9353 1.2
15 5 86.37 1.7 9247 2.0 88.50 1.0 75.07 3.0 80.73 3.2 9353 24
16 3 87.72 0.8 90.22 1.3 88.28 16 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 meansusing tibial shaft as reference line N=number of subjects analyzed, SD=standard
deviation

Table 2- Lateral Measurements

Tibial Tibial
Physis +SD 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 17 2.49 0.8
4 10 77.62 2.0 80.99 25 2.18 0.9
5 10 77.83 2.0 80.90 2.6 3.53 1.1
6 4 76.67 25 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 21 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 25 3.00 1.5
13 10 77.95 2.7 81.38 2.7 3.24 1.9
14 6 79.22 25 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 15 2.61 0.9
17 1 73.83 77.17 2.67

All measurements reported as means using tibial shaft as referencenle. N=number of subjects analyzed, SD=standard
deviation
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1>, <=28GLAC RFC BSP?RGML MD BGQRP?ARGML MQRCMEC
KCRFMB RM ?AACJCP?RC @MLC FC?JGLE UMSJB @C AJGLC
@CCL SQCB RM K?L?EC @MLC BIFOOIAR G L 5ECPEP GROM E € M3UL(
PCECLCP?RC @MLCNnQ K?RSP?RGML P?RC B S PG/LKENMIKIB M

FWBPMVW?N?RGRC )" ?LB NAGIBV JP-AR G G Q@ I x BAIVNPNG
EP?DR QS@QRGRSRC RF?R MPLE @EQLC G B VRVMRE LD IGAR |
QSNNJCKCLRGLE RFC BGQRP?ARGML MQRCMECL CQAUS NP |
2AACJCP?RC RFC K?RSP?RGML MD RFC PCECLCP?RC @ML

7<@."MJIJMUGLE *"$6$ ?NNPMT?J LGLC /CU :C?J?LB UFGR
QRSBW 5FCW UCPC BGTGBCB GLRM RFPCC EPMSNQ MLC
UGRFMSR RFC SQC MD % xNP GLLREC B YW N)REBI? EPRGIS QM 5 C
%xNPGLRCB KK GLRCPxDG @ CPPQCN?@ B A BMFQMBIME G CH
YWNCPCJ?0RGEL @RMUECQ J?GB BGPCARJW ML RFC @MLC SL
QGRC NPGMP RM UMSLB AJMQS P CEPMS N2 M RF Q B &/BI\Z FECPIVP
AMLQGQRCB MD 1-(" ?LB A?IJAGSK NFMQNF?RC FWBI
MD RFC FWBPMVW?N?RGRC AMLREARI AGOKP CRMQAEBRGRH
YWNCPCJ?OQORGIA @IMIK?JQ F?B QSPECPW ML RFC JCDR RGC
U?Q ?NNJGCB RM RFC JCDR RG@G? ?LB BGQRP?ARCB ?R °
GLAPCKCLRQ MD KK &?AF RG@G? U?Q JCLERFCLCB @
UCPC A?PPGCB MSR UCCIJW BXMBGD K RRFLEG B ERRP BAFPGME |
NF?QC /CAPMNQW U?Q A?PPGCEBBVRRENMDREPSP GUE O DGMEF
F?PTCQRCB )?PTCQRCB QNCAGKCL Q@ KRBT PCE CRRKEAFWE
OS?LRGR?RGTC ?L?JWQGQ

" <>55ECPC U?Q PCECLCP?RC @MLC TGQG@JC GL RFC BG
UCCI GL ?2JJ EPMSNQ "JJ EPMSNQ ?AFGCTCB Q?RGQD?AR|
MD RFC AMLQMJGB?RGML NCPGBMBF?28A@ MR$5CALR CR QIGTL F
FGEFCP @MLC TMJSKC #7 ?LB RM RFAGTMIFGCNKL E B R SAM B ¢
YWNCPCJI?0EGMENMETB FGEFCP @MLC TMJSK® MLBFRMRPIE
YWNCPCJ?QRGA @MLC ?JRFMSEF RFGQ U?Q LMR QR?RGQ
FGEFCP @MLC KGLCP?J BCLQGIRRW N 2J5.BQRAPN B8 REEGHA RM)
EPMSNQ

87,5><2BFQQ NGJMR QRSBW GQ RFC DGPQR RM CT?JS?RC
PCECLCP?RC @MLC DMPKCB BSPGLE BGQRP?ARGML MQRC
QSNNJCKCLRCB UGRF ? % NPGLRCB QA?DDMJB "JRFMSEF
YWNCPCJI?0OREGMBESAIOB @CRRCP PCQSJRQWAMKINIPOR GBI @
RFC AMLRPMJ EPMSN BSPGLE BGQRP?ARGML MQRCMECLC
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5FC NPMKGQGLE PCQSJRQ MD RFGQ QRSBW GLBGA?RC RF
BGQRP?ARGML MQRCMECLCQGQR FE BVGNRRAAKL?21] PAADDMIEF G
QFMSJB @C NCPDMPKCB GL ?L ?RRCKNR RMCDISPRFEPR GAKL
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Figure 1. Serial radiographs during the distraction and consoclidation phases. A) Control group (no Hyperelastic Bone). B)
Study group 1 (Hyperelastic Bone —Hydroxyapatite with 0.8mm interfiber spacing, 6 x stacking morphology, containing 10%
PLGA, 90% Calcium Phosphate, and 100% Hydroxyapatite). C) Study group 2 [Hyperelastic Bone — Biphasic with 0.8mm
interfiber spacing § x stacking morphology, containing 10% PLGA, 90% Calcium Phosphate and 80% Hydroxvapatite +20%
Beta-Tricalcium Phosphate). D) Picture showing intraoperative use of Hyperelastic bone.
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Figure 2. Quantitative micro-CT assessment of the regenerate bone following 20% lengthening of the left tibia in a rabhbit
external fixator lengthening model in a Control group (no Hyperelastic Bone), Study group 1 {Hyperelastic Bone -
Hydroxyapatite with 0.8mm interfiber spacing, 6 x stacking morphology, containing 10% PLGA, 90% Calcium Phosphate,
and 100% Hydroxyapatite) and Study group 2 (Hyperelastic Bone - Biphasic with 0.8mm interfiber spacing 6 x stacking
morphology, containing 10% PLGA, 90% Calcium Phosphate and B0% Hydroxyapatite +20% Beta-Tricalcium Phosphate).
A) Bone volume comparison. B) Total volume comparison. C) Bone mineral density comparison.
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I>. <=287HMP QSPECPW F?Q @CCL PCNMPRCB RM ?DDCAR
"LCABMR?JJW UCGEFR JMQQ F?Q @CCL PCNMPRCB DMJJNM
?2RRPG@SRCB RM ? JMQQ MD ?NNCRGRC ?LB ?L GLAPC?QC
QGELGDGA?LR ?L?@MJGA BCK?LB ML RFC @MBW 8C QMSE
BSPGLE JGK@ JCLERFCLGLE 8RFEWBWMRERCQGRGIEL RFF7R) 8 S
UCGEFR UMSJB BCAPC?QC BB@MIN ALBGKAPE ?@CMIRK®M E C

7<@.'MJIJMUGLE *"$6% ?NNPMT?J UC NCPDMPKCB SLGJ?R
LGLC /CU ;C?J?LB 8FGRC P?@ @ G RQRHAC 8 R SBWL RRRC PPHaM
?KMSLRQ MD DMMB B?GJW QSNNJCKCLRCB UGRF ?BBGRG
UCGEFCB @QCRUCCL ?LB IE 7R RFC RGKC MD QSPEC
KK NCP B?W GL BGTGBCB ?BHI®RBKCRROQ VD@ G? KR T
GRQ GLGRG?J JCLERF S5FCW UCPC UCGEFCB ML B?WQ

".<>58C KC?L UCGEFR DMP RFC EPMSN ML ?PPGT?J U?Q
MD IE @W B?W UFGAF AMDP RFCNBIGBR B ?RAMR (RWIC NCC B (

JMQQ MD QR?PRGLE @MBW UCGEFR 'MJIJMUGLE RFGQ
?AFGCTGLE ? KC?L UCGEFR MD IE ML B?W SFC 3 T7
UCGEFR AF?LEC GQ PCNPCQCLRCB GL RFC DGESPC @CJM

87,5><2B3R DGLBGLEQ QSEECQR RF?R BSPGLE RFC BGQR
JMQQ MAASPQ UFGAF GQ RWNGA?JJW PCAMTCPCB BSPGL
DGLBGLEQ GLBGA?RC RF?R MNRGKGXGLE LSRPGRGML NC
AMLQGBCPCB BSPGLE RFC BGQRP?ARGML NF?QC MD JGKC
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Figure. Pattern of change in weight over time during lengthening of rabbit tibiae.
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1>.<=28?7@JC @MLC RP?LQNMPR GQ ? NPMKGQGLE RCAFLC
BCDCARQ 6QGLE ?L GLRCPL?J A?@JC ?2JJMUQ DMP @MLC
BP?EEGLE RFC QMDR RGQQSCSTLFCOMERG I B BPNEIRG PREGRR
KGLGKGXC QMDR RGQQSC AMKNPMKGQC CLF?LAC N?RGC

SFC GLRCEP?RGML MD ?SRMK?RCB FCV?NMB QRPSRQ GLR
QGELGDGA?LR ?BT?LACKCLR GL RFC RPC?RKCLR MD QCE
NPCAGQC GLAPCKCLR?J ?BHSRREGEKNRRTBSPGEGEL® ML RN
RFC PCJG?LAC ML N?RGCLR AMKNJG?LAC .SJRGDMA?J @I
QCRSNQ 8C BCTCJMNCB ? RCAFLGOSC RM JCTCP?EC ? AN
@QMLC RP?LOQNMPR QCEKCLR®FQLGPEBRSAGLEIJEMKNIEC $GE |
NPMEP?KKGLE OSP PCQC?”PAF OANRRIAHILBUN I IOQNVREEP &(
@?J?LACB A?@JC RP?LQNMPR DMPOCAREXICLR?J RG@G?J B

7<@." NPMQNCARGTC AMFMPR ?R ? QGLEJC -CTCJ RP?S
UGRF QCEKCLR?J RG@G? BCDCARQ SLBCPEMGLE KSJRGDI
%CKMEP?NFGA B?R? ?Q UCJJ ?7Q BCDCAR QGXC DGV?RMI
AMJJCARCB

".<>5=RMR?J MD N?RGCLRQ SLBCPUCLR KSJRGDMA?J @
MSP QS@KGQQGML MD RFC N?7RGCER QUIBQW C KAWL J S5FHKX
CVRCPL?J DGV?RMP U?Q QCRSN RM @C ?GL?L RCRETBLR AP
RPGDMA?J RG@G?J QF?DR GL N?RGCLRQ PCRPMEP?BC

N?RGCLR ?LB BGTCPEGLERCREPDHG RBICBICAR TREAXKLKR ?E€
SFC ?TCP?ELCBD®?KIZQ B?W@BAWQ AK 5FC FC?BSLGR F
GL A?QCQ RF?R PCOSGPC PCNPMEP?KKGLE BSPGLE ? AJ
UucpC AMLTCPRCB RM GLRCPL?J DGV?RGML ?DRCP BMAIGI

87,5><28AMKNMSLB NSJIJCW QCRSN GQ ?L CDDCARGTC Ql
A?@JC @MLC RP?LQNMPR DMP RG@G?J BCDCARQ 5FGQ ?
RFC RP?LQNMPR SQGLE ? QGLEJC FC?B SLGR K2 DCLLAANRSLA
A?QCQ UFGAF PCOSGPCB PCNPMEP?KKGLE GL AJGLGA 2L
AMKNJGA?RGMLQ
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I1>.<=28CGK@xJCLERF BGQAPCN?LAGCQ --%Q F?TC RP?BGH
DGV?RMPQ @SR K?ELCRGA?JJW BPGTCL GLRP?KCBSJJ?P'
GKNPMTCB AMKDMPR ?LB PCBSACB GLDCARGML PIAIPIQSBC
CVRP?KCBSJJ?PW &. JCLERFCLGLE L?7GJQ GL NCBG?”RPG
CT?JS?RC KCAF?LGA?J ?VGQ BCTG?RGML L?GJ @CLBGLE

7<@." PCRPMQNCARGTC QGLEJCXACLRCP PCTGCU U?Q A
SLBCPUCLR DCKMP?J JCLERFCLGIEF @GRBC®RLIC? PRERUM
DMJJMUXxSN 1?RGCLRQ PCACGTCB CGRFCP ?L KK *. L?
GLAJSBCB NPCx ?LB NMQRMNCP?RGTC JGK@ ?JGELKCLR

BCR?GJQ RMSPLGOSCR RGKC @JMMB JMQQ AMLQMJGB"
?AAMPBGLE RM RFC $FCPI?QFGL QWQRCK

".<>5=MPRWXxRUM N?RGCLRQ UCPC RPC?RCB UGRF &. L?GJ
?AFGCTCB QGKGJ?P BGQRP?ARGML ?KMSLRQ ’ AK
JMUCTCP RFC &. EPMSN BCKMLQRP?RCB QGELGDGA?LRJW
TQ ’ KK N FGEFCP L?8J @QCLBBLEMLECP RMSPL
OTCP?JJ AMKNJGA?RGML P?RCQ UCPC &. ?LB . L
GLDCARGML @CGLE RFC KMQR DPZTRGNELR MAASERC B IGNJ ?
MTCP?JJ

87,5><287N?RGCLRQ UGRF L?PPMU DCKMP?J A?L?JQ I
KCAF?LGA?J BCTG?RGMLQ RF?L &. GKNJ?LRQ $?PCDSJ Gl
?LB TGEGJ?LR NMQRMNCP?RGTC DMJJIJMUXSN ?NNCPRTAAE
JCLERFCLGLE MSRAMKCAQ
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1> <=28DMSLB?RGML?J NPGLAGNJC GL RFC QSAACQQDS]J
%GQC?QC GQ RF?R MTCPAMPPCARGML MD RFC RG@G? RM
YMUCTCP RFC JCTCJ MD MTCPAMPPCARGML PCE?PBJCQQ
PCASPPCLAC PCK?GLQ SLAJC?P 5FGQ QRSBW ?GKCB RM |
LCCBCB RM KGLGKGXC RFC PGQIl MD PCASPPCLAC MD T?P

7<@.L *3#Xx?NNPMTCB PCRPMQNCARGTC PCTGCU U?Q AM
RPC?RCB C?PIWXMLQCR #IJMSLR %GQC?QC @CRUCCL
?VGQ BCTG?RGML ."% U?Q KC?QSPCB ?DRCP GLGRG?J M
HSQR NPGMP RM ESGBCB EPMURF NJ?RC PCKMT?J DMP E
GLRM RFPCC EPMSNQ RFMQC M@R?GLGLE ."% x KGJB T
KMBCP?RC QCTCPC T?JESQ ?L'BoRFMQMPSLPCR)BBPPICAT
NPGK?PW MSRAMKC U?Q PCASPPCLARCACIACRPRIXKMJIJ% U X8 R
QCAMLB?PW MSRAMKCQ GLAJSBCB -?LECLQIGMJB PCQMJS
MD AMPPCARGTC QSPECPGCAQ

".<>58FGPRWXxQCTCL JGK@Q UCPC GLAJSBCB ?LB MD RFC
MTCPXAMPPCARGML UFGJC UCPC JCDR GL LCSRP?J ?JG
RFMQC JGK@Q M@R?GLGLE T?JESQ ?JGELKCLR F?B ."%
MTCPAMPPCARCB RM ."% x MP x /MNESERTROG ATOR BGODC
GL KMQR PCACLR ."% P?RC MD PCASPPCLAC MP -?LECLQI
MTCPXAMPPCARCB N?RGOMLB M PCE®XARBBEE QARG B C'EOFRIIP A
MTCPAMPPCARCB JGK@Q ."% x x PMCRARPP MILAC A M KINFMPU

SLBCPXAMPPCARCB JGK@Q ."% MP N S5F
QSPECPGCQ U?Q JMUCP GL RFC MTCPAMPPCARCB EPMSN
MTCPXAMPPCARGML RM T?JESGESGBEBKERRURFP CTRPQ3RC
SLBCPXAMPPCARCB EPMSN N

87,5><28KF6JC T?JESQ MTCPAMPPCARGML K?W LMR AMKN.
A?L QGELGDGA?LRJW PCBSAC RFC P?RC MD T?PSQ PCASP
PCQMIJSRGML ?LB JMUCP RFC LCCB DMP PETGQGML QSPE
SLBCPXAMPPCARCB JGK@Q ?AHCTLTR®B?RCISMR@ RIPNRA T ?R EL5N
RF?R NMQGRGTC MSRAMKCQ ?PC NMQQG@JC BCQNGRC G
CTGBCLAC MD RFC GKNMPBRCERCOMMNM M BREGIQGLE UDWKCV R |
BCAPC?QC RFC P?RC MD PCTRQKGGMIS IORS BoEIPCNP @M N TRE G A



Table 1: Results of Mild vs Moderate/Severe Valgus Over-Correction in the Surgical Treatment of
Early-Onset Blount Disease

Overcorrected to -1 Overcorrected to -2 or - P value

3

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

[ 4 (40.0) 0 (0.0)
I 2 (20.0) 3 (42.9)
I 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 alignmentin

Early-Onset Blount Disease

N
Age at Diagnosis (mean (SD))
Years of Follow-up (mean (SD))
Female (%)
Race (%)
Black orAfrican Americai
Not Black orAfrican Americai
Unknowr
Ethnicity
Not Spanish/Hispanic/Latit
Spanish/Hispanic/Latir
Unknowr
BMI Percentile (mean (SD))
Bilateral (%)
Initial Treatment (%)
Guided Growt
Osteotom +Acute Correctio
Osteotomy + Gradual Correcti
Preoperative Langenskiold Stage

Preoperative MAD

Most Recent Drennan Angle (mean (SD))
Most Recent mLDFA (mean (SD))

Most Recent mMMPTA (mean (SD))

Varus at Most Recent Follow Up (%)
Langenskiold Resolution (%)

Number of Corrective Surgeries (mean (SD))

Corrected to Valgus
MAD -1, -2, or -3

17

4.32 (2.19

4.83 (1.95
11 (64.7

8 (47.1
7 (41.2
2(11.8

7 (41.2

7 (41.2

3(17.6
93.14 (12.11

15 (88.2

17 (100.0
0 (0.0
0 (0.0

| 4 (23.5)
[ 5 (29.4)
i 2 (11.8)
IV 2 (11.8)
v 4 (23.5)

=

1(6.7)
3 (20.0)
11 (73.3)

13.25 (21.6¢
90.05 (2.51
87.78 (3.8¢
1(7.7
11 (64.7
1.24 (0.56

W N

Under-corrected to
MAD 1, 2, or 3

2C

5.10 (2.82

6.35 (2.94
6 (30.0

11 (55.0
6 (30.0
3 (15.0

11 (55.0

5 (25.0

4 (20.0
95.75 (11.2¢

17 (85.0

12 (60.0
5 (25.0
3(15.0

4 (22.2)
7 (38.9)
2 (11.1)
4 (22.2)
1(5.6)

0 (0.0)
3 (16.7)
15 (83.3)

13.54 (7.5€
91.66 (5.81
85.13 (7.91
9 (47.4
8 (44.4
1.55 (0.76

P value

0.361
0.07¢
0.07¢
0.77¢

0.56¢

0.50:

0.013

0.596

0.508

0.96:
0.35¢
0.32]
0.047
0.38¢
0.167
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1>, <=28FCLCTCP NMQQG@JC GLRCPL?J JCLERFCLGLE L?C
NPGK?PW BCTGAC DMP JCLERFCIPEL EPIMQBE RS RGO L)XM UTS
MP TCPW WMSLE N?RGCLRQ OLERFC ING P BEXLIRD RIGCBGL B TP\
GQ CGRFCP LMR Q?DC MP LMR NMQQG@JC BSC RM RFC JC
NMQQG@JC RM SQC RFC GLRORPL?KCELIER P QL GM E 2LRGM LG
PCRPMEP?BC G/WVRERKECBSIIRCRFLGOSC UGRFMIRVQ AN VGCK
N?RGCLRQ QGLAC 5FC NSMPNXMGC W R FRCF @ © RQARIKBO/D G2
PCRPMEP?BC DCKMP?J CVRP?KCBSJJ?PW JCLERFCLGLE

7<@.8C AMLBSARCB ? PCRPMQNCARGTC AF?PR PCTGCU M
NPMACBSPCQ SQGLE ?L CVRP?KICBRERPCWG PE RP M E RTBAC D
RFC K?ELGRSBC MD JCLERF BGQAPCN?LAW RFC ?KMSLR |
8C ?2JQM PCTGCUCB RFC GLAGBCLAC MD AMKNJGA?RGMLQ
ucpCc A?PPGCB MSR DMP RFC EPMSN 5FC .?LLXx8FGRLCW

" <>5586C AMFMPR AMLQGQRCB MD N?RGCLRQ GLAJSBG
SLBCPUCLR DCKSP JCLERFCLGLEESQTGLE ? NOWEICR GA 2C LA
PCRPMEP?BC D?QFGML ?R ? P?RC MD RM. B DICKK NJIP NB7;
U20Q ) WC?PQ ?LB ) WC?PQ PCQNCARGTCJW 5]
?KMSLR MD JCLERF BGQAPCN?LAW NPCQCLR RFC ?KMSLR
@MLC FC?JGLE GLBCW?RECLRDABFCTGFMECB ? Q C NFGRA @LS
RFC QMDR RGQQSC ?PMSLB RFC BGQR?J CLB MD RFC L?G
PCECLCP?RC @MLC BCDMPKGRW MP DP?ARSPC /MMIK?RG
2LB LM N?RGCLRQ BCTCJMNCB AMLRP?ARSPCQ MD RFC FC
AMLTCLRGML?J RFCP?NW MP @P?AGLE 1?RGCLRQ UCPC I

87,5><28CRPMEP?BC CVRP?KCBSJJ?PW JCLERFCLGLE MD
L?GJ F?Q @CCL BCKMLQRP?REERMVEB® G1DR QCDERFICH. GDD R.
N?RGCLRQ ?Q ?L ?JRCPL?RGTC RM SQGLEL?P? ECYREeMER?B
D?QFGML LM QSNNJCKCLR?J GLRCPL?J DGV?RGML U?Q P
@MLC UCPC LMRCB 5FCPCDMPOCKMPPN BRELER FCC/IRPLEK S B
JCLERFCLGLE L?GJ GQ CVIRECRD2C DEGR'CRIMR GCICERMCLGLE
GKK?RSPC N?RGCLRQ UFCL GLRP?KCBSJJ?PW NJ?ACKCLR



Table. Summary of patient demographics and results of the extramedullary lengthening procedure.

Male Female P value
Age (years) 6.2+ 1.9 8.0+2.4 0.1270
LLD (cm) 53+1.7 9.4%5.3 0.0673
Length gained (cm) 3.6+0.5 3.0+0.6 0.4275
% length gained 14+ 3.8 15+ 3.3 0.9781
Bone healing index (days/cm) 32+8.1 32+7.3 0.6730
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1>, <=28FC NSPNMQC MD RFGQ QRSBW U?Q RM GBCLRGDW
2LESJ?P AMPPCARGML GL QICJCR?JJW GKK?RSPC N?RGCL
RCLQGML @?LB NJ?RCQ 4NCAGDGA?JJW RFC QRSBW FWI
QCTCPGRW MD BCDMPKGRW ?LB SLBCPJWGLE N?RFMJME\
T?PSK AMPPCARGML

7<@.5FGQ PCRPMQNCARGTC QRSBW PCTGCUCB N?RGCI
GL .?J?UG "DPGA? UGRF ESGBCB EPMURF (( SQGLE XFMN
*LAJSQGML APGRCPG? GLAJSBCB P?BGMEP?NFGALR®?EBCH
A?RCEMPGXCB @W ?EC TQ WC?PQ ?LB CRGMJMEW

QSPEGA?J RCAFLGOSC ?JJMUCB GKKCBG?RC UCGEFRXx@C:
NCPDMPKCB NPCMNCP?RGTCJW DOMMIA RW x SKM MRFIOM PPH.B RAR
QNCCB ?LB QAPCU N?P?KCRCPQ UCPC ?L?JWXCB SQGLE .
GLAJSBCB RXRCQRQ "/07" ?LB PCEPCQQGML KMBCJQ UG

".<>585FEGQ QRSBW GBCLRGDGCB ICW D?ARMPQ GLDJSCLAC
QICIJCR?JIW GKK?RSPC N?RGCLRQ UGRF ECLS T?PSK RPC
4APCU JCLERF U?Q GLTCPQCIJW AMPPCJ?RCB UGRF AMPP(

NFWQGQ UGBRF \ KMLRF % TODOMPKIZREKNCAREEBGRAM P P
1 "EC U?Q ? QGELGDGA?LR D?ARMP UGRF N?RGCLR
RF?L RFMQC WC?PQ \ KMLRF 1 &RGMJIMEW BG

QNCCB RFMSEF KCR?@MJGA BGQC?QC QFMUCB RFC QJML
DCKMP?J AMPPCARGML GL SLGT?PG?RC ?L?JWQGQ 1

BGTCPECLATLBECRB®MRMEW UGRFGL @MLC EPMSNQ F?B LM
QFMUCB ? @MPBCPJGLC QGELGDGA?LR D?QRCP AMPPCAR

87,5><287MSP QCPGCQ MD "DPGA?L N?RGCLRQ RPC?RCB
AMKKCPAG?JJW ?T?GJ?@JC RCLQGML @?LB NJ?RCQ UC G
N?P?KCRCP ?DDCARGLE RFC PURRMD( BQLGL E?NPEK? NMIWBRC
NJ?RCQ 1PCTGMSQ JGRCP?RSPC F?Q LMR GBCLRGDGCB F
UFGAF K?W @C ? PCDJCARGML MD MSP N?RGCLR NMNSJ?F



Table. Univariable and multivariable linear regression analysis using the correction rate as a response

Univariable Analysis Multivariable Analysis
Predictor (Rate) Sub Group Coefficient Pvalue Coefficient P value
Age at operation (months) 0.63£0.12 <0.001* 0.004 £0.002 0.013*
Gender Male 1.001+0.092 (baseline) -0.038+0.150 0.802
Female 0.011=0.164 0.946
Body Mass Index 0.020+0.010 0.061 0.016+0.010 0.111
Etiology Idiopathic 1.015+ 0.106 (baseline)
Blount Disease -0.009+0.201 0.966 0.230+0.180 0.202
Osteochondrodysplasia  0.196+0.22 0.386 0.61920.207 0.003*
Metabolic Discase -0.255+0.225 0.259 0.346+0.22 0.127
Initial Screw Divergence (degrees) 1.000 = 0.008 0.968 0.006 = 0.006 0.323
Distal Femur/Proximal Tibia Femur 0.552+0.098 baseline 0.290+0.183 0.115
Tibia 0.844+0.134 <0.001*%
Severity (Degrees) -0.054+0.007 <0.001* -0.051%0.009 <0.001*
Relative screw length (serew -2.392+0.591 <0.001%* -1.730+ 0.799 <0.032

length/physes) (%)
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1> <=28FC NSPNMQC MD RFGQ QRSBW U?Q RM ?2QQCQQ RF
3CAMLQRPSARGML 4MAGERB\CV*.?-Q3JC DMP EP?BGLE RF
BCDMPKGRGCQ @W RFC NFW Q GRAGWP IN PRREBOMGIRFOC B MMLARVP\BIR
RMMJQ RFC -Gik@M%GHQBKGRID Ci2B A F 2NBA GIRRN/E PR/C B
0OSRAMKCQ .C?QSPCKCLR *LDMPK?RGML 4WQRCK 130.%*4
BGDDCPCLACQ

7<@.5FGQ U?Q ? PCRPMQNCARGTC PCTGCU MD N?RGCLR
MSP GLQRGRSRGML UGRF JMUPGF CEBNEQREPBAHRBGILAQC W/
N?RGCLRQ PCiMGGT°CB RBC.*4% DMP AMKNJCRGINL- \BR*GMP RI
*LBCV DMP N?RGCLRQ U?Q ?QQCQQCB @W RUM GLBCNCLE
AMCDDGAGCLRQ *$$Q A?JASJ?RCB RM BCRCPKGLC GLRC
NCPDMPKCB @CRUCCLERAC UGIREP PLBY¥W 30.*4 BMK?GLQ $
DJMMP CDDCARQ UCPC A?JASJ?RCB ?Q UCJJ

".<>58FGQ QRSBW GLAJSBCB Ii"*N?REC\M. RQB FAVCMNBCRIDE AR ?
GLRCPP?RCP PCIG?@GJIJGRW ?APMQQ BGDDCPCLR JCTCJQ
AMPPCJ?RGMLQ QCRUCECVREGIRBE3Z2%AB 130.*4 BMKPIALQ - %

1?GL iIN N 130.*4 1?GL *LRCPDCPCLAC N N
FC?IRFR?RICB4%LB 130.*4 BMK?GLQ QFMUCB LM AMPPCJ?F
PCNMPRCB.-*88CVi4d34 4CJD *K?EC N N 130.*4

N SFCPC U?Q KGLGK?J ACGJGLE @ISR. CJC
*LBCV 572@JC

87,5><2BFEPC GQ ? FGEF JCTCJ MD PICNPNB6SXRMGITGRNE
AMKNJCVGRW MD JMUCP JGK@ BGDDCPCLACQ GL NCBG?R
AMPPCJ?RGMLQ @CRUCECVRE 4RBR3®LB 130.*4 ?APMQQ ?JJ
BM?GLQ "Q BCKMLQRP?RCB @W GRQI"CJCIBRZ K DWMMR Cd
QCLQGRGTC GL A?NRSPGLE AMKNJCVGRW GL N?RGCLRQ L
KMBGDGA?RGML'®. RMBRNCARGRCPG? ?LB QAMPGLE UCGEF
RM @CRRCP ?2Q0QCQQ N?RGCLR MSRAMRC & MARRBCMSGRBRGIX
GLQRPSKCLRQn NQWAFMQMAG?J BMK?GLQ QFMSJE BCWV RN
FCJN ESGBC NPCMMCPERETC BCAGQGML



TABLE 1 - Spearman Correlations Between PROMs Domains and LLRZ4M 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 signifiozed wat bolded.

PROMs indicates patient-reported outcome measures; LD-SRS, Limb Digf&toiiosis Research Society; PROMIS, Patient Repd

Outcomes Measurement Information System; LLRS-AIM, Limb Lengthening and RectinstiSigciety AIM.

TABLE 2 - Ceiling and Floor Effects of PROMs Instruments Domains and LLRSAIM 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; PROMIRrP&eported Outcomes Measurement Information
System; LLRSAIM, Limb Lengthening and Reconstruction Society AIM.

rted
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1> <=28FCRFCP AMLECLGR?J MP ?AO0OSGPCB DCKMP?J PMF
QGELGDGA?LR DSLARGML?J JGKGR?RGMLQ N?GL ?LB E?(
?NNC?P QS@RJC 4SPEGA?J AMPPCARGML S@QGIVKGARPP&/
?BT?LR?ECMSQ ?LB KGLGK?JIJW GLT?QGT C@QNNFGULEAFLRBF?
PCBSACB AMKNIJGA?RGML P?RCQ %CQNGRC GRQ EPMUGL
AJGLGA?J MSRAMKCQ ?LB Q?DCIRWOBDPMRQRRG KNG DI B € DIV
QRSBW ?GKQ RMPZQOACRQBENFMBRAMKCQ ?LB AMKNJGA?RGM
DCKMP?J PMR?RGML?J K?J?JGELKCLR

7<@.8C AMLBSARCB ? PCRPMQNCARGTC PCTGCU MD N?RC
PMR?RGML?J BCDMPKGRW AMPPCARGML SQGLE ?L GLRP?|

UGRF ? KGLGESKMDMMIKBUNC?P 1?RGCLRQRKRLCPRCB U
CVAJSBCB 'CKMP?J RMPQGML U?Q KC?QSPCB NPCMNCP?F
1?RE6FCARMPRCB MSRAMKC KC?QSPCQ 130.QKMBGADGSE®BGLEA
SCQC?PAF 4MABGCRWCYPRGMLL?GPICRMEP REB 0SRAMKRQ .C
*LDMPK?RGML 4WQRCK 130.*4 i YICEP @MNMRB TRBRTBI W MRRVF 2
DSLARGML?J GKNPMTCKCLR $MKNJGA?RGMLQ ?LB SLNJ?L
RFC Q?DCRW NPMDGJC MD RFC NPMACBSPC

".<>58€ CT?JS?RCB DCKSPQ DPMK N?RGCLRQ UFM S
AMPPCARGML UGRF *./ 0D RFCQC DCKSPQ F?B GQMJ?
GL RFGQ ?L?IJWQGQ 5FC ?TCP?EC N?RGCLR ?ECIC?GBFCW
K?HMPGRW MD BCDMPKGRGCQ UCPC AMLECLGRPP?&SH?REBA
A?QCQ ?AAMSLRCB DMP iRDMKBERSPQ UGBVRWQMAG?RCE
UGRF RCRP?RMPQGML?J K?J?JGELKCLR

1?RGCLRQ NPCQCLRCB UGRF ?L ?TCP?EC MD \ >\ MD

PCRPMTCPQGML 5FC KC?L AMPPCARGML ?AFGCTCB U?Q
\ GL PCRPMTCPQGML "APMQQ ?JJ 130. BMK?GLIEGKRERP I

QFMUGLE QR?RGQRGA?JIJW QIBELGABRCLR GKNPMFC KNG ICP
NMQRMNCP?RGTCJW N

SCE?PBGLE AMKNJGA?RGMLQ QCTCL N?RGCLRQ BCT
MP?J ?LRG@GMRGAQ ?JMLC UFAS2IICGRPWPNE E?R G RMC O3 6 PBOBQ@
SLGML U?Q M@QQCPTCB GL DGTC N?RGACPREGCTCB?BC MG I
GLRCPTCLRGML UGRF CGRFCP @MLC K?PPMU ?QNGP?RC /
L?GJGLE %CQNGRC J?PEC PMNRREGENMRTQ) APWCBRUG M@ &
QWKNRMKQ RF?R PCOSGPCB GMRCRIJSDBRGAMIB ? NCPK?LCL

87,5><28Y/RP?KCBSJJ?PW L?GJGLE GQ ? Q?DC KCRFMB DM
BCDMPKGRGCQ UGRF ? JMU AMKNJGA?RGML P?RC
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1>.<=283dGLGA?J QRSBGCQ F?TC BCKMLQRP?RCB RF?R QM|
JGK@ JCLERFCLGLE ?LB MP PCAMLQRPSARGML --3 CVNC
NQWAFMJIJMEGA?J MSRAMX(BE PSFRRMBQ BIQ QTICREIGRC JOMNG
D?ARMPQ RF?R GD SL?BBPCQQCB NPGMP RM RPC?RKCLR
NQWAFMJIJMEGA?J AMKNJGA?RGMLQ

5FGQ QRSBW QMSEFR RM ?BBPCQQ RFGQ JGRCP?RSPC E?
GL NCBG?RPGA --3 3CQGJGCLAW GQ BCDGLCB @W RFC "K
NPMACQQ ?LB MSRAMKC MD Q SARCVMRDBER@IW PGBND § ROG/ANEC R
CQNCAG?JJW RFPMSEF KCLR?J CKMRGML?J ?LB @CF?TG
GLRCPL?J) BGKNCIMBE®PGA?JJW RFC QRSBW RC?K QMSEFR RN\
NQWAFMJIJMEGA?J PCQGJGCLARE WPET ECVAREB QICARED GLWA NI
BSPGLE RPC?RKCLR

7<@.$F?PR PCTGCU U?Q AMLBSARCB MD NCBG?RPGA N?R
$FGIJBPCL $CLRCP DMP &VACJIJCLAC GL -GK@ -CLERFCLGL

1?RGCLRQ UCPC GLAJSBCB GL RFC QRSBW Q?KNJC GD RF
CGRFCP ?L CVRCPL?J DGV?RMP ?LB MP GLRP?KCBSJJ?PW
BCDMPKGRW BG?ELMQGQ UE P C WECRE GIRG R G €RTENCLO M
?2LB AMKNJCRCB NPCMNCP?RGTC QAPCCLGLE OSCQRGNM

ACTCLRCCL N?RIGCKR® GERIBQGML APGRCPG? $F?PR PC"
GLAJSBGLE N?RGCLR BCKMEP?NFGA T?PG?@JCQ N?RGC]|
NPCMNCP?RGTC 3CQGJGCLAW 4ARIE QBDMP PABPERCM NCB
1CBG?RPGA 4WKNAMIKRERCTANNEGR14$ QAMPCQ OSRAMKC
LSK@CP MD ?LRG@GMRGAQ NRCQBPGIRCIRZRBEC R 3K @ ICRAN
SLNJ?LLCB QSPECPGCQ ?LB RBEGSR@IPQVBSSGN.E? RPCR |

" <>542RGCLR P?AC CRFLGAGRW ?LB QCV ?QQGELCB ?R G
TGQGRQ *L N?PRGASJ?P N?RGCLRQ UFM GBCLRGRE B P
SLNJ?LLCB AJGLGA TGQGRQ ?D RFCRPEEEW QABIREQ (K
N?RGCLRQ ?QQGELCB DCK?JC TR ® GNPRH TP G JICMBA JTE&IQ
@CWMLB RFC GKN?AR MD RFCGP 3CQGJGCLAW QAMPCQ

4CLQC MD 3CJ?RCBLCQQ ?L 34%$" QS@QA?JC ?LB MTCP?J
LCE?RGTCJW NPCBGARGLE RREAGK® GBS MIL P LRROX 8 M RIGR
QAMPCQ BGB LMR NPCBGAR ?LW MRFCP --3 MSRNEBRERKC-
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'SPRFCP 34%$" QS@QA?JC AJ?Q QRE®GIA? RGOBLLGA?TIBN QG E P¢
QGELGDGA?LRIJW ?QQMAG?RCB UGRF RFC NPCQCLAC MD °
JGICJW JGKGRCB FMUCTCP @W RFC JBKGRECR B3 KQ@CARMMW
MSRQGBC MD RFC LMPK?J P?LEC

87,5><287QCB ML RFCQC PCQSJRQ GR QCCKQ JGICJW RF
NQWAFMQMAG?J DSLARGMLGLECNRDONMP @ ® MIRWG R NN @ BIGITF
B?R? GQ AJC?PJW LCCBCB BMBCHGCR? IR RFRBEFPGRAG DER |
NQWAFMJIJMEGA?J ?LB NQWAFMOMBRAMIPCARNME Q RFP R QG F
RFCQC PCJ?RGMLQFGNQ
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I>.<=28FC ?EPCOMKCLRA| REACRUMLT L NBRETRGNRI PRCB JGK (
BCDMPKGRW 4AMJGMQ Gi@ 33C @QCTRREGMAGGRB/Q PRQ LMR
2AASP?AW T?PGCQ BCNECRGIPR®MER RERANWKRG BECRQSPC 13
NMNSJ?RGML UGRF BGDDCP QLR @ QJPAWNMRRBQSL@E® RS N
QRSBW AMKNIPPLBONYPREG®IPRRCB QAMPCQ RM $4B4L PQRRPQ BV
RFGQ AMLRGLSSK

7<@.8C CLPMJJCB AFGJBPCL ?ECB  RM  WC?PQ KC?I
UFM F?B JGK@ BCDMPKGRW QSPECPW GLRCPL?J L?GJ .
CVRCPL?J DGV?RGML NPMARIES MOQ KFI® AN EBMP R QHPLL
RFCGP ES?PBG?LQ AMKNJCREB R FECANIPARIGEP 9 B & AN RRVG (
6QGLE CQR?@JGQFCB AMLRCLR QS@EPMSNQi RROOQRMUGQGE (
ML 4144 QMDRU?PC RN LBMXNPEICRINROBCKR?LQ

" <>5:QGELGDGA?LR BGDDCPCLAC N U?Q DMSLB Gl
CDDCAR QGXC UFCPC N?PCLRQ MTCPCQRGK?RCB R
BGDDCPCLACQ UCPC M@QCPTCB G LGKPE © FNAFORMANM LRAR®
QS@EPMSNQ ?LB EJM@?J QAMPCQ BGB LMR T?PW QGELG

87,5><28RFMSEF NRPBWRCNMPRQ ?PC J?PECJW GLDMPK?F
@QCRUCCLNBRETRERNRIPRCB QAMPCQ GL RFC KCLR?J FC?J]
RFC T?JSC MD M@R?GLGLE 130.Q DPMK RFC ?BMJCQACLR
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LD-SRS Category Patient-Report Parent-Reported Correlation p-value Effect Size
Function/Activity 3.8+0.8 3.8x0.9 0.74 0.51
Pain 4.2+0.7 40+0.8 0.84 0.09
Self-lmage/Appearance 3.6+09 3.4x0.8 0.68 0.22

Mental Health 3.9+1.0 4207 0.83 0.03 0.6
Overall 3.8+0.7 3.8+0.7 0.85 0.58
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I>.<=28FC GLDJSCLAC MD NCBG?RPGA JGK@ BCDMPKGRW
LMR UCJJ BCQAPG@CB " NPCTGMSQ QRSBW CQR?@JGQFC
&?PJW OLQCR 4AMIJGMQ&Q42S COMR CH UANGIFAM Q®BQ 3ICBRUC?P.
GL NCBG?RPGA -% N?RGCLRQ @SR BGB LMRACQRCEQ NNPNR(
QRSBW ?QQCQQCQ AFIPLENMPRL R MERAMRB KXTI?PRDSPCQ 13
NPCMNCP?RGTC ?LB NMQRMNCP?RGTC QAMPCQ

7<@.8C CLPMJJCB AFGJBPCL WC?PQ ?LB SLBCP UFM

EPMURF MQRCMRMKW GLR C KLV R CIPLIGI DO ERFEM G INP
?LB MP RFCGP ES?PB&O4LY) AHBEKRNICRCB WMSL%ELPF4 L?PECQM
R M L ?R RFCGP GLGRG 70 IBEGART $ NBV BIMIR P CRATLLE:

WC?PQ ©6QGLE CQR?7@JIJGQFCEAQNNMRQCR QS&@E FMINGE BN?
RCQRQ UCPC PSL ML 41434 QMIRRGRIPTN BKND FALMOKVN? P

" <>546ELGDGA?LR GKNPMTCKCLRQ UCPC M@QCPTCB ?KN
?2LB DGL?LAG?J) &4 SLR OQS@GERNMAR Q@ MDQRKRDOAQSP
57@JC " A4GELGDGA?LR GKNPMTCKCLRQ UCP&AM@QQOPT!
?LBiGK3IBC ?NNC?P?LAC &4 N AMLRCLR QS
434 5?2@JC # (JM@?J GKNPMTCKCLRQ &4 i434NAMFMPUG

87,5><2BKNPMTC804% ?LHE434 QAMPCQ QSEECQR RF?R D?K
MD JGDC U?Q CLF?LACB @W JGK@ GINDM PRKIEFRBP RO RF C AR
GLQRPSKCLRQ GL ?QQCQQGLE NCB&ORP GIABIIH @ PECDMP K
NPMKGQGLE GLQRPSKCLRQ RF?R K?W @C SQCB GL DSRSF
QSPEGA?J RPC?RKCLRQ GL NCBG?RPGA JGK@ BCDMPKGR!
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]+ E v X
A  LD-EOsQ category Initial Follow-Up p-value Effect Size B LD-SRS Category Initial Follow-Up p-value Effect Size
General Health 4108 4.1+0.5 0.41 Function/Activity 35+0.8 3.9+0.7 0.03 0.8
Pain/Discomfort 3.5+12 3.3x0.8 0.20 Pain 4.1+0.6 4.1+0.8 0.32
Transfer 4112 4.2%1.2 0.33 Self-iImage/Appearance 3.3*0.9 37%10 0.04 0.7
Daily Living 39+12 4210 013 Mental Health 3712  40%1.1 0.11
Fatigue/Energy Level 3.8+13 3.8=0.8 0.50 Overall 36+0.7 3.9x08 0.01 0.6
Emotion 3.7x1.1 3.9=%13 0.27
Parental Impact 3908 4.2+1.0 0.04 0.5
Financial Impact 3.8+£1.2 4.6+0.9 0.01 1.0
Satisfaction 3.6+1.1 3.6+1.2 0.50

Overall 3.6x09 4.0%0.9 0.15
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I1>.<=28GK@ JCLERFCLGLE TG? BGQRP?ARGML MQRCMECL(
JCLERF BGQAPCN?LAW ?LB DMP ACPR?GL A?QCQ MD AMLE
N?RGCLRQ K?W PCOSGPC KSIJRGNEZC RIF N AACSEESHCIR BWIC HX
PCNC?RCB JCLERFCLGLEQ ML @MLC FC?JGLE ?LB HMGLR
FMU KSJRGNJC JCLERFCLGLE KEMANBSER Y PHO (AR KAIMR A |
AMLRP?ARSPCAQ

7<@.5FGQ QGLEJCXACLRCP PCRPMQNCARGTC QRSBW GL
JCLERFCLGLE NPMACBSPCQ ML RFC Q?KC JMUCP JGK@ U
DGL?J NPMACBSPC #MRF CVRCPL?J DGV?RNMBQQ?UE @ AL
%?R? AMJJCARCB GLAJSBCB BCKMEP?NFGAQ P?BGMEP?N
@MLC AMLQMJGB?RGML FC?IAEXGILBCNM @ RIVENDC M DRIGM R @
AMKNJGA?RGMLQ

".<>5&GEFRCCL N?RGCLRQ JMUCP JGK@Q KCR RFC GL
@GJ?RCP?J JCLERFCLGLE DMBLEARKIERMNB? QGGEJ BHRCPRPC
DMP AMLECLGR?J DCKMP?J BCDGAGCLAGD RINP BRRPDKCGC
KC?L LSM@C]IELERFCLGLEQ NCP N?RGTAR NPMACBSPCLETG
MD AK UGRF ? RMR?J JCLRARKFQ®IONIFECRRDLRGLE ML
MD RFC DGL?J JGK@ JCIAEKRE QPR RGKC RM AMLQMJIGB?I
B?WQ ?LB RFC MTCP?JJ FC?JBWE GKBCSJIJBTBYNJIC JGLC?B F
RF?R C?AF ?BBGRGML?J JCLERFCLGLE NPMACBSPC GLAPC
'SPRFCPKIMPP C?AF ACLRGKCRCP MD JCLERFCLGLE ?DRCP
DSJJ P?LEC MD KMRGML GLAPC?QCB @W B?WQ N
RMR?J JGK@ JCLERF TG? BGQRP?ARGML MQRCMECLCQGQ
AMLRP?ARSPCQ CVACCBGLE \ GL ?R JC?QR MLC HMGLR
N?RGCLRQ PCOSGPCB "AFGIJILGRRCLEMLIJCLERERPGAR IP
JCLERFCLCB RFC RG@G? @W ?R JC?QR AKJGBUNMRNTRGCE
E?GLGLE KMPC RF?L AK GL RFC/NMCXK?IPCOLB R Q@ @ GCPAMM
LCSPMT?QASJ?P AMKNPMKGQC UCPC M@QQCPTCB

87,5><2'8RFMSEF KSJRGNJC JGK@ JCLERFCLGLE NPMACB
MD NPMJMLECB FC?JGLE RGKCQ ?LB HMGLR AMLRP?ARSP
A?PCDSJJW AMLQGBCPCB 4SPECMLQ ?LBRNGZRCGROARID QER
UFCL NJ?LLGLE PCNC?RCB JCLERFCLGLE NPMACBSPCQ
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1>, <=28&3JCARGTC QR?RSPC JCLERFCLGLE &4- F?Q E?GLC
RM GLAPC?QC RFCGP FCGEFR %CQNGRC GRQ EPMUGLE ?
AMLQGQRCLAW ?LB RP?LQN?PCLAW 5FGQ QRSBWCQT MI?|
PCQMSPACQ ?2T?GJ?@JC RM NPMQNCARGTC N?RGCLRQ DI
CVNCAR?RGMLQ ?LB AMKNJGA?RGMLQ

7<@.6QGLE ? QCAPCR QFMNNCP KCRFMBMJMEW UC AMLR
EJM@?JJW RF?R MDDCPCB &W-dBNBQIGLIE 2qC T I EI RBWAR C
JCLERFCLGLE 1P?ARGACQ UCPCIiAMLRPMRC B T)F?) SKIPGLIE
QAPGNR 3CQNMLQCQ UCPC ?L?JWXCB RM CT?JS?RC RFC
ML ICW RMNGAQ GLAJSBGLE RGRE CRMQRS RRIREGIWPL? LACAAM
AMKNJGA?RGMLQ

" <>58MLR?AR U?Q QSAACQQDSJJW CQR?@JGQFCB UGRF
MD RFC AMLR?ARCB NP?ARGACQ ?LQUCPCB ?JJ QAPG
QS@QR?LRG?JJW P?LEGLE DPMK RM KC?L
PCAMTCPW RGKC U?Q QGKGJ?PJW T?PG?@JC P?LEGLE DF
$PSAG?J BCR?GJQ OQSAF ?Q N?RGCLR CIJGEG@GJGF
MKGRRCB

87,5><2BF€ QRSBW FGEFJGEFRQ ? APGRGA?J LCCB DMP (
GL MLJGLC PCQMSPACQ DMP CJCARGTC QR?RSPC JCLERF
RPSQR Q?RGQD?ARGMIK??TGR ES LODNBERORBEAGCGE) RMC GKN M
ESGBCJGLCQ DMP AMLQGQRCLR AMKKSLGA?RGML GL RFG
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1>, <=28PGTGLE Q?DCRW GQ MD N?PRGASJ?P AMLACPL UF
NCB?J AMLRPMJ 5FGQ NPMQMNCARGRGEQRCBHICKEBERECPPC
GLRP?KCBSJJ?PW JGK@ JCLERFCLGLE .*-/ GROJISRGMTQD
BSPGLE RFC JCLERFCLGLE NPMACQQ

7<@.&GEFR K?JC N?RGCLRQ KC?L ?EC © WC?PQ SLBC
UCPC CLPMJJCB &JGEG@JC N?PRGAGN?LRQ BPMTC B?GJ)\
DIJCVGML BCDGAGR 1?RGCLRQ PCOSGPGIIEGHNMRGSRPIECRC
CVAJSBCB #P?IC PC?ARGML RGKC KGJJGQCAMLBQ ?LB {
TG? ?L GLXxQFMC QCLQMP ?R DMSP RGKC NMGLRQ NPCMN
KGBU?W RFPMSEF JCLERFCLGLE ?LB ?R RFC CLB MD JCLI
SQGLE PCNC?RCBxKC?QSPCQ RBE REELE DUCGARE RN AMLQ

".<>57z@7?L @P?IC PC?ARGML RGKC U?Q ?RKRFRECMNCERITR (
NMQRMNCP?RGTCJIW KQ KGBU?WKRFPRMREE AIBERBCLG
.C?L @P?IC PC?ARGML DMPAC U?Q /| K> NPCMNCP?RGT
NMQRMNCP?RGTCJIW /| K> KGBUBW RFRMSEFCICLEBRWITL
JCLERFCLGLE "JJ BGDDCPCLACQ AMKN?PCB RM @?QCJGL

87,5><287RFGQ AMFMPR MD N?RGCLRQ SLBCPEMGLE PGE
AJGLGA?JIJW MP QR?RGQRGA?JIJW QGELGDGA?LR AF?LECC
RFPMSEF RFC CLB MD JCLERFCLGLE S5FCQCMNPQANGRMEPXP?
PCF?@GJGR?RGML NPMRMAMJQ ?LB UGRF A?PCDSJ N?RG(
PCQSKC BPGTGLE BSPGLE RFC DCKMP?J JCLERFCLGLE NP
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I>.<=28F?R ?PC RFC AJGLGA?J PCQSJRQ ?LB AMKNJGA?RC
N?RGCLRQ UGRF ?AFMLBPMNJ?QG?

7<@." PCRPMQNCARGTC AF?PR PCTGCU U?Q NCPDMPKCB
SLBCPUCLR FSKCP?J JCLERFCLGLEL@CRU@CAMEBSITR ERF
CVAJSBCB 4SPEGA?J RCAFLGOSC GLRP?KCBBGY?PW CPER
2AFGCTCB AK?LBLMBMMEPE ?RGTC CJ@MU P?LEC MD KMRGML
PCAMPBCB $MKNJGA?RGMLQ ?LB PCMN CSFGRRAMNM) 6UREQR
JCLERF ?AFGCTCB @CRUCGQO SZHNCI RCAE®BPENGNSPGQMLQ
GKNJ?LR RWNCQ ?LB AMKNJGA?RGMLQ 30. KC?Q SIRCIQR®
1?RGCLRQ UGRF AMLAMKGR?LR BGQR?J FSKCP?J NPMVGK
AMKN?PGQMLLEB MM RGC. KC?QSPERCLR® U?Q AMLQGB (
QGELGDGA?LR

" <>55EGIRAMBP N?RGCLRQ K?JCQ DCK?JCQ UGRF ? K
ok WC?PQ UCPC GLAJSBCBGJ2RGCIPRGESRQPSUBICAERILF
F?B AMLASPPCLR BGQR?J FSKE®B R PANGRRA/C ARB M IN DPRIGCD R
AMPPCARGML &GEFR N?RGCLRQ SLBCPUCLR *./ ?2LB
JCLERFCLGLE 5FC KC?L NPCMNCPDRBEGTEZLBS*KCEPPMSERERT
* AK ?LB AK ° AK PCQNCARGECJW NJ?PEC GOB
N?RGCLRQ UFM SLBCPUCLR *./ JCL ERFC LGFLE] CAFRT TYRC
EPMSN ?AFGCTCB ? KCBG?L MBK AKX P?LECDDCAR QGXC

CDDCAR 5FQ KR AMRRC @MUMPORFC AMFMPR U?Q \

*  \ PCQNCARGTCJW UGRF LM QGELGDGA?LR BGDDCPC
KC?LiNNRB NMRM®JICVGML BCDMPKGRW U?Q \ \PBEB\TCLE

UGRF LM QGELGDGA?LR BGDDCPCLAC @CRUCCL EPMSNQ

NRCGLB NMQMPJICVGML BCDMPKGRW N 2 § Bl KONLJGEM\ O RX(
GLAJSBCB P?BG?J LCPTC N?JQGCQML PCRPGPGGEE LGRS 8 El
N?JQW FSKCP?J QF?DR DP?ARSPCQ ?LB CJ@MU AMLR
N?RGCLR F?B PCASPPCLR GLDCARGMLQ MD ? BGQRPDIGASK
PCKMT?J DMP NBIC@®ECIGBTKLCRRB5FCPC U?Q LM RBEGSEDRL
P?RCQ @CRUCCRGV/ PRESINWQ N " QRPMLE ?QQMAG
@CRUCCL PGEFR ?LB JCDR QGBC AMKNJGA?RGMLQ GLBG
QGBC QSEECQRQ LM AMKNJGA?RGML ML RFC JCDR

87,5><2BR&K?PW FSKCP?J JCLERFCLGLE GL N?RGCLRQ U
NPMACBSPC DMP GLAPC?QGLECZRKMUCP ERECUM B JCMRREOQ.C
2JJMUQ DMP QS@QR?LRG?JJW EPC?RCP JCLERFCLGLE JG
#MRF *./ 2IIDBGEW?TC QGKGJ?P AMKNJGA?RGML NPMDGJCQ
PCQSJRIBECPXMDELARGML?J JMQQ 5FCQC DGLBGLEQ QSNN
JCLERFCLGLE ?LB RFC AMLRGLSCB SQC MD @MRF RCAFLC
BCQGPCB JCLERFIGRGAGREBMNARIGQGBCP?RGMLQ
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I>.<=28FGQ QRSBW QMSEFR RM CT?JS?RC RFC ECLCP?J N
JCLERFCLGLE ?LB RM BCRCPKGLC UF?R D?ARMPQ GLDJSC

7<@." NPMQNCARGTC AMFMPR QRSBW SCQREWIDQBRTB VS
?2 T2JGB?RCB NS@JGA MLJGLC K?PICRNJ?AC GL .?PAF
N?PRGAGN?LRQ UCPC OSCPGC B MQ KNFRGTERFSRETIPME BE G I
AMQKCRGA QSPECPW CRFGA?J MNGLGMLQ ML QR?RSPC J
JCLERFCLGLE QSPECPW

".<>58ECPC UCPC N?PRGAGN?LRQ K?JCQ ?LB
?EC MD i WC?PQ 8FCL ?QICB FMU RFCWFECMEFER CT1JS ?(
GBCLRGDGCB ?7Q QFMPR ?TCP?EC RARPRI D R ? RN
JCLERFCLGLE GQ CRFGA?JJW ?AACNR?@JC ?LB RFMSE
COSGT?JCLR RM AMLTCLRGML?J AMQKCRGA QSPECPW |
AMLQGBCP ECRRGLE AMGKE REFAMMQR ?REPRC UCRERWNCL RM
QSPEGA?J NPMACBSPCQ UCPC KMPC JGICJW RM AMLQGBC
PCE?PBJCQQ MD GD CVNCLQCQ UCPC MSR MD NMAICR 1
SCEPCQQGML ?L?IJWQGQ BCKMLQRP?RCB LM AMPPCJ?RGM
QS@HCARGTC @CJGCDQ ?@MSR NCPQML?J FCGEFR )MUC
SNML RFCGP M@HCARGTC LIKCPGRACIKMPEEFRJIGANEPRIE H
JCLERFCLGLE

87,5><2BF€ NPGK?PW DGLBGLEQ MD RFGQ QRSBW UCPC F
AMQKCRGA QR?RSPC JCLERFCLGLE GQ CRFGA?JJW ?AACN
NCPQML?JJW AMLQGBCP SLBCPRENGEE A®BEERGACQRPRBE
DMSLB RM @C QGELGDGA?LRJW PCJ?RCB RM GLRCPCQR C
RFCQC DGLBGLEQ NPMTGBC SLGOSC GLQGEFRQ GLRM RF!
JCLERFCLGLE DSPRFCP QRSBGCQ QFMSJB RM ARSKEL NVLN © BI¢
?2E?GLQR QR?RSPC JCLERFCLGLE *R GQ GKNMPR?LR RM L
SLBCPQR?LBGLE MD RFC QGELGIDF?’ATLR AMKKGAROSR DRC
CVNCPGCLAC
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%P 4?KAFSIMT GQ ? UMPJBUGBC CVNCPR ML BGQRP?ARG
RCAFLGOSC&CCAMME?QR?DD ?R 5CV?Q 4AMRRGQF 3GRC )M
AMKNJCRGLE FGQ 7GQGRGLE 1PMDCQQMPQFGN NPMEP?K
?R ,F?@?PMTQI .CBGA?J *LQRGRSRC GL 3SQQG? ?LB F?B
QSPECML ?LB QAGCLRGQR GL FGQ FMKC AMSLRPW UMPIG
*JGX?PMT OPRFMNCBGA 3CQC?PAF $CLRCP ,SPE?L 3SQQ
$MGPCARMP MD RFC $CLRCP DMP &VACJJCLAC GL -GK@
4C?W 3CQC?PAF $CLRCP ?R 5CV?Q 4AMRRGQF 3GRC )MQN
2JQM QCPTCQ ?Q ?L "QQMAG?RC 1PMDCQQMP GL RFC BCN
6LGTCPQGRW MD 5CV?Q 4MSRFUCQRCPL .CBGA?J $CLRCP
BCN?PRKCLR MD @GMKCBGA?J QAGEGE R B/Q4 WR) RCK?)T ? JRA
$CLRCP GL %?2JJ?2Q

'MP K?LW WC?PQ %P 4?KAFSIMTnQ NPGK?PW PCQC?PAF
JCLERFCLGLE BCDMPKGRW AMPPCARGQGQRICHB @ FC B \RPP
NJ?LLGLE ?LB KMLGRMPGLE BGGRRTBARGMIC QI®® CMEBCCU E
DGV?RGML )GQ AMLRPG@SRGML RM RFC DGCJB MD BGQR
DGV?RGML GQ F?PB RM BICTEIMRGK MRC RFE?GB ST AMI 5 -

)CV ®70 ?LB&3ICT?RC CVRCPL?J DGV?RGML QWQRCKQ 2L
AFGCD CBGRMP ML @MMIQ ?LB K?LS?JQ ?LB GQ UGBCJW
MQRCMECLCQGQ ?LB CVRCPL?J QICJCR?J DGV?RGML )GQ
AF?NRCPQ NCCP PCTGCU ?PRGAJCQ ©?LB 2@QRP?AR
RPCKCLBMSQ CVNCPGCLAC %P 4?KAFSIMT F?Q PCACGTC
PCESJ?PJW GLTGRCB ?2Q ? ESCQR QNC?ICP RM L?RGML?J
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1>, <=28DQCMGLRCEP?RGML 0* DMP JMUCP JGK@ DISNIRE
MD JGDC NPMQRFCRGA SQC ?LB U?JIGLE ?@GJGRW @W
2T?GJ?@JC JGRCP?RSPC F?Q LM QRSBGCQ DMASQGLE ML
MQQCMGLRCEP?RGML TCPQSQ R®CMILRET BERMKKGNUIVD WE R
5FC ?GK MD RFGQ QRSBW U?Q RM AMKN?PC RFC AJGLGA?
RWNCQ

7<@.1?RGCLRQ UFM F?B JMUCP CVRPCKGRW MQQCMGLRC
SN ?R ? QGLEJC GLQRGRSRGMRCEQPRG R CBGELRAB R BV B/P M
N?RGCLRQ UFM F?B NPGK?PW ?KNSWGRFEOEPIRBHMLQGK 2R
(PMSN UCPC N?RGCLRQ UFM F?B MQQCMGLRCEP?RGML L
NPGK?PW ?KNSR?RGML ?QRET BIGNGARL QB RBNQI M’ LRCEP ?F
QCN?P?RC QSPECPW UCPC CVRIIBIPBCBTCPE & F?TEICRQ DU
434 ?LB 130.*4 MSRAMKC QAMPCQ UCPC AMKN?PCB

".<>58ECPC UCPC JGK@ QCEKCLRQ DCKSPQ ?LB R
?KNSR?RGML ?LB 0* DCKMP?J ?LB RGO@GALQRFG@IGQF
?KNSR?RGML DCKSP ?LB RG@G? 5S5FCRPRXDCCRERCAM QF
MD ?LW ?BTCPQC CTCLR A?RCEBRPW BECCRREB D’MPQ G BEXK

CVGQRGLE 4SPEGA?J BC@PGBCKCLR U?Q T
DP?ARSPC U?Q TQ 4I1GL PED?QFGMLGLE U?Q T
N 3CKMT?J DMP GLDCARGML U?Q83FC B®R? DMPN DCK
NPCQCLRCB ?7Q QGKSJR?LCMSQ 4SPIEGEYGQRE@IPESBC

TQ N FBNWYBQRFCRGA DP?ARSPCQ MAASP

N MBLDCARGMSQ JMMQCLGLE PCKMT?J DMP G
DP?ARSPC UCPC ?JJ TQ N "IAXKMNMABIGROWMS

QSPTCW BMK?GLQ QGELGDGA?LRJW GKNPMTCB DMP @MR
K?ELGRSBC MD GKNPMTCKCLRQ UCPC QGKGJ?P @CRUCCL

87,5><2B7TRGCLRQ UFM F?TC QGKSJR?LCMSQ ?KNSR?RGM
MQQCMGLRCEP?RGML DMP ?L CAPGQRRIGR HE T2XKKNGLRR? RI®MHLMHR
MSRAMKCQ UGRFMSR ? PCAMELGRKC @R @ BRD D'RPQIL E B QB/E°
MQQCMGLRCEP?RGML ?R RFC RGKELMM ANKRIBK RP RGTKINRIR Ul
PCF?@GJGR?RC UGRF MQQCMGLRCEP?RGML P?RFCP RF?L
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1> <=28DQCMGLRCEP?RGML JGK@ PCNJ?ACKCLR F?Q AML
@?J?LAC ?LB NPMNPGMACNRGMMKKXWH TKWSIKRKRCNP MQ B K G
GLAJSBGLE QIGL GPPGR?RGML NMMP DGR ?LBKNBG2Q 1?F
AFGJBPCL A?L F?TC ?BBGRGML?J AMLQGBCP?RGMLQ TCP(
QNCAGDGA?JJW CT?JS?RCB TGQx?XTGQ MQQCMGLRCEP?R
AMLQGBCP?RGMLQ MD MQQCMGLRC¥E PKRGR 2 DML NPRTE 6 5

7<@.3CRPMQNCARGTC PCTGCU U?Q NCPDMPKCB MD ?JJ N
?KNSR?RGML ?Q AFGJBPCL 5FC NPGK?PW MSRAMKC U?Q
QNCAGDGA AFGJBFMMB ?KNSR?RGML AMLQGBCP?RGMLQ L
MTCPEPMURF @MLC

" <>55EGPRCCL MQQCMGLRCEP?RGML NPMACBSPCQ GL

PCTGQGML MD ? NPGMP ?KNSR?RGML NCPDMPKCB BSPGLIE
QMAICR DGR QIGL NPM@JCKQ NRGCLRQ F?B KRB B
OLC N?RGCLR F?B QSPEGA?J BC@PGBCKCLR UGRF GKNJ?L
BSC RM ? FMPQCXPCJ?RCB ?AKGIBECLR GNRFMES®QICH SEINR ?
MQQCMGLRCEP?RGML 0OLC NPRIGIPLR F?BR S NC KRG NPEOBRE C
@C?PGLE ?LB F?Q PCE?GLCB P>B]D KM @GN GRRME W WMRN DR G
?KNSR?RGMLQ RFPMSEF ? HMGLR MLC F?B ?L &PRJ ?LB |
2L?RMKGA AML QSICBROPR? RBRICQREBOC NPCMNCBRREBTIENCIPRR
BGDDGASJRW MP ?NN?PCLR NMQRMNCP?RGTC GQQSCQ

87,5><2BQOCMGLRCEP?RGML A?L @C NCPDMPKCB Q?DCJV
?KNSR?RGMLQ UCPC NCPDMPKCB BSPGLE AFGJBFMMB 1°?
QNGIC MTCPEPMURF PCOSGPC QNCAGDGA NPCMNCP?RGT!
GLRP?MNCP?RGTC MP NMQRMNCP?RGTC BGDDGASJRGCQ
MQQCMGLRCEP?RGML N?RGCLRQ GQRPELIRPEICE. B RPTRICE
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1>, <=28PCRQGR RERR?LAIJSR?LCMSQ MQQCMGLRCEP?RGML
PCJG?@JC GL GKNPMTGLE ?KNSRCC OS?JGRW MD JGDC ?I
JCLERF MD @MLC MP RFC KGLGKSK GKNJ?LR JCLERF RM 7
?GK M®QRQRSBW U?Q RM AMKN?PC RFIT RBRGEDRQCTUGRR Q
JGK@Q TCPQSQ N?RGCLRQ UGRF JMLECP PCQGBS?J JGKGE
@CA?SQC RFC QR?LB?PBMECERFS QMM RP?BE RG R LPIIKW F
QR?LB?PB ASPPCLR KMBCJQ GQ AK JMLE

7<@.:CBGA?J PCAMPBQ UCPC CT?JS?RCB MD DCKSP ?LB |
UCPC CVAJSBCB GD RFCW F?B JCQQ RF?L MLC WC?P DMJ.
GKNJ?LR BCQGEL MRFCP RF?L 5G50/ #MRUJFCPCKQM®PN?P2LREC
AFMPR AK AMFMPRQ @?QCB ML GKNJ?LR JCLERF $F?P]
?BBGRGML?J QSPECPW MAASPPCB RM K?L?EC GLDCARGMI
?2LB QIGL PCD?QFGMLGLE

" <>5=< JGK@Q UCPC CT?JS?RCB 5FCPC UCPC LM QR?RG(
MD ?LW ?BTCPQC CTCLR A?RCEIGPW BECCRREB D?MPQ F DR
RFC QFMPRCQR U?Q KK %C@PGBCKTQR U?Q NCF
N 1CPGNPMQRFCRGA DP?ARGPCQ MAASPPCBIDMFE?G
?2K@SJ?RGML UGRF GKNJ?LR PCRCLRGML 4IGL PCD?QFGM
N *KNJ?LR PCKMT?J DMP GLDCARGML U?Q NCPDMPKC
RG@G?Q GQ NPCQCLRCB ?Q QFMPR TQ JMLE TQ
U?Q NCPDMPKCB DMP TQ N |G LIONIPR®MPSIXK NN RO
TQ N 41GL PCD?QFGMLGLE U?QNNCPDMPKC
3CKMT?J DMP GLDCARGML U?Q TQ N *KNJ?LR
N

87,5><28FQJC RFGQ QRSBW GQ JGKGRCB @W RFC RMR?J
QSEECQRQ RF?R QFMPR 5G50/ GKNJ?LRQ BM LMR F?TC 2L
GKNJ?LRQ 5FGQ GQ PCK?PI?@JW LMR?@ XMD®MP AMLEAFP L
LSK@CPQ MD N?RGCLRQ ?PC LCCBCB RM KMPC AMLDGBCL
@SR ASPPCLRJW N?RGCLRQ UGRF PCQGBS?J @MLCQ ?Q
PCF?@GJGR?RGML
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1>.<=28P?LQRG@G?J MQQCMGLRCEPIRGGRCB' @S R MB CKMN
GBCLRGDWGLE QSNCPGMP OS?JGRW MD JGDC ?LB KM@GJ
F?TC ILCC ?PRFPGRGQ RF?RIUMCGCBPO@RNIPAC&CILIRB5S5@3W 7M
PCNMPRCB NCPDMPKGLE ? 5,3 GL ?7QQMAG?RGML UGRF 55
LGLC N?RGCLRQ UFM F?B 5,3 550* DWG2MQCBRBNBR 71LG KA
DMJIJMUGLE UF?R GQ RFC PERNPKER?PWKNPGATEBGHMLC DM
NPMQRFCQGQ UC?P RGKC ?LB KMETTRGRW AF NEFEACNRIG W
NPMQRFCQGQ AF?LEC @?QCB WILQREFGRFSCGRGEMADECGRNMEC T
25"

7<@.0SP MQQCMGLRCEP?RGML PCEGQRPW U?Q PCRPMQN
F?B 550* ?LB UFM ?JQM F?B 5,3 NEPRDWPGINMB ?R SIFC RQ R &RQ
RFC 550* DMSP N?RGCLRQ F?B QGKSJR?LCMSHGP,GR REC |
"JJ AMLQRPSARQ UCPC GL AMLRGLSGRW DPMK FGLECB 5,
AMKNJGA?RGMLQ NPMKNRGLE QSPEGA?J GLRCPTCLRGML
2SCQRGMLL?GPC DMP 1CPQMLQ UGRF ? 5P?LQDCKMP?J "K
"JJ N?RGCLRQ F?BSAJG SR RUDMMNIRGCLRQ BGB LKMNR@GIGI
RCQRQ ?R @MRF RGKC NCPGMBQ

".<>54&V UCPC K?JC ?TCP?EC ?EC ) WC?PQ "J.
NCPDMPKCB RM K?L?EC RP?SK?RGA GLHSPW MP GRQ QCO
BCTCIJMNCB GLDCARGML JC?BGKESRWRKGKRLRS?J RPRRIQER E
N?RGCLR F?B ? QGLEJC BC@PGBRKCINR TBB\GC RE&N B DI APIRACE
QS@QCOSCLR RUM WC?PQ "JJ N?RGCLRQ UFM F?B RP?LQ
RP?LQDCKMP?J MQQCMGLRCEP?RAGNEM3EF MM GNDPRSERGN
NCPGNPMQRFCRGA DP?ARSPC UBGAPRRIGYPLKZILE E3XBN U ERRFF
GLBCNCLBCLRJW 5FC NPMNMPRGML MD N?RGCLRQ UFM U

TCPQSQ N &TCUCDRICPKNERYB&RML RFC
GKNPMTCB TCPQSQ NPGMP RM 5,3 550* ?JRFMSEF LMR Q!
) N 1IPM@JCK *  NTOQ M@GJIGRW )

N 4' AF?LECQIQGECGD@APLRIL.CLR?J
N 1IFWQGA?J *TQ ) N

87,5><28,3<550* NPCQCLRQ ? FGEF PGQI DMP CTCLRS?J G
RP?LQDCKMP?J ?KNSR?RGML "JRFMSEF LMLC MD RFCQC

JC?B RM N?RGCLR KMPR?JGRW (GTCL RFC CVAQNWZPRK®WCPIX
?KNSRCC KM@GJGRW ?LB OS?JGRW MD JGDC GR UMSJB ¢
UGRF QCTCPC BCECLCP?RGTC ILCC HMGLR N?GL ?LB SL?¢
550* @SR ? N?GLDSJ IIRPQLRDBOKAVCFCKINRINISR?RGML DMP F
MQQCMGLRCEP?RGML 5FCPCDMPC 550* DMP N?RGCLRQ
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UFM ?2JQM PCOSCQR 5,3 KSQR @C AMLQGBCPCB A?SRGMS
LMR MAASP GL N?RGCLRQ UFNEIE?TROQRNEB?REFGN PERB 7RARC?
MQQCMGLRCEP?RGML RFC SLBGRLIVE HIMOKIRQ RANIIRA L MR
MQQCMGLRCEP?RCB JGK@ PCNJ?RCIOGICR G O SRR MEKMN AR (
@QGMIMEGA?J @?PPGCPQ RMEQALCGEBGILE SEDLEARG KM BLKBY
RCAFLGOSC iBIPARRRCBIWIEZRARMPQ
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1>, <=286RF GLRCPL?J @MLC JCLERFCLGLE L?GJQ @CGLE
DMP N?RGCLRQ UGRF JGK@ JCLERF BGQAPCN?LAGCQ QM
SLBCPEM KSJRGNJC JCLERFCLCGBEE GNPI/CA CEECSE @) IBNQRSU? EOR
CT?JS?RGLE QCOSCLRG?J GLRCPL?J @MLC JCLERFCLGLEC
MSRAMKCQ GL N?RGCLRQ UFM SLBCIAARFICR &MEP G FRVFA C BVBLP
JMLE @MLC

7<@.8C NPCQCLR ? PCRPMQNCARGTC PCTGCU MD ? QCPG
AMLQCASRGTC GLRCPL?J JCLERFCLGLE NPMACBSPCQ ML
UGRF AMLECLGR?J DCKMP?J BCDGAGCLAW MLC N?RGCLR
NFWQC?J EPMURF ?PPCQR MLCARRBISK ? R G AB PIAB KICICRER Q
BCKMEP?NFGAQ ?R RFC RGKC MWL Q SREXJBWE? GR BAOWK N¥) P C
QSPECPGCQ

".<>58CPC UCPC DMSP K?JC ?LB RFPCC DCK?JC N?RGCLI
QSPECPW MD ) WC?PQ 5FC JCDR DCKSP U?Q GLTMJ
P?LEC *23 BSP?RGML @CRUCCL RFC RUM QSPECPGCQ U"
BGDDCPCLAC GL RFC ?KMSLRCOVMBRFECDERR B G Q B RIONAYNM ABV J(
MP RFC ?KMSLR MD JCLERF E?GPCBRNKARGTC2WB 8C ?JQNM
QGELGDGA?LR BGDDCPCLAT FECRUEICE G IRBFFCVKITB B RF @M G F

NPMACBSPCQ N 8C B B CFBISUFCTIROGM LL MBCPRETR CP
?NNC?PCB RM @C JCQQ NPCBGAR?@JC ?DRCP RFC QCAML
@QMLC FC?JGLE GLBCV TQSPC BBV @KC @CIM'GE

87,5><28COSCLRG?J JCLERFCLGLE MD RFC Q?KC @MLC U
RM FC?J AMKN?P?@JW GL @MRF JCLERFCLGLE QCQQGMLC
KCBG?L @MLC FC?JGLE GLBCV #)* @CRUCELGDGEGRRPCR W
BGDDCPCLR 8C BGB DGLB RBPMRIRRLOGEE PRRCG K C ANDL B C@ V&
NPMACBSPC ?NNC?PCB RM @GPQROGNBGBGREBR B RE R¥F RIF
QS@AIJGLGA?J CDDCAR MDMFERACPQTAMSER JCLERFCLGILE
JCLERFCLGLE L?GJ
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Figure. Comparison of bone healing index following sequential internal limb lengthening (LL 1 — first lengthening procedure, LL 2
—second lengthening procedurs). A, Histogram showing comparisan of the mean BHI for both lengthening procedures. B. Line
graph showing the direction of change in BHI between the two lengthening procedures for each patient.

Table. Summary of patient demographics and results of the internal bone lengthening procedure. 31 = first surgery; 52 = Second
surgery

sfm  Age LDat Length gain BHI for Duration [months) LLD at Length gain BHIfor  Follow-up duration
51 {cmi) at 51 51 between 51 and 52 52 {cm) at 52 52 {months)
1 17 5 35 30.57 24 3 2.2 61.325 21
2 =1 5 31 3226 45 11 4.9 26.12 8
3 9 4 3.2 25.63 L4 5.5 4.5 28.15 1z
4 17 13 L 2480 15 g 4.4 37.72 10
g L 7 45 15.78 44 7.5 3.7 44 05 L
& [ 3 4 27.25 46 4 4.8 13.54 1z
7 9 =] 4.5 2489 47 5 4.7 25.53 42
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1> <=28MRMPGXCB GLRP?KCBSJJ?PW JCLERFCLGLE L?GJQ
JGK@XxJCLERFCLGLE NPMACBSPCQ @CWMLB BCDMPKGRW
JMUCTCP AMLACPLQ PCK?GL PCE?PBGLE AMKNJGA?RGML
CT?JS?RCB DSLARGML?J MSRAMKCQ FCGEFR E?GL RPC?
QGLEJCXQSPECML J?PECXAMFMPR QCPGCQ MD N?RGCLRC
UGRF .*-/Q

7<@." PCRPMQNCARGTC PCTGCU GLAJSBCB N?RGCLRQ
RG@G?J JCLERFCLGLE A?QCQ ?JJ UGRF FCGEFR BWQNFN
AMJJCARCB GLAJSBCB BCKMEP?NFGA AF?P?ARCPGQRGAQ
BGQRP?ARGML P?RC AMLQMJ@®BARTYQLCOGICBQ@ MW B M BIGKDI
?2LB $FCPI?QFGL QWQRCKQ -MEGQRGA PCEPCQQGML U?Q
UGRF QGELGDGA?LAC QCR ?R N

" <>55EC KC?L ?EC U?Q WC?PQ P?LEC X 'CKMP?2J
E?GL MD AK ) AK RM ) AK ?R ? BGQIRP?ARG
PMSEFJW B?WQ RM PC?AF AMLQMJGB?RGML 5G@G?J J
E?GL ?R KK B?W N UGRAVAIGKQ RCGWE ? R GBIAW®L 0N C

MD DCKMP?J ?LB MD RG@G?J N?RGCLRQ CVN\
AMLQCPT?RGTCJW $MLRP?ARSPC@W EPEBKMPR B MEKIPLC
SLGML "EC U?Q ? QGELGDGA?DRR WMBEBG GRRIGRI MD A NNICNPJ &

87,5><28RFMSEF AMKNJGA?RGMLQ UCPC DPCOSCLR RFC
QSPECPW $?PCDSJ N?RGCLR QCJCARGML TGEGJ?LR DMJ
PCBSAC KMP@GBGRW .*-/Q MDDCP ? Q?DC 74N QKICIRGAR G F
CLF?LACKCLR
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,GK@CPJIJW /MACJ%?TEB BWG?X 1F% "JCV 8S . % 1F%
+MQCNF 3IMQCL@J?RR %0

BAGCPCK?LQ!'EK?GJ AMK

3$12(.3>7J 7H; J>; GK7DJ?J7J?L; 7D: GK7B?J7J?L; :?2<<;H;D9;I ¢
7:@KIJC;DJ 101J;CI ?D JH;7J?D= B?C8 B;D=J>;D?D= 7D: :;<EHC?
F7J?;DJl

-15%$0 H;JHEIF;9J?L; 9>7HJ H;L?;M E< F73J?;DJI KD:;H=E?D= 9

C7DK7B I1JHKJ 7:@KI1JC;DJ IOI1J;Cl M7I 9ED
9>?B:H;DWI >EIF?J78B ,CE=H7F>?79 ?D<EHC7J?ED I|IKH=?97B ?D
2737 ?D9BK:?D= GK7DJ?J7J?L; 8ED; H;=;D;H7J; 97B9KB7J?EDI ,
8;JM;;D J>; U7TKJEC7J;:V 7D: UC7DK7BV IJHKJ 7:@KIJC;DJ =HEK
80 FZL7BK;I <HEC "?I>;HWI ;N79J J;I1J <EH 97J;=EH?97B L7H?78

KD;GK7B L7H?7D9;l <EH 9EDJ?DKEKI L7H?78B;l ::?J?ED7B GK7
$13+2KJ E< F7J?;DJI F7J?;DJI I -
7KJEC7J?9 IJHKJ 7:@KIJC;DJ IOI1J;C 7D: F7J?;DJI M;H;
IJHKJ 7:@KI1JC;DJ 101J;Cl 0>; 7L;H7=; 7=; M7I S O;7HI HT7E
IJHKJ 7:@KI1JC;DJ =HEKF 7D: S O;7HI H7D=?D= Z O;7HI
M?J> J>; CT@EH?J0O 8;?D= C7B; 7KJEC7J;: C7DK7B

A= C ?D J>; 7TKJEC7J;: IJHKJ 7:@KIJC;DJ =HEKF JE S A= (

BB F7J?;DJI M;H,; ;<?D?J?L;BO JH;7J;: <EH :;<EHC?JO 9EHH;9J
7TKJEC7J;: 1JHKJ 7:@KIJC;DJ =HEKF M7l 7BIE JH;7J;: 7<J;H <7?E
?D J>;, C7DK7B IJHKJ 7:@KIJC;DJ =HEKF M7I1 7BIE JH;7J;: <EH 7
7:@KIJC;DJ =HEKF F73?;DJlI >7: BEKDJWI :?21;71; 71 M;l|
IJHKJ 7:@KIJC;DJ =HEKF CED= J>; 7TKJEC7J;: IJHKJ 7:@KIJC;D
9>ED:HE:OIFB71?7 E< /9>C?: JOF;, ED,; F7J?;DJ >7: 7 >?1JEHO E
<H79JKH; ED; F7J?;DJ >7: >7H9EJZ)7H?;Z0EEJ> )0 JOF; 9 7
s NEIJEI;l %D J>; C7DK7B IJHKJ 7:@KIJC;DJ =HEKF J>H;; F7J7?;]
CKBJ?FB; >;H;:?J7HO ;NEIJEI;I 713J>C7 7D: :?78;J;1 0>; JEJ7B
JME =HEKFI M?J> 7D 7L;H7=; :KH7J?ED E< S C?D ?D J>;
C7DK7B I1JHKJ 7:@KI1JC;DJ =HEKF 1J73?13J?97BBO 1?7=D?<?97D.
IJHKJ 7:@KIJC;DJ =HEKFI M7I1 ?:;DJ?<?;: 9ED9;HD?D= J>; FEIJE!
7D: J>; :KH7J?ED E< ;NJ;HD7B <?N7J?ED M;;Al 0>; 7TKJEC7J?9

JEJ7B B;D=J>:D?D= E< S CC ?D 9EDJH71J JE J>; C7DK7B =
E< S cc , oeJ7B B;D=J>;D0?D= GG .
9EKB: DEJ 8; 71I;I1l;: :K; JE J>; :;L?9; E8IJHK9J?D= J>; EIJ;EJEC
'NJ;HD7B <?N7J?ED M7I S M;;Al ?D J>; TKIJEC7J;: 7D: S
7-:@KIJC;DJ =HEKF , 0>; :KH7J?ED E< ;NJ;HD7B <?N7J?EI
9>7D=; ?D IJHKJ FEI?J?ED "H7C;ZED J?C; LI C;7D IJH]
8:JM;:D J>; JME =HEKFI 71 7 C;71KH; E< :;L?9; KJ?B?P7J?ED <E}
H;:=H;II?ED CE:;B FZL7BK;l M;H; F <EH J>; C7TDK7B =HEKF

+D; F7J?;DJ ?D J>; 7TKJEC7J;: IJHKJ 7:@KIJC;DJ =HEKF :;CEDIJ}
<H7C;ZEDZJ?C; E< M;;Al :K; JE TIE9?7B ?1IK;I 7D: M71 9;DIEH;:
KH7J?ED E< ;NJ;HD7B <?N7J?ED
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BJ>EK=> DEJ 1J7J?1J?97BBO |?=D?<?97DJ , J>; DJ;H?EH

S ?D J>; TKIJEC7J?9 IJHKJ 7:@KIJC;DJ =HEKF D 9ECF7
7:@KIJC;DJ =HEKF D 0>; ,2. ?21'7 GK7DJ?J37J3?L; ?C7=, 7D7BO
H7J?E 9BEI;H JE ?D:?97J;1 H;=;,D;H7J; 8ED; J>7J ?1 B?A; J>; 7L
DJ;H?EH ,EIJ;H?EH 7D: (7J;H7B ,2. M;H; =H;7J;H J>7D <EH 7
<?N7JEH H;CEL7B O0>;H; M71 D;7HBO DE 9EHH;B7J?ED 8,;JM;;D
%D JEJ7B F7J?;DJIW H7:?E=H7F>1 M;H; KD78B; JE 8; 71I;11;: K
J>;H;<EH; J>; F7J?;DIWI ?D<EHC7J?ED M7I 9;DIEH;: <HEC J>; L

1J73?13?97BBO 1?=D?<?97DJ :?<<;H;D9;I 8;IJM;;D J>; JME =HEKFI

EKJO9EC;I IK9> 71 B;D=J>;D?D= ?D:;N (% M>?9> |;HL;I 71 7 =;D;
0>; 17C; M71 JHK,; <EH DKC8;H E< IJHKJ IM7FI IM7FI1 ?D LI
<EBBEMZKF L?17?JI S LI S C;7D [/ DKC8;H E< 4ZH70

S C;7D .1/0 I9EH; S LI S 7D: J>; F;H9;DJ7=; E<
J>HEK=>EKJ JH;7JC;DJ LI 179> =HEKF H;FEHJ;: F?C
C7DK7B >EM;L;H J>; C7DK7B =HEKF ;N>?87?J;: CEH,; I|;L;H
7D: F?D 1?3J; 9B711?<?97J?ED 7D: JH;73JC;DJ :;19H?8;: ?D 7>B ;J
E8I;HL;: 1D?ED M7I1 79>7?;L;: <EH F73?;DJI ?D J>; 7TKJEC

C7DK7B =HEKF OME F7J?;DJI ED; ?D ;79> =HEKF :?: DEJ 79>7?,;
H;CEL7B EJ> KBJ?C7J;BO H;9;?L,;: 7D ?DJH7C;:KBB7HO D77?B J

<?N7J?ED +D; F7J7?;DJ ?D J>; TKJEC7J;: =HEKF :;L;BEF;: 7
s L;BEF 97BBKI 7D: ?DJ;HL7B >;7B?D= -K7B?J7J?L; :?<<;H;D9;lI
M?J> J>; 97H;=?L;HI EIJZEF;H7J?L; ;DOEKDJ;HI IK==;1J =H;7J;}

7TKJEC7J;: I0I1J;C <HEC 7 FHEL?:;H F;HIF;9J3?L;

.-"+31(.-D7BOI1?1 E< EKH F7J?;DJ FEFKB7J?ED ?D:?97J;: 7 13J7J"

B?C8 B;D=J>;D?D= LI CC 7D: ?D C;7D :KH7J?ED E< ;NJ;H
8;JM;;D 7TKJEC7J;: 7D: C7DK7B IJHKJ 7:@KI1JC;DJ =HEKFI .;=H;lI
[JHKJ :?<<;H;D9; IK==;1JI1 J>7J 7TKJEC7J,;: 7D: C7DK7B :;L?9;l >7
J?C; <EH J>; 7TKJEC7J;: :;L?9,;, JE 799ECFB?1> J>?1 0>?1 M71 DE.

o L?9; 7D: 871?79 B;D=J>;D?D= FH?D9?FB;Il E< CC :70 M;H; DEJ
J>; 7TKJEC7J;: =HEKF ?D:?97J;: 7 JH;D: ?D ?CFHEL;: 8ED; H;=;D;
C7DK7B IJHKJ 7:@KIJC:;DJI S LI S CE=H7F>?9 9>7
M;H; ;L;DBO :?21JH?8KJ;: ?D EKH 9E>EHJ M?J> DE 1J7J?1J?97B :?
7-:@KIJC;DJ 7D: C7TDK7B IJHKJ 7:@KIJC;DJ =HEKFI +KH H;IKBJI
97H; ?D J>?I1 F7J?;DJ FEFKB7J?ED +D; B?C?J7J?ED ?1 J>; H;B7Y.
[;9ED: J>; IJK:O FEFKB7J?ED 9EDI?I1J;: FH?C7H?BO E< F;:?27JH?"
M; :?2: DEJ 7:C?D?1J;H 7 L7B?:7J;: GK;IJ?EDD7?H; JE 7II;1l F7J7?;
H;JHEIF;9J?L; D7JKH; E< J>; IJK:O | 7 H;IKBJ M; M;H; EDBO 7¢
F;HIF;9J?L; "KJKH; <EBBEMZKF 1JK:?;I M?J> 7 B7H=;H ITCFB; |~
EKH H;IKBJI 7D: JE 7111l F7J?;DJZH;FEHJ;: EKJO9EC;I| 8;JM;;D J>
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0%& / ,/#")IQCLPGI -SLB@J?B
K?RFG?0Q KMODCJBR!PCEGMLQRMAIFMJK QC

1>.<=28Q RPC?RKCLR MD AFPMLGA FGEF BGQJMA?RGML M|
RGQQSC MTCP QCTCP?J UCCIQ UGRF ? DSJJW GKNJ?LR?@
TG?@JC MNRGML 5FC RCAFLGGEE PR ORG PILCRSIAL RGINMLO W |
BGQIJMA?RGML MD RFC FGN SQGLE ? BGQRP?ARGML IL?GJ

?LB UC ?NNJGCB ? QJGEFRJW KMBGDGCB TCPQGML M
#?SKE?PR CR ?J GL SCBSARGMIRMD? Y sERRBNARGNRIM
"PRFPMNJ?QRW

7<@.8C NPCQCLR MSP CVNCPGCLACQ ?LB DGLBGLEQ MD -
@CRUCCL ?2LB "JJ DMSPQAPQCWQGRE PAFPBSIRQF GEE
RFC FGN ?LB SLK?L?EC?@JC QWKNRMKRDPELCSEBPICR TP UB 2B
BGQRP?ARGML MD RFC QMDR RGQQSCQ U?Q GLXGERIE?RCB
KMRMPGXCB L?GJ RF?R ? ASQRMK FC 7K 2820\ RC B NPNPIRTPA/S J
RM RFC NCJTGQ %GQR?JGMSBRGIZ MIC Q BN BCRWM TCPCRMI B
CVRP?ARGML MD RFC JCLERFCLGLE L?GJ ?LB RCKNMP?2PW
BMLIC UCCIQ ?DRCP RFC GLGRG?J NPMACBSPC 'MP RFC C
WC?PQ MBNDMJJIMU

" <>5%%] N?RGCLRQ RPC?RCB M@R?GLCB ? EMMB NMQGRG
AF?JJCLEGLE NPCMNCP?RGTC QGRS?RGML 5FC NCPGMB
BSC RM RFC PCQRPGARGMLQ GL P2l@C? MG LIEM RSP\RLE GIDK RIF
N?RGCLRQ QSDDCPCB QWKNRREA MDPWC CRQE AR ANFGIAE |
RFC RGKC MD UPGRGLE BCQNGRC @MRF @CGLE ?QWKNR
BGQR?JGX?RGML @ CDMPR RELR IPRTP IQ 6 FLGOWE AJIRIW G|
DSLARGMLGLE FGN NPMQRFCQGQ

87,5><28BF€ KCRFMB QCCKQ TCPW NPMKGQGLE @SR BCQN
NPM@JCKQ UGRF PCE?PBQ RM MTCPQRPCRAFGLE MD RFC
AMKNIJGA?RGML KGEFR @C KGRGE?RCB UGNRNCIPMBGD G ANPHR
?LB N?RGCLR QCJCARGML
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%P C@@GC 4R?LGRQIG GQ ? PCRGPCB NCBG?RPGA MPR
QSQR?GLCB ? RP?SK?RGA @P?GL GLHSPW GL SMB?W
K?PC 4IMTJSLBQ BC /GAC k+MJGCI %C@@GC JGTCQ GL ¢
$?PJ

- #MPL $FGA?EM *JJGLMGQ +SLC OLC @PMRFCP

e "'4 QRSBCLR GL 1CL?LE .?2J?WQG?

« #" 4KGRF $MJIOEAPM@GMJIMEW ?LB "QG?L 4RSBGCQ 4

« 3MAICDCJJCPREKMEHAGBRWMEW

. . % B6LGTCPQGRW MD $GLAGLL?RG

. )?PT?PB 6LGTCPQGRW PCQWBCLR GL MPRFMNC

« +?2LS?BWW RP?SK? DCJIMUQFGN 6LGTCPQGRW MD 5

« +SIWCACK@CP 1CBG?RPGA OPRFMNCBGA DCJIJMUQ!

. _CARSPCP ?LB "QQGQR?LR 1PMDCQQMP B6LGTCPC

. OARM@CP "QQMAG?RC 1PMDCQQMP ?LB ?QQG:
YMQNGR?J MD .GAFGE?L

- 0OARM@CPACACK@CP 'SJJ 1IPMDCQQMP .CBGA?J 6LC
$F?PJCQRML

. .?PAF AJMQCB FC?B GLPMGR®P CKTLR?BW % CACK
LMLMNCP?RGTC MPRFMNCBGAQ

« $SPPCLRJW LCCB U?JICP DMP @?J?LAC UFCCJAF?GP

« $SPPCLRJW QNCLB KSAF RGKC NJ?WGLE APMOSCR F7~
@CEGLLG/PUCCI

« 1?P?COSCQRPG?L BPCQQ?EC ML LCUGQF +SLCUCCI

- (WK V ucCcCl

%P %C@MP?F 4R?LGRQIG -GDC "DRCP ? 5P?SI




1?CBG?RPGA MPRFMN?CBGA QSPECML DPMK %CLK?PI

--34 17?CBBPRFGAIJGLE DCJIMULOMD " QAEMBI ?RQFEGN PCAG

* L UGRF CVACJJCLAB CEPEB ABMRFRFCFRFCQGQ CLRG

GLDCARGML KMLGRMPGIUF SBEAFSBECP CMEPRINGA] QRS
NGGRCQ

AGLAC #M?PB KCK@CP MD RFC *LRCPL?RGML?J OPRF

PCNPCQCLR?RGTC

1PCTGMSQ #M?PB KCK@CP MD RFC %?LG QR 0FPRF DK POQR

CTCP

'MSLBCP MD RFC %?LGQF 'CK?JC 4MAGCRW ?LB ?KMLE F

%?LGQF 5P?GLCC "QQMAG?RGML

"JQM @CCL FMJBGLE PMJCQ ML RFC &SPMNC?L 'CBCP?R

&''035 ?LB RFC /MPBGA OPRFMN?CBGA 'CBCP?RGML /0

3CAGNGCLR MD RFC &BU?PB & 8?JQR?P "U?PB DPMK RF

AMAGCRW &034 GL DMP MTCP?JJ @CQR MP?J PCQC

*LTGRCB QNC?ICP DMP UC@GL?PQ QWKNMQGSKQ ?LB N

kMU A?L UC APC?RC ? ASJRSPC GL MPRFMN?CBGAQ UF
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1> <=28DQCMGLRCEP?RGML JGK@ PCNJ?ACKCLR CLF?LAC
?2LB CJGKGL?RCQ NPM@JCKQ ?QQMAG?RCB UGRF QMAICR
SJACPQ ?LB N?GL 8FGJC MQQCMGLREEFCRD MK R P?BRR G
BG?KCRCPQ ?LB JCLERFQ ?L GBC?J DGR UGRF RFC QF?N
2JJ A?QCQ "BBGRGTC K?LSD?ARSPGLE SQGLE CJCARPML
NPCAGQGML MQQCMGILREEGCRG ML GIKRIKRIQDRB R @FTAR C (
NSPNMQC MD RFGQ PCQC?PAE GTPRWM B8CRAPG @LA ® ACD QW (
PCNJ?ACKCLRiDGRFGASQ RIVRQ

7<@.8C PCRPMQNCARGTCJW PCTGCUCB ?JJ N?RGCLRQ ?F
MQQCMGLRCEP?RGML UGRF ASQRIMIKC B#H. P MKNP PR VB GKN
@CRUCCL .?W ?LB .?PAF G IPRLIBECEE@ GRPR? L2Q. B CRKRVPR
MQGCRICEP?RGML NPMACBSPCQ 5FC NPGK?PW MSRAMKCC
NMQRMNCP?RGTC ?BTCPQC CTCNRRGCEBNBNGRREA/EL DIS MIBGRRAWI |
-%434 ?LB 130.*4 MSRAMKC QAMPCQ

" <>5+#@LCRCCL N?RGCLRQ F?B SLGJ?RCP?JDMGRCGKELRE
AA?P@MPMSEF .& /GLC N?RGCLRQ F?B MQQCMGLRCEP?F
?2LB  N?RGCLRQ F?B PCTGQGML MD ? RPREGR\GAICR] PERE
QIGL NPM@JCKQ N?GL ?2LB KM@GJGRW *LRP?2MN
@CWMLB RFC GKNJ?LR QGXC MFCBCRPCRA CPQ RGN BICIR
UFGAF U?Q QGELGDGA?LRJW BGDDCPCLR DPRMQKE GITP GHGNYF
ASQFROMGR TQ iRFQ@FXDD N IMQRMNCP?RGTCJIJW
DSJJ UCGEFR @C?PGLE DMJIJMUGLE ? QR?LB?PB JM?BGLE
DP?ARSPCQ BCCN GLDCARGML MP SLNJ?LLCB QSPECPGC
KMLRFQ 5FCPC UCPC J?PEC QR?RGQRGA?JJW QGELGDGA
QAMPQ®34%MR?J ) NPCMNCP?RGTCJW TQ ) N M
1?GL *LRCLQGRW ) NPCMNCP?RGTCJW TQ )
GLAPC?QC GL NPMQRFCRGA SQC U?Q M@QCPTCB GL N?RC
NPMQRFCRGA B?GJW UC?P BWSP® " N IACOVRNVIONPC? AR GRTG

87,5><2BFE€AGQGML &BGRIMPRMEIMGLRCEP?RGML GKNJ?LR
AFGN DP?ARSPC ?LB PCJG?@JW MQQCMGLRCEP?RC UGRF
QGKGJ?P RND\GRFEP QI®PMGORCEP?RGML MNRGMLQ ?2LB U?P
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1> <=28DQCMGLRCEP?RGML 0* DMP JMUCP JGK@ ?KNSRC
MD JGDC NPMQRFCRGA SQC ?LB U?JIGLE ?@GJGRW @W
?2T?GJ?@JC JGRCP?RSPC F?Q LM QRSBWCQ B MARQA G KE O L
RF?R SLBCPUCLR RP?LQDCKMP?J MQQCMGLRCEP?RGML ?!
MQQCMGLRCEP?RGML 5FC N SRNARG® MD RNFTRL RESB B UC
AJGLGA?J ?LB QSPTCWCB MSRAMKCQ MD RFCQC RUM N?R

7<@.1?RGCLRQ UFM F?B JMUCP CVRPCKGRW MQQCMGLRC
SN ?R ? QGLEJC GLQRGRSRGMRCEWPREG R C BGXLRAM R YR B/P W
"BTCPQC CTCLRQ UCPC PCAMPBCB i#38 AR 1B SMAKMQ@ G
QAMPCQ UCPC AMKN?PCB

" <>55ECPC UCPC JGK@ QCEKCLRQ ?LB B?R? GQ NPCQ
5FCPC UCPC LM QGELGDGA?LR BGDDCPCLACQ G
BC@PGBCKCLR TQ NRGA DPCREEP W QRAFACS PP C
TQ N 3CKMT?J DMP JMMQCMEBEEUCPE PTG KNJ?LR@B
3CKMT?J DMP GLDCARGML MAASPPCB DMP TQ
Uu?2Q TOQ N
IPCMNCP?RGTCJW DCKSP N?RGCLRQ F?B UMPQC KM@ GJ«
K N 2LB UMPC RF ®GPMSPNORFITIWGQ DCUCQ
FMSPQ B?W N 5FCEPANPCBINGR*RATAMAELQ UCPC QG
1IMQRMNCP?RGTCJW .85 UCPC QGKGJ?P TQ
RP?LQDCKMP?J MQQCMGLRCEP?RGML N?RGCLRQ ECLCP?.
TQ ' FEMSPQ B?W N #MRF FERLG DEABIPR I WM
GKNPMTCB GL ?JJ) BMX2GLB MIDREMSBTCWQ 5FC RG@G?
?2 EPC?RCP K?ELGRSBC RF?L RFC DCKSP N?RGCLRQ DMP F

87,5><2BFEDGR MQQCMGLRCEP?RGML QGELGDGA?LRJIJW G
DMP @ MRIEDCKSPBCRGBTRNSRCCQ 5FCPC GQ ? QGKGJ?P
JCTCIQJIBGE@IGPKNSRCCQ K?W CVNCPGCLAC ®%?C0 TR W BEWLE 2
DCKS3SETCJ ?KNSRCCQ
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1> <=28DQCMGLRCEP?RGML 0* CLR?GJQ ?RR?AFGLE NPM
MD RFC PCQGBS?J JGK@ RFCPC@W @WN?QQGLE RFC LCC
GPPGR?RGML ?PC RFC KMQR AMKKMLJWGRO\WPMRBEE RGRE
RFC GKN?AR MD @MBW K?QQ GLBCV #.* MP RiFXC RRGML G
KSQAJC ?PC? P?RGM PCE?PBGLE RFC P?RC MD NMQRMNCI
QRSBW U?Q RM CT?8S?RIBRFRNADID BRRMP?RGM ML RFC M
CTCLRQ ?DRCP 0*

7<@.1?RGCLRQ UFM PCACGTCB JMUCP CVRPCKGRW 0* ?R
wC?P DMJIJMU SN UCPC PCRPMQMCRREMPC LW PR GERWVCE KE
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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 19801985 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.



Posters

Please visit the poster display in The Stenton



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 ||| GGz
I B | s 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
jirives5@Isuhsc.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,,f 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 T¥g/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 1: Representative 100x confocal 3D images of

(A) in vitro
infected stainless steel bone pin and (B) in vitro bromelain washed
stainless steel bone pin.

In vivo Infected In vivo Pre-washed
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Figure 3: Representative AP and lateral radiographs of
implanted pins

Figure 2: Representative 3D images of (A) in vivo infected stainless

steel bone pin and (B) in vivo bromelain pre-washed stainless steel
bone pin.



Use of Ankle Distraction Frames in Treatment of Pilon Fractures: Technical Trick

Katherine Sborov, Lauren Turner, Geoffrey Marecek, MD
katherine.shorov@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 3days, 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 | 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—eported 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 (x1.0 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, ClI 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 O, 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@agmail.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.



#$%

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%)

Tablel: The number of patients LLD with long film after lower extremity Ol 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. SDOHSs 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 SDOHSs
were not significantly associated with complications or rehospitalizations. Of 162 patients with
>12 months of follow—up, the selected SDOHSs 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 SDOHSs 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 11.47,% 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

Sephanie Kha, MD; JD Bomar, Christopher Souder, MD
stephaniekhal4@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.



Table 1. Coronal plane lower extremity measurements in the pediatric population using EOS
standing films

Coronal Plane Measurements
Agel n [ MAD (mm) mLDFA MPTA LDTA
4 111 -4.7+6.1 87.4+3.1 89.8+1.4 90.1+2
5 (10| -2.6%3.2 86.8+1.8 89+1.6 88.8+1.4
6 |12 -3+4 .4 87.5%2 89.2+1.8 87.6+2.3
7 |10 -5.6+3.4 86.3+2.4 89.1+1.5 89.4+2.8
8 |10| -7.3+3.8 86+1.4 88+2.1 86.3+4.1
9 |10| -3.4+34 86.8+2.5 88.7+2.2 88.5+2.7
10 |10 -7.4%3 85.1+1.9 88.2+2.1 87.8+3.8
11 |10| -4.4+24 85.6+1.5 87.8+1.7 89.8+2.6
12 |10 -9+5.7 84.5+2.1 87.8+1.5 89+2.7
13 |10| -5.8+4.2 85+1.8 88.7+1.1 88.7+1.7
14 |10 -4.9%4 86.4+1.2 87.3+*1.6 89.6+3.1
15|10| -1.7+5.2 86.1+1.4 87.9+1.5 89.4+2
16 |11| -5.2+7.5 85.3+3.4 88.2+2.3 89.5+3
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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 (COIl) scores. COl 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
COlI 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.



Table 1: Limb deformity parameters based on national COI

Correlation P-valuet
Coefficient
Initial MAD -0.431 0.009***
Final MAD -0.308 0.134
Time in Ex Fix -0.200 0.243
Number Pin Site -0.020 0.910
Infections
Number of No-Show -0.290 0.086

Appointments
ISpearman’s correlation; ***P value < 0.05 was considered signific:

R? Linear = 0.153
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Figure 1: Correlation between MAD at presentation and national COI.



Table 2 Characteristics by nationally normed COI level

Sex
Female
Male
Laterality
Left
Right
Complications
Yes
No
Pin Site Infections
Yes
No
Return to OR
Yes
No
Struts Incorrect
Yes
No
Residual Program
Run
Yes
No
Antibiotics
Yes
No
PT
Yes
No
Inpatient Stay for

Rehab/Difficulty with

Turns
Yes
No

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

Very Low

5 (13.9)
12 (33.3)

10 (27.8)
7 (19.4)

11 (30.6)
6 (16.7)

8 (22.2)
9 (25.0)

1(2.8)
16 (44.4)

8 (22.2)
9 (25.0)
6 (16.7)
11 (30.6)

8 (22.2)
9 (25.0)

11 (30.6)
6 (16.7)

0 (0)
17 (47.2)

Low
0 (0)
0 (0)

0 (0)
0(0)

0 (0)
0 (0)

0(0)
0 (0)

0 (0)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)

0 (0)
0 (0)

0 (0)
0 (0)

0 (0)
0 (0)

COI National

n (%)
Moderate

2 (5.6)
5 (13.9)

5 (13.9)
2 (5.6)

3 (8.3)
4 (11.1)

2 (5.6)
5 (13.9)

0 (0)
7 (19.4)

2 (5.6)

5 (13.9)
4 (11.1)

3 (8.3)

2 (5.6)
5 (13.9)

5 (13.9)
2 (5.6)

1(2.8)
6 (16.7)

High
2 (5.6)
3(8.3)

4 (11.1)
1(2.8)

1(2.8)
4 (11.1)

1(2.8)
4 (11.1)

0 (0)
5 (13.9)

1(2.8)

4 (11.1)
1(2.8)
4 (11.1)

1(2.8)
4 (11.1)

3 (8.3)
2 (5.6)

1(2.8)
5 (13.9)

Very
High

1(2.8)
6 (16.7)

2 (5.6)
5 (13.9)

4 (11.1)
3 (8.3)

3(8.3)
4 (11.1)

0 (0)
7 (19.4)

2 (5.6)
5 (13.9)
4 (11.1)
3(8.3)

3 (8.3)
4 (11.1)

6 (16.7)
1(2.8)

2 (5.6)
5 (13.9)

P-valuet

0.905

0.299

0.351

0.729

0.999

0.733

0.504

0.729

0.833

0.101



Table 3: Characteristics by insurance status

Sex
Female
Male
Laterality
Left
Right
Complications
Yes
No
Pin Site Infections
Yes
No
Return to OR
Yes
No
Struts Incorrect
Yes
No
Residual Program
Run
Yes
No
Antibiotics
Yes
No
PT
Yes
No
Inpatient Stay for

Rehab/Difficulty with

Turns
Yes
No

Fisher's Exact Test; ***P value < 0.05 was considered significan

Insurance Type

Private

2 (4.9)
16 (39.0)

10 (24.4)
8 (19.5)

10 (24.4)
8 (19.5)

7 (17.1)
11 (26.8)

2 (4.9)
16 (39.0)

7 (17.1)
11 (26.8)
6 (14.6)
12 (29.3)

7 (17.1)
11 (26.8)

12 (29.3)
6 (14.6)

1 (2.4
17 (41.5)

Public

8 (19.5)
15 (36.6)

13 (31.7)
10 (24.4)

12 (29.3)
11(26.8)

9 (22.0)
14(34.1)

0 (0)
23 (56.1)

7 (17.1)
16 (39.0)
9 (22.0)
14 (34.1)

9 (22.0)
14 (34.1)

15 (36.6)
8 (19.5)

2 (4.9)
21 (51.2)

P-valuet

0.081

0.600

0.540

0.621

0.187

0.406

0.479

0.621

0.594

0.615



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 Il (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 (Ol) is a genetic disorder related to inadequately or
improperly produced Type | collagen. Ol 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 €cebust the myth€ this is not
feasible.

Answer: Ol patients undergoing extremity or spine procedures were prospectively enrolled.
Inclusion criteria included approval by an orthopaedic surgeon specialized in Ol 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 Ol included: Type 1-4, Type 111-19, 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 Ol patients. We recommend manual cuff use and monitoring for signs or symptoms of
fracture. This practice—changing protocol may help Ol patients avoid postoperative use of arterial
lines and associated ICU admission. This protocol is applicable to other hospitals and allows Ol
patients to have non—invasive BP monitoring previously avoided. As adults with Ol live longer,
this protocol will help facilitate preventative care for cardiovascular disease.



Use of Reamer-Irrigator—Aspirator (RI1A) 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 (1&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 1&D for suspected septic
nonunion of the leg were identified; RIA was used in 59.3% (n = 32) of I1&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 (Ml), venous
thromboembolism (VTE), stroke, and transient ischemic attack (T1A)], 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 1&D with RIA had significantly fewer postoperative infections compared to 1&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 1&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 1&D of septic nonunion of the leg is significantly associated with
fewer postoperative infections than 1&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

Sephen 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.
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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. lobst, MD;
Marie Fridberg, MD, PhD; Saren 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 PVVR 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. lobst, MD;
Marie Fridberg, MD, PhD; Saren 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.
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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 Glassbhand, 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.
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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.
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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%).
TEXO002 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 TEXO004.



Determining the Rate, Effectiveness, and Complications of Leg Length Discrepancy
Correction using Plate and Screw Physeal Tethering Temporary Epiphysiodesis in Young
Children continued

Cody James Sanderson, MD; Jamie Mehrer, Natalia Leija, Alexandra Reyes,
Hadley Perez
cody.j.sanderson@gmail.com

Means included 157% right tibial efficacy and 152% left tibial efficacy at six months. Our
efficacy values for one year included patients TEX001, TEXO003, 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
TEXO003 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 TEXO0O01 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 TEXO003 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; % had an unexpected revision surgery, ¥ developed genu varum and % had
acquired genu valgus. Complications were noted to arise, on average of 397 days postoperatively.
Notably, % 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.



Figure 1. Eicacy 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.
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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.
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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.
%0¥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.



