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Welcome to EPOS 2021

Dear Colleagues and Friends,

Once there was a dream of holding our 39th EPOS Annual Meeting in beautiful Porto in Portugal along the Douro river. 
Together with the appointed Local Host, we were looking forward to gathering the global community of paediatric 
orthopaedics in one of the oldest European cities with all its history and splendid architecture, enjoying the warm and 
friendly atmosphere of the locals.

The Covid-19 reality has jeopardised all our plans and impacted on our meeting format to switching our Congress 
to a virtual event.

Despite these miseries, EPOS will excel in its mission of providing outstanding education, sharing and improving sci-
entific knowledge in Paediatric Orthopaedics and creating a great platform to nurture academic development even 
in times of virtual communication. Online sessions with emphasis on lively interactions and discussions will allow the 
exchange of ideas and foster friendships.

EPOS 2021, the first EPOS Virtual Meeting will be unique… And you must be a part of it!

See you soon!

  

Cristina Alves      Thomas Wirth
Co-Chair of EPOS Executive
the EPOS 2021 Committee Member &
Virtual Meeting EPOS Interim 

President 2020-2021
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 PRE-MEETING COURSE
 MALIGNANT BONE  TUMORS IN CHILDREN: WHAT’S UP?

10.00 Introduction
 Inês Balacó (Portugal)

10.10 THE BASICS
11.00 Chair:  Thomas Wirth (Germany)
 Web Moderator: Inês Balacó (Portugal)

10.10 Overview of malignant bone tumors
 Catharina Chiari (Austria)

10.20 Diagnosis and staging: what is due and what is new? 
 Marta Salom Taverner (Spain) 

10.30  Medical therapy: new trends 
Ana Maja Ferreira (Portugal)

10.40 Discussion 

11.00 SURGICAL TREATMENT: WHAT TO DO AND NOT  TO DO? 
11.50 Chair: Ilkka Helenius (Finland)
 Web Moderator: Marta Salom Taverner (Spain)

11.00 Biology over technology
 Mikel San Julian (Spain)

11.10 Technology over biology
 German Farfalli (Argentina)

11.20 Reconstructions in the very young
 Michiel Van de Sande (The Netherlands)

11.30 Discussion

11.50 SURGICAL TREATMENT: WHAT IS BEST FOR SPINE AND PELVIS? 
12.30 Chair: Catharina Chiari (Austria)
 Web Moderator: Michiel van de Sande (The Netherlands)

11.50 Spine
 Ilkka Helenius (Finland) 

12.00 Pelvis
 Andreas Krieg (Switzerland)

12.10 Discussion

12.30 Break
13.30
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13.30 Summary of Part I and Introduction to Part II
 Inês Balacó (Portugal)

13.40 SURGICAL TREATMENT: WHAT IS BEST FOR LOWER LIMB? 
14.30  Chair: Inês Balacó (Portugal)
 Web Moderator: Andreas Krieg (Switzerland)

13.40 Hip and femoral diaphysis
 Eric Mascard (France)

13.50 Distal femur and proximal tibia
 Marco Manfrini (Italy)

14.00 Distal tibia and foot
 Thomas Wirth (Germany)

14.10 Discussion

14.30 SURGICAL TREATMENT: WHAT IS BEST FOR UPPER LIMB? 
15.10 Chair: Ignacio Sanpera (Spain)
 Web Moderator: , Bartu Sarisozen (Turkey)  

14.30 Shoulder and humerus
 Sevan Hopyan (Canada)

14.40 Forearm
 Bülent Erol (Turkey) 

14.50 Discussion

15.10 BUILDING THE FUTURE
16.20 Chair: José Casanova (Portugal)
 Web Moderator: Ferran Torner (Spain)

15.10 When surgical resection is not an option: what is left?  
 Stefanie Hecker-Nolting (Germany)

15.20 The road to rehabilitation
 Sharon Eylon (Israel)

15.30 What outcomes can we expect? 
 Cristina Alves (Portugal)

15.40 Research novelties
 Sevan Hopyan (Canada)

15.50 Discussion

16.10 Closing remarks
 Thomas Wirth (Germany)

16.20 Break
17.00

17.00 GENERAL ASSEMBLY
19.00
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09.00 Welcome

09.10   SESSION 1: DDH 
10.20 Chair: Manuel Cassiano Neves (Portugal) 
 Web Moderators: Hakan Omeroglu (Turkey), Virginie Pollet (United Kingdom) 

09.10  Estimated effect of secondary screening for hip dislocation at child health care centres
OP-001 Daniel Wenger, Henrik Düppe, Carl Johan Tiderius (Sweden)

09.15  Investigating the radiation risk from repeated pelvic imaging in developmental   dysplasia of the hip
OP-002 Alexander Aarvold, Elizabeth Vogel, Tom Leaver, Mike Uglow, James Lampard, Ben Johnson (United Kingdom)

09.20  Arthrogram in developmental dysplasia of the hip: interobserver variability and its effect on the results
OP-003  Israel Rubio Saez, Luis Moraleda Novo, Joaquín Núñez De Armas, Gaspar Gonzalez (Spain)

09.25 Discussion

09.40 Duration of immobilization after closed reduction in DDH
OP-004 Suzanne de Vos-Jakobs, Sakis Terzidis, Max Reijman (The Netherlands)

09.45  The incidence of avascular necrosis following a cohort of treated developmental dysplasia of the hip (DDH) in
OP-005  a single tertiary centre
 Rahim Hussain, Darius Rad, John Watkins, Eleanor Carpenter (United Kingdom)

09.50  Limited prognostic value of radiographic classifications of severity in DDH
OP-006  Terje Terjesen, Joachim Horn (Norway)

09.55  Validity of the use of individual templates in triple pelvic osteotomy in children with hip dysplasia
OP-007 Pavel Bortulev, Sergey Vissarionov, Vladimir Baskov (Russia)

10.00  Reduced but dysplastic hip (Graf II) at 4-6 weeks of age: no radiographic differences  between hips treated
OP-008 with a harness and those observed without treatment
 Luis Moraleda Novo, Joaquín Núñez De Armas, Gaspar Gonzalez, Mar Pérez, Maria Salcedo, Juan Cabello   
 (Spain)

10.05 Discussion

10.20   Break 
10.40

VIRTUAL ROOM 1
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10.40 SESSION 2: CONGENITAL &  MISCELLANEOUS
11.30 Chair: Darko Anticevic (Croatia)
 Web Moderator:    Ralph Sakkers (The Netherlands) 

10.40  Extramedullary Implantable Limb Lengthening (EILL) for congenital limb length discrepancy (LLD) is a safe
OP-009  alternative to external fixation lengthening
 Claire Shannon, Craig Robbins, Dror Paley (USA)

10.45  Mid-term follow-up results of “3-in-1 osteosynthesis” and combined surgical technique for congenital tibial
OP-010  pseudoarthrosis with complete fibula
 Jiangyan Wu (China)

10.50  Combination of Ilizarov technique and intramedullary rodding in the treatment of CPT middle and long term
OP-011  follow up results 
 Ge Yang, Haibo Mei (China)

10.55  Discussion

 
 Chair: Melinda Witbreuk (The Netherlands) 
 Web Moderators:     Joachim Horn (Norway), Vito Pavone (Italy)
  
11.00  Virtual reality (VR) to reduce pain and anxiety in the pediatric orthopaedic outpatient setting: a randomized
OP-012 controlled trial 
  Bejaan Jivraj, Emily Schaeffer, Jeffrey Bone, Chelsea Stunden, Eva Habib, John Jacob, Kishore Mulpuri (Canada)

11.05  The relationship of olecranon apophyseal ossification and Sanders hand scores to the percentage of final
OP-013  height in adolescents 
 Janelle Greene, Don Li, Kristin Yu, Raymond Liu, Daniel Cooperman (USA)

11.10  Verbal numerical rating scale as a predictor of an underlying pathology in pediatric patients with back pain: a
OP-014  magnetic resonance image-based study
  Norman Ramirez Lluch1, Gerardo Olivella1, Edwin Burgos2, Natalia Torres2, Daniela Ramirez1, Krystle Pereira1, 

Manuel Rodriguez1, Ivan Iriarte1 (1Puerto Rico, 2USA)

11.15 Smart phone monitoring of guided growth
OP-015 Peter Stevens (USA) 

11.20  Discussion

VIRTUAL ROOM 1
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11.30 SESSION 3A: TUMOURS & INFECTIONS
12.20 Chair: Dan Cosma (Romania)
 Web Moderator: Inês Balacó (Portugal)

11.30  Low rate of healing and high incidence of complications in benign pediatric bone tumors treated with 
OP-016 synthetic calcium sulfate-calcium phosphate bone graft 
 Ali Siddiqui, Bensen Fan, James Bennett, Lindsay Andras, Edward Compton, Vernon Tolo, David Skaggs (USA)

11.35  Vascularized fibular graft: a good reconstructive option after bone tumor resection  in pediatric age
OP-017  Giovanni Beltrami, Gabriele Ristori, Francesco Muratori, Guido Scoccianti, Domenico Campanacci, Rodolfo 

Capanna, Marco Innocenti (Italy)

11.40 Heterogeneity of osteosarcoma microenvironment using digital histology
OP-018  Anne Gomez-Brouchet, Antony Mancini, Pauline Assemat, Pascal Swider (France)

11.45  Clinical and functional results of endoprosthesis after bone sarcoma resection of the lower extremity in
OP-019  children and adolescents
 Bulent Erol, Omer Sofulu, Evrim Sirin, Fevzi Saglam, Said Erkam Baykan (Turkey)

11.50  Stress shielding after reconstruction using cementless megaprosthesis in pediatric bone sarcoma patients,
OP-020  does it affect the outcome?
  Ahmed Abdelaal, Ahmed Elghoneimy, Ahmed Morsy, Tarek Refaat, Ismail M. Rashad (Egypt)

11.55 Discussion

 Chair: Martin Gottliebsen (Denmark) 
 Web Moderators:  , Marta Salom Taverner (Spain), Thomas Wirth (Germany)

12.05  Open arthrotomy, arthroscopy or arthrocentesis for septic knee and ankle arthritis in children: a systematic
OP-021  review 
 Lilian Donders, A.J. Spaans, J.H.J.M. Bessems, Christiaan J.A. van Bergen (The Netherlands)

12.10  Long term outcomes of paediatric hip septic arthritis
 OP-022 Nicole Williams, Alex-Marie Howard, Georgia Antoniou (Australia)

12.15 Discussion

12.20   SPONSORED SYMPOSIUM 
13.20

VIRTUAL ROOM 1
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13.20 SESSION 4A:  SPORTS MEDICINE & KNEE
14.30 Chair: Jorge Knörr (Spain)  
 Web Moderators:  Oliver Eberhardt (Germany), Pasquale Guida (Italy)  
 
13.20  Increased posterior tibial slope demonstrated in pediatric patients with Osgood Schlatter disease: is osgood
OP-023 schlatter truly a benign condition? 
 Lindsay Schlichte, Sreetha Sidharthan, Alexandra Aitchison, Daniel Green (USA)

13.25  International consensus on juvenile osteochondral defects of the talus
OP-024  Christiaan van Bergen1, Eoghan Hurley2, Christopher Murawski3, Daire Hurley2, Martin Davey2, John Kennedy3, 

Pieter d’Hooghe4, Yoshiharu Shimozono5, Raymond Walls3, James Calder6, Gino Kerkhoffs1 (1The Netherlands, 
2Ireland, 3USA, 4Qatar, 5Japan, 6United Kingdom)

13.30  Avulsion fracture of the ATFL in severe inversion ankle injury in children and adolescents
OP-025 Francesco Falciglia, Carlotta Giusti, Marco Giordano, Renato Maria Toniolo (Italy)

13.35 Discussion

13.40  Intrarticular cytokines and resolvin after ACL and meniscal tear in skeletally  immature patients
OP-026  Marco Turati1,2, Nicolò Zanchi1, Giulio Leone1, Massimo Gorla1, Massimiliano Piatti1, Diego Gaddi1, Giovanni 

Zatti1, Antonio Torsello1, Marco Bigoni1,2 (1Italy, 2France)

13.45  Surgical treatment of articular cartilage injuries associated with patellar dislocation  in the skeletally immature
OP-027 Ioannes Melas, Dimitrios Metaxiotis, Michael Iosifidis (Greece)

13.50  Foot and ankle compensations during gait in children with anterior cruciate  ligament injury
OP-028 Monica Ursei, Franck Accadbled, Gorka Knorr, Marino Scandella, Caroline Munzer, Jerome Briot (France)

13.55 Discussion

 
 Chair: Javier Downey (Spain)
 Web Moderators:    Robert Elbaum (Belgium), Nicolas Nicolau (United Kingdom) 

14.05 Efficacy of angular correction by guided growth. Correction per month vs. correction per growth
OP-029 Youh Hua Lo, Chia Chang (Taiwan)

14.10  Increased tibiofemoral rotation with increasing severity of patellar instability
 OP-030  Kenneth Lin, Evan James, Lindsay Schlichte, Grace Wang, Alexandra Aitchison, Daniel Green (USA)

14.15  Incidence of 2nd surgery after medial patellofemoral ligament reconstruction  and simultaneou
OP-031 osteochondral fracture fixation in pediatric patients treated for patellar dislocation
 Lindsay Schlichte, Alexandra Aitchison, Daniel Green (USA)

14.20 Discussion

14.30 SPONSORED SYMPOSIUM 
15.30
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15.30 SESSION 5A:  FOOT
16.40 Chair: Stephanie Böhm (Sweden)
 Web Moderators:  Pasquale Farsetti (Italy), Bartu Sarizösen (Turkey) 

15.30  Incidence of relapse and reintervention need in non-idiophatic clubfeet. Monitorized analysis of 300 patients
OP-032 between 12-22 years: retrospective, analytical and descriptive study
  Anna Ey Batlle, Marta Vinyals Rodriguez, Dimosthenis Kiimetoglou, Jaime Brajones (Spain)

15.35  Successful Ponseti-treated clubfeet at age two years: what is the rate of surgical intervention after this?
OP-033 Matthew Siebert, Chelsea M. Karacz, B. Stephens Richards, Anthony Riccio (USA)

15.40  Atypical and complex clubfoot - What is the right management for these little angels?
OP-034 Vineet Kumar Arora, Ankur Patel (India)

15.45  New histological findings in the field concerned with clubfoot deformity tissue - Increase in the level of
OP-035  vascularity in the contracted side of the relapsed clubfoot 
  Tomas Novotny, Adam Eckhardt, Jarmila Knitlova, Martina Doubkova, Jana Musilkova, Martin Oštádal (Czech 

Republic)

15.50  Functional implications of the flat-topped talus following treatment of idiopathic clubfoot deformity
OP-036  Matthew Siebert, Jacob Zide, Claire Shivers, Kirsten Tulchin-Francis, Wilshaw Stevens, Justine Borchard, 

Anthony Riccio (USA)

15.55  Results of casting in recurrence of clubfoot deformity
 OP-037 Blazej Pruszczynski, Marek Synder (Poland)

16.00 Discussion

 
 Chair: Mohammed El Sobky (Egypt) 
 Web Moderator:  Dimitri Metaxiotis (Greece)

16.10  Segmental foot kinematics before and after resection of tarsal coalition
 OP-038 Haluk Altiok, Karen Kruger, Joseph Krzak, Korey Partenheimer (USA)

16.15  Outcome of talocalcaneal coalition resection assisted with intraoperative navigation
 OP-039  Carlos Pargas1, Adolfredo Santana2, Kenneth Rogers1, Nichols L. Reid1, Mihir M. Thacker1 (1USA, 2Venezuela)

16.20  Correction of hallux valgus by a MIS procedure in teenagers with flexible flatfoot: it is reliable?
OP-040  Elena Manuela Samaila, Bruno Magnan (Italy)

16.25 Talar-tarsal stabilization: rationale and preliminary results
OP-041 Peter Stevens, Alex Lancaster, Ansab Khwaja (USA)

16.30 Discussion

A
P
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16.40 SESSION 6:  TRAUMA  
17.55 Chair: Antonio Andreacchio (Italy) 
 Web Moderators:  Federico Canavese (France), Vincenzo De Rosa (Switzerland)

16.40  Surgical (K-Wires) vs conservative (Blount´s Method) treatment for supracondylar humeral fractures
OP-042   Dimosthenis Kiimetoglou, Sara Rivera Fierres, Laura Perez Lopez, Melisa Stitzman Wengrowicz, Pilar Rovira 

Martí, Cesar Garcia Fontecha (Spain)

16.45  Prescription patterns in pediatric orthopedics following closed reduction and percutaneous pinning for
OP-043  supracondylar humerus fractures 
 Amy Kaplan, Olga Solovyova, Debra Sala, Pablo Castaneda (USA)

16.50  Complication rates for Type 3 supracondylar humerus fractures treated in evening overnight with those
OP-044  treated the next morning
 Susan Mahan, Patricia Miller, Jiwoo Park, Nicholas Sullivan, Carley Vuillermin (USA)

16.55 Discussion

17.05  Risk factors for secondary displacement of both bone diaphyseal fractures treated without surgery
OP-045  Joaquín Núñez De Armas1, Luis Moraleda Novo1, Gaspar Gonzalez1, Alyssa Carroll2, Tracey Bastrom2, Vidyadhar 

Upasani2, Eric Edmonds2 (1Spain, 2USA)

17.10  What is the optimal immobilisation after forearm fracture fixed by elastic stable intra-medullary nailing?
OP-046  Pierre Meynard, Audrey Angelliaume, Abdelfetah Lalioui, Clémence Pfirrmann, Yan Lefèvre (France)

17.15  Minimally displaced lateral humeral condyle fractures - Optimizing follow up and minimizing cost
OP-047 Carlos Pargas, Mihir M. Thacker, Kenneth Rogers (USA)

17.20 Discussion

 
 Chair: Rüdiger Krauspe (Germany) 
 Web Moderators: Pierre Journeau (France), Annelie Weinberg (Austria) 

17.30 Open fractures in children: high morbidity challenge
OP-048   Cristina Alves, João Francisco Oliveira, João Cabral, Ines Balacó, Pedro Sá Cardoso, Tah Ling, Gabriel Matos 

(Portugal)

17.35  Pediatric spine injuries - Results from a German multicenter study including 367 children
OP-049   Hauke Rüther, Christian Herren, Jan-Sven Jarvers, Alexander Disch, Matthias Jung, Holger Meinig, Michael Ruf, 

Thomas Weiß, Thomas Welk, Stefan Matschke, Michael Kreinest (Germany)

17.40  Retrospective evaluation of polytrauma pediatric orthopaedic patients of a tertiary university hospital
OP-050 João Pedro, Mafalda Castelão, Graça Lopes (Portugal)

17.45 Discussion
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11.30 SESSION 3B: NEUROMUSCULAR & UPPER LIMB
12.20 Chair: Gunnar Hägglund (Sweden) 
 Web Moderators:  Jan Charvat (Czech Republic), João Lamieras Campagnolo (Portugal)

11.30  Pain appearance after spastic hip dislocation treatment - comparison between palliative and reconstruction
OP-051  treatment
 Aleksander Koch, Marek Jozwiak, Joanna Krasny, Maria Wolff, Maciej Idzior (Poland)

11.35  Epigenetic marks at the ribosomal DNA promoter are negatively associated with degree of impairment 
OP-052  (GMFCS, MACS, contracture) in cerebral palsy 
  Eva Pontén1, Rodrigo Fernandez Gonzalo1, Jessica Pingel2, Per Stål1, Ferdinand von Walden1 (1Sweden, 

2Denmark)

11.40   Pre-operative nutrition assessments do not improve outcomes in cerebral palsy patients undergoing varus
OP-053  derotational osteotomy
 Kyle Obana, Bensen Fan, Rachel Goldstein, Lindsay Andras, Bob Kay (USA)

11.45 Discussion

 
 Chair: Sebastian Farr (Austria)
 Web Moderators:  Giovanni Luigi Di Gennaro (Italy), Francisco Soldado (Spain)

11.55   Radial head resection and hemi- interposition vs “functional radial head resection”  with a computerized
OP-054  ring fixator in patients with chronic Monteggia pathology: a prospective analysis 
  Konrad Mader1, Milad Farkondeh Fal1, S. John Ham2, Kristofer Wintges1, Jakob Valentin Nuechtern1 (1Germany, 

2The Netherlands)

12.00  Evaluation of radiological instability signs in the distal radioulnar joint in children and adolescents with
OP-055  arthroscopically-verified TFCC tears 
 Florian Schachinger1, Marcos Fernandes Carvalho2, Sascha Wiener1, Sebastian Farr1 (1Austria, 2Portugal)

12.05  Our approach to treatment internal rotation shoulder contractures in children with arthrogryposis
OP-056  Olga Agranovich, Alexey Baindurashvili, Petrova Ekaterina, Svetlana Trofimova, Evgenya Kochenova (Russia)

12.10 Discussion
 

12.20   SPONSORED SYMPOSIUM 
13.20

A
P

R
IL 15

th 2021



13

39th EPOS Annual Meeting
European Paediatric Orthopaedic Society

VIRTUAL ROOM 2

A
P

R
IL

 1
5th

 2
02

1

13.20 SESSION 4B:  HIP
14.30 Chair: Deborah Eastwood (United Kingdom)  
 Web Moderators:  Jaroslaw Czubak (Poland), Julio de Pablos Fernandez (Spain)
  
13.20 Ellipsoidal process of the femoral head in Perthes disease. Is epiphysiodesis effective technique? Part II
OP-057  Margarita Montero Díaz, Juan Carlos Abril Martín, Rosa M Egea-Gámez, Manuel Fraga Collaget (Spain)

13.25  Declining rates of Legg-Calve-Perthes surgery: national trends using the kids’ in patient database
OP-058  Jaren LaGreca, Amanda Nickel, Michael Finch, Benjamin D. Martin, Jennifer Laine (USA)

13.30 Discussion

13.40  Does the epiphysis translate or rotate in slipped capital femoral epiphysis (SCFE)?
OP-059  Deaniel Maranho, Ata Kiapour, Shayan Hosseinzadeh, Eduardo Novais (USA)

13.45  Prospectively applied protocol using posterior sloping angle cut-off of 14.5 degrees safely prevents 75% of
OP-060  future contralateral SCFE
 David Little, Justine St George, Michel Genon (Australia)

13.50 Discussion

 
 Chair: Renata Popischill (Austria) 
 Web Moderators:   Vladimir Kenis (Russia), Manoj Ramachandran (United Kingdom)

14.00  The femoral head - neck translation ratio: a simple mathematical model to measure postslip deformity of
OP-061   the hip. Correlation with cam-type femoroacetabular impingement secondary to slipped capital femoral 

epiphysis
 Panagiotis Samelis, Eftychios Papagrigorakis, Panagiotis Koulouvaris (Greece)

14.05  The sliding screw for slipped capital femoral epiphysis: is it safe and does it slide?
OP-062  Edward Lindisfarne, Annabelle Stabler, Matthew Barry, Ed Gent, Alexander Aarvold (United Kingdom)

14.10  Quantitative analysis of perfusion MRI in SCFE accurately predicts both intra  operative epiphyseal bleeding
OP-063  status and post-operative avascular necrosis 

Nicholas Green, Rachael Ashworth, Alison Lee, Sanjay Chilbule, Penny Broadley, James Fernandes,  
Sanjeev Madan (United Kingdom)

14.15  Modified Dunn procedure for stable SCFE -- 100 cases with a minimum of 1 year follow-up
OP-064  Oliver Birke, Justine St George, Paul Gibbons, David Little (Australia)

14.20 Discussion 

14.30 SPONSORED SYMPOSIUM 
15.30
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15.30 SESSION 5B:  SPINE
16.30  Chair: Carol Hasler (Switzerland)
 Web Moderators: Dror Ovadia (Israel), Tah Pu Ling (Portugal)

15.30  Do side-bending radiographs change the planning of posterior spinal fusion in adolescent idiopathic
OP-065 scoliosis? 
  Roxane Compagnon, Baptiste Brun-Cottan, Jean-Luc Jouve, Christophe Garin, Raphaël Vialle, Brice 

Ilharreborde, Yan Lefèvre, Kariman Abelin-Genevois, Emmanuelle Ferrero, Tristan Langlais, Sebastien Pesenti, 
Audrey Angelliaume, Christian Morin, Franck Accadbled, Jérôme Sales de Gauzy (France)

15.35  Does navigation make spinal fusion for adolescent idiopathic scoliosis safe? Insights from 17,400 cases from a
OP-066  national database 
 Japsimran Kaur, Jayme Koltsov, Ivan Cheng, John S. Vorhies (USA)

15.40  Deformity correction using proximal hooks and distal screws improves radiological metrics in adolescents
OP-067  idiopathic scoliosis 
 Pawin Gajaseni, Stuart Weinstein (USA)

15.45  Halo-gravity traction to avoid three-column osteotomy in severe early onset scoliosis reaching skeletal maturity
OP-068  Audrey Angelliaume, Anne-Laure Simon, Florence Julien-Marsollier, Brice Ilharreborde (France)

15.50 Discussion

 
 Chair: Ilkka Helenius (Finland)  
 Web Moderators: Nuno Alegrete (Portugal), Franck Plasschaert (Belgium)

16.00  Deformity angular ratio is associated with neuromonitoring changes without a vertebral column resection:
OP-069  spinal deformity is more influential than type of surgery 
 Ali Siddiqui, Kenneth Illingworth, David Skaggs, Edward Compton, Vernon Tolo, Lindsay Andras (USA)

16.05  The effect of use “growth friendly” implants on the level of titanium released into the tissue
OP-070  Anna Danielewicz, Michał Latalski, Grzegorz Starobrat, Marek Fatyga (Poland)

16.10   The safety and efficacy of intrathecal morphine in pediatric spinal deformity surgery - A 25 year single center
OP-071  experience 
  Connie Poe-Kochert, Jason Ina, George H. Thompson, Christina Hardesty, Jochen Son-Hing, Kasia Rubin, Paul 

Tripi (USA)
 
16.15  Pelvic fixation with ilio sacral screws in fusionless surgery for early onset spinal deformities
OP-072   Sami Bouchoucha, Rim Boussetta, Ahmed Msakni, Walid Saied, Mohamed Zairi, Mohamed Nebil Nessib 

(Tunisia)

16.20 Discussion
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09.00 Welcome

09.10 SESSION 7:  THE FABULOUS FOUR: CONGENITAL & TRAUMA 
10.10 Chair: Bjarne Møller Madsen (Denmark)  
  Web Moderators:  Ismat Ghanem (Libanon), Pedro Sá Cardoso (Portugal)
 
09.10  Is growth-friendly surgery effective for the treatment of spinal deformity in patients with arthrogryposis
OP-073  multiplex congenita? 
  Bram Verhofste, John Emans, Patricia Miller, George Thompson, Amer Samdani, Francisco J. Sanchez Perez-

Grueso, Anna McClung, Pediatric Spine Study Group, Michael Glotzbecker (USA)

09.15  Monitoring with tantalum beads demonstrates no clinically significant growth following percutaneous
OP-074 transphyseal screw epiphysiodesis 
 Sreetha Sidharthan, Clare Kehoe, Grace Wang, Roger Widmann, John Blanco, Emily Dodwell (USA)

09.20  Marfan syndrome in children: correlation between musculoskeletal features, cardiac Z-score and FBN1 gene
OP-075  mutations 
  Fernando De Maio, Linda Pisano, Tomaso Cosseddu, Emanuela Raffone, Alessandro Caterini, Pasquale Farsetti 

(Italy)

09.25  Quantifying effects of hip surgery in Hurler syndrome
OP-076  Eline van der Veer, Willem Paul Gielis, Harry Weinans, Erik Beek, Peter van Hasselt, Ralph Sakkers (The 

Netherlands)

09.30 Discussion

 Chair: Pierre Lascombes (Switzerland)
 Web Moderators:  Cristina Alves (Portugal), Jiri Chomiak (Czech Republic)
 
09.40  Use of titanium elastic nail for treatment of long oblique, spiral or comminuted fractures of lower extremity
OP-077  long bones 
 Cenk Ermutlu, Bartu Sarisozen, Saltukbuğra Güler (Turkey)

09.45  Prospective study of pediatric medial humeral epicondyle fractures non-operatively  treated. Clinical,
OP-078  radiological and functional evaluation at long term
   Serafin Garcia-Mata, Daniel Sanchez-Guardamino, Miriam Brun, Laura Azcona, Julio Duart,  

Andrea D’Arrigo-Azzarelli (Spain)

09.50  Risk factors for the development of avascular necrosis after femoral neck fractures inchildren: a review of 239
OP-079  cases 
 Wen Tao Wang1, Yi Qiang Li1, Federico Canavese2, Shun You Chen1 (1China, 2France)

09.55  Extra-articular proximal femur fractures in children and adolescents treated by elastic stable intramedullary
OP-080  nailing 
  Flavia Alberghina1, Antonio Andreacchio1, Mattia Cravino1, Federico Canavese2 (1Italy, 2France)

10.00 Discussion
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10.10  SESSION 8: THE FABULOUS FOUR: SPINE & NEUROMUSCULAR 
11.10 Chair: André Kaelin (Switzerland)
  Web Moderators:  David Farrington (Spain), Brice Ilharreborde (France)
 
10.10 Reoperative risk factors following final fusion for traditional growing rod treatment in early onset scoliosis 
OP-081  Jerry Du, Connie Poe-Kochert, George H. Thompson, Christina Hardesty, Jeff Pawelek, John Emans, John 

Flynn, Pediatric Spine Study Group (USA)

10.15 Serious perioperative adverse events after pediatric cervical spine fusions
OP-082  Bram Verhofste, Nora O’Neill, Michael Timothy Hresko, John Emans, Daniel Hedequist (USA)

10.20  Is the axial spinal cord classification predictive of intra-operative neurologic alert for pediatric scoliosis
OP-083 patients 
 Anthony Stans, Smitha Mathew, Todd Milbrandt, William Shaughnessy, A. Noelle Larson (USA)

10.25  Os odontoideum in children: treatment outcomes and neurologic risk factors
 OP-084  Ilkka Helenius1, Jennifer Bauer2, Bram Verhofste2, Paul Sponseller2, Walter Kernel2, Daniel Hedequist2, Patrick 

Cahill2, A. Noelle Larson2, Joshua Pays2, John T. Anderson2, Jeffrey E. Martus2, Burt Yaszay, Jonathan Phillips2 
(1Finland, 2USA)

10.30 Discussion

 
 Chair: Reinald Brunner (Switzerland) 
 Web Moderator:  Elke Viehweger (France)
    
10.40  Effect of pediatric orthopedic intervention on ambulatory adults with cerebral palsy: a long-term longitudinal
OP-085  assessment 
 Tanyawat Saisongcroh, Michael W. Shrader, Freeman Miller, Julieanne P. Sees, Chris Church, Nancy Lennon (USA)

10.45  Musculoskeletal pain in children with cerebral palsy. A cross-sectional register study of 3545 individuals
OP-086  Elsa Eriksson, Ann Alriksson Schmidt, Gunnar Hägglund (Sweden)

10.50   Intraoperative neuromonitoring during distal femoral extension osteotomy in cerebral palsy
OP-087  Ozan Ali Erdal, Baris Gorgun, Ilker Abdullah Sarikaya, Muharrem Inan (Turkey)

10.55 Impact of hip surveillance on surgical practice: what makes a difference?
 OP-088  Stacey Miller, Maureen O’Donnell, Kishore Mulpuri (Canada)

11.00 Discussion
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11.10 SESSION 9: BASIC SCIENCE
12.00 Chair: Franck Accadbled (France)  
 Web Moderators:  Andreas Roposch (United Kingdom), Ignacio Sanpera (Spain)

11.10   Estimating skeletal maturity using knee radiographs during pre-adolescence using the epiphyseal:
OP-089  metaphyseal ratio 
 Alex Benedick, Bailyn Hogue, Raymond Liu (USA)

11.15  Bone morphogenic protein-2 increases mechanical strength of bone regenerate in distraction osteogenesis
OP-090  Emre Kalay, Cenk Ermutlu, Bartu Sarisozen, Ulviye Yalçınkaya (Turkey)

11.20  Evaluation of impaired skeletal development in skeletal immature mice by anti rheumatic agents
OP-091   Marjolein  Caron, Mirella Haartmans, Tessy Castermans, Bert van Rietbergen, Lodewijk van Rhijn, Tim Welting, 

Adhiambo Witlox (The Netherlands)

11.25  Serum-derived exosomes of congenital pseudarthrosis of tibia in children  suppresses bone formation and
OP-092  increases bone resorption via alteration of exosomal bone-related proteins 

Ge Yang1, Qian Tan1, Hui Yu2, Haibo Mei1 (1China, 2Germany)

11.30  Magnetic resonance quantification of meniscus vascularity in pediatric versus adult knees
OP-093   Kenneth Lin, Naomi Gadinsky, Craig Klinger, Jonathan Dyke, Scott Rodeo, Daniel Green, Peter Fabricant, 

David L. Helfet, Kevin Shea, Lionel Lazaro (USA)

11.35  The possible role of tissue hypoxia - Newly detected pathway in the contracted tissue of the relapsed clubfoot
OP-094   Tomas Novotny, Adam Eckhardt, Jarmila Knitlova, Martina Doubkova, Jana Musilkova, Martin Oštádal (Czech 

Republic)

11.40 Discussion

12.00   SPONSORED SYMPOSIUM 
13.00
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13.00 SESSION 10: BEST OF THE BEST 
14.00 Chair: Stephen Albanese (USA)  
 Web Moderators: Gilberto Brandão (Brazil), Thomas Wirth (Germany) 
 
13.00 Predictors and prediction-score in clubfoot; what predicts recurrence?
OP-095 Omer Angel, Ehud Lebel, Amit Davidson (Israel)

13.05  Correction of foot and ankle malalignment with SUPERankle procedure in severe fibular hemimelia
OP-096 Milud Shadi, Piotr Janusz, Tomasz Kotwicki (Poland)

13.10  Midterm results of treated symptomatic calcaneonavicular coalitions
 OP-097  Ignacio Sanpera, Miguel García-Cancho Sánchez, Marta Salom, Jean Marie Gomez Alessandri, Ana Fernandez-

Ansorena, Guillem Frontera Juan (Spain)

13.15  Identification of complications in pediatric cerebral palsy patients treated with intrathecal baclofen pump
OP-098  therapy: a descriptive analysis of 15 years at one institution
 Julieanne P. Sees, Ahmet Imerci, Kenneth Rogers, Freeman Miller (USA)

13.20 Verification of hip reduction using medial ultrasound in spica cast treatment for DDH
OP-099 Gang Fu (China)

13.25  Incidence of delayed spinal cord injury in paediatric spine deformity surgery seems to be higher than
OP-100  previously assumed 
  Jeroen Renkens, Adriaan Mostert, Agnita Stadhouder, Moyo Kruyt, Luc De Klerk, Tom Schlösser, Marinus de 

Kleuver, René Castelein, Joost Rutges (The Netherlands)

13.30 Discussion

14.00 SPONSORED SYMPOSIUM  
15.00

15.00 MEET THE MENTOR 
16.00 Web Moderator: Web Moderator: Stephan Huhnstock (Norway), Salih Marangoz (Turkey)

 EPOS History Quiz. 
 Klaus Parsch (Germany)

16.00 PRESIDENTIAL GUEST LECTURE
16.30 
 Biological and practical aspects of long bone growth and elongation
 Bruce K. Foster (Australia) 

16.30 PRO MAXIMIS MERITIS
16.40 André Kaelin (Switzerland) 

16.40 TRANSFER PRESIDENCY
16.55 

16.55 CLOSING REMARKS
17.00
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EP-001  Femoro-pedal distraction in tibial aplasia: preparing the limb for reconstruction 
Andrea Laufer, Adrien Frommer, Georg Gosheger, Robert Rödl, Bjoern Vogt (Germany)

EP-002  Congenital osteofibrous campanacci dysplasia - A case report 
Dimosthenis Kiimetoglou, Lluis Terricabras Carol, Carmen Sevillano de la Puente, Laura Corominas, Lydia De 
Sena, Cesar Garcia Fontecha (Spain)

EP-003  Congenital Volkmann’s ischemic contracture, a rare and challenging condition 
Laura M. Perez-Lopez, Marisa Cabrera-Gonzalez, Diego Gutierrez-de la Iglesia, César Galo García Fontecha 
(Spain)

EP-004  Use of titanium telescopic rodding and reduced external fixation in pediatric osteogenesis imperfecta 
patients 
Dmitry Popkov (Russia)

EP-005  The surgical treatment of severe cervical kyphosis in diastrophic dysplasia 
John Heydemann, W.G. Stuart Mackenzie, Kenneth Rogers, Colleen Ditro, Jeffrey Campbell, Suken Shah, 
William Mackenzie (USA)

EP-006  Complex regional pain syndrome 
Cosimo Gigante, Sonia Viale, Giorgia Martini, Francesco Zulian (Italy)

EP-007  Is the DDH associated with twin pregnancy? Correlation and utility of radiographical exploration in 538 Latin-
American twin births 
Marco Ascacio-Solis, Mario Abraham Almaraz-Ledezma, Luz Gabriela Villarreal-Rivera, Santos S. Serna-Reyna, 
Jorge Garza-Martínez, Javier Meza-Flores, Luis A. Valverde-Galindo, Abraham G. Espinosa-Uribe (Mexico)

EP-008  Comparison of clinical and radiological parameters of periacetabular osteotomy (PAO) and Triple pelvic 
osteotomy (TPO) 
Jiri Chomiak, Martin Oštádal, Pavel Dungl (Czech Republic)

EP-009  Lateral edge and sourcil acetabular index measurements are not interchangeable for evaluation acetabular 
morphology in patients with developmental dysplasia of the hip 
Alpesh Kothari, Saqib Noor, Connor Maddock, Catharine Bradley, Simon Kelley (Canada) 

EP-010  Even ‘experts’ can be fooled: the reliability of clinical examination in diagnosing developmental hip 
dislocations in newborns 
Alexander Aarvold, Kishore Mulpuri, Emily Schaeffer, Wudbhav Sankar, Philip Harper, Brijil Joseph, Nicholas 
Clarke, Jose Herrera-Soto (United Kingdom)

EP-011  The international hip dysplasia institute (IHDI) classification may be easier to use than the Tönnis classification 
in late diagnosed hip dislocations 
Adam Sonesson, Daniel Wenger, Carl-Johan Tiderius (Sweden)

EP-012  The association of BMI and physical activity on acetabular dysplasia in children 
Kuan Chung, Fernando Rivadeneira, Suzanne de Vos-Jakobs, Sita Bierma-Zeinstra, Erwin Waarsing (The 
Netherlands)

EP-013  Validation of risk factors in the failure of Pavlik Harness treatment in infants with dislocated hips 
Ahmet Imerci, Kenneth Rogers, Abhishek Bhattacharjee, Mihir M. Thacker (USA)

EP-014  Inverted acetabular labrum is predictive of Pavlik harness treatment failure for children with developmental 
hip dysplasia 
Ali Siddiqui, Lillian Lai, Rachel Goldstein (USA)
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EP-015  Use of the bimalleolar method for tibial torsion measurement shows the most reliable results in MRI of 
paediatric patients 
Karin Hebenstreit, Madeleine Willegger, Martin Zalaudek, Alexander Kolb, Reinhard Windhager, Catharina 
Chiari (Austria)

EP-016  The variability of the flatfoot frequency depending on the diagnostic criteria and the method of statistical 
analysis 
Alena Dimitrieva, Vladimir Kenis (Russia)

EP-017  Ankle deformities in children: differential approach to surgical correction 
Dmytro Iershov, Viktor Rokutov, Igor Makedonsky (Ukraine)

EP-018  Clubfoot associated to Nail-Patella syndrome. Evolution and treatment with Ponseti method 
Anna Ey Batlle, Marta Vinyals Rodriguez, Dimosthenis Kiimetoglou, Jaime Brajones (Spain)

EP-019  The influence of laterality, sex and family history on clubfoot severity 
Giada Salvatori, Caterina Novella Abati, Camilla Bettuzzi, A. Zanardi, Manuele Lampasi (Italy)

EP-020  Symptomatic too long calcaneal process. A very infrequent cause of foot pain in adolescence 
Serafin Garcia-Mata, Laura Azcona, Miriam Brun, Daniel Sanchez-Guardamino (Spain)

EP-021  The effect of lateral column lengthening on subtalar motion: are we trading deformity for stiffness? 
Brittany Hedrick, Jacob Zide, Danielle McClelland, Claire Shivers, Matthew Siebert, Mitchell Harris, William 
Pierce, Robert Wimberly, Anthony Riccio (USA)

EP-022  Is it flatfoot or not: the consistency of visual perception of flatfoot among orthopedists 
Vladimir Kenis, Alexey Baindurashvili, Alena Dimitrieva (Russia)

EP-023 Training of one-leg balance enhances foot arch development in children
 Chia Chang, Shu Mei Wang (Taiwan)

EP-024  Development of foot length in children with clubfoot. A prospective follow up study 
Evgenia Manousaki, Gunnar Hägglund, Anna-Clara Esbjörnsson, Hanneke Andriesse (Sweden)

EP-025  Quality of life impact and deformity correction in Flexible Flat Foot with calcaneo-stop technique - 
Retrospective study 
Rita Alçada, Joao Caetano, João Figueiredo, Patrícia Wircker, Teresa Alves da Silva, António Camacho 
(Portugal)

EP-026  Complex clubfoot - Still existing problem 
Blazej Pruszczynski, Marek Synder (Poland)

EP-027 Treatment and outcomes of clubfeet associated with amniotic band syndrome
 Melissa Esparza, Elaine Tran, B. Stephens Richards, Anthony Riccio (USA)

EP-028  Calcaneal osteotomies: which indications in Paediatric flatfoot? 
Elena Manuela Samaila, Bruno Magnan (Italy)

EP-029  Calcaneal shortening osteotomy for varus foot deformity in older children 
Nurul Shakirah Abdul Halim1, Chia Chang2 (1Malaysia, 2Taiwan)

EP-030  Long-term effect on plantar pressure change of the calcaneofibular ligament release in surgical treatment of 
Clubfoot 
Serkan Erkuş, Ata Elvan, Ali Turgut, Mehmet Alphan Çakıroğlu, Ibrahim Engin Simsek, Önder Kalenderer 
(Turkey)
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EP-031 Understanding the Juvenile Bunion
  Caitlin Hardin, Jacob Zide, Claire Shivers, Kirsten Tulchin-Francis, Chan-Hee Jo, Anthony Riccio (USA)

EP-032  Treatment of severe flatfeet with gastrocnemius shortening by percutaneous lengthening of the heel cord 
Stefan Bluemel, Rafael Velasco, Vincent Stadelmann, Anika Stephan (Switzerland)

EP-033  Computer-assisted subcapital correction osteotomy in slipped capital femoral epiphysis using individualized 
drill templates 
Sima Zakani, Christopher Chapman, Adam Saule, Anthony Cooper, David Wilson, Kishore Mulpuri (Canada)

EP-034  An assessment of risk factors and outcomes in the surgical management of slipped capital femoral epiphysis - 
A single-centre, retrospective review 
Winston Jin, Eva Habib, Ash Sandhu, Jeffrey Bone, Emily Schaeffer, Kishore Mulpuri (Canada)

EP-035  Rate of total hip replacement for developmental dysplasia of the hip, Legg-Calve-Perthes disease and slipped 
capital femoral epiphysis - a linkage study with a National Joint Replacement Registry 
Manuel Johannes Kraus1,2, Ines Kraus1, Peter John Cundy1, Nicole Williams1 (1Australia, 2Switzerland)

EP-036  The role of MRI in assessing acute avascular necrosis in slipped capital femoral epiphysis 
Michael Flatman, Anshul Rastogi, Nikolaos Papadakos, Martin Siebachmeyer, Yael Gelfer, Andrea Yeo (United 
Kingdom)

EP-037 Probability analysis of sequential SCFE (PASS Score)
 Barry Danino1, Satbir Singh2, Kevin Klingele2 (1Israel, 2USA)

EP-038 The skinny SCFE
  Kyle Obana, Ali Siddiqui, Alexander Broom, Kody Barrett, Lindsay Andras, Michael MIllis, Rachel Goldstein 

(USA)

EP-039  Dega periacetabular osteotomy: the patient based finite element analysis study 
Serkan Erkuş, Önder Kalenderer, Semih Demir, Ali Turgut, Eser Pala (Turkey)

EP-040  Smaller epiphyseal tubercle but larger metaphyseal fossa and peripheral cupping in SCFE compared to 
healthy hips: a 3D-Ct Study 
Ata Kiapour, Shayan Hosseinzadeh, Young-Jo Kim, Eduardo Novais, Deaniel Maranho, Alireza Emami, Gabriela 
Portilla (USA)

EP-041  Is subcapital shortening osteotomy reproducible for the surgical treatment of severe slipped femoral capital 
epiphysis? 
Cindy Mallet, Anne-Laure Simon, Brice Ilharreborde (France)

EP-042  Bilateral horizontal Salter osteotomies with anterior symphyseal closure using nylon tape in the treatment of 
exstrophy of the bladder

 Ahmad Saeed Ali (Egypt)

EP-043  Descriptive epidemiology of upper extremity septic arthritis (UESA) in Children - Review of the CORTICES 
Database 
Ying Li, Rachel Y. Goldstein, Danielle Cook, Allan Beebe, Jaime Rice Denning, Joseph Janicki, Megan Johnson, 
Antoinette Lindberg, CORTICES Study Group (USA)

EP-044  Is surgery always necessary in case of pediatric hematogenous osteomyelitis associated with intra-osseous 
abscess? 
Anne-Laure Simon, Marion Caseris, Olivier Freaud, Cindy Mallet, Brice Ilharreborde (France)

EP-045  Osteoarticular infections in children at a tertiary hospital in Morocco: a prospective survey of microbiological data 
Abdellaoui Hicham, Moutaoukil Kaoutar, Chater Lamiae, Atarraf Karima, Bouchra Oumokhtar, Afifi My 
Abderrahmane (Morocco)
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EP-046  Large bone defects secondary to chronic-osteomyelitis and infected non-union in pediatric patients 
managed by induced membrane technique 
Federico Canavese1, Antonio Andreacchio2, Alain Dimeglio1 (1France, 2Italy)

EP-047  Culture-negative septic arthritis of the knee - A single institution study 
Alina Frolova, Flávia Moreira, Joana Freitas, Sara Almeida Santos, Rui Martins, Pedro Negrão, António Sousa 
(Portugal)

EP-048  The outcomes of double-incision posterior knee release in patients with severe knee flexion contracture 
Bartosz Musielak, Marek Jozwiak, Aleksander Koch, Milud Shadi (Poland)

EP-049  Treatment of dislocation of the patella as a result of sports injuries in children. Forecast and consequences in 
adulthood 
Oleg Loskutov, Ksenia Furmanova (Ukraine)

EP-050  Proximal tibial epiphysiodesis: what about the fibular growth? 
Adele Happiette, Florence Muller, Dominique Barbier, Pierre Journeau (France)

EP-051  Fascia iliaca pain block results in lower overall narcotic usage and shorter hospital stay than epidural 
anesthesia after hip reconstruction in children with cerebral palsy 
Dominique Laron, Jennifer Kelley, James McCarthy (USA)

EP-052  Long term outcomes of ambulatory function in adults with cerebral palsy: evaluating change from 
adolescence 
Nancy Lennon, Chris Church, Michael W. Shrader, William Robinson, Jose Salazar-Torres, John Henley, Tim 
Niiler, Freeman Miller (USA)

EP-053  Pallidal lesion is the risk factor for hip dislocation in dyskinetic cerebral palsy 
Kyoko Okuno, Kenichi Fukiage, Toru Shibata, Yukihiro Kitai, Hiroshi Arai (Japan)

EP-054  Hip displacement in asymmetric diplegia: are all gross motor function classification system IIs and IIIs the same? 
Stacey Miller, Lise Leveille, Maria Juricic, Kishore Mulpuri (Canada)

EP-055  Long term patient reported outcomes of physical function, life satisfaction, and pain in young adults with 
cerebral palsy

  Michael W. Shrader, Nancy Lennon, Chris Church, William Robinson, John Henley, Tim Niiler, Julieanne P. Sees, 
Freeman Miller (USA)

EP-056  Semitendinosus transfer to distal femur improves knee extension more than hamstrings surgical lengthening, 
however it does not prevent the increase of anterior pelvic tilt 
Mauro César de Morais Filho, Marcelo Fujino, Francesco Blumetti, Bruna Caroline Alexandrino Ramos, Cátia 
Kawamura, José Augusto Lopes (Brazil)

EP-057  The Impact of asymmetrical hip dysplasia on the outcomes of patients with cerebral palsy
  Carlos Pargas, Tanyawat Saisongcroh, Julieanne P. Sees, Kenneth Rogers, Freeman Miller, Michael W. Shrader 

(USA)

EP-058  Predicted life expectancy in patients with cerebral palsy and neuromuscular scoliosis undergoing spinal 
fusion: an exploratory analysis from a single institution over 15-years 
Arun Hariharan, Carlos Pargas, Margaret Baldwin, Joseph Petfield, Kenneth Rogers, Julio Jauregui, Peter 
Gabos, Suken Shah, Kirk Dabney, Freeman Miller, Michael W. Shrader, Julieanne P. Sees (USA)

EP-059 Has the evolution of pelvic fixation in neuromuscular scoliosis improved outcomes?
  Dan Kym, Japsimran Kaur, Nicole A. Segovia, Ivan Daniel Mayor, Meghan Imrie, John S. Vorhies (USA)

EP-060  Spinal fusion and pelvic fixation in Rett syndrome patients affected by scoliosis: management of 
complications in a 10 years follow-up series 
Luca Labianca, Ilaria Nicolosi, Antonello Montanaro, Carmelo D’Arrigo, Fabio Marzilli, Andrea Ferretti (Italy)
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EP-061  CHOP: center variability in baseline presentation and management 
Maria Juricic1, Emily Schaeffer1, Stacey Miller1, Jeffrey Bone1, Benjamin Shore2, Unni Narayanan1, Kishore 
Mulpuri1 (1Canada, 2USA)

EP-062  The effect of selective dorsal rhizotomy on spinal deformities in children with cerebral palsy: a long term 
follow up study 
Stacey Miller, Jonathan Lau, Maria Juricic, Bejaan Jivraj, Paul Steinbok, Firoz Miyanji, Kishore Mulpuri 
(Canada)

EP-063  Does utilizing two spine surgeons for neuromuscular scoliosis impact operative outcomes and complications 
Lindsay Schultz, Nichole Leitsinger, Bryan Menapace, Viral Jain, Peter Sturm, James McCarthy (USA)

EP-064  Mehta casting:  where are they now?
 Nichole Leitsinger, Lindsay Schultz, Peter Sturm, Viral Jain, James McCarthy (USA)

EP-065  Vertebral fractures in children: severe injuries with high morbidity 
Pedro Sá Cardoso, Luís Pedro Vieira, João Moreno Morais, Joana Freitas, Cristina Alves, Tah Ling, Nuno 
Alegrete (Portugal)

EP-066  Does autism alter the risk profile for adolescent idiopathic scoliosis surgery?
  Dana A. Leonard, Nicole A. Segovia, Japsimran Kaur, Karthik Nathan, John S. Vorhies (USA)

EP-067  Intrathecal morphine in the presence of a syrinx in pediatric spinal deformity surgery 
Jason Ina, Connie Poe-Kochert, Christina Hardesty, Jochen Son-Hing, Paul Tripi, George H. Thompson (USA)

EP-068  Do routine nutrition consults for neuromuscular scoliosis help the patient or just the rankings? 
Kavish Gupta, David Skaggs, Stephen Stephan, Adrian Lin, Kenneth Illingworth, Lindsay Andras  (USA)

EP-069  Surgical site prevention protocol for pediatric spinal deformity surgery: does it make a difference? 
Jilan Shimberg, Connie Poe-Kochert, Christina Hardesty, Jochen Son-Hing, George H. Thompson, Justin 
Mistovich (USA)

EP-070  Using a dedicated spine radiology technologist is associate with reduced fluoroscopy time, radiation dose, 
and surgical time in pediatric spinal deformity surgery 
Ali Siddiqui, Lindsay Andras, Edward Compton, Kyle Obana, Rajan Murgai, Vernon Tolo, Kenneth Illingworth, 
Skorn Ponrartana, David Skaggs (USA)

EP-071  In-office maximal voluntary ventilation (MVV) testing demonstrates pulmonary improvement following 
posterior spinal fusion for adolescent idiopathic scoliosis 
Hulaimatu Jalloh, Lindsay Andras, Gregory Redding, Hanna Omar-Payne, Gabriela Villamor, Joshua Yang, 
Vernon Tolo, David Skaggs (USA)

EP-072  Is growth-friendly surgery adequate for the treatment of non-ambulatory early-onset scoliosis 
myelomeningocele patients?

  Norman Ramirez Lluch1, Ryan Fitzgerald2, Gerardo Olivella1, John Smith2, Peter Sturm2, Paul Sponseller2, 
Lawrence Karlin2, Scott Luhmann2, Tricia St. Hilaire2, Pediatric Spine Study Group2 (1Puerto Rico, 2USA)

EP-073  Conventional growing rod in EOS treatment - Revision of 22 severe cases with long term lengthening 
João Lameiras Campagnolo, Andreia Mercier Nunes, Pedro Jordão, Jorge Mineiro (Portugal)

EP-074  Can opioid free anesthesia reduce postoperative pain after adolescent idiopathic scoliosis surgery? 
Florence Julien-Marsollier, Anne-Laure Simon, Souhayl Dahmani, Brice Ilharreborde (France)

EP-075  Using a modified Jackson table for elongation, derotation, flexion casting 
Blake Montgomery, Kali R. Tileston, Japsimran Kaur, Nicole A. Segovia, Dan Kym, Meghan Imrie, James Policy, 
Lawrence A. Rinsky, John S. Vorhies (USA)
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EP-076  Power pedicle tract preparation and screw placement: a multicenter study of early adopters 
Edward Compton, Lindsay Andras, Michael Vitale, Sumeet Garg, Joseph Stone, Nicholas Fletcher, Kenneth 
Illingworth, Roxana Martinez, Eun Bi Kim3 Lukas Keil, Hilary Harris, Vernon Tolo, David Skaggs (USA)

EP-077  Synovial fluid cytokine patterns in skeletally immature patients with anterior cruciate ligament injury 
Marco Bigoni1, Marco Turati1,2, Massimiliano Piatti1, Marcello Catalano1, Diego Gaddi1, Massimo Gorla1, Nicolò 
Zanchi1, Giovanni Zatti1, Antonio Torsello1 (1Italy, 2France)

EP-078  Neuromuscular intervention of upper extremities for children in wheelchair 
Florian Liepe, Julia Funk (Germany)

EP-079  Reconstruction of medial patellofemoral ligament in adolescents with modern and synthetic material tape 
Lukasz Lipinski, Radoslaw Lebiedzinski, Marek Synder, Andrzej Grzegorzewski (Poland)

EP-080  Anterior cruciate ligament reconstruction with quadriceps autograft in patients under the age of 20 
Daniel Green, Lindsay Schlichte, Alexandra Aitchison, Frank Cordasco (USA)

EP-081  Quadriceps versus hamstring autografts for anterior cruciate ligament repair in adolescent athletes: 
comparing graft signal intensity on MRI 
Alexandra Aitchison, David Alcoloumbre, Douglas Mintz, Frank Cordasco, Daniel Green (USA)

EP-082  Opioid re-prescription following ACL reconstruction is associated with subsequent opiate use disorders 
Eli M. Cahan, Nicole A. Segovia, Japsimran Kaur, Charles M. Chan, John S. Vorhies  (USA)

EP-083 Repair of chondral lesions in adolescents with chronic patellar instability
 Ioannes Melas, Dimitrios Metaxiotis, Michael Iosifidis (Greece)

EP-084  Treatment of unstable supracondylar humeral fractures in children: a comparative study
 Sinisa Ducic, Bojan Bukva, Vladimir Radlovic, Mikan Lazovic (Serbia)

EP-085  Cost- effectiveness using midazolam or nitrous oxide during manipulation of forearm fractures and distal 
radial fractures in the pediatric emergency department

 Ana Fernandez Ansorena, Laura Corominas, Ignacio Sanpera (Spain)

EP-086  An analysis of the scale of orthopaedic injuries associated with trampolines & bouncy castles
 Cathleen McCarrick, Fiachra Power, Ciaran Mc Donald, Noelle Cassidy (Ireland)

EP-087  Prospective, randomized, blinded trial demonstrates decreased pain during supracondylar pin removal with 
noninvasive electrotherapy stimulation compared to placebo

  Natalya Sarkisova, Rachel Goldstein, Trevor Anesi, Erin Meisel, Nina Lightdale-Miric, David Skaggs, Lindsay 
Andras (USA)

EP-088  Size of metaphyseal fracture fragment does not predict delayed or nonunion in pediatric lateral condyle 
fractures 
Edward Compton, Stephen Stephan, Rachel Goldstein, Nina Lightdale-Miric, Kenneth Illingworth, David 
Skaggs, Lindsay Andras (USA)

EP-089  Nerve injuries in supracondylar humerus fractures: does time to surgery influence time to recovery?
 Susan Mahan, Patricia Miller, Jiwoo Park, Nicholas Sullivan, Carley Vuillermin (USA)

EP-090  Results of pediatric diaphyseal femoral fractures treated with traction and a subsequent spica cast 
immobilization

  Sarah Mills, Carmen Goez, Luis Moraleda Novo, Joaquín Núñez De Armas, Gaspar Gonzalez (Spain)

EP-091  Isolated femoral shaft fractures in children rarely require a blood transfusion 
Edward Compton, Lindsay Andras, Rajan Murgai, David Skaggs, Vernon Tolo, Kenneth Illingworth (USA)
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EP-092  K-wire size has no effect on outcomes of percutaneous pinning of supracondylar humerus fractures in 
children age >  5 yo or weighing > 20 kg 
Kavish Gupta, Ali Siddiqui, Mary Kate Erdman, Mathew Schur, Rachel Y. Goldstein, Erin M. Meisel (USA)

EP-093  Displaced diaphyseal femur fractures managed by elastic stable intramedullary nailing with or without the 
use of intraoperative traction during nail insertion: comparative analysis of 69 patients 
Antonio Andreacchio1, Flavia Alberghina1, Mattia Cravino1, Federico Canavese2 (1Italy, 2France)

EP-094  Pediatric pelvic fractures: 7-year review in a level 1 trauma center 
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Estimated effect of secondary screening for hip 
dislocation at child health care centres

Daniel Wenger1,2, Henrik Düppe1,3, Carl Johan Tiderius1,3

1Lund University, Dept. of Clinical Sciences, Lund, Sweden, 
2Skåne University Hospital, Dept. of Orthopaedics, Malmö, 
Sweden, 3Skåne University Hospital, Dept. of Orthopaedics, 
Lund, Sweden

Level III

Introduction and Objective: Secondary screening at child 
health care centres has been assumed to result in earlier 
detection of late diagnosed hip dislocations. However, this 
has not been previously studied. We aimed to study the age 
at diagnosis, and disease severity, comparing children with 
late presenting hip dislocation diagnosed through the Swed-
ish national secondary screening programme with children 
diagnosed due to symptoms. 
Materials and Methods: In a prospective nationwide registry 
study on the birth cohort from 2000 through 2009, there 
were 126 cases of late diagnosed hip dislocation in Sweden. 
We performed a retrospective review of hospital files, dividing 
cases in 3 groups, based on how the diagnosis was made: 
1) secondary screening at child health care centre
2) diagnosis due to symptoms
3) primary screening
Data could be analysed in 101 cases. The primary compari-
son was between groups 1 and 2, the latter being used as a 
surrogate variable representing a situation without secondary 
screening.

Results: Children diagnosed through secondary screening 
were 11 months younger (median: 47 weeks) compared to 
those presenting with symptoms (p<0.001). Children pre-
senting due to symptoms had odds ratio 5.1 (95% CI: 1.7–
15) of having a high dislocation, and odds ratio 11 (95% CI: 
4.1–31) of presenting at age 1 year or older, compared to 
the secondary screening group. The secondary screening was 
able to identify half of the children (55%, 95% CI: 45%–66%) 
not diagnosed through primary screening.
Conclusions: Secondary screening at child health care centres 
appears to substantially lower the age at diagnosis in half of 
all children with late hip dislocation, with the risk of having a 
high dislocation decreased to one fifth in such cases. 
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Investigating the radiation risk from repeated pelvic 
imaging in developmental dysplasia of the hip

Alexander Aarvold1, Elizabeth Vogel2, Tom Leaver2, Mike 
Uglow1, James Lampard3, Ben Johnson3
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Kingdom, 2University of Southampton, Southampton, 
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Foundation Trust, Southampton, United Kingdom
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Introduction and Objective: Clinicians are frequently chal-
lenged by parents on the necessity of subjecting their infant’s 
pelvis to X-Rays. However, the risks of this have never been 
quantified. This study aims to calculate the radiation exposure 
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to infants undergoing treatment for DDH and thus establish 
any lifetime risk of malignancy.
Materials and Methods: Patients who had completed a full 
five years of follow-up after successful Pavlik harness treat-
ment were identified from the department’s prospective DDH 
database. The Dose Area Product (DAP), measured in Gray 
(Gy), was extracted on every radiograph, obtained from the 
Computerised Radiology Information System (CRIS) database. 
Specific conversion co-efficients for patient’s age and the tis-
sue irradiated were used to calculate the effective dose (ED) 
of each radiograph, measured in milliSievert (mSv). Cumu-
lative ED was compared to Health Protection Agency (HPA) 
standards to quantify the lifetime risk of malignancy from this 
radiation exposure.
Results: Forty sequential patients were selected for analysis. 
The mean number of AP pelvis radiographs per patient was 
7.0 (range: 6-9, mode: 7). Mean cumulative ED was 0.252 
mSv (Range: 0.107-0.463). Compared to HPA standards, 
this is a 0.002% lifetime risk of malignancy, categorised as 
“Very Low Risk”. This cumulative ED is less than a tenth of the 
annual background radiation exposure in the UK (2.7mSv) 
and far lower than what is deemed a ‘safe’ limit for radiation 
workers over this period (100mSv).
Conclusions: This study has, for the first time, quantified the 
risk of repeated pelvic X-Ray exposure in DDH follow-up. The 
lifetime risk of malignancy is ‘Very Low’ and far below ‘safe’ 
industry accepted standards. A scientific answer can now be 
given to parents for the frequently asked question about the 
risk of pelvic irradiation to their infant.
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Arthrogram in developmental dysplasia of the hip: 
interobserver variability and its effect on the results

Israel Rubio Saez1, Luis Moraleda Novo1,2, Joaquín Núñez De 
Armas1, Gaspar Gonzalez2
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Introduction and Objective: Closed reduction (CR) and open 
reduction (OR) in DDH are related to re-dislocation, AVN or 
residual acetabular dysplasia. Arthrogram helps to decide 
between CR and OR. The objective of the study is to analyze 
the interobserver variability of hip arthrogram and its effect 
on the final result.
Materials and Methods: 59 patients (65 hips) with DDH 
and a hip arthrogram (average age of 7.4 ± 5.2 months) 
were reviewed. Two paediatric orthopaedic surgeons inde-
pendently decided if they will perform a CR, an OR or if they 
had doubts. In those doubtful cases, they had to make a final 

decision between CR and OR. Final x-rays were reviewed at an 
average follow-up of 6.4 ± 3.8 years.
Results: Interobserver variability was moderate (kappa 0.595) 
when deciding CR, OR or doubtful; and good (kappa 0.753) 
when deciding CR and OR. When reviewers agreed to indi-
cate CR, we found three re-dislocations (11.5%), one AVN 
(4%) and five residual dysplasia (19%). When reviewers 
agreed to indicate an OR, we found one re-dislocation (9%), 
six AVN (55%) and five with residual dysplasia (45%). Among 
the 25 doubtful hips, a CR was performed in 10: one re-dis-
location (10%), no AVN, and one residual dysplasia (10%); 
while OR was performed in 15: two re-dislocation (13%), five 
AVN (33%), and nine residual dysplasia (60%). Reviewers 
disagreed in 6 doubtful hips. Two were treated with CR and 
there were no re-dislocations, AVN or residual dysplasia. Four 
were treated with OR and we found no re-dislocations, two 
AVN and three residual dysplasia. 
Conclusions: Interobserver variability of hip arthrogram in 
DDH was good. The rate of AVN and residual dysplasia was 
higher after OR compared to CR. According to this data, it 
seems safer to perform a CR in the doubtful cases. 
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Duration of immobilization after closed reduction in DDH
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Introduction and Objective: In developmental dysplasia of the 
hip (DDH) with dislocation closed reduction (CR) can be part 
of the treatment. After CR immobilisation is essential to main-
tain the reduced position of the hip. Nevertheless, duration 
and method of immobilisation is far from standardized. The 
aim of this retrospective study was to compare 3 different 
immobilisation protocols in order to determine the most opti-
mal protocol.
Materials and Methods: Patient who underwent CR for DDH 
between 2010 and 2018 were studied. Three groups were 
identified: 1. four months spica cast immobilisation, 2. three 
months spica cast immobilisation followed by one month of 
rigid abduction orthosis, 3. three months of spica cast immo-
bilisation. Patients with alternative immobilisation protocols 
were excluded. Primary outcome was redislocation within 
one year after removal of immobilisation device. Secondary 
outcomes were avascular necrosis of the femoral head (AVN), 
residual dysplasia and secondary surgical procedures.
Results: 145 patients (155 hips) were included in our study. 
Apart from the age at CR, no other significant differences 
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were found at baseline. No significant differences were found 
in number of redislocations (5% vs 7% vs 17%; p=0.369). 
Also, no significant differences between the three groups 
were found in secondary outcomes: AVN p=0.31; residual 
dysplasia at one year after CR p=0.234; residual dysplasia at 
two years after CR p=0.406; secondary procedures after two 
years p=0.277.
Conclusions: Longer than three months immobilisation does 
not improve short- and midterm outcome after CR in DDH.
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The incidence of avascular necrosis following a cohort of 
treated developmental dysplasia of the hip (DDH) in a 
single tertiary centre
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Introduction and Objective: Avascular Necrosis (AVN) is a 
complication associated with the treatment of Developmen-
tal Dysplasia of the Hip (DDH), defined as the spectrum of 
changes seen in the proximal femur which occur due to isch-
emia or disruption of blood flow. We aimed to find and ana-
lyze the incidence of, and factors relating to, AVN, by using 
a total cohort of consecutive children who have been treated 
for DDH in a single tertiary centre.
Materials and Methods: This was a retrospective total cohort 
study of patients between 2007 and 2017 that had been 
identified from an ongoing departmental database. The 
radiology database was used to identify any cases of AVN 
and categorized using the Tönnis and Kuhlman, Kalamchi 
and McEwen, Bucholz and Ogden and Salter classification 
systems. Final outcome scores were graded according to 
Severin.
Results: 1816 patients were screened for DDH in the 11-year 
period. 1410 patients were excluded due to no evidence of 
DDH, incomplete clinical data or an associated genetic or neu-
romuscular disorder. 406 patients (523 hips) were ultimately 
included in the study. A total of 45 cases of AVN were found 
in this cohort (11.1%). The incidence of AVN in a cohort of 
patients with all Graf grades of confirmed DDH over a 11-year 
period in a single tertiary centre was 3.2% (11/343). Individu-
als who presented later than 6 months had a higher incidence 
54% (34/63). 
Conclusions: We found no statistical correlation between age 
at presentation and method of classification. There is a sug-

gestion that Salter’s criteria at one year after surgery, may, 
with an increased sample, become a significant feature and 
also that it is strongly correlated to the number of underwent 
procedures (<0.05). A significant difference exists between 
the age distributions across all Salter’s criteria (Chi-Square p 
value <0.01).
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Limited prognostic value of radiographic classifications of 
severity in DDH
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Introduction and Objective: Tönnis radiographic classifica-
tion of grades of severity in developmental dislocation of 
the hip (DDH) has been widely used. A new classification 
was recently developed by the International Hip Dysplasia 
Institute (IHDI). The aim of this study was to assess whether 
these classifications are predictive for the long-term out-
come of DDH. 
Materials and Methods: The material consists of 53 patients 
(46 females), 64 hips, treated for late-detected DDH with 
preliminary skin traction and closed reduction during 1958-
1962. The mean age at hip reduction was 19 months (9-37). 
The primary radiographs were graded according to the clas-
sifications of Tönnis and IHDI. The outcome at a mean age of 
57.6 years (55-60) was graded according to the occurrence of 
osteoarthritis in the affected hips. 
Results: The distribution of hips according to the IHDI method 
was grade II in 20 hips, grade III in 35 hips, and grade IV in 
9. Three hips could not be classified with the Tönnis method 
because the ossification center of the femoral head had not 
yet appeared. There was a very good association between 
the classifications (p < 0.001). More severe IHDI grades were 
significantly associated with age ≥ 18 months (p = 0.023). 
Osteoarthritis had developed in 27 hips, of which 23 hips had 
undergone total hip replacement. The Tönnis method was 
associated with long-term osteoarthritis (p = 0.048), whereas 
the IHDI method was not significantly associated with osteo-
arthrosis (p = 0.256).
Conclusions: Both the IHDI and the Tönnis classifications are 
useful for grading severity in late-detected DDH. The Tön-
nis method was found to be of prognostic value for long-
term osteoarthritis; however, the method cannot be used in 
younger children without ossification center of the femoral 
head. The IHDI method can be used in all patients but is of 
limited prognostic value.  
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Validity of the use of individual templates in triple pelvic 
osteotomy in children with hip dysplasia
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Introduction and Objective: Triple pelvic osteotomy (TPO) is 
widely used in the treatment of adolescent with hip dysplasia. 
Overcorrection of the acetabulum leads to non-union of the 
pelvic bones and the development of FAI in the future. Objec-
tive-to assess the position of the acetabulum after triple oste-
otomy of the pelvis using individual templates in children with 
hip dysplasia type A according to the classification Hartofilakidis.
Materials and Methods: The results of x-ray examination of 
40 patients (40 hip joints) with unilateral hip dysplasia at 
the age of 14 to 18 years (mean age 16.3±1.4) were ana-
lyzed. All patients underwent standard X-ray examination and 
computer tomography of the hip joints. All patients under-
went radiometry of indicators characterizing the anatomical 
structure and spatial position of the acetabulum. Patients 
were divided into 2 groups. The main group consisted of 20 
patients (20 hip joints) who underwent TPO using person-
alized templates made using 3D modeling and prototyping 
technologies. The control group consisted of 20 patients (20 
hip joints), who underwent TPO on the basis of standard 
X-ray planning. The significance Level of the differences was 
assessed using Mann-Whitney U - test.
Results: In the main group the average values of the angles 
Sharp, Tönnis, Wiberg before and after surgery were 52,4±3°, 
21,5±3,6°, 4,4±3,3° and 34,9±3,7°, 2,9±0,9°, 33±3,9° 
respectively. In the control group the average values of the 
angles Sharp, Tönnis, Wiberg before and after surgery were 
53,5±3,6°, 22,5±3°, 43,8±3,9° and 26,3±12° 1,6±4,9°, 
39±13,2° respectively. The statistical analysis revealed signif-
icant differences in the values of Sharp, Tönnis and Wiberg 
angles in patients of the main and control groups (p<0.05).
Conclusions: The use of individual templates during TPO in 
the treatment of children with hip dysplasia allowed to neu-
tralize possible errors in the spatial position of the acetabu-
lum in the direction of overcorrection (p<0.05).
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Reduced but dysplastic hip (Graf II) at 4-6 weeks of age: 
no radiographic differences between hips treated with a 
harness and those observed without treatment
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Introduction and Objective: Controversy exists regarding 
when start treatment of a reduced but dysplastic hip after one 
month of age. The objective of the study is to compare the 
results of harness treatment versus observation in a dysplastic 
but reduced hip (Graf type II) seen at 4-6 weeks of age. 
Materials and Methods: 240 Graf type-II hips seen in an ultra-
sound performed at an average of 44 days were reviewed. 
86 hips were treated with an abduction harness (median of 
60 days), and 144 were observed without treatment. Family 
history of DDH, pregnancy, deliver, and clinical stability were 
noted. Alfa angle, coverage and stability were assessed ultra-
sonographically. Radiographs assessment after an average 
of 12.2 months in the observation group and 18.1 months 
in the treatment group: acetabular index (AI), Shenton line, 
sourcil and nucleus symmetry. Completely normal radiologi-
cal aspect of the hip if AI<30 degrees, integrity of the Shenton 
line, good/excellent sourcil and nucleus symmetry.
Results: No statistical differences between groups regarding 
number of pregnancies (p=0.260), duration of pregnancy 
(p=0.333), breech presentation (p=0.551), weight at birth 
(p=0.271), age at the time of ultrasound (p=0.095), right 
hip alpha angle (p0=.872). Left hip alpha angle was slightly 
lower in the treatment group (51º vs 54º; p<0.001.) More 
Barlow-positive hips among the patients treated (31% vs 4%; 
p<0.001). At the latest follow-up, no significant differences 
between groups regarding AI (p=0.299 and p=0.701); inci-
dence of a good/excellent aspect of the sourcil (p=0.432) or 
incidence of a completely normal radiological aspect of the 
hip (p=0.136). 
Conclusions: In this study, dysplastic but reduced hips 
resolved completely in both groups, with or without harness 
treatment. According to our data, a dysplastic but reduced 
hip at 4-6 weeks of age can be monitored waiting for spon-
taneous normalization. The use of an abduction harness can 
be postponed.
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Extramedullary implantable limb lengthening (EILL) 
for congenital limb length discrepancy (LLD) is a safe 
alternative to external fixation lengthening

Claire Shannon1, Craig Robbins1, Dror Paley1

1Paley Orthopaedic and Spine Institute, West Palm Beach, 
United States
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Introduction and Objective: To evaluate whether EILL can 
extend the indication for implantable limb lengthening to 
younger and smaller children and replace external fixation 
as the only method to lengthen children whose medullary 
canals are too small or whose growth plates would be violated 
by intramedullary lengthening devices.
Materials and Methods: Retrospective review of all cases of 
EILL for congenital limb length discrepancy (LLD) during past 
5yrs. Inclusion criteria: medullary canal too small for 8.5mm 
nail and minimum fixation length 150mm. A small diameter 
solid rod (SLIM, Pega) was inserted in the medullary canal to 
help maintain alignment and the lengthening nail was affixed 
outside the bone with screws. Protocol: Lengthening rate 
0.75mm/day, daily physical therapy and night extension knee 
bracing for femurs, ankle dorsiflexion bracing for tibias.
Results: 12 patients (9 male, 3 female). Dx: Congenital Femo-
ral Deficiency (8), Tibial Hemimelia (2), Fibular Hemimelia (1), 
and Myelomeningocele (1). Median age: 8.25 years (3.5-15.5 
years). Femoral lengthening performed in 10/12 patients 
and tibial lengthening in 2/12. Average lengthening amount: 
49mm (43-55mm). Complications: 1 broken screw requiring 
revision fixation; 1 subluxation of hip treated by open reduc-
tion and periacetabular osteotomy. There were no infections 
and no axial deviation. 
Conclusions: EILL is a safe alternative to external fixation 
lengthening and extends the indications for implantable 
lengthening to younger children (youngest in this series was 
3 years, and to bones whose growth plates would be violated 
by intramedullary devices (tibia and younger femur apoph-
ysis). One must follow the same principles as with external 
fixation lengthening in terms of stabilization of joints with 
preparatory surgery (e.g. pelvic osteotomy) and with bracing 
to prevent knee subluxation and contracture. Lengthening 
should be restricted to amounts no greater than 5cm.
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Mid-term follow-up results of “3-in-1 osteosynthesis” 
and combined surgical technique for congenital tibial 
pseudoarthrosis with complete fibula
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Introduction and Objective: To introduce the indications, 
methods and results of mid-term follow-up of congenital 
pseudarthrosis of tibia (CPT).
Materials and Methods: A retrospective study was performed 
on 17 patients with Crawford type IV CPT accompanied with 
fibular intact who were treated with combined surgical tech-
nique and “3-in-1 osteosynthesis” from March 2014 to August 
2015. The average age during surgery was 3 years (1.1 ~7.7 

years). Combined surgical technique and “3 in 1 osteosynthe-
sis” included proximal fibular osteotomy, excision of pseudar-
throsis, intramedullary rod insertion, installation of Ilizarov’s 
fixator, tibio-fibular cross union, and wrapping autogenic iliac 
bone graft. The incidence of refracture, ankle valgus, tibial 
valgus and limb length discrepancy (LLD) in patients were 
investigated with an average follow-up time of 52.8 months 
(48~65 months). 
Results: All patients achieved primary union, the average pri-
mary union time was 4.9 months (4.1-month ~ 7.8-month). 
13 (76%) cases showed LLD with an average limb length of 
1.2 cm (0.5~2cm); six (35%) cases exhibited tibial valgus with 
an average tibial valgus deformity of 7.8° (5°~16°), two cases 
had ankle valgus. The cross-sectional area of bone graft was 
enlarged to 1.74 times (1.14~2.60 times) of the tibia shaft. 
No case showed refracture during the follow-up periods. Five 
cases restored movement of ankle joint with an average dor-
siflexion 22°and with an average plantar flexion 30 °, and the 
function of ankle joint was normal.
Conclusions: “3-in-1 osteosynthesis” and Combined surgical 
technique, which is primarily considered for bony union with 
a large cross-sectional area. The early healing rate is high. 
It can provide satisfactory results in short-term follow-up in 
treating CPT.
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Combination of Ilizarov technique and intramedullary 
rodding in the treatment of CPT middle and long-term 
follow-up results
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Introduction and Objective: The purpose of this study was to 
investigate the initial union rate, refracture rate and residual 
deformities of congenital pseudarthrosis of the tibia (CPT), 
using combined surgery including pseudarthrosis resection, 
intramedullary rodding, autogenous iliac bone grafting and 
Ilizarov’s fixator, with a mean 10 years of follow-up.
Materials and Methods: We retrospectively reviewed the 
records and diagrams of patients with Crawford type IV con-
genital pseudarthrosis of the tibia between February 2007 
and March 2010. Patients managed by pseudarthrosis resec-
tion, intramedullary rod of the tibia, wrapping autogenous 
iliac bone grafting and Ilizarov’s fixator were enrolled. We 
evaluated the bone union rate, tibial alignment, limb length 
discrepancy (LLD), valgus deformity of the ankle and the fre-
quencies of refracture during period of follow-up. 
Results: There were 70 cases enrolled in the study, with a 
mean follow-up 10 years. The mean age of the patients at 
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surgery was 3.6 years. 63 (90%) of the 70 patients had pri-
mary bone union at site of pseudarthrosis. The average time 
spent to obtain pseudarthrosis initial union was 4.3 months 
and mean duration of Ilizarov treatment was 4.6 months. 14 
(20%) patients had proximal tibial valgus with a mean angle 
of 9° (range, 5 to 24°), while 13 (18 %) patients had ankle val-
gus deformities with a mean of 12° (range, 6 to 21°). 21(30 
%) patients had an average 2.5 cm LLD, 14 (20 %) had refrac-
ture which need cast immobilization or secondary surgery. 
Conclusions: This combined surgery obtained initial union 
rate of 90 % at primary surgery while the refracture rate is 
20 %. However, residual deformities such as proximal tibial 
valgus, LLD and ankle valgus were also existed which should 
be pay more attention to and dealt with.
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Virtual reality (VR) to reduce pain and anxiety in the 
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Introduction and Objective: While Virtual Reality (VR) has 
been shown to be an effective distractor in children, no stud-
ies have looked at its use within paediatric orthopaedics. The 
purpose of this study was to look at the use of VR in reducing 
pain and anxiety Levels in children during common ortho-
paedic outpatient procedures including: cast removal, cast 
application, pin removal, and Botox injections.
Materials and Methods: A non-blinded randomized control 
trial took place in children aged 4-18 years. Intraprocedural 
anxiety was measured using the Children’s Emotional Man-
ifestation Scale (CEMS); pre- and post-procedural anxiety 
was measured using the Short State Anxiety Inventory Scale 
(SAIS); pain was measured using the Wong-Baker FACES 
Scale (WBFS). Additional data was collected on trait anxiety, 
nausea Levels, total procedural time, and desire for future 
VR use.
Results: 110 subjects were included in the study (control 
n=54, intervention n=56) with a mean age of 10.0 years. 
Ninety subjects were included in the cast removal group, nine 
in cast application, seven in pin removal and four within the 
Botox group. Post-procedural anxiety and intraprocedural 
anxiety were 14.3% (p=0.06) and 23.1% (p=0.02) lower in 
the VR group respectively with the CEMS facial component 
showing a 26.7% (p<0.001) reduction in the VR group. Total 

WBFS showed an overall pain reduction of 26.7% (p=0.36) 
in the VR group. The intervention arm performed 20 seconds 
faster on average (p = 0.58) and only one subject expressed 
dizziness. Finally, 88.2% (n= 97) of subjects said they would 
like to use VR again, 1.8% (n=2) said “no” and 10% (n = 11) 
said “maybe.” 
Conclusions: VR appears to be an effective distraction tech-
nique in reducing pain and anxiety Levels in children during 
orthopaedic outpatient procedures. Further studies are 
needed to confirm its effectiveness in more painful proce-
dures like pin removal and Botox injections. 
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The relationship of olecranon apophyseal ossification and 
Sanders hand scores to the percentage of final height in 
adolescents
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Cooperman1

1Yale University, Department of Orthopaedics & 
Rehabilitation, New Haven, United States, 2University 
Hospitals - Cleveland Medical Center, Department of 
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Level II

Introduction and Objective: Identifying percentage of final 
height (PFH) provides guidance for timing of intervention in 
the growing child. The purpose of our study was to validate 
the previously established Dimeglio olecranon grading system 
and compare its results with other ossification systems includ-
ing Risser/triradiate closure (TRC) scoring, proximal humerus, 
and Sanders hand scores.
Materials and Methods: Olecranon apophyseal stage was 
graded in 593 lateral elbow radiographs from the Bolton 
Brush Collection. Mean age to PFH was determined for each 
stage and reliability was calculated using intraclass correla-
tion coefficient (ICC). The olecranon stage was combined 
with age, sex, and height in a linear regression model to 
predict PFH. Predictive performance of this model was evalu-
ated using 10-fold cross-validation such that the model was 
trained on 90% of the radiographs and asked to predict PFH 
of the remaining 10%. 
Results: PFH is closely associated with olecranon stage with 
stage 1 occurring at 80% final height (FH) and stage 7 occur-
ring at 99% FH. We found that stage 5 occurs at 90% FH. The 
reliability of this system was high among diverse observers 
(ICC =0.85+/-0.7). Linear regression shows that the olecranon 
system outperforms the Risser/TRC system and is comparable 
with the proximal humerus/Sanders hand systems previously 
published by our group. When combined with age and sex, 
the olecranon system successfully predicted growth such 
that 61% and 89% of predictions were accurate to within six 
months or a year, respectively.



S32 J Child Orthop 2021;15 (Suppl 1):S26–S72

Conclusions: Contrary to previously published data, we found 
stage 5 occurs at 90% final height (a proxy for peak height 
velocity). We also show when the olecranon system is com-
bined with demographics, it successfully predicts height 
within a year in 89% of cases, making the olecranon seen on 
a single lateral elbow radiograph a simple, accurate, and reli-
able alternative to other complex grading systems.
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Verbal numerical rating scale as a predictor of an 
underlying pathology in paediatric patients with back 
pain: a magnetic resonance image-based study
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Level II

Introduction and Objective: Paediatric back pain has been 
associated with the presence of an underlying pathology. Ver-
bal numerical rating scale has been a common tool for assess-
ing paediatric pain intensity. Aim of this study is to assess the 
verbal numerical rating scale as a predictor of underlying 
pathologies found by magnetic resonance image in paediatric 
patients with back pain.
Materials and Methods: All paediatric patients with back 
pain lasting >4 weeks from 2009 to 2018 were enrolled in 
the study. Magnetic resonance image was performed to 
all patients presenting with back pain without identifiable 
cause. Pain was graded with use of verbal numerical rating 
scale from 0 to 10. Patients were divided in two groups: ver-
bal numerical rating scale (1-5) & verbal numerical rating 
scale (6-10). Variables such as gender, age, pain frequency, 
night pain, neurological exam, scoliosis magnitude and pres-
ence of an underlying pathology were compared between 
both groups. Patients that presented with injury due to 
trauma, previous diagnosis of back pain or cervical pain were 
excluded. This an Institutional Review Board approved pro-
spective study.
Results: A total of 467 patients were evaluated in the study. 
Mean age of subjects was 15 years; 69% being female. An 
underlying pathology was identified in 131/313 (41.8%) 
patients with verbal numerical rating scale (6-10), and 
55/152 (36.2%) patients with verbal numerical rating scale 
(1-5). Patients with verbal numerical rating scale (6-10) had 

two times more probability of suffering constant pain (P < 
0.03) and three times more likely of having an abnormal neu-
rological examination (P<0.05). 
Conclusions: Strong correlation of verbal numerical rating 
scale of (6-10) with constant pain and/or abnormal neuro-
logical exam was found. However, use of verbal numerical 
rating scale of (6-10) was not found as adequate predictor for 
a magnetic resonance image underlying pathology in paedi-
atric patients with back pain.

THURSDAY, 15 APRIL 2021

SESSION 2: CONGENITAL & MISCELLANEOUS

OP-015

Smart phone monitoring of guided growth

Peter Stevens1
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Level IV

Introduction and Objective: When guided growth is 
employed to correct angular limb deformity, the established 
follow-up routine involves a clinic visit every 3 months, with 
a full length teleoroentgenogram, to document progressive 
improvement in the mechanical axis. This is inefficient and 
unnecessary. The purpose of this presentation is to suggest 
a more efficient means of monitoring alignment using smart 
phones. 
Materials and Methods: This “Eco-Friendly” follow-up 
method is applicable for all patients who are undergo-
ing guided growth for coronal plane (valgus or varus) 
knee deformities. The caregiver(s) are instructed to obtain 
monthly pictures of their child, holding a placard and stand-
ing with knees (or ankles) touching and to e-mail them to 
the clinic for review; the images are stored in the EMR. The 
parents advised to continue this documentation monthly 
until the deformities are corrected, whereupon they are 
instructed to return to the hospital for surgery.  On the day 
of surgery, radiographic assessment of alignment is obtained 
and the implants (metaphyseal screws vs. entire construct) 
are removed accordingly. If maturity is encroaching, a hand 
radiograph is included to estimate the time remaining for 
growth. If the child has retained hardware and/or remaining 
skeletal growth, the monthly photographic documentation is 
continued until skeletal maturity.
Results: This photojournalistic approach has been employed in 
my practice for 2 years. (approximately 200 patients). During 
that time only a small percentage of parents have failed to 
comply, by not taking and sending pictures as instructed. 
Only 3 patients have experienced overcorrection sufficient to 
warrant reversal of the 8-plates (medial to lateral). None have 
required salvage osteotomies. 
Conclusions: By engaging the parents in the documentation 
of progressive improvement alignment, they are more vested 
in the process. They appreciate the savings in time, travel, 



J Child Orthop 2021;15 (Suppl 1):S26–S72 S33

cost, and unnecessary ionizing radiation involved in monitor-
ing growth modulation.
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Low rate of healing and high incidence of  
complications in benign paediatric bone tumours 
treated with synthetic calcium sulfate-calcium 
phosphate bone graft
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Level III

Introduction and Objective: The purpose of this study was to 
further investigate the outcomes of benign paediatric bone 
tumours treated with an osteoconductive calcium sulfate-cal-
cium phosphate (CaSO4/CaPO4) composite bone graft.
Materials and Methods: Retrospective review was conducted 
on patients with benign bone tumours from 2004-2018. 
Patients with benign bone tumours treated with curet-
tage and bone grafting using synthetic CaSO4/CaPO4 were 
included. Minimum follow-up was 6 months. Records and 
images were reviewed for tumour diagnosis, symptoms, 
pathologic fracture, treatment, complications, and revision 
surgeries. Outcomes were evaluated using the modified Neer 
outcomes rating system.
Results: 30 patients met inclusion criteria. Mean age was 
10±4(3-18) years and mean follow-up was 35.2±22.5(6.9-
86.3) months. Diagnoses were UBC(n=16), ABC(n=11), 
giant cell tumour(n=1), Langerhans cell histiocytosis(n=1), 
and ossifying fibroma(n=1). Pathologic fracture was present 
in 47%(14/30) of patients on admission. All patients had 
index treatment with synthetic CaSO4/CaPO4 composite 
bone grafting, and 33%(10/30) were also treated with inter-
nal fixation. Of patients initially treated with internal fixation, 
70%(7/10) had a pathologic fracture. 29/30(97%) patients 
initially had resolution of pain and return to full activities 
at a mean of 12.5±10.7 weeks. Complications occurred in 
33%(10/30) of patients; 8 had tumour recurrence without 
fracture, 1 had tumour recurrence with pathologic fracture 
following and 1 developed chronic hip pain. 27%(8/30) of 
patients required revision surgery at a mean of 22.6±15.4 
months after index treatment; 88%(7/8) of those were 
treated with allograft, internal fixation, or both. Per the mod-
ified Neer outcomes rating system, 53%(16/30) of patients 
had a healed bony lesion, 3%(1/30) had healing with bony 
defect, and 43%(13/30) of patients had either a persistent or 
recurrent cyst.
Conclusions: Children with benign bone tumours initially 
treated with curettage and bone grafting using an osteo-

conductive CaSO4/CaPO4 composite had a much higher 
incidence of both complications and revision surgery than 
previously reported in the literature.
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Vascularized fibular graft: a good reconstructive option 
after bone tumour resection in paediatric age
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Level IV

Introduction and Objective: After bone tumour resection in 
paediatric age (0-14 years), Vascularized Fibular Graft (VFG) 
is a well-known microsurgical reconstructive technique. 
It generally allows wide diaphysis bone reconstruction, as 
well as epiphyseal in selected sites (proximal humerus, distal 
radius, distal fibula). VFG may be part of a composite flap 
to reconstruct also tendon, muscle, fascia and skin. How-
ever, some complications have been described, both from 
the recipient and from the donor site. Aim of this study is to 
analyze our experience on VFG in paediatric age, focusing 
on reconstructive options, complications and overall long-
term results.
Materials and Methods: From January 1994 to December 
2018, 41 patients were treated at our Institute. Average age 
at surgery was 10.4 years (3-14), and diagnoses were: 23 
osteosarcomas, 16 Ewing sarcomas, 2 low grade sarcomas. 
The involved sites were diaphysis in 28 cases (9 femur, 16 
tibia, 2 humerus, 1 metatarsal bone) and epiphysis in 13 (5 
humerus, 3 radius, 2 elbow, 1 hip, 2 distal fibula). VFG alone 
was employed in 14 cases, and associated to bone massive 
allograft in 27 cases.
Results: At a mean follow-up of 10 years (1-24), 27 patients 
were continuous disease free, eight were treated for local or 
distant disease, 4 patients were died of disease, 2 were lost. 
13 patients were re-operated for non-union, mechanical com-
plications or deep infection, but all VFG persisted in site at 
follow-up; functional results were rated as satisfactory in more 
than 80% of cases. 
Conclusions: After bone tumour resection in paediatric age, 
VFG offers a solid and definitive biological option, able to 
fuse and hypertrophy. Re-operation are frequent, but the 
rate of final limb salvage is high. Despite “new technolo-
gies” are growing, the “conventional” VFG still maintain a 
crucial role.
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Heterogeneity of osteosarcoma microenvironment using 
digital histology
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Level III

Introduction and Objective: Osteosarcoma (OST) is charac-
terized by considerable Levels of genomic and phenotypic 
heterogeneities with a strong spatial heterogeneity of the 
micro-environment cells. Several biological data suggested 
the important role of the immune microenvironment (macro-
phages, osteoclasts) in the response to treatment. The current 
findings have not yet translated successfully to routine ther-
apeutic application in OST patients. The high heterogeneity 
of OTS is an explanation of the strong spatial variability in the 
response to treatments. The purpose of this work is to explore 
links between bone matrix structures at the tissue Level and 
the underlying biology occurring at the Level of the cellular 
microenvironment, to better understand OTS evolution.
Materials and Methods: Histological (H&E) and immunohisto-
logical (CD 8, CD34, CD 68, CD163, STATB2) sections extracted 
from biopsies and resections material of long bones OST (n=6) 
have been studied using digital histology. Dedicated numerical 
methods applied to scanned sections have been implemented 
to obtain quantitative metrics of the cell population distribu-
tion, the porosity of the bone matrix micro-architecture and 
associated correlations. The methodology used successive 
machine learning algorithms, iterative algorithms and filters. 
Results: A negative correlation has been found between poros-
ity and the presence of CD163 macrophages, suggesting that 
a high Level of macrophages is associated with a lower poros-
ity characterized by osteoid production areas.
Conclusions: Using this digital histological approach based on 
machine learning algorithms, we have shown that we could 
quantify the heterogeneity of OTS at different scales. Perspec-
tives of this work will be to apply this method to a larger 
cohort of patients to validate its interest in the therapeutic 
management of OST.
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Clinical and functional results of endoprosthesis after 
bone sarcoma resection of the lower extremity in 
children and adolescents
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Level IV

Introduction and Objective: Endoprosthesis is commonly used 
in orthopaedic oncology as a limb-sparing surgery in lower 
extremity primary bone tumours. The purpose of this study 
was to make a long-term single-center evaluation of child-
hood patients treated with limb-sparing surgery and recon-
struction with endoprosthesis in the lower extremities.
Materials and Methods: A total of 74 patients (osteosarcoma (n 
= 54), Ewing sarcoma (n =20)), with primary bone tumour of 
the lower extremity (proximal femur (n = 13), femoral diaph-
ysis (n=4), distal femur (n = 36), proximal fibula (n=9), and 
the proximal tibia (n = 12)) were treated with endoprosthetic 
reconstruction (EPR) in our centre between 2003 and 2018. 
The patients comprised 32 females and 42 males with an aver-
age age of 14 years (range, 6-20 years). Clinical results were 
evaluated in respect of survival. Kaplan- Meier analysis was 
used for survival analyses of patient and prosthesis. Functional 
outcomes were assessed using the MSTS score. Causes of fail-
ure were classified according to the Henderson classification.
Results: The mean follow-up period was 26.2 months (range, 
12 -120 months). Thirty-three patients were alive at follow-up. 
The survival of patients after EPR was 90% at 6 months, 74% 
at 1 year and 46% at 5 years. Survival of the endoprostheses 
was 89% at 1 year and 62% at 5 and 48% at 10 years. The 
median Musculoskeletal Tumour Society (MSTS) functional 
score at final follow-up were 70% (range, 50%-86.6%). Type 
1 failure occurred in (=soft tissue failure) (n =6, 8%). type 2 
(=aseptic loosening) (n = 4, 5.4%) type 3 (=structural failure) 
(n = 10, 13.5%), type 4 (=infection) (n = 15, 20%) and type 
5 (tumour progression) (n = 8; 10.8%).
Conclusions: EPR can provide good clinical and functional 
results in childhood patients with primary bone tumours in 
lower extremity.
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Stress shielding after reconstruction using cementless 
megaprosthesis in paediatric bone sarcoma patients, 
does it affect the outcome?
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Introduction and Objective: The incidence of stress shielding 
following the use of megaprosthesis in limb salvage surgeries 
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is scarcely reported. Few studies describe the effect on the 
rate of revision surgeries and the functional outcome. The 
current analysis is a retrospective evaluation of the incidence 
and outcome of stress shielding following the use of cement-
less megaprosthesis in paediatric sarcoma patients.
Materials and Methods: Medical records of all patients who 
had a lower limb reconstruction by cementless megaprosthe-
sis with a minimum follow-up period of 4 years, from January 
2008 until December 2014 were reviewed. Out of 255 cases, 
59 cases were included. They were 35 males. Mean age at 
presentation was 14.5 years. Mean follow-up period was 60 
months. Location was distal femur in 31 (52.5%), the proxi-
mal tibia in 22 (37.2%) and the proximal femur in 6 (10.1%) 
patients. 
Results: Out of 59 patients, 29 (49.1%) showed evidence 
of stress shielding, (13 distal femur, 12 proximal tibia, and 
4 proximal femur). It was evident in 4 out of the 6 cases of 
proximal femur (66.6%), 12 out of the 22 cases of proxi-
mal tibia (54.5%), and 11 out of the 31 cases (35.4%) of 
distal femoral megaprostheses, respectively. Average time of 
stress shielding to be radiological evident was 11.3 months. 
Progressive course was evident in 25 cases (86.6%). At the 
latest follow-up, no loosening or fracture was recorded. The 
mean MSTS score of the affected patients was 25.7 +/- 5.8 
compared to 25.9 +/- 4.7 for the 30-stress shielding negative 
patients.
Conclusions: The incidence of stress shielding following the 
use of megaprosthesis in paediatric bone tumour.
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Open arthrotomy, arthroscopy or arthrocentesis for 
septic knee and ankle arthritis in children: a systematic 
review
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Introduction and Objective: Septic knee arthritis in children 
can be treated by arthrocentesis (articular needle aspiration) 
with or without irrigation, arthroscopy or arthrotomy fol-
lowed by antibiotics. The objective of this systematic review 
is to identify the most effective drainage technique for septic 
arthritis of the knee in children.
Materials and Methods: The electronic MEDLINE, EMBASE 
and Cochrane databases were systematically searched 

for original articles that reported outcomes of arthrocen-
tesis, arthroscopy or arthrotomy for septic arthritis of the 
knee. The quality of all included studies was assessed with 
the Methodological Index for Non-randomized Studies 
(MINORS) criteria.
Results: Out of 2428 articles, 11 studies with a total of 279 
knees were included in the systematic review. The qual-
ity of evidence was low (MINORS median 4 (range 2-7)). A 
meta-analysis could not be performed because of the diversity 
and low quality of the studies. In septic knee arthritis, addi-
tional drainage procedures were needed in 54 of 156 (35%) 
knees after arthrocentesis, in 4 of 96 (4%) after arthroscopy 
and in 2 of 12 (17%) after arthrotomy.
Conclusions: Included studies on treatment strategies for sep-
tic arthritis of the knee in children are diverse and the scien-
tific quality is generally low. Knee arthroscopy might have a 
lower risk of additional drainage procedures as compared to 
arthrocentesis and arthrotomy, with acceptable clinical out-
comes and no radiological sequelae.
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Long term outcomes of paediatric hip septic arthritis
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Introduction and Objective: Paediatric septic arthritis of the 
hip in childhood can lead to femoral head destruction and 
poor long-term hip function in certain cases. This study aimed 
to determine long-term outcomes for a cohort of patients 
with septic arthritis of the hip in childhood and identify 
demographic, disease and treatment factors associated with 
poor outcomes.
Materials and Methods: Patients were identified from admis-
sion data using International Classification of Disease codes 
and hospital admission books. Case notes and medical imag-
ing review confirmed the diagnosis of septic arthritis and pro-
vided details regarding demographics, clinical presentation, 
laboratory results and management. Patients were contacted 
by phone to complete the Oxford Hip Score questionnaire. 
Most recent hip x-ray was graded using the Choi Classification 
for residual deformity. Statistical analysis was with chi-square 
(Fisher’s exact test and likelihood ratio) and Mann-Whitney 
test.
Results: 127 patients were identified with average age at 
diagnosis of septic arthritis 5.5 years (range 1 month – 15.9 
years). An organism was identified in 72/127 patients (56.7%) 
(Staphylococcus aureus, Streptococcus species, Kingella kin-
gae). 44/127 patients were contactable and completed the 
Oxford Hip Score at median 15.6 years post-infection (range 
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3.0 - 32.1). 33/44 patients reported scores consistent with 
excellent function (score ≥48). 110/127 patients had final 
radiological examination consistent with no residual defor-
mity (Choi 1A). Younger age at admission had a linear cor-
relation with poor radiological score (p = 0.008) which was 
independent of length of stay or delay to treatment. Osteo-
myelitis in association with septic arthritis was associated with 
poor radiological (p = 0.004) and functional (p = 0.03) scores.
Conclusions: The majority of patients with septic arthritis of 
the hip in childhood have excellent long term radiological 
and functional outcomes. The neonatal and infantile hip is at 
high risk of poor outcomes, even with prompt diagnosis and 
treatment.
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Increased posterior tibial slope demonstrated in 
paediatric patients with Osgood-Schlatter disease: is 
Osgood-Schlatter truly a benign condition?
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Introduction and Objective: Osgood-Schlatter disease (OSD) 
is a traction apophysitis caused by repetitive strain and 
chronic avulsion of the secondary ossification center of the 
tibial tuberosity from the patellar tendon. The aim of this 
study was to determine if OSD is associated with increased 
posterior tibial slope (PTS).
Materials and Methods: A total of 72 patients (51% male) 
examined by the senior author between 2008 and 2019 were 
included. Forty patients aged 10 to 15 years old had a clinical 
diagnosis of OSD supported by radiographic findings on lat-
eral X-ray and MRI. Thirty-two age- and sex-matched subjects 
with history of anterior knee pain but no evidence of OSD on 
clinical exam and no fragmentation of the tibial tubercle on 
lateral X-Ray and MRI were included as a control group. PTS 
was defined as the angle between the reference line and a 
line drawn tangent to the uppermost anterior and posterior 
edges of the medial tibial plateau. Two blinded investigators 
performed retrospective measurement of PTS in duplicate on 
true lateral X-Rays to determine interrater reliability.
Results: Mean age at time of lateral radiograph was 12.6 ± 
1.6 years. There were no differences in age, sex, and laterality 
of knees between the OSD and control groups. Mean PTS 
was significantly higher in the OSD group (12.23º ± 3.58º) 
compared to the control group (8.82 º ± 2.76 º, p<0.001). 
ICC was 0.931 (95% confidence interval, 0.890 to 0.957) for 
measurement of PTS between the two examiners, indicating 
almost perfect interrater reliability.
Conclusions: This study is the first to identify an associa-
tion between OSD and increased PTS. It may be speculated 

in patients with OSD, stress from the extensor mechanism 
through the patellar tendon loads the anterior portion of 
the tibia disproportionately, thereby resulting in asymmetric 
growth and an increased PTS.
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International consensus on juvenile osteochondral 
defects of the talus
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Introduction and Objective: Assessment and treatment guide-
lines for juvenile osteochondral defects (JOCD) of the talus 
have been based on both low quality and low Levels of evi-
dence. Therefore, an international consensus group was con-
vened to collaboratively advance toward consensus opinions 
on key topics regarding JOCD of the talus. The objective was 
to explain the process and delineate the consensus statements 
derived from this consensus meeting on JOCD of the talus.
Materials and Methods: Forty-three international delegates 
representing 22 countries and five continents were convened 
and participated in a process based on the Delphi method of 
achieving consensus. Questions and statements were drafted 
within the working group focusing on JOCD, after which a 
comprehensive literature review was performed and the avail-
able evidence for each statement was graded. Discussion and 
debate occurred in cases where statements were not agreed 
upon in unanimous fashion within the working group. A final 
vote was then held, and the strength of consensus was char-
acterized as follows: consensus: 51 - 74%; strong consensus: 
75 - 99%; unanimous: 100%.
Results: A total of 12 statements on JOCD reached consen-
sus during the 2019 International Consensus Meeting on 
Cartilage Repair of the Ankle in Dublin, Ireland, e.g., “Sur-
gical treatment may be indicated in the following cases: 1) 
Any lesion with failed primary conservative management, or 
2) Unstable lesions”. 56% of the statements achieved unani-
mous consensus.
Conclusions: This international consensus derived from leaders 
in the field will assist clinicians with a combination of expert- 
and evidence-based guidelines to consider in the assessment 
and treatment of JOCD of the talus.
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Avulsion fracture of the ATFL in severe inversion ankle 
injury in children and adolescents
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Introduction and Objective: The ankle inversion sprain is the 
most common injury in adolescents. Effective treatment of 
these injuries depends on adequate assessment of the sprain. 
As in young patients an avulsion fragment is not always evi-
denced radiographically, the ultrasound examinations were 
introduced and when instability was evidenced the surgical 
repair was indicated. The objective is to evaluate the diagnos-
tic role of ultrasound and the results of the surgical repair of 
acute severe ankle sprain in adolescents.
Materials and Methods: From 2000 to 2015, 436 patients 
were treated for ankle sprains; among them 122 young ath-
letes with clinically severe signs of injury, underwent static 
ultrasound 24-48 hours after trauma and static-dynamic ultra-
sound 4-5 days after trauma which demonstrated a severe 
lesion with instability in 82 of those, 33 (27%) with avulsed 
fragment not observed at x-ray. 69 patients accepted to be 
operated on. Ankle instability was assessed by stress x-rays 
under anaesthesia before operation. All the patients were 
evaluated at follow-up by Kaikkonen score and x-ray in stress. 
Results: Dynamic X-Ray under anaesthesia confirmed the sever-
ity of lesion in all 69 cases which accepted to be operated on. 
Static and dynamic ultrasound assessment have a high sensitiv-
ity and specificity for capsular ligamentous and avulsion unsta-
ble lesions. 65 out 69 were evaluated at follow-up (min 4 yrs 
- max 18 yrs) in these cases the mean Kaikkonen score was 92. 
Dynamic x-Ray confirmed in all cases the ankle stability. 
Conclusions: Static and dynamic ultrasound allows to assess the 
severity of the injury in lateral ankle sprains and detect avulsion 
fragments not observed at X-ray then the primary surgical repair 
should be evaluated according to the exigencies and the expec-
tations of patients especially for instable avulsed fragments.
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Intra-articular cytokines and resolvin after ACL and 
meniscal tear in skeletally immature patients
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Introduction and Objective: Preclinical and clinical studies inves-
tigated ACL and meniscal repairing techniques in skeletally 
immature subjects. The intra-articular inflammatory environ-
ment after an ACL tear has not yet been defined. Bio-mechanics 
subsequent to the lesion present an important role in post-trau-
matic OA development in adult population but data in paedi-
atric patients are still lacking. Different molecules attract the 
attention of researchers, especially resolvins: they have pow-
erful anti-inflammatory, reparative and analgesic action. The 
purpose of this study is to determine the role of resolvins and 
cytokines after ACL tears in skeletally immature patients and if 
there is a specific inflammatory pattern compared to adults.
Materials and Methods: Patients with ACL injury and menis-
cal tears were prospectively enrolled over a 5-month period. 
Synovial fluid samples were obtained before surgery. We 
included 29 skeletally immature patients (14 isolated ACL inju-
ries, 15 ACL injuries with meniscal tear) and 30 adult patients 
(13 isolated ACL injuries, 17 ACL injuries with meniscal tear). 
Femoral growth plates were classified into three types (open, 
closing, closed). Resolvin E1(RvE1), IL-1α, TNF-α and IL-10 
were quantified in the synovial fluid with ELISA. Comparisons 
between skeletally immature patients and adults, the influ-
ence of meniscal tear, growth plate maturity, age and time 
from trauma were analysed.
Results: Skeletally immature patients have significant higher 
levels of RvE1 and IL-10 (p < 0,001) compared to adults with 
isolate ACL lesion. We found a significant increased Level 
of RvE1 in open growth plates group compared to closing 
growth plate. Time from injury influences Levels of RvE1 and 
IL-10 with a progressive reduction over time.
Conclusions: Synovial RvE1 play a role in the inflammation 
pattern after ACL lesion with an anti-inflammatory activity 
synergic with IL-10. Our results suggest that skeletally imma-
ture patient have a stronger activation of the RvE1 pattern 
compared to adults patient.
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Surgical treatment of articular cartilage injuries 
associated with patellar dislocation in the skeletally 
immature
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Introduction and Objective: Dislocation of the patella is com-
mon in the paediatric population and frequently concurs with 
chondral or osteochondral damage. The purpose of this study 
was to evaluate the outcomes of skeletally immature patients 
managed operatively for injuries to the articular cartilage fol-
lowing patellofemoral dislocation.
Materials and Methods: A consecutive series of 21 skeletally 
immature patients who underwent surgical intervention for 
the treatment of chondral and osteochondral fractures after 
dislocation of the patellofemoral joint were included in the 
study. All lesions were identified on plain radiographs or mag-
netic resonance imaging; 17 (81%) of them were located in 
the patella, whereas 4 (19%) were found in the lateral femo-
ral condyle. Arthroscopy or arthrotomy and fragment fixation 
with the use of bioabsorbable implants was performed in 14 
cases (group A). 7 subjects (group B) had small-sized, non-fix-
able loose bodies, which were removed, while the craters were 
treated with debridement and microfracture arthroscopically. 
Postoperatively, patients were followed for 3.6±2.6 years and 
were assessed using the child and adolescent modification of 
the International Knee Documentation Committee subjective 
form (pedi-IKDC).
Results: Overall, the mean pedi-IKDC score increased sig-
nificantly from 61.9±7.2 preoperatively to 88.1±5.8 at the 
time of the last follow-up (p<0.001). The amount of change 
was greater in group B (25.9±5.5) as compared to group A 
(24.2±6.0), but the difference was not found to be statistically 
significant.
Conclusions: The present study demonstrated that operative 
management of chondral and osteochondral defects occur-
ring in association with patellar dislocation in skeletally imma-
ture patients had favourable outcomes overall. Fragment 
fixation and loose body removal combined with bone marrow 
stimulation showed similar results.
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Foot and ankle compensations during gait in children 
with anterior cruciate ligament injury
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Introduction and Objective: Anterior cruciate ligament (ACL) 
injuries are common in adults and cause knee instability, 
pain, and an increased risk of osteoarthritis. Previous studies 
demonstrated changed gait patterns in adult patients with 
ACL deficiency. In paediatric patients, the incidence of ACL 
injury is increasing, as children are more involved in sports 
and radiographic diagnostic tools are available. Little is known 
about gait adaptation in children with ACL deficiency. The 

objective of this study was to look for compensatory foot and 
ankle behaviours during gait in paediatric patients with symp-
tomatic ACL deficiency.
Materials and Methods: A retrospective study was performed 
on 47 symptomatic children with unilateral ACL injury (mean 
age 14 years). Gait analysis (GA) was performed and kine-
matic data of the foot and ankle were compared to a group of 
37 healthy children. Ankle angular positions were calculated 
for each of two groups at different moments of the gait cycle. 
Student’s t-test was used for statistical analysis.
Results: Compared to the reference values, the ankle was 
in plantar flexion at initial contact in 41 patients, and ankle 
dorsiflexion during the stance phase was diminished in 39 
patients. Foot progression angle was increased in 23 patients 
during the stance phase and 38 patients during the swing 
phase. Compared to the healthy controls, the patients with 
ACL injury had plantar flexion of the ankle at initial contact 
(3.43°±3.5° vs. 0.74°±3.6°, p<0.05) and decreased dorsi-
flexion during the stance phase (3.43°±3.5° vs. 0.74°±3.6°, 
p<0.05).
Conclusions: During a gait cycle, children with unilateral ACL 
injury have modified kinematics of the foot and ankle. These 
findings support the hypothesis of gait compensatory mech-
anisms in order to increase the stability of the knee. Under-
standing gait adaptation may guide treatment and optimize 
rehabilitation therapy. 
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Efficacy of angular correction by guided growth. 
Correction per month vs. correction per growth
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Introduction and Objective: Efficacy of guided growth around 
the knee was often assessed by amount of angular correction 
per month. The correction rate was associated with anatomic 
location and age. This study aimed to verify an alternative 
method to assess efficacy of guided growth by skeletal growth.
Materials and Methods: This is a retrospective study on 74 
physes in 39 patients who received guided growth using ten-
sion band plates at mean age 11.3 years for knee deformities 
with different etiologies. Bone alignment was measured by the 
lateral distal femoral angle and medial proximal tibial angle 
on the scanogram. Efficacy of guided growth was defined by 
angular correction per month and angular correction per mil-
limeter of bone growth in 1 year. Precision of the two meth-
ods was evaluated by standard deviation of data distribution 
and the relationship between correction efficacy and age. 
Results: The mean (standard deviation) of correction for genu 
valgum was 0.24 (0.13) degrees/mm and 0.42(0.26) degrees/
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month at the medial femur and 0.34(0.2) degrees/mm and 
0.31(0.26) degrees/month at the medial tibia. The correction 
for genu varum were 0.34(0.24) degrees/mm and 0.44(0.27) 
degrees/month at the lateral femur and 0.23(0.15)/mm and 
0.26(0.22) degrees/month at the lateral tibia. The standard 
deviations in per month method were greater than that in 
per growth method. Furthermore, correction/month vs. age 
relationship demonstrated a negative correlation, while cor-
rection/mm revealed a relatively constant value regardless of 
age.
Conclusions: A greater standard deviation indicated more dis-
creteness of data and unpredictable correction when counted 
by month. Per month method showed younger children 
had greater correction efficacy than older children, and per 
growth method had constant efficacy regardless of age. The 
study result supported using correction per growth to esti-
mate correction rate in guided growth.
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Increased tibiofemoral rotation with increasing severity 
of patellar instability
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Introduction and Objective: Tibiofemoral rotation (TFR), spe-
cifically external tibial rotation through the knee joint, is a 
potential contributing factor to patellar instability. However, 
no previous studies have explored the effects of differing 
degrees of TFR. The purpose of this study is to investigate 
the relationship between severity of instability with degree 
of TFR in three groups: fixed or obligatory dislocators (FOD), 
standard patellar instability patients (SPI), and controls with 
normal knee magnetic resonance imaging (MRI).
Materials and Methods: FOD, SPI, and controls from April 
2009 to February 2019 were retrospectively reviewed. All 
FOD were analysed; controls and SPI were randomly selected. 
Patients were included for age under 18 years and qualify-
ing diagnosis, and excluded for outside MRI, previous MPFL 
reconstruction or tibial tubercle osteotomy. TFR was mea-
sured on preoperative axial MRI using posterior femoral and 
tibial condylar lines. Tibial tubercle to trochlear groove dis-
tance (TT-TG) was measured. ANOVA and t-test were per-
formed with α=0.05.
Results: 57 patients were included, 19 in each cohort. Aver-
age age was 13.2 years (range 10-17 years), with 31 females 
(54%). Intraclass correlation coefficient (among 3 measurers) 
for TT-TG and TFR were 0.90 and 0.72, respectively. TT-TG 
differed between the controls vs. SPI (P<0.001), and controls 

vs. FOD (P<0.001), but not SPI vs. FOD (P=0.12). TFR differed 
among the three groups: 8.4° (SD 16.7°) external TFR in FOD, 
1.6° (SD 5.4°) external TFR in SPI, and 2.5° (SD 5.8°) inter-
nal TFR in controls (P=0.0089). FOD had significantly greater 
external TFR than SPI (P=0.047).
Conclusions: The degree of TFR is correlated with severity of 
patellar instability, with greater external TFR in FOD than SPI, 
while TT-TG was similar. Further knowledge of TFR and patel-
lar instability will not only improve understanding of patho-
genesis and prognosis, but also direct surgical treatment 
strategies in refractory or severe cases.
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Incidence of second surgery after medial patellofemoral 
ligament reconstruction and simultaneous osteochondral 
fracture fixation in paediatric patients treated for patellar 
dislocation
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Introduction and Objective: Osteochondral fractures occur in 
5-15% of cases of acute or recurrent patellar dislocations. The 
aim of this study was to determine the incidence of recurrent 
instability and second surgery following osteochondral frac-
ture fixation (OFF) with concomitant medial patellofemoral 
ligament (MPFL) reconstruction.
Materials and Methods: We conducted a retrospective cohort 
study of 321 MPFL reconstructions performed by a single sur-
geon between 2011 and 2019 and identified 37 with OFF 
performed simultaneously in 36 patients (1 bilateral). Demo-
graphic data, surgical details, follow-up data, and subsequent 
surgical procedures were collected.
Results: The average age at surgery was 14.8 years (range 
10.6– 19.6 years). The average length of clinical follow-up 
was 2.1 years (range 0.3– 5.5 years). The average number of 
biodegradable fixation nails used was 4.4 (range: 2-8). Twen-
ty-seven (72.9%) fractures were fixed to the patella and 10 
were fixed to the lateral femoral condyle or trochlea. There 
was one report of recurrent instability. Ten (27%) patients 
required a second surgery on the ipsilateral knee, and under-
went chondroplasty (n=8), removal of biodegradable fixation 
nails (n=4), removal of hemi-epiphysiodesis or TTO hardware 
(n=2), revision MPFL with tibial tubercle osteotomy (n=1), lat-
eral meniscus repair (n=1). The one patient who required revi-
sion MPFL reconstruction has juvenile idiopathic arthritis and 
underwent 3 additional surgeries after the initial MPFL pro-
cedure. Eight patients (22%) underwent a second surgery to 
address cartilage damage or removal of nails. The mean time 
to second surgery was 40.0 weeks (range:11-82.7). The four 
patients who required nail removal had significantly more 
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implanted nails (7 ± 1.7) than patients who did not require 
nail removal (4.1 ± 1.6, p < .05).
Conclusions: Second surgery most commonly involved 
debridement of an unhealed portion of cartilage. This study 
demonstrates a low incidence of recurrent instability after 
MPFL reconstruction and OFF in a paediatric population.
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Incidence of relapse and reintervention need in non-
idiophatic clubfeet. Monitorized analysis of 300 patients 
between 12-22 years: retrospective, analytical and 
descriptive study
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Introduction and Objective: Most clubfeet are idiopathic, 
but some are associated with neuromuscular diseases and 
other congenital pathologies. These non-idiopathic clubfeet 
(syndromic and diagnosed of neuropathy during evolution) 
often recur after treatment with the Ponseti method and 
require surgery. The aim of this study is to analyse the recur-
rences of clubfeet and their causes, as well as the need of 
bone surgery.
Materials and Methods: A 693-clubfeet database of a sin-
gle orthopaedic paediatric surgeon is analysed. Data is 
collected from: affected feet, presence of congenital pathol-
ogy, neurological diagnosis, total Ponseti casts, tenotomy, 
recurrence and type of surgery needed. Statistical analysis 
is performed.
Results: Out of the 300 patients, there were 232 patients with 
idiopathic clubfeet and 68 with non-idiopathic. 122 patients 
relapsed. An average of 3.8 casts per patient (median: 4) was 
used and tenotomy was performed after the casts in 266 
patients. The recurrences of the clubfeet have a statistically 
significant relationship with the non-idiopathic feet in gen-
eral, and specifically with the neurological feet (P <0.001) but 
not the syndromic ones (P = 0.38). There is also a statistically 
significant relationship with atypical feet (P <0.001). On the 
other hand, there is no relationship with the gender (P = 0.15) 
or with previous tenotomy (P = 0.10). The need for bone sur-
gery in relapsed feet (6 patients of the 121 relapses) has a 
statistically significant relationship with non-idiopathic feet in 
general (P = 0.003) and specifically with the neurological ones 
(P = 0.007). 
Conclusions: When we are treating a non-idiopathic club-
foot, we will have to follow it up closely due to the high 

probability of recurrence. Moreover, it is possible that given 
the stiffness of those feet, we need to consider not only soft 
tissue surgery such as re-tenotomy, transfer but also bone 
surgery.
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Successful Ponseti-treated clubfeet at age two years: 
what is the rate of surgical intervention after this?
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Introduction and Objective: Ponseti casting is the standard of 
care in the treatment of idiopathic clubfoot, with excellent 
success in achieving and maintaining functional plantigrade 
feet at the age of two years. The relapse rate requiring surgi-
cal intervention after age two remains uncertain. This study’s 
purpose is to determine the future rate, timing, and type of 
surgery needed in patients who had successful outcomes at 
age two years.
Materials and Methods: Inclusion criteria: patients under 
3 months with idiopathic clubfoot, Ponseti treatment, suc-
cessful outcomes at 2 years of age without surgery, and a 
minimum of 5 years follow-up. We reviewed the number 
of surgical interventions in the age ranges 2-5 years and >5 
years, type of procedures performed, and timing of surgery. 
Results: 343 patients with a total of 513 clubfeet fulfilled the 
inclusion criteria. 122 of 343 patients (35.5%) eventually 
underwent surgery. Between 2-5 years of age, 79 patients 
(23%) with 104 feet (20.3%) had surgery. The most common 
procedures performed between 2-5 years were tibialis anterior 
tendon transfer, posterior release, plantar fascia release, and 
repeat tendo-achilles lengthening; either in isolation or in var-
ious combinations. 264 of 343 patients had follow-up beyond 
age 5 years. At age >5 years, 53/264 patients (20.1%) with 
64 feet (16.7%) underwent surgery. 10 of these 53 patients 
had previous surgery between 2 and 5 years of age. The pro-
cedures most commonly performed were similar, again either 
in isolation or combinations. 
Conclusions: In patients with idiopathic clubfoot who reached 
2 years of age with successful outcomes from non-opera-
tive Ponseti cast treatment, approximately 35% eventually 
required limited surgical intervention to regain or maintain a 
plantigrade foot. When beginning treatment, parents should 
be educated by care providers regarding the potential future 
need for limited surgery even after their child reaches age two 
years with a successful outcome.
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Atypical and complex clubfoot - what is the right 
management for these little angels?
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Introduction and Objective: Atypical and complex clubfoot 
were once considered rare entities, however, there is an 
upsurge due to early identification and diagnosis. As surgeons 
and parents are adopting corrective serial casting treatment, 
improper technique often leads to complex feet. Being a 
clinical variant of idiopathic clubfoot, it is characterized by 
deep medial crease, deep posterior crease, plantar flexion 
of all metatarsals, short chubby cylindrical foot, small hyper 
extended great toe. These feet are resistant to conservative 
Ponseti technique becoming unresponsive even after 15-16 
casts. A prospective midterm follow-up study was conducted, 
with an objective to identify atypical and complex clubfoot 
and evaluate the effectiveness of modified Ponseti manage-
ment.
Materials and Methods: From August 2015 to August 2019, 
we diagnosed and managed 20 patients of atypical and com-
plex clubfoot (33 feet) through modified Ponseti technique, 
in DDU Hospital. The children with aforementioned charac-
teristics and <2 years of age were included in this study. Clin-
ical evaluation was done by Pirani scoring on each visit. In 
this technique, we applied anterior knee and posterior ankle 
slab with limited abduction of 40o and hyperflexion of 110o at 
knee. This serial corrective casting was followed by tenotomy 
and bracing to achieve dorsiflexion of ankle up to 10o. The 
full-time bracing was continued up to 4-5 months followed 
by night splinting.
Results: Corrections were achieved with average number of 
8.2 casts and complication rate of less than 15%. Average 
follow-up was of 18.72 months.
Conclusions: The modified Ponseti method was found to be 
highly effective in management of these clubfeet and easily 
reproducible with proper training. 
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New histological findings in the field concerned with 
clubfoot deformity tissue - increase in the level of 
vascularity in the contracted side of the relapsed clubfoot

Tomas Novotny1,2,3, Adam Eckhardt4, Jarmila Knitlova4,  
Martina Doubkova3,4, Jana Musilkova4, Martin Oštádal5

1Krajská zdravotní, a.s., Orthopaedic surgery, Usti nad 
Labem, Czech Republic, 2Fakulta zdravotnických studií 
Univerzity Jana Evangelisty Purkyně, Usti nad Labem, Czech 
Republic, 32nd Medical School, Charles University, Prague, 
Czech Republic, 4Institute of Physiology ASCR, Prague, Czech 
Republic, 5Nemocnice Na Bulovce, Orthopaedic surgery, 
Prague, Czech Republic

Level II

Introduction and Objective: Clubfoot deformity belongs to a 
group of fibroproliferative disorders. Despite the fact that it is one 
of the most common birth defects, its ethiology is still unknown. 
This study is aimed at a histological and immunohistochemical 
comparison of contracted vs. non-contracted relapsed clubfoot 
tissue vascularity and its regulatory mechanisms.
Materials and Methods: Applying immunohistochemistry, light 
microscopy and an image analyzer, we compared microvessel 
density, arteriole density and concentration of angioprolifer-
ation related proteins found in-between contracted clubfoot 
tissue, i.e., the medial side of the foot (M-side), and non-con-
tracted clubfoot tissue, i.e., the lateral side of the foot (L-side). 
Samples from ten patients were analyzed (n=10 for M-side, 
n=10 for L-side).
Results: We observed a significant increase in the microvessel 
and arteriole density in M-side of the relapsed clubfoot tissue, 
which was accompanied by a significantly higher concentra-
tion of vascular endothelial growth factor (VEGF) and vascular 
endothelial growth factor receptor 2 (VEGFR 2) in the con-
tracted clubfoot tissue.
Conclusions: Fibroproliferation in the M-side side of clubfoot, 
is acquired by means of a higher microvessel and arteriole 
density. These processes are intermediated by specific pro-
angiogenic pathways which we were able to detect. These 
findings may ultimately contribute to the clarification of the 
ethiology and subsequently the development of the disease 
as such, and thereby further develop the therapeutic strate-
gies for clubfoot deformity.
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treatment of idiopathic clubfoot deformity
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Introduction and Objective: Though flatness of the talar dome 
(TD) is a potential consequence of operative and non-oper-
ative clubfoot management, the functional impact of this 
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deformity is not well understood. This study analyzes the rela-
tionship between TD morphology and ankle function at skel-
etal maturity in patients treated for idiopathic clubfoot during 
infancy. 
Materials and Methods: 33 skeletally mature patients (average 
age 17.9 years) with 52 idiopathic clubfeet were identified 
from our institution’s clubfoot registry. Weight bearing radio-
graphs, gait analysis and patient reported outcomes using the 
Paediatric Orthopaedic Data Collection Instrument (PODCI) 
were obtained. Radius of curvature (ROC) of the TD and tibial 
plafond were measured along with other parameters of talar 
and calcaneal morphology. Measurements were correlated to 
PODCI scores and gait analysis data.
Results: Patients demonstrated marked variability in ROC of 
the TD (mean 33.1mm, SD 19.6 mm), TD radius to talar 
length (R/L) ratio (mean 0.60, SD 0.39), opening angle of 
the TD (alpha angle) (mean 88.7°, SD 29.5°) and incongruity 
in the ROC between the TD and tibial plafond (TD/TP ratio) 
(mean 1.17, SD 0.44). Increased TD/TP ratio correlated neg-
atively with maximal plantarflexion (PF) (r=0.404, p=0.005), 
ankle range of motion (ROM) (r=0.383, p=0.008) and maxi-
mum power generation during step off (r=0.381, p=0.008). A 
less acute alpha-angle correlated positively with PF (r=0.404, 
p=0.005), ankle ROM (r=0.383, p=0.008) and maximum 
ankle power generation (r=0.381, p=0.008). Lower ROC of 
the of the TD correlated with increased maximum power gen-
eration (r=0.326, p=0.025). Increased R/L and TD/TP ratios 
correlated negatively with PODCI happiness domain scores 
(r=-0.353, p=0.044; r=-0.377, p=0.025, respectively) while 
talar length correlated with higher happiness domain scores 
(r=0.393, p=0.024), higher global function scores (r=0.360, 
p=0.040) and lower pain scores (r=0.354, p=0.043).
Conclusions: While TD flatness correlates significantly with 
altered gait mechanics, the effects on patient reported func-
tion are more modest.
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Results of casting in recurrence of clubfoot deformity
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Introduction and Objective: Clubfoot is a second most com-
mon congenital locomotor system malformation. Introduc-
tion by Ponseti, a method of treatment based on serial casting 
and derotation brace made a revolution in the treatment. 
Unfortunately, the compliance in bracing varies from family 
to family. In the literature the risk of recurrence of deformity 
was reported at least eight times higher when the brace was 
not used.

Materials and Methods: We reviewed  all in and outpatient 
charts  in the hospital database from 2019 with use of the 
diagnosis code ICD10 Q66. The inclusion criteria were initial 
recasting in the relapse of clubfoot deformity. We analyzed 
the age at diagnosis, treatment protocol, compliance to the 
brace etc. The minimal follow-up was 2 years. The exclusion 
criteria were a surgical procedure before 2 years of age.
Results: We identified 155 patients who met inclusion criteria. 
They were subdivided into two groups; in first 54 patients and 
101 in the second. In the second all patients were treated by 
a surgeon who routinely used casting procedure in relapse. 
In the first group, we observed 40% of relapse and surgery 
was advised. In the second group, we noticed 10% of relapse 
and the cast was applied. The follow-up time varied from 6 
months to 10 years. In the non-re-casting group, 18 children 
received surgery – TA transfer, of the combine with Achilles 
tendon lengthening. In the second group, 2 patients received 
surgery postero-medial release. Three patients were described 
as “waiting for surgery”. 
Conclusions: Early casting in observed relapse of clubfoot 
deformity improves foot shape and clinical parameters, 
decrease risk of surgery or minimalize its extent. In addition, 
prepare the skin for position after surgery. More than half 
patients from second group, which primary was schedule for 
intervention, did not need surgery after casting in 10 years 
follow-up.
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Segmental foot kinematics before and after resection of 
tarsal coalition
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Level III

Introduction and Objective: While the first line treatment for 
symptomatic congenital tarsal coalition is conservative, per-
sistence of symptoms often necessitates surgical care... The 
purpose of this study was to assess alterations in foot bio-
mechanics in patients with tarsal coalition before and after 
resection through instrumented gait analysis using segmental 
foot kinematics.
Materials and Methods: This IRB approved, retrospective 
cohort study included nine participants involving ten tarsal 
joints (average age 12.5 yrs±2.4 yrs, 7 talocalcaneal, 3 calca-
neonavicular). Data was collected using the radiographically 
indexed Milwaukee Foot Model. Comparisons were made 
between the two tarsal coalition groups pre-operatively and 
between the pre- and post-operative groups. Functional Lev-
els were evaluated with the Paediatric Outcomes Data Col-
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lection Instrument (PODCI). Pre- and post-operative PODCI 
scores were compared using paired t-tests. 
Results: Segmental foot model showed pre-operatively, the 
transverse plane external foot rotation was dependent on the 
location of the coalition. The calcaneonavicular group showed 
abduction and external rotation of the tibia and the talocal-
caneal group showed the forefoot abduction. The compari-
son of the pre- and post-operative segmental foot kinematics 
showed no improvements in the hindfoot or forefoot kine-
matics. Despite the lack of improvement of post-operative 
forefoot and hindfoot kinematics, the PODCI scores showed 
improvement in transfers/mobility, sports, pain, global func-
tion, and happiness although only transfers/mobility and hap-
piness showed statistical significance. This suggests that Level 
walking may not be enough to measure functional improve-
ments following surgery. Future directions should consider 
more rigorous activities such as running or walking on uneven 
surfaces, rather than just walking alone.
Conclusions: Segmental foot kinematics allow for objective 
and quantifiable metrics to provide a more in depth under-
standing regarding the total effect of surgical intervention of 
tarsal coalition on walking ability.
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Outcome of talocalcaneal coalition resection assisted 
with intraoperative navigation
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L. Reid1, Mihir M. Thacker1
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Level III

Introduction and Objective: Tarsal coalition (TC) is a fusion 
between two or more bones in the foot due to failed segmen-
tation of the primitive mesenchyme resulting in painful, stiff 
flat foot. Common complications of TCC resection are inad-
equate resection, re-ossification, and/or removal of excessive 
bone, resulting in instability. The purpose is to compare post-
operative outcomes of TCC resection with intraoperative nav-
igation (ION) vs. traditional technique (non-ION).
Materials and Methods: IRB approved for retrospective 
case-control of paediatric patients who had TCC resection 
with non-ION and assisted with ION from 2008-2018. Fre-
quencies and descriptive statistics are reported for demo-
graphics, clinical presentation, imaging, surgeries, treatment, 
and complications.
Results: Forty-two patients were included. Thirty-one (36 
feet) underwent non-ION resection and 11 (12 feet), ION. 
Mean age at surgery: 12.5 and 13.2 years, respectively. Clin-
ical laterality non-ION: 13 bilateral, 10 left, eight right; ION: 
three bilateral, six left, two right. Not every bilateral patient 

required resection for both feet. Average surgery time: non-
ION, 128.2 and ION, 215.0 minutes. Mean radiation doses: 
83.95 (mGycm2) for non-ION and ION, 765.99 (mGycm2) 
(p=0.012). Mean follow-up: 554 and 481 days, respectively. 
Non-ION reported postoperative pain in 18 feet (50.0%) and 
ION, one (8.3%; p= 0.11). Statistical significance was p=0.002 
for postoperative motion in inversion and for subtalar motion, 
p=0.009. Eleven feet (30.6%) with non-ION had a compli-
mentary surgery due to deformities. Three had arthrodesis. 
Complimentary surgeries (ION) were performed on five feet 
(41.7%) for deformities. Non-ION had nine (25.0%) compli-
cations (four re-ossifications); ION had one re-ossification and 
no additional complications.
Conclusions: ION could improve the completeness of resec-
tion and help avoid excess bone being taken and creating iat-
rogenic instability. This study population had a 91% success 
rate with no re-ossification after the use of ION. This tech-
nique requires more training, surgery time, and radiation use.
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Correction of hallux valgus by a MIS procedure in 
teenagers with flexible flatfoot: is it reliable?

Elena Manuela Samaila1, Bruno Magnan1
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Level III

Introduction and Objective: Distal osteotomy of the first meta-
tarsal is indicated in the surgical treatment of isolated hallux 
valgus and associated hyperpronated foot. In our therapeutic 
algorithm the Gold Standard treatment of paediatric flexible 
flatfoot is arthroereisis with Calcaneo-Stop (CS). The aim of 
this study was to evaluate the real possibility to perform a 
subcapital percutaneous osteotomy of the first metatarsal and 
the arthroereisis.
Materials and Methods: 10 consecutive percutaneous distal 
osteotomies (P.D.O.) of the first metatarsal and arthroereisis 
were performed in 8 patients who underwent general anaes-
thesia and ankle block for the treatment of a hallux valgus 
and flexible flatfoot. The osteotomy was stabilized by a K wire 
without crossing the physis. Patients were assessed radio-
graphically at 3 months post-operative and clinically at fol-
low-up using the AOFAS scale with a minimum follow-up of 1 
year. The mean age was 12 years. A Walker boot after surgery 
was used with immediate weightbearing as tolerated.
Results: The mean follow-up was 3 years with an excellent 
AOFAS in all cases with complete resolution of pain at MTP-
1joint. All patients returned to sports 3 months after surgery. 
No recurrence of the deformity was observed. No major com-
plications were found.
Conclusions: The percutaneous procedure in teenagers proved 
to be a reliable technique for a correct execution of a distal 
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linear osteotomy of the 1st metatarsal in respect of the physis 
with the advantages of a minimally invasive procedure, sub-
stantially shorter operating times and a reduced risk of com-
plications related to surgical exposure. Arthroereisis with CS 
leads to a great correction of the calcaneal valgus and func-
tion of the foot despite no major and minor complications if 
performed following the correct surgical indications.
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Talar-tarsal stabilization: rationale and preliminary results
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Introduction and Objective: While surgical stabilization of the 
subtalar joint (arthroereisis) in children remains controversial 
in the USA, it is widely practiced worldwide, with reportedly 
good outcomes. Our purpose is to present a series of patients 
who met our criteria for calcaneal lengthening, but who 
opted instead for the less invasive option of talo-tarsal stabili-
zation (TTS). In particular we wanted to assess the incidence 
of untoward outcomes that may manifest within the first year 
postoperatively, namely peroneal spasm or painful loosening 
of the implant, and discuss the management of these prob-
lems.
Materials and Methods: We undertook this retrospective 
review of 32 patients (60 feet) who underwent talo-tarsal sta-
bilization (TTS) for flexible planovalgus deformity. Concomi-
tant procedures, including percutaneous Achilles lengthening, 
Kidner were documented. We compared weightbearing AP 
and lateral radiographs taken preoperatively and at least 1 
year postoperatively.
Results: At a minimum of 1 year follow-up, 50 of the implants 
(85%) were retained and the patients reported satisfac-
tory outcomes. Those patients will be monitored on a prn 
basis. Peroneal spasm was noted in 3 patients (5 feet). Two 
responded to Botox injection in the peroneus brevis and one 
required transfer of the peroneus brevis to the peroneus lon-
gus. Implants were removed due to discomfort, in 10 feet 
(15%) in 5 patients None of the patients have required sal-
vage hindfoot osteotomy or calcaneal lengthening.
Conclusions: For the child with flat feet and unremitting pain 
TTS, combined with other procedures as indicated, offers 
advantages over the accepted methods of medial shift osteot-
omy or calcaneal lengthening. It is less invasive and well tol-
erated. The outcome at 1 year is a good forecast of whether 
or not further treatment will be required. Osteotomy may be 
obviated.
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Surgical (K-Wires) vs conservative (Blount´s Method) 
treatment for supracondylar humeral fractures
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Introduction and Objective: Supracondylar fractures are one 
of the most frequent pathologies in the emergency rooms of 
children’s hospitals. While many authors argue that displaced 
fractures have to be surgically managed, others argue that 
conservative management with Blount’s method is just as 
valid as the surgical one. Our objective was to compare the 
results and complications between surgical reduction and fix-
ation, and the Blount method.
Materials and Methods: Retrospective study of a single cen-
ter, analyzing the 396 children admitted with supracondylar 
fractures between 2013 and 2017. Patients without follow-up 
after discharge were excluded. There were 32 patients treated 
with the Blount method and they were matched according 
to age, sex and type of fracture with 32 patients treated with 
Kirschner Needles. Radiological outcomes and postoperative 
complications were compared.
Results: The average age in both groups was 5.6 years. 
The mean follow-up of the patients with needles was 3.7 
months and in Blount´s method group of 5 months. There 
were a significantly higher number of postoperative com-
plications (p <0.05) in Blount’s method group compared 
to the needle group (20 vs 12). There were 6 reduction 
losses in Blount´s method group and 1 in the needle group. 
There were 17 children with postoperative flexion-exten-
sion limitation in Blount´s method group and 10 in the 
needle group. Among these, 7 required physiotherapy in 
the first group and 1 in the second. There was a postopera-
tive nerve paresis in Blount´s group and two in the needles 
group The average final Bauman´s angle was 71.8º (range 
59º-83º and CI 70º-73.7º) in the needle group and 74.6º 
(range 66º-88º and IC 72.5º-76.8º) in Blount´s group ( nor-
mal 72 + - 5).
Conclusions: In Blount’s method group, a significantly greater 
number of postoperative complications is observed, with a 
greater loss of reduction and postoperative limitation of flex-
ion-extension. Surgery is high, especially in the proximal 
femur. Follow-up demonstrated the progressive nature of 
such finding with no impact on the functional outcome, or 
need for revision surgery.
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Prescription patterns in paediatric orthopaedics 
following closed reduction and percutaneous pinning for 
supracondylar humerus fractures
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1NYU Langone Orthopaedic Hospital, Orthopaedic Surgery, 
New York, United States, 2Hassenfeld Children’s Hospital 
at NYU Langone, Orthopaedic Surgery, New York, United 
States

Level III

Introduction and Objective: There has been an upward trend in 
the use of prescription opioids in the paediatric population with-
out standardization of prescribing practices. This study investi-
gated the prescribing practices at time of discharge to better 
understand the variability that exists in analgesic use in the pae-
diatric population after supracondylar humerus (SCH) fracture. 
Materials and Methods: Medical records of 141 patients who 
underwent closed reduction and percutaneous pinning for 
SCH fractures were reviewed. Three hospitals were included: 
stand-alone orthopaedic hospital, public urban hospital, and 
private academic hospital. Crosstabulations and descriptive 
data were reported for type of analgesic prescribed, pre-
scriber, and dose frequencies. Chi-square test was performed 
to evaluate whether there was a relationship between length 
of stay and fracture type with narcotic prescription.
Results: 59.6% of patients are being prescribed narcotic 
analgesics at time of discharge which included either acet-
aminophen-hydrocodone bitartrate, oxycodone, or oxy-
codone-acetaminophen. Most common medication 
combination prescribed was acetaminophen and ibuprofen 
(27.7%), followed by a narcotic, acetaminophen and ibu-
profen (17.7%), a narcotic alone (15.6%), a narcotic and 
ibuprofen (14.9%), ibuprofen alone (7.1%), acetaminophen 
alone (5%), or a narcotic and acetaminophen (1.4%). 10.6% 
of patients did not receive any prescribed medications at 
discharge. Chi-square test demonstrated no significant dif-
ference in frequency of prescription of narcotic for length of 
stay (p=.859) or fracture type (p=.922). A number of narcotic 
prescriptions were outside the acceptable dosing range: acet-
aminophen-hydrocodone bitartrate: 52.2%, oxycodone: 9%, 
and oxycodone-acetaminophen: 50%. Junior orthopaedic 
residents accounted for a higher percent of dosing prescrib-
ing errors when compared to senior orthopaedic residents or 
paediatric attendings. 
Conclusions: There is a wide range of prescribing patterns for 
patients following closed reduction and percutaneous pin-
ning for SCH fractures including the use of narcotics. Cur-
rently, no standardization exists across the hospital system. 

Future endeavours to standardize should result in better dos-
ing and pain control.
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Complication rates for Type 3 supracondylar humerus 
fractures treated in evening/overnight with those 
treated the next morning
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Introduction and Objective: Research has shown that many 
type 3 and 4 supracondylar humerus fractures can be safely 
postponed from evening or nighttime surgery until the next 
day. Ongoing concerns about possible increased complica-
tions with either nighttime surgery or delayed surgery exist. 
This study assesses displaced type 3 and 4 supracondylar 
humerus fractures presenting after hours and stratified by 
time of surgery (evening/night versus next day) to determine 
if the rate of complications or open reduction was different 
between groups. 
Materials and Methods: 232 consecutive Gartland exten-
sion type 3 or 4 isolated supracondylar humerus fractures 
in healthy children who presented to our ED between 6pm 
and 7am were identified and included in this study. Demo-
graphic data, neurovascular status, time of injury and time 
of surgery were recorded, and images reviewed. Rate of 
open reduction, complication rate and duration of nerve 
injury recovery was compared between fractures surgically 
addressed in the evening/nighttime versus those treated the 
next morning. 
Results: 81 (35%) were treated during the evening/over-
night while 151 were treated the next day. See Table 1. For 
those treated in the evening/overnight average time to sur-
gery was 3.5 (± 3.0) hours while those treated the next day 
averaged 11.8 (± 3.1) hours until surgery. Patients treated 
during the evening/overnight had 3.4 times the odds of loss 
of reduction (OR=3.4; 95% CI=1.2-9.7; p=0.02) and 3.4 
times the odds of open reduction ((OR=3.4; 95% CI=1.2-
9.8; p=0.02). There was no difference in rate of infection or 
the development of neurologic impairment whilst awaiting 
surgery.
Conclusions: We found a higher rate of open reduction and 
loss of reduction for those patients treated during the eve-
ning/overnight compared to those treated the next day. 
However, initial fracture acuity was not taken into account 
and likely influence time to surgery, fracture stability and need 
for open reduction.
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Risk factors for secondary displacement of both bone 
diaphyseal fractures treated without surgery
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Introduction and Objective: Closed reduction and cast immo-
bilization is the standard of care for both bone diaphyseal 
fractures in children. However, secondary displacement is 
the most frequent complication present when the fracture is 
managed via closed reduction and casting. The purpose of 
this study was to define the incidence of secondary displace-
ment after fracture reduction and to identify risk factors for 
secondary displacement.
Materials and Methods: 370 children with both bone diaph-
yseal forearm fractures treated conservatively with closed 
reduction and cast immobilization were retrospectively 
reviewed. Demographic data and data regarding treatment 
(location where closed reduction was performed, anesthesia 
type, material for immobilization, time until above-elbow cast 
was converted in a below-elbow cast) were noted. Radio-
graphs taken at time of injury, after reduction and at time 
of fracture consolidation were measured. Secondary displace-
ment was defined as >50% of the bone diameter, or, in girls 
>8 years and boys >10 years, angulation more than 10º in 
any location; whereas in girls ≤8 years and boys ≤10 years, 
angulation >20º in the distal third, >15º in the middle third, 
or >10º in the proximal third. Same degree of angulation was 
defined as poor quality of reduction.
Results: The cohort’s average age was 8±3 years with a pre-
dominance of males (74%). 162 children (44%) developed 
secondary displacement after both bone forearm fracture 
reduction. Of the various demographic, radiographic, and 
treatment variables analyzed, 4 were identified as indepen-
dent predictors of secondary displacement (Table). The sig-
nificant variables included; post reduction radius sagittal 
displacement >2mm, post reduction ulna sagittal displace-
ment >2mm, a poor reduction, and an ulna fracture ≥ 80mm 
from the physis (p<0.001).
Conclusions: In this study, secondary displacement of a both 
bone diaphyseal forearm fracture depends primarily on sagit-

tal displacement of the radius and ulna, quality of reduction, 
and a more proximal ulna fracture. 
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What is the optimal immobilisation after forearm 
fracture fixed by elastic stable intra-medullary  
nailing?
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Introduction and Objective: There are various types of post-
operative immobilisation after elastic stable intra-med-
ullary nailing (ESIN) for paediatric fracture. We focused 
on forearm fracture because it represents 40% of all pae-
diatric fractures. The aim of this study was to compare 
postoperative pain according to the type of postoperative 
immobilisation after osteosynthesis by ESIN of forearm 
fracture.
Materials and Methods: We conducted a prospective study 
between May 2018 and May 2019. All patients operated 
on by ESIN for forearm fracture were included. Patients 
were divided into 2 groups according to the postoperative 
immobilisation; group 1: a simple sling that was removed 
when patients feel painless, group 2: a posterior plaster 
splint for 3 weeks. Clinical and radiological examinations 
were done at 1, 2, 4 and 6 months. Range of motion 
(ROM) and functional score (Quick-dash) were collected 
each time. And, all patients have to complete a paper with 
a daily evaluation of pain during the first 3 postoperative 
weeks. 
Results: A total of 33 patients were included, with a mean 
age of 9,5(±3) years old. 15 were immobilised by a pos-
terior plaster splint. The 18 remaining were immobilised 
by a simple sling, the sling was removed an average at 
10(±3,6) day postoperative. There was no significant dif-
ference regarding the average pain during the first 3 weeks 
between the 2 groups. The mean pain was 2,8/10 in the 
2 groups during the first week, 1,5/10 the second week 
and 0,3 the third week. There is no significant difference 
between the 2 groups regarding the elbow and wrist ROM. 
There is also no significant difference between the 2 groups 
regarding the Quick-dash score. All patients healed with a 
satisfying radiological alignment.
Conclusions: A simple sling is enough to immobilise patients 
after ESIN for forearm fracture. 
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Minimally displaced lateral humeral condyle fractures - 
optimizing follow-up and minimizing cost
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Level IV

Introduction and Objective: Minimally displaced fractures of 
the lateral humeral condyle (LHC) may be treated non-opera-
tively in a long arm cast. The aim of this study was to evaluate 
the risk of redisplacement in non-operatively treated mini-
mally displaced LHC fractures and to try and optimize the 
follow-up visits and radiographs. 
Materials and Methods: We retrospectively reviewed clinical and 
radiographic parameters of all patients had minimally displaced 
(less than 2mm) LHC fractures seen at our institution from 2009-
2015. All patients treated non-operatively to start were included 
in the study. We excluded patients treated operatively with per-
cutaneous pinning at the onset. We calculated the number of 
visits within the first 4 weeks as well as the number of radio-
graphs. We also analyzed practice variation amongst the various 
(>10) treating providers. Number of children with subsequent 
displacement needing operative fixation was measured. 
Results: 159 children with non-displaced lateral humeral condyle 
fractures seen at our institution from 2009-2015. Two excluded 
due to lack of adequate radiographs. There were 96 boys and 61 
girls and the average age was 5.3 years (6 mo-13 years). Accord-
ing to Jakob classification we had 146 fractures type 1, 13 type 2 
and 0 type 3. Only one child was taken to the operating room 9 
days post injury for closed pinning of a fracture with 2.5mm gap 
at the fracture site. Within the first 4 weeks, the average number 
of visits was 2.7 (Range 1-5, median 3) and the mean number of 
radiographs was 10.3 (range 3-20, median 10).
Conclusions: Loss of position in appropriately selected LCH frac-
tures treated non-operatively was rare. The data from this cohort 
questions the need for multiple visits and radiographs in the first 
4 weeks. Optimal follow-up would result in considerable saving 
in terms of time, finances as well as radiation exposure. 
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Open fractures in children: high morbidity challenge
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Introduction and Objective: Open fractures account for 0.7-2% 
of all paediatric fractures. Most result from high energy trauma, 
such as fall from height or motor vehicle accident. Although chil-
dren heal faster than adults, open fractures pose a risk of signifi-
cant morbidity. Our objective was to determine the outcomes of 
treatment of paediatric open fractures in our institution.
Materials and Methods: We retrospectively reviewed medi-
cal charts of all children admitted with open fracture, period 
2011-2017. We analysed the type of accident, age, ana-
tomical location, associated trauma, treatment, relationship 
between Gustillo-Anderson classification and morbidity.
Results: Included 61 patients, 44 male, age 11.14±4.48 years. 
The causal accident was a fall in 29, motor vehicle accident in 
22. The affected segments were: 30% hand phalanges, 26% 
leg, 11% supracondylar humerus, 11% forearm, 7% femur. 
Classification, Gustillo-Anderson: 23 fractures open type I, 21 
type II, 17 type III (13 IIIA; 4 IIIB). Associated injuries: 8 patients 
had other fractures, 11 head trauma and 3 thoracic trauma. 
3 patients required ICU. The antibiotic therapy duration was 
4.5±5.5 days. Complications in 7 cases of grade II fractures and 
5 grade III: nonunion (3), skin necrosis (4), wound dehiscence 
(1), compartment syndrome (1), transfusion (1), pulmonary 
embolism (1), skin ulcer (1). Of 53 patients who completed 
follow-up at our hospital, at 13.44 ± 16.08 months, 18 patients 
(3 grade I, 10 grade II, 5 grade III) had sequelae: 7 decreased 
ROM, 5 residual deformities, 3 Limb Length Discrepancy <12 
mm, 1 nonunion, 1 interphalangeal arthrodesis, 1 traumatic 
epiphysiodesis. Complications were higher in patients with 
grade II and III open fractures (p = 0.02).
Conclusions: Open fractures in children often result from high 
energy trauma and 39% of children with grade II or III expo-
sure have permanent sequelae. The morbidity associated with 
paediatric open fractures is high and challenging.
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Paediatric spine injuries - results from a German 
multicenter study including 367 children
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Introduction and Objective: Paediatric spine injuries are rare. 
References and data about epidemiology, localization of frac-
tures und patterns as well. There is quite a difference in com-
parison with spine injuries in adults. The purpose of this study 
was to evaluate trauma mechanisms, Level of injuries and 
trends in treatment of paediatric spinal injuries.
Materials and Methods: Data were retrospectively obtained 
from 5 paediatric centres between 01/2010 to 12/2016. The 
clinical database was screened for specific ICD-Codes in all 
hospitalized (≥1 days) children up to 16 years old. Descrip-
tive analysis included trauma mechanism, Level of injury, dif-
ferences between gender, treatment, differences in age and 
concomitant violations. 
Results: 367 children (male: 196; female: 171) with a mean 
age of 12,39 (±3,452) years were included. The main trauma 
mechanisms were fall < 3 meters and traffic and winter sports 
accidents. 214 cervical, 93 thoracic and 60 lumbar spine inju-
ries have been documented. Younger children present more 
injuries in the cervical spine, whereas injuries to the thoracic 
and lumbar spine are more frequently found in older chil-
dren. The majority of the children (n=351) did not have any 
pre-existing diseases. 11 children had a pre-existing illness, 
not concerning the spine and 5 illness of the spine. There 
was no concomitant injury in 265 cases. A positive correlation 
between the gender (boys) and the region (cervical) and the 
presence of concomitant injuries was found. In older children 
there are major accidents and more concomitant injuries. 274 
children were treated conservatively and 93 children under-
went spinal surgery.
Conclusions: Severe spinal injuries in children are still rare. 
However, 25% of the children that get hospitalized due to 
a spinal trauma underwent spinal surgery. In most of the 
children (72%), spinal trauma occurs as an isolated injury. 
In younger children the cervical spine is affected more fre-
quently.
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Retrospective evaluation of polytrauma paediatric 
orthopaedic patients of a tertiary university hospital
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Level III

Introduction and Objective: We present a retrospective study 
of all polytrauma paediatric orthopaedic patients (PPOP) 
admitted to the paediatric ICU of a tertiary university hospital 
from January 2007 to August 2019.

Materials and Methods: Data collected from medical records 
included mechanism and site of injury, blood loss, ICU length 
of stay (LOS), and functional evaluation.
Results: 152 patients were included (63% males; age 11.2 ± 
4.61 years). Motor vehicle accidents (MVA) (50%) and car-pe-
destrian accidents (25%) were the leading mechanisms of 
PPOP, followed by falls from height (23%). Vertebral fractures 
were the most common orthopaedic injury (20.1%); 40% 
were cervical, 32.5% lumbar and 27.5% thoracic spine inju-
ries. Three patients had Level A neurologic injury, one Level B, 
one Level D and 43 Level E of ASIA classification. Pelvic frac-
tures represented 15% of the admissions with 40% needing 
surgical care. Femur diaphyseal fracture (9%) was the most 
common fracture of the femur (17%). Tibia/fibula fractures 
comprehend 12,4% of all fractures, being the diaphyseal one 
of the most frequent (9%). 50% of the patients had surgical 
fracture treatment. MVA was associated with a higher inci-
dence of orthopaedic severe injuries (p<0.001). Patients with 
3 or more fracture sites had higher need of blood transfusion 
(869 vs 267 mL; p=0.02). PPOPs with orthopaedic injuries 
had significantly longer ICU LOS (5.1 ± 2.76 vs 3.1 ± 1.16; 
p=0.007). Almost all the patients were independent on activ-
ities of daily living at final follow-up (94%).
Conclusions: Motor vehicles accidents remain the leading 
cause of death and disability of paediatric population. One 
fifth of the patients present with vertebral fractures. The 
necessity of blood transfusion is associated to high energy 
trauma. Road prevention remains key for survival.
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Pain appearance after spastic hip dislocation treatment 
- comparison between palliative and reconstruction 
treatment
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Level III

Introduction and Objective: To present incidence of pain com-
plains before and after open reduction or palliative treatment 
of spastic hip dislocation in CP children. 
Materials and Methods: We analyzed three groups of patients 
treated because of hip pain and joint dislocation (MP>80%). 
We have three groups patients: 1 - open reduction, DVO and 
Dega pelvis osteotomy, 2 - hip interposition arthroplasty with 
shoulder spacer, 3 - valgus subtrochanteric osteotomy. The 
minimal follow-up time was 2 years. The first group con-
sisted of 33 patients (50 hips) mean age 9 years (5,3 - 12), 
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in second group 13 patients (19 hips) mean age 17,6 (13,2 - 
22,6) and in third group 15 patients (16 hips) mean age 13,5 
(11,2 - 20,5). Radiological evaluation based on standardized 
a-p x-ray of the hips. Pain severity was measured by VAS-11 
scale. Parents or caregivers were asked about their child’s 
pain during: sitting, perineal care and rest and caregivers fill 
CPCHILD QUESTIONARE at the last follow-up visit.
Results: We observed decrease of pain complaints. The 
observed reduction of pain in the first group  was from 3 
(1-10) to 2 (0-8) (p=0.05), in the second group from 4,76 
(1-10) to 0,83 (0-5) (p<0.001) and in the third group from 
6,56 (2-10) to 0.81 (0-5) (p<0.001). Observed changes con-
cerned mostly sitting position and perineal care. Observed 
complications were 6 redislocations, 2 fractures, 6 extraartic-
ular ossification.
Conclusions: All three procedures are characterized as an 
effective treatment option for pain complain release in spastic 
hip joint dislocation in CP children. Grater improvement of 
patient condition was observed in the second and third group 
but mostly due to higher Level of pain before surgery and 
larger femoral head destruction observed on x-rays which was 
indication for this type of palliative treatment.
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Epigenetic marks at the ribosomal DNA promoter 
are negatively associated with degree of impairment 
(GMFCS, MACS, contracture) in cerebral palsy
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Introduction and Objective: Cerebral palsy (CP) is the most 
common motor impairment in children. Skeletal muscles in 
CP are typically weak, thin and stiff. Ribosome biogenesis is 
impaired leading to hampered muscle growth. If epigenetic 
changes at the ribosomal DNA (rDNA) promoter is involved 
in this dysregulation is unknown. We therefore aimed at char-
acterizing rDNA promoter methylation in adolescents with CP 
and typically developed (TD) individuals.
Materials and Methods: Muscle biopsies were taken during 
surgery in children and adolescents with CP, who due to 
elbow flexion contractures were planned for biceps tendon 
lengthenings (n=19, mean age 15yrs, range 9-18yrs, GMFCS 
I-V; 9/2/0/4/4, MACS I-V; 3/7/4/1/4. Control muscle was 

harvested from age-matched TD donors following accidental 
deaths (n = 10, mean age 15yrs, range 7-21yrs). Methylation 
of the rDNA promoter was analyzed using the Agena Epityper 
Mass array and gene expression by qRT-PCR.
Results: Biceps muscle ribosome biogenesis, as indicated by 
45S pre-rRNA abundance, was suppressed (-24%, p<0.05) 
in CP as compared to TD. Average methylation of the rDNA 
promotor was not different between CP and TD (21.6±6.9 
vs 19.1±3.3). The degree of methylation was inversely cor-
related to severity of the brain damage (GMFCS, R2=0.42, 
p<0.01), to hand function (MACS, R2=0.34, p<0.05) and to 
extension deficit of the elbow joint (R2=0.32, p<0.05) in the 
CP group, but not related to age, gender or 45S pre-rRNA 
Levels in either group.
Conclusions: The reduced ribosome biogenesis in CP as com-
pared to TD individuals was not related to rDNA promoter 
methylation. Interestingly, we observed a negative correlation 
between rDNA promoter methylation and degree of motor 
impairment (GMFCS, MACS) and flexion contracture, respec-
tively. This could imply that better neural input and more vol-
untary muscle movements, significant for people in the less 
severe GMFCS and MACS groups, is needed for healthy rDNA 
promoter methylation to develop.
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Pre-operative nutrition assessments do not improve 
outcomes in cerebral palsy patients undergoing varus 
derotational osteotomy
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Level III

Introduction and Objective: Preoperative assessments are 
used to increase weight in cerebral palsy (CP) patients to 
lower the risk of postoperative complications. This study ana-
lyzes whether preoperative nutrition assessments improve 
outcomes of CP patients undergoing varus derotational oste-
otomies (VDRO).
Materials and Methods: 155 patients with CP who under-
went VDRO from 1/1/2012 -12/31/2017 at a tertiary pae-
diatric hospital with minimum 6 months follow-up were 
retrospectively identified. 108(70%) were categorized as 
“high risk”(HR)(GMFCS IV & V), and 47(30%) as “low-risk” 
(LR)(GMFCS I-III). Variables collected included age, GMFCS 
Level, gastrostomy tube (G-tube), body mass index (BMI), 
complications, and if patients underwent preoperative nutri-
tion assessment.
Results: Sixty-five patients(41.9%) had g-tubes and 
111(71.6%) underwent preoperative nutrition assessment. 
HR patients with G-tubes who underwent nutrition assess-
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ment did not have greater BMI at one(p=0.21), three(p=0.52), 
six(p=0.73) or twelve months post-operatively(p=0.89) com-
pared to those who did not. BMI change was significantly 
greater at one month in HR patients without G-tubes who 
received a nutrition assessment compared to those who did 
not(p=0.04), but not at three(p=0.16), six(p=0.95), and 
twelve(p=0.11) months postoperatively. HR patients with 
G-tubes had significantly higher rates of pulmonary com-
plications (20% vs. 4%, p=0.03) than HR patients without 
G-tubes. Postoperative complication rates for HR patients 
were not significantly different for patients with preoperative 
nutrition assessments, with or without a G-tube (p=0.12 and 
p=0.16, respectively). No significant differences were found 
in postoperative complications between LR patients with and 
without g-tubes(p=0.45). Complication rates were not signif-
icant between LR patients who did and did not receive nutri-
tion assessments(p=0.99).
Conclusions: This study does not demonstrate any benefit 
from preoperative nutrition assessments in decreasing com-
plication in CP patients with G-tube following VDRO. Patients, 
particularly with G-tubes, receiving preoperative nutrition 
assessments did not have significantly lower complication 
rates or greater increase in BMI compared to those with no 
preoperative assessments.
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Radial head resection and hemi-interposition vs 
“functional radial head resection” with a computerized 
ring fixator in patients with chronic Monteggia 
pathology: a prospective analysis
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Introduction and Objective: Chronic “missed” Monteggia 
pathology is characterized progressive cubitus valgus with/
without ulnar neuropathy, and later by radiocapitellar arthro-
sis and pain. In case of severe deformity of the radial head 
with necrosis 2 salvage operations are described, which are 
compared. In a prospective case series either radial head 
resection and hemi- interposition with local (anterior) capsule 
tissue or a “functional radial head resection” after Slongo with 
a computerized ring were performed and evaluated. 
Materials and Methods: 20 patients (14M, 6 F, mean age 
16 years, range 14-25 years) were included. After thorough 
standardized clinical assessment and counselling of the 

patient and the family one of the mentioned procedures 
(14 radial head resection hemi- interpositions vs 6 “func-
tional radial head resections”) were performed. At final FU 
(minimum 2 years) function, RUJ- and DUJ-stability, q-DASH, 
PRWE, 2 quality of life scores and a cost analysis were per-
formed.
Results: There were no procedure-related complications in 
the resection hemi-interposition group. In the fixator-group, 
there were 2 fixator-related complications. In all corrections, 
the preplanned goals were reached. 2 patients in the resec-
tion group reported mild problems at the distal radioulnar 
joint and one patient did experience pain at the proximal end 
of the radius. At final FU elbow function and forearm rotation 
improved equally. Mean q-DASH and PRWE improved in both 
groups, all patients did have better quality of life scores. Cost 
analysis did reveal a much higher surgery-related cost factor 
and aftercare costs in the fixator group.
Conclusions: Both resection and hemi-interposition and 
computerized “functional radial head resection” can be per-
formed to alleviate the symptoms and treat the motion deficit 
in this salvage setup. Although being more burdened with 
complications, negative cost balance and higher demand on 
both the patients and the attending team, we do favor the 
functional radial head resection.
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Evaluation of radiological instability signs in the distal 
radioulnar joint in children and adolescents with 
arthroscopically-verified TFCC tears
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Introduction and Objective: Recent reports in the adult litera-
ture reported the use of standardized radiographic measure-
ment techniques to determine distal radioulnar joint (DRUJ) 
instability. The aim of this study was to evaluate the efficacy 
and accuracy of (1) the MRI-based radioulnar ratio technique 
and (2) the pisoscaphoid (PiSca) and radioulnar (RaUl) dis-
tances in true lateral radiographs, in children and adolescents 
with arthroscopically-verified TFCC tears.
Materials and Methods: We retrospectively assessed lateral 
wrist radiographs and axial MRI sequences of 18 adolescent 
patients (22 wrists) who had arthroscopically-confirmed TFCC 
tears, and compared them to similar imaging modalities of a 
control group of 28 healthy patients (28 wrists). Three rat-
ers assessed the images twice in a 2-week interval. Intraclass 
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correlation coefficients (ICCs), unifactorial ANOVA, and ROC 
analysis were performed with regards to the different radio-
graphic variables.
Results: The interrater ICCs were almost perfect for all mea-
surements except RaUl1, which showed a substantial agree-
ment (0.751) among the three observers. The intrarater ICCs 
were almost perfect when measuring PiSca and MRI, and 
substantial to almost perfect for RaUl. Pearson´s correlation 
showed a moderate, positive correlation between PiSca and 
RaUl distances (r=.608), and a moderate, negative correlation 
between RaUl distance and MRI shift (r= -.486). When the 
three core groups (peripheral, central tear, controls) were 
compared to each other regarding the radiographic insta-
bility parameters, only the MRI shift revealed a statistically 
significant difference (p=.003). Comparisons revealed signifi-
cant differences between patients and controls (p=.004) and 
peripheral tears vs. controls (p=.001 and p=.010). The ROC 
analysis revealed a significant AUC only for the MRI (AuC .787 
and p=.002). 
Conclusions: Children and adolescents with TFCC tears 
-especially those with peripheral ones- showed significantly 
increased instability parameters in MRI compared to healthy 
controls. This information may be helpful for surgical indica-
tion setting in unclear cases.
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Our approach to treatment of internal rotation shoulder 
contractures in children with arthrogryposis
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Introduction and Objective: Shoulders deformity is one of 
the most widespread pathologies in patients with arthrogry-
posis. This anomaly occurs in 80-89 % of cases (Sells J.M., 
1996). Absence or hypoplasia of deltoid and external rotator 
muscles results in adduction and internal rotation shoulder 
contractures. It leads to severe disability due to insufficiency 
to move the hand to the mouth because the hand and fore-
arm contact the flank (Ezaki M., 2000). The most widespread 
operation for restoration of shoulder external rotation is 
humeral rotation osteotomy. According to our experience, 
this operation leads to recurrence of shoulder internal rota-
tional contracture or severe limitation of shoulder internal 
rotation. 
Materials and Methods: From 2017 to 2019 were operated 
20 patients (23 upper limbs) with adduction and internal 
rotation shoulder contractures due to arthrogryposis. The age 
of children was from 1 to 8 y.o. We performed restoration of 
shoulder external rotation in 2 variants: 

• subscapularis muscle and coracohumeral  ligament 
release (6 cases). 

• subscapularis muscle and coracohumeral  ligament 
release with latissimus dorsi transfer (17 cases). 

Results: The results of treatment were estimated in 16 patients 
(22 upper limbs) from 2 months to 2,5 years. In all cases we 
have seen improvement of passive external rotation and 
shoulder abduction. The results of treatment were correlated 
with latissimus dorsii muscle strange and active shoulder 
abduction before operation. The best results were in cases 
when active shoulder abduction 70° and more before opera-
tion and latissimus dorsii muscle strange grade 3 and more. 
After these operations we have never seen severe limitation 
of shoulder internal rotation. Excellent results were in 27,2%, 
good results in 13,6%, satisfactory in 45,6%, poor 13,6%.
Conclusions: Soft tissue release around shoulder with latissi-
muss dorsii transfer to shoulder external rotation is a reliable 
therapeutic option to treatment internal rotation shoulder 
contractures in children with arthrogryposis.
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Ellipsoidal process of the femoral head in Perthes disease. 
Is epiphysiodesis effective technique? Part II
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Introduction and Objective: Legg–Calvé–Perthes disease 
(LCPD) often produces a residual deformity, typically consis-
tent an ellipsoidal shape. To some authors, its development is 
related with asymmetric growing caused by a partial necrosed 
physis at its anteromedial quadrant staying active at postero-
medial physis zone of the femoral head. The objective was to 
hinder ellipsoidal process by a selective hemiepiphysiodesis at 
the productive physis zone involving posteromedial quadrant 
early achieved in risk cases.
Materials and Methods: We studied 39 LCPD operated hips 
by the authors through percutaneous hemiepiphysiodesis 
involving posterolateral physis zone of the femoral head. All 
of them shown previously a progressive ellipsoidal process 
which included risk signs like increased Ellipsoidal Index (EI) 
double reossification nucleus and an angulated physis. Percu-
taneous hemiepiphysiodesis was carried out at posteromedial 
quadrant during the reossification phase 8.8 years children 
old (SD 1,5) and 4,7years SD 1,3) beyond initiation disease. 
All were followed until the growth of the physis ended. 
Results: Anteroposterior view shown a preoperative EI 1,80 
(SD 0.2), and 1,72 (SD 0.2) at the final growth (p < 0.05). The 
initial intraphyseal angle was 50º (SD 9.3) and the Final Angle 
was 54.29º (SD 9.7) (p > 0.05). The final result by Stulberg 
classification was 26 Type II, 10 Type III and 3 Type IV cases.



S52 J Child Orthop 2021;15 (Suppl 1):S26–S72

Conclusions: The ellipsoidal process may be stopped by a 
selective percutaneous hemiepiphysiodesis at the posterome-
dial quadrant of the femoral head. Clinical indication should 
be taking on when El progressive increase, associated with 
double reossification nucleous and an angulated physis.
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Declining rates of Legg-Calve-Perthes surgery: national 
trends using the kids’ inpatient database
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Introduction and Objective: The purpose of this study is  
to evaluate the trends in surgical management of Legg-
Calvé-Perthes disease (LCPD) prior, and subsequent to, 
the publication of two landmark prospective, multicenter 
 studies.
Materials and Methods: A cross-sectional analysis of US pae-
diatric hospitalizations for the surgical management of LCPD 
was conducted using the Kids’ Inpatient Database (KID) from 
2000 to 2016. Patients 12 years of age and younger were 
included who had a primary admission diagnosis of LCPD and 
a LCPD-related procedure. 
Results: A total of 1,672 LCPD surgical admissions met inclu-
sion and exclusion criteria; approximately 78% male and 
22% female. During the study period, a total of 12.4% of 
surgical admissions were patients <6 years of age, 49.3% 
were 6-8 years of age, and 38.3% were >8 years of age. 
There was a decrease in admissions for surgical manage-
ment of LCPD in all age groups over time. Notably, follow-
ing 2003, the percentage of surgical admissions for patients 
>8 years of age gradually increased while the percentage of 
surgical admissions for patients <6 years of age declined. 
The percentage of surgical admissions for patients <6, 6-8 
and >8 years of age from 2000 - 2003 were 13.6%, 51.4%, 
and 34.7%, respectively, as compared to 9.6%, 46.5%, and 
44.1% for patients treated after 2003. Categorized by pro-
cedure, 47.6% of patients were treated with femoral oste-
otomy, 17.3% with pelvic osteotomy, and >30% with other 
procedures. 
Conclusions: There is a decreasing rate of hospital admissions 
for LCPD surgery since 2000. This decrease occurred among 
all age groups, though there was a trend towards a larger pro-
portion of patients >8 years of age being managed surgically 

which began shortly after publication of the landmark 2004 
and 2008 prospective studies. 
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Does the epiphysis translate or rotate in slipped capital 
femoral epiphysis (SCFE)?
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Introduction and Objective: The purpose of this study was 
to quantify epiphyseal rotation and translation and assess 
whether those are associated with SCFE severity using a 
3D-CT model.
Materials and Methods: CT-scans of 51 patients (8-15 
years;53% male) with stable SCFE (16 mild, 14 moderate, 
21 severe) were segmented to create 3D geometries of the 
femur. A local coordinate system was established on the sur-
face of the epiphysis and then used to calculate the relative 
rotation and translation of the epiphysis with respect to the 
metaphysis. Analysis of variance was used to compare the 
relative femoral head rotation and translation between dif-
ferent SCFE stages after adjusting for age and sex. Post-hoc 
Bonferroni was used to adjust for multiple comparisons. 3D 
models were further used to measure epiphyseal tubercle 
and metaphyseal fossa dimensions. Linear regression was 
used to test the correlations between femoral head rotation 
and translation, and also between femoral head rotation and 
epiphyseal tubercle size or metaphyseal fossa.
Results: Hips with severe SCFE (25.4o±2.6), had signifi-
cantly greater epiphyseal rotation than hips with moderate 
(12.2o±3.1; P=0.007) and mild (4.4o±2.9; P<0.001). There 
were no statistically significant changes in posterior and 
inferior translations with increasing SCFE severity. Increased 
epiphyseal rotation was associated with increased epiphy-
seal posterior translation, smaller epiphyseal tubercle area 
and larger metaphyseal fossa area.
Conclusions: We found greater epiphyseal rotation in hips 
with severe SCFE compared to mild and moderate SCFE 
without differences in posterior or inferior translation. 
Epiphyseal rotation is negatively associated with epiphy-
seal tubercle size but directly associated with metaphyseal 
fossa surface area. Measurement of epiphyseal rotation and 
translation using a patient-specific 3-D/CT model supports 
a rotational mechanism of SCFE rather than pure transla-
tion. Our findings help to improve the understanding of 
the pathology of SCFE. Measurement and correction of 
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rotation may facilitate open treatment of chronic SCFE 
deformity.
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Prospectively applied protocol using posterior sloping 
angle cut-off of 14.5 degrees safely prevents 75% of 
future contralateral SCFE
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Introduction and Objective: Bilateral Slipped Capital Femoral 
Epiphysis (SCFE) is common. The management of the contra-
lateral hip in unilateral SCFE remains controversial. The aim 
of this study was to report on the clinical outcomes using a 
Posterior Sloping Angle (PSA) threshold of 14.5 degrees for 
prophylactic fixation in preventing contralateral SCFE.
Materials and Methods: Having previously established through 
a retrospective study that PSA was predictive of future slip, we 
put in place a protocol where patients with unilateral SCFE 
who had a PSA 14.5 degrees or greater on the contralateral 
side were offered prophylactic fixation. Those with unilateral 
SCFE presenting between January 2008 and December 2018 
with a minimum of 12 months follow-up were included. 
Patients with renal failure or endocrinopathies were excluded. 
Primary outcomes were the number of slips prevented, the 
number needed to treat and the complication rate.
Results: 317 medical records were reviewed. After excluding 
bilateral SCFE, patients treated outside and renal / endocr-
inopathy patients we had 308 treated patients. Of these of 
219 patients were included who had follow-up > 12 months. 
114 (52.1%) underwent prophylactic fixation. Based on 
the number of slips expected from historical controls, a PSA 
threshold of 14.5 degrees prevented 75% of subsequent 
slips with a NNT of 2.7 in our population. Of the 105 con-
tralateral hips that did not receive prophylactic fixation, 14 
(6.4%) went on to have a subsequent SCFE. A further nine 
hips (4.1%) required delayed prophylactic in-situ fixation for 
asymptomatic PSA progression. There were no cases of chon-
drolysis, avascular necrosis or peri-prosthetic fracture on the 
contralateral side.
Conclusions: Prophylactic fixation using a PSA of 14.5 degrees 
is safe, decreases unnecessary intervention and reduces 75% 
of subsequent SCFE. The PSA can increase over time and we 
recommend that the protocol be applied for the duration of 
follow-up.
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The femoral head - neck translation ratio: a simple 
mathematical model to measure postslip deformity of 
the hip. Correlation with cam-type femoroacetabular 
impingement secondary to slipped capital femoral 
epiphysis
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Introduction and Objective: Femoral head-neck deformity is a 
well-recognized sequel of Slipped Capital Femoral Epiphysis 
(SCFE), that frequently leads to cam-type femoroacetabular 
impingement (FAI). A simple mathematical model to measure 
post-slip deformity of the hip as a function of the femoral 
head-neck offset is presented.
Materials and Methods: The femoral head is considered a 
sphere and the femoral neck a cylinder. The distance of the 
femoral head center from the femoral neck axis represents 
the severity of the post-slip deformity. This distance is calcu-
lated on both the anteroposterior and the frog-lateral pelvis 
view, by means of a function that incorporates the femoral 
head-neck offset on either side of the femoral neck. The per-
centage of this distance relative to the maximal diameter of 
the femoral neck is the Femoral Head-Neck Translation Ratio 
(FHNTR) on the respective x-ray projection. Measurements 
on radiographs of 35 patients with history of unilateral SCFE 
were performed. The healthy contralateral hips were used 
as controls.
Results: On the anteroposterior pelvis view, the mean 
FHNTR was 6,87% and 2,56% for the affected and the 
healthy hips respectively (p<0,01), depicting inferior trans-
lation of the femoral head relative to the femoral neck. On 
the frog lateral view, the mean FHNTR was 16,69% and 
3,93% for the postslip and for the healthy hips respectively 
(p<0,01), indicating posterior translation of the femo-
ral head relative to the femoral neck. A higher FHNTR on 
either projection of the hip correlated with signs of FAI of 
higher severity.
Conclusions: The FHNTR on two radiological planes is a sim-
ple measurement of the posteroinferior migration of the fem-
oral head on the femoral neck secondary to SCFE. It correlates 
well with post-slip cam-type FAI. Furthermore, the FHNTR 
can be used to provide normal values of the femoral head-
neck relationship, and to monitor post-slip femoral head-neck 
remodelling. 
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The sliding screw for slipped capital femoral epiphysis: is 
it safe and does it slide?
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Introduction and Objective: The Free-Gliding (FG) Slipped 
Capital Femoral Epiphysis (SCFE) screw is designed to allow 
femoral neck growth and remodeling via dynamisation, mak-
ing it theoretically advantageous to pinning in situ. The aim 
of this study was to assess whether the FG SCFE screw truly 
dynamises and, critically, prevents further slip.
Materials and Methods: All cases of FG SCFE screws used at 
our institution since its introduction in 2015 were reviewed as 
part of ongoing governance of a new device. All radiographs 
were assessed for grade of slip. The distance of barrel dynami-
sation was measured on calibrated radiographs. 
Results: FG SCFE screws were used on 20 hips in 14 patients. 
Three were excluded from this analysis for incomplete fol-
low-up, leaving 17 hips in 11 patients (eight male hips, nine 
female hips). Median age was 11 years (range nine to 14). 
Median follow-up was 21 months (range nine - 42). All SCFE 
were mild to moderate at diagnosis. No hip showed any 
increase in slip severity post pinning. Dynamisation occurred 
in 14 of 17 hips, with a mean screw slide distance of 6.0mm 
(range 2.5 to 13.6mm). FG screws placed in children ≤ eleven 
years old (10 hips) dynamised by mean 6.2mm, which was 
similar in boys and girls. FG screws placed in children ≥ 12 years 
old (7 hips) demonstrated less dynamisation (mean 2.1mm), 
which was greater in males (2.5mm) than females (0.8mm). 
Conclusions: This novel device has been shown to be safe to use. 
It prevents further slip and dynamisation was demonstrated in 
most patients, more so in those with more growth remaining 
(i.e., younger children and older boys). This should allow femo-
ral neck remodeling with the potential for alleviating cam defor-
mity, though further studies on clinical effectiveness are required. 
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Quantitative analysis of perfusion MRI in SCFE accurately 
predicts both intra-operative epiphyseal bleeding status 
and post-operative avascular necrosis
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Introduction and Objective: Accurately defining vascular sta-
tus of a slipped capital femoral epiphysis using perfusion MRI 
(DC-MRI-DS) informs surgical decision-making and patient 
discussion. Whilst DC-MRI-DS is widely available, its use in 
SCFE is not validated and image interpretation is subjective. 
The purpose of this study was to determine whether quan-
titative measures of DC-MRI-DS correlated with operative 
findings of epiphyseal bleeding (Group 1) and post-operative 
avascular necrosis (AVN) (Group 2).
Materials and Methods: 23 unilateral SCFEs were included 
retrospectively. 20 had Ganz surgical dislocation with mod-
ified Dunn osteotomy and 3 had been pinned in situ (PIS). 
Group 1 consisted of the 20 surgical dislocation patients; 7 
patients had no bleeding, 5 had minimal bleeding and 8 had 
normal bleeding. Group 2 included the 3 PIS cases and 18 
surgical dislocation patients with a minimum of 12 months 
follow-up: 11 had no radiographic signs of AVN and 10 had 
AVN. Pre-operative DC-MRI-DS scans were analysed using GE 
systems healthcare workstation to produce “time intensity 
curves.” 3 regions of interest were plotted on each femoral 
epiphysis and average relative enhancement ratios (RERs) 
and curve type were correlated with epiphyseal bleeding and 
AVN. Curves were classified according to Konishiike and cor-
related with epiphyseal bleeding and AVN. Statistical analysis 
was performed using SPSS 21.
Results: Average RER was strongly associated with epiphyseal 
bleeding (P<0.005) and development of avascular necrosis 
(P<0.006). Every child with an average RER of <0.2 had min-
imal or no bleeding at time of surgery. An average RER of 
>0.39 always equated to normal epiphyseal bleeding. Curve 
type and Konishiike classification were associated with epiph-
yseal bleeding and AVN and these were statistically signifi-
cant.
Conclusions: Quantitative measures using DC-MRI-DS accu-
rately predicts epiphyseal bleeding status and ultimately AVN. 
It can be reliably used to guide treatment algorithms for SUFE 
and advice on prognosis.
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Modified Dunn procedure for stable SCFE -- 100 cases 
with a minimum of 1 year follow-up
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Introduction and Objective: The ‘Modified Dunn Procedure’ 
via surgical hip dislocation for Slipped Capital Femoral Epiph-
ysis (SCFE) remains controversial, particularly for stable slips 
due to the iatrogenic AVN risk. We reviewed our series over 10 
years to document our learning curve, with particular refer-
ence to (1) experience with intra-operative monitoring of the 
femoral head perfusion (2) its correlation with post-operative 
SPECT-CT-BoneScan and (3) radiological evidence of femoral 
head collapse.
Materials and Methods: We retrospectively assessed 217 con-
secutive modified Dunn procedures between 2008 and 2018. 
Of the 126 stable slips 100 had a minimum 1-year follow-up. 
Post-operative viability was assessed with a Tc99 3-phase-Bo-
neScan and SPECT-CT. From 2011 femoral head perfusion 
was monitored intra-operatively with a Codman Intracranial 
Pressure (ICP) transducer. We also modified the capsulotomy 
and repair and introduced post-operative broomstick abduc-
tion bracing for 1 week to prevent instability. Monitoring and 
SPECT-CT-BoneScan were compared with radiological col-
lapse.
Results: Since monitoring the rate of non-viable femoral 
heads on SPECT-CT-BoneScans in stable SCFE decreased 
from 21.1% (4/19 hips) to 0% (0/81 hips; p<0.001). Three 
of the 4 non-viable cases went on to collapse. However, 2 
of the viable cases were non-pulsatile intra-operatively and 1 
went on to collapse, likely due to osteopenia in this chronic 
severe slip. The positive predictive value (PPV) of a viable 
SPECT-CT-BoneScan for no collapse was 99%, while the PPV 
of pulsatile monitoring for no collapse was 100%. Two hips 
dislocated post-operatively early in the series (2/100, 2%), 
but there were no further dislocations with post-operative 
broomstick bracing in stable SCFE since 2012. Many chronic 
severe slips have acetabular dysplasia, increasing the risk of  
dislocation.
Conclusions: Using the combination of intra-operative mon-
itoring with our modified capsulotomy and repair as well as 
the post-operative bracing protocol enables safe performance 
of this complex procedure in a high-volume centre.
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Do side-bending radiographs change the planning of 
posterior spinal fusion in adolescent idiopathic scoliosis?
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Introduction and Objective: Determination of instrumented 
levels in surgical treatment of adolescent idiopathic scolio-
sis (AIS) depends on reducibility of the main and secondary 
curves. Reducibility may be assessed in various ways, the most 
common being side bending for moderate thoracic and lum-
bar curves. The aim of this study was to evaluate the impact 
of the lateral bending radiographs on the selection of upper 
and lower instrumented vertebrae in posterior spinal fusion 
for AIS.
Materials and Methods: Thirteen experienced spinal surgeons 
were asked to perform surgical planning of 30 patients using 
plain radiographs with or without side-bending. Surgical 
planning was repeated to evaluate intra- and inter-observer 
reliability. Variations of upper (UIV) and lower instrumented 
vertebrae (LIV) and length of instrumentation were analyzed 
for each assessment. Statistical analysis was using equivalence 
two-one side test (TOST).
Results: Intra-observer reliability was moderate to substan-
tial. Inter-observer reliability was slight to fair. Selective 
fusion was chosen in 7% of planning. Median UIV was T3, 
median LIV was L3 and mean length of fusion was 12.7 
Levels. Side-bending led to change in 56% of planning. 
Changes were found in 49% of control data. Equivalence test 
found similar variation between initial/bending and initial/ 
control.
Conclusions: Surgical planning for AIS was not influenced by 
bending radiographs. Modifications of surgical planning were 
not attributable to bending radiographs. Use of side bending 
was associated to no trend of shorter or longer instrumenta-
tion. A large inter-observer variation has been pointed out 
and will be the subject of a future study.
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Does navigation make spinal fusion for adolescent 
idiopathic scoliosis safe? Insights from 17,400 cases from 
a national database
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Introduction and Objective: Computer-assisted navigation 
(NAV) is growing in popularity for spine surgery. Compli-
cations are rare in spinal fusion (SF) for adolescent idio-
pathic scoliosis (AIS), but some authors have demonstrated 
decreased rates of screw revision with usage of NAV. Here we 
use a nationally representative administrative claims database 
to evaluate the effect of NAV on the incidence of complica-
tions within 90 days of SF for AIS.
Materials and Methods: Retrospective analyses were per-
formed using the IBM MarketScan® databases from 2007-
2015 which allow longitudinal tracking of individual patients. 
We identified patients aged 10 to 18 who had SF for AIS and 
stratified by the use of computer assisted navigation (NAV). 
We excluded patients without 90-day follow-up. Univariate 
analyses were performed as well as risk-adjusted multivariable 
logistic regression model.
Results: A total of 17,400 fusion procedures for AIS in patients 
aged 10 to 18 were identified. NAV was used in 3.6% of 
patients and increased from 2007-2015. 90-day rates of any 
complications were lower in cases that used NAV (5.5% vs 
9.8%, p=0.001) Neurological complications occurred in 0.2% 
of cases but did not differ based on usage of NAV (p=0.983). 
After risk adjustment through logistic regression, the odds for 
having any complication within 90 days was lower with NAV 
(OR 0.596, 95% CI [0.398, 0.86], p=0.008), but neurologi-
cal complications were unrelated to NAV (p=0.776). No NAV 
cases had reoperation within 90 days vs 0.2% of cases with-
out NAV (p>0.999).
Conclusions: Usage of NAV is increasing in AIS, but it has not 
resulted in significantly lower rates of neurologic complica-
tions or reoperation. Differing rates of medical complications 
may be related to selection bias. This data can give context to 
the debate regarding the costs and benefits of NAV for AIS.
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Deformity correction using proximal hooks and distal 
screws improves radiological metrics in adolescents 
idiopathic scoliosis
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Introduction and Objective: To report results of proximal 
hooks and distal screws (PHDS) technique in adolescent idio-
pathic scoliosis (AIS). Surgical correction for AIS has evolved 
from all hooks to hybrids or all screw constructs. Limited liter-
ature exists reporting outcomes using PHDS in particular for 
posterior spinal fusion (PSF). This is the largest mid-term series 
in evaluating results of PHDS technique.

Materials and Methods: A retrospective review of consec-
utive AIS patients undergoing PSF with PHDS by a single 
surgeon (S.L.W) between 2006-2015 was performed. All 
eligible patients met a minimum 2-year follow-up. Patient 
demographics and radiographical parameters (radiographic 
shoulder height (RSH), T1 tilt, clavicle angle, first rib angle) 
at base line, 6-week and 2-year postsurgical correction 
were recorded. The primary outcome was difference in 
RSH from baseline measurements evaluated using repeated 
measures one-way analysis of variance with Bonferroni  
correction.
Results: 219 patients (mean age at surgery: 13.68 years; 
82% female) were included. The mean follow-up was 41.2 
months (range: 24-108 months). The RSH was signifi-
cantly improved from -14.7+- 10.38 mm. to 8.0+-6.9 mm 
(P<0.0001). Mean clavicle angle was improved from 2.13 
degree to 1.31 degree (P<0.0001). T1 tilt was improved 
from 5.6 degree to 2.2 degree (P<0.0001). The change of 
radiographic parameters of shoulder balance did not change 
from 6 months visit to the final follow-up (P>0.05). At last 
follow-up, 95.8% of patients were balanced. There was a 
significant improvement of Cobb angle with an average cor-
rection of the upper thoracic curve of 42% and middle tho-
racic curve of 67 %.
Conclusions: In patients with AIS, deformity correction the 
technique utilizing proximal hooks and distal screws offers 
satisfactory shoulder balance, upper thoracic, main thoracic 
and lumbar curve correction at midterm follow-up. The 
shoulder balance immediately after surgery was maintained 
until final follow-up.
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Halo-gravity traction to avoid three-column osteotomy in 
severe early onset scoliosis reaching skeletal maturity
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Introduction and Objective: Early onset scoliosis (EOS) 
remains one of the most challenging spinal deformity con-
dition, especially when curves are rigid and kyphotic. When 
growth-friendly techniques have not been used and posterior 
fusion is considered at skeletal maturity, 3-column osteotomy 
(3CO) can be necessary, but this procedure is associated with 
high neurological risk. Halo-gravity traction (HGT) can be pro-
posed as an alternative, increasing the treatment length but 
with reduced morbidity. The aim of this study was to report 
our experience with preoperative HGT followed by posterior 
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fusion without 3-CO, in severe EOS (>80°) reaching skeletal 
maturity. 
Materials and Methods: All consecutive EOS patients, pre-
senting with closed triradiate cartilage and a minimum 
of 80° Cobb angle were prospectively included. None of 
them underwent surgery before. Patients were treated by 
5 weeks of preoperative HGT, followed by posterior fusion 
without 3-CO. 3D stereoradiography measurements were 
performed preoperatively and at latest follow-up (mini-
mum 2 years). 
Results: 47 patients were included, and HGT reached 45% 
of body weight on average. Mean 3D T1T12 trunk height 
gain was 8.5 cm (±2.9) after HGT, and 4 additional cm 
were obtained after surgery. Mean operation time was 246 
(±87) minutes, with an estimated blood loss averaging 382 
ml (±203). Blood transfusion rate was 8.5% and cell-saver 
procedures were used in 34% of the cases. Only 2 patients 
required Ponte osteotomies. Mean preoperative Cobb angle 
was 93° (± 12.6) and the final Cobb angle averaged 40° 
(±10). Mean T4T12 kyphosis was reduced to 35° postoper-
atively, without PJK or revision at 2-year follow-up. 2 deep 
surgical site infections occurred but no neurological event 
was reported. 
Conclusions: Halo-gravity traction should be considered 
before final fusion in severe and rigid EOS reaching skeletal 
maturity. It can help reaching correction rates close to those 
described with 3-CO, without the associated risks.
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Deformity angular ratio is associated with 
neuromonitoring changes without a vertebral column 
resection: spinal deformity is more influential than type 
of surgery
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Introduction and Objective: Lewis (2015) and Wang (2016) 
et al. reported that the deformity angular ratio (DAR= Cobb 
angle divided by Levels of deformity), predicts intraoperative 
neuromonitoring (IONM) signal loss during 3 column oste-
otomies (3CO). Our purpose was to investigate the effect of 
DAR on IONM changes during posterior spinal fusion (PSF) 
without vertebral column resection (VCR).
Materials and Methods: Retrospective review of PSF patients 
without 3CO or VCR for severe spinal deformity between Octo-
ber 2008 and February 2018. Exclusion criteria were prior instru-
mentation and lack of baseline IONM. Total DAR was defined 
as the sum of coronal DAR and sagittal DAR. IONM signal loss 

was defined as decrease of greater than 50% in somatosensory 
evoked potentials or trans-cranial motor evoked potentials.
Results: 253 patients with mean age 13.7 years met inclusion 
criteria. 47/253 (18.6%) patients had IONM loss. Of these, 
41/253 (16.2%) had return to baseline intraoperatively, and 
6/253 (2.4%) did not return to baseline. Intraoperative wake-up 
test was performed in 7 cases, on which 3/7 (43%) had a neu-
rological deficit. All neurological deficits resolved at mean 41.0 
days postoperatively. IONM loss was associated with increased 
sagittal DAR (p = 0.03) and total DAR (p = 0.005), but not cor-
onal DAR (p = 0.06). Increased risk of IONM loss was seen with 
sagittal DAR >7 (p=0.02) or total DAR >27 (p = 0.02). 24/92 
(26%) patients with sagittal DAR>7 had intraoperative signal 
loss compared to 23/161 (14%) with sagittal DAR≤ 7 (OR, 2.1; 
95% CI, 1.1-4.0). 7/16 (44%) of patients with total DAR >27 
had signal loss compared to 40/237 (17%) patients with total 
DAR ≤27 (OR, 3.8; 95% CI, 1.3-10.9).
Conclusions: Patients with a high sagittal (>7) or total 
DAR(>27) are at increased risk of IONM signal loss during PSF 
even in the absence of a VCR.
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The effect of using “growth friendly” implants on the 
level of titanium released into the tissue
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Introduction and Objective: The long-term cumulative effects 
of the presence of implants after surgical treatment of Ear-
ly-Onset Scoliosis (EOS) may be harmful. The aim of the study 
is to evaluate the influence of different growth-friendly sys-
tems used for surgery in EOS on the Level of titanium ions (Ti) 
in samples tissues taken intraoperatively.
Materials and Methods: The study group included 77 patients 
(mean 13,5 yo) who were surgically treated with implants 
made of Ti-6Al-4V titanium alloy. The stabilization covered 
on average 11 segments. Mean observation time was 3,25 ± 
1,14 years. Patients were divided into 5 groups: traditional 
growing rods (TGR), guided growth system, VEPTR, revision 
group (patients who had a fracture of the implant) and a 
control. The concentration of Ti was examined on Inductively 
Coupled Plasma Optical Emission Spectrometry.
Results: There was a higher content of Ti in clean tissue and 
in the blood in boys vs girls (0.0068 mg/g vs. 0.0035 mg/g 
and 4, 1962 μg/L vs. 3.6465 μg/L respectively). Ti in contam-
inated tissue was the highest in the GGS group than VEPTR, 
revision group and TGR (3.855 mg/g, 1.456 mg/g, 1.022 
mg/g and 0.52 mg/g respectively). Ti in the blood increases 
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was the highest in the GGS group than VEPTR, revision group 
and TGR (14.12 ± 0.12 μg/L, 8.875 ± 3.65 μg/L, 4.435 μg/L 
and 3.454 μg/L respectively). There was no correlation with 
the number of implanted anchors and the observation time. 
Conclusions:
1. Movement between implants affects the number of Ti 
released.
2. The duration of implants in the child’s body does not affect 
the content of Ti, putting this aspect of treatment among 
arguments for not delaying the start of surgical treatment of 
patients with EOS. 
3. Mechanical failure to the implant has no significant effect 
on increasing the content of Ti.
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The safety and efficacy of intrathecal morphine in 
paediatric spinal deformity surgery - a 25-year single 
center experience
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Introduction and Objective: Intrathecal morphine (IM) is a 
popular adjunct for pain management in paediatric spinal 
deformity surgery. This study represents our 25-year experi-
ence with this technique.
Materials and Methods: Our prospective database (1992-
2018) was reviewed to identify patients 21 years of age or 
less who had instrumentation for spinal deformity. Early onset 
scoliosis surgical patients were excluded. We assessed age, 
gender, diagnoses, surgical time, length of stay, paediatric 
intensive care unit (PICU) admission and IM complications 
(respiratory depression, pruritus, nausea). 
Results: There were 984 patients who met inclusion criteria. 
This included 760 patients who received IM and 226 who did 
not. IM was not used for short procedures (<3 hrs), respira-
tory abnormalities, paraplegia, unsuccessful access to intra-
thecal space, and anaesthesiologist’s decision. We divided 
our patients into 5 diagnostic groups (IM/non-IM patients): 
idiopathic (578/28), neuromuscular (100/150), syndromic 
(36/17), and congenital scoliosis (32/20) and kyphosis (14/9). 
The first postoperative narcotic after surgery was delayed for 
16.2 hrs in IM group compared to 8.6 hrs in the non-IM group 
(p=<0.001). The postoperative pain scores were significantly 
lower in the IM groups (p=<0.001). Only 17 IM patients (2%) 

were admitted to the PICU for observation secondary to respi-
ratory depression, none required re-intubation. There was a 
mild increase in pruritus and nausea in the IM group. There 
were no other perioperative complications related to the use 
of IM.
Conclusions: Pre-incision IM is a safe adjunct for pain manage-
ment in select children in all diagnostic groups undergoing 
spinal deformity surgery. Although there is an increased fre-
quency of mild respiratory depression, pruritus, and nausea in 
the IM group, there was no serious complications. 
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Pelvic fixation with iliosacral screws in fusionless surgery 
for early onset spinal deformities
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Introduction and Objective: Pelvic fixation with iliosacral 
screws in fusionless surgery in children has not previously 
been reported. The aim of this paper is to study the effec-
tiveness and complications of iliosacral screws in Early Onset 
Spinal Deformities. 
Materials and Methods: We retrospectively studied the results 
of pelvic fixation with iliosacral screws in children who under-
went fusionless surgery for spinal deformities between 2012 
and 2018 with a minimum of 1 year follow-up. For each 
patient, we evaluated the Cobb angle of the major spinal 
curve and the pelvic obliquity after the first surgery and at 
the latest follow-up. We also investigated the type and rate of 
complications at the pelvic site.
Results: Twenty-four patients were included in the study. 
There were 22 scoliosis/kyphoscoliosis and 2 kyphosis. Twenty 
patients had traditional growing rods surgery for severe early 
onset spinal deformity of various etiologies and 4 patients had 
fusionless corrections as a definitive treatment. The mean age 
of the patients at the time of the first surgery was 8.1 years. 
The mean Cobb angle of the major curve and was respectively 
69.81°, 29.71° and 44° preoperatively, after the first surgery 
and at the latest follow-up. The mean pelvic obliquity was 
respectively 17.54°, 8.81° and 8°. There were 2 deep wound 
infections that compelled us to remove the instrumentation 
and two bladder incontinence. There was no breakage, plow-
ing or loosening of the pelvic fixation.
Conclusions: Iliosacral screws provide a strong pelvic fixa-
tion for the correction of pelvic obliquity or in case of poor 
bone quality in fusionless correction. Bladder incontinence is 
a major complication that can be avoided by a strict surgical 
procedure.
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Is growth-friendly surgery effective for the treatment 
of spinal deformity in patients with arthrogryposis 
multiplex congenita?

Bram Verhofste1, John Emans1, Patricia Miller1, George 
Thompson2, Amer Samdani3, Francisco J. Sanchez Pe-
rez-Grueso4, Anna McClung5, Paediatric Spine Study Group6, 
Michael Glotzbecker2

1Boston Children’s Hospital, Orthopaedic Surgery, Boston, 
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Orthopaedic Surgery, Madrid, Spain, 5Growing Spine, 
Milwaukee, United States, 6Paediatric Spine Study Group, 
Philadelphia, United States

Level III

Introduction and Objective: Arthrogryposis multiplex con-
genita (AMC) is a rare summation of disorders used to 
describe neonates with 2+ distinct congenital contractures. 
Scoliosis is found in 30-70%, but little literature exists on 
the presentation or outcomes of growth-friendly instrumen-
tation (GFI) in patients with AMC and early-onset scoliosis 
(EOS). The aims of this study were: 1) evaluate outcomes 
of GFI in AMC patients and spinal deformity; and 2) com-
pare these results to a matched cohort of idiopathic EOS 
patients to determine whether the presence of perceived 
spinal rigidity and extremity contractures influenced the 
outcomes of GFI.
Methods: 36 children (n=36) with AMC treated with GFI 
and at least two-year follow-up (median 5 years; range 
2-22) were identified from two databases (1997-2017). An 
idiopathic cohort of 158 patients served as controls. Of the 
36 AMC patients, propensity scoring matched a total of 35 
AMC patients (mean age 6.2 years) to 112 idiopathic patients 
(mean age 6.4 years) based on age, sex, construct, and curve 
magnitude. Linear mixed modeling was used to compare the 
change in curve magnitude. 
Results: Presenting mean major curves were comparable 
across AMC (76°; range 31-101°) and idiopathic (75°; range 
40°-130°) groups (p=0.81). Index surgery resulted in less 
absolute correction (27° vs. 33°; p=0.02) and less % correc-
tion (35% vs. 44%; p=0.01) in patients with AMC, but com-
parable curve magnitudes were seen at latest follow-up or GFI 
(55° vs. 49°; p=0.12). Median number of complications (2 vs. 
1; p=0.09) and revisions (1 vs. 1; p=0.88) were similar in AMC 
and idiopathic groups, respectively. 
Conclusions: Growth-friendly instrumentation is effective for 
treating spinal deformities in children with arthrogryposis 
multiplex congenita. Patients with AMC experienced less ini-

tial curve correction, however, similar complication rates, revi-
sion rates, and final curve magnitudes were seen compared to 
idiopathic early-onset scoliosis patients at latest GFI.
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Monitoring with tantalum beads demonstrates no 
clinically significant growth following percutaneous 
transphyseal screw epiphysiodesis

Sreetha Sidharthan1, Clare Kehoe2, Grace Wang2 3, Roger 
Widmann2, John Blanco2, Emily Dodwell2

1David Geffen School of Medicine, Los Angeles, United 
States, 2Hospital for Special Surgery Main Hospital, New 
York, United States, 3McGovern Medical School, Houston, 
United States

Level IV

Introduction and Objective: Prior authors have postulated that 
there is a 6–12-month delay in growth cessation following 
percutaneous transphyseal screw epiphysiodesis. The aim of 
this retrospective study was to objectively evaluate growth at 
the physis following percutaneous transphyseal screw epiph-
ysiodesis (PETS) using tantalum bead markers.
Materials and Methods: Patients aged 7 to 16 with leg length 
discrepancy (LLD) who underwent PETS of the distal femur 
and/or proximal tibia with tantalum bead placement and 
who had at least 6-month post-operative imaging were eligi-
ble for this study. 1mm tantalum beads (Halifax Biomedical, 
Inc., Nova Scotia, Canada) were inserted medially and lat-
erally both proximal and distal to the physis. Inter-bead dis-
tance perpendicular to the physis was measured on calibrated 
radiographs.
Results: Eight boys and four girls were included in this anal-
ysis. At time of epiphysiodesis, median age was 13.0 years 
among the girls and 12.9 among the boys (range 9-14). 
Median bone age was 12.5 and 13.0 years among girls and 
boys, respectively. Median LLD was 2.2 cm (range 1.7 to 
2.7) and median predicted LLD at time of skeletal maturity 
was 2.5 cm (range 1.9 to 5.5). Screw epiphysiodesis was 
performed on eight distal femurs and six proximal tibias, 
and two patients had screws placed in both the femur and 
tibia. Median follow-up was 43.4 weeks (range 23.6 to 
125.3). In the femoral physes, median change in inter-bead 
distance was -1 mm (range -4.0 to 2.0). In the tibial physes, 
median change in inter-bead distance was -0.5 mm (range 
-2.0 to 3.0).
Conclusions: PETS demonstrated immediate cessation of 
growth in all patients. This technique inhibits growth at the 
physis effectively, with no evidence of time lag in growth inhi-
bition. No complications related to transphyseal screws or the 
tantalum beads were identified.
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Marfan syndrome in children: correlation between 
musculoskeletal features, cardiac Z-score and FBN1 gene 
mutations

Fernando De Maio1, Linda Pisano2, Tomaso Cosseddu1, 
Emanuela Raffone1, Alessandro Caterini1, Pasquale Farsetti1 

1University of Rome Tor Vergata, Department of Orthopaedic 
Surgery, Rome, Italy, 2University of Rome Tor Vergata, 
Department of Cardiac Surgery, Rome, Italy

Level III

Introduction and Objective: Marfan syndrome is a genetic 
disorder of the connective tissue caused by the mutation of 
the fibrillin-1 gene (FBN1). The clinical involvement is mul-
tisystemic, with the most severe pathological manifestation 
being the progressive aortic dilatation that leads to aortic 
dissection or rupture. The aim of the study was to investi-
gate the correlation between the musculoskeletal features 
and the cardiovascular anomalies in paediatric patients 
affected by Marfan syndrome, in order to identify possi-
ble orthopaedic deformities that could be a warning sign 
for severe aortic dilatation. Furthermore, specific genetic 
mutations detected on the FBN1 gene were analyzed and 
related to the severity of musculoskeletal and cardiovascu-
lar abnormalities.
Materials and Methods: Seventy-two patients (3y to 14y), 
underwent interdisciplinary evaluation that included an 
orthopaedic, cardiological and genetic examination. Cardio-
logical evaluation included a transthoracic echocardiography 
with definition of the cardiac Z-score, which is an index that 
evaluates aortic diameter.
Results: We identified a statistically significant correlation 
between the presence of pectus excavatum and cardiac 
Z-score ≥ 3 (p = 0.022). Furthermore, from the genetic anal-
ysis, a statistically significant correlation was present between 
thoracic asymmetry and the “splice” mutation of the FBN1 
gene, and between scoliosis > 20 ° and thoracolumbar kypho-
sis and the “stop” mutation. No statistical correlation was 
found between genetic mutations and cardiovascular abnor-
malities.
Conclusions: In the paediatric population the diagnosis of Mar-
fan syndrome remains difficult because many clinical mani-
festations are age-dependent and the Ghent criteria, usually 
used for adults, are not reliable in children. Our results show 
that the presence of pectus excavatum could help in the early 
identification of patients at greater risk of developing possibly 

fatal aortic disease. The presence of some mutations of the 
FBN1 gene could predispose to thoracic or spine deformities.
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Quantifying effects of hip surgery in Hurler syndrome
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Level III

Introduction and Objective: Stem cell transplantation (SCT) 
has improved life expectancy in patients with Hurler syn-
drome/mucopolysaccharidosis type I (MPS1). However, 
skeletal involvement remains significant despite SCT and 
includes hip dysplasia with progressive medial femoral head 
flattening. Here, we aimed to quantify the effect of hip sur-
gery on the sphericity of the femoral heads in patients with 
MPS1 with statistical shape modeling (SSM).
Materials and Methods: A retrospective study was per-
formed in a series of 23 children treated with SCT for MPS1. 
Hip surgery was not offered to the first 11 children (control 
group). Due to a change in treatment protocol, the next 
12 children had bilateral proximal femoral varus derotation 
osteotomies and Pemberton osteotomies in one session for 
progressive femoral head flattening (surgery group). Control 
and surgery groups were compared to a healthy reference 
population. SSM was used to quantify the shape of the fem-
oral heads. 
Results: Age at stem cell transplantation was comparable in 
control and surgery group (1 year and 12 weeks). Age at sur-
gery was 5.54 years with an average follow-up of 3.29 years. 
SSM mode 3-6 showed the variation (SD) in medial inden-
tation, width, height and sphericity of the femoral heads of 
the total group. The control group showed flattened femoral 
heads, whereas the surgical group had more spherical heads 
comparable with the healthy controls. 
Conclusions: This is the first study in children treated with SCT 
for MPS1 to show a quantified remodeling of the dysplastic, 
flattened femoral heads to normal sphericity after increasing 
containment of the femoral heads with bilateral femoral and 
pelvic osteotomies. 
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Use of titanium elastic nail for treatment of long oblique, 
spiral or comminuted fractures of lower extremity long 
bones

Cenk Ermutlu1, Bartu Sarisozen1, Saltukbuğra Güler1

1Bursa Uludağ University Faculty of Medicine, Orthopaedics 
and Traumatology, Bursa, Turkey

Level III

Introduction and Objective: Fracture site, fracture geometry 
and child’s age are important factors in selecting the appro-
priate treatment in fractures of the long bones of the lower 
extremity. Titanium elastic nail (TEN) are preferred between 
approximately 5-12 years of age. Stability of TEN in long 
oblique, spiral, comminuted or segmental fractures is ques-
tioned. Our objective is to report the results of elastic nailing 
of long bones of lower extremity with emphasis on fracture 
geometry.
Materials and Methods: Twenty-seven patients between ages 
5-12 treated with TEN for femur or tibia fracture were included. 
Preoperative, early postoperative and final radiographs were 
evaluated for several parameters; fracture location, geome-
try (transverse, long oblique, spiral, comminuted/segmental), 
canal fill index (CFI), reduction quality, non-union, malunion, 
need for orthesis, shortening/lengthening.
Results: Forty percent of the non-transverse (spiral, long 
oblique, segmental/comminuted) femur fractures had short-
ening, all of which were less than 2 centimetres. None of the 
transverse fractures had shortening, and one case with more 
than 80% CFI had 0.5 cm distraction which healed unevent-
fully. None of the tibia fractures had shortening. Forty percent 
of non-transverse femur fractures required bracing for short 
period for concerns over stability. Transverse and non-trans-
verse femur fractures had similar rates of unacceptable 
reduction (22% vs 30%), although every case remodelled 
successfully and no malunion occurred. Thirty-three percent 
of transverse and 13% percent of non-transverse tibia frac-
tures had unacceptable reduction, and all of them remodelled 
successfully.
Conclusions: Although the most common problem with TEN 
in non-transverse femur fractures is shortening, it is almost 
always in acceptable limits and does not require intervention. 
The rate of shortening is similar in tibia fractures with different 
geometry. TEN can be safely used in long oblique, spiral or 
comminuted fractures of the lower extremity long bones in 
the appropriate age group.
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Prospective study of paediatric medial humeral 
epicondyle fractures non-operatively treated. Clinical, 
radiological and functional evaluation at long term

Serafin Garcia-Mata1, Daniel Sanchez-Guardamino1, Miriam 
Brun1, Laura Azcona1, Julio Duart1, Andrea D’Arrigo-Azzarelli1

1Complejo Hospitalario de Navarra, Trauma and Orthopaedic 
Surgery Department, Paediatric Orthopaedic Section, 
Pamplona, Spain

Level I

Introduction and Objective: Prospective study of 34 patients 
with avulsion of the medial epicondyle with non-operative 
treatment was performed. 
Materials and Methods: Age at the time of injury 8.9 (5-13) years 
and 15.97 (8-24) at follow-up. Follow-up was 7 years (2-15). 
There was associated lesion in eight patients. Radiographic 
displacement: mild (3-5 mm) in 11 patients, moderate (6-15 
mm) in 13 and severe (>15 mm) in 10. Four of the patients had 
anterior displacement. Displacement varied between 3-26 mm. 
Patients were divided into three groups based on follow-up: 2-4 
years: 12 patients, 5-8 years: 12 and ≥ 9 years: 10.
Results: VAS and Ordinal 3-point Likert scale were excellent. 
Objective results were also excellent: Mayo Elbow Score (0-100): 
98.67, Oxford Elbow Score (0-60): 59.35, Elbow Assessment 
Score (0-100): 96.27, DASH score (0-100) 0.64. We did not find 
any differences in grip and flexor-pronator strength or forearm 
diameter. There was no tenderness. Limitation in extension: 7 
cases (11.57º) with a significant association with the degree of 
displacement (p=0.02) and the presence of associated lesions 
and/or anterior displacement. All except one were stable clin-
ically and on valgus stress. Non-union occurred in 79.41%, all 
asymptomatic. There is a significant association between the 
objective outcomes and associated lesions (Mayo Elbow score 
p=0.05; Oxford Elbow score p=0.02; Elbow assessment score 
p=0.02; but no differences with regards to the DASH score 
p=0.102). There is no association between the magnitude of dis-
placement or the follow-up and the objective outcomes. 
Conclusions: There is no association between the magnitude 
of displacement of the ME or the follow-up and the objective 
outcomes. NOPT produces excellent subjective and objective 
outcomes. The objective outcomes worsened when there 
were associated lesions, anterior displacement or patients 
who performed activities with repeated valgus stress. Non-
union are asymptomatic. We recommend an informed doc-
tor-parent shared decision-making model.
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Risk factors for the development of avascular necrosis 
after femoral neck fractures in children: a review of 239 
cases

Wen Tao Wang1, Yi Qiang Li2, Federico Canavese3, Shun You 
Chen1
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Level III

Introduction and Objective: The aim of this study was to clar-
ify the factors which predict the development of avascular 
necrosis (AVN) of the femoral head in children with a fracture 
of the femoral neck.
Material and Methods: We retrospectively reviewed 239 chil-
dren with a mean age of 10.0 years (sd 3.9) who underwent 
surgical treatment for a femoral neck fracture. Risk factors, 
including age, sex, laterality, mechanism of injury, initial dis-
placement, the type of fracture, the time to reduction and 
the method and quality of reduction were recorded. AVN 
of the femoral head was assessed on radiographs. Logistic 
regression analysis was used to evaluate the independent 
risk factors for AVN. Chi-squared tests and Student’s t-tests 
were used for subgroup analyses to determine the risk fac-
tors for AVN.
Results: We found that age (p=0.006) and initial displace-
ment (p=0.001) were significant independent risk factors. 
Receiver operating characteristic (ROC) curve analysis indi-
cated that 12 years of age was the cutoff for increasing the 
rate of AVN. Severe initial displacement (p=0.021) and poor 
quality of reduction (p=0.022) significantly increased the 
rate of AVN in patients aged >12 years, while in those aged 
<12 years, the rate of AVN significantly increased only with 
initial displacement (p=0.048). A poor reduction signifi-
cantly increased the rate of AVN in patients treated by closed 
reduction (p=0.026); screw and plate fixation was prefera-
ble to cannulated screw or Kirschner wire (K-wire) fixation 
for decreasing the rate of AVN in patients treated by open 
reduction (p=0.034).
Conclusion: The rate of AVN increases with age, especially in 
those aged >12 years, and with the severity of displacement. 
In patients treated by closed reduction, anatomical reduction 
helps to decrease the rate of AVN, while in those treated by 

open reduction, screw and plate fixation was preferable to 
fixation using cannulated screws or K-wires.
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Extra-articular proximal femur fractures in children and 
adolescents treated by elastic stable intramedullary 
nailing
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Level IV

Introduction and Objective: Extra-articular proximal  
femur fractures (EPFF) remain challenging for their intrin-
sic instability. The aim of the study was to evaluate the 
results of elastic stable intramedullary nailing (ESIN) of  
extra-articular proximal femur fractures in children and 
adolescents.
Materials and Methods: A retrospective monocentric study of 
children treated by ESIN for EPFF between 2012 and 2018 
was conducted. We included all patients sustaining a fracture 
within 10% of the femur length below the lesser trochanter. 
Studied data were age, sex, femur length, fracture distance 
below the lesser trochanter, number of days of hospitaliza-
tion, time to nail removal, and complications. Beaty’s criteria 
and the titanium elastic nailing (TEN) outcome measure scale 
were used to evaluate radiologic outcome and assess clinical 
recovery, respectively.
Results: A total of 24 cases were reviewed (18 males, 6 
females). Mean age was 8.23 years (range 5–13). Mean dura-
tion of hospitalization was 3.7 days (range 2–12). Mean time 
to nail removal was 28 weeks (range 12–53). Malalignment 
was observed in five patients, but in all cases, angulation did 
not exceed 10°. No limb length discrepancy was observed. 
Twenty out of 24 patients had excellent Beaty’s radiologi-
cal and TEN clinical outcome scores. No poor results were 
observed.
Conclusions: The results of our study show that good out-
comes following surgical treatment by ESIN should be 
expected in children younger than 14 years of age with dis-
placed EPFF. Excellent radiological and clinical outcomes were 
observed in 83.7% of the cases, with a low rate of complica-
tions and short hospital stay.
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Reoperative risk factors following final fusion for 
traditional growing rod treatment in early onset  
scoliosis
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Christina Hardesty2, Jeff Pawelek3, John Emans4, John Flynn5, 
Paediatric Spine Study Group6
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Introduction and Objective: Although there is a high incidence 
of reoperation following final fusion for traditional growing 
rods (TGR) for treatment for early onset scoliosis (EOS), the 
risk factors for reoperation are unknown. The purpose of this 
study was to identify risk factors associated with the need for 
reoperation following final fusion for EOS.
Materials and Methods: A multicenter database for EOS 
patients was retrospectively analyzed. Patients treated with 
TGR and final fusion were identified (n=248). Inclusion criteria 
were ≥1 TGR lengthening and 2 or more years of follow-up or 
revision surgery within 2 years following final fusion (n=167 
included, 67.3%). Patients requiring reoperation following 
final treatment after TGR treatment of EOS for complications 
related to EOS were compared to patients who did not require 
reoperation. Data analyzed included patient demographics, 
comorbidities, spinal deformity characteristics, radiographic 
measurements, perioperative details, and complications 
during all stages of treatment. A multivariate regression model 
was used to identify independent risk factors.
Results: Mean follow-up duration from initial to final visit was 
10.7±4.1 years, of which mean follow-up after final fusion was 
5.0±3.1 years. There were 32 of 167 patients that required 
reoperation following final fusion for EOS (19.2%). Curve 
progression requiring revision surgery during TGR lengthen-
ing (adjusted odds ratio [aOR]: 21.137 per event, p=0.036), 
number of TGR Levels spanned (aOR: 1.378 per Level, 
p=0.016), and duration of TGR treatment (aOR: 1.220 per 
year, p=0.028) were independently associated with revision 
surgery after final fusion. 
Conclusions: Parents and treating physicians should be aware 
that curve progression during TGR lengthenings that required 
operative intervention, increasing number of TGR Levels 
spanned, and longer duration of TGR treatment were indepen-
dent predictors of reoperation following final fusion for EOS.
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Serious perioperative adverse events after paediatric 
cervical spine fusions

Bram Verhofste1, Nora O’Neill1, Michael Timothy Hresko1, 
John Emans1, Daniel Hedequist1

1Boston Children’s Hospital, Orthopaedic Surgery, Boston, 
United States

Level IV

Introduction and Objective: Perioperative adverse  
events (AE) are important causes of morbidity/mortality 
that result in readmission and health-care expenditures. 
No reports dedicated to evaluating AE in the paediatric 
cervical spine population exist. Objective was to evaluate 
the incidence/types of 90-day perioperative complications 
after paediatric cervical spine fusion with modern instru-
mentation (CSIF). 
Materials and Methods: A single-center retrospective series of 
199 cases of CSIF (mean age 12.6±5.23 years; range 0.2-24.9) 
was performed. Cervical deformities (n=44) and instability 
(n=31) were the most frequent indications. AEs were catego-
rized into vascular, neurologic, medical, implant, wound, and 
halo complications. The modified Clavien-Dindo-Sink classi-
fication system was used to categorize complications based 
on intervention. Only serious AEs that occurred <90-day 
perioperative period were analyzed (grades III-IV). Complica-
tions requiring a procedure/unplanned admission are grade 
III. Life-threatening complications that require unplanned ICU 
admission are grade IVa (no disability) or IVb (long-term dis-
ability). Cases were stratified/compared according to primary 
outcome (90-day complication). 
Results: 21 AE’s (10.6%) occurred: grade III (n=17), IVa 
(n=1), and IVb (n=3). There were 5 neurologic (2.5%), 5 
implant (2.5%), 3 vascular (1.5%), 3 respiratory (1.5%), 3 
wound (1.5%), and 2 halo (1%) serious AE. 4 neurologic 
complications occurred after a mean of 4 days (range 1-6). 
Implant, wound, and halo complications occurred after 
a mean of 26 (range 1-74), 27 (range 8-56), and 29 days 
(range 25-32), respectively. 4 patients (2%) were readmitted 
after 56 days (IQR 21-93). Underlying syndromes (67% vs. 
36%; p=0.006), increased Levels fused (3 vs. 2; p=0.029), 
and occipitocervical fusions (52% vs. 26%; p=0.013) were 
associated with AE’s. 
Conclusions: This is the largest single-center series of paedi-
atric CSIF’s dedicated to describing AE in the 90-day periop-
erative period. AE’s occurred in 10.6%. Syndromic etiologies, 
greater Levels fused, and occipitocervical fusions increased 
the risk of complications. 
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Is the axial spinal cord classification predictive of 
intra-operative neurologic alert for paediatric scoliosis 
patients?

Anthony Stans1, Smitha Mathew1, Todd Milbrandt1, William 
Shaughnessy1, A. Noelle Larson1

1Mayo Clinic, Department of Orthopaedic Surgery, 
Rochester, United States

Level III

Introduction and Objective: We sought to verify the predic-
tive value of the spinal cord MRI classification as described 
by Sielatycki et al and whether it would be associated with 
increased intraoperative neuromonitoring events. We hypoth-
esized that this novel spinal cord classification would be asso-
ciated with a high rate of intraoperative neuromonitoring 
alerts for paediatric scoliosis patients undergoing posterior 
spinal fusion surgery.
Materials and Methods: Paediatric scoliosis patients undergo-
ing posterior spinal fusion at a single tertiary referral center 
were reviewed. MRI was reviewed for spinal cord/CSF archi-
tecture as described by Sielatycki et al. Type 1: circular cord 
with visible CSF. Type 2: circular cord but no visible CSF at 
apical concavity. Type 3: deformed cord with no intervening 
CSF. Intraoperative neuromonitoring records and operative 
reports were reviewed to determine presence of a neurologic 
alert. Pre-operative radiographs were used to measure Cobb 
angle, kyphosis and deformity angular ratio (total DAR = cor-
onal DAR + sagittal DAR).
Results: 90 patients met inclusion criteria. Diagnoses included 
idiopathic scoliosis (74%), congenital (9%), syndromic (7%), 
and neuromuscular/other (10%). Rate of neurologic events 
was Type 1: 2% (1/41 patients), Type 2: 14.3% (4/28), Type 
3: 52% (11/21, p<0.0001). Three patients with a Type 3 spi-
nal cord had an intraoperative neuromonitoring alert and 
awoke with a significant deficit. Type 3 spinal cords were also 
associated with an increased coronal deformity angular ratio 
(DAR) (p = 0.037) and total DAR (p = 0.007). There was no 
difference in gender, diagnosis category, age at surgery, Cobb 
angle, or kyphosis between the three groups. 
Conclusions: The axial spinal cord MRI classification proposed 
by Sielatycki correlated with intraoperative neuromonitoring 
alerts. Spinal cord deformation was associated with a signifi-
cantly increased rate of neuromonitoring alerts.
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Os odontoideum in children: treatment outcomes and 
neurologic risk factors
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Level IV

Introduction and Objective: Treatment outcomes and risk 
factors for neurologic deficits in paediatric os odontoideum 
remain unclear. Our aim was to identify risk factors for neuro-
logic deficits; to report outcomes of nonoperative treatment 
and instrumented cervical arthrodesis in children with os 
odontoideum.
Materials and Methods: We identified 102 children with os 
odontoideum treated at 11 centers with minimum 2-year FU. 
31 children had non-operative treatment (mean follow-up, 
3.8 years), and 71 underwent instrumented posterior spinal 
arthrodesis. Nonoperative treatment consisted of observation 
(n = 29) or immobilization (cervical collar, n = 1; halo, n = 
1). Surgical treatment consisted of atlantoaxial (n = 50) or 
occipitocervical (n = 21) arthrodesis. One patient underwent 
transoral odontoidectomy.
Results: Thirty children (29%) presented with neurologic 
deficits, 28 of whom had radiographic atlantoaxial insta-
bility (atlantoaxial distance [AAD] ≥5 mm) or limited space 
(≤13 mm) available for the spinal cord (RR, 7.8 [95%CI, 2.0 
to 31] compared with children with no radiographic risk 
factors). 27 children without neurologic deficits or atlan-
toaxial instability at presentation underwent nonoperative 
treatment and remained asymptomatic. One child devel-
oped atlantoaxial instability, and another had a persistent 
neurologic deficit; both children underwent spinal fusion. 
One child with cervical instability declined surgery but 
remained asymptomatic. Spinal fusion occurred in 68 (96%) 
patients during FU (mean, 3.7 years). Surgical complica-
tions occurred in 21 (30%) children, including nonunion 
(12, 17%), neurologic deficits (4, 6%), and vertebral artery 
injury (1, 1%). Nine (13%) underwent revision surgery. In 
the surgical group neurologic function scores improved sig-
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nificantly from preoperatively to final FU (p<0.026 for upper 
and lower extremities).
Conclusions: Risk of developing a neurologic deficit was asso-
ciated with atlantoaxial instability and limited space available 
for cord in children with os odontoideum. Nonoperative 
treatment was safe for asymptomatic patients without atlan-
toaxial instability. Spinal arthrodesis improved neurologic  
deficits.
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Effect of paediatric orthopaedic intervention on 
ambulatory adults with cerebral palsy: a long-term 
longitudinal assessment

Tanyawat Saisongcroh1, Michael W. Shrader1, Freeman  
Miller1, Julieanne P. Sees1, Chris Church1, Nancy Lennon1

1Nemours/Alfred I. duPont Hospital for Children, 
Wilmington, United States

Level II

Introduction and Objective: Advances in paediatric orthopae-
dic care have improved mobility function for children with 
cerebral palsy (CP). Some studies report declining mobility 
from adolescents into adulthood. This study aimed to report 
the outcome of ambulatory function after orthopaedic paedi-
atric intervention in adults using objective gait measures and 
evaluate residual deformity.
Materials and Methods: In this IRB approved prospective 
cohort study, we identified 646 ambulatory CP adults age 
between 25 and 45 years who had adolescent gait analysis. 
Orthopaedic intervention and full instrumented gait analysis 
were analyzed from one institution gait laboratory. Frequen-
cies and descriptive statistics are reported for demographic 
and surgical history. Paired two-tailed t-tests are conducted 
with Holm-Bonferroni correction for multiple testing to com-
pare the adolescent and adult visits.
Results: 120 adults with CP, GMFCS I (22%) II (50%) III (23%) 
IV (5%), 68 males/52 females were tested. Average age was 
29+3 years with follow-up 13+4 years since previous analy-
sis. In total there were 285 surgical events/1180 procedures, 
mean per patient 2.4 events/ 9.8 procedures. Common pro-
cedures were gastrocsoleus complex (82% patients) and 
hamstring lengthening (75% patients). Gait deviation index 
(GDI) and gait velocity were clinically unchanged. Mild resid-
ual deformities were reported in 61 patients (51%), 65 limbs. 
Hip internal rotation, planovalgus, crouch gait and bunion 
most common residual deformities. 13 patients (10.8%) with 
16 limbs had severe deformities, 7 or which developed since 
the previous evaluation, and 6 were unchanged. 

Conclusions: Adults with CP managed in specialized pae-
diatric orthopaedic unit with gait analysis were stable 
without significant clinical change in gait pattern and 
gross motor function from adolescence to adulthood. 
Orthopaedic care guided by gait analysis should optimize 
deformity correction and will prevent patients from hav-
ing severe residual deformities in adulthood, although 
there are a few deformities which may progress in early 
adulthood.
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Musculoskeletal pain in children with cerebral palsy. A 
cross-sectional register study of 3545 individuals

Elsa Eriksson1, Ann Alriksson Schmidt1, Gunnar Hägglund1
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Level II

Introduction and Objective: Pain is common in individuals 
with cerebral palsy (CP). In Sweden, 95% of all children and 
adolescents are followed in a national follow-up programme 
(CPUP), which includes data on pain. The main purpose of 
this study was to analyse the pain prevalence and pain inten-
sity by age, sex, gross motor function and source of report. 
Pain site, and the effects of pain on sleep and daily activities 
were also analysed.
Materials and Methods: Cross-sectional register study based 
on all participants aged 4-18-years in CPUP. Pain preva-
lence, pain intensity and pain site were related to age, sex, 
Gross Motor Function Classification System (GMFCS)-Level, 
and source of report (self- or proxy). Logistic regression was 
employed to analyse pain prevalence and the effects of pain 
on sleep and daily activities. 
Results: In total, 3545 participants (2065 boys) were included. 
The overall pain prevalence was 44%. Pain prevalence 
increased with age [OR 1.07(CI 1.06-1.09)], female sex [OR 
1.28(CI 1.12-1.47)] and in children at GMFCS-Level V [OR 
1.74(CI 1.38-2.19)]. There was no statistically significant dif-
ference in pain prevalence related to source of report. Pain 
intensity increased with age and GMFCS-Levels. Pain was 
most common in the lower extremities. Hip/thigh pain was 
associated with the most intense pain. Of those who expe-
rienced pain, 36% experienced effects on sleep and 61% on 
daily activities. 
Conclusions: Both presence of pain and pain intensity 
increased with age and GMFCS-Level. Two-thirds of all chil-
dren and youth with CP experienced that their pain affected 
their daily activities and one-third experienced effects on 
sleep. 
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Intraoperative neuromonitoring during distal femoral 
extension osteotomy in cerebral palsy

Ozan Ali Erdal1, Baris Gorgun1, Ilker Abdullah Sarikaya1,  
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Orthopaedics, Besiktas/Istanbul, Turkey

Level III

Introduction and Objective: Severe cases of knee flexion contrac-
ture in cerebral palsy (CP) are often treated with distal femoral 
extension osteotomy (DFEO). However, it carries a risk of neuro-
vascular impairment. Tightening or damage to the sciatic nerve 
or its branches may occur as a complication of the osteotomy, 
manipulation or a posterior bony prominence. Somatosensory 
evoked potential (SSEP) and transcranial electrical motor evoked 
potential (MEP) monitoring are proper intraoperative indicators 
of neurological injury. The objective of the study was to determine 
if intraoperative neuromonitoring can help to identify the surgical 
steps of neurological injury risk and manage the extension oste-
otomy without compromise to peripheral nerve function. 
Materials and Methods: SSEP and MEP were monitored in a 
series of 11 patients with CP who had undergone 22 DFEO 
because of flexion contractures of 10 to 30 degrees, between 
2016 and 2018. There were 4 females and 7 males. Any point 
of temporary or stable change in evoked potentials were 
recorded and defined as the moments of operation with risk 
of neurological injury. 
Results: We detected neuromonitoring alerts in all cases during 
the two steps: osteotomy with an oscillating saw and manip-
ulation of the fragments for extension. Changes in evoked 
potentials were temporary in all but two cases. In these two 
cases, alerts occurred after manipulation of the fragments and 
potentials returned to normal after decreasing the amount of 
given extension by 5 to 10 degrees. During a mean period of 
17 months of follow-up, we did not detect any neurological 
deficit in any of the patients. 
Conclusions: Use of intraoperative neuromonitoring during 
DFEO in CP patients helped detecting the surgical steps with 
injury risk to the sciatic nerve and allowed for preventing any 
long standing or permanent damage.
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Impact of hip surveillance on surgical practice: what 
makes a difference?
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1BC Children’s Hospital, Orthopaedics, Vancouver, Canada, 
2Child Health BC, Vancouver, Canada

Level III

Introduction and Objective: Hip surveillance aims to iden-
tify hip displacement early through systematic screening. 
Together with timely orthopaedic intervention, surveillance 
can eliminate the need for salvage hip procedures. The 
impact on surgical practice of 1) hip surveillance advocacy 
and knowledge translation and 2) initial population-based 
program implementation is reported here. 
Materials and Methods: A retrospective review was com-
pleted of children with CP undergoing hip surgery at a ter-
tiary paediatric hospital from 2004-2018. Date and type of 
surgery, age at surgery, Gross Motor Function Classification 
System Level, and pre-operative migration percentages (MP) 
were collected. Surgeries were categorized as soft-tissue 
release, reconstructive, and salvage procedures. Results were 
collected for three time periods: historical (September 2004-
June 2010), hip surveillance advocacy and knowledge transla-
tion (July 2010-August 2015), and post surveillance program 
implementation (September 2015–December 2018). 
Results: A total of 261 surgeries on 321 hips were reviewed. The 
rate of salvage procedures dropped from 29% (24) of surgeries 
performed in the historical period to 12% (14) during the period 
of targeted hip surveillance knowledge translation. Since imple-
mentation of the surveillance program, salvage procedures have 
accounted for 7% (4) of interventions performed; all of these 
were in patients new to the province or existing patients. During 
all study periods, reconstructive surgeries accounted for 64%, 
81%, and 80% of the interventions. The mean initial MP at time 
of reconstructive surgery has decreased from 66% (SD 20%) in 
the historical time period to 57% (SD 25%) and 57% (SD 22%) 
in the subsequent time periods. The rate of soft-tissue surgeries 
was low during all time periods with the number increasing since 
program implementation (7%, 7%, 10%). 
Conclusions: Knowledge translation and use of standardized 
surveillance guidelines can have a significant impact on the 
prevalence of salvage hip surgeries. Centres should begin 
with these important steps in the absence of a formal hip sur-
veillance program.
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Estimating skeletal maturity using knee radiographs 
during pre-adolescence using the epiphyseal: 
metaphyseal ratio
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Level IV

Introduction and Objective: The ability to estimate skeletal 
maturity using a knee radiograph during pre-adolescence 
would be useful in the treatment of limb length discrepancy; 
however, a quick, accurate method in this age range is lack-
ing.
Materials and Methods: Serial knee radiographs leading up to 
the chronological age associated with 90% of final height (an 
enhanced skeletal maturity gold standard compared to peak 
height velocity) were analyzed in 75 children. The epiphyseal 
and metaphyseal widths of the distal femur, proximal tibia, 
and proximal fibula were measured and the epiphyseal:me-
taphyseal ratio was calculated. Greulich and Pyle bone ages 
(GP) were also assigned using left hand radiographs. Linear 
regression was used to compare the ability of demographics, 
epiphyseal:metaphyseal ratios, GP bone age, and combina-
tions of these to predict the years away reaching 90% of final 
height. 
Results: 258 left knee radiographs from 39 girls (mean age 
8.6 years, range 2.9 to 13 years) and 36 boys (mean age 10.6 
years, range 3.8 to 15 years) were included. There was a strong 
positive correlation between the epiphyseal:metaphyseal ratio 
value and years away from reaching 90% of final height, with 
Pearson R values of 0.80, 0.84, and 0.84 for the femur, tibia, 
and fibula, respectively (all p<0.001). Regression analysis 
showed high correlation in predicting years away from 90% 
of final height using the ratios and demographics (R2=0.916) 
which was superior to demographics alone (R2=0.895) and 
comparable to GP and demographics (R2=0.915).
Conclusions: This large analysis of a novel knee skeletal matu-
rity system demonstrates that with three simple and discrete 
radiographic knee parameters, skeletal maturity can be pre-
dicted with a high degree of accuracy during pre-adolescence 
at a Level comparable to Greulich and Pyle. This method 
would allow skeletal maturity assessment in children with 
limb length discrepancy without a separate hand radiograph.
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Bone morphogenic protein-2 increases mechanical 
strength of bone regenerate in distraction osteogenesis

Emre Kalay1, Cenk Ermutlu1, Bartu Sarisozen1, Ulviye 
Yalçınkaya2
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Level IV

Introduction and Objective: Outcome of distraction osteo-
genesis (DO) is multifactorial. Distraction frequency, consol-
idation period, local and systemic metabolism are known to 
effect formation of a stable regenerate. Angiogenesis is a cru-

cial component throughout the osteogenesis process. Certain 
agents such as bone morphogenic protein-2 (BMP-2) and des-
ferrioxamine (DFO) are known to induce neoangiogenesis in 
vivo. We designed an experimental study to evaluate if these 
would increase angiogenesis and osteogenesis, and improve 
mechanical properties of bone regenerate in DO model. 
Materials and Methods: Twenty-four tibias of 24 New Zealand 
rabbits were osteotomized. Custom design semi-ring fixators 
(Ilizarat) were placed using two pins on each side of the oste-
otomy. Three groups of 8 animals were formed. Distraction 
was initiated on postoperative day 7, continued for 15 days 
with 0.6 mm daily lengthening. 2.5 microgram BMP-2-soaked 
scaffolds were placed in the osteotomy site in the first group, 
whereas 200μM/300μL DFO was administered daily during the 
distraction period in the second group. Subjects in the control 
group did not receive any agents during the surgery or in the 
distraction period. Following consolidation period of 15 days, 
animals were sacrificed, and entire tibia were harvested for his-
tological and mechanical examination of the regenerate.
Results: Three point bending tests revealed improved strength 
in the BMP group compared to DFO and control (p > 0.05). 
Intramembraneous and enchondral ossification, periosteal 
osteogenesis and VEGF activity did not differ between groups 
(p > 0.05).
Conclusions: Sole administration of angiogenesis inducing 
agents does not increase vascularisation. BMP-2 improves 
strength of the bone regenerate in DO by mechanisms other 
than increased vascularity or bone formation, which cannot 
be evaluated with the current study design. Osteogenesis is 
a multifactorial process and several conditions should be met 
for formation of a healthy regenerate with optimal mechani-
cal properties to avoid nonunion and fracture.

FRIDAY, 16 APRIL 2021 

SESSION 9: BASIC SCIENCE

OP-091

Evaluation of impaired skeletal development in skeletally 
immature mice by anti-rheumatic agents
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1Maastricht University Medical Center, Orthopaedic 
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Level I

Introduction and Objective: Impairment of physical growth 
is a known problem in juvenile idiopathic arthritis (JIA) 
patients. This growth-impairment is often explained by a sus-
tained inflammatory status of patients. However, the effect 
of JIA medical treatment on skeletal growth is unexplored. 
We therefore hypothesize that JIA medications Naproxen 
and MTX impair endochondral ossification in the developing 
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growth plate in vivo, and consequently leads to impaired skel-
etal development.
Materials and Methods: Skeletally immature mice were 
treated for ten weeks with naproxen (daily oral administration 
10 mg/kg) or placebo. Methotrexate (1 mg/kg) or placebo 
was administered by intraperitoneal injection 3 times a week 
from day 0 onwards. At 15 weeks postnatally, growth plate 
characteristics, longitudinal bone growth and bone micro-ar-
chitecture by micro-CT were analyzed.
Results: Both the length of the tibia and femur was signifi-
cantly reduced in the naproxen- and MTX-treated mice. 
Growth plate analysis of the tibia revealed a significantly 
thicker proliferative zone with a higher intensity of Safr-
anin O and Collagen type II staining in both experimental 
groups. The hypertrophic zone of the MTX and naproxen 
treated mice was thinner than their controls which 
was accompanied by a lower Collagen type X staining. 
Micro-CT analysis of the subchondral bone showed signif-
icant alterations in bone volume and trabecular structures 
in both the MTX and Naproxen treated mice. To further 
elucidate a potential biomolecular mechanism explaining 
these results, endochondral ossification was mimicked in 
vitro and we found a significant deregulation of genes in 
the PTHrP/Ihh pathway.
Conclusions: Overall, these results show that naproxen and 
MTX have a profound effect on endochondral ossification 
during growth plate development, resulting in aberrant sub-
chondral bone morphology and reduced bone length. Better 
understanding of how medication affects growth plate devel-
opment will improve the insight in endochondral ossification 
and will reveal possibilities to improve treatment of paediatric 
patients.
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Serum-derived exosomes of congenital pseudarthrosis of 
tibia in children suppresses bone formation and increases 
bone resorption via alteration of exosomal bone-related 
proteins
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Level V

Introduction and Objective: With impaired bone remodeling, 
treatment of congenital pseudarthrosis of the tibia (CPT) is 
still a challenging in paediatric orthopaedics. Serum-derived 
exosomes (SDEs) have been demonstrated involved in the 
contribution of osteoblastic or osteoclastic regulatory net-
works during the bone remodeling. However, the molecular 
changes in SDEs of CPT children and their functions remain to 
be fully elucidated. 

Materials and Methods: SDEs were isolated and purified from 
the children with CPT (n=12) and normal children volunteers 
(n=14). The proteomic profiles of SDEs using a combination 
of liquid chromatography–tandem mass spectroscopy (LC-
MS/MS) analyses and tandem mass tag (TMT) label-based 
quantitation. In vitro, the efficacy of SDEs on osteoblastic 
differentiation of MC3T3-E1 cells and osteoclastogenesis of 
RAW264.7 cells were assessed by cytochemical staining. In 
vivo, SDEs were injected into the tail vein of adult (2-3 months 
old) male SD rats. Micro-CT was performed to evaluate tibial 
trabecular microarchitecture, the osteogenic and osteoclastic 
activities were determined by quantitative real-time PCR, his-
tological examination and western-blot analysis.
Results: In total, 1417 proteins were identified with quan-
titative information in each single subject. Among these 
1417 proteins, 136 proteins upregulated and 311 proteins 
downregulated in the SDEs of CPT children. Bioinformat-
ics analysis revealed the downregulated proteins from SDEs 
of CPT children were involved in cell differentiation and 
proliferation. In vitro, SDEs decreased the osteogenic dif-
ferentiation of MC3T3-E1 cells and promote the osteoclasto-
genesis of RAW264.7 cells. The intravenous injection of SDEs 
for two months caused bone loss in adult rats, as detected 
by decreased trabecular microstructure, enhanced osteoclast 
formation and suppressed osteoblast formation compared to 
the control mice. 
Conclusions: Our findings demonstrated the differences of 
components in SDEs between normal and CPT children. 
Meanwhile, in vitro and in vivo, SDEs derived from CPT 
patients deteriorate trabecular bone microstructures by inhib-
iting bone formation and stimulating bone resorption. 
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Magnetic resonance quantification of meniscus 
vascularity in paediatric versus adult knees
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Level III

Introduction and Objective: Quantification of meniscus vas-
cularity has been limited with previous techniques, and min-
imal data exists describing differential vascular zones in the 
skeletally immature meniscus. The objective of this study is 
to use quantitative contrast-enhanced magnetic resonance 
imaging (MRI) to compare meniscal vascularity in paediat-
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ric specimens to adults. We hypothesize that the developing 
meniscus has greater and more uniform vascularity through-
out all zones.
Materials and Methods: We utilized 10 fresh-frozen human 
cadaveric knees (5 immature knees, age 0-6 months; 5 mature 
knees, age 34-67 years). Gadolinium-enhanced MRI was per-
formed using a previously established vascularity quantifica-
tion protocol.  Regions of interest corresponding to peripheral 
and central zones of the meniscus were identified on pre-con-
trast coronal images, and signal enhancement (normalized 
against background tissue) was compared between pre-and 
post-contrast images.
Results:  Increased perfusion was demonstrated to the 
periphery compared to the central zone (2.3:1 in imma-
ture knees and 3:1 in mature knees) in both the medial and 
lateral menisci. Overall, the medial and lateral menisci had 
similar distribution of perfusion (45.9% ± 8.3% medial vs. 
54.1% ± 8.3% lateral in immature knees; 50.5% ± 11.3% 
medial vs. 49.5% ± 11.3% lateral in mature knees). Immature 
specimens demonstrated 5.8-fold greater overall normal-
ized meniscal signal uptake than adults, with the 0-month 
specimen demonstrating the greatest proportional signal 
enhancement.
Conclusions: While blood flow to the periphery is greater than 
to central zones in all menisci, younger menisci receive pro-
portionally greater overall blood flow compared to adults, 
including to the central zone, suggesting that the immature 
meniscus is a more biologically active tissue than its adult 
counterpart. As younger patients become increasingly active 
in sports, thorough understanding of the immature meniscus 
is required. Greater overall vascularity, including centrally, to 
the developing meniscus suggests improved healing potential 
following injury, and further encourages meniscal preserva-
tion when possible.
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The possible role of tissue hypoxia - newly detected 
pathway in the contracted tissue of the relapsed clubfoot
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Level II

Introduction and Objective: Clubfoot deformity belongs to 
a group of fibroproliferative disorders. Despite the effective-
ness of the therapy, relapses often occur. We have already 

described the increase in the Level of almost 12 extracellular 
matrix proteins in addition to an increase in the Level of tissue 
vascularity of the contracted tissue in the relapsed clubfoot. 
This study focuses on the research related to some possible 
pathways for these changes.
Materials and Methods: By means of the application of 
immunohistochemistry, light microscopy and an image ana-
lyzer, we were able to compare the concentration Levels of 
Hypoxia Inducible Factor 1 Subunit Alpha (HIF1A), Transform-
ing Growth Factor‐β (TGF‐β) and Matrix Metalloproteinase-2 
(MMP-2) occurring in the tissue of the contracted, i.e., the 
medial side (M-side), and non-contracted, i.e., the lateral side 
(L-side) of the relapsed clubfoot. Samples from ten patients 
were analyzed (n=10 for M-side, n=10 for L-side).
Results: We detected a significant increase in the Level of 
HIF1A, TGF‐β and MMP-2 in M-side of the relapsed clubfoot 
tissue. Positivity was detected mostly in the cytoplasm of 
fibroblast-like cells and in the cytoplasm of endothelial cells, 
smooth muscle cells of arterioles.
Conclusions: Initially and for the first time, we detected a 
hypoxic pathway in the contracted tissue of the relapsed club-
foot. Tissue hypoxia is a common pathological mechanism, 
which has already been discovered among other fibroprolifer-
ative diseases. These findings may contribute to the clarifica-
tion of the etiology and the development of the disease and 
relapses in clubfoot.
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Predictors and prediction-score in clubfoot; what predicts 
recurrence?
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Level III

Introduction and Objective: Recurrence of clubfoot is a sub-
stantial problem, specifically during the period of night-time 
bracing (with foot-abduction brace, FAB). Previous studies 
suggested power of evertor-muscles and adherence to FAB 
use as main predictors for recurrence. The current study 
collected data regarding eight background predictors and 
explored the weight of each on the risk of recurrence.
Materials and Methods: Between 2013 and 2016, 81 chil-
dren were managed according to the Ponseti method with 
persisted data recording. Data was collected regarding 
eight characteristics: the initial clubfoot severity, number 
of casts, compliance with FAB use, duration of FAB use, 
evertor-muscles power, family history of clubfoot, the need 
for tenotomy or surgery and simple Vs. non-isolated club-
foot. A multi-variate analysis was used to specify the effect 
of each variable. A combined-score was calculated for each 
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child, wherein each statistically significant variable was 
assigned 1-3 points based on its severity, for a total score 
of 5-15 points.
Results: 74 children had complete data. 30 (37%) children 
experienced recurrence requiring further treatment over the 
age of 2 years. Five effectors were found to predict recurrence 
and thus included in the final score. Effectors excluded were 
compliance with FAB use, familial background and non-iso-
lated clubfoot. The strongest predictors were initial clubfoot 
severity (atypical clubfoot) and weak evertors. A mean com-
bined score of 6.77 (range 5-9) was found in children not 
having recurrence and 9.8 (range 6-15) in those presenting 
with recurrence, a difference which was significant (P<0.001). 
Based on a ROC-plot for best specificity and sensitivity values, 
a cut-off score of 8 points would represent an odds-ratio of 
18.5 for recurrence.
Conclusions: The current study signifies the importance of five 
risk factors on the recurrence of clubfoot and suggests a sim-
ple and useful score to predict this risk.
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Correction of foot and ankle malalignment with 
SUPERankle procedure in severe fibular hemimelia
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Introduction and Objective: Management of ankle joint insta-
bility and deformity recurrence are challenging issues in fibu-
lar hemimelia (FH). The aim of the study was to evaluate foot 
and ankle stability and distal limb alignment after SUPERankle 
procedure.
Materials and Methods: Eighteen children (21 limbs) aged 
46.9±43.4 (17-123) months with severe equino-valgus foot 
deformation, ankle instability and tibia curvature (Paley 
IIIC) underwent SUPERankle procedure according to Paley`s 
description. For 13 (72.3%) patients, the operation was pri-
mary while for 5 (27.7%) it was secondary due to recurrence 
after another type of surgery. Foot and ankle position were 
evaluated clinically and radiologically before and 2 years after 
surgery. Long-cassette weight bearing AP and lateral x-rays 
were used. Lateral distal tibial angle (LDTA), tibio-calcaneal 
angle (TCA), tibio-calcaneal distance (TCD) were measured 
on the AP while the anterior distal tibial angle (ADTA) and 
TCA-lateral were measured on the lateral x-ray.
Results: In 16 limbs the clinical alignment of the tibia, ankle 
and foot was normal and maintained at follow-up. Incomplete 
equinus correction or equinus recurrence was observed in 5 

feet. Eleven patients (61.1%) underwent limb lengthening 
during follow-up. Significant radiological alignment improve-
ment was measured for the LDTA 60.6°±8.5° vs. 88.1°±2.8°, 
p=0.0001; TCA 35.7°±13.8° vs. 9.8°±9.7°, p=0.0001; TCD 
19.8°±9.6° vs. 6.9°±6.6° p=0.0001; and ADTA 106°±29° vs. 
90.3°±14.8°, p=0.0085. TCA-lateral improvement was not 
significant 119.9°±30.9° vs. 108.6°±21.1°, p=0.0676.
Conclusions: SUPERankle procedure allowed for achieving 
clinically and radiologically stable ankle joint. Excellent and 
permanent correction of the valgus deformity was provided. 
Durable correction of equinus deformity revealed the most 
difficult to achieve.
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OP-097

Midterm results of treated symptomatic 
calcaneonavicular coalitions

Ignacio Sanpera1, Miguel García-Cancho Sánchez1, Marta 
Salom2, Jean Marie Gomez Alessandri1, Ana Fernandez-An-
sorena1, Guillem Frontera Juan1

1Hospital Universitario Son Espases, Paediatric Orthopaedics, 
Palma, Spain, 2Hospital La Fe, Orthopaedic Paediatric Unit, 
Valencia, Spain

Level IV

Introduction and Objective: Symptomatic calcaneonavicu-
lar coalitions are relatively common between older children 
and adolescents. Newer techniques have been advocated but 
knowledge about the long- midterm results of the common 
techniques are limited. The objective is to evaluate the mid-
term results of calcaneonavicular coalitions operated at our 
institution during childhood.
Materials and Methods: Retrospective review of 36 feet in 23 
patients; 14 had bilateral involvement, but one of them was 
operated only on one side. Patients were recalled and a clin-
ical and radiological study was done. Functional assessment 
was completed using a validated questionnaire; the OxAFQ-C 
(Oxford Ankle Foot Questionnaire) for children (<17yr) and 
the MOxFQ (Manchester Oxford Foot questionnaire) in the 
older ones. The following parameters were evaluated: sex, 
side of involvement, age at surgery, type of surgery, time of 
follow-up (F-U), foot shape and movement. 
Results: Patients were divided according to the questionnaire 
used in 2 groups: Children <17yr with a median F-U of 41 
months, and patients >17yr with a F-U of 102 months. The 
mean functional score was 96.6% for the young and 16.8% for 
the older group (maximal score 100% and 0% respectively). 
No correlation was found between final result and the follow-
ing variables: sex, age at surgery, time of follow-up, uni- or 
bilateral involvement and type of interposition material. Quar-
tile analysis showed a trend toward worse results in unilat-
eral involvement but without reaching statistical significance 
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(p>0.263). The study by domains show that the worst scores 
were in the emotional domain in children (mean score 14.3/16) 
and in the social interaction in older patients (mean score  
8.1/16).
Conclusions: Resection of calcaneonavicular coalition is associ-
ated with very acceptable results that are maintained in time. 
Factors such as residual valgus, joint restriction, or age at sur-
gery do not seem to bear prognostic significance.
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OP-098

Identification of complications in paediatric cerebral 
palsy patients treated with intrathecal baclofen pump 
therapy: a descriptive analysis of 15 years at one 
institution

Julieanne P. Sees1, Ahmet Imerci1, Kenneth Rogers1, Freeman 
Miller1

1Nemours Alfred I duPont Hospital for Children, Orthopaedic 
Surgery, Wilmington, United States

Level III

Introduction and Objective: Intrathecal baclofen (ITB) treatment 
is used with increasing frequency in the cerebral palsy popula-
tion. We describe the complications of ITB treatment, the inci-
dence of complications, and our experience with their treatment.
Materials and Methods: In a period of 15 years, 341 paediatric 
patients with cerebral palsy treated with ITB were evaluated. 
Device problems associated with the catheter or pump, or 
infection and complications such as cerebrospinal fluid (CSF) 
leak and postdural spinal headache, were reviewed. Infection 
was classified as early (≤ 90 days) or late (> 90 days) according 
to the time of onset.
Results: The infection rate was 6.9% per procedure (50/720) 
and 14.6% per patient (50/341) over a mean 6.3 ± 3.9 years. 
There was a positive correlation between the risk of infection 
and preoperative comorbidities including epilepsy/seizure 
history, feeding tube, and mixed type cerebral palsy (p<0.05, 
p=0.03, p=0.01, respectively). Eighty-five (24.9%) patients 
experienced 90 CSF leak episodes; 61 of these 85 patients 
had headache complaints as a result of CSF leak. There was 
a positive correlation between the risk of early infection and 
CSF leak (p<0.05).
Conclusions: The most common complication related to ITB 
was associated with pump and catheter problems. The rate of 
complications with the use of ITB is relatively high; however, 
based on the literature reports, it is the most effective treat-
ment for severe spasticity and dystonia in patients with severe 
cerebral palsy.
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OP-099

Verification of hip reduction using medial ultrasound in 
spica cast treatment for DDH

Gang Fu1

1Beijing Jishuitan Hospital, Paediatric Orthopaedics, Beijing, 
China

Level II

Introduction and Objective: It is difficult to determine the 
position of the femoral head after closed or open reduction 
with a spica cast in DDH. Some reports introduced the hip 
anterior ultrasound to determine the position of the femoral 
head from the transverse plane, it cannot show the whole 
acetabulum and may need bigger open access in spica cast. 
In this prospective study, we developed the hip medial ultra-
sound from the coronal plane and compared the efficacy of 
ultrasound and radiography.
Materials and Methods: After IRB approval, 25 patients (33 
hips) who underwent closed or open reduction with a spica 
cast in DDH were evaluated with ultrasound, X-ray and MRI. 
The ultrasound was performed with the transinguinal probe 
through a medial window of the spica cast to show the cor-
onal view of the hip. The ultrasound can find the triradiate 
cartilage between pubis and ischium, then determine the 
position of the femoral head. The quality of reduction (hip in, 
out or undefined) was rated by ultrasound and X-ray. MRI was 
the gold standard to judge the hip in or out after treatment.
Results: The  kappa statistic was used to assess agree-
ment between ultrasound and MRI. Kappa coefficient showed 
very strong consistency of agreement between the two meth-
ods (k=1.000, p<0.0001). The  kappa statistic  was used to 
assess agreement between X-ray and MRI too. Kappa coef-
ficient showed moderate consistency of agreement between 
the two methods (k=0.507, p=0.006).
Conclusions: Medial hip ultrasound is a applicable tool for 
determining the hip reduction in spica cast treatment for 
DDH. The medial hip ultrasound is more accurate than X-ray 
at determining the femoral head position after application of 
the spica cast.
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OP-100

Incidence of delayed spinal cord injury in paediatric spine 
deformity surgery seems to be higher than previously 
assumed

Jeroen Renkens1, Adriaan Mostert2, Agnita Stadhouder3, 
Moyo Kruyt4, Luc De Klerk5, Tom Schlösser4, Marinus de 
Kleuver6, René Castelein4, Joost Rutges1

1Erasmus MC, Orthopaedic Surgery, Rotterdam, The 
Netherlands, 2Isala Ziekenhuis, Zwolle, The Netherlands, 
3Academic Medical Centre, Amsterdam, The Netherlands, 
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Level IV

Introduction and Objective: Delayed spinal cord injury (dSCI) 
is a rare and devastating complication with an estimated inci-
dence ranging from 1:3000 - 1:10.000 surgeries. The inci-
dence of dSCI after paediatric deformity surgery is currently 
unknown. Based on anecdotal evidence the incidence in this 
group might be higher.
Materials and Methods: All Dutch hospitals that perform pae-
diatric deformity surgery were contacted. From the patients 
with a known dSCI, the following data were collected: patient 
characteristics, details about the SCI, surgical procedure, 
management and degree of improvement. Additionally, from 
the Dutch Hospital Database all surgical procedures linked 
to the ICD9 and ICD10 codes for paediatric deformity were 
obtained to determine the total number of performed surger-
ies between 2007-2017. Descriptive statistics were used.

Results: In total, 2703 paediatric deformity surgeries were 
identified in The Netherlands between 2007-2017. Six 
patients with dSCI were identified; 2 idiopathic, 2 neuro-
muscular, 2 secondary scoliosis. Median age: 15 yrs (range: 
7-17), median Cobb angle: 70 degrees (range: 51– 130) and 
the median surgical time: 260 min, (range: 161– 367). All 
patients had a documented normal neurological exam after 
surgery; neurological deficits were first diagnosed median 14 
hrs after surgery (range: 6-40). Five patients had an incom-
plete SCI (range AIS B-C) and one patient had a complete 
SCI (AIS A). Median improvement was 2 AIS grades (range -2 
- +3). The calculated incidence of dSCI after paediatric defor-
mity surgery was 1:763 in idiopathic scoliosis, 1:269 in sec-
ondary scoliosis and 1:160 in neuromuscular scoliosis.
Conclusions: The current study indicates that the incidence of 
dSCI after paediatric deformity surgery might be higher than 
previously assumed, especially in non-idiopathic scoliosis. It is 
vital to include this information in the informed consent dis-
cussion. Strict post-operative observation for late neurologic 
deficit is crucial for timely diagnosis and management of this 
devastating complication.
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Congenital, Syndromes, Skeletal Dysplasias

EP-001

Femoro-pedal distraction in tibial aplasia: preparing the 
limb for reconstruction

Andrea Laufer1, Adrien Frommer1, Georg Gosheger2, Robert 
Rödl1, Bjoern Vogt1

1Münster University Hospital, Department of Children’s 
Orthopaedics, Deformity Correction and Foot Surgery, 
Münster, Germany, 2Münster University Hospital, 
Department of General Orthopaedics and Tumour 
Orthopaedics, Münster, Germany

Level IV

Introduction and Objective: Tibial aplasia is an extremely 
rare congenital deformity. Treatment remains controversial. 
Amputation is often refused, while reconstructive treatment is 
challenging. Due to the complexity of the deformity it should 
be staged to sufficiently prepare the limb. We evaluated the 
role of femoro-pedal distraction (FPD) through a circular 
external fixator in reconstructive treatment of complete tibial 
aplasia. The aim is to realign the limb and gain soft tissue 
lengthening, before subsequently performing reconstructive 
surgery.
Materials and Methods: We carried out a retrospective study 
in 10 patients (12 limbs) with complete tibial aplasia treated 
at our department over a course of 11 years (2008-2019). In 
a first stage, a circular hexapod external fixator (Taylor Spatial 
Frame) was applied. Femoro-pedal distraction was carried out 
for several months. In the second stage, fibulofemoral arthro-
plasty and foot realignment were performed.
Results: Mean follow-up period was 6.89 (SD ±3.18) years. 
Patient’s mean age at fixator application was 2.31 (SD ±1.16) 
years. Mean time under distraction was 136.89 (SD ±33.37) 
days. Premature termination of distraction was not necessary 

in any case. The fibula was distalized by an average 38.00 (SD 
±14.28) mm. In 4 out of 10 cases (40.00%) pin infections 
occurred, which were treated by administration of oral anti-
biotics. In one case a pin had to be revised due to an osteo-
myelitis. In one case a femur fracture occurred which had to 
be reduced surgically. In all cases, sufficient leg realignment 
and soft tissue lengthening were achieved, allowing for sub-
sequent reconstructive surgery.
Conclusions: In staged reconstructive treatment of tibial apla-
sia, realignment of the limb and soft tissue distraction can be 
sufficiently achieved by femoro-pedal distraction in prepara-
tion of reconstructive surgery. Due to recurrent deformities, 
in some cases FPD has to be repeated until achieving skeletal 
maturity. Limb-lengthening procedures can be carried out 
simultaneously.

Congenital, Syndromes, Skeletal Dysplasias

EP-002

Congenital osteofibrous Campanacci dysplasia - a case 
report

Dimosthenis Kiimetoglou1, Lluis Terricabras Carol2, Carmen 
Sevillano de la Puente3, Laura Corominas2, Lydia De Sena 2, 
Cesar Garcia Fontecha2

1Hospital Insular Maternoinfantil de Las Palmas de Gran 
Canaria, Las Palmas de Gran Canaria, Spain, 2Hospital 
Sant Joan de Deu Barcelona, Barcelona, Spain, 3Hospital 
Universitario Alava, Vitoria, Spain

Level IV

Introduction and Objective: Regressive osteofibrodysplasia 
of long bones is an uncommon condition in children. It was 
described by Campanacci and occurs usually around the knee 
joint and can cause tibia vara and deformities in the fibula. 
There are very few cases described in the literature of this 
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entity regarding upper limb. Characteristically there is an 
intracortical eccentric osteolysis that can be accompanied 
by a previous or vario-valvial incursion of the diaphysis. Our 
objective is to present the case of a patient with Campanacci 
Osteofibrodysplasia in the ulna, with good evolution after 
conservative treatment.   
Materials and Methods: We present a case of a child who 
comes to A&E 11 days after birth due to deformity in the left 
forearm. On the radiograph, ulnar involvement was observed 
without an objective fracture line but with osteolysis in the 
middle third. He was diagnosed with Campanacci osteofibro-
dysplasia and since then he has been in follow-up in the out-
patient department.   
Results: The evolution has shown a progressive radiological 
regression of the ulnar curve until 10º at present and a good 
relationship of the radial head with the capitelum. Regression 
of the progressive shortening and of the deformity of the 
forearm has also been observed from 1.5cm and 29º initially 
to 0.5 cm and 23º currently, respectively. He presents a joint 
balance without ROM limitations in elbow and wrist without 
deviation in varus or valgus of elbow and wrist. The patient is 
clinically asymptomatic and has no functional restrictions for 
daily activities.
Conclusions: Campanacci osteofibrodysplasia is a difficult 
diagnosis entity due to its low frequency. Conservative man-
agement is a good strategy in painless lesions of long bones 
such as the ulna, as long as a close follow-up is carried out 
during development, in order to indicate the surgical inter-
vention at the right time if necessary.

Congenital, Syndromes, Skeletal Dysplasias

EP-003

Congenital Volkmann’s ischemic contracture, a rare and 
challenging condition.

Laura M. Perez-Lopez1, Marisa Cabrera-Gonzalez1, Diego 
Gutierrez-de la Iglesia2, César Galo García Fontecha1

1Hospital Sant Joan de Déu Barcelona, Esplugues de 
Llobregat, Spain, 2Hospital Universitari de Girona Doctor 
Josep Trueta, Girona, Spain

Level IV

Introduction and Objective: Congenital Volkmann’s ischemic 
contracture is a very uncommon situation. In order to mini-
mize the devastating consequences of this condition, a thera-
peutic approach may be systematized.
Materials and Methods: Five patients have been evaluated 
from 1998 to 2013. The association of skin lesions (necrotic 
bedsore with a central pallor, ulcers, bullae), diffuse aedema, 
contractures and neuromuscular affectation (flaccid paraly-
sis) in a newborn’s upper limb leads to the diagnosis of con-
genital Volkmann’s ischemic contracture. This presentation 
may not be confused with aplasia cutis congenital, septic 
necrotizing fasciitis, amniotic band syndrome, epidermiolysis 
bullosa, neonatal gangrene, congenital varicella or vascular 
affectation. Radiological findings such as demineralization, 

metaphysis rarefaction, epiphysis affectation or even more 
extensive diaphysis bone affectation may be found.
Results: An urgent approach was proposed: fasciotomy, wide 
skin and deep tissue’s debridement, neurolysis, scar release 
and skin graft. In two cases, we included the use of a regional 
anaesthetic axillary block with ropivacaine. The regional 
anaesthetic caused a sympathetic block which generated a 
vasolidatating response. Later, we recommended hand ther-
apy and splinting. Also, some deferred surgical procedures 
were needed, such as contracture liberations, tendinous 
transfers, angular deformities bone corrections and neuroti-
zations. In one patient, a digit amputation was mandatory. 
Three patients presented good functional results. One patient 
presented a deep mobility affectation. Another patient was 
lost during the follow-up.
Conclusions: There is a clear connection between some extrin-
sic intrauterine and intrinsic fetal factors during the last tri-
mester of pregnancy and an increased intracompartmental 
pressure in these affected upper limbs. These patients require 
an urgent treatment, which may minimize late consequences 
such as disrupted upper limb functionality and, in some cases, 
even amputations. The use of a regional anaesthetic block, 
which causes a sympathetic block and with that, a vasodilata-
tion, seems to improve substantially the final functional results.

Congenital, Syndromes, Skeletal Dysplasias

EP-004

Use of titanium telescopic rodding and reduced external 
fixation in paediatric osteogenesis imperfecta patients

Dmitry Popkov1

1Russian Ilizarov Scientific Center, Kurgan, Russian Federation

Level IV

Introduction and Objective: The goal of orthopaedic surgery 
in osteogenesis imperfecta implies the correction of long 
bone bowing, rotational malalignment and reduction of the 
fracture incidence. The major drawback of any telescopic rod 
design is the lack of rotational and longitudinal stability. Tele-
scopic systems don’t allow immediate weight-bearing in early 
post-operative period. The aim of this prospective study was 
to assess the results of titanium telescopic rodding applied 
with external fixation in deformity correction in children with 
severe types of OI with follow up over 1 year.
Materials and Methods: In the period 2018-2019 we operated 
on 10 children (6 femurs, 4 tibias, mean age 9.3 y.o.) with 
OI (types III and IV). Intramedullary rodding was performed 
using a titanium telescopic device and was associated with 
reduced Ilizarov frame. In two cases, combined technique 
was applied for recent fractures of bowed segments, primary 
alignment procedure was done in 3 cases. In 5 patients com-
bined surgery (telescopic rodding and external fixation) also 
included removal of previously inserted elastic nails.
Results: External fixation time was 30.2 days, in average. All 
patients started to walk with weight-bearing in 5-7 days after 
surgery using crutches or walkers. The achieved values of ref-
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erence angles (mLPFA, mLDFA, PDFA, MPTA, mLDTA, aLDTA, 
PPTA, ADTA) remained normal or close to normal ones in a 
year after surgery. In slightly decreased mLPFA, abduction 
of femur was always over 40°. There were no complications 
related to the external frame, secondary rotational or longitu-
dinal displacement. Migration of rod parts was never noted. 
In one case a partial relapse of deformity was related to insuf-
ficient diameter of the applied rod.
Conclusions: Titanium telescopic rodding allows realignment 
and good functional outcomes. The use of short-term exter-
nal fixation in early post-operative period provides additional 
stability, standing and walking in early postoperative period.

Congenital, Syndromes, Skeletal Dysplasias

EP-005

The surgical treatment of severe cervical kyphosis in 
diastrophic dysplasia

John Heydemann1, W.G. Stuart Mackenzie2, Kenneth  
Rogers2, Colleen Ditro2, Jeffrey Campbell2, Suken Shah2,  
William Mackenzie2

1Texas Children’s Hospital, Houston, United States, 
2Nemours/Alfred I. duPont Hospital for Children, 
Wilmington, United States

Level IV

Introduction and Objective: Cervical kyphosis can be progres-
sive in 25% of children with diastrophic dysplasia, resulting 
in severe deformity and neurologic injury. We describe the 
patient characteristics, indications and outcomes of those 
who required surgical correction.
Materials and Methods: This is a retrospective study of 
patients with diastrophic dysplasia who had cervical spine 
surgery at one institution. These patients underwent anterior 
corpectomy with posterior arthrodesis, or posterior arthrode-
sis alone. Indications for surgery included severe kyphosis, spi-
nal cord compression, and cervical instability. Eight patients 
with cervical kyphosis were evaluated using the C2-C7 Cobb 
technique and T1 slope on lateral radiographs both prior to 
surgery and at a minimum of two-year follow-up. Pre- and 
postoperative neurologic examinations, MRI, and complica-
tions were reviewed.
Results: Between 1984 and 2017, nineteen patients with dia-
strophic dysplasia and cervical kyphosis were followed, eight 
of whom required surgery. Four patients underwent ante-
rior corpectomy and posterior arthrodesis, and four patients 
underwent posterior arthrodesis only. There was one dural 
tear and one superficial halo pin site infection, otherwise 
no complications. Rate of bony fusion was 100%. Patients 
treated with anterior-posterior surgery had a mean preoper-
ative C2-C7 Cobb measurement of 90 degrees of kyphosis, 
with improvement to 20 degrees of kyphosis. Patients treated 
with posterior-only surgery had a mean preoperative Cobb 
measurement of 70 degrees of kyphosis, with improvement 
to 23 degrees of lordosis. Patients treated by both anteri-
or-posterior and posterior-only techniques were sagittally bal-
anced at final follow-up, with kyphotic T1 slopes.

Conclusions: Spontaneous resolution of cervical kypho-
sis is common in diastrophic dysplasia. Nevertheless, those 
patients with progressive cervical kyphoses can develop 
severe spinal cord compression. While posterior arthrodesis 
effectively addresses the spinal deformity, we recommend 
anterior decompression and arthrodesis to address spinal cord 
compression. Both techniques demonstrate excellent correc-
tion without pseudarthrosis or recurrence of deformity at two 
years of follow-up.

Congenital, Syndromes, Skeletal Dysplasias

EP-006

Complex regional pain syndrome

Cosimo Gigante1, Sonia Viale1, Giorgia Martini1, Francesco 
Zulian1

1UOSD Paediatric Orthopaedic, Padova, Italy

Level III

Introduction and Objective: Complex Regional Pain Syndrome 
(CRPS) is a rare paediatric condition characterized by ampli-
fied locoregional pain, edema and autonomic dysregulation 
signs. We analyzed CRPS demographic and clinical aspects 
and their correlation with the outcome.
Materials and Methods: Retrospective analysis of children 
with CRPS admitted at Paediatric Rheumatology Unit since 
1997. Statistical analysis was conducted for these parameters: 
gender, age, anatomical site, associated psychological symp-
toms, psychological profile, diagnostic delay, instrumental 
findings, treatment, outcome.
Results: 33 patients with CRPS I; age at onset 12 years (range 
8-17); 93,9% female. Lower limbs involved in 78.8%. 48.5% 
received previous treatments with diagnostic delay up to 2.7 
years. 30% presented psychological symptoms; 45% reported 
a trauma (24% with fracture). 6/15 patients who underwent 
to MRI had bone edema. Bone scintigraphy, performed in 
28 patients, showed hypocaptation (53.6%), hypercaptation 
(17.8%), no alteration (28.6%). 11/17 patients who under-
went infrared thermography had hypothermia. 97% was hos-
pitalized and 84.8% underwent multidisciplinary treatment: 
84.8% physio and psychotherapy, 27.3% pharmacological 
therapy, 50% Scottish baths or acupuncture, 30% stretch and 
spray. 4/6 patients treated with biphosphonates presented 
complete resolution. One patient underwent to hyperbaric 
chamber, surgical toilet and lymphatic drainage. 60,7% had 
complete remission, 25% local remission but psychiatric 
symptoms, 14,3% missed remission. Psychoanalysis identified 
three psychological profiles: low (39.3%), medium (25%) 
and high complexity (35.7%) which presented a statistically 
significant correlation with the outcome (p = 0.001). The 
remission time was on average 11 months (range 15 days-10 
years). 
Conclusions: In our experience infrared thermography is sen-
sitive and useful for diagnosis and follow up. If the psycho-
logical profile at onset is complex, the prognosis is worse. A 
timely diagnosis of CRPS and an early initiation of multidis-
ciplinary therapeutic approach (including psychotherapy) 
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could improve the prognosis. More studies in paediatric pop-
ulation are needed to collect good evidence data and elabo-
rate guidelines. 

DDH

EP-007

Is the DDH associated with twin pregnancy? Correlation 
and utility of radiographical exploration in 538 Latin-
American twin births

Marco Ascacio-Solis1, Mario Abraham Almaraz-Ledezma2, Luz 
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Ortopedia, Guadalupe, Mexico

Level IV

Introduction and Objective: Developmental dysplasia of the 
hip (DDH) constitutes a common pathology in paediatric 
orthopaedics. It has a clinical spectrum from frank dislocation 
of the hip in the newborn to symptomatic dysplastic acetab-
ulum in the adult. Risk factors have been studied extensively 
for early diagnosis highlighting: female sex, first pregnancy, 
oligohydramnios, syndromic pathologies, family history and 
pelvic presentation. There is currently controversy in the liter-
ature regarding the risk factor of twin pregnancy with which 
health care expenses are involved, as well as the risk of over 
diagnosis of DDH. The aim of this study is to determine the 
incidence of DDH in twin or multiple pregnancy products and 
to assess whether this prenatal history justifies routine early 
detection with ultrasound and close monitoring. 
Materials and Methods: A descriptive, cross-sectional, obser-
vational and retrospective study was carried out in which 
38,344 birth records were evaluated products of single preg-
nancies and 538 births products of twin pregnancies of Mex-
ican nationality, a sample was obtained by availability to form 
the case group, patients with diagnosis of hip dysplasia and 
the control group, patients with a diagnosis of normal hip. 
The medical records where reviewed for sex, single or twin 
product, risk factors, neonatal physical examination, diagno-
sis and treatment, as well as ultrasound reports and follow-up 
radiographs. The χ2 statistic with a value of p 0.05 was used 
to determine a significant relationship between incidences 
of dysplasia of hip development in single versus twin preg-
nancies.
Results: The results showed that there is no statistically signifi-
cant association (p = 0.30) between twin pregnancy and DDH 
that justify early detection with ultrasound and close monitor-
ing in patients with this risk factor. 
Conclusions: We conclude that twin birth in itself is not a risk 
factor for DDH and that radiographic screening is not indi-
cated for this population.

DDH

EP-008

Comparison of clinical and radiological parameters 
of periacetabular osteotomy (PAO) and triple pelvic 
osteotomy (TPO)

Jiri Chomiak1, Martin Ostadal2, Pavel Dungl1

11st Faculty of Medicine Charles University and Hospital Na 
Bulovce, Orthopaedics, Prague, Czech Republic, 21st Faculty 
of Medicine Charles University and Hospital Na Bulovce, 
Orthopeadics, Prague 8, Czech Republic

Level III

Introduction and Objective: To compare clinical and radiolog-
ical parameters of consecutive cases of PAO and TPO accord-
ing to Steel. 
Materials and Methods: Between 2008 and 2018, 12 consec-
utive PAO and 12 consecutive TPO for acetabular insufficiency 
were provided by the same surgeon. Surgical time, blood 
loss, day of partial weight bearing and complications were 
compared. Sharp’s angle, lateral CE angle, Toennis angle, hip 
lateralization and cross-over signs were followed.
Results: The differences between groups were evaluated using 
Wilcoxon two sample test. The value 0.05 has been chosen 
as the significance level. Surgical time and blood loss differed 
significantly: (PAO 90-210 min., average 146 min. v.s. TPO 
50-150 min., average 96 min.); blood loss PAO 600-2500 ml 
(average 1085 ml.) v.s. TPO 75-600 ml (average 323 ml). Par-
tial weight-bearing started 5-7 days after PAO vs. 10 to 14 
days after TPO. Soft tissue infection was noted in one patient 
of each group. More complications were noted in group 
of PAO, namely: symptomatic heterotopic ossifications (3 
patients); pseudarthrosis of inferior iliac spine (one patient) 
and pseudarthrosis of pubic bone (one patient). In group of 
TPO, there were K-wires migrations in 2 patients. Radiological 
parameters: preoperative parameters did not differ. Postop-
eratively, Sharp’s angle correction did not differ. Lateral CE 
angle and Toennis angle improved significantly after PAO (23 
deg. v.s 18 deg. and 17 vs. 13 deg., respectively). Lateraliza-
tion changes were similar. No cross-over sign was noted after 
PAO, whereas 5 signs were noted after TPO (42%). 
Conclusions: PAO lead to more accurate reorientation of ace-
tabulum and enables early partial weight-bearing and sitting. 
TPO represents safe and effective method for correction of 
mild acetabular dysplasia with lower rate of complications.

DDH

EP-009

Lateral edge and sourcil acetabular index measurements 
are not interchangeable for evaluation acetabular 
morphology in patients with developmental dysplasia of 
the hip

Alpesh Kothari1, Saqib Noor1, Connor Maddock1, Catharine 
Bradley1, Simon Kelley1

1Sick Kids (The Hospital for Sick Children), Toronto, Canada
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Level III

Introduction and Objective: The acetabular index (AI) guides 
management in developmental hip dysplasia (DDH). Two AI 
measurement methods are described; referencing from the 
lateral edge of the acetabulum (AI-L) and referencing the lat-
eral edge of the sourcil (AI-S). The relationship between AI-L 
and AI-S is unclear. 
We hypothesised that whilst differences in absolute values 
between AI-L and AI-S may be observed, there would be no 
difference and good agreement between these measures 
when placed in the context of published normative data 
means and deviation from those means. 
Materials and Methods: 35 females treated for DDH with 
Pavlik harness were identified. The AI-L and AI-S were mea-
sured on x-rays at two and five years old. These values were 
also redefined as standard deviations away from the mean 
as observed in normative data. This defined population AIs 
(pAI-L/pAI-S). A t-test assessed differences between absolute 
and population AIs. Bland-Altman plots assessed agreement 
between pAI-L and pAI-S. Linear regression was used to assess 
pAI-L vs pAI-S. 
Results: Absolute AI-S was greater than AI-L at two and five 
years old (p<0.001). There was poor agreement between 
pAI-S and pAI-L on the Bland-Altman plots with limits of 
agreement of almost plus or minus two standard deviations 
for the two-year data and only marginally better with the five-
year data. There was proportional bias in the five-year data 
with the pAI-S measurements tending to suggest a hip was 
more dysplastic than the pAI-L.
Conclusions: Poor agreement between AI-L and AI-S when 
referenced against normative data suggest that these mea-
sures cannot be used interchangeably and likely describe dif-
ferent components of acetabular dysplasia. Whilst AI-S may 
be attractive from the anatomical perspective, until it is clear 
how well it prognosticates, it should be used in a research 
context, or alongside AI-L in the comprehensive radiographic 
assessment of DDH. 

DDH
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Even ‘experts’ can be fooled: the reliability of clinical 
examination in diagnosing developmental hip 
dislocations in newborns
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Wudbhav Sankar3, Philip Harper4, Brijil Joseph4, Nicholas 
Clarke1, Jose Herrera-Soto5
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3CHOP, 4University of Southampton, 5Arnold Palmer 
Children’s Hospital

Level I

Introduction and Objective: Despite national screening pro-
grammes for developmental dysplasia of the hip (DDH), the 
late detection rate remains high. Most screening programmes 
rely on clinical examination of infant hips, with selective use of 

ultrasound scans (USS). The aim of this study was to compare 
the accuracy of clinical examination for detecting dislocated 
hips in newborns to the gold standard of USS.
Materials and Methods: Infants with confirmed hip disloca-
tions on USS were prospectively enrolled into a multinational 
observational study from 2010-2016. All infants had been 
referred to specialist centres with expertise in DDH, due to 
abnormal birth examination or risk factor. Data from all new-
borns up to three months of age were reviewed to determine 
pre-treatment clinical exam findings of the treating paedi-
atric orthopaedic surgeon as well as baseline USS indices of 
DDH. 
Results: There were 515 USS-confirmed dislocated hips in 
450 babies. Median age was 2.3 weeks at diagnosis (range 1 
day to 13 weeks) and 84% of patients were female. Forty-six 
(8.9%) were incorrectly felt to be reduced on clinical exam-
ination by the treating “expert” (binomial test, p<0.001). 
Normal hip abduction (≥80˚) was documented in 88 of these 
dislocated hips, including those approaching three months 
of age. Of those hips correctly identified as dislocated, 11% 
were incorrectly thought to be reducible when in fact they 
were irreducible or vice versa (κ = 0.593, p<0.001).  
Conclusions: This study provides evidence that, even in 
expert hands, physical exam findings in DDH can be too 
subtle to elicit clinically in the first few months of life. Nor-
mal hip abduction or absence of a ‘clunk’ does not preclude 
a dislocated hip, so even ‘expert’ examiners can be fooled. 
Further work is necessary to improve DDH screening prac-
tices with the goal of identifying all dislocated hips in a 
timely manner.  

DDH
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The international hip dysplasia institute (IHDI) 
classification may be easier to use than the Tönnis 
classification in late diagnosed hip dislocations
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Level II

Introduction and Objective: Late presenting hip disloca-
tions are commonly graded using the Tönnis classification. 
Although widely used, the Tönnis classification has one draw-
back: the femoral head epiphysis is not always visible on 
radiography. Therefore, a new radiographic classification of 
hip dislocations was proposed in 2015, The International Hip 
Dysplasia Institute (IHDI) classification. IHDI grading describes 
the position of the proximal femoral metaphysis, instead of 
the epiphysis. We have aimed to compare the IHDI classifica-
tion with the Tönnis classification, with regards to inter- and 
intra-observer reliability.
Materials and Methods: Since January 2000, all Swedish-born 
children with a late diagnosed (>2 weeks age) hip dislocation 
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are prospectively registered. From the registry, we identified 
children with AP pelvic radiographs. In total, 101 hips (83 
patients) were analyzed, the median age at radiography was 
29 weeks. Two observers, one orthopaedic consultant and 
one orthopaedic resident, measured each hip four times (clas-
sifying both by Tönnis and IHDI twice) with at least 2 months 
interval.
Results: There was moderate inter-observer agreement 
using both methods; Kappa values 0.65 (Tönnis) and 0.64 
(IHDI). The consultant measured with high intra-observer 
reliability using both classifications; intra-class correlation 
(ICC) 0.95 (Tönnis) and 0.94 (IHDI). The resident measured 
with higher intra-observer reliability when using IHDI (ICC 
0.92, 95% CI 0.88-0.99) compared with Tönnis (ICC 0.81, 
95% CI 0.72-0.86), with a more pronounced difference 
when grading non-ossified hips. As many as 76 of the 101 
hips were Tönnis grade 2, while IHDI had a more even dis-
tribution.
Conclusions: The IHDI classification may be easier to use and 
had a more even distribution between grades in this cohort. 
The Tönnis classification has the advantage of having a long 
track record, with documented correlation to clinical out-
comes, and seems to be equally reproducible in the hands of 
an experienced observer. 
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The association of BMI and physical activity on 
acetabular dysplasia in children
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Level II

Introduction and Objective: Acetabular dysplasia is an import-
ant predisposing factor for osteoarthritis of the hip. However, 
it is not completely known how acetabular dysplasia develops 
during childhood. Our objective was to study the prevalence 
of acetabular dysplasia and its association with weight and 
physical activity in 9-year-old children.
Materials and Methods: The population for this cross-sec-
tional study was drawn from the ongoing prospective cohort 
study: Generation R. 9,778 mothers with a delivery date from 
March 2002 until January 2006 were enrolled for studying 
their child from before birth. In a subgroup of these children 
DXA scanning was performed at age 9. Body mass index 
was categorized in four groups based on extended inter-
national Obesity Task Force cut‐offs: underweight, normal, 
overweight and obesity. Physical activity was based on time 
spent playing outdoors, playing sports and walking/cycling 
to school. The presence of acetabular dysplasia was deter-

mined with the centre-edge angle (CEA) and acetabular 
depth-width ratio (ADR) in Dual X Energy Absorptiometry 
(DXA) images of the hip. 
Results: 1,188 DXA images of the children’s hips were avail-
able for analysis. The median age of the children was 9.86 
years. Mean prevalence of mild and severe dysplasia was 
respectively 25.6%; 6.3% with CEA and 25.0%; 4.8% with 
ADR. Weight was negatively associated with dysplasia. Obese 
children showed less dysplasia compared to normal chil-
dren (OR 0.39) in unadjusted analysis. Furthermore, playing 
outside and walking/cycling to school showed a statistically 
significant negative association with mild dysplasia. This neg-
ative association was not identified for sports activity and 
dysplasia. 
Conclusions: In this study, overweight and light physical activ-
ity were negatively associated with the development of (mild) 
acetabular dysplasia at the age of 9 years.
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Validation of risk factors in the failure of Pavlik Harness 
treatment in infants with dislocated hips
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Level III

Introduction and Objective: Infants with dislocated hips may 
be more difficult to treat than those who have dysplastic sub-
luxation or dislocatable (Barlow-positive) hips. The purpose 
of this study was to describe the risk factors for Pavlik harness 
failure in infants with dislocated hips using univariate and 
multivariate analyses.
Materials and Methods: Following institutional review board 
approval, 124 infants (170 hips) with dislocated hips treated 
with Pavlik harness were evaluated retrospectively over an 
18-year study. Patients’ demographic characteristics, ultraso-
nographic and clinical findings, age at onset of Pavlik har-
ness treatment, duration of use, and all treatments followed 
were recorded. Univariate analyses were used to determine 
risk factors for treatment failure. Independent multivariate risk 
factors causing treatment failure were identified using logistic 
regression analysis.
Results: Treatment success was achieved in 101 of 170 hips 
with Pavlik harness (59% success rate); 69 hips failed treat-
ment. Mean follow up was 4.86 ± 4.20 (range 0.5 to 18) 
years. The mean age at the onset of Pavlik harness treatment 
was 20.6 ± 25.12 (range 1 to 155) days. Average Pavlik har-
ness duration was 66.77 ± 33.50 (range 15 to 168) days. 
Onset of treatment after the seventh week of age (P<0.001), 
initial irreducibility (P<0.001), and unilaterality (P = 0.012) in 
univariate analysis, multigravida in multivariate analysis (P = 
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0.038) were important risk factors for failure. Nine percent 
of hips with no risk factors failed treatment, but the risk of 
failure in the hips that presented with all four risk factors was 
100%.
Conclusions: In this difficult group of patients, the failures 
occurred at a high rate due to multifactorial reasons; there-
fore, physicians should be alert to discontinuation of Pavlik 
treatment, should not be persistent, and should inform the 
parents about possible failure of the treatment.

DDH
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Inverted acetabular labrum is predictive of Pavlik harness 
treatment failure for children with developmental hip 
dysplasia

Ali Siddiqui1, Lillian Lai1, Rachel Goldstein1
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Level III

Introduction and Objective: The failure rate of Pavlik harness 
treatment for developmental dysplasia of the hip (DDH) has 
been reported to be as high as 55%. The purpose of this study 
is to investigate the effect of an inverted acetabular labrum on 
outcomes of Pavlik harness treatment for DDH.
Materials and Methods: Retrospective review was conducted 
at a tertiary care paediatric hospital from 2004 to 2016. DDH 
patients that underwent index treatment with Pavlik harness 
and had minimum 12 months follow-up were included. Med-
ical charts were reviewed for demographics, treatment, and 
outcomes. A paediatric fellowship-trained attending radiolo-
gist reviewed hip ultrasounds for presence of an inverted ace-
tabular labrum. Outcomes were compared between patients 
with and without an inverted labrum.
Results: 163 patients with 256 dysplastic hips were included. 
Mean age at treatment was 1.8±1.4 months and mean fol-
low-up was 43.6±30.1 months. Bilateral DDH was diagnosed 
in 93/163(57%) patients. 71/256(28%) hips failed index 
treatment with Pavlik harness. Second-line treatment was 
hip abduction bracing in 64/71(90%) hips, closed reduc-
tion in 4/71 hips(6%), and open reduction in 3/71 hips 
(4%). An inverted labrum was present in 22/256 (9%) hips; 
234/256(91%) of hips did not have an inverted labrum. The 
incidence of Pavlik harness treatment failure was 91% (20/22) 
in hips with an inverted labrum compared to 22%(51/234) in 
hips without an inverted labrum (p < 0.001). 27/256 (11%) 
hips required closed or open reduction. Closed or open reduc-
tion was required in 86% (19/22) of hips with an inverted 
labrum compared to 3% (8/234) of hips without an inverted 
labrum (p < 0.001).
Conclusions: In children with DDH undergoing index treat-
ment in a Pavlik harness, the presence of an inverted ace-
tabular labrum is strongly predictive of treatment failure. 
Dysplastic hips with an inverted labrum also have a signifi-

cantly higher risk of requiring closed or open reduction com-
pared to those without.
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Use of the bimalleolar method for tibial torsion 
measurement shows the most reliable results in MRI of 
paediatric patients
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Level IV

Introduction and Objective: Reproducible measurement 
of tibial torsion (TT) is important in the evaluation of rota-
tional disorders of the tibia. Various CT based methods for 
the determination of the distal tibial axis (DTA) have been 
described and used in adult patients. In paediatric patients 
rotational MRI offers a radiation free examination of lower 
limb rotation. This study aimed to assess the reliability of TT 
measurements in rotational MRI in paediatric orthopaedic 
patients.
Materials and Methods: 78 lower legs of 39 paediatric patients 
(4-18 years) that underwent MRI have been included in this 
retrospective diagnostic study. After a literature search three 
methods to define the DTA have been selected for torsion 
measurements, namely the Jend, Ulm and the bimalleolar 
method. Investigations were performed on a Siemens Aera 
1.5T MRI. A T2w TSE sequence was applied for axial pelvic, 
knee and distal femoral condyles image acquisition in supine 
patient position using a body coil. Three observers measured 
the TT twice for reliability assessment.
Results: All methods showed high inter- and intraobserver reli-
abilitiy. Excellent interobserver reliability was detected by use 
of the bimalleolar and the Ulm method (both ICC: 0.966). 
The bimalleolar method reached the highest intraobserver 
reliability (ICC 0.947). Comparing angular measurements of 
TT, we found the highest mean values with the Jend method 
(34.36°; 95%CI: 33.14°–35.59°) followed by Ulm (29.65°; 
95%CI: 28.53°–30.79°) and bimalleolar method (26.35°; 
95%CI: 25.25°–27.46°) with a significant difference between 
the methods (p=0.000).
Conclusions: The bimalleolar method showed excellent 
inter- and intraobserver reliability to determine the DTA 
on rotational MRI of paediatric patients. According to the 
results of the present study, we recommend this method for 
radiographic TT alignment measurement. With this method 
the distal tibial axis is drawn by connecting the centers of 
the anteroposterior diameters of the medial and lateral mal-
leoli.
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The variability of the flatfoot frequency depending on 
the diagnostic criteria and the method of statistical anal-
ysis
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Level II

Introduction and Objective: Flatfoot frequency in children var-
ies from 0.6% to 77.9%. This wide-range data is associated 
with lack of uniform diagnostic criteria and method of statisti-
cal analysis. Aim of this study was to demonstrate the variability 
in flatfoot frequency in the same population of children using 
different indices of footprint and methods of statistical analysis.
Materials and Methods: This study included 317 school-age 
children (7-17 years old). Children with orthopaedic and foot 
pathology were excluded, except flatfoot without any neuro-
logical or orthopaedic problems. The main evaluation meth-
ods were clinical examination, computer plantography with 
footprint index calculation (Staheli index, Chippaux–Smirak 
index, Clarke’s angle – plantar indices; podometric index, arch 
height index – medial indices), and statistical analysis (descrip-
tive statistics methods with Kolmogorov–Smirnov and Shap-
iro–Wilk criteria, data definition according to the law of normal 
distribution with standard deviation and quartile assessment).
Results: According to the law of normal distribution (with a 
double standard deviation), our study demonstrated that the 
flatfoot frequency using the plantar footprint indices varies 
from 1.6% to 4.8% in 7–17-year-old children and using the 
medial footprint indices, from 1.28% to 2.8% in the same age. 
Quartile assessment method showed a flatfoot frequency of 
5.85%–28.33% with plantar foot indices and 5.7%–15.43% 
with medial footprint indices.
Conclusions: The different plantographic indices and methods 
of statistical analysis demonstrated that the frequency of a 
flattened longitudinal arch of the feet in a population may 
differ significantly. Thus, the frequency of flatfoot determined 
on the basis of indices calculated on the medial footprint is 
1.7–1.8 times lower than that determined on the plantar foot-
print. In addition, the frequency of flatfoot is 5.5–5.9 times 
lower than that determined by the quartile assessment.

Foot
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Ankle deformities in children: differential approach to 
surgical correction
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Level IV

Introduction and Objective: Ankle deformities (AD) are not 
uncommon in children and may occur in all 3 planes. Aeti-
ology of AD: trauma with malunion, premature distal tibial 
or fibular growth plate closure, dysplastic and hereditary dis-
eases. Two commonly used methods to correct AD are guided 
growth and corrective osteotomy.
Materials and Methods: From 2016 to 2019 - 7 children  
(4 ♂, 3 ♀) with 10 ankle joints were surgically treated using 
guided growth (Group 1) or corrective osteotomy with 
gradual correction using ExFix (Group 2) Mean age – 10,7 
(from 7 to 16). Mean follow-up period 2 years. Lateral and 
AP X-ray with reference angles (ADTA and LDTA) assess-
ment were used to define deformity, CORA, LLD. In Group 1  
(3 children): Ankle valgus - 6 joints (mean LDTA – 79.3°±4). 
Group 2 (4 children): Ankle varus - 2 joints(mean LDTA 
-100,5°±5 ). Combined 2-planes AD (valgus + procurva-
tum) - 2 joints (mean LDTA- 77±2°; mean ADTA -94±3°). 
Additional shortening (mean 2.5±2,0 cm) was observed in 
all patients from Group 2. Reference angles, LLD and com-
plications were assessed in both groups at the end of the 
treatment.
Results: Ankle deformities correction was completed success-
fully in all children from both groups. Group 1: By the end 
of treatment, the mean LDTA was 89±2°. Deformity correc-
tion rate - 0.7 ° per month, no complications observed. Aver-
age treatment time - 18 months. Group 2: The mean LDTA 
- 89±1° and ADTA – 80±3°. The mean LLD after treatment was 
0,5 cm. There was 1 case of delayed callus union. Average 
treatment time -5 months.
Conclusions: Our first results, although based on a short fol-
low-up, show that the ankle deformities in children can be 
successfully treated using differential approach. The method 
of choice (guided growth vs corrective osteotomy) depends 
on complexity of deformity, age and LLD presence.
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Clubfoot associated to Nail-Patella syndrome. Evolution 
and treatment with Ponseti method
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Level III

Introduction and Objective: Nail-Patella Syndrome is a hered-
itary onycho-osteodysplasia. The incidence is estimated at 
1/45.000 newborns. Patients may have hypoplastic or absent 
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patella, dysplastic elbows and iliac exostoses. There may 
also be renal and ophthalmic alterations. The incidence with 
clubfoot has never been reported and there are no series of 
homogeneous treatment of clubfoot associated with this syn-
drome.
To evaluate function and quality of clubfoot associated with 
Nail-Patella Syndrome treated by Ponseti Technique.
Materials and Methods: Retrospective study of 4 patients (n=8 
feet) treated by Ponseti Technique. The cases were evaluated 
with detailed medical history, physical examination, total 
number of casts made for the foot correction, complications, 
description of associated onychopathies, initial correction 
obtained (Pirani Score), % percutaneous Achilles tenotomy 
performed, recurrence rate of relapses, tolerance of abduc-
tion braces and morphology and foot function. For statistical 
analysis chi-square test have been used. Chi-square tests were 
used in comparison of categorical variables and expressed as 
numbers and percentages.
Results: Follow up 4-14y. All cases required between 3-4 
casts. All cases required percutaneous Achilles tenotomy. Any 
patient has indicated signs of deformity relapse. According 
to Laaveg-Ponseti scale, the functional results obtained are 
98.6/100. Any patient presents residual deformity or compli-
cation noted. Functionally, all 8 feet are painless.
Conclusions: Ponseti Technique is best method for treatment 
of clubfoot associated with Nail-Patella Syndrome. It obtains 
excellent results without any need of surgical treatment.
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The influence of laterality, sex and family history on 
clubfoot severity
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Level II

Introduction and Objective: Epidemiologic studies on idio-
pathic clubfeet have shown a typical distribution, consis-
tent across ethnic groups: bilaterality in about 50% of cases 
and male to female ratio of 2:1. Whether this corresponds 
also to differences in severity according to laterality and 
sex, has been poorly evaluated. As well, the correlation 
between family history and severity has not been previ-
ously investigated. Aim of this study was to investigate 
how laterality, sex and family history influence severity and 
treatment.
Materials and Methods: 97 infants with idiopathic clubfoot 
(81 males, 16 females; 55 unilateral, 42 bilateral; 19 with a 
first or second-degree relative affected) consecutively treated 
with Ponseti method were prospectively enrolled. Initial sever-
ity (according to Dimeglio and Pirani scores) and treatment 
(number of casts and need for tenotomy) were analysed in 
the different subgroups.

Results: Initial severity according to Pirani (p=0.020) and 
Dimeglio score (p=0.006), number of casts (p=0.000) and 
tenotomy (p=0.045) were significantly higher in bilateral than 
in unilateral cases. In bilateral cases, a significant correlation 
was found between right and left foot of each patient in terms 
of initial severity, number of casts and tenotomy performed. 
No statistically significant difference was found according to 
sex and family history.
Conclusions: This study has confirmed the different behaviour 
of bilateral cases reported by previous studies: bilateral cases 
are more severe and show similar features in their right and 
left foot: this could be the result of different pathogenic 
mechanisms, likely on a genetic basis. Sex and family history 
did not seem to influence severity.
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Symptomatic too long calcaneal process. A very 
infrequent cause of foot pain in adolescence
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Level III

Introduction and Objective: Too long calcaneal process (TLCP), 
when is symptomatic, represent a foot pain syndrome due to 
impingement or space conflict of the anterior calcaneal pro-
cess with navicular and talus head. This syndrome has scarcely 
been reported. Embryologically is similar to calcaneo-navicu-
lar coalition, but without mesenchymal tissue joining the two 
bones. Therefore, there are neither mobility limitation nor 
peroneal spasticity.
Materials and Methods: Six patients (5 females, one male), 
aged 13-14 years-old, sport practising, 9 months to 9.5 years 
of delayed diagnosis. Sonography, CT-scan, MRI and scintig-
raphy were normal in every patient. Symptomatology was 
foot pain when exertion, localized in sinus tarsi, worsening 
with non-plain ground, normal ROM. Surgical resection of 
the anterior process (anteater nose) of calcaneum was carried 
out, by Ollier approach and fat interposition. Immobilization 
for 2 weeks and 4-6 weeks physiotherapy were carried out.
Results: The six patients recovered normal life practising sport 
after 6-10 months post-op. No relapse occured. One patient 
suffered scar neuroma, resolved by surgical resection. Fol-
low-up was between 3-7 years. AOFAS score pre-op: 65-77; 
AOFAS post-op: 92-100.
Conclusions: TLCP represents a forme fruste of calcaneo-na-
vicular syndrome, that represent a conflict of space develop-
ing an impingement of the anteater nose of calcaneum and 
navicular –talus head. It represents the same origin but differ-
ent pathophysiology of calcaneo-navicular coalition. Surgical 
resection resolved the symptoms. Surgical resection of ante-
rior calcaneal process resolved the foot pain.
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The effect of lateral column lengthening on subtalar 
motion: are we trading deformity for stiffness?
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Level V

Introduction and Objective: While lengthening of the lateral 
column through a calcaneal neck osteotomy is an integral 
component of flatfoot reconstruction in younger patients 
with flexible planovalgus deformities, concern exists as 
to the effect of this intra-articular osteotomy on subtalar 
motion. The purpose of this study is to quantify the alter-
ations in subtalar motion following lateral column length-
ening (LCL).
Materials and Methods: The subtalar motion of 14 fresh fro-
zen cadaveric feet was assessed using a three-dimensional 
motion capture system and materials testing system (MTS). 
Following potting of the tibia and calcaneus, optic markers 
were placed into the tibia, calcaneus and talus. The MTS 
was used to apply a rotational force across the subtalar joint 
to a torque of 5Nm. Abduction/adduction, supination/pro-
nation, and plantarflexion/dorsiflexion about the talus was 
recorded. Specimens then underwent LCL via a calcaneal 
neck osteotomy which was maintained with a 12mm porous 
titanium wedge. Repeat subtalar motion analysis was per-
formed and compared to pre-LCL motion using a paired 
t-test.
Results: No statistically significant differences in subtalar 
abduction/adduction (10.9O vs. 11.8O degrees, p=.48), supi-
nation/pronation (3.5O vs. 2.7O, p=.31), or plantarflexion/
dorsiflexion (1.6O vs 1.0O, p=.10) were identified following 
LCL.
Conclusions: No significant changes in subtalar motion were 
observed following lateral column lengthening in this biome-
chanical cadaveric study. While these findings do not obviate 
concerns of clinical subtalar stiffness following planovalgus 
deformity correction, they suggest that diminished postoper-
ative subtalar motion may be due to soft tissue scarring rather 
than alterations of joint anatomy.

Foot
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Is it flatfoot or not: the consistency of visual perception 
of flatfoot among orthopaedists
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Level III

Introduction and Objective: Despite the large number of stud-
ies about the problem of flatfoot in children, the question is 
still not completely clear for specialists: what is considered flat-
foot. There are still no uniform criteria, which leads to various 
data in the literature regarding the flatfoot frequency. In addi-
tion, it is not known how flat feet should be at a certain age. 
Aim of our study was to demonstrate the consistency amongst 
orthopaedists regarding which foot is considered flat.
Materials and Methods: Two-plane photographs were made 
of the weightbearing right foot of 317 children 7 – 11 years 
old. We divided children into certain age groups – 7,8,9,10 
and 11 years old, then we randomly selected 14 images of feet 
from each age period – a total of 70 images of the feet from 
lateral and posterior view - to analyze. These photographs 
were independently evaluated by 30 clinicians (twenty gen-
eral paediatric orthopaedists (GPO) and ten of them - experts 
– foot and ankle surgeons with a minimum of 5 years of expe-
rience). The images should have been assessed as flatfoot (1), 
typical developing feet(2) or doubtful (3). We analyzed the 
concordance amongst orthopaedists answers by Kendall’s 
w-coefficient (w) and correlation by Kendall’s tau (τ). A coef-
ficient of 1 indicates perfect agreement between clinicians.
Results: The consistency amongst all 30 orthopaedists was 
0,33 (p<0,0001), amongst GPO – 0,27 and experts – 0,58 
(p<0.001). The τ – correlation was from 0,28 (p 0,015) to 
0,63 (p 0,0001) for GPO and 0,64-0,89 (p=0,0034) amongst 
experts.
Conclusions: We found very poor consistency among ortho-
paedists in visual perception of flatfoot and good agreement 
amongst the foot and ankle experts. Our findings demon-
strated the need for standardized approach and quantitative 
methods of evaluating foot morphology and posture.

Foot
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Training of one-leg balance enhances foot arch 
development in children
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Level II

Introduction and Objective: Persistent flatfeet in children are 
often parent’s concerns, and orthosis has not been proved 
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to enhance foot arch development. A previous longitudinal 
study revealed association between one-leg balance improve-
ment and foot arch development. The purpose of this inter-
ventional study was to test whether 6-weeks balance training 
decreased the foot arch index.
Materials and Methods: Thirty-eight 5 to 9 years old typically 
developed children who had flexible flatfeet were randomized 
to training group (21 children) who underwent balance training 
for 6 weeks and control group (17 children) who were observed 
for 6 weeks and then underwent training. Balance training was 
barefoot standing on a 3x3x30 cm long wood block by one leg 
and maintaining free from the floor for a sum of 120 seconds 
a day. Foot flatness was assessed by Chippaux-Smirak index 
(CSI) on weight bearing footprint and foot arch index (FAI) on 
dynamic foot pressure distribution. Foot function was assessed 
by the Oxford foot and ankle questionnaire.
Results: Children in the two groups had comparable age, 
body weight, CSI, FAI, and seconds of one-leg balance before 
training. After at-home training for 6 weeks, children in train-
ing group had significant improvement than control group in 
one-leg balance (+14.9 seconds vs. +3.7 seconds, p<0.001), 
CSI (-0.08 vs. -0.01, p=0.007), FAI (-2% vs. 0%, p=0.007), 
and foot function/participation (+6.8% vs. 0, p=0.042). The 
effect persisted for another 6 weeks after stopping training.
Conclusions: Training of one-leg balance resulted in significant 
but small improvement in foot arch development. Significant 
improvement in foot function, symptoms, and participation 
by balance training supports an alternative management 
rather than observation or orthosis for childhood flatfeet.

Foot
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Development of foot length in children with clubfoot. A 
prospective follow up study
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Level II

Introduction and Objective: Small clubfeet have been asso-
ciated with difficulties at initial correction and increased risk 
of relapse. This study aimed to describe the development 
of foot length from 2 to 7 years of age and to analyze the 
growth rate in relation to treatment and relapse in children 
with clubfoot. 
Materials and Methods: Foot length was measured, every six 
months in 72 consecutive children (29 bilateral) with idio-
pathic clubfoot, from two to seven years of age. The initial 
treatment was conservative according to Ponseti (42 chil-
dren) or Copenhagen method (30 children), followed by 
surgery when needed. Student’s t test was used to analyze 
the differences in size and growth between clubfeet and the 
normal feet, and between the Copenhagen method treated 
clubfeet and Ponseti casting clubfeet. Fisher’s exact test was 
used to compare clubfoot sizes in relation to relapse. 

Results: Before the age of 7, 23 children were treated for 
relapse. The clubfeet were smaller (p<0.001) than normal 
contralateral feet at 2 years of age but had similar growth 
rate up to 7 years of age. There was no statistically significant 
difference in foot length or growth rate between treatment 
groups. Of the Clubfeet that at the age of 2.5 had size 2SD 
smaller than normal 63% (5/8) relapsed after that age, com-
pared with 18% (2/11) of the clubfeet that had greater size 
than average of normal feet (p=0.067).
Conclusions: The initial treatment did not influence the size 
nor the growth rate of the clubfeet. Smaller clubfeet had more 
relapses, but the difference was not statistically significant.

Foot
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Quality of life impact and deformity correction in flexible 
flat foot with calcaneo-stop technique – retrospective 
study
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Level IV

Introduction and Objective: Flexible Flat Foot (FFF) is a com-
mon orthopaedic condition in paediatric age requiring sur-
gical correction in some cases. Arthroereisis of the subtalar 
joint is a corrective technique, usually performed using a 
calcaneo-stop metallic screw. The purpose of the present 
investigation was to evaluate the impact of ex sinus subtalar 
arthroereisis by Recaredo-Alvarez technique on deformity cor-
rection and quality of life.
Materials and Methods: In this retrospective study, we report 
a series of 22 patients (44 feet) submitted to subtalar arthro-
ereisis for FFF, between October 2015 and October 2018 in 
our institution, with a two months minimum follow-up. The 
talocalcaneal (kite) angle, calcaneal inclination angle (cal-
caneal pitch) and Meary’s angle were evaluated. Quality of 
life was assessed with a survey concerning the walking abil-
ity, participation in sports and pain. Complications were also 
recorded.
Results: The mean follow-up was 17.6 months. 60% of the 
patients had a Viladot grade II deformity. Of the 22 patients, 
20 (91%) reported excellent clinical outcomes and the 
other 2 reported minor symptoms (sporadic foot pain one 
and other minor difficulty in sports). Mean Meary’s talus–
first metatarsal angle and the mean Kite improved from 
9.55 and 31.05 preoperatively to 2.2 and 24.9 respectively 
at the last follow-up visit (p < .001). Mean Calcaneal pitch 
improved from 15.3 preoperatively to 17.1 at the last fol-
low-up visit (p < .001). Footprint improvement was regis-
tered in all cases. One patient had a grade I Clavien Dindo 
complication postoperatively (superficial wound infection). 
Two patients had their implant removed because of intol-
erance. 
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Conclusions: The ex sinus subtalar arthroereisis by Recare-
do-Alvarez technique is effective in deformity correction, with 
low complication rate and significant quality of life improve-
ment. 

Foot
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Complex clubfoot - still existing problem
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Level IV

Introduction and Objective: Clubfoot is a second most com-
mon congenital locomotor system malformation. Introduc-
tion by Ponseti, a method of treatment based on serial casting 
and derotation brace made a  significant progress  in the 
treatment. Unfortunately, adequate casting is still a problem 
among orthopaedic surgeons. A complex clubfoot deformity 
is a challenge to correct and surgery is not an option.
Materials and Methods: We reviewed all medical records in 
and outpatient  clinic  in the hospital database from 2019 
with use of the diagnosis code ICD10 Q66. The inclusion 
criteria were initial recasting in the relapse of clubfoot defor-
mity. We analyzed the age at diagnosis, treatment proto-
col, primary classification, compliance to the brace etc. The 
exclusion criteria were a surgical procedure other than Achil-
les tenotomy.
Results: We identified 155 patients who met inclusion criteria. 
They were 8 complex clubfoot patients (12 feet) which were 
treated conservatively. All feet were casted for seven to eight 
weeks. Achilles tenotomy was necessary in almost all cases. Six 
feet regain normal shape after casting protocol and return to 
the brace used. Two feet gets better shape and good range of 
motion. The calcaneus tuberosity stayed a little higher, there 
was a good acceptance of the brace. In two feet, the most 
complex, regain length and improve dorsiflexion. The calca-
neus is still high even after tenotomy, ankle range of motion 
is improved. One patient after two attempts of casting is still 
waiting to start protocol because of “fatty leg”. We  had 6 
patients more with complex clubfeet who undergone surgery 
– results are poor.
Conclusions: Casting in complex clubfeet is the best solution 
of treatment for those patients. Casting should be meticulous. 
Treatment of complex clubfeet required a lot of experience. 
The best way to prevent of this condition is perfect casting 
from the beginning. 

Foot
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Treatment and outcomes of clubfeet associated with 
amniotic band syndrome
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Level III

Introduction and Objective: This study aims to compare treat-
ment characteristics and outcomes of clubfoot patients with 
Amniotic Band Syndrome (ABS) to those with idiopathic club-
foot treated with the Ponseti method. 
Materials and Methods: A retrospective review of prospec-
tively gathered data was performed at a single paediatric 
hospital over 18 years. Patients with idiopathic clubfeet and 
clubfeet associated with concomitant ABS who were less than 
one year of age and treated by the Ponseti method were 
included. Initial Dimeglio score, number of casts, need for 
heel cord tenotomy, recurrence, and need for further surgery 
were recorded. Outcomes were classified as “good” (planti-
grade foot +/- heel cord tenotomy), “fair” (need for a limited 
procedure), or “poor” (need for a posteromedial release).
Results: 33 clubfeet in 24 patients with ABS, and 237 idio-
pathic clubfoot patients were identified. Average follow-up 
was 4.8 years for the idiopathic cohort and 6.4 years for the 
ABS cohort. The average Dimeglio score was not statistically 
different between the idiopathic and ABS cohorts (13.4 and 
12.4 respectively, p = 0.096). Heel cord tenotomy was per-
formed in 73% of the idiopathic cohort and 58% of the ABS 
cohort (p=.101). Recurrence rates were significantly higher 
in the ABS cohort (60% vs.11%, p < 0.001). Need for later 
surgical procedures was also significantly higher in the ABS 
cohort (61.5% vs. 11%, p < 0.001). Clinical outcomes were 
89% “good”, 7.6% “fair”, and 3.4% “poor” in the idiopathic 
cohort, and 30.8% “good”, 38.5% “fair”, and 30.8% “poor” 
in the ABS cohort (p < 0.001). No differences in clinical out-
comes were found based upon location of the amniotic bands 
in the ABS group. 
Conclusions: Clubfeet associated with ABS have higher rates 
of recurrence, a greater need for later surgery, and worse 
clinical outcomes than idiopathic clubfeet regardless of initial 
Dimeglio score or band location.

Foot
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Calcaneal osteotomies: which indications in paediatric 
flatfoot?
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Level V

Introduction and Objective: The most complex aspect con-
cerning the treatment of paediatric flat foot is to identify who 
needs a surgical treatment, when to perform it and which 
surgical procedure to perform. Surgical techniques can be 
divided into arthroereisis and procedures involving soft tis-
sues or bone. In our therapeutic algorithm and especially in 
Europe, the Gold Standard treatment is arthroereisis. In Amer-
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ica calcaneal osteotomies still represent the first surgical flexi-
ble flatfoot treatment (FF) option in paediatric age.
Materials and Methods: We carried out a review of the lit-
erature regarding calcaneal osteotomies in the treatment 
of FF in the developmental age by identifying indications 
and limits. They are indicated in symptomatic child (pain 
and/or dysfunction) with idiopathic or neurological FF cen-
tral, peripheral or muscular origin after failure of conser-
vative therapy. They can correct severe deformities while 
preserving the movement of the subtalar joint. The types 
of osteotomies (OT) used are: medializing calcaneal OT of 
the posterior apophysis (Myerson), calcaneal lateral column 
lengthening (Evans), addition OT 1st cuneiform (Cotton), 
Triple “C” and OT performed with minimally-invasive tech-
niques. We will illustrate our clinical experience with these 
types of OT.
Results: In the American literature positive results of calcaneal 
OT are reported in about 90% of cases. The complications 
found were: sural nerve paraesthesia (Myerson), pain in the 
sinus tarsis, pseudarthrosis, calcaneo-cuboid arthritis, subtalar 
joint impingement (Evans).
Conclusions: The OTs in the treatment of FF must be reserved 
for rigid overcorrected PTC, neurological calcaneo-val-
gus (poliomyelitis), rigid hindfoot and severe idiopathic FF. 
Arthroereisis with Calcaneo-Stop can be considered a simple, 
effective and minimally invasive procedure. It leads to an opti-
mal correction of the heel valgus and foot function, without 
major or minor complications.

Foot
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Calcaneal shortening osteotomy for varus foot deformity 
in older children
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Level IV

Introduction and Objective: Lateral column shortening, such 
as cuboid shortening and calcaneo-cuboid arthrodesis, are 
common surgeries to correct rigid varus foot deformity. This 
study reports a new technique of lateral column shortening, 
calcaneal shortening under the talus neck, and its radio-
graphic outcomes.
Materials and Methods: We retrospectively reviewed 19 
patients who underwent calcaneal shortening for 21 neuro-
genic and congenital equinovarus feet between 2011 and 
2017. Operation procedures included posterior incision for 
triceps surae lengthening, medial incision for tibialis poste-
rior lengthening, and lateral incision for calcaneal shortening 
and K wire fixation. Foot deformities were evaluated by the 
talo-first metatarsal angle (T-MT) and talo-calcaneal angle on 
standing foot radiographs. A satisfactory correction was when 
the anteroposterior T-MT angle was corrected to less than 10 

degrees of varus or surgical correction by 20 degrees or more. 
Factors associated with unsatisfactory results were analysed.
Results: The mean operation age was 12.8 (9.4-17.1) years 
and mean follow up was 2.7 years. Calcaneal shortening sig-
nificantly corrected the anteroposterior T-MT angle (varus 
36.6 degrees to varus 13.7 degrees, p< 0.001) and lateral 
T-MT angle (cavus 9.1degrees to cavus 3.9 degrees, p< 0.05), 
but not in talo-calcaneal angle. Correction amount of the 
anteroposterior T-MT angle was negatively correlated to age 
(r=-0.376). Satisfactory correction was achieved in 18 feet. 
Unsatisfactory results included under-correction in a 17-year-
old patient with Arnold Chiari syndrome and relapsed defor-
mity in 2 patients with cerebral palsy. Two more patients 
with myelomeningocele received calcaneal tubercle sliding 
osteotomy later. Less favoured results were associated with 
rigid deformity in older age children, meningomyelocele, and 
congenital clubfoot.
Conclusions: Calcaneal shortening shifted the navicular, 
cuboid, and anterior calcaneus laterally around the talus head 
and offered 20 degrees or more correction in midfoot varus 
deformity. Good candidates are children with younger age 
and cerebral palsy.

Foot
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Long-term effect on plantar pressure change of the 
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clubfoot
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Introduction and Objective: The aim of this descriptive study 
is to investigate long-term effect of plantar pressure changes 
in clubfoot patients followed up to adolescence who under-
went achyloplasty (AP) with/without calcaneofibular ligament 
release (AP+CFR).
Materials and Methods: Thirteen feet of 10 patients operated 
for clubfoot were included in this study. In the AP group; 
there were 7 feet (mean:14.1±8.4 years), and the AP+CFR 
group had 6 feet (mean:10.3±4.8). All patients underwent 
achyloplasty with/without calcaneofibular ligament release. 
The mean follow-up was 6.99 years (R:1.38–15.21). Plantar 
pressure measurements were evaluated with EMED-m elec-
tronic pedobarographic device. Patients walked six meters on 
the pressure-sensitive platform at their gait speeds. The feet 
were examined in four sections; hind-foot, middle-foot, fore-
foot and fingers. For each part of the foot, contact area, max-
imum force, force time integral, peak plantar pressure and 
pressure time integral values were calculated. The results were 
compared with normal measurement values   that correspond 
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to the age range reported in the literature. Mann-Whitney U 
test was used statistically. 
Results: Eight foot had metatarsus adductus deformity with 
5-15°. The mean range of motion of ankle were flexion 20°(10-
30), extension 15°(10-20), inversion 12°(10-20) and eversion 
11°(10-15) in AP group. On the other hand, in AP+CFR group, 
these values were changed in 23°(10-30), 17°(5-25), 15°(15-
30) and 10°(10-25), respectively. Peak plantar pressure (PP) 
values under 2nd-5th toes, pressure-time integral (PTI) val-
ues of 3rd-5th toes, contact time of hind-foot, mid-foot 
and 2nd-5th toes were significantly lower in AP+CFR group 
(p<0.05). There were no significant differences between the 
groups considering the remaining parameters. 
Conclusions: This study showed that the releasing of calca-
neofibular ligament with achyloplasty may be reduced the 
contact time and pressure values   of the 2nd-5th toes and 
inversion of forefoot. In addition, a decrease in unexpected 
contact time in hind-foot and mid-foot may indicate contin-
ued supination. 
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Understanding the juvenile bunion

Caitlin Hardin1, Jacob Zide1, Claire Shivers1, Kirsten 
Tulchin-Francis1, Chan-Hee Jo1, Anthony Riccio1

1Texas Scottish Rite Hospital for Children, Orthopaedic 
Surgery, Dallas, United States

Level III

Introduction and Objective: This study aims to characterize 
the radiographic parameters that constitute the juvenile bun-
ion and determine which, if any, correlate with greater symp-
tomatology.
Materials and Methods: A retrospective analysis of prospec-
tively enrolled patients aged 10-18 years with idiopathic 
bunions was performed at a single paediatric institution over 
a two-year period. Weight-bearing radiographs were used 
to determine the hallux valgus angle (HVA), intermetatarsal 
angle (IMA), distal metatarsal articular angle (DMAA) and 
sesamoid position (SP) among other deformity parameters. 
Foot-specific patient reported outcome (PRO) measures were 
administered at initial presentation as was dynamic plan-
tar pressure analysis to determine peak pressure (PP), con-
tact area (CA), contact time and pressure-time integral (PTI) 
within each of 11 plantar regions. 
Results: 32 patients (57 feet) met inclusion criteria. 48/57 
feet (84%) had an elevated DMAA (average 23.1°±7.8°). 
The DMAA correlated positively with the HVA (r= 0.734, 
p<0.001), IMA (r= 0.439, p=0.001), and SP (r=0.627, 
p<0.001). No correlations were identified between defor-
mity parameters and age, gender or BMI. While patients 
with a greater DMAA and more lateralized SP reported 
greater functional limitations by the Oxford Foot and 
Ankle Questionnaire, Foot and Ankle Ability Measure, and 
Foot and Ankle Outcome Score, those with a higher IMA 
reported more pain (r= 0.354, p=0.014). The IMA remained 

significantly associated with pain after controlling for other 
deformity and demographic parameters (p=0.024). Pressure 
analysis revealed that the HVA correlated with increased PP 
(r= 0.663, p=0.001) and PTI (r= 0.604, p=0.002). PP and PTI 
under the 2nd metatarsal correlated with increased pain-re-
lated disability. Conversely, increased 1st and 5th metatarsal 
CA correlated with improved PRO’s. 
Conclusions: The vast majority of juvenile bunions demon-
strate elevation of the DMAA which is associated with greater 
functional disability. IMA elevation seems to correlate with 
complaints of pain, perhaps due to alterations in plantar pres-
sure distribution.
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Level IV

Introduction and Objective: Severe flexible flatfeet with short 
triceps surae can be detected early by careful clinical exam-
ination. Shortening of the Achilles tendon leads to midfoot 
break, compromising normal foot development and may 
result in pain. If conservative treatments fail, percutaneous 
Achilles tendon lengthening is an option. Here we report 
radiographic follow-up results minimal invasive Achilles ten-
don lengthening only in younger children with no improve-
ment to conservative treatment.
Materials and Methods: 29 children (54 feet) between 1 
and 6 years with severe flexible flatfeet and Gastrocnemius 
shortening, treated between 2006 and 2017 were included. 
Lengthening of the heel cord was performed percutaneously 
with 1-3 minimal incisions. Postoperatively the feet were fixed 
under talo-navicular reposition in below-knee soft-casts for 4 
weeks, followed by custom-made corrective foot orthoses for 
at least one year. Calcaneal pitch and Meary’s angle, talo-first 
metatarsal (MT1) angle from lateral and dorsoplantar x-rays 
respectively were quantified by three raters at pre-operative 
and follow-up time points. We evaluated angle distributions 
at both timepoints and their change, as well as statistical sig-
nificance and effect sizes of change (Cohen’s d). At follow-up, 
apparent length of gastrocnemius muscles was visually classi-
fied (short/normal).
Results: Mean age at surgery was 3.7 years (1.3 - 5.9y). 
Mean follow-up time was 4.2 years (1.1 to 8.9y). No com-
plications occurred. Calcaneus pitch increased from 9±6° 
to 14±6° (p<0.001, d=0.9, normal range=20-30°). Meary’s 
angle decreased from 27±10° to 12±10° (p<0.001, d=1.6, -4 
to 4°). Talo-first metatarsal angle (dp) decreased from 21±9° 
to 13±8° (p<0.001, d=1, 0°). Ratio of short Gastrocnemius 
dropped from 100% to 61% (p<0.001).
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Conclusions: With significant changes in clinical and radio-
graphical outcomes at follow-up, percutaneous Achilles ten-
don lengthening followed by orthotic therapy seems to be a 
valuable treatment option in selected severe, flexible flat feet.
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Computer-assisted subcapital correction osteotomy in 
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Introduction and Objective: Subcapital osteotomy is a treat-
ment approach offered for moderate-to-severe cases of 
Slipped Capital Femoral Epiphysis (SCFE). This procedure 
is demanding, depends highly on surgeon experience, 
and requires considerable radiation exposure. This study 
describes the development of individualized drill templates 
as an accurate and reliable method for subcapital correc-
tion osteotomy in SCFE patients, allowing for preoperative 
planning, intraoperative guidance, and postoperative eval-
uation. 
Materials and Methods: Five retrospective computed tomog-
raphy (CT) scans of the hip joint from patients with moder-
ate-to-severe SCFE were selected (4 females, 1 male, 11-14 
years). Three-dimensional (3D) models of each patient’s 
proximal femur were reconstructed using our standard pro-
tocol for computer-assisted surgery. Five orthopaedic sur-
geons identified the optimal entry point and direction of the 
two threaded wires for each 3D model. We designed and 
3D-printed instrument templates specific to each preoper-
ative plan. We made 30 physical models of each proximal 
femur. Each surgeon performed three computer-assisted and 
three conventional simulated procedures using casted bone 
models of each patient. We laser-scanned each bone model 
and digitally matched it to the preoperative model for eval-
uation of entry points and wire angulation. Accuracy was 
defined as the distance (in millimetres or degrees) between 
the simulated drill path and the preoperative plan. Statistical 
analysis was performed by t-tests (p<0.05). 
Results: The navigated group (1.4±0.9 mm) was significantly 
more accurate than the conventional group (5.8±3.2 mm) 
for wire entry location (P<0.0001). Wire angulation was sig-
nificantly more accurate (P<0.0001) for the navigated group 
(2.5°±1.4°) compared to the conventional group (5.3°±4.4°). 
Navigated surgeries required significantly less drilling time 
and intraoperative X-rays (90.5±42.2 sec; 3±1) compared to 
the conventional group (246.8±122.1 sec; 14±5). 

Conclusions: CT-based preoperative planning and intraoper-
ative navigation using patient-specific drill guides improve 
the accuracy of wire placement compared with conven-
tional techniques in subcapital correction osteotomy in SCFE 
patients.

Hip

EP-034

An assessment of risk factors and outcomes in the 
surgical management of slipped capital femoral epiphysis 
– a single-centre, retrospective review

Winston Jin1, Eva Habib1, Ash Sandhu1, Jeffrey Bone1, Emily 
Schaeffer1, Kishore Mulpuri1

1BC Children’s Hospital, Orthopaedics, Vancouver, Canada

Level II

Introduction and Objective: Slipped Capital Femoral Epiphy-
sis (SCFE) is conventionally treated with In-Situ Pinning (ISP) 
and more recently, Modified Dunn Procedure (MDP). Com-
plications such as avascular necrosis (AVN), femoroacetabular 
impingement (FAI), chondrolysis, and slip progression can 
arise from the surgical management of SCFE. This study aims 
to identify pre-operative risk factors predictive of post-oper-
ative complications in patients with SCFE treated with ISP or 
MDP.
Materials and Methods: A single-centre, retrospective review 
was performed on patients under the age of 18 diagnosed 
and surgically treated with SCFE within the last 15 years. 
Included patients had pre-operative imaging and a minimum 
of six months of follow-up. Six pre-operative risk factors (age, 
gender, symptom intensity, stability, trauma, and severity of 
slip), operative details, and post-operative outcomes were 
collected (Table 1). Logistic regression analysis was used to 
identify potentially predictive pre-operative risk factors in 
developing complications.
Results: 129 hips in 98 patients were treated (119 with ISP, 
10 with MDP). Complications developed in 33 hips (Table 
2). Logistic regression analysis showed that no pre-operative 
risk factors were statistically significant in predicting compli-
cations for SCFE patients treated with ISP or MDP (Table 3). 
Fisher test suggested that there was no statistically significant 
relationship between the surgical method and the odds of 
developing a complication.
Conclusions: Complications developed in 25.6% of hips 
treated with ISP or MDP. No pre-operative risk-factors 
could statistically predict the development of post-oper-
ative complications. Variation in surgical method did not 
statistically change the odds of developing a post-opera-
tive complication. Outcomes from this study suggest that 
pre-operative risk-factors were not associated with compli-
cations from the surgical management of SCFE. In addi-
tion, complications occurred at a comparable rate whether 
SCFE is managed with ISP or MDP. The study is limited by 
the small sample size – a study with a larger sample size is 
warranted.
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EP-035

Rate of total hip replacement for developmental 
dysplasia of the hip, Legg-Calve-Perthes disease and 
slipped capital femoral epiphysis - a linkage study with a 
National Joint Replacement Registry

Manuel Johannes Kraus1 2, Ines Kraus1, Peter John Cundy1, 
Nicole Williams1

1Women’s and Children’s Hospital, Orthopaedics, North 
Adelaide, Australia, 2University Children’s Hospital Basel, 
Orthopaedics, Basel, Switzerland

Level III

Introduction and Objective: A major goal of management of 
paediatric hip conditions is long-term joint preservation with 
current approaches focussed on minimising deformity to limit 
pain and maximise function. Total hip replacement (THR) may 
occur at an early age and is a measure of both the disease and 
treatment outcomes. The aim of this study was to measure 
the rate of THR in a cohort of young adult patients with devel-
opmental dysplasia of the hip (DDH), Legg-Calve-Perthes dis-
ease (LCPD) and slipped capital femoral epiphysis (SCFE).
Materials and Methods: Patients treated at a paediatric ter-
tiary referral hospital for these conditions from 1980 – 1991 
were identified from operation books, admission books and 
historic radiology reports. Demographic and clinical informa-
tion were collected from case notes and hospital electronic 
databases. Patients were linked to the validated Australian 
Orthopaedic Association National Joint Replacement Registry 
to identify patients who had undergone affected joint THR 
until November 2018.
Results: 318 hips in 265 patients were included. 16/318 
(5.0%) had undergone primary THR at a median age of 38 
years (range 20-45). Analysis revealed different rates for each 
disease, namely DDH: 5/95 (5.3%), median age 36 (20-42); 
LCPD: 6/113 (5.3%), median age 39 (30-40); SCFE: 5/110 
(4.5%), median age 37 (27-45). The reason for the THR (a 
data field in Joint Registry forms) stated the correct paediatric 
hip condition in only 4 cases, incorrect diagnosis in 3 cases.
Conclusions: THR was confirmed in only 5% of patients with 
paediatric hip conditions, suggesting acceptable function 
at least beyond a median age of around 38 years in 95% of 
patients with these paediatric hip conditions. The study sug-
gests that current Joint Registry data collection lacks clarity in 
specifics of paediatric hip disease. Comprehensive prospective 
registration of patients with paediatric hip conditions could 
assist future long-term outcome studies.

Hip

EP-036

The role of MRI in assessing acute avascular necrosis in 
slipped capital femoral epiphysis

Michael Flatman1, Anshul Rastogi1, Nikolaos Papadakos1, 
Martin Siebachmeyer1, Yael Gelfer1, Andrea Yeo1

1St George’s Hospital, London, United Kingdom

Level IV

Introduction and Objective: Avascular necrosis (AVN) of the 
femoral head is a recognised consequence of slipped capi-
tal femoral epiphysis (SCFE), which has serious implications 
for a young person’s mobility. The objective of this study was 
to assess the utility of magnetic resonance imaging (MRI) to 
diagnose acute AVN pre-operatively and thereby guide prog-
nostication and management decisions.
Materials and Methods: This is a prospective study of 14 chil-
dren (age range 8-14 years, 7 female) with a severe SCFE 
referred to our tertiary paediatric orthopaedic unit between 
Oct 2017 and Aug 2019. Eight had an acute, unstable SCFE. 
All children had pre-operative CTs, and 13 had standard 
unenhanced MRI scans with the remaining child having a 
Dynamic Contrast Enhanced (DCE) MRI with repeated imag-
ing cycles of less than thirty seconds. All scans were reviewed 
by a specialist paediatric musculoskeletal radiologist. All chil-
dren underwent surgical hip dislocation and modified Dunn 
realignment osteotomy by the senior author as definitive 
treatment for their SCFE. Pre-operative MRI findings were 
compared to intraoperative evidence of femoral head bleed-
ing via a drill hole prior to hip dislocation. 
Results: Unenhanced MRI scans of the first 13 children all 
showed no evidence of AVN although four (31%) had intra-
operative evidence of devitalised femoral heads. All four cases 
had an acute, unstable SCFE. Due to the mismatch in MRI and 
intraoperative findings, a DCE MRI protocol was undertaken 
for the final patient with clear evidence of AVN on MRI and 
intraoperative assessment. 
Conclusions: This study showed that the use of standard 
unenhanced MRI for pre-operative determination of femoral 
head vitality in SCFE was inadequate and that DCE MRI is an 
effective and promising means of determining the presence 
of acute avascular necrosis. Recognition of the presence of 
pre-existing AVN is important as it may alter the management 
strategy in severe SCFE.
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Probability analysis of sequential SCFE (PASS Score)
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Level III

Introduction and Objective: Management strategy for the 
contralateral hip in a patient presenting with unilateral 
slipped capital femoral epiphysis (SCFE) can pose a challenge. 
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The aim of this study was to determine the significance of 
presenting clinical and radiological variables for prediction of 
sequential SCFE and to develop an evidence-based probabil-
ity model to help optimize management strategy.
Materials and Methods: Following exclusion criteria, 163 
patients with unilateral SCFE were analyzed. Medical records 
were reviewed, anteroposterior radiographic measurements 
included the superior epiphyseal extension ratio (EER), trira-
diate physeal status of the uninvolved hip, and Risser stag-
ing. Lateral radiographic evaluation included the posterior 
epiphyseal angle (PEA), posterior sloping angle (PSA), and slip 
severity. Statistical analysis was performed utilizing logistic 
regression models.
Results: Sixty-five (39.8%) patients developed sequential 
SCFE at a mean of 9.7 months after initial slip. Sequential 
SCFE patients differed significantly from those with unilateral 
SCFE. Independent multivariate predictors found to be associ-
ated with sequential SCFE (p<.05) included: age at presenta-
tion, tri-radiate status, Risser stage, degree of initial slip, PSA, 
EER and PEA. Following statistical analysis, a sequential SCFE 
probability model (PASS Score) utilizing a weighted point sys-
tem and binary radiographic parameters (PSA, EER, PEA) was 
produced. Patients with a PASS score of 0-1 showed minimal 
risk of sequential SCFE (<2%), score of 2-3 - 25%, 4 points - 
56% and a total PASS score of 5-6 showed a 92% and 97% 
probability of sequential SCFE, respectively.
Conclusions: Utilizing the most predictive variables, the PASS 
helps guide the utility of prophylactic pinning in the setting 
of unilateral SCFE. A total score of 4 or higher predicts a high 
probability of sequential SCFE and therefore warrants prophy-
lactic pinning.
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The skinny SCFE
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Level IV

Introduction and Objective: Although obesity has been 
linked with slipped capital femoral epiphysis (SCFE), little 
data exists on underweight/normal weight patients with 
SCFE without associated medical conditions. This study 
determines the differences between non-obese and obese 
patients with SCFE.
Materials and Methods: A multi-center, retrospective review 
identified all patients with SCFE from 1/1/03 to 12/31/12. 
Patients were excluded if they received previous surgical 
treatment at an outside institution, had no recorded height 
and weight, or had medical co-morbidity associated with 
increased risk of SCFE. Body mass index percentile for age 
(BMI) was calculated and categorized for each patient (non-
obese versus obese).

Results: 276 patients met inclusion criteria. Average BMI was 
91.1 (range: 8.4-99.7). Thirteen percent (35 patients) were 
considered “normal weight” (BMI: 5-85%), 17% (48 patients) 
were considered “overweight” (BMI: 85- 95%), and 70% (193 
patients) were considered “obese” (BMI: >95%). Average 
BMI percentile was higher in males than females (93.2+12.7 
versus 88.5+21.4, p=0.034). Non-obese patients were older 
compared to obese patients (12.2+1.7 versus 11.7+1.6 years, 
p=0.015). Fewer non-obese patients were seen at the hospital 
in the southwest than the northeast (18.3% versus 36.1%, 
p=0.002). Non-obese patients were more likely than obese 
patients to present with a severe slip as graded by Wilson per-
cent displacement (27.2% versus 11.4%, p=0.007) and an 
unstable slip (32.9% versus 14.7%, p=0.001). 
Conclusions: Rates of non-obese SCFE in this study are higher 
than in previous literature. Normal weight patients with SCFE 
are more likely to be older, female, and present with a severe, 
unstable SCFE. 
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Dega periacetabular osteotomy: the patient based finite 
element analysis study
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Level II

Introduction and Objective: In this study, pressure changes in 
femoral head and acetabulum were investigated by Finite Ele-
ment Analysis (FEA) in different models of Sharp angle with 
Dega Periacetabular Osteotomy (DPO).
Materials and Methods: FEA solid computer model was cre-
ated from 0.75 mm thick sections obtained from computed 
tomography imaging of a 13-year-old girl with unilateral 
acetabular dysplasia. This computer-generated system had 
the same characteristics as the bone of the patient, who was 
sampled with all bone characteristics. In the bone model 
created before DPO, the Sharp angle was 50°. FEA measure-
ments were performed on the dysplastic model. Six different 
DPO were performed on this FEA model, where the Sharp 
angle correction amount was 5° and 10° (with 0°-5°-10°of 
anterior tilting). All models were subjected to 500N load in 
the direction of gravity to distribute the entire pelvis. As a 
result, equivalent stress amounts in both femur and acetabu-
lum were measured and load distributions were investigated 
in each model. 
Results: As expected, significant amount of load is placed 
on the femoral head and acetabulum in the dysplastic hip 
(femur:114.33mm2, acetabulum:185.72mm2). In the bone 
model, where only lateral coverage is performed and Sharp 
angle is corrected by 10°, both femur and acetabulum are 
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subjected to significant burden (femur:296.55mm2, acetabu-
lum:186.8mm2). Adding 5° and 10° anterior tilting, the load 
ratio decreases. Correcting of acetabular dysplasia by DPO 
with 5° of Sharp angle and 10° of anterior tilt, stress load-
ing on both acetabulum and femoral head was measured the 
highest. 
Conclusions: As the amount of lateral tilting increases in the 
dysplastic hips, the equivalent stress rates increase in both 
acetabulum and femoral head. As the amount of lateral tilt-
ing increases, the equivalent stress increases in both of them 
(especially femoral head). Adding 5°-10° of anterior tilting 
cause reduction in the loads on both sides.

Hip
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Smaller epiphyseal tubercle but larger metaphyseal fossa 
and peripheral cupping in SCFE compared to healthy 
hips: a 3D-CT Study

Ata Kiapour1, Shayan Hosseinzadeh1, Young-Jo Kim1,  Eduardo 
Novais1, Daniel Maranho1, Alireza Emami1, Gabriela Portilla1

1Boston Children’s Hospital, Orthopaedic Surgery, Boston, 
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Level III

Introduction and Objective: To compare the 3-dimensional 
morphology of the epiphyseal tubercle it correspondent 
metaphyseal socket and the peripheral cupping of the epiph-
ysis in hips with SCFE and normal hips 
Materials and Methods: We created 3-dimensional models of 
the capital femoral epiphysis with use of computed tomog-
raphy (CT) imaging from 51 patients with SCFE and 80 sub-
jects without hip symptoms who underwent CT because of 
abdominal pain. The height, width, and length of the epiph-
yseal tubercle and the peripheral cupping were measured 
and normalized by the epiphyseal diameter and presented as 
a percentage (Figure 1). We used analysis of variance, gen-
eral linear model for the comparison of the measurements 
between SCFE and control hips after adjusting for age and sex.
Results: Compared with normal hips, hips with mild SCFE 
had smaller epiphyseal tubercle height (0.9%±0.9% 
vs.4.4%±0.4%;p=0.006) and length (32.3%±1.8% vs. 
43.7%±0.8%;p<0.001). Tubercle height was smaller 
in moderate (0.6%±0.9%;p=0.004) and severe SCFE 
(0.3%±0.8%;p<0.001) compared with controls. Periph-
eral cupping was larger in mild (16.3%±1.0%;p<0.001), 
moderate (16.4%±1.1%;p<0.001), and severe SCFE 
(18.9%±0.9%;p<0.001). Metaphyseal fossa width 
was larger in mild (27.5%±1.8%;p=0.015), moderate 
(27.9%±1.9%;p=0.017) and severe (28.3%±1.6%;p=0.001) 
compared to control hips (21.4%±0.8%). Metaphyseal fossa 
surface area was larger in moderate (7.8%±0.9%;p=0.032) 
and severe (8.6%±0.7%;p<0.001v) SCFE when compared to 
control hips (5.1%±0.4%).
Conclusions: Hips with SCFE have a smaller epiphyseal tuber-
cle, a wider metaphyseal fossa width, and larger peripheral 

cupping compared with control normal hips. A smaller epiph-
yseal tubercle and wider metaphyseal fossa may be a predis-
posing morphologic factor or a consequence of the increased 
shearing stress across the physis secondary to the slip. 
Increased peripheral cupping may be an adaptive response 
to instability as other stabilizers (i.e., epiphyseal tubercle and 
anterior periosteum) become compromised with slip progres-
sion.
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Is subcapital shortening osteotomy reproducible for 
the surgical treatment of severe slipped femoral capital 
epiphysis?
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Level IV

Introduction and Objective: There is a growing evidence 
that symptomatic femoroacetabular impingement (FAI) 
can develop after severe slipped capital femoral epiph-
ysis (SCFE) fixed in situ. Realignment procedures have 
therefore gained popularity, with low complication rates 
reported when surgery is performed by experienced senior 
surgeons. The aim of this study was to investigate influence 
of the surgeon’s level of experience on complication rate 
after subcapital shortening osteotomy (SSO) performed for 
severe SCFE.
Materials and Methods: All consecutive SSO performed 
between 2015 and 2018 were retrospectively reviewed. Sta-
ble and unstable SCFE were distinguished following Loder’s 
definition. All procedures were performed by 1 paediatric 
orthopaedic fellow or surgeon with less than 4 year of prac-
tice, trained by a senior surgeon. All complications including 
avascular necrosis (AVN) were recorded, and compared to an 
historical cohort.
Results: A total of 48 cases (30 unstable and 18 stable) were 
operated by 6 different surgeons, with a minimum 1-year 
follow-up. Mean preoperative slip angle was 54 ± 1.7. No 
intraoperative complication occurred and operating time 
averaged 164 ± 34 min (17% more than initially reported). 
Overall AVN rate was 16.3 %, and reached 22.5 % in unstable 
SCFE. However, preoperative MRI showed that most of the 
unstable hips that developed AVN (4 out of 7) were already 
hypoperfused before surgery. Compared to our previous 
study, AVN rate remained identical in stable SCFE (5.5 % vs 
5.4 %), but increased significantly in unstable SCFE (22.5 vs 
13.3 %, p<0.05). Five (10%) other complications occurred 
during follow-up (1 early surgical site infection, 3 chondrolysis 
and 1 screw change).
Conclusions: The main risk factor for AVN remains the sta-
bility of the SCFE. SSO is a reproducible surgical technique 
that can be safely performed by lower experience surgeons in 
stable hips, while 2 attending surgeons might be considered 
in unstable hips.
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Bilateral horizontal Salter osteotomies with anterior 
symphyseal closure using nylon tape in the treatment of 
exstrophy of the bladder
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Level IV

Introduction and Objective: The purpose of this case series 
study is to describe the orthopaedic management of bladder 
exstrophy and to report on the intermediate-term outcomes 
following a bilateral horizontal Salter osteotomy with anterior 
symphyseal closure using nylon tape.
Materials and Methods: This retrospective study, included 7 
patients (five boys and two girls) who underwent bilateral 
horizontal osteotomies after reconstruction of the urogenital 
deformity using the Cantwell–Ransley technique and sym-
physeal closure by nylon tape number 2-5. Age range was 
between 7 months – 8 years (median age =17 months). Three 
patients underwent ramotomy early in their life, while four 
were operated primarily. All patients were followed-up over 
two years with a mean of 3.27 years (2 to 5). Petrie cast was 
applied, with both legs abducted and internally rotated till 
bony union had been achieved. This allowed free handling 
of the wounds and catheters. Removal of k-wires was done in 
an outpatient clinic after the complete union of bony osteot-
omies had been achieved (6-8 weeks).
Results: Satisfactory bladder closure was achieved in all 
patients. None of the patients had a bone infection or non-
union at the osteotomy sites. No postoperative wound dehis-
cence has occurred for up to 5 years. The foot progression 
angle was improved from 37-70 degree (median=45 degree) 
preoperatively; to 0-15 degree (median=5 degree) postop-
eratively. Symphyseal diastasis was closed well in all of our 
patients in postoperative plain x rays, as compared to 5.8-11 
cm (median= 8.2 cm) diastasis preoperatively.
Conclusions: Bilateral horizontal Salter osteotomies with ante-
rior symphyseal closure using nylon tape is safe and effective 
in the management of bladder exstrophy, especially in older 
children and in extreme diastasis (>6cm); with improvement 
in the gait as it corrects the acetabular external rotation.

Infection
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Descriptive epidemiology of upper extremity septic 
arthritis (UESA) in children - review of the CORTICES 
database
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Level III

Introduction and Objective: There is little information on 
UESA in children. Our purpose was to report on character-
istics and treatment outcomes of UESA from a multicenter 
database.
Materials and Methods: CORTICES consists of 18 United 
States children’s hospitals. Patients with UESA were identified 
from our retrospective database. Children with concomitant 
osteomyelitis were excluded. Demographics; laboratory, 
blood, and tissue culture results; surgery; length of stay; and 
complications were collected. Multifocal disease included 
bacteremia. Wilcoxon two-sample and chi-squared tests were 
performed.
Results: Of 451 patients with isolated SA, 41 (9%) had UESA. 
SA was most common in the elbow (51%). Median age at 
admission was 1.6 years (IQR, 0.8-7.1 years) and 66% were 
male. All patients underwent incision and drainage, with 2 
(5%) patients requiring 2 surgeries. Median length of stay 
was 4.4 days (IQR, 3.8-6.0 days). Twelve (29%) children had 
multifocal disease. There were no venous thromboembolisms 
or musculoskeletal complications. One child had a readmis-
sion and no children had recurrence. Comparisons between 
anatomic locations were performed. Children with SA of the 
shoulder were younger (p=0.005). There was also a difference 
in admission WBC (p=0.004) and minimum platelet count 
(p=0.001). MSSA was the most common organism, followed 
by Streptococcus. Patients with UESA were compared to the 
410 patients with SA in another anatomic location. The UESA 
group was younger (4 vs 5.5 years, p=0.002), was more likely 
to have a positive tissue culture (75% vs 42%, p<0.001), 
and had a higher rate of multifocal disease (29% vs 13%, 
p=0.004). Number of surgeries, length of stay, and complica-
tions were similar.
Conclusions: UESA comprises approximately 10% of cases of 
isolated SA in children. The elbow is the most common loca-
tion. SA of the shoulder occurs in younger children. MSSA is 
the most common organism. Incision and drainage results in 
excellent outcomes and complications are rare.

Infection
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Is surgery always necessary in case of paediatric 
hematogenous osteomyelitis associated with intra-
osseous abscess?
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Level IV

Introduction and Objective: Treatment of paediatric hematog-
enous osteomyelitis is considered urgent because of the risk of 
long-term sequelae. However, initial clinical presentation can 
be poor in young children, and latent intra-osseous abscesses 
(IOA) can develop, especially in joints with intra-articular 
metaphysis. To date, the recommended treatment remains 
trepanation, but the real benefit of surgery is debatable in 
poorly symptomatic patients, knowing that many pathogens 
are sensitive to common antibiotics and that the procedure 
itself can injure the adjacent growth cartilage. The aim was to 
evaluate the efficiency of a conservative treatment consisting in 
antibiotics only, in a series of children diagnosed with intra-os-
seous abscess associated with hematogenous osteomyelitis.
Materials and Methods: A total of 19 patients (mean age 
2.6 years, from 1 month to 14 year) were treated conserva-
tively between 2015 and 2018. Inclusion criteria were: T°C< 
38.5°C, CRP< 30mg/L, radiological abscess < 10mm on MRI. 
All patients were treated by 5 days of intravenous (IV) antibio-
therapy, followed by 3 weeks of oral administration. Biolog-
ical and radiological controls were performed at day 15 and 
day 45. X-rays were controlled periodically and MRI was per-
formed at 1-year follow-up. All complications were reported 
at latest follow-up (FU). 
Results: Mean IOA size was 6.4 ± 0.9 mm with variable local-
izations (68% lower-limbs): 7 metaphyseal, 2 epiphyseal, 7 
transphyseal and 3 short bones. The germ was identified in 
21% of the cases. Mean hospitalization stay was 5 days. No 
surgery was required during FU and the osteoarticular infec-
tion was cured in all cases, without complication. All IOA dis-
appeared on the control MRI at follow-up. 
Conclusions: Conservative treatment consisting in proba-
bilistic antibiotherapy without surgery can be considered 
in mild paediatric hematogenous osteomyelitis associated 
with intra-osseous abscess, but exclusion criteria should be 
respected and the clinical course should be carefully observed 
before discharge. 

Infection
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Osteoarticular infections in children at a tertiary hospital 
in Morocco: a prospective survey of microbiological data
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Level II

Introduction and Objective: In paediatric acute osteoartic-
ular infection (OAI) even when appropriate samples are 
obtained, a positive microbiological diagnosis is often lack-

ing when standard culture-based diagnostic methods are 
used. Also, data concerning the microbiology of OAI in 
children has changed over the last years owing to improve-
ments in cultures molecular techniques. This study aimed 
to assess the microbiological profile (bacteria and antibiotic 
susceptibility) of OAI in a paediatric hospital using molecular 
diagnosis, so as to adapt treatment protocols to our bacte-
rial ecology.
Materials and Methods: We prospectively included all chil-
dren less than 15 years of age admitted for community OAI 
between December 2016 and January 2019. Information on 
age, sex, the bone or joint infected, and bacterial investiga-
tions data were collected for analysis. The aetiologic diagno-
sis was based on blood cultures, joint aspirations and bone 
abscess drainage. All operative samples were systematically 
inoculated into blood culture bottles. In addition to classical 
cultures techniques, PCR targeted on Kingella kingae, Staph-
ylococcus aureus methicillin-resistant and Panton–Valentine 
leukocidin-producing were performed. 
Results: 120 patients were collected with 77 arthritis or osteo-
arthritis, 35 osteomyelitis and 8 septicopyohemia. Microor-
ganism identification was possible for 58 infected children 
(48.3%) through blood cultures or operative samples (cul-
tures and PCR). PCR increased by 30% the performance of 
bacteriological diagnosis. Staphylococcus Aureus was the 
most frequently isolated bacterium (n = 36) and was methicil-
lin-resistant in one child and PVL positive in 50 % of the cases. 
Kingella kingae was the second most important microorgan-
ism detected (27.5%), and most frequently isolated among 
children less than 4 years of age.
Conclusions: By using molecular diagnosis we observed that 
methicillin-sensitive staphylococcus aureus PVL producing 
remains the main pathogen isolated from OAI in children. 
These findings permitted the adaptation of a probabilistic 
antibiotic treatment of these infections.

Infection

EP-046

Large bone defects secondary to chronic-osteomyelitis 
and infected non-union in paediatric patients managed 
by induced membrane technique

Federico Canavese1, Antonio Andreacchio2, Alain Dimeglio3

1CHU de Clermont Ferrand, Paediatric Orthopaedic Surgery, 
Clermont Ferrand, France, 2Ospedale Regina Margherita, 
Paediatric Orthopaedic Department, Torino, Italy, 3Clinique 
St Roch, Paediatric Orthopaedic Surgery, Montpellier, France

Level III

Introduction and Objective: Large bone defects secondary to 
chronic infection (CO) and infected non-union (INO) can be 
managed with the induced membrane (IM) technique. The 
aim of this work was to evaluate the outcome and efficacy 
of treatment in children with CO and INO of the long bones 
using the IM technique. 
Materials and Methods: Ten skeletally immature patients (8 
males) with CO and INO of the long bones were treated 
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(2010-2018) by the IM technique: resection of necrotic/
infected bone, debridement of surrounding soft tissue, and 
application of antibiotic-laden cement (ALC) spacer induc-
ing membrane formation; a second surgical step, follow-
ing inflammatory markers normalization, consisted of ALC 
spacer removal, application of bone (BG; n=5) or Beta-Tri-
calcium-Phosphate graft (BTP; n=5), and concomitant stable 
osteosynthesis. All patients underwent clinical, laboratory 
and imaging evaluation before/after surgery. Antibiotics were 
adjusted according to culture and sensitivity. 
Results: Mean patient age at diagnosis was 13±4 years (4-16); 
all patients had >2-years follow-up (2-10). Involved bones 
were tibia (n=4), femur (n=3), humerus (n=2) and 1st meta-
tarsal (n=1). Pathogens were S. Aureus (n=8), MRSA (=1) and 
Cronobacter Sakazakii (n=1). Estimated time for IM formation 
was significantly shorter in patients treated with BTP com-
pared with BG: 29 ±1 vs. 10±2 (p=0.02). This result was con-
firmed by multivariate analysis (p=0.044) taking into account 
adjustment for age of patients and time after initial surgery. 
Time of final union was 5.5±4.1 months (2–66). At last fol-
low-up visit, bone had healed in all patients but one, and 
patients had resumed daily living activities. 
Conclusions: The IM technique with BG or BTP graft can 
achieve bone healing in large bone defects secondary to CO 
and INO in children and adolescents. The choice of bone sub-
stitute is important: graft integration and bone healing can be 
expected sooner if BTP is used as bone void filler. 

Infection

EP-047

Culture-negative septic arthritis of the knee – a single 
institution study

Alina Frolova1, Flávia Moreira1, Joana Freitas1, Sara Almeida 
Santos1, Rui Martins1, Pedro Negrão1, António Sousa1

1Centro Hospitalar Universitário São João, Porto, Portugal

Level III

Introduction and Objective: Septic arthritis in children with 
negative synovial fluid (SF) culture is extremely common 
in our daily practice. The goal of this study is to evaluate 
whether there are any differences in clinical presentation 
(fever and reactive C protein (RCP) on admission) between 
culture-positive and culture-negative septic arthritis of the 
knee and whether culture-positive septic arthritis is associated 
with need for and additional surgery
Materials and Methods: A retrospective study of all cases of 
paediatric knee septic arthritis between 2008 and 2018 from 
a single institution was performed, registering the demo-
graphic data, presence of fever and RCP values during first 
evaluation, results of SF culture and need for second surgical 
debridement. The comparison was made between patients 
with positive and negative SF culture.
Results: 40 patients included, 55% were male, mean age 
3,48. Average time between symptoms onset and hospital 
admission 2,36 days. 32,5% presented fever. Average RCP 
on admission 63,79. Average hospital length of stay 12,77 

days (no statistical difference among groups p=0,933). 17,5% 
had an agent isolated in SF cultures (MSSA, S. epidermidis, 
P. aeruginosa, S. pyogenes, Kingella kingae). All patients 
were treated with surgical debridement and iv antibiotics. 
Average iv antibiotic duration 9,92 days, no statistical dif-
ference between the positive and negative culture groups. 
5% of patients required a second surgical intervention, all of 
them with a positive SF culture. Presence of fever on admis-
sion didn’t show statistical correlation with positive SF fluid 
(p=0,96), or mean RCP value (p=0,854)
Conclusions: Isolation of pathogen in SF culture allows for a 
more appropriate choice of antibiotic therapy. Culture posi-
tivity does not depend on initial symptoms but these patients 
should be monitored for increased risk of reintervention. 

Knee

EP-048

The outcomes of double-incision posterior knee release 
in patients with severe knee flexion contracture

Bartosz Musielak1, Marek Jozwiak1, Aleksander Koch2, Milud 
Shadi2

1Wiktor Dega Hospital, Department of Paediatric 
Orthopaedics and Traumatology, Poznan, Poland, 2Wiktor 
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Level IV

Introduction and Objective: Fixed knee flexion deformity is 
a common pathology to deal with in orthopaedic everyday 
practice. As it may interfere with ambulation, lead to anterior 
knee pain and progressive crouch gait, it needs to be treated 
without a delay. Most of the surgical techniques used to cor-
rect the deformity change the bony alignment among the dis-
tal femur. The only method that does not alter bone structure 
is the knee capsule release. Thus, the aim of this study was 
to evaluate the posterior knee release with the subsequent 
serial casting in patients with severe knee flexion contracture 
of different origin.
Materials and Methods: We retrospectively reviewed 35 cases 
(in 30 patients, aged 9.8 years on average, presenting with 
spina bifida, muscular dystrophy, cerebral palsy or congen-
ital deformities) of severe knee flexion contractures (39.8° 
on average) in which we performed posterior capsulotomy 
through medial and lateral incision (short incisions) with sub-
sequent serial casting. All patients presented physiological 
alignment of femoral and tibial axes before surgical treat-
ment. We analysed the range and the pace of correction as 
well as the complication rate. All statistical analyses were sig-
nificant at p<0.05.
Results: The significant correction in the knee position has 
been achieved in all analysed knees (from 39.8° to 0.7° on 
average; p<0.0001) within less than 5 days after surgery on 
average. The mean number of casts needed to achieve the 
correction was 2.1. The complication rate in the analysed 
cohort reached 3.8 % (including 1 case of double metaphy-
seal fracture). No neurological complications were observed.
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Conclusions: Double-incision posterior knee release is a very 
effective method of knee contracture release which does 
not affect the axial alignment of femoral bone. Thus, it may 
replace the osteotomies and 8-plate corrections, which are 
currently the basic methods of knee contracture treatment.

Knee

EP-049

Treatment of dislocation of the patella as a result of 
sports injuries in children. Forecast and consequences in 
adulthood

Oleg Loskutov1, Ksenia Furmanova1

1MedinUa Clinic and Lab, Orthopaedics, Dnipro, Ukraine

Level III

Introduction and Objective: Dislocations of the patella with 
a rupture of the medial patellofemoral ligament (MPFL) 
account for 8 - 10% of acute injuries of the knee joint. Inade-
quate therapeutic tactics of these injuries in childhood, resid-
ual deformities and contractures in patients in adulthood. 
Materials and Methods: In the period from 2014 to 2018 349 
cases of rupture of MPFL among children aged 7-18 years 
who were involved in sports were observed. The examination 
included conducting a clinical examination, axial radiography 
with flexion of the joint at angles of 45º and 90º, MRI. When 
choosing the tactics of surgical treatment, a differentiated 
approach was used based on verification of the degree of dis-
location of the patella.
Results: In 87.9% (307 cases) the integrity of the MPFL (with 
a reduced number of sutures) was restored using a Yama-
moto suture, and in 42 cases (12.1%), the autoplasty of the 
MPFL was performed. Postoperative rehabilitation included 
a combination of physiotherapy and kinesiotherapy of the 
limb. Excellent medium-term (5 years) clinical and functional 
results according to the IKDC scale were noted in 80.2% of 
cases, good in 14.9%, satisfactory in 4.9%. In 12 patients 
(3.4%) there was a relapse of dislocation after performing an 
MPFL suture during the first year after surgery mainly due to 
non-compliance with the recommendations.
Conclusions: Injury to the knee joint with the patella disloca-
tion in childhood and adolescence, associated with a sports 
injury is an indication for surgical treatment in order to ade-
quately restore the integrity of the MPFL and prevent dis-
abling complications. Our Yamamoto suture technique (no 
more than 1-2 sutures, without lateral release) is more opti-
mal for treating young patients with instability and is recom-
mended for widespread use in paediatric orthopaedists due to 
its undeniable clinical advantages by minimizing trauma and 
using invasive surgery.

Knee

EP-050

Proximal tibial epiphysiodesis: what about the fibular 
growth?

Adele Happiette1, Florence Muller1, Dominique Barbier1, 
Pierre Journeau1

1Nancy, Nancy, France

Level III

Introduction and Objective: Proximal tibial epiphysiodesis 
(PTE) is a common intervention in paediatric surgery. Differ-
ent methods can be used, such as stables, screws or plates. 
Only a few data are available in literature concerning the fibu-
lar growth. It is admitted that over 25mm of scheduled tibial 
shortening, fibular epiphysiodesis should be realised in the 
same time. However, there is no consensus, in some teams 
fibular epiphysiodesis is systematically done, in others it is 
never proposed.
Materials and Methods: We included 63 patients (47 boys), 
aged 8-17 years, in a retrospective cohort study. Screws were 
used in 41 patients, plates in 22 patients. Assessment of the 
fibular growth was made by measuring 4 parameters  : the 
distance between the fibular growth plate (FGP) and the 
tibial spine, between the FGP and the tibial growth plate 
(TGP), between the top of the fibula and the tibial spine, and 
between the top of the fibula and the TGP. All values were 
reported to homolateral tibial length to annihilate calibration 
fluctuation. No patient underwent fibular epiphysiodesis.
Results: Average leg length discrepancy was 30 mm before 
surgery, 19 mm at the end of follow-up. In case of PTE, we 
noticed a significant elevation (p < 0,05) of the fibula, in com-
parison with the sample leg, for the 4 parameters. No patient 
required second surgery for fibular epiphysiodesis. No com-
plaint was noticed.
Conclusions: PTE is an efficient surgical technique and is 
correlated with low morbidity. Without associated epiphys-
iodesis, proximal fibular growth still goes on, with fibula sig-
nificantly higher at the end of follow-up. Further prospective 
studies should be led to assess functional and esthetical con-
sequences of PTE on the fibular growth.

Neuromuscular

EP-051

Fascia iliaca pain block results in lower overall narcotic 
usage and shorter hospital stay than epidural anaesthesia 
after hip reconstruction in children with cerebral palsy

Dominique Laron1, Jennifer Kelley1, James McCarthy1

1Cincinnati Children’s Hospital Medical Center, 
Orthopaedics, Cincinnati, United States

Level III

Introduction and Objective: Epidural anaesthesia (EA) is 
often used for pain control in children with cerebral palsy 
(CP) who undergo hip reconstructions. The purpose of this 
study is to determine if preoperative fascia iliaca (FI) pain 
blocks would improve pain scores, decrease narcotic use, 
and result in shorter hospital stays in comparison to the use 
of EA.
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Materials and Methods: This is a retrospective study of patients 
with CP who underwent hip reconstruction by a single senior 
surgeon between January 2017-March 2019. 22 patients had 
epidurals while 39 had a FI block. Age at surgery was 8.5 ± 
4.6 years. We recorded age, weight, OR time, FLACC scores 
on PODs 0, 1, 2, and 3, narcotic doses, overall narcotic (mg) 
used, and length of stay. We compared pain scores, narcotic 
usage, OR time and lengths of stay between our two patient 
groups. 
Results: Pain scores were similar between groups on POD #0, 
2, and 3 but were statistically improved on POD #1 (1.8 ± 1.3 
vs. 3.1 ±1.4, p<0.001). Total number of narcotic doses (7.9 ± 
4.4 vs. 10.7 ± 2.3, p=.004), total Mg given (18.3 ± 11.8 vs. 
24.7 ± 12.3, p<.05), and Mg per kilogram given (0.77mg/
kg ± 0.42 vs. 1.11 mg/kg ± 0.36, p=.001) were less for the 
FI group versus the epidural group. The OR time (which 
includes time for blocks/epidurals) was lower in the FI group 
(4.6 hours ± 1.2 vs. 5.7 hours ± 1.1, p=.0002). Overall hos-
pital stays were lower in the FI group (3.4 days ± 1.5 vs. 4.1 
days ± 1.0, p<.05).
Conclusions: This study demonstrates that in the setting of hip 
reconstruction, patients that received preoperative FI blocks 
used a lower amount of narcotics, required fewer rescue doses 
and ultimately had a shorter hospital length of stay than those 
undergoing EA.

Neuromuscular

EP-052

Long-term outcomes of ambulatory function in adults 
with cerebral palsy: evaluating change from adolescence

Nancy Lennon1, Chris Church1, Michael W. Shrader1, William 
Robinson1, Jose Salazar-Torres1, John Henley1, Tim Niiler1, 
Freeman Miller1

1Nemours duPont Hospital for Children, Wilmington, United 
States

Level II

Introduction and Objective: Advances in paediatric orthopae-
dic care over the past three decades have improved mobility 
function and quality of life for children with cerebral palsy 
(CP). The long-term effectiveness of this care into adulthood 
has not been widely reported. The aim of this study is to 
inform paediatric specialty practice using objective evidence 
of mobility outcomes for adults with CP treated in a paediatric 
specialty care center.
Materials and Methods: 646 adults were identified who met 
inclusion criteria of (1) CP diagnosis, (2) between age 25 and 
45 (3) with adolescent gait analysis, and (4) some walking 
ability. Testing included physical examination and motion 
analysis laboratory assessment including kinematics. Paired 
two-tailed t-tests were conducted with a Holm-Bonferroni 
correction for multiple testing to compare the adolescent and 
adult visits.
Results: 120 adults with CP, GMFCS Level I (22%) II (50%) 
III (23%) IV (5%), 68 males/52 females, average age at ado-
lescent visit 16±3 years and adult visit 29±3 years, returned 

for evaluation to the same hospital-based gait lab. The mean 
time between visits was 13±4 years. GDI showed no change 
(72 to 73; Adolescent to Adult), while stride length (93 to 
90 cm), gait velocity (85 to 79 cm/sec), GMFM-D score (29 
to 28), and knee flexion angle at initial contact (26 to 28º) 
demonstrated statistically significant (p<0.01) but not clini-
cally meaningful changes (not greater than published Mini-
mal Clinical Important Differences).  
Conclusions: Findings reveal that in this select group of adults 
with CP, gait pattern and gross motor function had minimal 
or no clinically meaningful change from adolescence to adult-
hood, which differs from reports in the literature of declining 
mobility in adults with CP. Most adults with CP in this cohort 
received high-quality paediatric orthopaedic care and expe-
rienced minimal functional decline into the third and fourth 
decade of adult life.

Neuromuscular

EP-053

Pallidal lesion is the risk factor for hip dislocation in 
dyskinetic cerebral palsy

Kyoko Okuno1, Kenichi Fukiage1, Toru Shibata1, Yukihiro Ki-
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Level III

Introduction and Objective: Dyskinetic cerebral palsy (DCP) 
is characterized by abnormal movements and impaired tone 
regulation, and many patients with DCP suffer from hip dis-
location. The purpose of this study is to investigate the risk 
factors for hip dislocation in DCP.
Materials and Methods: Forty-seven patients with DCP (22 
males and 25 females; ages 10-21 years) were included in 
this study. Twenty patients had the pallidal lesion, and 27 
patients had the lesion in the thalamus and the putamen. 
Average gestational age was 34.6 weeks (range, 23.9-
41.3weeks), and average birth weight was 2121g (range, 
642-3736g). GMFCS level was II in 3 patients, III in 6, IV in 
21 and V in 17. Migration percentage (MP) was measured 
by the radiograph, and the patient with MP more than 30% 
was diagnosed with hip dislocation. Maximum MP was 
less than 30% in 40 hips, and hip dislocation occurred in 
54 hips. GMFCS level, MRI findings, gestational age, birth 
weight and presence of scoliosis were evaluated as the can-
didates for the risk factor by univariate and multivariate 
analyses.
Results: In univariate analysis, high GMFCS level, existence of 
the pallidal lesion in MRI and low gestational age were the 
significant risk factors for hip dislocation, and the pallidal 
lesion was the only risk factor in multivariate analysis in DCP. 
If compared the patients with the pallidal lesion with those 
with the other lesions, they had higher occurrence of hip dis-
location at younger age at onset, and were born earlier with 
lower birth weight.
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Conclusions: The pallidal lesion increases the risk of hip dislo-
cation in DCP. To predict the development of hip dislocation, 
the brain lesions should be carefully diagnosed by MRI.

Neuromuscular

EP-054

Hip displacement in asymmetric diplegia: are all gross 
motor function classification system IIs and IIIs the same?

Stacey Miller1, Lise Leveille1, Maria Juricic1, Kishore Mulpuri1

1BC Children’s Hospital, Orthopaedics, Vancouver, Canada

Level III

Introduction and Objective: Risk of hip displacement has been 
shown to be directly related to a child’s level of motor func-
tion as classified by the Gross Motor Classification System 
(GMFCS) and reported as greatest at a young age. This is a 
case series of children with asymmetric diplegia, GMFCS lev-
els II and III, where the more involved side has had progressive 
displacement at a later age.
Materials and Methods: Four patients with asymmetric diple-
gia were identified through a tertiary care paediatric ortho-
paedic clinic as having late presenting hip displacement. All 
were noted to have a high migration percentage (MP) on 
the more involved side. All had undergone instrumented gait 
analysis and had serial pelvis radiographs. Kinematic data 
were reviewed for similarities across subjects. All pelvis imag-
ing was reviewed to determine age and rate of progressive 
displacement.
Results: Four subjects, two at each GMFCS levels II and 
III, with known unilateral hip displacement and asymmet-
ric diplegia were reviewed. First radiographic evidence of 
hip displacement, defined as MP >30%, was at a mean age 
of 12.3 years (range 9.5–14.4). At most recent follow up 
or prior to surgical intervention, mean MP measured 48% 
(range 35%–58%). Three demonstrated rapid progres-
sion of 19%, 30%, and 13% over 20, 18, and 11 months, 
respectively. Kinematic data showed all had pelvic obliquity 
with the more involved side up and resultant hip adduc-
tion.  The more involved hemipelvis usually trailed. Three 
had severe internal rotation while the remaining subject 
had minimal internal rotation secondary to prior femoral 
derotation osteotomy. 
Conclusions: Similar to children with a group IV hemiple-
gic gait, youth with asymmetric diplegia, with an internally 
rotated hip and fixed pelvic obliquity through stance, may be 
at increased risk of hip displacement. Surveillance guidelines 
may need revision as to not miss progressive displacement in 
these children.

Neuromuscular

EP-055

Long-term patient reported outcomes of physical 
function, life satisfaction, and pain in young adults with 
cerebral palsy
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man Miller1
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Level II

Introduction and Objective: Several studies have reported 
increased rates of pain and depression in adults with cerebral 
palsy (CP). The purpose of this study was to investigate the 
long-term patient reported outcomes of physical function, 
mental well-being, participation and pain in a cohort of adults 
with CP who received comprehensive, specialized paediatric 
orthopaedic care as children.  
Materials and Methods: 646 adults who met inclusion crite-
ria of (1) CP diagnosis, (2) between age 25 and 45 (3) with 
adolescent gait analysis, and (4) some walking ability were 
identified. Participants completed the Patient-Reported Out-
comes Measurement Information System (PROMIS) domains 
of Physical Function, Depression, Participation in Social Roles 
and Activities, and Pain Interference. Welch two-tailed t-tests 
were conducted with a Holm-Bonferroni correction for multi-
ple testing to compare our GMFCS stratified cohort to a nor-
mative sample.  
Results: 136 individuals (GMFCS Level I (21%) II (51%) 
III (22%) IV (7%), mean age 30 ± 4, 77 males/59 females) 
enrolled. Physical function was reduced in adults with CP and 
the degree of functional limitation was related to GMFCS 
level. The adults with CP had significantly less depression 
(49.6 compared to 52.3, p<0.0025) and higher ability to 
participate (52.7 compared to 47.6, p<0.0025) in social 
roles compared to the non-disabled reference. Pain scores 
demonstrated a statistically significant (51.5 compared to 48, 
p<0.0025), but not clinically meaningful difference compared 
to adults without disability (MCID of 4).  
Conclusions: Depression in this adult cohort with CP was 
lower (better) than an age-matched group without disability. 
Although pain interference was slightly higher than a nor-
mative adult sample, the difference was not clinically mean-
ingful.  Although a causal relationship cannot be assumed, 
we are encouraged by the positive findings for depression 
and social participation for this group of adults with CP who 
received specialized orthopaedic care during childhood.

Neuromuscular

EP-056

Semitendinosus transfer to distal femur improves knee 
extension more than hamstrings surgical lengthening, 
however it does not prevent the increase of anterior 
pelvic tilt
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Francesco Blumetti1, Bruna Caroline Alexandrino Ramos1, 
Cátia Kawamura1, José Augusto Lopes1
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Level III

Introduction and Objective: Hamstrings surgical lengthening 
has been frequently used for treatment of flexed knee gait in 
cerebral palsy (CP), however recurrence of knee flexion defor-
mity and increase of anterior pelvic tilt (APT) were reported in 
a long-term follow-up. The aim of this study was to compare 
semitendinosus transfer to distal femur (STTX) and semiten-
dinosus surgical lengthening (STL) regarding the reduction 
of knee flexion deformity and the increase of APT after flexed 
knee gait treatment.
Materials and Methods: One hundred and eleven patients 
were evaluated and they were divided in two groups accord-
ing surgical procedures at knees: Group A (65 patients / 130 
knees), including patients who received medial hamstrings 
surgical lengthening as part of multilevel approach; Group 
B (46 patients / 92 knees), represented by patients who 
underwent orthopaedic surgery including a STTX instead 
of STL.
Results: The groups matched regarding GMFCS and gender 
distribution, and surgical procedures performed simultane-
ously to knee flexion deformity correction. Fixed knee flex-
ion deformity (FKFD) decreased only in group B (from 6.790 
to 2.960, p<0.001) after intervention. In kinematics, APT 
increased from 16.380 to 19.030 in group A (p=0.003) while 
group B also increased from 15.260 to 20.590 (p<0.001). 
The minimum knee flexion in stance phase (MKFS) reduced 
from 25.340 to 21.650 (p=0.016) in group A and from 310 
to 19.570 (p<0.001) in group B. In the comparison between 
groups A and B, the increase of APT (p=0.028) and reduction 
of FKFD (p<0.001), popliteal angle (p=0.001), bilateral pop-
liteal angle (p=0.003) and MKFS (p=0.006) were higher after 
STTX than STL.
Conclusions: In the present study, patients who received STTX 
exhibited more improvement of knee extension at clinical 
examination and during gait than those underwent to STL, 
however STTX was not effective to prevent the increase of 
APT after flexed knee gait treatment. 

Neuromuscular
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The impact of asymmetrical hip dysplasia on the 
outcomes of patients with cerebral palsy
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Level III

Introduction and Objective: To evaluate the impact of asym-
metric hip dysplasia on the outcome of surgical management 
in cerebral palsy (CP) patients according to migration percent-
age (MP) pre-operative (Pre-o) and post-operative (Post-o).
Materials and Methods: IRB approved retrospective cohort 
review. From 2000 to 2019, 255 patients identified. Inclusion 
criteria: Gross Motor Function Scale classification (GMFSC) 

level III-V spastic hip whom underwent surgical treatment. 
Exclusion criteria: associated syndromes or chromosome 
defect, GMFCS I-II, hypotonic, and incomplete medical record.
Antero-posterior pelvic radiographs evaluated. The MP mea-
sured and categorized according to Melbourne Cerebral Palsy 
Hip Classification Scale (MCPHCS). The cohort was subdi-
vided into groups: A (one hip MP ≤ 15% and 1 dysplastic 
hip >15%), B (bilateral dysplastic hips >15% but < 20% of 
MP difference between hips), and C (bilateral dysplastic hips 
>15% but > 20% of MP difference between hips).
Results: 164 patients, 316 hips included. Mean age at sur-
gery 11.03 ± 3.8 years. Predominantly GMFCS V (99, 60.4%). 
MCPCHS (right/left) were type I (8/12), II (9/13), III (38/48), 
IV (91/76), and V (8/13). Soft tissue surgery (57) bone surgery 
(107) patients. Distribution by hip: 31 Group A, 47 B and 
81 C. Pre-o/Post-o MP difference between sides (soft tissue 
groups): A: Pre-o 26.6%. Post-o 12.9%; B: Pre-o 3.6%. Post-o 
9.2%; C: Pre-o 17.3%. Post-o 7.8%.
Pre-o/Post-o MP difference between sides (bone groups): A: 
Pre-o 50.3%. Post-o 8.7%;  B: Pre-o 3.6%. Post-o 18.8%;  C: 
Pre-o 33.6%. Post-o 14.6%. In general (soft-bone) MP groups: 
A: Pre-o 30.7%. Post-o 10.0%; B: Pre-o 40.9%. Post-o 25.6%; 
C: Pre-o 43.1%. Post-o 17.5%. Follow up 55.7 ± 40.5 months.
Conclusions: Asymmetrical dysplastic hips undergoing recon-
structive surgery in patients with CP do not seem to have 
worse outcomes compared to those patients with symmet-
ric preoperative MP. Soft tissue surgeries offer good results in 
patients with low MP.

Neuromuscular
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Predicted life expectancy in patients with cerebral palsy 
and neuromuscular scoliosis undergoing spinal fusion: 
an exploratory analysis from a single institution over 15 
years
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Introduction and Objective: The development of neuromus-
cular scoliosis (NMS) in paediatric patients with cerebral palsy 
(CP) constitutes a frequent orthopaedic problem with limited 
information on predicted survival rates. The aim of this study 
was to document the rate of survival among patients with CP 
and NMS who underwent spinal fusion at a single institution 
in the last 15 years.
Materials and Methods: Retrospective review of patients with 
CP less than 21 years of age who underwent spinal fusion 
between 2004 - 2019 for NMS was completed. Exclusion 
criteria included: non-fusion procedures and NMS due to 
non-CP diagnoses. Demographics, diagnoses, surgical details, 
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re-operations, and dates and causes of death were recorded. 
We also performed a Kaplan-Meier survival analysis and calcu-
lated the 95% confidence interval.
Results: A total of 425 patients were identified with a mean 
age at surgery of 14.3 years. 72.5% were GMFCS V (n=308) 
and 76.7% were classified as having spastic quadriplegia 
(n=326). The mean Cobb angle was 72.8 degrees. 90% of 
patients underwent posterior only surgery with fixation from 
T1 or T2-Pelvis (n=383). All patients were taken to paediatric 
intensive care unit post-operatively with mean hospital length 
of stay of 16.2 days. 16.7% had at least one re-operation 
(n=71). Mean follow up was 50.8 months post-operatively. 
As of September 2019, there were 59 known deaths (13.9%). 
Causes of death included respiratory failure, sepsis, and car-
diopulmonary arrest; but remains unknown in most. Kaplan-
Meier survival analysis demonstrated that the mean survival 
for this group of was 10.5 years with 95% CI ranging from 
9.9 to 11.6 years. 
Conclusions: This study demonstrates 68% of patients survive 
for 12 years following spinal fusion performed in children with 
CP and NMS. This will have a significant impact in medical 
decision making for clinicians and family members.

Neuromuscular
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Has the evolution of pelvic fixation in neuromuscular 
scoliosis improved outcomes?
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Level III

Introduction and Objective: Pelvic fixation techniques for neu-
romuscular scoliosis have evolved from rod-based fixation 
to mostly screw-based fixation. The Marchesi technique is a 
hybrid method described for Duchenne’s-associated scoliosis 
involving the placement of S1 pedicle screws combined with 
the insertion of L shaped rods into the ilium. We present a 
retrospective series of neuromuscular scoliosis patients eval-
uating the efficacy of 3 pelvic fixation methods in obtaining 
and maintaining correction of pelvic obliquity.
Materials and Methods: We performed a single center retro-
spective review of neuromuscular patients undergoing pos-
terior spinal fusion to the pelvis from 2012-2017. Over time, 
surgeons transitioned from primarily using the Marchesi tech-
nique to Iliac screws to S2 Alar-Iliac(S2AI) screws. We divided 
patients into 3 groups based on pelvic fixation technique and 
compared radiographic data.
Results: We identified 56 patients: 18 Marchesi, 29 Iliac, and 
9 S2SAI, the majority(52%) of which had cerebral palsy. 
Mean follow-up was 26 months, with 36 patients having 
minimum 2-year follow-up. There were no significant dif-
ferences in mean preoperative pelvic obliquity and mean 
preoperative major Cobb angle between the three groups. 

Initial post-operative pelvic obliquity correction was the 
same among the groups: Marchesi (64%), Iliac (51%), S2AI 
(52%) (p=0.448), as was initial Cobb angle percent correc-
tion: Marches I (52%), Iliac(53%), S2AI (53%) (p=0.979). 
In all 3 groups, pelvic obliquity correction was maintained 
at 1 year and at 2 years in the Marchesi and Iliac groups. 
At 1-year, major Cobb correction was maintained in the 
Marchesi and S2AI groups but the Iliac group had a loss of 
correction at 1(9.4% loss, p=0.016) and 2 years (10.3% loss, 
p=0.027).
Conclusions: Here we demonstrate that the Marchesi 
method is equivalent to Iliac screws and S2AI screws at 
obtaining and maintaining pelvic obliquity correction. The 
evolution of pelvic fixation has resulted in increased cost 
and usage of imaging without a demonstrable benefit for 
patients.

Neuromuscular
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Spinal fusion and pelvic fixation in Rett syndrome 
patients affected by scoliosis: management of 
complications in a 10 years follow-up series
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Level IV

Introduction and Objective: Rett syndrome (RS) is a rare 
genetic disorder affecting only girls. The prevalence is 
1:15000. The most characteristic features of RS are: lack of 
development, wringing of the hands. Musculoskeletal system 
is also affected and scoliosis remains the biggest challenge. 
Aim of paper is to describe the curve progression pre-opera-
tively, course of surgery radiological and subjective results of 
treatment. Moreover, here are described the complications 
and post-operative care management.
Materials and Methods: Postoperative follow-up was 10.1 
year. We describe a series of 21 girls with RS and scoliosis 
treated surgically in single Institution. Mean age at f.u. was 
13yo(6 to 17).Preoperatively curves ranged from 25 degrees 
up to 120 degrees Cobb angle, pelvic imbalance from 3 to 33, 
kyphosis from 56 to 70. Curve pattern was similar in all cases, 
long thoraco-lumbar curve with thoracic hyperkyphoisis. All 
girls underwent surgery. Posterior fusion with Trans Iliac Pel-
vic Stabilization technique. All complications that affected the 
recovery period or the final results were collected.
Results: Mean obtained Cobb correction was 48%, mean 
improving of Kyphosis angle was 37% and about the pelvic 
imbalance the correction was 58% with minimal correction 
loss at final follow-up (less than 5%), The most frequent com-
plication was pulmonary disfunction, than wound related and 
cardiovascular. 83% of patients need for ICU care post-op.
Conclusions: Neuromuscular scoliosis remains a challeng-
ing problem for spinal deformity surgeons. Spine surgery 
in children with neuromuscular scoliosis aim to stabilize the 
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spine, correct the deformity, halt deformity progression, 
improve sitting balance/function and prevent cardiopul-
monary deterioration. The characteristics of this genetic 
syndrome well explain the pulmonary complications. It’s 
important that the surgeon know it and work in team with 
paediatric ICU.

Neuromuscular
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CHOP: center variability in baseline presentation and 
management
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Level III

Introduction and Objective: Little information exists con-
cerning the variability of presentation, treatment thresholds, 
and management options for children with cerebral palsy 
(CP). The advantages of prospective multi-centre studies are 
well-documented, but centres may differ in terms of import-
ant variables. The purpose of this study was to determine 
whether there is a difference in baseline data among CP Hip 
Outcomes Project (CHOP) centres.
Materials and Methods: The prospective, multi-centre CHOP 
database was analyzed from 2015-2018. Inclusion criteria 
required patients aged 2 to18, diagnosed with CP or a CP-like 
condition, at Gross Motor Functional Classification System 
[GMFCS] Level III, IV, or V and primarily non-ambulatory, have 
a Reimer’s migration percentage (MP) ≥30%, and no previous 
hip surgery. Patients were enrolled in one of five treatment 
arms: natural history, botulinum toxin injections and bracing, 
soft tissue release, reconstructive hip surgery, or salvage hip 
surgery. Baseline data were compared across all 28 centres 
spanning 10 countries. 
Results: A total of 597 patients enrolled had baseline data (57 
excluded for incomplete data, 3 for ineligibility). Individual 
centre enrolment ranged from 3-95 patients. Mean age of 
enrolment was 7.8 (SD 3.64) years and mean MP for eligible 
hips was 58.0% (SD 24.22). Patients were classified at GMFCS 
Levels III(25), IV(212) and V(360). In total, 247 patients (mean 
age 7.7, mean MP 33.9-94.3%) were enrolled in the natural 
history arm, 39 (mean age 6.6) in botulinum toxin and brac-
ing, 55 (mean age 5.4) in soft tissue release, 242 (mean age 
8.4, mean MP from 36.0-80.9%) in reconstructive surgery, 
and 14 (mean age 13.38) in salvage. 
Conclusions: Key differences in patient presentation may exist 
across CHOP centres, which may reflect variability in prac-
tice and study enrolment. To identify prognostic factors and 
assess effectiveness of interventions for hip displacement, the 
centre is an important variable to control for.  

Neuromuscular
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The effect of selective dorsal rhizotomy on spinal 
deformities in children with cerebral palsy: a long-term 
follow-up study
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Level III

Introduction and Objective: In selective dorsal rhizotomy 
(SDR), multilevel laminectomies from L1-S1 or, more recently, 
a single laminectomy at the level of L1, are performed to 
expose dorsal rootlets. The purpose of this review was to 
determine the impact of SDR on spinal deformities in children 
with CP a minimum of 5 years post SDR.
Materials and Methods: A retrospective chart review was com-
pleted on a consecutive series of children undergoing SDR 
from 1987-2013. Pre and postoperative spine radiographs at 
minimum 5 years post SDR were required. Age, Gross Motor 
Function Classification System (GMFCS) level, level of lam-
inectomy, rootlets cut, pre and post-op curve magnitude, 
presence of a spondylolisthesis or spondylosis, pelvic inci-
dence, and orthopaedic surgical history were collected.  
Results: 108 participants (61 males, 47 females) at GMFCS levels 
I (2) II (25), III (22), IV (46), V (13), were included, represent-
ing 44% of SDRs performed. L1 laminectomy was utilized in 13 
(12%). Mean age at SDR was 4.83y (4.54, 5.11). Prior to the 
SDR, 27(25%) participants had a scoliosis with a mean Cobb of 
16.4o (14.8, 18.1). Post SDR, 58(52%) participants, mean age 
of 18.3y (17.2-19.3) had a scoliosis with the major curve aver-
aging 45.4o (36.4, 54.4) ranging from 11o-128o. Comparing 
by GMFCS level, 8 (32%) participants at level II and 5 (23%) at 
GMFCS level had a scoliosis, all under 40o. At levels IV and V, 17 
(37%) and 4 (31%) participants had a curve between 10 and 
39o while 16 (35%) and 8 (62%) participants had a curve >40o. 
Sagittal plane imaging was available for 95 participants. Sagittal 
plane deformities, including lordosis over 60o, spondylolisthesis, 
spondylolysis, and pseudarthrosis, were identified in 28 (31%). 
Conclusions: The rate of scoliosis is consistent with the natural 
history reported in the literature when compared by GMFCS 
level. There was a high rate of sagittal plane deformities.

Spine
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Does utilizing two spine surgeons for neuromuscular 
scoliosis impact operative outcomes and complications
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Level III

Introduction and Objective: Neuromuscular scoliosis (NMS) 
an all-encompassing term for patients who develop scolio-
sis non-idiopathically, related to an often systemic underly-
ing diagnosis. NMS that develops typically complex relative 
to idiopathic scoliosis, presents surgical challenges includ-
ing severe curves, pelvic obliquity, and concurrent kyphosis. 
Patients tend to have complex medical histories and comor-
bidities that increase intraoperative and postoperative risks. 
This retrospective study identified differences and benefits 
performing corrective NMS by two experienced paediatric 
co-surgeons (CS) rather than single surgeon (SS). Outcomes 
measures determined long-term differences.
Materials and Methods: Database NMS posterior spinal fusion 
(PSF) 2016-2018. 25 patients-14 CS, 11 SS. Co-surgeries 
composed of a paediatric spine surgeon coupled with a pae-
diatric orthopaedic surgeon, solo surgeries were a paediat-
ric spine surgeon. Patient diagnosis, sex, age, curve severity, 
levels fused, estimated blood loss, anaesthesia and surgeon 
times, postoperative length of stay, and complications (both 
intraoperatively/postoperatively) were collected. Excel statis-
tical analysis using a two-tailed T-test defined statistically sig-
nificant at p≤0.05.
Results: NMS related to cerebral palsy (n=16: 10 CS, 6 SS), Rett 
syndrome (n=5: 3 CS, 2 SS), Cri-du-chat syndrome (n= 1: 1 CS), 
spinal muscular atrophy (n=1: 1 SS), myelomeningocele (n=1: 
1 SS), congenital cytomegalovirus (n=1: 1 SS). No difference 
demographics (age, sex, and weight). CS group had a more 
severe curve (82.3 vs 67.7, p=0.04). CS had an insignificantly 
greater number of levels fused (15.2 vs 14.7, p=0.29), rate of 
fusion to pelvis (64.3% vs 45.5%, p=0.37), blood loss (821cc 
vs 580cc, p=0.21). CS operative time was faster (anaesthesia 
time: 397 min vs 462 min, p=0.09; surgeon time: 295 min vs 
336 min, p=0.17). CS group showed an insignificantly shorter 
hospital stay (5.79 days vs 6.73 days, p=0.47) complication rate 
(0% vs 9%, p=0.27). One SS complication, postop pneumonia.
Conclusions: Results trend in favour of CS procedures for 
complex NMS PSF, including faster surgeries, shorter hospital 
stays, and lower complication rates despite the patients hav-
ing worse curves requiring more extensive fusions. 
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Mehta casting: where are they now?
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Level III

Introduction and Objective: EOS is a challenging disease, if 
left untreated can lead to progressive deformity until skele-
tal maturity. Mehta casting can delay surgical treatment until 
lengthening constructs are appropriate interventions. Casting 
provides a non-operative treatment to assist in correcting, 

improving and/or delaying surgical treatment. This retro-
spective study reviewed the treatment and outcomes for EOS 
patients undergoing Serial Mehta Castings. 
Materials and Methods: EOS patients who underwent gen-
eral anaesthesia for Mehta casts 2011-2018 were reviewed. 
Parameters EOS diagnosis and type, sex, age, degree of curve, 
# of casts, and treatment status.
Results: 93 patients, 17 lost to follow up. Idiopathic 24 
females/30 males; initial casting mean age 18 ± 12 mths; ini-
tial curve 40.2± 13.5_; last follow up 21 patients curves < 10_ 
remaining patient curves 31.2 ± 21.6_; cast total 6.5 ± 4.3. 
Current status of idiopathic:28 observation, 18 brace, 6 cast-
ing, 1 lengthening construct, 1 definitive fusion. Syndromic 
7 females/4 males; initial mean age 33 ± 15.1 months; ini-
tial cast major curve 58.9 ± 21.6_; curve at follow up 53.7 ± 
20.8_; cast total 4.8 ± 3. Syndromic 4 brace, 3 casting, and 4 
GR construct (2 TGR and 2 MCGR). NM group 3 females/14 
males; initial cast mean age 28.7 ± 13.9 mths; initial curve 
52.6 ± 10.8_; curve at last follow up 31.6 ± 16.4_; cast total 
6.4 ± 2.5. NM status 1 observation, 9 brace, 8 lengthening 
constructs. Congenital 5 female/6 males; initial cast mean age 
24 ±7.8 months; initial cast curve 66.1 ± 17.5_; curve last fol-
low up 56.3 ±21.9_; cast total 7.8 ± 7.5. Congenital:3 brace, 6 
lengthening constructs (3 TGR 3 MCGR), 2 definitive fusions.
Conclusions: Serial casting can provide effective initial treat-
ment in EOS and definitive treatment or, an intermediate 
treatment until patients are able to undergo implantation of 
lengthening devices.
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Level IV

Introduction and Objective: Vertebral fractures in children 
and adolescents may have devastating consequences and be 
associated with severe morbidity. The objective of this study 
was to evaluate the epidemiological data, location, associated 
lesions, types of treatment and complications of vertebral 
fractures treated in two major hospitals for paediatric trauma, 
serving 7 million people.
Materials and Methods: Retrospective review of the clinical 
and radiographic charts of all children and adolescents admit-
ted with the diagnosis of traumatic vertebral fracture, period 
2011-2015, age 0-17 years. Data was collected regarding: 
age, gender, seasonal distribution, mechanism of injury, loca-
tion, pattern, neurological status, associated lesions, treat-
ment, hospitalization, complications / additional procedures.
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Results: 61 patients were identified, 2 excluded (pathologi-
cal fracture-leukemia). 35 males and 24 females patients with 
mean age 13.5 years (2-17). There were more fractures in the 
summer months (18). Falls of height (42%) and road acci-
dents (36%) were the main mechanisms of injury. Anatomi-
cal distribution: 18 cervical fractures, 21 thoracic, 18 lumbar 
and 2 sacred fractures. 54% of the fractures were isolated; 
head trauma (25%) and limb fractures (24%) were the most 
frequently associated lesions. 71% of patients were. Average 
time in hospital was 20.2 days (1 - 381). Surgical treatment 
in 11 (18.6%) patients, 3 revision procedures. Most patients 
(73%) classified Frenkel E on admission and 9 Frenkel A-D. It 
was not possible to determine the neurological lesion level in 
5 patients (insufficient data and head trauma). We evaluated 
the progression of 5 of the 6 patients initially Frenkel B-D: 1 
aggravated to complete neurologic deficit (type A), 1 main-
tained neurological status and 3 patients improved for type E. 
There were 2 deaths (polytrauma).
Conclusions: Vertebral fractures in the paediatric population 
are usually caused by high-energy trauma and associated with 
significant morbidity. It is necessary to look actively for asso-
ciated lesions.
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Does autism alter the risk profile for adolescent 
idiopathic scoliosis surgery?
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Level III

Introduction and Objective: Diagnoses of autism spectrum 
disorders (ASD) are becoming more common. Currently, 
there is no literature assessing the effect of ASD on the out-
comes of spinal fusion (SF) in adolescent idiopathic scoliosis 
s(AIS). We use a national database to examine the effect of 
ASD diagnosis on the risk profile of patients undergoing SF 
for AIS.
Materials and Methods: Data was extracted from the Health-
care Cost and Utilization Project’s Kids’ Inpatient Database 
(2000-2016), the largest publicly available all-payer US pae-
diatric inpatient database. Using ICD-9-CM and ICD-10-CM 
codes, we identified a cohort of patients with AIS who have 
undergone SF. We stratified this cohort by the presence of 
ASD and compared demographics, costs, and complications 
between groups using chi-squared tests, ANOVA tests, t-tests, 
and multivariable linear regression.
Results: Of an estimated 34,519 AIS patients who under-
went SF, 460 (1.3%) were also diagnosed with ASD. In the 
ASD group, 36.3% were female, compared to 75.7% in the 
AIS-only group (P<0.001). From 2000 to 2016, the percent-
age of AIS patients undergoing SF also diagnosed with ASD 
increased 150% (0.8% vs 2%, P<0.001) and average hospital 

charge rose 111% ($87,144 vs $183,985, P<0.001). Patients 
with ASD had a higher average hospital charge ($190,938 vs 
$159,643, P<0.001) and higher mean number of comorbid-
ities (0.45 vs 0.27, P<0.001).There was no difference in age, 
length of hospital stay, or overall risk of perioperative compli-
cations between the two groups. ASD patients had a higher 
rate of pulmonary complications (5.5% vs 1.5%, P<0.001). In 
multivariable regression models controlling for comorbidities, 
ASD was associated with a $9,496 increase in total charges 
(P=0.028) and increased odds of pulmonary complications 
(OR=2.3, P=0.002).
Conclusions: Since ASD was found to be a risk factor for post-
operative pulmonary complications, a high index of suspi-
cion for pulmonary complications is warranted by physicians 
counselling AIS patients with ASD on the potential risks and 
expected outcomes of SF.
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Level III

Introduction and Objective: Intrathecal morphine (IM) is a sig-
nificant adjunct for pain relief during paediatric spinal defor-
mity surgery. There is no literature regarding its use in the 
presence of a spinal cord syrinx.
Materials and Methods: Our prospective database (1992-
2018) was reviewed to identify all patients undergoing spinal 
deformity surgery that had a spinal cord syrinx preoperatively 
on magnetic resonance imaging. We assessed age, gender, 
diagnoses, location of the syrinx, paediatric intensive care unit 
(PICU) admission, IM complications (neurologic or respiratory 
depression) and reasons specific patients did not receive IM.
Results: There were 1446 patients who underwent instru-
mentation for spinal deformity. Of these, 42 patients had a 
known spinal cord syrinx. Twenty-two patients received IM 
and 20 patients did not (non-IM). Patients with a syrinx and 
myelodysplasia (8), tethered spinal cord (4), paraplegia (1), 
holocord (1), neuroblastoma (1), and spinal cord glioma (1) 
were not given IM. Other reasons included a failed attempt 
(1), expectedly short surgical time (1), and anaesthesiol-
ogist declined (2). IM group had 4 cervical, 6 cervicotho-
racic, and 12 thoracic syrinxes. The non-IM group had 8 
cervicothoracic, 6 thoracic, and 4 holocord syrinxes and two 
had unclassified locations. There were no neurologic com-
plications in the IM group. One patient in the non-IM group 
with a spinal holocord syrinx had temporary lower extrem-
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ity weakness postoperatively that completely resolved. One 
patient in the IM group experienced a respiratory depression 
following a shorter than expected surgery and was observed 
in the PICU.
Conclusions: Of the 22 patients who had a preoperative syrinx 
and received IM, 21 (95%) had no complications, including 
neurological. Outcomes were essentially identical to those 
who did not receive IM (5% complications). Certain patients 
with a syrinx have anatomic reasons to avoid IM, but those 
who are able can receive IM safely.
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Do routine nutrition consults for neuromuscular scoliosis 
help the patient or just the rankings?
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Introduction and Objective: This study aims to investigate the 
efficacy of nutrition consults on pre-operative weight gain 
and outcomes for neuromuscular scoliosis patients undergo-
ing posterior spinal fusion (PSF).
Materials and Methods: A retrospective chart review was 
conducted on patients < 18 years old with neuromuscular 
scoliosis who underwent posterior spinal fusion. Charts were 
reviewed for height and weight at 12, 6 and 3 months prior 
to surgery, nutrition consults, methods of nutritional optimi-
zation and post-operative complications. For each preoper-
ative time point, mean change in weight before surgery for 
patients who did not receive a nutrition consult was com-
pared only to that of those who had received a nutrition con-
sult by that time point.
Results: 243 neuromuscular scoliosis patients met inclusion 
criteria. 46% (111/243) received a pre-operative nutrition 
consult and 54% (132/243) did not. Mean age at time of 
surgery was 13.8 ± 2.4 (range: 9.0-17.9). Preoperative nutri-
tion consults led to g-tube placement in 4.5% (5/111) of 
patients. Mean pre-operative BMI of those who received a 
nutrition consult at 12, 6 and 3 months prior to surgery was 
17.5, 19.0 and 18.6 respectively. Mean BMI of those who 
did not receive a consult was 18.4, 19.2 and 19.7 at 12, 
6 and 3 months pre-operatively. There were no differences 
in 12-month (p=.66), 6-month (p=.79) or 3-month (p=.29) 
pre-operative change in BMI. There were also no differences 
in 12-month (p=.10), 6-month (p=.20) or 3-month (p=.10) 
pre-operative change in absolute weight. Finally, the inci-
dence of infection (p=.52), implant-related complications 
(p=.12), wound complications (p=.35), reoperation (p=.44) 
and length of hospital stay (p=.08) between groups were 
similar.
Conclusions: Pre-operative nutrition consults did not signifi-
cantly improve pre-operative weight gain and there were no 

statistical differences between rates of infection, implant-re-
lated complications, wound complications, reoperation 
or length of hospital stay among neuromuscular scoliosis 
patients who underwent PSF.

Spine

EP-069

Surgical site prevention protocol for paediatric spinal 
deformity surgery: does it make a difference?

Jilan Shimberg1, Connie Poe-Kochert2, Christina Hardesty2, 
Jochen Son-Hing2, George H. Thompson2, Justin Mistovich2

1Case Western Reserve University, Cleveland, United States, 
2Rainbow Babies and Children’s Hospital, Orthopaedics, 
Cleveland, United States

Level III

Introduction and Objective: Surgical site infection (SSI) is a 
concern in paediatric spinal deformity surgery. Can a stan-
dardized care bundle decrease SSI in paediatric spinal defor-
mity surgery?
Materials and Methods: We performed a retrospective 
review of our primary scoliosis surgeries between 1999 and 
2017. In 2008, we implemented a standardized infection 
reduction bundle. Interventions included preoperative nares 
screening for methicillin-resistant staphylococcus aureus or 
methicillin sensitive staphylococcus aureus two weeks pre-
operatively, and treatment with intranasal mupirocin when 
positive, a chlorohexidine bath or shower the night before 
surgery, a preoperative chlorohexidine scrub, standardized 
timing of antibiotic administration, standardized intraopera-
tive re-dosing of antibiotics, limiting operating room traffic, 
and standardized postoperative wound care. In 2011, we 
added intrawound vancomycin powder at wound closure. 
Our inclusion criteria were patients ≤ 21 years of age with 
idiopathic, neuromuscular, syndromic, or congenital scolio-
sis who had a primary spinal fusion or a same day anterior 
and posterior spine fusion with segmental spinal instrumen-
tation of 6 levels more. We compared the incidence of early 
(within 90 days of surgery) and late (>91 days) SSI during 
the first postoperative year.
Results: There were 804 patients who met inclusion  
criteria: 404 in the non-bundle group (NBG) for cases  
prior to  protocol change and 400 in the bundle group 
(BG) for cases after the protocol change. Postoperatively, 
there were 29 infections (7.2% of total cases) in the NBG: 
9 early (2.2%) and 20 late (5.0%) while in the BG there 
were 10 infection (2.5%): 6 early (1.5%) and 4 late (1.0%). 
The reduction in overall SSIs was statistically significant 
(p=0.01). There was a trend toward decreased early infec-
tions, but this did not reach statistical significance (p=0.14). 
We have had no early infections between November 2015 
and now.
Conclusions: Standardized care bundles appear effective  
in reducing the incidence of postoperative paediatric spine 
SSIs. 
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Using a dedicated spine radiology technologist is 
associated with reduced fluoroscopy time, radiation 
dose, and surgical time in paediatric spinal deformity 
surgery

Ali Siddiqui1, Lindsay Andras1, Edward Compton1, Kyle 
Obana1, Rajan Murgai1, Vernon Tolo1, Kenneth Illingworth1, 
Skorn Ponrartana1, David Skaggs1

1Children’s Hospital Los Angeles, Children’s Orthopaedic 
Center, Los Angeles, United States

Level III

Introduction and Objective: Repetitive use of intraoperative 
fluoroscopy during posterior spinal fusion (PSF) exposes the 
patient, surgeon, and staff to radiation. The purpose of this 
study was to investigate the fluoroscopy time and radiation 
exposure during paediatric spine surgery using a radiology 
technologist with extensive experience in spine operating 
rooms (dedicated) compared to all other x-ray technologists 
(non-dedicated).
Materials and Methods: Retrospective review was con-
ducted on patients that had posterior spinal fusion (PSF) of 
≥ 7 levels for adolescent idiopathic scoliosis (AIS) at a ter-
tiary care paediatric hospital from 2006 to 2014. Cases cov-
ered by the dedicated technologist were compared to all 
other cases. Total fluoroscopy time, radiation dose, surgery 
duration, estimated blood loss (EBL), and allogenic transfu-
sion were compared between groups. Multiple regression 
analysis was performed to control for the surgeon perform-
ing the case.
Results: 148 patients met inclusion criteria. 65/148 (44%) 
underwent PSF with the dedicated technologist and 
83/148(56%) were done by the other technologists. The total 
fluoroscopy time was significantly reduced in patients with 
the dedicated technologist (51.8seconds) compared to those 
without (72. seconds) (p=0.003). The use of the dedicated 
technologist was also associated with reduction in fluoros-
copy time per vertebral level (4.6 vs. 6. seconds; p = 0.003) 
and total length of surgery (235vs.262minutes;p=0.023). 
There were no differences in the EBL(p=0.446) or transfusion 
requirements (p=0.728) between the groups. Multivariate 
regression analysis controlling for the surgeon performing 
the case revealed that using of a dedicated technologist was 
independently associated with less total radiation (0.10vs.0. 
29mGy/m2) (p=0.002), less total fluoroscopy time (p=0.03), 
less fluoroscopy time per vertebral level (p=0.044) and less 
surgical time (p=0.043). 
Conclusions: In AIS patients undergoing PSF, the use of a ded-
icated radiology technologist resulted in a significant reduc-
tion in total fluoroscopy time, radiation exposure, and total 
surgical time. Further investigation will be directed towards 
training additional radiology technologists to become equally 
efficient.
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In-office maximal voluntary ventilation (MVV) testing 
demonstrates pulmonary improvement following 
posterior spinal fusion for adolescent idiopathic scoliosis
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Hanna Omar-Payne1, Gabriela Villamor1, Joshua Yang1,  
Vernon Tolo1, David Skaggs1

1Children’s Hospital Los Angeles, Children’s Orthopaedic 
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Level II

Introduction and Objective: Pulmonary function can be 
impaired in patients with adolescent idiopathic scoliosis 
(AIS). We sought to evaluate changes in pulmonary func-
tion by assessing both maximal voluntary ventilation (MVV) 
and forced vital capacity (FVC) for AIS patients in relation to 
changes in Cobb angle over time.
Materials and Methods: 49 AIS patients with thoracic curves 
of 10° or greater were enrolled. Patients performed pulmo-
nary function tests using the Carefusion MicroLoop Spirom-
eter. Results were considered reliable when ATS/ERS criteria 
were met. Testing was conducted at time of enrolment and 1 
year later. Cobb angle worsening of >5° was considered curve 
progression.
Results: At enrolment, 49 patients had a mean Cobb angle of 
38° (range: 10°-76°). One year later 18 patients had under-
gone fusion, 10 patients had a Cobb angle progression >5°, 
and 21 patients had no progression. At 1 year, there was a sig-
nificant negative correlation between MVV and Cobb angle 
(r=-0.3724, p=0.04). Following spinal fusion, the Cobb angle 
improved a mean of 41 degrees, and the MVV values increased 
19% (p<0.01), but the FVC did not increase significantly (5%, 
p=0.3). In curves that were stable (no progression), the MVV 
increased 12% (p=0.01) and FVC increased 9% ( p=0.007). 
In patients whose curves progressed that had not undergone 
surgery, there was a mean progression of Cobb angle of 13° 
+/- 7.1and no increase in MVV (p=0.41) or FVC (p=0.5).
Conclusions: This is the first study using pulmonary testing in 
an orthopaedic clinic that demonstrates improved pulmonary 
function with PSF and growth, in AIS patients. 
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Is growth-friendly surgery adequate for the treatment of 
non-ambulatory early-onset scoliosis myelomeningocele 
patients?

Norman Ramirez Lluch1, Ryan Fitzgerald2, Gerardo Olivel-
la3, John Smith4, Peter Sturm5, Paul Sponseller6, Lawrence 
Karlin7, Scott Luhmann8, Tricia St. Hilaire9, Paediatric Spine 
Study Group9
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Level III

Introduction and Objective: Non-ambulatory myelomeningo-
cele patients tend to develop early-onset progressive spinal 
deformity that affect overall health of patient. Their surgical 
correction options are associated with high complication rate. 
Purpose of this study is to determine surgical outcomes and 
complications of non-ambulatory early-onset scoliosis (EOS) 
myelomeningocele patients treated with growth friendly sur-
gical techniques.
Materials and Methods: Retrospective Institutional Review 
Board approved study of all non-ambulatory EOS myelo-
meningocele patients treated with growth friendly surgical 
techniques from 2004 to 2017 with at least 3 lengthening 
procedures was conducted. Demographic and radiographic 
data was evaluated at pre, immediate and most-recent 
post-operative period. 
Results: Thirty-seven non-ambulatory myelomeningocele 
patients (23-females, 14-males), part of a multi-center data-
base underwent growth friendly surgical technique. Average 
age at first surgery was 5.5+2.5 years and BMI 17.5+3.0. 
Mean surgical time was 219.5+101.4 minutes, mean blood 
loss 58 mL and post-operative length stay 4.1+1.9 days. 
Follow-up was 4.6+2.1 years. Average number of surgical 
lengthening procedures was 7.0+3.0. Average pre-operative 
coronal Cobb angle was 67.7°+33.0° with post-operative 
angle of 41.4°+20.5°, and 60.5°+28.1° angle at most recent 
follow-up. Mean pre-operative sagittal Cobb angle showed 
51.0°+45.5° with post-operative angle of 35.2°+35.1° and 
52.5°+22.5° angle at most recent follow-up. Fifteen percent 
of spine height T1-S1 increase was shown after first surgical 
procedure with continuous growth of 1-cm by year. Seven-
ty-one complications (60-surgeries and 11-non-operative 
medical interventions) occurred in 29/37 (78.4%) patients 
with an average of 2.4 complications per patient. Compli-
cation risk after initial implantation was 24%, increasing 6% 
with each lengthening procedure. Most common compli-
cations were device related (76 %), infection (14.1%), pain 
(5.6%), pneumothorax (1.4%) and disease related death 
(2.8%). 
Conclusions: Substantial complication rate was reported in 
non-ambulatory myelomeningocele EOS patients. However, 
use of growth friendly surgical technique in this population 
has a potential role to detain spine deformity and increase 
T1-S1 spine height. 
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Conventional growing rod in EOS treatment – revision of 
22 severe cases with long-term lengthening

João Lameiras Campagnolo1, Andreia Mercier Nunes1, Pedro 
Jordão1, Jorge Mineiro1

1Centro Hospitalar Lisboa Central, Lisbon, Portugal

Level IV

Introduction and Objective: Some authors contest the use of 
conventional growing constructs in surgical treatment of ear-
ly-onset scoliosis (EOS), due to: need of repeated surgeries, 
high rate of complications and progressive lack of flexibility of 
the curve after 1-2 years. We aim to evaluate the Cobb angle 
variation and trunk growth during lengthening growing rod 
treatment. 
Materials and Methods: We reviewed clinical and surgical 
data from all EOS patients treated with conventional growing 
devices in our Department, from 2008 to 2017. Cobb angle, 
T1-S1 distance and growth inside the device were measured 
at the beginning and ending of the treatment. The number of 
surgeries and complications was also evaluated.
Results: We reviewed 24 patients, 9 Males and 15 Females. 
Average age was 6.4 yo (4-9) at the beginning of surgical 
treatment and 11.5 yo (8-15) at the ending of the treatment. 
Patients were submitted to lengthening for an average of 5.3 
years (2.7-8.7). EOS aetiologies were idiopathic (n=9), neuro-
muscular (n=8), congenital (n=4) and syndromic (n=3). Mean 
initial Cobb angle was 68o. An average of 8.7 procedures 
per patient were performed. Devices used were conventional 
dual sliding rods (USS Paediatric-Synthes) in 19 cases, VEPTR 
(Synthes) in 2 cases and dual sliding rods (Medtronic) in 1 
case. After an average 5 years of lengthening, mean Cobb 
angle improved from 68o to 41o. The S1-T1 length increase 
averaged 67.9mm and the device length increase averaged 
43.9 mm. There were 40 complications (1.8/patient), most of 
them due to rod/screws breakage or hooks pull-out.
Conclusions: Conventional growing techniques are a good 
surgical option for severe progressive EOS. Despite a majority 
of non-idiopathic cases, we still have satisfactory results. We 
believe that even with elevated complication and reoperation 
rates this method is the best alternative to curves that do not 
fit magnetic rod devices. 
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Can opioid free anaesthesia reduce postoperative pain 
after adolescent idiopathic scoliosis surgery?

Florence Julien-Marsollier1, Anne-Laure Simon2, Souhayl 
Dahmani1, Brice Ilharreborde2
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Level III

Introduction and Objective: Posterior fusion for adolescent 
idiopathic scoliosis (AIS) is among the most painful sur-
geries. Common anaesthesia usually associates hypnotics 
and morphinomimetics to stabilize blood pressure, while 
postoperative pain management combines high doses of 
opioids and non-opioid analgesics. High doses of opioids 
have been reported to trigger chronic pain, responsible for 
poorer functional outcomes, and Opioid Free Anaesthesia 
(OFA) has recently gained popularity in colorectal surgery. 
We therefore hypothesized that avoiding intraoperative opi-
oids using a new OFA protocol, during AIS surgery could 
decrease both postoperative morphine consumption during 
hospitalization stay, but also the occurrence of chronic neu-
ropathic pain.
Materials and Methods: After IRB approval, a consecu-
tive series of patients operated for AIS were prospectively 
included. A control group (January and June 2017) using a 
standard opioid-based anaesthesia, was compared to the OFA 
group (June 2018 and September 2018) using dexmedeto-
midine and ketamine. The primary measured outcome was 
morphine consumption at day 1 and day 3. The second out-
come was the occurrence of self-reported chronic pain at 1 
year postoperative. 
Results: A total of 33 patients included in the OFA protocol 
were compared to 36 controls. All patients were discharged 
at day 4 postoperative, without difference between groups. 
Morphine consumption was significantly decreased in the OFA 
group at day 1 (0.78 mg/Kg [0.16-1.5] vs 1.07 mg/Kg [0.60-
1.54], p=0.023) and at day 3 (0.9 mg/Kg [0.07-1.73] vs 1.39 
mg/Kg [0.46-2.32], p=0.048). No difference was reported 
between groups for pain intensity at day 1 and day 3, but the 
occurrence of chronic pain was significantly reduced in the 
OFA group at 1-year postoperative (48% vs 12%, p=0.036) 
without any side effect or complication reported. 
Conclusions: OFA is efficient to reduce both postoperative 
morphine consumption during hospitalization and chronic 
neuropathic pain after AIS surgery. This protocol should be 
considered to enhance fast-track rehabilitation. 
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Using a modified Jackson table for elongation, 
derotation, flexion casting

Blake Montgomery1, Kali R. Tileston1, Japsimran Kaur1, 
 Nicole A. Segovia1, Dan Kym1, Meghan Imrie1, James Policy1, 
 Lawrence A. Rinsky1, John S. Vorhies1
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Level III

Introduction and Objective: Early onset scoliosis (EOS) can 
have harmful effects on pulmonary function and quality of 
life. Serial elongation, derotation, and flexion (EDF) casting is 

an effective treatment, delaying surgical intervention and, at 
times, curing EOS. Most described casting techniques call for 
the use of a specialized frame or casting table, not available 
at many institutions. We describe a novel technique for EDF 
casting on a Jackson table modified to function as a traction 
frame (MJ). Here, we compare results of casting using this 
table to a traditional Risser frame (RF).
Materials and Methods: We retrospectively reviewed all EOS 
patients who had EDF casting on RF or MJ at our institution 
between January 2015 and January 2019. We stratified patients 
by type of table used and compared clinical and radiographic 
outcomes. Standard descriptive statistics were calculated.
Results: We identified 25 patients who underwent 77 casting 
events, 11 on MJ and 14 on RF. Mean follow-up was 21 months 
(range 3-46 months). 80% of patients had at least one-year fol-
low-up and 52% had two-year follow-up. 28% of patients had 
idiopathic scoliosis. There was no significant difference in age at 
initiation of casting (RF=5.1y, MJ=4.4y, P=0.298), initial Cobb 
angle (RF=51°, MJ=43°, P=0.411), or rate of idiopathic scoliosis 
between the two groups (RF=14%, MJ=36%, P=0.178). There 
was no significant difference in coronal Cobb angle correction 
between the groups at fist in-cast x-ray (RF=33%, MJ=23%, 
P=0.340), at one-year follow-up (RF=15%, MJ=%1, P=0.301), 
or at two-year follow-up (RF=-13%, MJ=27%, P=0.019). There 
was no difference in rate of cast related complications between 
the groups (RF=8%°, MJ=14%, P=0.65) There was a signifi-
cant difference in surgical time, with the MJ group 16 minutes 
shorter than the RF (P=0.010).
Conclusions: We found no differences in complication rate or 
magnitude of initial in cast correction between the MJ and 
RF cohorts. The MJ table is a safe and effective alternative for 
applying EDF casts under traction without the need for a spe-
cialized table. 
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Power pedicle tract preparation and screw placement: a 
multicenter study of early adopters
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Level IV

Introduction and Objective: Use of power tools for pedicle 
tract preparation and screw placement has potential advan-
tages of patient safety and surgeon preservation. Our purpose 
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was to determine the safety of power-assisted pedicle screw 
placement by early adopters of this technology.
Materials and Methods: Retrospective review of 27,662 ped-
icle screws in 1,712 cases of posterior spinal fusions placed 
by 6 fellowship trained paediatric orthopaedic surgeons or 
their assistants. Exclusion criteria were prior instrumentation. 
This technique uses a flexible 2.0-2.4mm drill bit with power 
rather than an awl. O-arm imaging was used in less than 2% 
of patients. Charts and both intraoperative and postoperative 
imaging studies were reviewed.
Results: There were no vascular issues intraoperatively or post-
operatively related to screw placement (0/1712 patients). 
There was one medial breech during pedicle tract prepara-
tion with O-arm resulting in intraoperative neuromonitoring 
loss. The case was staged and had 100% neurologic recov-
ery. There were no other neurologic issues intraoperatively or 
postoperatively related to screw placement (0.06%; 1/1712). 
3 patients underwent revision for malpositioned screws, 2 
identified on postoperative imaging (1 medial; 1 lateral) and 
1 with CSF leak due to a medial breech. Additionally, at 2 
weeks postop, 1 patient had a motor vehicle accident result-
ing in screw plow with medial breech and CSF leak requir-
ing revision. 2 other patients had positional headaches that 
resolved with bedrest, which may have been related to screw 
placement, but no CSF leak was appreciated intraoperatively. 
In total, 0.01% (4/27,662) pedicle screws in 0.24% (4/1,712) 
of cases were revised for screw position (3 malposition:2 
medial, 1 lateral; post trauma: 1 medial). 
Conclusions: The use of power tools for pedicle tract prepara-
tion and screw placement is a safe technique in the hands of 
six early adopter surgeons with 1 intraoperative breech with 
temporary neurologic injury and 4 screw revisions (0.30%: 
5/1712 patients).
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Synovial fluid cytokine patterns in skeletally immature 
patients with anterior cruciate ligament injury
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Level II

Introduction and Objective: Treatment of anterior cruciate 
ligament (ACL) injuries in adolescent population is controver-
sial. Preclinical and clinical studies investigated ACL repairing 
techniques in skeletally immature patients. However, intra-ar-
ticular bioenvironment following ACL tear has not yet been 
defined in this population. The aim of this study was to evalu-
ate cytokines synovial fluid concentrations in adolescents. 

Materials and Methods: Levels of IL-1β, IL-1ra, IL-6, IL-8, IL-10 
and TNF-α were measured in synovial fluid of 17 adolescent 
patients (15 boys) with ACL tears including acute (5), sub-
acute (7), and chronic (5) phases. Associated meniscal tears 
were recorded in 11 patients. Femoral growth plates were 
classified as “open” in 3 patients, “closing” in 8, and “closed” 
in 6. Tegner and Lysholm score and physes characteristics 
were estimated at the time of arthrocentesis.
Results: Pre-injury Tegner and Lysholm scores was 8 ± 1 and 
50.76 ± 26, respectively. Patients with “open” physes pre-
sented significantly higher levels of IL8, TNF-α and IL-1β. IL-1ra 
and IL-1β levels were significantly higher in patients with ACL 
tear associated with meniscal tear. Poor Lysholm scores were 
correlated with elevated IL-6 and IL-10 levels. IL-10 levels 
positively correlated with IL-6 and IL-8 levels, whereas TNF-α 
concentration negatively correlated with IL-6 levels. Skele-
tally immature patients with meniscal tears and open growth 
plates have a characteristic cytokine profile with particularly 
elevated levels of proinflammatory cytokines including IL-8, 
TNF-α, and IL-1β.
Conclusions: Levels of pro-inflammatory cytokines were sig-
nificantly elevated in skeletally immature patients with ACL 
injury and open growth plates. Moreover, a specific cytokine 
pattern was observed in presence of an associated meniscal 
tear. The study lacks the comparison with synovial samples 
from healthy skeletally immature knees due to ethical reasons. 
Overall, these data contribute to a better knowledge of ado-
lescent intra-articular bioenvironment following ACL injuries.
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Neuromuscular intervention of upper extremities for 
children in wheelchair
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Introduction and Objective: Physical activity and physical 
function are relevant factors for physical health in children 
with disabilities. Therefore, physical interventions should 
promote functional exercises in a motivational environment. 
Children who use wheelchairs profit from focusing on upper 
extremities and rump stability 
Materials and Methods: A neuromuscular intervention for 
upper extremities and rump activation was introduced in 
school and a sports club and primarily examined feasibility 
and cost effectiveness. 12 Children who use wheelchairs (Ø 
13,69, ± 3,60) took part in a ten-week intervention training 
once a week. The Intervention promoted exercises regarding 
reactive muscular control of the rotator cuff and postural con-
trol with use of light weights (0,5kg), swing sticks and mobi-
pads. Clinical measurements for isometric grip strength [hand 
grip dynamometer], submaximal aerobic endurance [6-min-
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ute propulsion test], quality of life [PACES] and motivation 
[PACES] where accessed.
Results: Outcomes from base line to post test and percent-
age deviation are shown in brackets. Posttest results showed 
higher scores of all outcome parameters. The participants 
had higher scores regarding 6MPT (405,57m to 508,21m 
[Δx 20,20%]), as well as in MHK (L: 21,88kg to 23,99kg [Δx 
8,80%]; R: 21,53kg to 23,99kg [Δx 8,42%]). Physical activity 
improved from 3,37km to 4,69 km [Δx 28,14%]. The over-
all quality of life improved relatively (KS10: 49,29 to 61,39 
[Δx 19,71%]). Motivation in means of enjoyment of physi-
cal activity improved and standard deviation sunk -105,76% 
(68,67 to 75,67 [Δx -105,76%].
Conclusions: The intervention seems to be feasible, safe and is 
affordable for children in wheelchairs. The mobi-pad must be 
specially attached to the wheelchair, for safe use. The results 
indicate that the intervention has positive effect of clinical 
outcome on physical activity and muscle function. Parts of 
the better muscle function could be referred to higher neuro-
muscular control.
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Reconstruction of medial patellofemoral ligament in 
adolescents with modern and synthetic material tape
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Introduction and Objective: Reconstruction of medial 
patellofemoral ligament in adolescence with modern and 
synthetic material tape. Patella dislocation can lead to severe 
injuries to knee structures. Knee associated trauma within 
paediatric patients becomes more frequent injury. Patella dis-
location occurs in 0,6- 1,2 patients per 1000. Most frequent 
technique involves using gracilis tendon autograft. Potential 
benefit of not harvesting autograft tendon is beneficial in pae-
diatric population.
Materials and Methods: Data were collected prospectively 
in 43 medial patellofemoral reconstruction patients. Study 
involved 23 patients with synthetic material reconstruction 
and 20 patients with gracilis tendon reconstruction. Clin-
ical and radiological assessment were performed (Dejour, 
Caton-Deshamps, TT-TG, Wiberg). Statistical significance 
test was performed. Our finding suggest that novel syn-
thetic material tape is safe and effective method of medial 
patellofemoral ligament reconstruction in paediatric popu-
lation. Further biomechanics and clinical studies need to be 
performed. 
Results: There were no significant differences between both 
evaluated groups between synthetic material and autograft 
tendon reconstruction. Both groups showed improvement in 
all evaluated scores respectively. Evaluation at 6, 12 and 24 
moths showed no differences. 

Conclusions: Using synthetic material in reconstruction of 
medial patellofemoral ligament in paediatric population is 
safe and effective procedure. Both evaluated groups showed 
good clinical result. Using artificial material in primary recon-
struction of medial patellofemoral ligament with preserving 
medial dynamic stabilizers can be a preferred method in pae-
diatric population. 
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Anterior cruciate ligament reconstruction with 
quadriceps autograft in patients under the age of 20
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Level III

Introduction and Objective: The popular graft choices for ACL 
reconstruction (ACLR) in the paediatric population, hamstring 
and iliotibial band (ITB), have a 6-20% rate of subsequent 
graft rupture. The aim of this study is to evaluate two-year 
clinical outcomes of paediatric ACLR with soft tissue quadri-
ceps autograft.
Materials and Methods: A consecutive series of patients under 
the age of twenty who underwent ACLR with quadriceps 
autograft were included. Preoperative demographic, radio-
graphic, and intraoperative data were collected retrospec-
tively. Athletes were followed for a minimum of 24 months 
in clinic or contacted via telephone to obtain information 
regarding RTS and/or second surgeries.
Results: Fifty patients (mean age 14.5, range 11.1-19.6; 58% 
male) underwent ACLR with quadriceps autograft. Thir-
ty-eight (76%) patients underwent complete transphyseal 
(CT) ACLR and twelve (24%) underwent all-epiphyseal (AE) 
ACLR. Twenty-eight (56%) patients additionally underwent 
a lateral extra-articular tenodesis (LET) procedure using the 
ITB with a modified Lemaire technique. Five patients (10%) 
required concomitant hemi-epiphysiodesis to address valgus 
deformity. Eight patients (16%) had a previous failed ACLR, all 
of whom underwent subsequent CT ACLR. The average age of 
patients undergoing AE and CT ACLR were 12.7 (11.2-14.7) 
and 15.2 (12.2-19.5), respectively. The mean post-operative 
duration of follow-up was 2.6 years (range 2.0-4.9 years). 
The average KT-1000 score was -0.5mm (0- -1.0mm), and 
the average Single Assessment Numeric Evaluation (SANE) 
score was 93.5 (80-100). No patients experienced post-op-
erative graft failure. The rate of second surgery on the ipsilat-
eral knee was 12%, 5 of which were removal of hardware for 
hemi-epiphysiodesis, 1 was MUA. The revision ACLR surgery 
rate was 0%. Two patients (4%) suffered a contralateral ACL 
tear.
Conclusions: This review of 50 patients with quadriceps 
autograft ACLR demonstrates a 0% re-tear rate. We cur-
rently recommend this quadriceps autograft technique for 
skeletally immature patients undergoing primary and revi-
sion ACLR.
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Quadriceps versus hamstring autografts for anterior 
cruciate ligament repair in adolescent athletes: 
comparing graft signal intensity on MRI
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Level III

Introduction and Objective: Hamstring tendon autograft 
(HTA) is a common graft choice for anterior cruciate ligament 
reconstruction (ACLR) in skeletally immature patients. Recent 
literature demonstrates superior outcomes with soft tissue 
quadriceps tendon autograft (QTA). This study aims to com-
pare MRI signal intensity after ACLR using either HTA or QTA.
Materials and Methods: We retrospectively reviewed 66 
patients under 18 years old who underwent a primary ACLR 
with either HTA or QTA between 2011 and 2018. Patient 
demographics, surgical techniques and radiographic mea-
sures were recorded. Regions of interest (ROIs) were used to 
calculate graft signal intensity (SI) on sagittal proton density 
MRI images and normalized to the mean value at the tibial 
insertion of the posterior cruciate ligament.
Results: Thirty-eight patients with mean age of 13.1 years 
(range 10.0-16.4, 24 males) had ACLR with HTA and 28 
patients with mean age of 13.6 (range 11.1-17.6, 17 males) 
had ACLR with QTA. Age, sex, and type of surgery were not 
associated with any differences in SI. The MRI obtained an 
average of 6.4 months (range 2.9-8.8) post-operatively in the 
HTA group showed no difference in SI from the MRI obtained 
6 months (range 4.8-7.2) postoperatively in the QTA group. 
The SI of the QTA group was significantly less on MRI 13 
months (range 10.4-18.7) postoperatively than the SI of the 
HTA group on MRI 13.4 months (range 9.6-19.8) post-op-
eratively (p<.01). In the HTA group, there were no differ-
ences between SI on either MRI. In the QTA group, there was 
a significant decrease in SI from the postoperative MRI at 6 
months and 13 months (p<.05).
Conclusions: Compared to HTA, use of QTA for ACLR shows 
decreased SI on MRI one year postoperatively. These findings 
suggest quicker graft maturation and improved structural integ-
rity of the QTA on the one-year post-operative MRI images.

Sports
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Opioid re-prescription following ACL reconstruction is 
associated with subsequent opiate use disorders

Eli M. Cahan1,2, Nicole A. Segovia1, Japsimran Kaur1, Charles 
M. Chan1, John S. Vorhies1

1Stanford University School of Medicine, Department of 
Orthopaedic Surgery, Stanford, United States, 2New York 
University School of Medicine, New York, United States

Level III

Introduction and Objective: Rates of opiate use disorders 
(OUD) and resultant death have risen sharply in recent 
decades. The rates of anterior cruciate ligament (ACL) recon-
struction in paediatric populations are increasing. Postopera-
tive analgesia often constitutes a child’s first opioid exposure. 
Here we use an administrative claims database to describe 
opioid prescription patterns and OUD rates following ACL 
reconstruction.
Materials and Methods: We identified patients, ages 10 to 
18, undergoing primary ACL reconstruction between 2014-
2016 in the Optum Clinformatics Data Mart, an adminis-
trative claims database containing data from inpatient and 
outpatient encounters. Minimum follow-up was one year. 
Our primary outcome was incidence of OUD diagnosis within 
one year of the initial operation. Demographic variables and 
prescription patterns (in morphine milligram equivalents 
[MMEs]) were analyzed to determine any potential associa-
tion with OUD.
Results: 4,459 cases were included and 29 (0.7%) of these 
were diagnosed with an OUD within one year postop. 
Patients were prescribed 412.9 (+/- 245.9) total MME, 70.0 
(+/- 39.6) MME/day, 59 (+/- 4) total pills and 9.2 (+/- 7.8) 
MME/pill. These did not differ significantly between those 
with/without OUD. Rate of opioid re-prescription within 
6 weeks was 9.8% and between 6-52 weeks was 16.6%. 
27.6% of patients with OUD required re-prescription within 
6 weeks vs. 9.7% of those without OUD (p=0.005), and 
37.9% required re-prescription after 6 weeks vs. 16.5% 
of those without OUD (p=0.005). On logistic regression, 
re-prescriptions beyond 6 weeks were independently asso-
ciated with OUD (OR 2.58, p=0.019) but amount of opioid 
initially prescribed was not.
Conclusions: We found substantial variability in opiate pre-
scribing patterns. Patients receiving an opioid re-prescription 
more than 6 week following an ACL reconstruction are at an 
elevated risk for opioid use disorders. This is the first report 
to describe the risk of development of OUD after ACL recon-
struction. 
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Repair of chondral lesions in adolescents with chronic 
patellar instability

Ioannes Melas1, Dimitrios Metaxiotis2, Michael Iosifidis1

1Orthobiology Centre, Thessaloniki, Greece, 2Papageorgiou 
Hospital, 2nd Orthopaedic Department, Thessaloniki, Greece

Level III

Introduction and Objective: Damage to the knee joint sur-
face is a common occurrence in individuals with recurrent 
patellofemoral dislocation. The aim of the present study was 
the functional assessment of the knee in adolescents following 
operative management of articular cartilage defects in combi-
nation with surgical stabilisation of the patella.
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Materials and Methods: A total of 15 adolescent patients, 
aged 14.8±2.2 years, with knee chondral lesions and a his-
tory of recurrent dislocation of the patellofemoral joint, who 
underwent surgery for articular cartilage repair alongside 
patellar stabilisation and followed for 3.2±2.1 years, were 
included in this study. Cell-based procedures, including autol-
ogous chondrocyte implantation (ACI) or adipose-derived 
mesenchymal stromal/stem cells (Ad-MSCs), were performed 
in 7 cases (group A), whereas bone marrow stimulation 
by autologous matrix-induced chondrogenesis (AMIC) or 
microfractures alone was utilised in the remaining 8 (group 
B). At the same time, the medial patellar retinaculum and/or 
the medial patellofemoral ligament (MPFL) was repaired in 
4 subjects, while 11 received MPFL reconstruction. A modi-
fied version of the International Knee Documentation Com-
mittee subjective form (pedi-IKDC) was used for outcome  
evaluation.
Results: Both groups improved significantly with the overall 
mean pedi-IKDC score increasing from 63.5±6.9 preopera-
tively to 86.8±6.3 at the time of the last follow-up (p<0.001). 
No statistically significant intergroup difference was found, 
although the amount of change in group A (23.4±5.8) was 
greater than in group B (21.6±7.1).
Conclusions: This study showed promising results of operative 
treatment of chondral lesions combined with surgical patel-
lar stabilisation in an adolescent population. The outcomes of 
different articular cartilage repair techniques, including bone 
marrow stimulation and cell-based procedures, were found to 
be equivalent.

Trauma
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Treatment of unstable supracondylar humeral fractures 
in children: a comparative study

Sinisa Ducic1, Bojan Bukva1, Vladimir Radlovic2, Mikan 
Lazovic1

1University Children’s Hospital, Department of Paediatric 
Orthopaedic Surgery and Traumatology, Belgrade, Serbia, 
2University Children’s Hospital, Department of General 
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Level II

Introduction and Objective: Closed reduction and percutane-
ous pinning are the preferred treatment of displaced supra-
condylar humeral fractures in children. The purpose of this 
study is to evaluate the non-standard Dorgan’s method and 
compare its results with standard percutaneous cross pinning 
method in treatment of unstable or irreducible supracondylar 
humeral fractures in children.
Materials and Methods: This was a prospective evaluation of 
138 consecutive patients with Gartland type II or III extension 
supracondylar humeral fractures during a four-year period. 
The patients were randomized into two groups: the first 
group, comprised of 71 patients, was treated with standard 
pin configuration and the second group, comprised of 67 
patients, underwent Dorgan’s method. The study included 88 

boys and 50 girls aged 1.5-11.4 years (mean 6.5±2). At initial 
presentation 8.7% (n-12) fractures were classified as Gartland 
type IIa, 25.4% (n-35) as Gartland type IIb and 65.9% (n-91) 
as Gartland type III.
Results: Flynn’s criteria were used to evaluate the results. An 
excellent clinical outcome was reported in about 90% of 
patients (n-90) treated with standard pin configuration and 
89.5% (n-60) of patients treated with Dorgan’s method. 
There were no statistically significant differences in outcomes 
between the groups in terms of their gender, age, fracture 
types, function and cosmetics. Neurological lesions were 
observed in 9.9% of patients (n=7) who were treated using 
the standard configuration Kirschner pins, while in those 
treated by Dorgan’s method neurological complications 
were not observed. However, the procedure time was longer 
(mean 36.54±5.65min) and radiation exposure significantly 
higher (mean 10.19±2.70 exposures) in the group that was 
treated using Dorgan’s method, compared to the conven-
tional method (mean 28.66±3.76min and 7.54±1.63 expo-
sures).
Conclusions: Two laterally inserted crossed pins provide ade-
quate stability with good functional and cosmetic outcome 
for most unstable paediatric supracondylar humeral fractures 
with no risk of iatrogenic ulnar nerve injury.

Trauma
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Cost-effectiveness using midazolam or nitrous oxide 
during manipulation of forearm fractures and distal 
radial fractures in the paediatric emergency department

Ana Fernandez Ansorena1, Laura Corominas2, Ignacio Sanpera1

1Hospital Universitario Son Espases, Paediatric Orthopaedic, 
Palma de Mallorca, Spain, 2Hospital San Juan de Dios, 
Paediatric Orthopaedic, Barcelona, Spain

Level IV

Introduction and Objective: To determine if deep sedation 
with Ketamine/ Midazolam or nitrous oxide alone are safe and 
cost effective of treating displaced paediatric radial and ulna 
fractures in the Emergency department (ED).
Materials and Methods: A retrospective analysis, patients 
aged under 14 years between January and June 2018. Out-
comes measured were efficacy of sedation, adequate fracture 
reduction, length of stay, and cost effectiveness.
Results: 48 children were manipulated. Group A: 39 
patients with moderate / severe fractures of distal radius 
and forearm were treated with Ketamine / Midazolam, 
group B: 9 patients with poorly displaced fractures were 
treated with nitrous oxide. The average sedation time was 
21 min for patients in group A, and 13 min in group B. The 
effectiveness of sedation was complete in 93% of patients 
in group A, 66% in group B; there was no case of insuffi-
cient efficacy in both groups. The efficacy in the reduction 
was 85% in group A and 100% in group B. The remaining 
15%, 7 cases, were reduced in the operating room, 3 due 
to insufficient reduction, and 4 due to secondary displace-
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ment diagnosed in the out-patient clinic at one week fol-
low-up. The average stay was 5’5 hours in group A, and 
3 hours in group B. The mean cost of a child admitted 
overnight and undergoing manipulation and reduction of a 
fracture in the OR under general anaesthesia is 1,737euros, 
compared with 294 euros for manipulation in the ED and 
discharge on the same day. The equivalent financial saving 
for all 48 children is €69,264.
Conclusions: Ketamine-midazolam procedural sedation and 
nitrous oxide in the paediatric population is a safe and cost-ef-
fective method in the treatment of displaced fractures of the 
radius and ulna. It eliminates the need for overnight admis-
sion and treatment in the operating theatre.

Trauma
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An analysis of the scale of orthopaedic injuries associated 
with trampolines and bouncy castles

Cathleen McCarrick1, Fiachra Power1, Ciaran Mc Donald1, 
Noelle Cassidy1

1Temple Street Children’s University Hospital, Orthopaedics, 
Dublin, Ireland

Level III

Introduction and Objective: Within the paediatric popu-
lation, there is an increasing incidence of presentation of 
fractures associated with both trampolines and bouncy cas-
tles. Whilst this phenomenon has been depicted frequently 
within the media in recent years given the dramatic upsurge 
in trampoline and bouncy castle usage, few studies have 
documented the associated injuries. This study assessed all 
trampoline and bouncy castle fractures over a three-month 
period to establish the most common type of fracture and 
assessing if any safety precautions can be taken to minimise 
the risk of injury.
Materials and Methods: This was a prospective cohort study 
conducted within our institution over a three-month period 
June to August inclusive 2019. Institutional ethical approval 
was attained. All paediatric patients who sustain a fracture 
and present to our institution are referred to the orthopaedic 
department whilst as an inpatient or as an outpatient depend-
ing on the severity of injury. A standardised mixed question-
naire was given to all parents’ which recorded the type of 
injury, type of trampoline/ bouncy castle, awareness of safety 
precautions governing the usage of either and application of 
same was recorded. The type of fracture was corroborated via 
examination of plain film radiograph.
Results: A total of 88 patients sustained a fracture directly 
related to the usage of either a trampoline or bouncy castle. 
Ages ranged between 1.6 years and 15.8 years. 74% required 
admission to hospital/operative intervention. There was wide 
variability in the nature of injuries recorded but the most 
common types of fracture were supracondylar and radial 
fractures.

Conclusions: Awareness and application of necessary safety 
precautions was low (38%) amongst parents/supervising 
parents/guardians, highlighting the need for greater pub-
lic awareness of same. Furthermore, the incidence of severe 
injury relating to usage of trampolines/bouncy castles is not 
uncommon, highlighting it as high risk. 
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Prospective, randomized, blinded trial demonstrates 
decreased pain during supracondylar pin removal with 
noninvasive electrotherapy stimulation compared to 
placebo

Natalya Sarkisova, Rachel Goldstein, Trevor Anesi, Erin 
 Meisel, Nina Lightdale-Miric, David Skaggs, Lindsay  
Andras

Children’s Hospital Los Angeles, Children’s Orthopaedic 
Center, Los Angeles, United States

Level I

Introduction and Objective: Studies in adults have shown 
noninvasive electrotherapy stimulation (NES) to be effective 
in treating anxiety, pain, insomnia and depression. The pur-
pose of this study is to determine if NES improves comfort 
for paediatric patients during pin removal for supracondylar 
humerus fractures.
Materials and Methods: Paediatric orthopaedic patients (<11 
years), seen in clinic for supracondylar humerus fracture pin 
removal, were randomized to receive NES or a placebo device 
prior to the removal of the pins. Parents, patients and phy-
sicians were blinded to this. Before and after the procedure, 
patients and parents both completed two pain scales: Facial 
Affective Scale (FAS; range=0.04 to 0.97) and Coloured Ana-
logue Scale (CAS; range =0 to 10).
Results: 50 patients (average age: 7 years; range: 5 to 10) 
were enrolled. 52% (26/50) of patients were in the NES 
group and 48% (24/50) of patients were randomized to the 
placebo group. Average wear time of the device was 4 min-
utes and 40 seconds. Prior to pin removal, there were no sig-
nificant differences between the NES and placebo group in 
patients FAS (mean NES=0.40; mean placebo=0.39; p=0.95) 
or CAS (mean NES=2.1; mean placebo=2.02; p=0.93). Fol-
lowing pin removal, the patients who received NES reported 
considerably less pain on FAS (mean NES= 0.61; mean pla-
cebo=0.77; p=0.03). Although there was no significance in 
the CAS (mean NES=4.38; mean placebo=5.47; p=0.25), 
patients still reported less pain for those in the NES group. 
Interestingly, parent scores were similar for the NES and pla-
cebo device on FAS (mean NES=0.70, mean placebo=0.84; 
p=0.21) and CAS (mean NES=4.87, mean placebo=4.68; 
p=0.82) following pin removal. 
Conclusions: The use of noninvasive electrotherapy 
 stimulation showed significantly less pain (mean of approx. 
3 vs 6, p=0.02) during pin removal compared to placebo.
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Size of metaphyseal fracture fragment does not predict 
delayed or nonunion in paediatric lateral condyle 
fractures

Edward Compton1, Stephen Stephan1, Rachel Goldstein1, 
Nina Lightdale-Miric1, Kenneth Illingworth1, David Skaggs1, 
Lindsay Andras1

1Children’s Hospital Los Angeles, Children’s Orthopaedic 
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Level III

Introduction and Objective: In paediatric populations, lateral 
condyle fractures account for up to 20% of fractures involv-
ing the elbow and delayed or nonunions have been as high 
as 16% in some series. Our purpose was to determine if 
the metaphyseal piece of the fracture fragment can predict 
future complications in lateral condyle fractures of the distal 
humerus.
Materials and Methods: 32 patients with lateral condyle frac-
tures who developed delayed or non-union and 34 patients 
without delayed or nonunion were retrospectively identified. 
Delayed union was defined as documentation of cast immo-
bilization for 6 or more weeks. Non-union was defined as 
absence of fracture healing at 8 weeks after initiation of treat-
ment. Measurement of the metaphyseal piece of the fracture 
fragment was achieved by measuring the length of the long 
as well as short axes of the fracture fragment.
Results: The average age of the delayed/nonunion cohort 
(4.7 ± 2.4 years) was similar to the average age of the con-
trol cohort (5.6 ± 2.2 years) (p= 0.14). The mean maximal 
displacement of the delayed/nonunion cohort (7.2±5.6 mm) 
was similar to the mean maximal displacement of the control 
cohort (9.6±7.4 mm) (p= 0.15). Patients with a delayed/non-
union (16.7±5.2 mm) did not have a significantly different 
metaphyseal piece long axis length than the control group 
(16.6±5.1 mm) (p= 0.93). Likewise, patients with a delayed/
nonunion (3.4±2.1 mm) did not have a significantly different 
metaphyseal piece short axis length than patients with the 
control cohort (3.1±2.2 mm) (p= 0.68).
Conclusions: The size of the metaphyseal piece of the fracture 
fragment did not correlate with the development of delayed 
or non-unions in lateral condyle fractures. While the size of 
the metaphyseal piece is variable in lateral condyle fractures, 
it does not appear to predict delayed or nonunions.

Trauma

EP-089

Nerve injuries in supracondylar humerus fractures: does 
time to surgery influence time to recovery?

Susan Mahan1, Patricia Miller1, Jiwoo Park1, Nicholas Sulli-
van1, Carley Vuillermin1

1Boston Children’s Hospital, Boston, United States

Level III

Introduction and Objective: Nerve injuries sustained during 
a supracondylar humerus fracture are common. Previous 
research has shown that many type 3 and 4 supracondylar 
humerus fractures can be safely postponed from night-time 
surgery until next day. However, it is not clear influence of 
postponing surgery on timing of nerve recovery. This study 
aims to assess patients with displaced type 3/4 supracondylar 
humerus fractures and nerve injury who present after hours to 
determine if timing of surgery results in a difference in return 
of nerve function. 
Materials and Methods: 232 consecutive Gartland extension 
type 3/4 isolated supracondylar humerus fractures in healthy 
children who presented to our ED between 6pm and 7am were 
identified and of those 36 had at least one nerve injury doc-
umented prior to surgery: 78% (28/36) median nerve, 31% 
(11/36) radial nerve, 17% (6/36) ulnar nerve; 17% (6/36) of 
patients had a motor deficit. Demographic data, neurovascu-
lar status, treatment and injury characteristics noted.  Length 
of recovery of nerve injury was noted and compared. 
Results: Of 36 patients with preoperative neuropraxia, 30 
patients were treated overnight and 6 patients the next day. 
Four patients were lost to follow up, all treated initially over-
night. 19% (6/32) nerve injuries recovered immediately post-
operatively, 13% (4/32) recovered prior to hospital discharge, 
25% (8/32) recovered within 1 month. 22% (7/32) recovered 
within 3 months, and 22% (7/32) recovered after 3 months. 
There was no difference in timing of nerve recovery for those 
treated overnight compared to those treated next day. 
Conclusions: We found no difference in timing of nerve recov-
ery for patients with pre-operative nerve injury treated over-
night with those treated next day. There were additional factors 
influencing the timing of surgery including vascular status and 
fracture displacement not controlled for in this analysis which 
may have influence on timing of nerve recovery.
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Results of paediatric diaphyseal femoral fractures treated 
with traction and a subsequent spica cast immobilization

Sarah Mills1, Carmen Goez1, Luis Moraleda Novo1,2, Joaquín 
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Level IV

Introduction and Objective: Despite controversy exits regard-
ing proper treatment of diaphyseal femoral fractures in chil-
dren, an increase in the rate of surgical stabilization has been 
observed during the last decade. The objective of this study is 
to investigate the results of 90-90 traction followed by spica 
cast immobilization when treating paediatric diaphyseal fem-
oral fractures.
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Materials and Methods: 101 patients (74% males) with a 
diaphyseal femoral fracture treated with 90/90 traction follow 
by cast immobilization were retrospectively reviewed. Demo-
graphic data, radiographic characteristics of the fracture, 
time in traction, duration of cast immobilization, hospital 
admission time, time to radiographic osseous consolidation, 
radiographic angular deformity, radiographic shortening and 
complications were noted. 
Results: Average at the time of fracture was 5 ± 2.6 years. 
Location: proximal third 17%, middle third 80% and distal 
third 3%. Pattern: transverse 24.5%, oblique 24.5%, spiroid 
48% and with a third fragment 3%. High-energy trauma in 
64.5%. Polytrauma 21%. Associated injuries in 25%. Average 
time in traction 19±5 days, cast 37±13 days, hospital admis-
sion 18±7 days, and radiographic consolidation 65±51 days 
(median 54). Radiographs at the time of consolidation: aver-
age angulation 14±8º anteroposterior and 13.5±7º lateral; 
average shortening 0.5±0.7cm. Nonunion in 6%. No other 
complications.
Conclusions: 90/90 traction followed by cast immobilization 
for treating diaphyseal femoral fractures obtains a high rate 
of consolidation with an irrelevant shortening, a mild coronal 
and sagittal angulation, and a very low incidence of complica-
tions. However, it associates a long period of hospital admis-
sion time and cast immobilization. 90/90 traction followed by 
cast immobilization is, therefore, a valid option for treatment 
of paediatric diaphyseal femoral fractures. Balance with the 
burden caused by the long period of hospital admission and 
cast immobilization needs to be done.
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Isolated femoral shaft fractures in children rarely require 
a blood transfusion

Edward Compton1, Lindsay Andras1, Rajan Murgai1, David 
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Level III

Introduction and Objective: The purpose of this study was to 
determine the factors influencing transfusions in the treat-
ment of paediatric femoral shaft fractures. 
Materials and Methods: A retrospective review of patients with 
femoral shaft fractures treated surgically from 2004–2017 at 
a tertiary paediatric hospital was conducted. Electronic med-
ical records were reviewed for fixation method, additional 
injuries, blood loss (estimated blood loss (EBL), hemoglobin, 
hematocrit) and transfusion. The relationship between fixa-
tion method with blood loss and transfusion was examined. 
Two groups were compared, those with and without poly-
trauma. Polytrauma was defined as additional fractures and/
or abdominal, chest, or head injuries.
Results: 172 patients met criteria. There were 129 patients 
with isolated femoral shaft fractures and 43 patients with 

femur fractures in the setting of polytrauma. The transfu-
sion rate in patients with isolated femoral shaft fractures was 
0.8% (1/129) which was significantly lower than in patients 
with polytrauma; 39.5% (17/43) (p<0.05). In patients with 
polytrauma, there was a significant relationship between 
number of additional surgeries and odds of transfusion 
(OR=2.1,CI:1.2-3.6,p<0.05). In patients with isolated femoral 
shaft fractures, EBL was higher in patients treated with rigid 
intramedullary nails (148.5±119.0mL) than flexible intramed-
ullary nails (34.1±56.3mL) (p<0.05). However, there was no 
significant difference in transfusion or changes in hemoglo-
bin/hematocrit between fixation methods in patients with 
isolated femoral shaft fractures.
Conclusions: Paediatric patients with surgically treated iso-
lated femoral shaft fractures rarely require transfusion (<1%), 
while patients with polytrauma had a high transfusion rate 
(39.5%). Surgical fixation method had a significant impact 
on EBL, with rigid intramedullary nail fixation having a signifi-
cantly higher EBL than flexible intramedullary nails, however 
it did not lead to higher rates of transfusions. Blood trans-
fusions are rarely needed in isolated femoral shaft fractures, 
despite the trend towards increase in surgical fixation and 
newer fixation techniques. 
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K-wire size has no effect on outcomes of percutaneous 
pinning of supracondylar humerus fractures in children 
age > 5yo or weighing > 20kg
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Introduction and Objective: The purpose of this study is to 
investigate the effect of K-wire size on supracondylar humerus 
fractures (SCH) outcomes in patients age > 5yo or weighing 
> 20kg.
Materials and Methods: Retrospective review was conducted 
on patients with SCH fractures from 2010-2014 in a tertiary 
care paediatric hospital. Patients aged < 18 years with a Gart-
land type III or IV SCH fracture who underwent closed or open 
reduction with percutaneous pinning were included. Medical 
charts were reviewed for demographics, injury characteristics, 
and complications. Patients were subdivided into two groups 
for analysis (weight > 20kg and age > 5yo). Outcomes within 
each group (age > 5yo; weight > 20kg) were compared 
between patients treated using 2mm versus 1.6mm K-wires.
Results: 178 patients met inclusion criteria for age (>5yo). 
16% (28/178) of patients were treated using 2mm K-wires 
and 84% (150/178) were treated using 1.6 mm K-wires. 
There were no differences in the incidence of reoperation 
(p=0.29) or complications including compartment syn-
drome (p>0.999) and pin tract infection (p=0.40) between 
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groups; with no incidence of cubitus varus in either group. 
There was also no difference between groups in the per-
cent of patients with full range of motion in elbow exten-
sion (p>0.999) and elbow flexion (p=0.56) at final follow-up. 
In the second group, 158 patients met inclusion criteria for 
weight (>20kg). 16% (26/158) of patients were treated using 
2mm K-wires and 84%(132/158) were treated using 1.6mm 
K-wires. There were no differences in the incidence of reop-
eration (p=0.17) or complications including compartment 
syndrome (p>0.999), pin tract infection (p=0.52), and cubi-
tus varus (p>0.999) between groups. There was also no dif-
ference between groups in the percent of patients with full 
range of motion in elbow extension (p=0.83) and elbow flex-
ion (p=0.83) at final follow-up.
Conclusions: In children age >5yo or weighing >20kg, K-wire 
size (2mm versus 1.6mm) had no effect on outcomes of type 
III or IV SCH fractures.
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Displaced diaphyseal femur fractures managed by elastic 
stable intramedullary nailing with or without the use of 
intraoperative traction during nail insertion: comparative 
analysis of 69 patients

Antonio Andreacchio1, Flavia Alberghina1, Mattia Cravino1, 
Federico Canavese2
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Level III

Introduction and Objective: The role of intraoperative trac-
tion during elastic stable intramedullary nailing (ESIN) in the 
management of displaced diaphyseal femur fractures (DFF) 
remains unclear. In most centers, children with displaced DFF 
are placed on a traction table. In other institutions fracture 
reduction and stabilization by ESIN are performed on a radio-
lucent table without the use of any intraoperative traction. 
The aim of this study is to evaluate the radiological outcome 
of children with displaced DFF managed by ESIN with or with-
out the use of intraoperative traction.
Materials and Methods: Charts and radiographs were retro-
spectively reviewed for all paediatric patients sustaining DFF 
treated with ESIN from 2011 to 2017 at two different institu-
tions. In all, 69 consecutive children with displaced DFF were 
recorded, of which 35 underwent operative treatment by 
ESIN with the use of intraoperative traction (Group A), and 
34 by ESIN without the use of intraoperative traction (Group 
B). TEN outcome measures scale was used to determine their 
results.
Results: The average patient age at the time of injury was 9 
years (mean 5 - 13) and 10 years (mean 4-15) in Group A and 
B, respectively. The mean follow-up was 54 months (mean 
24-96). Overall, complications were observed in six patients 
(8.6%). Complication rate was higher in Group B (11.77 %) 

than in Group A (2.5 %). However, patients in Group B having 
a poor outcome, according with TEN outcome score, were 
fewer (5.8%) than in Group A (20%).
Conclusions: Results suggest that patients treated by ESIN 
with the use of intraoperative traction showed a lower rate 
of complications. Despite this, their radiological outcome was 
worse than patients treated without the use of intraoperative 
traction. Nevertheless, further studies are needed to consol-
idate the conclusions and clarify the role of intraoperative 
traction.

Trauma

EP-094

Paediatric pelvic fractures: 7-year review in a level 1 
trauma center

Luisa Vital1, Joana Freitas1, Luis Pedro Vieira1, Sara Almeida 
Santos1, Vitorino Veludo1, André Rodrigues Pinho1, André 
Couto1

1Centro Universitário e Hospitalar São João, Porto, Portugal

Level IV

Introduction and Objective: Paediatric pelvic fractures are a 
very uncommon pathology and there are important anatom-
ical differences in this population that influence mortality, 
fracture patterns and associated injuries. The aim of this study 
was to analyze/characterize paediatric pelvic trauma over the 
past 7 years in a trauma center level 1 and compare the results 
with the current literature.
Materials and Methods: We conducted a retrospective anal-
ysis of the emergency department database from 2011 to 
2018 and searched for the following final diagnosis: pelvic 
fractures, pelvic contusion, hip trauma, pelvic disorders, sac-
roiliac pain, pelvic pain. A total of 555 episodes were found of 
which 29 fulfilled the inclusion criteria.
Results: We identified 29 children:17 girls with a mean age 
of 12,5years. The injury mechanisms were sports accident 
(31,1%), fall from height (24,1%), trampling (27,6%)and 
motor vehicle accidents(17,2%). Twenty had associated 
lesions, of which genitourinary tract injury and thoracoab-
dominal trauma were the most common. Despite the many 
existing classification systems for paediatric pelvic fractures, 
the main feature is skeletal maturity. In this study, 11 had a 
Torode Zieg type I, 1 type II, 10 type III and 7 type 4. Four-
teen patients needed hospitalization and the median length 
of stay was 12,2 days which was significantly related to type 
of fracture. Regarding the treatment 3 were submitted to 
surgery. 
Conclusions: Paediatric pelvic trauma differs from adults in 
many ways given the pelvis elasticity due to a greater amount 
of cartilage and thicker periosteum that confers the ability to 
absorb forces without frank rupture and the better hemor-
rhagic control due to a more vasoreactive vasculature. These 
characteristics will influence treatment and the majority of 
these fractures can be managed non-operatively or with min-
imally invasive interventions as external fixation, however it is 
important to remember that treating unstable/deviated frac-
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tures conservatively can lead to pelvic ring asymmetries, pain 
and functional limitation. 

Trauma

EP-095

Clinical and radiographic and pedobarographic analysis 
of skeletally immature patients with surgically treated 
distal metaphyseal fractures of the tibia: is concomitant 
fixation of the fibula necessary?

Wen Tao Wang1, Federico Canavese2, Shun You Chen1

1Fuzhou Second Hospital Affiliated to Xiamen University, 
Paediatric Orthopaedics, Fuzhou, China, 2University Hospital 
Estaing, Paediatric Orthopaedics, Clermont-Ferrand, France

Level III

Introduction and Objective: This study evaluated the out-
comes of distal tibia metaphyseal fractures (DTMFs) managed 
surgically and compared the outcomes of patients with and 
without associated fibula fracture fixation.
Materials and Methods: Thirty-two consecutive patients 
(14 males; mean age at the time of injury: 7.8 years) with 
closed displaced DTMFs with (22 patients; group A) or with-
out associated fibula fractures fixation (10 patients; group B) 
were included. The two groups of patients were compara-
ble (p>0.05). The final functional outcome was evaluated as 
excellent, good, fair or poor at the last follow-up visit using 
the Johner-Wruhs criteria. Besides standard radiographic mea-
surements, the following static and dynamic pedobarographic 
parameters were evaluated: foot total static plantar pressure 
percentage (PP%tot), static plantar pressure percentage of the 
forefoot (PP%ff) and of the rear foot (PP%rf), landing sequence 
of the metatarsals during contact with the ground (MTland), 
and impulse percentage of the metatarsal heads (MT%imp) 
and the medial and lateral heel (MH%imp and LH%imp).
Results: All patients were followed for at least 2 years (range, 
2-4.5years). Functional outcomes were excellent to good 
in all but 2 patients (93.8%). Radiographic measurements, 
PP%tot, PP%ff, PP%rf, MT%imp, MH%imp and LH%imp 
were not significantly different between two groups as well 
as between injured and uninjured side of patients within the 
same group (p>0.05). Abnormal MTland sequence was found 
in 40.9% of group A (9/22) and in 40% of group B patients 
(4/10) (p>0.05).
Conclusions: Stabilization of associated fibula fractures did not 
significantly impact the clinical, radiographic and pedobaro-
graphic outcomes of the children with displaced DTMFs who 
were surgically treated.

Trauma

EP-096

Age is a predictor of elbow stiffness after type III or IV 
supracondylar humerus fracture

Kavish Gupta1, Mary Kate Erdman2, Ali Siddiqui1, Mathew 
Schur2, Kenneth Illingworth1, Rachel Goldstein1

1Children’s Hospital Los Angeles, Los Angeles, United States, 
2Keck School of Medicine, University of Southern California, 
Los Angeles, United States

Level III

Introduction and Objective: The purpose of this study is to 
investigate outcomes of supracondylar humerus fractures in 
children at different ages of skeletal development.
Materials and Methods: Retrospective review was conducted 
on patients with SCH fractures who were treated from 2010-
2014 in a tertiary care paediatric hospital. Patients aged <18 
years with a Gartland type III or IV SCH fracture who under-
went closed or open reduction were included. Radiographs, 
demographic information, clinical symptoms, surgical plan, 
and complications were reviewed. Patients were categorized 
into age-based groups: <2 years, 4-6 years, and >8 years, 
and were compared for differences in characteristics and out-
comes.
Results: 190 patients met inclusion criteria. Mean age was 
5.8±2.7 (range:0.2-13) years and mean follow-up was 
3.6±4.7 (range: 0.5-42) months. 138/190 (73%) patients 
had a type III SCH fracture and 52/190 (27%) had a type 
IV fracture. There were 26 patients aged <2 years, 111 aged 
4-6 years, and 53 aged >8 years. Age was a significant pre-
dictor of nerve palsy on admission, mean operative time 
(<2yo=21.8min; 4-6yo=43.0min; >8yo=80.7min; p<.001) 
and mean fluoroscopy time (<2yo=22.9sec; 4-6yo=59.5sec; 
>8yo=171.9sec; p<.001). Age was not a significant predictor 
of need for open reduction however (p=0.22). There were no 
differences in the incidence of complications including com-
partment syndrome (p=0.60), pin tract infection (p=0.19), 
cubitus varus (p>0.999), or reoperation (p=0.87) amongst 
groups. 77% of patients had full range of motion in elbow 
flexion at final follow-up in those <2 years of age, compared 
to 66% in the 4-6year group and 43% in the > 8year group 
(p=0.005). 96% of patients in the <2year group had full 
range of motion in elbow extension at final follow-up, com-
pared to 88% in the 4-6-year group and 64% in the >8year 
group (p<0.001).
Conclusions: Increasing age negatively impacts the likelihood 
of regaining full elbow range of motion at final follow up. 

Trauma

EP-097

Semi-automatic osteotomy planning with optimal joint 
alignment

Ruurd Kuiper1, Koen Willemsen1, Harry Weinans1,  
Max Viergever2, Peter Seevinck2, Ralph Sakkers1

1UMC Utrecht, Department of Orthopaedics, Utrecht, 
The Netherlands, 2UMC Utrecht, Image Sciences Institute, 
Utrecht, The Netherlands

Level III

Introduction and Objective: Preoperative planning of oste-
otomies to bring the joint surfaces of a malaligned bone to 
the optimal biomechanical position in the 3D space can be 



J Child Orthop 2021;15 (Suppl 1):S73–S118 S115

difficult and time consuming. To reduce preoperative plan-
ning time to a few minutes, we developed a semi-automatic 
approach that takes the exact realignment of the proximal 
and distal joint surfaces of the bones as a constraint.
Materials and Methods: The semi-automatic osteotomy plan-
ning was performed using a custom software program. Eval-
uation was done on 14 malaligned bones, using the mirrored 
contralateral healthy bone as reference. Complex cases like 
lower arm malalignments were included. The malaligned and 
contralateral healthy bones were manually segmented from 
the 3D CT scan images. The proximal and distal joint sur-
faces were separated and registered to the joint surfaces of 
the healthy mirrored reference bone. Within this constraint, 
the proposal of the location and orientation of the osteotomy 
was automatically determined by minimizing the distance 
between the osteotomy surfaces. The proposed osteotomy 
was manually adjusted by two medical professionals using 
the tools interface. We measured the time required by the 
program to find the optimal osteotomy and by the medical 
professional to adjust it.
Results: The optimization algorithm calculated the outcome 
of up to 300 different locations and orientations for the pro-
posal of the optimal osteotomy cut in an average time of 25 
seconds per bone. Manual adjustment of the outcome per 
bone was done in less than 60 seconds. 
Conclusions: Semi-automatic osteotomy planning in 
malaligned bones reduced planning time of the optimal 
location and orientation of the osteotomies to less than 2 
minutes. Future developments will include automation of 
segmentation in order to further reduce the total osteotomy 
planning time.  

Trauma

EP-098

Are headless cannulated compression screws a more 
economical option for fixing tibial tuberosity fractures?

Nickolas Nahm1, Kenneth Rogers1, Jeanne Franzone1,  
Mihir M. Thacker1

1Nemours/AI duPont Hospital for Children, Wilmington, 
United States

Level III

Introduction and Objective: Cannulated screws with heads 
are commonly used to stabilize tibial tuberosity fractures but 
are frequently prominent (5.8%) or require removal (18.0%). 
Headless cannulated compression screws (HCS) have a lower 
profile and may not require hardware removal (HWR). This 
study compares the cost and HWR after surgical treatment of 
tibial tuberosity fractures with traditional cannulated screws 
(TCS) or HCS.
Materials and Methods: Patients operatively treated for tibial 
tuberosity fracture at a single paediatric Level I trauma cen-
ter from 2008 to 2018 were reviewed. Fractures were stabi-
lized with TCS or HCS based on surgeon preference. HWR 
was performed due to discomfort from prominence. Inpatient 
hospital charges, including charges for implants, as well as 

charges incurred after hospital discharge associated with the 
tibial tuberosity fracture, were analyzed.
Results: 51 tibial tuberosity fractures in 49 patients were 
reviewed with mean age at index surgery of 15 years. Eleven 
fractures with TCS (11/43, 25.6%, mean time to screw 
removal 11.5 months) and no patients with HCS (0/8)  
underwent HWR (p=0.176). Implant charges were higher 
in the HCS group ($5,191 +/- 1,260 vs $2,637 +/- 1,445, 
p=<0.001), but no difference in overall inpatient hos-
pital charges was detected between the TCS and HCS 
groups ($25,227 +/- 9,850 vs $29,942 +/- 6,751, respec-
tively, p=0.202). Furthermore, a trend toward higher mean  
postoperative charges was found in the TCS group  
($3,683 +/- 4,697 vs $1,150 +/- 1,259, p=0.139). Mean 
charges associated with HWR in the TCS group was $3,793 
+/- 699.
Conclusions: HCS requires less HWR after surgical treatment 
of tibial tuberosity fractures. While the implant cost of HCS 
is higher, avoiding HWR may recover increased implant cost 
associated with these screws. To the authors’ knowledge, this 
study is the first to compare traditional and headless screws 
for the treatment of tibial tuberosity fractures.

Trauma

EP-099

The association of maternal alcohol consumption, birth 
weight and birth length to fractures in childhood

Roope Parviainen1, Juha Auvinen2, Juha-Jaakko Sinikumpu1

1Oulu University Hospital, Department of Paediatric Surgery 
and Orthopaedics, Oulu, Finland, 2University of Oulu, The 
Center For Life Course Health Research, Oulu, Finland

Level II

Introduction and Objective: The possible risk factors of the 
childhood bone fractures during gestation are not well known. 
We researched the potential association of maternal alcohol 
use, birthweight and length to childhood bone fractures.
Materials and Methods: A comprehensive birth-cohort 
research in Northern Finland was performed and all eligible 
children with the expected date of delivery in 1986 (N=6718) 
were included. Mothers’ alcohol use during pregnancy was 
inquired with structured questionnaire one week before or 
after the birth. 419 mothers did not answer the question 
and were excluded. The birth weight was registered for all 
cases. The children were categorized in three groups: the 
low-weight group, the high-weight group and the control 
group. The birth length was recorded for all but 57 children, 
who were excluded. The children were classified in low and 
high birth length and the control groups. Two standard devi-
ations were used as a threshold for low and high groups. The 
main outcome was the fracture in childhood before the age 
of 8. Hobbies and other individual characteristics were taken 
to vary more in older children. Only the in-hospital treated 
fractures were included. The inclusive fracture data was gath-
ered from the National Hospital Discharge Register (NHDR). 
The association between the potential risk factors and the 
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fractures was analysed by using regression analysis. Gender 
and the socioeconomic status of the family were taken as 
confounders.
Results: Maternal alcohol use during pregnancy associated 
with 2.3-fold increase in the fracture risk when adjusted with 
the confounders (95% CI 1.2 – 4.1, p = 0.01). Low/high birth 
weight or length did not associate to fractures.
Conclusions: Mother’s alcohol consumption during preg-
nancy may be an independent risk factor for bone fractures 
in childhood.

Trauma

EP-100

Iliac wing and acetabular fixation with lag screw 
technique in paediatric population

Cláudia Vale1,2, Raquel Afonso2, Cecilia Sá-Barros2, Elisabete 
Ribeiro2, Guilherme França2, Nuno Oliveira2, Mário Xavier 
Baptista2, Joni Nunes2, Melanie Ribau da Costa2, Pedro Pin-
ho2, Pedro Varanda2, Luísa Fardilha2, Ricardo Maia2

1Hospital Distrital da Figueira da Foz, Orthopaedic 
Department, Figueira da Foz, Portugal, 2Hospital de Braga, 
Orthopaedic Department, Braga, Portugal

Level V

Introduction and Objective: Pelvic fractures are uncommon in 
paediatric population, with an incidence that varies between 
0,2-7,5%. Acetabulum is involved in 5-10% of all pelvic frac-
tures. Very often these injuries are the result of high-energy 
trauma and the treatment is usually non-operative because of 
the elastic nature of the child’s pelvis, but certain indications 
remain for operative treatment.
Materials and Methods: We present a case of a 17-year-old 
male athlete, who had a high-energy bicycle accident. The 
CT-scan showed an iliac wing fracture (Torode and Zieg Type 
II) with extension to acetabulum (Watts type II) and an asso-
ciated anterior superior iliac spine avulsion. Through an Ili-
oinguinal surgical approach, he underwent ORIF of iliac wing 
and acetabulum with lag screws and an iliac spine reinser-
tion with an anchor. He sustained a non-weight-bearing for 
4 weeks, with passive and active motion of the hip according 
to tolerance.
Results: At 2-month follow-up, he presented a full range of 
motion and minimal pain with an WOMAC score of 87. Six 
months after surgery, he had resumed to his usual daily activ-
ities, therefore achieving a good clinical outcome.
Conclusions: Iliac wing fracture, Torode and Zieg type II, are 
usually treated conservatively, but the extension to acetabu-
lum and intra-articular displacement can lead to a poor out-
come. The ideal treatment for displaced acetabular fractures 
in children is debatable but operative management can be 
successfully achieved with open reduction and internal fixa-
tion similarly to adults. The best method of fixation is not well 
established, and the lag screw technique has been applied 
in adults’ clinical practice with effectiveness and stability but 
there is a lack of studies in paediatric population.

Trauma

EP-101

Paediatric olecranon fractures - what to expect?

Miguel Silva1, André Rodrigues Pinho1, João Lixa1, Maria João 
Leite1, António Sousa1, Joana Freitas1

1Centro Hospitalar Universitário de São João, Ortopedia e 
Traumatologia, Porto, Portugal

Level IV

Introduction and Objective: Fractures of the olecranon rep-
resent approximately 5% of all elbow fractures in children. 
Displaced intra-articular olecranon fractures are most com-
monly treated with open reduction and internal fixation. We 
aimed to describe and evaluate the clinical and radiographic 
outcomes of patients treated surgically, at a level I trauma 
center.
Materials and Methods: 24 patients (0-17 years), with olec-
ranon fractures operated between 2010 and 2018 were 
included in this retrospective study, with minimum follow-up 
of one year. Mean age was 11 years, with 62% male patients. 
All olecranon fractures - 68% left-sided - were intra-articular 
(except one epiphyseal avulsion) and indicated for surgery 
based on 2 mm or greater displacement on initial injury radio-
graphs. The range of motion and functional performance 
(according to DASH score) were evaluated.
Results: Associated lesions included humeral condyle frac-
tures (n=3), radial head fractures (n=2) and forearm/wrist 
fractures (n=3). One patient had osteogenesis imperfect. 
The most frequent treatment option (in 88%) was tension 
band fixation. Other methods involved tension band with 
braided polyester suture or cannulated screw osteosynthesis. 
All (but one) patients were submitted to hardware removal, 
with median time of 7 months – 1 case due to surgical site 
infection. No case of revision fixation due to failure and frac-
ture displacement was found. All patients went on to union, 
with no significant displacement. At follow-up, almost 67% 
report no functional limitation according to DASH score 
(point 0). Main complaints include pain in surgical site and 
some decreased flexion-extension strength. No association 
was found between injury laterality, dominant hand and out-
come, neither between associated lesions nor worse range of 
motion (p>0.05).
Conclusions: The surgical treatment of RHF in paediatrics is 
a valid and safe option, associated, in most cases, with safe 
reduction, low complication rate, good elbow range of 
motion and good functional outcome. 

Tumours

EP-102

Orthopaedic complications in children treated for 
lymphoblastic acute leukemia

Pauline Savidan1, Brice Ilharreborde2, Anne Notz-Carrere3, 
Yan Lefèvre1, Anne-Laure Simon2
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Level IV

Introduction and Objective: Acute lymphoblastic leukemia 
(ALL) is the most common paediatric malignant hematologic 
condition. Treatment modalities significantly improved global 
survival rate but at the expense of higher risk of osteoarticular 
complications, especially osteonecrosis (ON) and osteopenia 
(OP) related fractures. The aim of the study was to describe 
and report the incidence of orthopaedic complications in chil-
dren treated for an ALL. 
Materials and Methods: All patients treated for ALL in 3 dif-
ferent paediatric reference centers were included between 
2007 and 2017. A minimum 2-year follow-up was required. 
All medical records and radiological examinations (X-ray, 
osteodensitometry and MRI) were reviewed to identify skel-
etal complications. Risk factors, especially those related to 
treatment (corticoids and chemotherapy) were identified 
using multivariate analysis. 
Results: Orthopaedic complications were found in 10 % of the 
children (70 ON, 59 OP), at a mean delay of 14.5 ± 2.4 months 
after treatment initiation (consolidation phase). ON essentially 
involved lower limb (63%), whereas OP involved the spine 
(68%) with 89% of related fractures. Four patients required 
surgery (total hip replacement) during follow-up. Multifacto-
rial analysis found 2 significant risk factors (ALL recurrence and 
bone-marrow graft). High dose of corticoids and L-asparagi-
nase were an additional significant risk factors for ON.
Conclusions: Orthopaedic complications during ALL treat-
ment occurred in 10% of children, but only 3.1% required 
surgery. Most of them were diagnosed more than 1 year after 
treatment, and systematic follow-up using long length full-
body stereoradiography and MRI should be further discussed 
with hematologists, especially in patients who have been 
treated by high dose of corticoids and L-asparaginase.

Tumours

EP-103

Endoprosthetic replacement after resection of humerus 
sarcomas in children

Bulent Erol1, Omer Sofulu1, Evrim Sirin1, Fevzi Saglam1,  
Mehmet Deniz Kesimer1

1Marmara University Medical School, Orthopaedics and 
Traumatology, Istanbul, Turkey

Level IV

Introduction and Objective: There are different methods of 
reconstruction after removal of a malignant tumour in the 
humerus. One option is endoprosthetic reconstruction, but 
there have been few published studies on the outcome of 
humeral endoprosthetic reconstruction (HER) in childhood 

period. The purposes of this study were (1) to analyze long-
term outcomes of HER after resection of primary bone sar-
comas (2) to assess the complications and (3) to assess the 
Musculoskeletal Tumour Society (MSTS) functional score in 
survivors.
Materials and Methods: Twenty-eight patients (12 males, 
16 females) between 2003 and 2018 with a mean age of 
15 (range 6-20 years) were included this study. Histological 
diagnosis was osteosarcoma in 13 patients, and Ewing’s sar-
coma in fifteen. Twenty-five patients had their HER for pri-
mary reconstruction, whereas the remaining three patients 
received their implants for failures with other reconstructive 
techniques. Proximal humerus endoprosthesis was performed 
in 22 patients and total humerus endoprosthesis was per-
formed in 6 patients. In 3 patients, we used an expandable 
total humerus endoprosthesis. Kaplan-Meier analysis was 
used for survival analyses. Functional outcomes were assessed 
using the MSTS score. Complications and local recurrence 
were evaluated.
Results: The average follow-up was 64 months (range, 14 
- 132 months). 15 patients were alive with no evidence of 
disease, whereas 9 of remaining 13 died with relapse of the 
disease. The survival of patients after HER was 54 % at 10 
years. Survival of the endoprostheses was 66% at 10 years. 
One patient developed superficial infection and one patient 
deep infection. Both were treated successfully with early 
debridement and antibiotherapy. Local recurrence was seen 
in two patients. The median MSTS score at final follow-up 
were 75 (range, 60-83.3).
Conclusions: Our results suggest that HER can provide good 
clinical and functional results in childhood patients who had 
primary bone tumours in humerus.

Spine

EP-104

Best time to surgery in terms of age and severity of 
scoliosis and what could affect complications in large 
cohort of neuromuscular patient underwent scoliosis 
surgery with 15 years of follow-up

Ilaria Nicolosi1, Alessio Rossato1, Fabio Marzilli1, Luca Labianca1, 
Antonello Montanaro1, Carmelo D’Arrigo2, Dario Perugia1, 
Andrea Ferretti1

1Ospedale Sant’Andrea, Roma, Italy, 2San Paolo Hospital, 
Civitavecchia, Italy

Level IV

Introduction and Objective: The most important orthopedic 
issue in neuromuscular diseases commonly is progressive 
scoliosis. Surgical correction is recommended. This study 
describes the results in series performed by the same sur-
gical team for 30 years, in a large cohort of patients with a 
15-year follow-up. Timing and method of surgical fixation 
in addition to knowledge of complications remain contro-
versial. These results could help to define the best timing 
for surgery, in terms of age and severity of scoliosis, and 
complications. 
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Materials and Methods: It is a single institute retrospective 
study. We include radiographic data. Events that significantly 
affected the course of treatment have been considered com-
plications. The severity of scoliosis and age at surgery have 
been related to complication rate and clinical and radio-
graphic results. Preoperative, intraoperative, and postopera-
tive factors were analyzed using stepwise logistic and multiple 
regression analyses.
Results: 185 neuromuscular patients underwent scoliosis sur-
gery. We implanted Luque’s (125) or hybrid (60) instrumen-
tation. Within major complications were 2 deaths, 15 deep 
infections, 3 tracheotomy, 2 paraplegias, 8 hardware remov-
ing. All but one hardware major failures were described in 
patients with Luque instrumentation. There were recorded 66 
complications in 55 patients. Only 12 complications occurred 

in 9 out of 65 patients with hybrid instrumentation. Cobb 
angle relates with complication rate and clinical results. Com-
plications were significantly higher (p<0.05) in patients with 
curve magnitude < 70°.
Conclusions: In our same series the adverse events amounted 
at almost 30% of cases, but complications that due to com-
plete failure would amount at 9.19% of patients. Time of sur-
gery affects results and complication rate. Hardware failure 
seems to be significantly lower in patients with hybrid instru-
mentation. Nonambulatory status and a preoperative curve 
magnitude (≥ 70°) are directly associated with an increased 
risk for major complications and indirectly associated with 
increased length of stay. As such, we recommend operative 
intervention in neuromuscular scoliosis before curve progres-
sion to ≥ 70°.
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