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General Learning Objectives 
 
 
 

For Orthopaedic Surgeons : 

- Learn what is done in research in the Programme d'orthopédie Édouard-Samson and in the 

associated laboratories of researchers; 

- To stimulate a reflective process in new surgical practice, in the investigation of many 

pathologies , as well as in the organization of health care; 

- To enrich the rote of the POES teachers :  being exposed to the research projects of the POES 

residents will enable the teachers to contribute better to this formative experience. 

 

For POES Residents : 

- To enable the residents to experience the scene before a large multidisciplinary  audience; 

- To stimulate involvement in all aspects of research and to develop critical appraisal of the 

scientific Iiterature; 

- To improve competency as communicator; 

- To enable residents to participate in an inter-disciplinary collaboration by the interaction at 

many levels with searchers of other unmedical disciplinary. 

 

For others speakers (who are not POES Residents): 

- To enable the students (of PhD/Master in Medicine, Chemistry, Science of motion, Biomedical 

engineering, etc.) to be initiated to the scene presentations before a large multidisciplinary 

audience; 

- To enable such individuals to benefit from cross-disciplinary feedback. 

 

For others researchers or participants (non-medical scientist): 

- To offer an interaction with the medical world to verify and validate the pertinence of 

research; 

- Stimulate reflection by mingling with the different domains of expertise. 
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Thursday April 11, 2019 

 
8:00  Welcome | Dr Hubert Labelle 

8:05 Rules explanation| Dr Hubert Labelle 

Presentations of research projects by residents, fellows & research students 

 

➢ 2 paired oral presentations, 7 minutes each, with 7 minutes discussion 
➢ Flash presentations, 2 minutes each, with possibility to consult the presentations by 

electronic poster afterward 
 

 

8:10 – 9:44 |Moderator : Erik Therrien 
1st Session  | Theme: Lower extremity  
 

OBJECTIVES : 
1. Recognize the clinical aspects of MSK lower limb pathologies 
2. Identify current and new treatment modalities for MSK lower limb pathologies 
3. Modify my practise according to evidence-based data on treatment of MSK lower limb 

pathologies 

 

8:10 Enhanced recovery after short stay surgery hip and knee joint replacement 
Karina Pellei1,2, Pascal-André Vendittoli1,2, François Desmeules2, Vincent Massé1, Martin Lavigne1, 
Louis-Philippe Fortier1,2 

1Hôpital Maisonneuve-Rosemont, 2Université de Montréal 

Page 15 
 

8:17 Traffic in the Operating Room during Joint Replacement is a Multidisciplinary Problem 
Rémi Pelletier-Roy1,2, Martin Bédard2,3, Stéphane Pelet2,3, Mathieu Angers-Goulet2,3, Pierre-
Alexandre LeBlanc2 
1Université de Montréal, 2Université Laval, 3Département de Chirurgie orthopédique CHU de Québec Hôpital de 
l'Enfant-Jésus 

Page 16 
 

8:24 Discussion 

 
8:31 Medial talonavicular displacement and talar dysmorphism on ultrasound are predictors of 

clubfoot recurrence at 5-year follow-up after Ponseti treatment 

Nahle, Imad 1,2 ; Miron, Marie-Claude1,2 ; Glavas, Peter1,2 

1Centre Hospitalier Universitaire de Ste-Justine, Montréal, QC, Canada; 2Université de Montréal 

Page 17 
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8:38 Is the hip-knee-ankle (HKA) angle predictive of the dynamic coronal alignment of the knee 

during walking in healthy subjects? 
Yann Beaulieu2, Julien Clément1,2,3, William Blakeney1,2, David Eichler1,2, Nicola Hagemeister3,4, 
François Desmeules1,2, Neila Mezghani3,5,6, Véronique Lowry1,2, Pascal-André Vendittoli1,2 
1Hôpital Maisonneuve-Rosemont, 2Université de Montréal, 3Laboratoire de recherche en imagerie et orthopédie, 
4École de technologie supérieure, 5Centre de recherche LICEF, 6Université TÉLUQ 

Page 18 
 
8:45 Discussion 
 
8:52 Novel internal extramedullary fixator for distraction osteogenesis in pediatric patients 

Jeremie Gaudreau1, Mina Mekhail2, Reggie C. Hamdy2, Isabelle Villemure1,3 
1École Polytechnique de Montréal, 2Shriners Hospital for Children, 3CHU Sainte-Justine 

Page 19 
 

8:59 Impact exercise during adolescence improves bone microstructure and strength in growing rats 
Tanvir Mustafy1,2, Irene Londono2, Florina Moldovan2,3, Isabelle Villemure1,2 
1École Polytechnique de Montréal, 2CHU Sainte-Justine, 3Université de Montréal 

Page 20 
 

9:06 Discussion 
 

9:13 Study of bioactive chitosan-based hydrogel for mineralized tissue 3Dbioprinting 
Maedeh Rahimnejad1,4, Christine Andrea2, Cindy Charbonneau2, Sophie Lerouge1,3,4 
1Biomedical Engineering Institute, Université de Montreal, Canada, 2National Research Council Canada / Government 
of Canada, Montreal, Canada, 3Department of Mechanical Engineering, École de technologie supérieure (ÉTS), 
Montreal, Canada, 4Research Centre, Centre Hospitalier de l’Université de Montréal (CRCHUM), Canada 

Page 21 
 

9:20 Can micro-computed tomograhy detect bone adaptations from ex vivo culture? 
Annie Levasseur1,2,5, Florian Guillaume1,2,3, Heidi-Lynn Ploeg4, Yvan Petit1,2,5 
1École de technologie supérieure, 2Centre de recherche de l’Hôpital du Sacré-Cœur, 3Université Paris-Est Créteil, 
4Queen’s University, Kingston, 5Laboratoire International Associé sur la biomécanique et l’imagerie du rachis 

Page 22 
 

9:27 Discussion 
 

FLASH PRESENTATIONS 
9:34 Joint Perception After Total Knee Arthroplasty and the Forgotten Joint 

Pascal-André Vendittoli1, Vincent Massé1, Yann Beaulieu1, Benjamin Puliero1, David Eichler1 
1Université de Montréal 

Page 23 
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9:36 Reduced Gap Imbalances with Restricted Kinematic Alignment in Total Knee Arthroplasty 
Pascal-André Vendittoli1, Marc-Olivier Kiss1, Yann Beaulieu1, Benjamin Puliero1, David Eichler1 
1Université de Montréal 

Page 24 
 

9:38 Creation of a prospective database of musculoskeletal treatments for hemophiliac patients 
Hugo St-Yves1, Janie Barry1, Patrick Lavigne1,2, Vincent Massé1,2, Marc Isler1,2 
1Hôpital Maisonneuve-Rosemont, 2Université de Montréal 

Page 25 
 

9:40 Identification of Lower-Limb Bones in Biplanar X-Ray Images with Arbitrary Field of View and 
Various Patient Orientations 
Roseline Olory Agomma1,2, Carlos Vazquez1, Thierry Cresson1,2, Jacques De Guise1,2 
1ÉTS et LIO, 2CRCHUM 

Page 26 
 

9:42 How Does Pelvic Incidence Change in Low-Grade Spondylolisthesis in Association with Listhesis 
Progression? 
Abdulmajeed Alzakri1,2, Julie Joncas1, Hubert Labelle1,2, Stefan Parent1,2, Soraya Barchi1, Jean-
Marc Mac-Thiong1,2 
1Centre de recherche du CHU Sainte-Justine, 2Faculté de Médecine, Université de Montréal 

Page 27 
 

9:44   Break 
 

10:05 Restless to do Better: Adventures in Land of Quality, Safety, and Value Improvement for 

Pediatric Spine Care | Dr John M. (Jack) Flynn 
 

OBJECTIVES : 
1. Understand how to improve Quality in pediatric spine care; 
2. Understand how to improve Safety in pediatric spine care; 
3. Understand how to improve Value in pediatric spine care. 

 

10:40   Discussion and questions 
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10:55 – 12:00 |Moderator : Eliane Rioux-Trottier 
2nd Session | Theme: Upper extremity and other pathologies 

 

OBJECTIVES : 
1. Recognize clinical and radiological features of upper limb and other MSK pathologies 
2. Identify current imaging and treatment modalities for upper limb and other MSK pathologies 
3. Adjust my clinical practise according to evidence-based data on upper limb and other MSK 

pathologies 

 
10:55 Post traumatic growth arrests of the distal radius in children and adolescents 

Patrick Tohmé2, Eric Desautels2, Raphaelle Blondin-Gravel2, Marie-Lyne Nault1,2, Marie 
Beauséjour1, Constantin Stanciu1,2, Mathilde Hupin1,2 
1Chercheure, CHU Sainte-Justine, 2CHU Sainte-Justine 

Page 28 
 

11:02 Electromyographic and kinetic study of reverse total shoulder arthroplasty in complex 
proximal humeral fractures 
Rémi Pelletier-Roy1,2, Stéphane Pelet2,3,5, Simon Laurendeau4, Martin Simoneau4 
1Université de Montréal, 2Université Laval, 3Département de Chirurgie orthopédique CHU de Québec Hôpital de 
l'Enfant-Jésus, 4Laboratoire GRAME, 5Centre de recherche du CHU de Québec 

Page 29 
 
11:09 Discussion 
 

11:16 A Comparison Of Predicted Muscle Forces Between Three Different Deltoid Models - A 
Musculoskeletal Modelling Study 
Marta Strzelczak1,2, Mickael Begon3, Nicola Hagemeister1,2 
1École de technologie supérieure, 2CRCHUM, 3Université de Montréal 
Page 30 

 

11:23 Handrim Forces and Moments Prediction During Manual Wheelchair Propulsion Using Inertial 
Sensors 

Feghoul Aiman1,2, Rachid Aissaoui1,2, Felix Chénier2,3 
1Département génie des systèmes, École de Technologie Supérieure, Montréal. Canada, 2Laboratoire de Recherche en 
Imagerie et Orthopédie, Centre de Recherche du CHUM, 3Université de Québec à Montréal, Centre de recherche 
interdisciplinaire en réadaptation, Montréal, Canada 

Page 31 
 

11:30 Discussion 
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11:37 Exploring the effects of a theta burst stimulation protocol on functional recovery in orthopedic 
trauma patients 

Marianne Jodoin1,2, Dominique Rouleau1, Catherine Provost1, Audrey Bellemare1,2, Louis De 
Beaumont1 
1Centre de recherche de l’Hôpital du Sacré-Cœur de Montréal, Université de Montréal, 2Département de psychologie 
de l'Université de Montréal 

Page 32 
 

11:44 Osteoclastogenesis modulation by lymphocytes and osteoblasts 
Mouna Ferdebouh1, Elsa-Patricia Rondon1, Houda-Abir BENABDOUNE1, Francis Vallières1, 
Mohamed Benderdour1, Julio Cesar Fernandes1 
1Université de Montréal 

Page 33 
 

11:51 Discussion 
 

12:00 Lunch 
 
13:00 Current Conundrums in Early Onset Scoliosis | Dr John M. (Jack) Flynn 
 

OBJECTIVES : 
1. Understand current unsolved issues in early onset scoliosis; 

2. Update on progress early onset scoliosis. 

13:20 Discussion and questions 

 
 

13:30 – 14:03 |Moderator : Eliane Rioux-Trottier 
3rd Session | Theme: Upper extremity and other pathologies 
 
OBJECTIVES : 

1. Recognize the various clinical and radiological MSK upper limb and other pathologies 
2. Identify current and new imaging and treatment modalities for MSK upper limb and other 

pathologies 
3. Adjust and modify my clinical practise according to evidence-based data for MSK upper limb and 

other pathologies 

 

13:30 Shape, Pose and Density Statistical Model for 3D Reconstruction of Articulated Structures from 
X-Ray Images 
Ted Julien Tchinde Fotsin1, Carlos Vázquez1, Thierry Cresson1, Jacques De Guise1 
1Laboratoire de recherche en imagerie et orthopédie (LIO), École de technologie supérieure, Centre de recherche du 
CHUM, Montréal, Québec, Canada. 

Page 34 
 

13:37 Performance assessment of a fracture liaison service using key clinical indicators 
Andréa Senay1, Sylvie Perreault2, Josée Delisle3, Suzanne Morin4, Andreea Banica3, Julio C 
Fernandes3 
1Université de Montréal, 2Université de Montréal, 3CIUSSS Nord de l’Ile de Montréal, Hôpital du Sacré-Coeur de 
Montréal, 4Department of Medicine, McGill University, Center for Outcomes and Evaluation 

Page 35 
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13:44 Discussion 

 

FLASH PRESENTATIONS 
13:51 Burst fracture patterns associated with neurological recovery in thoracolumbar traumatic 

spinal cord injury 

Goulet, Julien1,2; Mac-Thiong, Jean-Marc1,2 
1Université de Montréal, 2Hôpital du Sacré-Cœur de Montréal 

Page 36 
 

13:53 Biomechanical study of the impact of upper limb position and grip size on elbow joint contact 
forces during flexion and extension in healthy subjects 
Dominique Rouleau1, Mickael Begon1, Frédéric Dulong1 
1Université de Montréal 

Page 37 
 

13:55 Development of a subject-specific musculoskeletal shoulder model based on intracortical 
bones pin kinematics to evaluate sport and daily life activities   
Marta Strzelczak1,2, Mickael Begon3, Nicola Hagemeister1,2 
1École de technologie supérieure, 2CRCHUM, 3Université de Montréal 

Page 38 
 
13:57 Hemocompatibility of chitosan as a vector in gene therapy 

Elsa-Patricia Rondon1, Houda Benabdoun1, Francis Vallières1, Maicon Petronio2, Marcio J. Tiera2, 
Mohamed Benderdour1, Julio C. Fernandes1 
1Université de Montréal, 2UNESP - Université de l'État de São Paulo 

Page 39 
 

13:59 Calibration of Stereo Radiography System for Radiostereometric Analysis Application 
Amiel Allab1, Carlos Vazquez1, Thierry Cresson1, Jacques de Guise1 
1Laboratoire de recherche en imagerie et orthopédie (LIO), École de technologie supérieure, Centre de recherche du 
CHUM, Montréal, Québec, Canada. 

Page 40 
 

14:01 Bone protective actions of RvD1: relevance to osteoporosis 
Houda Abir Benabdoun1,2, Elsa Patricia Rondon Cavanzo2, Julio Fernandes2,3, Hassan FAHMI4, 
Mohamed Benderdour2,3 
1Département de pharmacologie, Université de Montréal, Montréal, QC, Canada, 2Laboratoire de Recherche en 
Orthopédie, Hôpital du Sacré-Cœur de Montréal, Montréal, QC, Canada., 3Département de chirurgie, Université de 
Montréal, Montréal, QC, Canada, 4Unité de recherche sur l’arthrose, Centre Hospitalier de l’Université de Montréal, 
Montréal, QC, Canada; Département of Médecine, Université de Montréal, Montréal, QC, Canada 

Page 41 
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14:03 – 14:45 |Moderator : Julien Goulet 
4th Session | Theme: Spine  
 

OBJECTIVES : 
1. Recognize the various clinical characteristics of MSK spinal pathologies 
2. Identify current and new treatment modalities of MSK spinal pathologies 
3. Adjust and modify my current practise using evidence-based data for MSK spinal pathologies 

 
14:03 Automated 3D spine reconstruction of scoliotic patients from bi-planar radiographs 

Benjamin Aubert1,2, Carlos Vazquez1, Thierry Cresson1, Stefan Parent2, Jacques De Guise1,2 
1CRCHUM,  École de Technologie Supérieure, 2CHU Sainte-Justine 

Page 42 
 
14:10 Posterior sacroiliac joint fusion: Biomechanical comparison of two insertion points 

Roxanne Dubé-Cyr1,2,3, Carl-Éric Aubin1,2, Isabelle Villemure1,2, Rohan-Jean Bianco3, Yves Godio-
Raboutet3, Pierre-Jean Arnoux3 
1École Polytechnique de Montréal, 2CHU Sainte-Justine, 3LBA/IFSTTAR - Aix-Marseille Université 

Page 43 
 
14:17 Discussion 
 

14:24 Braces Optimized Using CAD/CAM and FEM Significantly Improved Curve Correction after 2 
Years of Treatment in AIS patients: a Randomized Controlled Trial 
Aymeric Guy1,2, Elisabeth Audet-Duchesne2, Soraya Barchi1, Hubert Labelle1, Carl-Éric Aubin1,2 
1Centre de recherche du CHU Sainte-Justine, 2Polytechnique Montréal & CHU Sainte-Justine 

Page 44 
 

14:31 A Self-Administered Questionnaire Designed to Determine Causes of Poor Adherence to Brace 
Treatment in Adolescent Idiopathic Scoliosis 
Marie Beauséjour1, Samuel Sassine2, Sylvie Le May2, Julie Joncas3, Soraya Barchi4, Nikita 
Cobetto5, Omar Elsemin2,4, Carl-Éric Aubin6, Stefan Parent1, Hubert Labelle1 
1Chercheure, CHU Sainte-Justine, 2Université de Montréal, 3CHU Sainte-Justine, 4Centre de recherche du CHU Sainte-
Justine, 5Polytechnique Montréal, 6Polytechnique Montréal & CHU Sainte-Justine 

Page 45 
 

14:38 Discussion 

 
14:45 Break 
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15:00 – 16:00 |Moderator : Julien Goulet 
5th Session | Theme : Spine 
 
OBJECTIVES : 

1. Recognize the various clinical characteristics of MSK spinal pathologies 
2. Identify current and new treatment modalities of MSK spinal pathologies 

3. Adjust and modify my current practise using evidence-based data for MSK spinal pathologies 
 

 
15:00 Screw density has lower impact than correction objectives on 3D correction of Lenke 1A curves 

Luigi La Barbera1,2, Noelle Larson3, Xiaoyu Wang1,2, Carl-Éric Aubin1,2 
1Department of Mechanical Engineering, Polytechnique Montréal, Montréal, Canada, 2Sainte-Justine University 
Hospital 

Page 46 
 

15:07 Genetic analysis of familial AIS: Implication of Ciliary genes 
Hélène Mathieu1,2, Stefan Parent2, Vincent Cunin4, Aurélia Spataru2, Sophie Ehersmann1,2, Justine 
Rousseau2, Thi Tuyet Mai Nguyen2, Virginie Saillour6, José Aragon3, Soraya Barchi2, Julie Joncas2, 
Shunmoogum A Pattent5, Anne Child3, Philippe Campeau2, Florina Moldovan2 
1UdeM, 2CHU Sainte-Justine, 3St George's, University of London, 4Hôpital Femme Mère Enfant Hospices civils de Lyon, 
France, 5INRS-Institute Armand-Frappier Research Centre, 6Centre de génomique clinique pédiatrique intégré Génome 
Québec and CHU Sainte-Justine 

Page 47 
 

15:14 Discussion 
 

15:21 Numerical study of the intervertebral disc rupture in flexion and flexion-compression at C4-C5 
Marie-Hélène Beauséjour1,2,3,4,5, Yvan Petit1,2,3, Pierre-Jean Arnoux x2,4,5, Éric Wagnac1,2,3 
1École de technologie supérieure, 2iLab Spine, 3Centre de recherche hôpital du Sacré-Coeur de Montréal, 4Aix-
Marseille Université, 5Laboratoire de Biomécanique Appliquée - IFSTTAR 

Page 48 
 

15:28 Surgical Complications of Anterior Vertebral Body Growth Modulation for Skeletally Immature 
Patients with Idiopathic Scoliosis 
Abdulmajeed Alzakri MD1, Marjolaine Roy-Beaudry MSc1, Isabelle Turgeon BS1, Marie Beauséjour 
PhD1, Olivier Turcot BS1, Stefan Parent MD1 
1Université de Montréal 

Page 49 
 

15:35 Discussion 
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FLASH PRESENTATIONS 
15:42 Early predictors of neurological recovery after traumatic spinal cord injury: A systematic 

review 
Pascal Mputu Mputu1,2, Marie Beauséjour2,3, Andréane Richard-Denis1,2, Cynthia Thompson1, 
Jean-Marc Mac-Thiong1,2,3 
1Hôpital du Sacré‐Coeur de Montréal, 2Université de Montréal, 3CHU Sainte-Justine 

Page 50 
 
15:44 Adolescent Idiopathic Scoliosis (AIS) Patients: Interest and Perspective of Morphological Inner 

Ear Analysis Using high resolution Cone Beam CT Imaging 
Annie-Pier Lavallée1,2, Florian Beguet1,2,4, Matthieu Schmittbuhl2,3, Florina Moldovan3, Stefan 
Parent3, Jacques de Guise1,2 
1ÉTS, 2CRCHUM, 3Université de Montréal, 4Université d'Aix-Marseille 

Page 51 
 
15:46 Defining the aims of acute rehabilitation following a traumatic spinal cord injury: a prospective 

cohort study  
Gabrielle Gour-Provencal3, Andréane Richard-Denis1,3, Jean-Marc Mac-Thiong1,2,4, Debbie E. 
Feldman5 
1Hospital du Sacré-Coeur de Montréal, Montréal, Canada, 2Hôpital Sainte-Justine, Montreal, Canada, 3Faculty of 
Medicine, Department of Medicine, University of Montreal, Montreal, Canada, 4Faculty of Medicine, Department of 

surgery, University of Montreal, 5 École de réadaptation, Pavillon du Parc, Université de Montréal, C.P. 6128, Succ. 

Centre-ville, Pavillon 7077 Avenue du Parc, Montréal, Québec, Canada H3C 3J7 

Page 52 
 
15:48 Biomechanical analysis of pedicle subtraction osteomy level 

Maeva Lopes Poncelas1,2,3, Carl-Éric Aubin1,2,3, Dennis Crandall4 
1Polytechnique Montréal, Canada, 2CHU Sainte-Justine, Montréal, Canada, 3iLab Spine – International Laboratory – 
Spine Imaging and Biomechanics, Canada / France, 4Sonoran Spine Center, Arizona, États-Unis 

Page 53 
 

15:50 Biomechanics of the central cord syndrome: a numerical study 
Nicolas Bailly1,2, Lucien Diotalevi1,2, Marie-Hélène Beauséjour1,2, Eric Wagnac1,2, Jean-Marc Mac-
Thiong2, Yvan Petit1,2 
1École de technologie supérieure, 1100 Notre-Dame Street West, Montréal, Québec, H3C 1K3, Canada, 2Research 
Center, Hôpital du Sacré-Cœur de Montréal 

Page 54 
 
15:52 Effect of disco-ligamentous injuries on stresses and strains in the spinal cord during post-

traumatic flexion 
Marie-Hélène Beauéjour1,2,3,4,5, Éric Wagnac1,2,3, Pierre-Jean Arnoux3,4,5, Jean-Marc Mac-Thiong2,3, 
Yvan Petit1,2,3 
1École de technologie supérieure, 2Centre de recherche de l'Hôpital du Sacré-Coeur de Montréal, 3iLab Spine, 4Aix-
Marseille Université, 5Laboratoire de Biomécanique Appliquée - IFSTTAR 

Page 55 
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15:54 Investigation of the spinal cord dynamics under different patterns of thoracolumbar burst 

fractures through numerical simulations 
Lucien Diotalevi1,2,3, Nicolas Bailly1,2,3, Éric Wagnac1,2,3, Jean-Marc Mac-Thiong2,4, Julien Goulet2,4, 
Yvan Petit1,2,3 
1École de Technologie Supérieure, 2Hôpital du Sacré-Coeur de Montréal, 3International Laboratory on Spine Imaging 
and Biomechanics, 4Université de Montréal 

Page 56 
 
15:56  Ovine Model of Congenital Chest Wall and Spine Deformity With Alterations of Respiratory 

Mechanics: Follow-Up From Birth to Three Months 
Shen J1, Samson N2, Lamontagne J3, Soulet D3, Tremblay Y3, Praud J2, Parent S1 
1Université de Montréal, 2Université de Sherbrooke, 3Université Laval 

Page 57 
 
15:58  How Often Does Quality of Life Deteriorate After Surgical Treatment of Adolescent Idiopathic 

Scoliosis? 
Julie Joncas2, Abdulmajeed Alzakri1,2, Marie Beauséjour2,4, Stefan Parent1,2, Hubert Labelle1,2, 
Soraya Barchi2, Jean-Marc Mac-Thiong1,2 
1Université de Montréal, 2CHU Sainte-Justine, 3Université de Sherbrooke, 4Université de Sherbrooke 

Page 58 
 
16:00 POES Division Cocktail; Clinical & basic research prize awards 
 

Prize awards for best presentations 

♦ Best presentation, all categories: 1 000$ 
♦ Best PODIUM presentation in fundamental research: 500$ 
♦ Best PODIUM presentation in clinical research: 500$ 
♦ Best FLASH presentation in fundamental research: 325$ 
♦ Best FLASH presentation in clinical research: 325$ 

Jury members 
 
Dr John M. (Jack) Flynn, University of Pennsylvania, The Children's Hospital of Philadelphia 
President 
 

Pascal-A Vendittoli MD, MSc, FRCS, FRSQ, Université de Montréal 

Eric Wagnac, PhD, ing 

Andréane Richard-Denis, MD, M.Sc., physiatre 

Marie Beauséjour, Chercheure, Université de Montréal 
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Friday April 12, 2019 

 
 
8:00 – 10:00 
Sainte-Justine Hospital Tour of clinical and research facilities 
 
OBJECTIVE : Update on recent progress in research for MSK diseases in children at CHU Sainte-Justine 

 
10:00 – 10:15  Break 

 
 

10:15 – 11:05 
6th Session | Case presentations by residents 
 
OBJECTIVE : Update on diagnosis, investigation and treatment of MSK diseases in children 

 

 

11:05 – 11:45 Staying Out of Trouble Treating Pediatric Lower Extremity Fractures | Dr 

John M. (Jack) Flynn 
 

OBJECTIVES : 
1. Learn how to avoid complications treating pediatric pelvis, hip and femur fractures; 
2. Learn how to avoid complications treating pediatric knee, tibia, ankle and foot fractures. 

 
11:45 – 12:00  Discussion 

 
12:00 – 13:00   Lunch 

 
 

13:00 – 15:30 
7th Session | Case presentations by residents 
 
OBJECTIVES : Update on diagnosis, investigation and treatment of MSK diseases in children 

 

 
15:30 – 15:45  Break 

 
15:45 – 16:00 Towards a Standard of Care for Pediatric Femur Fractures |  

Dr John M. (Jack) Flynn 
 

OBJECTIVES: 
1. Learn best practices for pediatric femur fracture management; 

2. Understand challenges for establishing standards in pediatric femur fracture management. 

 

16:00 – 16:30  Discussion 



 

Titles and scientific abstracts are published in the program as sent by the authors.The event organizers cannot be held 

responsible for any errors or omissions. 

 
14 

 

CME 
 

The Continuing Professional Development (CPD) Office of the University of Montreal Faculty of 
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developed by the Conseil québécois de développement professionnel continu des médecins 
(CQDPCM) must be respected (www.cqdpcm.ca). 
 
This activity is an Accredited Group Learning Activity under (Section 1) as defined by the 
Maintenance of Certification program of the Royal College of Physicians and Surgeons of 
Canada, and approved by the Continuing Professional Development (CPD) Office of the Faculty 
of medicine of the University of Montreal, for a maximum of 12 hour(s).* 
 
For all other participating professionals, this program provides a certificate of participation of 12 
hour(s). 
 

This activity is accredited for a maximum of 12 hour(s). 
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https://moncourrier.rtss.qc.ca/,DanaInfo=www.cqdpcm.ca+


 

Titles and scientific abstracts are published in the program as sent by the authors.The event organizers cannot be held 

responsible for any errors or omissions. 

 
15 

Enhanced recovery after short stay surgery hip and knee joint replacement 
Authors : Karina Pellei1,2, Pascal-André Vendittoli1,2, François Desmeules2, Vincent Massé1, Martin 

Lavigne1, Louis-Philippe Fortier1,2 

Affiliations : 1Hôpital Maisonneuve-Rosemont, 2Université de Montréal 

 

Short-stay total hip and knee arthroplasties (THA and TKA) protocols aim at reducing health care costs 

while being safe and not negatively impacting patient outcomes.   

Objective 

The aim of our study was to evaluate the implementation of short-stay protocol following the enhanced 

recovery after surgery (ERAS) principles, aiming at optimizing patient’s outcome. We hypothesized that 

our ERAS THA and TKA short-stay protocol would result in a lower complication rate, shorter length of 

hospital stay and reducing costs of care compared to the standard procedure.  

Methods 

We compared 120 patients who received their THA or THA with our ERAS day surgery program to a 

matched historical control group of 150 THA or TKA patients. Complications rated according to Clavien-

Dindo scale were compared between the two groups, as well as length of hospital stay and costs.   

Results 

We demonstrated a statistically significant decrease in the number of Grade 1 and 2 complications per 

patient in the ERAS short-stay group compared with the historical group (0.8 vs 3.0, p<0.001). The length 

of hospital stay for the ERAS short-stay group decreased by 2.8 days for the THAs (0.1 vs 2.9 days, 

p<0.001) and 3.9 days for the TKAs (1.0 vs 4.9 days, p<0.001). Failure rate of the day surgery was 4% 

(n=4) for THA and 14% (n=3) for the TKA. Higher number of unexpected visits in the emergency room or 

the clinic was observed in the ERAS short stay group (13.4% versus 6.3%, p<0.01). The estimated cost 

reduction with the ERAS short-stay protocol was 1489$ per THA and 4206$ per TKA.   

Conclusion 

The implementation of a short-stay protocol following the ERAS principles for patients undergoing THA 

or TKA at our institution resulted not only in reduced length of hospital stay and reduced costs but also 

in improved patient care. 

Financement : Fondation de l'hôpital Maisonneuve-Rosemont 
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Traffic in the Operating Room during Joint Replacement is a Multidisciplinary 

Problem 

Authors : Rémi Pelletier-Roy1,2, Martin Bédard2,3, Stéphane Pelet2,3, Mathieu Angers-Goulet2,3, Pierre-

Alexandre LeBlanc2 

Affiliations : 1Université de Montréal, 2Université Laval, 3Département de Chirurgie orthopédique CHU de Québec Hôpital de 

l'Enfant-Jésus 

 

Objectives 

Operation room (OR) staff traffic has been shown to raise the bacterial counts in the OR which is a factor 

for infection. To reduce periprosthetic infection rate in our center we wanted to (1) define the incidence 

of door opening in the OR during primary TJA and (2) see if measures were needed to reduce staff traffic 

in the OR. 

Methods 

An observer recorded the number of door openings during 100 primary/elective TJA while the OR 

personal was unaware of the observer intention. The data collected were: the number of door openings, 

which door of the OR was opened (internal or external), if it occurred in the pre-incision period (period 

A; from tray opening to incision) or in the post-incision period (period B; from incision to surgical site 

closure) and by which type of specialty every door opening was performed.   

Results 

The average door openings for primary TJA was 71.1 with an average operating total time of 111.9 min, 

giving an average rate of door openings per minute of 0.64. The specialties most involve were the 

nursing and anesthesia staff. The pre-incision period was the one in which the most door openings 

occurred with and average rate per minute of 0.84. For this period of time, specialties most involved 

were the nursing and orthopaedic personal. The post-incision period yielded the lowest door openings 

rate with an average rate per minute of 0.54.   

Conclusion  

There is a high incidence of door openings during a TJA. High variation of door openings for same 

operation duration shows that reduction of the OR traffic might be achieve. Education to all OR staff, 

locking the door at the tray opening, minimizing staff rotation as well as monitoring the OR traffic should 

be investigated to reduce door openings during TJA and the PJI risks associated. 

Financement : Fondation pour l'avancement et la recherche en orthopédie du Québec
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Medial talonavicular displacement and talar dysmorphism on ultrasound are 

predictors of clubfoot recurrence at 5-year follow-up after Ponseti treatment 

Authors : Nahle, Imad 1,2 ; Miron, Marie-Claude1,2 ; Glavas, Peter1,2 

Affiliations : 1Centre Hospitalier Universitaire de Ste-Justine, Montréal, QC, Canada; 2Université de Montréal, Montréal, QC, 

Canada 

 

Objective 

To identify clinically useful pre-treatment ultrasound tools that correlate with the risk of recurrence 

following the management of the clubfoot using the Ponseti technique. 

Methods 

Seventy-six patients (113 feet), all treated with the Ponseti technique were reviewed. All patients had an 

ultrasound evaluation by the same radiologist at the beginning of the treatment. Recurrence was 

recorded at 5-year-follow-up. Outcome measures were compared between the recurrence (R) and 

nonrecurrence (NR) groups, and included: the talonavicular medial displacement, the presence of talar 

dysmorphism, the sagittal tibio-talo-calcaneal alignement and the talocalcaneal angle. Statistical analysis 

used independent student t-tests and odds ratios.  

Results 

Recurrence rate was 22% (25/133 feet). The mean percentage of medial talonavicular displacement was 

significantly higher in the R group than the NR group (50%±37 vs 30%±22, respectively, p=0.002). 

Similarly a dysmorphic talus was more likely to be found in the R group than the NR group (OR=7.5, 95% 

CI= 2.3-24.0). 

Conclusion 

The increased medial talonavicular displacement and the presence of talus dysmorphism on ultrasound 

correlate with the increasing rate of recurrence in clubfoot at long-term follow-up after Ponseti 

treatment. Recurrence was defined as the need to return to Ponsetti casting. 

Financement : CHU Sainte-Justine
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Is the hip-knee-ankle (HKA) angle predictive of the dynamic coronal alignment of 

the knee during walking in healthy subjects? 

Authors : Yann Beaulieu2, Julien Clément1,2,3, William Blakeney1,2, David Eichler1,2, Nicola Hagemeister3,4, 

François Desmeules1,2, Neila Mezghani3,5,6, Véronique Lowry1,2, Pascal-André Vendittoli1,2 

Affiliations : 11Hôpital Maisonneuve-Rosemont, 2Université de Montréal, 3Laboratoire de recherche en imagerie et 

orthopédie, 4École de technologie supérieure, 5Centre de recherche LICEF, 6Université TÉLUQ 

 

Objectives 

For many years, it was believed that achieving a neutral static Hip-Knee-Ankle angle (sHKA) during total 

knee arthroplasty (TKA) would favour a better medio-lateral joint loading and longer implant 

survivorship. However, recent studies did not find significant correlation between sHKA and TKA 

survivorship. Dynamic HKA (dHKA) has been proposed to better represent the dynamic knee loading 

during gait, and be more predictive of TKA long-term outcomes, but there is a lack of studies on healthy 

subjects. Our objectives were to investigate relationship between sHKA and dHKA, and to detail the 

dHKA changes during gait.  

Methods 

3D knee kinematics analyses of 165 healthy knees (75 subjects with bilateral evaluations, and 15 with 

unilateral evaluations) were performed using the KneeKG™ system. dHKA was calculated as the 

projection of knee varus-valgus angle in the frontal plane, and compared with sHKA measured on full-

length weight-bearing X-ray. Knees were considered “Stable” if the dHKA remained in valgus or varus for 

greater than 95% of the stance or swing phases, and “Changer” otherwise. Pearson correlation 

coefficients between sHKA and dHKA values were analysed. Radiographic and kinematic data of Stable 

and Changer were compared.  

Results 

dHKA absolute variation during gait was 10.9±5.3° for the whole cohort. The variation was less for the 

varus knees (10.3±4.8°), than for the valgus knees (12.8±6.1°, p=0.008). We found low to moderate 

correlations (r=0.266 to 0.553, p<0.001) between sHKA and dHKA values for varus knees and no 

significant correlation for valgus knees. Twenty two percent (36/165) of the knees were considered 

Changers. More valgus knees were Changers: 39% versus 15% of the varus (p < 0.001).   

Conclusion 

Static radiographic measure of coronal alignment has limited value for predicting dynamic lower limb 

alignment during gait. 

Financement : Fondation de l’Hôpital Maisonneuve-Rosemont 
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Novel internal extramedullary fixator for distraction osteogenesis in pediatric 

patients 

Authors : Jeremie Gaudreau1, Mina Mekhail2, Reggie C.,  Hamdy2, Isabelle Villemure1,3  

Affiliations : 1École Polytechnique de Montréal, 2Shriners Hospital for Children, 3CHU Sainte-Justine 

 

Objectives  

Distraction osteogenesis consists of a bone elongation technique based on progressive separation 

increments applied to a bone following a corticotomy. Extensible fixators are used to distract and 

stabilize bone segments. The Ilizarov apparatus is the most commonly used external fixator in pediatric 

orthopedics. However, it is associated with complications, such as pin tract infections and scarring, as 

well as producing a negative impact on the patient’s body image. Intramedullary fixators overcome these 

issues but are not implantable in children since the growth plates would be damaged upon implantation, 

hence impeding the child’s normal musculoskeletal development. Thus, the goal was to design an 

internal extramedullary fixator with a remote-controlled distraction mechanism.  

Methods 

An extramedullary fixator composed of two stainless steel telescopic bodies was designed. These bodies 

are screwed to the bone with locking screws, which create a space of 1 mm between the plate and the 

bone in order to preserve the vascularization envelope of the bone, promoting faster healing at the bone 

callus. The distraction is executed through the action of a leadscrew joined to a rotating magnet, which is 

activated by an external magnetic controller. An experimental bench was designed to simulate a load 

applied on the bone segments onto which the fixator is installed. A series of 50 mm distractions were 

carried out and analyzed as a function of time for various loads (10-70kg). 

Results 

The device completed the series of 50 mm distractions while supporting over 735 N, exceeding the value 

of soft tissue resistance forces in pediatric limb lengthening. Moreover, the distraction speed remained 

constant throughout the procedure, decreasing slightly at the highest weights. 

Conclusion 

This internal remote-controlled fixator avoids some complications associated to external fixators due to 

its extramedullary nature and offers a beneficial alternative for pediatric patients needing a limb 

lengthening procedure. 

Financement : Institut TransmedTech, Shriners Hospital for Children
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Impact exercise during adolescence improves bone microstructure and strength 

in growing rats 

Authors : Tanvir Mustafy1,2, Irene Londono2, Florina Moldovan2,3, Isabelle Villemure1,2 

Affiliations : 1École Polytechnique de Montréal, 2CHU Sainte-Justine, 3Université de Montréal 

 

Objective 

Physical activity is beneficial for skeletal development. However, mechanical forces exerted on the 

skeleton vary according to the type of physical activity. To date, it is still not clear whether impact sports 

performed during adolescence lead to bone growth retardation and/or bone quality improvement. The 

objective of this study was to investigate the effects of in vivo low (LI), medium (MI), and high (HI) impact 

loadings applied during puberty on bone growth, morphometry and biomechanics using a rat model. 

Methods 

4 week old rats (n=30) were divided into control, sham, LI, MI, and HI groups. The impact was applied on 

the right tibiae 5 days/week for 8 weeks using a compression loading device. Loadings were strain (ε) 

calibrated to mimic walking (450µε), sprinting (850µε) and zig-zag uphill running (1250µε) conditions. 

Trabecular and cortical parameters were determined by micro-CT, bone growth rate by calcein labeling 

and histomorphometry of growth plates by staining. Bone mechanical properties were evaluated from 

three point bending tests. 

Results 

The HI loading group reduced rat body weight (12.8%) and food consumption (17%) compared to shams. 

Bone growth rate decreased in MI and HI by 6.5% and 10.5%, respectively. After 12 weeks, the HI group 

showed a significant increase in bone mineral density, trabecular thickness, cortical and total surface 

area. Ultimate load and stiffness were also increased in MI and HI group compared to shams. 

Conclusions and Significance 

Impact loading during adolescence reduces bone growth moderately, but improves bone quality and 

biomechanics at the end of the growing period. Future work will investigate whether these impact loads 

applied during puberty are determinant factors of bone quality and strength in adult life. 

Financement : NSERC (IV), the CRC Program (IV) and the NSERC/CREATE program (TM). 
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Study of bioactive chitosan-based hydrogel for mineralized tissue 3Dbioprinting 

Authors : Maedeh Rahimnejad1,4, Christine Andrea2, Cindy Charbonneau2, Sophie Lerouge1,3,4 

Affiliations : 1Biomedical Engineering Institute, Université de Montreal, Canada, 2National Research Council Canada / 

Government of Canada, Montreal, Canada, 3Department of Mechanical Engineering, École de technologie supérieure (ÉTS), 

Montreal, Canada, 4Research Centre, Centre Hospitalier de l’Université de Montréal (CRCHUM), Canada 

Objective 
3D-bioprinting offer a great potential for gradient structures fabrication e.g. cartilage-to-bone interface. 
However, an ideal bioink is still missing. Injectable thermosensitive chitosan hydrogels gelling at body 
temperature, could allow to inject irregular cavities or defects in situ. Loading bioglass particles into such 
hydrogel could promote bone in growth through its osteoinductive and osteoconductive properties. 
Here, we have aimed on studding a bioactive chitosan hydrogel containing bioglass particles for 
mineralized tissue 3D-bioprinting. 

Methods 
Thermosensitive chitosan hydrogels were prepared by 2%w/v chitosan combined with gelling agents 
(phosphate-buffer & sodium-hydrogen-carbonate). Bioactive glass powder was added to the gelling 
agents at various concentrations (0-6%w/v). Preliminary trials showed that higher bioglass particles 
concentration increased pH level, causing chitosan precipitation and thus impeding hydrogels gelation. 
Mechanical properties, pH stability and apatite formation of bioglass/chitosan hydrogels were evaluated. 
Hydrogel mechanical strength was assessed by unconfined compression test (Mach1). Gelation kinetics, 
shear thinning and recovery properties were measured using a rheometer (Anton-Paar) to study 
printability. Apatite formation was investigated using FTIR, SEM and EDAX elemental analysis. 
Indirect/direct cytotoxicity tests are ongoing to determine the bioglass impact on cytocompatibility of 
hydrogels. 

Results 
It was noticed that the pH of bioglass/chitosan hydrogels increased over time, then stabilized after 
~5days. The pH of the hydrogels with 1%w/v bioglass was within neutral range and the osmolarity was in 
physiological range (280-300mOs/kg). The bioglass interaction with the phosphate buffer was confirmed 
by FTIR, EDAX and SEM. In vitro cytocompatibility characterizations are in progress. The hydrogel 
containing 1%w/v of bioglass presented the highest secant modulus (45kPa), at 50% of deformation, 
shear thinning and recovery properties suitable for bioprinting. However, the gelation rate was faster 
with bioglass addition which could be a challenge for 3D-bioprinting. 

Conclusions 
These preliminary results suggest that bioglass/chitosan hydrogel could lead to a bioink for mineralized 
tissue bioprinting 

Financement : Funding by The Natural Sciences and Engineering Research Council of Canada (NSERC) 

and The Fonds de recherche du Québec – Nature et technologies (FRQNT)
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Can micro-computed tomograhy detect bone adaptations from ex vivo culture? 

Authors : Annie Levasseur1,2,5, Florian Guillaume1,2,3, Heidi-Lynn Ploeg4, Yvan Petit1,2,5 

Affiliations : 1École de technologie supérieure, 2Centre de recherche de l’Hôpital du Sacré-Cœur, 3Université Paris-Est Créteil, 
4Queen’s University, Kingston, 5Laboratoire International Associé sur la biomécanique et l’imagerie du rachis 

 

Objective 

Ex vivo bone culture allows maintenance of viable bone samples in a bioreactor. A difficulty associated 

with this type of experiment is the capability to quantify samples’ adaptation during the culture period. 

Micro-computed tomography is a measurement method used to quantify density and structural 

parameters of the bone. Therefore, the aim of this project was to determine if micro-computed 

tomography can detect bone adaptations resulting from ex vivo culture.  

Methods 

Six trabecular bone samples extracted from bovine ilium were used. The samples were cultured in a 

bioreactor for 14 days to stimulate bone adaptation. The samples were imaged by micro-computed 

tomography (Skyscan 1176) before and after the culture period, to quantify the changes induced by the 

bone adaptation. The change in density measurement and structural parameters due to culturing were 

compared with the measurements made on a control sample which had not been cultured. 

Results 

The change in density measurement as well as the structural parameters following 14 days culture was 

higher than the change obtained for the control sample that was not cultured. Consequently, the 

changes in the measurements obtained were due to culturing and not due to the acquisition and image 

analysis.  

Conclusion 

This project confirms that micro-computed tomography is effective to detect bone adaptations resulting 

from ex vivo culture. The use of micro-computed tomography appears to be an adequate method to 

quantify and document sample changes during ex vivo culture and eventually have a better 

understanding of bone adaptation during diseases such as osteoporosis or the osteo-integration process. 

Financement : Conseil de recherches en sciences naturelles et en génie du Canada (CRSNG), Fonds de 

recherche du Québec- Nature et technologies (FQRNT), Centre de recherche HSCM
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Joint Perception After Total Knee Arthroplasty and the Forgotten Joint 

Authors : Pascal-André Vendittoli1, Vincent Massé1, Yann Beaulieu1, Benjamin Puliero1, David Eichler1 

Affiliations : 1Université de Montréal 

 

Objectifs 

Assessing patients’ functional outcomes following total knee arthroplasty (TKA) with traditional scoring 

systems is limited by their ceiling effects. The Forgotten Joint Score (FJS) has been suggested as a more 

discriminating option. The actual score in the FJS which constitutes a “forgotten joint,” however, has not 

been defined. The emerging concept of joint perception led to the development of the Patient’s Joint 

Perception question (PJP). 

Méthodes 

101 TKA were assessed at a mean of 41 months of follow-up (range 29-51). Outcomes included the 

Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), FJS, and PJP. Correlation of 

the scores as well as the ceiling effects were analyzed. 

Résultats 

The mean FJS was 79.0 (range 0-100). PJP was correlated with the FJS and WOMAC (Spearman’s rho -

0.720 and 0.684, respectively). 34% of the patients felt their prosthetic knee as a natural joint (FJS: 95% 

confidence interval [CI] 92.2-97.9), 15% as an artificial joint with no restriction (FJS: 95% CI 69.6-93.5), 

and 40% as an artificial joint with minor restrictions (FJS: 95% CI 65.4-78.3). 11% had major restrictions 

and none reported a non-functional joint. The ceiling effect was high with both the WOMAC and FJS, 

where 17% and 18% achieved the maximal score respectively.  In addition, 13% of the patients had a 

WOMAC >10 and 22% an FJS < 90 while reporting having a natural knee. Furthermore, 19% with a 

perfect WOMAC reported having an artificial joint with or without limitation. 

Conclusion 

With a TKA, a forgotten knee perception corresponds to an FJS >92. In 13%-22% of the cases, the 

WOMAC and FJS failed to identify the forgotten joint, or reached the maximum score when the patients 

did not feel their knee was natural. The PJP is a simple and reliable tool that enables identification of 

patients who feel replaced knee is natural. 

Financement : N/A 
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Reduced Gap Imbalances with Restricted Kinematic Alignment in Total Knee 

Arthroplasty 

Authors : Pascal-André Vendittoli1, Marc-Olivier Kiss1, Yann Beaulieu1, Benjamin Puliero1, David Eichler1 

Affiliations : 1Université de Montréal 

 

Purpose 

Mechanical alignment (MA) techniques for total knee arthroplasty (TKA) introduces significant anatomic 

modifications and secondary ligament imbalances. A restricted kinematic alignment (rKA) protocol was 

proposed to minimize these issues and improve TKA clinical results. 

Method 

A total of 1000 knee CT-Scans were analyzed from a database of patients undergoing TKA. rKA 
tibial and femoral bone resections were simulated. rKA is defined by the following criteria: 
independent tibial and femoral cuts within ± 5° of the bone neutral mechanical axis and a 
resulting HKA within ± 3° of neutral. Medial-lateral (ΔML) and flexion-extension (ΔFE) gap 
differences were calculated and compared with MA results. With the MA technique, femoral 
rotation was aligned with either the trans-epicondylar axis (TEA) or with 3° of external rotation 
to the posterior condyles (PC).  

 

Results 

Extension space ML imbalances ≥3mm occurred in 33% of TKA with MA versus 8% with rKA and ≥5mm in 

up to 11% of MA knees versus 1% rKA (p<0.001). Using MA, higher imbalance rates were created by the 

TEA technique for the flexion space ΔML (p<0.001). rKA again performed better than both MA using TEA 

or 3° PC techniques (p<0.001). When all the differences between ΔML and ΔFE are considered together: 

using TEA there were 40.8% of the knees with <3mm imbalances throughout; 55.3% using PC and 91.5% 

using rKA (p<0.001). 

Conclusion 

Significantly less anatomic modifications with related ML or FE gap imbalances are created using rKA 

versus MA for TKA. Using rKA may help the surgeon to balance a TKA, whilst keeping the alignment 

within a safe range. 

Financement : N/A
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Creation of a prospective database of musculoskeletal treatments for 

hemophiliac patients 

Authors : Hugo St-Yves1, Janie Barry1, Patrick Lavigne1,2, Vincent Massé1,2, Marc Isler1,2 

Affiliations : 1Hôpital Maisonneuve-Rosemont, 2Université de Montréal 

 

Objectives 

Musculoskeletal pathology is common in persons with bleeding disorder. They represent important 

quality of life issues. It has been shown that treatment for these patients is optimized in a 

multidisciplinary settings permitting a concentration of expertise for this rare disease spectrum. Since 

2011, Maisonneuve-Rosemont Hospital became one of those centers. Data regarding type and results of 

treatments and the impact on patients’ quality of life as found in the literature is of limited scientific 

value due to low incidence of this disease and the quality of evidence available.  

Methods 

We have created an ongoing prospective database of a comprehensive nature in 2013, with the goal of 

quality control and increase scientific evidence to guide treatments. Data collected includes type of 

pathology, treatments, peri-operative care, physiotherapy treatments and patients’ quality of life. These 

data are collected using patient reported quality of life questionnaires (including appropriate tool: 

Haemo-Qol, and specific site tools: TESS, KOOS, Womac, Quick-Dash), caregiver assessments and medical 

files over a 10 year span.    

Results 

80 patients have been identified to participate in the databank. Of these, 19 patients have not yet been 

recruited, 2 patients have been excluded, 1 patient has refused to participate and 58 patients have been 

included. Information had been collected on a total of 37 operations including 3 arthroscopic surgeries, 4 

THR, 14 TKR and 8 revisions. 

Conclusion 

This database is a methodological tool that will allow researchers to develop future studies with a robust 

level of scientific evidence. The databank is well received from the population with bleeding disorders 

with a participation rate of more than 98%. It is essential to expand this databank across Canada to 

optimize data collection and improve orthopedic treatment for this population. 

Financement : NovoNordisk
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Identification of Lower-Limb Bones in Biplanar X-Ray Images with Arbitrary Field 

of View and Various Patient Orientations 

Authors : Roseline OLORY AGOMMA1,2, Carlos Vazquez1, Thierry Cresson1,2, Jacques De Guise1,2 

Affiliations : 1ÉTS et LIO, 2CRCHUM 

 

Objectives 

Correctly identifying bones in radiographic images is an important step for some orthopedic procedures. 

This apparently simple task is mainly performed by human operators before performing more complex 

operations. Automatic detection and identification of bones in radiographic images, especially if the field 

of view and the position of the patient are not known a priori, remains a challenging task. In this paper, 

four lower-limb (LL) bones are automatically identified on biplanar X-ray images with varying fields of 

view (LL images, whole images and partial images) and two orientations of the patient (0°/90° and 

45°/45°) with respect to the imaging device.  

Methods 

In order to identify automatically the four LL bones (femurs and tibias), we first generated ground truth 

masks by projecting the contour of the 3D model of each bone structure (reconstructed by an expert) on 

the associated biplanar X-rays images (90 biplanar X-ray images in total). Using these contours, we create 

full masks, for each structure, distinguished by different colors. In order to improve the training 

performance of our neural network based on SegNet architecture, a data augmentation strategy has 

been proposed to obtain a database consisting of 43960 images. The network takes as input images and 

their corresponding masks, learns the features that characterize them and then outputs masks for a 

given image.   

Results 

For the evaluation, we used a database consisting of 15 biplanar X-ray images. We obtained an overall 

accuracy (mean +/- std) of 96.75 +/- 0.01% and a Dice coefficient of 93.85 +/- 0.02%. 

Conclusion 

In this work, four bone structures of the LL are automatically identified on biplanar X-rays presenting 

variable fields of view and different patient orientations. Future work will explore using this 

identification as an initialization step for landmark identification and 3D reconstruction. 

Financement : EOS Image Inc, RDC CRSNG
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How Does Pelvic Incidence Change in Low-Grade Spondylolisthesis in Association 

with Listhesis Progression? 

Authors : Abdulmajeed Alzakri1,2, Julie Joncas1, Hubert Labelle1,2, Stefan Parent1,2, Soraya Barchi1, Jean-

Marc Mac-Thiong1,2 

Affiliations : 1Centre de recherche du CHU Sainte-Justine, 2Faculté de Médecine, Université de Montréal 

 

Objective 

Observational studies suggest that the majority of low-grade patients treated nonoperatively will have a 

successful clinical outcome. However, the changes in pelvic incidence as related to risk of progression 

remains unknown. We aim to show that a change in pelvic incidence is related to progression of 

spondylolisthesis.   

Methods 

The complete records of 301 prospective patients (129 males 172 females) with low-grade 

spondylolisthesis aged 12.3 years ± 3.1 years were reviewed. Radiological parameters (pelvic incidence, 

lumbosacral angle and percentage of slip) were measured at the first visit and at a minimum 2-year 

follow-up. Patients with an increase in pelvic incidence by more than 5 degrees at last follow-up were 

included in group 1, and otherwise included in group 2. 

Results  

The average follow-up time is 4.6±2.3 years. The slip percentage was 14.6±8.8 at initial visit and 15.8±9 

at last follow-up (P<0.05). There were 66 patients in group 1 and 233 patients in group 2. There was no 

difference in slip progression or lumbosacral progression between the two groups. The pelvic incidence 

was 56.1±12.9 at initial visit and 58.7±13.4 at last follow-up (P<0.05). There was a significant increase in 

pelvic incidence during follow-up. The change in pelvic incidence was not related to lumbosacral angle or 

slip percentage.  

Conclusion  

Pelvic incidence increased significantly during follow-up, but the changes in pelvic incidence were not 

associated with progression of spondylolisthesis in terms of slip percentage and lumbosacral angle. 

Pelvic incidence is not likely to be a risk factor for progression in low-grade spondylolisthesis. 

Financement : Financement interne
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Post traumatic growth arrests of the distal radius in children and adolescents 
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Beauséjour1, Constantin stanciu1,2, Mathilde Hupin1,2 

Affiliations : 1Chercheure, CHU Sainte-Justine, 2CHU Sainte-Justine 

 

Objectives 

Premature growth arrests after physeal fracture of the distal radius in children and adolescents can have 

serious complications. An early diagnosis could prevent clinical repercussions. Their true incidence has 

not been well established, and there exists no consensual systematic monitoring plan for minimizing its 

impacts. The main objective was to evaluate the prevalence of growth arrests after a physeal distal 

radius fracture. The secondary objective was to identify risk factors in order to better guide clinicians for 

a systematic follow-up. 

Methods 

All patients seen between 2014-2016 in a tertiary orthopaedic clinic were retrospectively reviewed. 

Inclusion criteria were (1) a physeal fracture of the distal radius (2) adequate clinical/radiological follow-

up. Descriptive, Chi-square and binary logistic regression analyses were carried out using SPSS software. 

Results 

One hundred ninety patients (mean age: 12 ± 2.8 years) fulfilled the inclusion criteria. Forty percent 

(n=76) of the fractures were treated by closed reduction. Premature growth arrest was seen in 6.8% 

(n=13) and diagnosed at a mean of 10 months post trauma. The logistic regression showed that the 

initial translation percentage (>30%) (p<0.001) and degree of angulation (>25 ) (p<0.001) in the coronal 

plane significantly increase the risk of growth arrest. After adjusting for concomitant ipsilateral ulnar 

injuries, a positive association between physeal complications and fracture manipulation was detected 

(76.9%, p=0.03). A non-significant trend between premature growth arrest and associated ulnar injury 

was observed (p=0.054). No association was identified for trauma velocity, fracture type, gender and 

age, and growth complications. 

Conclusion 

A prevalence of 6.8% of growth arrest was found after a physeal fracture of the distal radius. Fractures 

presenting with an initial coronal translation > 30% and/or angulation > 25 from normal, as well as those 

treated by manipulation, have been shown to be at risk for a premature growth arrest of the distal 

radius. This study highlights the importance of a systematic follow-up after a physeal fracture of the 

distal radius to optimize the detection of growth arrest and treat it promptly. 

Financement : CHU Sainte-Justine
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Objectives 

Reverse total shoulder arthroplasty (RTSA) is a tool in the treatment of complex fractures of the proximal 

humerus (Fx PH). The aim of this work is to describe the in vivo action of RTSA in patients with complex 

fractures of the proximal humerus.   

Method 

Observational prospective study of cohorts including nine patients with RTSA for complex Fx PH who 

reached the rehabilitation plateau are compared to 10 control patients. The muscular activity of 7 

muscles (anterior/middle/posterior deltoid, latissimus dorsi, upper trapezius, pectoralis major and biceps 

brachialis) is recorded via electromyography (EMG) when performing 5 movements (flexion, abduction, 

neutral external rotation, external rotation and internal rotation at 90 degrees of abduction). Four 

repetitions per movement are executed. The EMG results are then normalized for each patient with 

maximum voluntary isometric contraction (MVIC), allowing inter-patient comparison. Student's t-test is 

used for comparative descriptive analysis (p <0.05).   

Results 

The overall range of motion with RTSA is good, but lower than the control group (p˂0.05). The three 

heads of the deltoid are more stressed during flexion and abduction in the RTSA group (p<0.01). The 

upper trapezius exhibits maximal muscle activity between 45 and 105o during flexion in prosthetic 

patients (p<0.01). The latissimus dorsi muscle is more involved in flexion and abduction movements in 

the RTSA group (p<0.01), probably because of its role in stabilizing the scapula.   

Conclusion 

The increased use of the 3 deltoid chiefs does not support Grammont’s hypothesis. The maximal activity 

of the trapezius in flexion and of the latissimus dorsi in flexion and abduction had not been described so 

far. These new discoveries will help develop better rehabilitation programs. In addition, the significant 

role of the latissimus dorsi must question the risks of its transfer with the teres major (Episcopo 

procedure) to compensate for external rotation deficits in elective RTSA. 

Financement : Fondation pour l'avancement et la recherche en orthopédie du Québec
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Objectives  

In inverse dynamics musculoskeletal models, muscles are typically modeled as series of discrete massless 

fibers from origin to insertion points with via-points and/or geometrical wrapping surfaces. To model 

large muscles with multiple functional compartments, some researchers added transverse constraints 

between fibers to maintain the muscle consistency. Recently, we proposed a new wrapping approach, in 

which each muscle fiber wraps around a unique ellipsoid. The objective of this study was to implement 

three geometrically different models of deltoid and assess their effect on deltoid forces prediction.We 

used a large-scale musculoskeletal shoulder model previously developed using the Anybody Modelling 

System (Anybody Technology, Aalborg, DK).  

Methods  

An arm elevation from 0° to 120° in the scapular plane was simulated for one subject (male, 75 kg) to 

predict deltoid muscle forces using the original (via-points) and two innovative models: the 2D surface 

mesh model and the ellipsoid-fit model. All simulations were based on the same static optimization 

algorithm with a least square activation criterion. 

Results 

The biggest difference between predicted forces was observed in the mediolateral force of the anterior 

deltoid after 40° of elevation, and mediolateral and anteroposterior forces of the posterior deltoid after 

70° of elevation for via-points model.  

Conclusion 

We highlighted that the geometrical representation of the deltoid affects the prediction of muscle 

forces. We recommend a careful validation (e.g. based on the moment arms obtained from medical 

images to ensure that the muscle geometry is correct) to improve the realism of forces prediction before 

its clinical use. 

Financement : Fonds de Recherche du Québec en Nature et Technologie (FRQNT)
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Objectives 

Manual wheelchair (MWC) propulsion is a functional activity involving repetitive and strenuous 

movements, which increases the risk of developing shoulder impairments. The concentric muscular work 

produced by the glenohumeral joint has to counter-balance the eccentric work of the elbow in order to 

transmit the energy to the handrim’s MWC.  There is a strong correlation between handrim reaction 

forces and the increase of shoulder joint moments[1]. Load acting at the handrim level can be measured 

with dynamic force platforms (DFP). The disadvantage of these platforms is the necessity to modify the 

personalized MWC. The aim of this study is to predict the vertical and the anterior-posterior component 

of handrim reaction forces (Fx and Fy)  , as well as the medial-lateral component of  handrim moment 

(Mz) during outdoor MWC propulsion.  

Methods 

Eleven able-bodied subjects propelled a MWC along a 20-meter corridor. Three inertial measurement 

units (Xsens, Inc), were used to measure the 3D linear acceleration as well as 3D angular velocity of both 

wrists and of the pelvis at 120 Hz. Handrim reaction forces and moments were measured by two 

SmartWheel (Three Rivers, Inc) at 240 Hz. A new method based on non-linear transfer function 

identification (Hammerstein-Wiener) has been developed in order to predict the three dependant 

variables Fx, Fy and Mz from the inertial data and the normalized patterns of the measured handrim 

forces and moments  . The test and the validation of the new method were assessed using the Leave-one 

Subject-out approach[2].  

Results 

The Root Mean Square were equal to 5.8N, 7.6N and 1.6N.m for Fx, Fy and Mz, respectively.   

Conclusion 

The results obtained by our method will allow monitoring  load acting at handrim level during daily 

activities of MWC users without the need for using DFP. 

Financement : Fond de recherche du Québec en nature et technologie (FQRNT). Regroupement 

stratégique INTER (Ingénierie de technologies interactives en réadaptation)
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Exploring the effects of a theta burst stimulation protocol on functional recovery 
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Introduction 

Acute pain constitutes one of the most common symptoms shared among patients who have suffered 

from an isolated limb fracture (ILF). Development of interventions aiming to prevent the installation of 

chronic pain is critical as persistent pain is associated with an increased risk of medical complications, 

financial burdens and diminished quality of life. Theta burst stimulation (TBS), a non-invasive brain 

stimulation technique, appears particularly promising in alleviating pain symptoms among ILF patients as 

it targets brain regions involved in pain processing. Studies using TBS in chronic pain patients have shown 

that it can induce analgesic effects and improve recovery. This study aims to assess the effects of a 10-

day TBS protocol among ILF patients administered during the acute phase on key functional criteria.    

Methods 

ILF patients aged between 18 to 50 years old were recruited within seven days post-accident and 

randomly attributed to our two groups: active TBS vs. sham. Questionnaires aiming to assess the 

patient’s functional state (VAS, DASH, McGill Pain Questionnaire, PSQ-3) were completed by patients at 

all time points: three days prior and after the intervention and three-month post-trauma.  

Results 

Twenty-eight patients were recruited (age: 40.38 years old; female: 12) and equally assigned to our two 

groups. In comparison to the sham group, the active group showed considerable improvements on all 

functional measure three days post-intervention. Although more subtle, a tendency toward greater 

improvement was observed in the active group compared to the sham group on these measures three 

months post-intervention. 

Conclusions 

Results from this study show that patients who underwent active TBS reported better functional 

recovery shortly after the end of the TBS protocol compared to sham patients, suggesting that TBS 

program may help to accelerate recovery among this population. Future studies should therefore 

investigate mechanisms involved to optimize this technique among the orthopedic trauma population. 

Financement : Fonds de Recherche en Santé du Québec



Recherche fondamentale 

Titles and scientific abstracts are published in the program as sent by the authors.The event organizers cannot be held 

responsible for any errors or omissions. 

 33 

Osteoclastogenesis modulation by lymphocytes and osteoblasts 
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Mohamed Benderdour1, Julio Cesar Fernandes1 

Affiliations : 1Université de Montréal 

 

Objectives 

Receptor activator of nuclear factor-kB ligand (RANKL) is a pivotal component of the cytokine network 

linked to bone resorption diseases such as osteoporosis. Osteoporosis is the result of a very active 

osteoclastogenesis, which depends on the expression of RANKL by osteoblasts. Host immune responses 

may also play a key role in promoting bone resorption since lymphocytes express RANKL. The aim of this 

research is to evaluate RANKL expression in osteoblasts and lymphocytes in proinflammatory conditions, 

and its implication in osteoclastogenesis.  

Methods 

Osteoblastic line HOb and lymphocyte line Jurkat were treated with LPS [100 ng/mL], TNFalpha [10 

ng/mL] and dexamethasone [10-8 M] to stimulate RANKL expression. The effects on RANKL expression 

were analyzed by Western Blot, ELISA and flow cytometry. The two lines were cocultured and 

stimulated; RANKL expression was measured by Western Blot and immunofluorescence. They were also 

stimulated and cocultured with PBMC extracted from blood donors to induce osteoclastogenesis, which 

was measured by TRAP coloration and Western Blot.   

Results 

Expression of membrane-bound RANKL increases significantly (p<0.05) with a 1.9-fold in HOB and Jurkat 

with LPS and TNFα combined. Expression of soluble RANKL increases with a 1.3-fold for both lines, but 

not significantly. When both lines are cocultured, all conditions show a decrease of RANKL expression. 

Treated lymphocytes cultured with PBMC allow an increase of mature osteoclasts with a 1.7-fold, 

whereas treated osteoblasts allow a 1.3-fold increase.      

Conclusion 

This study suggests that membrane-bound RANKL is more implicated in osteoclastogenesis than its 

soluble form. Also, it shows that there is a crosstalk between osteoblasts and lymphocytes. Moreover, 

lymphocytes results about RANKL expression and osteoclastogenesis activation similar to those of 

osteoblasts reveal that they may be as important in the recruitment and activity of osteoclasts. This 

leads to a new pathway of pathophysiology and therapy of osteoporosis. 

Financement : Ministère de l’Économie, de la Science et de l’Innovation du Québec (Programme de 

soutien à la recherche [PSR], volet 4: Soutien à des initiatives internationales de recherche et 

d’innovation [SIIRI], 2017–2020). Chaire de recherche en orthopédie de l’Université de Montréal
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This article proposes a joint statistical model, to describe the volumetric shape + pose + density 

information, and a reconstruction algorithm to simultaneously recover the volumetric information of 

several anatomical structures from biplanar radiographs. A PCA-based representation is proposed as 

compact model representation and a hybrid AAM search and genetic optimization is used to perform the 

reconstruction. A study was conducted to recover a 3D volume grid containing a human knee mesh from 

2 orthogonal simulated radiographs. The model was computed on a data set of 200 subjects and the 

reconstruction test was performed on 18 subjects, leading to a surface distance RMSE of 0.7 ± 0.31 mm 

for the distal femur, 0.9 ± 0.3 mm for the proximal tibia and 0.8 ± 0.3 mm for the fibula. These results 

demonstrate the feasibility and the pertinence of the proposed approach, the next step being its 

application in a clinical context. 

Financement : This work was supported by FRQNT, the Collaborative Research and Development 

program from NSERC and EOS Image Inc.
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Objectives 

Clinical indicators have been proposed to help assess performance and allow comparison between 

Fracture Liaison Services (FLSs) for the secondary prevention of fragility fractures (FFs). Our objective 

was to assess the performance of the Lucky BoneTM FLS with key indicators.   

Methods 

A FLS was implemented in two outpatient orthopedic clinics, where men and women ≥ 40 years with a 

recent FF were recruited. Participants were identified, investigated with bone mineral density (BMD) and 

serum testing, and antiresorptive therapy (ART) medication was prescribed when appropriate. Patients 

were seen at 3, 6, 12, 18 and 24 months to monitor subsequent FFs. Medical services and 

hospitalizations claims data were retrieved from provincial administrative databases. Four key indicators 

of performance were measured; 1) proportions of patients who underwent BMD testing, 2) were 

provided a prescription, 3) who attended follow-up visits, and 4) the incidence of subsequent FFs. The 

latter were identified using medical files, as well as diagnostic and procedure codes based on a published 

algorithm.   

Results 

A total of 532 subjects were recruited (mean age 63.4 years, 85.7% female). Over the two-year follow-

up, BMD results were collected for 472 subjects (88.7%), and ART medication was prescribed and 

handed to 86.6% of patients. Over two years, 83.6% of patients attended at least one visit, where 22.2% 

attended all visits. The incidence rate of subsequent FF was 2.6 per 100 person-years, for a total of 23 

subsequent FFs occurring in 21 patients over a 24-month period.    

Conclusion 

In this FLS, rates of investigation and treatment initiation were above 80%, and the rate of subsequent 

fractures was low. These results suggest that the Lucky BoneTM FLS model is efficient and could be 

adopted in other outpatient settings to improve care for osteoporotic FF. 

Financement : Fonds d’orthopédie du centre de recherche de l’Hôpital du Sacré-Coeur de Montréal, Eli 

Lilly Canada, la chaire Sanofi sur l'usage des médicaments et le Réseau Québécois de Recherche sur les 

Médicaments (RQRM).
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Burst fracture patterns associated with neurological recovery in thoracolumbar 

traumatic spinal cord injury 

Auteurs : Goulet, Julien1,2; Mac-Thiong, Jean-Marc1,2 

 

Affiliations : 1Université de Montréal, 2Hôpital du Sacré-Cœur de Montréal 

 

Objective: Our goal is to identify characteristic morphological fracture patterns associated with 

neurological recovery after severe traumatic spinal cord injury (TSCI) secondary to thoracolumbar burst 

fractures.  

Methods: We retrospectively analyzed the clinical and radiological data of 25 consecutive patients 

admitted for severe TSCI secondary to a burst fracture at levels from T11 to L2 between 2010 and 2017. 

We considered the conversion of at least one grade on the ASIA Impairment Scale at 6 months as 

primary outcome. We analyzed several morphological parameters on the initial preoperative CT-scan: 

the Mean Canal Compromise (MCC), Vertebral Body Kyphosis Index (VBKI), Postero-Inferior Corner 

Translation (PICT), Segmental Kyphosis Angle (SKA), Retropulsed Fragment Comminution (RFC) and 

Complete Lamina Fracture (CLF). Univariate binary logistic regression analyses were applied to assess for 

the association between candidate predictors and neurological recovery. 

Results: Among the 25 patients with severe TSCI, 14 were AIS A, 5 were AIS B and 6 were AIS C upon 

initial preoperative neurological evaluation. Parameters individually related to neurological recovery 

were the PICT, RFC, and CLF. PICT ≥ 4 mm was associated with lowest likelihood of neurological recovery. 

The MCC, VBKI and SKA were not related to neurological recovery. 

Conclusion: This is the first report demonstrating that morphological patterns of thoracolumbar burst 

fractures are related to the neurological recovery in severe TSCI patients. We provide insight on the 

importance of the PICT as marker of severity. 
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Biomechanical study of the impact of upper limb position and grip size on elbow 
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Affiliations : 1Université de Montréal 

 

Objectives 

This biomechanical study is carried out with the aim of finding upper limb exercises that will minimize 

the joint contact forces at the elbow, in order to introduce the possibility of being able to do primary and 

secondary prevention for osteoarthritis of the elbow. The secondary objective is to observe whether 

there is an association between the "proximal ulna dorsal angulation" (PUDA) and the joint contact 

forces at the elbow.    

Methods 

Using 15 healthy participants, we will use kinematics, EMG and kinetics (external forces obtained via a 

grip force transducer and a monoaxial sensor).  The participants will be subjected to 4 exercises of elbow 

flexion / extension with different positions of the upper limb. For each exercise, there will be 3 positions 

of the forearm (supination, neutral, pronation). In addition, there will be 2 grip sizes (for the grip force 

transducer) for all upper limb position combinations.  Then we will use these datas in a musculoskeletal 

OpenSim model of the right upper limb that has been improved and adapted specifically for this project. 

We will then do the following steps, with some parts done with Python code: Scaling of the model - 

Inverse kinematics - Inverse dynamics - Static optimization - Calculation of muscle forces and elbow joint 

contact forces.   

Results 

We have no results at the moment because we are currently doing the data collection. We should have 

preliminary results shortly.   

Conclusion 

Such exercises may have the potential to provide work methods / movement variants that will reduce 

elbow joint contact forces, thereby reducing the risk of developing / aggravating elbow osteoarthritis. 

These exercises could also be very important in postoperative recommendations for patients who have 

had elbow surgery. 

Financement : N/A



Recherche fondamentale 

Titles and scientific abstracts are published in the program as sent by the authors.The event organizers cannot be held 

responsible for any errors or omissions. 

 38 
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Affiliations : 1École de technologie supérieure, 2CRCHUM, 3Université de Montréal 

 

Objectives 

The reconstruction of shoulder kinematics from skin marker-based motion capture is known to be 

affected by significant error caused by soft tissue artifacts (STA) [1]. Inaccuracy in the shoulder 

kinematics limits certain applications of musculoskeletal models, especially those related to the 

scapulohumeral rhythm or the impingement due to the glenohumeral translation. We were able to base 

this study on markers placed on intra-cortical bone pins obtained from a previous study [2], resulting in 

joint kinematics without the influence of STA. Such data are rare due to the invasiveness of pin 

implementation. The aim of this study was to develop a pin marker-driven shoulder model for sport and 

daily life activity analysis with personalized bone geometry based on CT-scans. 

Methods 

The model contains sternoclavicular (3-dof), acromioclavicular (3-dof) and glenohumeral (3-dof) joints. 

Left clavicle, humerus and scapula segments were morphed to match a subject-specific geometry using 

reconstructed images. The location of pin markers on the model was found using registration 

transformation, determined from the bone morphing process. The position and the orientation of 

clavicle, scapula and humerus segments were determined from markers located on intra-cortical bone 

pins using inverse kinematics. 

Results 

Resulting kinematics data from the model will be used in further studies on the scapulohumeral rhythm, 

the scapulothoracic connection modelling and the joint stability determined by the glenohumeral 

translation. 

Conclusion 

The pin marker-driven model has an advantage over skin marker-driven models because it is not affected 

by the STA, and therefore presents several options for investigation of detailed shoulder kinematics. 

Financement : Fonds de Recherche du Québec en Nature et Technologie (FRQNT), Natural Science and 

Research Council of Canada (NSERC)
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Objectives 

Determine the safety of chitosan in a Nano-siRNA platform for gene therapy. Perform a basic 

toxicological screening test based on standardized norms.    

Methods 

For this project, guidelines from ISO, ASTM, OECD and NCL laboratory were used. Chitosan-siRNA 

nanoparticles were synthesized, characterized and in vitro biocompatibility tests were performed. 

Cytotoxicity studies (MTS and LDH) were performed with MG-63 cells and Raw 264.7 macrophages. For 

the hemolysis and hemagglutination test, human blood was incubated with the particles and the 

hemoglobin measurement and agglutination level score were determined. Human plasma was incubated 

with nanovectors to determine complement activation and the effect on coagulation time. Human PBMC 

cells were used to determine cytokine production by Elisa. Platelet aggregation was measured after 

incubation of the particles with human platelets. Nitric oxide (NO) and reactive oxygen species (ROS) 

were measured on Raw 264.7 macrophages treated with the vectors.   

Results 

MTS and LDH tests showed 80-100% cell viability and <10% cell cytotoxicity, respectively. Less than 5% 

hemolysis and medium agglutination of erythrocytes were observed. Complement C3 was not activated, 

neither the coagulation time nor the platelets were affected. There was no significant difference 

between the nanoparticle samples and the negative control for the production of NO, ROS and 

cytokines.   

Conclusion 

This Nano-siRNA platform seems to present a safe nanocarrier profile for potential medical applications 

using either oral or topic administration. 

Financement : Ministère de l’Économie, de la Science et de l’Innovation du Québec et Chaire de 

Recherche en Orthopédie de l’Université de Montréal à l’Hôpital du Sacré-Cœur de Montréal
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Objectives 

Currently, radiostereometric analysis studies (RSA) use two non-calibrated X-ray sources with a 

calibration cage. However, setting up the cage for each acquisition makes the system cumbersome for a 

routine use. An alternative method would be the biplanar radiography EOS system. Its fixed 

configuration provides a preliminary calibration and a much simpler acquisition protocol. In this study, 

we present a flexible and accurate calibration method to optimize EOS default calibration. The required 

accuracy to be reached is 100 micrometer.  

Methods 

To calibrate EOS system an unknown object is used. The object is moved to different poses in the cabin 

space, without knowledge of the displacement. The bundle adjustment algorithm is then used to 

estimate the calibration parameters using the object images at different poses. For the validation, we 

use the 3D reconstruction error of a known object as precision measure. We compare EOS default 

calibration with the one we use in our approach. Tests are carry out with two different EOS machines.  

Results 

With the default calibration, measurement accuracy is above 100μm, with a mean epipolar error of 

323μm, and a translation error (mean±std) of 112±20μm. After calibration with the proposed approach, 

accuracy is improved with a mean epipolar error of 23±03μm, and a translation error (mean±std) of 

70±11μm.  

Conclusion 

The results show that with proposed calibration method the measured accuracy is sufficient for RSA. The 

results obtained after calibration are similar for two different EOS machines, which demonstrates a 

stable solution. Moreover, the proposed approach contrasts with most approaches is the literature that 

propose to use an object with known geometry to be worn by the patient. 

Financement : Fonds québécois de la recherche sur la nature et les technologies. Collaborative Research 

and Development program from NSERC, and EOS Image Inc.
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Objective 

Resolvin D1 (RvD1), an important member of resolvins, exerts a wide spectrum of biological effects, 

including resolution of inflammation, tissue repair, and preservation of cell viability. The aim of the 

present study is to investigate the bone protective actions of RvD1 in vivo, using an experimental model 

of osteoporosis.  

Methods 

Fifteen days after bilateral ovariectomy (OVX) or sham surgery, 6-months old mice were randomly 

separated into 4 groups: Group 1: sham mice; Group 2: OVX + vehicle, Groups 3 and 4: OVX + daily i.p. 

injection of 100 and 500 ng of RvD1 since day 1, respectively. Animals were sacrificed after 3-months 

post-treatment and biomarkers related to bone resorption were determined in serum. Bone density and 

microarchitecture were evaluated by microcomputed tomography (micro-CT) 3D.  

Results 

After 3-months post-treatment, we showed that RvD1 reduced significantly the serum levels of bone 

resorption biomarkers, such as tartrate-resistant acid phosphatase (TRAP), receptor activator of NF-KB 

ligand (RANKL), and C-terminal peptide of type I collagen (CTX-1). The activity of alkaline phosphatase 

(ALP) was also regulated by RvD1 and reached control levels. In contrast to the serum biomarkers, we 

observed no changes in micro-CT 3D bone parameters. 

Conclusion 

Our preliminary data suggest a promising novel therapy for osteoporosis treatment and prevention 

through reducing the early changes in bone resorption. These changes precede those of bone 

microarchitecture and density. 

Financement : Research Arthroplasty Center of Excellence (RACE)
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Affiliations : 1CRCHUM,  École de Technologie Supérieure, 2CHU Sainte-Justine 

Aims 

The 3D reconstruction of the spine using stereo radiographic device provides an accurate 3D/2D 

quantification of the scoliotic deformations. The Cobb angle and axial vertebral rotation (AVR) 

parameters are helpful for the follow-up of patients with adolescent idiopathic scoliosis. However, the 

daily used semi-automated method for 3D spine reconstruction is still complex because it requires 

numerous non-intuitive manual adjustments, and the reconstruction time (~20 min.) hinders its use in 

clinical routine. In this context, we developed a new method for automated 3D spine reconstruction 

based on machine learning.  

Methods 

The proposed method combines two statistical priors extracted from a database of 400 scoliotic patients 

retrospectively collected at the Saint-Justine hospital. First, a deformable spine model captures the main 

statistic variations about the global spinal curve shape and the local vertebrae shape. Second, a set of 

deep convolutional neural networks are trained from the vertebra x-ray appearance to recognize 

automatically the structures in radiographs. An iterative process deforms gradually the spine model to 

the spinal structures detected (endplate and pedicle centers) in order to obtain automatically the subject 

specific 3D reconstruction of the spine.    

Results 

We compared the automated 3D spine reconstruction (mean processing time of 34 seconds) to a 

reference 3D reconstruction build from three expert reconstructions considering 44 scoliotic patients 

(mean age 15y) with moderate and severe scoliosis (mean Cobb 46 ± 24°). The mean localization errors 

are 1.8 mm and 2.3 mm respectively for the endplate centers and the pedicles centers. Clinical 

measurements extracted from automated reconstructions have an absolute mean error of 3.2° and 3.3° 

respectively for the main Cobb angle and the AVR of apex. Regarding the expert’s agreements, we 

observe that 77% (Cobb) and 88% (AVR) of automated clinical measurements are within the expert’s 

confidence intervals.  

Conclusion 

The proposed method should speed-up the 3D reconstruction process by providing a fast and automated 

3D reconstruction which should help the dissemination and adoption of 3D measurements in clinical 

routine with limited user-interventions. 

Financement : Conseil de recherches en sciences naturelles et en génie du Canada, Chaire de recherche 

du Canada, programme MEDTEC-MITACS, compagnie EOS Imaging.
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Objectives 

The sacroiliac joint (SIJ) is an articulation of the pelvis that can be the source of considerable pain. A 

surgical procedure aiming to fuse the SIJ is the last treatment option, and its revision rate can reach 30%. 

We first aim to quantify the effect of SIJ fusion with a posterior approach on SIJ mobility while comparing 

two possible insertion sites. Secondly, we aim to measure the effect of drilling on SIJ mobility.  

Methods 

Experimental tests were performed on eight human cadaver pelves. Compression loads (500N) and 

flexion-extension loads (+/- 7.5Nm) combined with compression (25N-175N) were applied to the sacral 

endplate. The pelves were tested intact, drilled and unilaterally instrumented with a 50mm x 12mm 

diameter RIALTO ™ implant (Medtronic, USA) with a posteromedial trajectory. The specimens were 

divided into two groups and assigned one of two insertion points: (i) the distal point (near the posterior 

superior iliac spine) and (ii) the proximal point (positioned anterosuperiorly to the distal point). The 

vertical (VD) and angular displacements (AD) of the SIJ were measured locally.  

Results 

For the seven pelves that completed the testing protocol, insertion of the implant led to a significant 

decrease of VD in compression (-17% ± 22%, p=0.04), but not in flexion-extension (p>0.05). There was no 

significant difference for AD (p> 0.05). The mean decrease in VD in compression was 19.9% for the distal 

point and 13.6% for the proximal point (p=0.740). Drilling the SIJ did not have a significant effect on SIJ 

mobility (p>0.05).  

Conclusion 

Fixation of the SIJ with a single implant using a posterior approach significantly decreased the VD of the 

SIJ in compression, a load under which the joint is often subjected. Both insertion sites allowed a similar 

SIJ stabilization. 

Financement : Chaire de recherche industrielle CRSNG-Medtronic en biomécanique de la colonne 

vertébrale, Fonds de Recherche du Québec: Nature et technologies, Fondation Universitaire A*midex, 

MITACS Globalink
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Objectives 

To evaluate the correction in Adolescent Idiopathic Scoliosis (AIS) patients after two years of treatment 

with braces optimized using a combination of computer-aided design (CAD/CAM) and patient-specific 

finite element modeling (FEM). 

Methods 

We performed a prospective randomized controlled trial at CHU Sainte-Justine in which 102 AIS patients 

were separated into two groups. Fifty-three patients in the control group (CTRL) were given standard 

CAD/CAM braces while 49 patients in the test group (OPT) received custom CAD/CAM + FEM braces. OPT 

braces were constructed from 3D reconstructions of the spine, rib cage and pelvis obtained from 

biplanar X-rays, then iteratively simulated using a patient-specific FEM to maximize curve correction 

while minimizing contact surface and material used. For both groups, we compared coronal Cobb angles, 

thoracic kyphosis (TK) and lumbar lordosis (LL) at the initial visit, at brace fitting, and after 2 years of 

treatment. 

Results 

Both groups were similar in terms of age, sex, weight, and curve type. Initial curves for OPT were slightly 

greater: average thoracic (MT) and lumbar (TL/L) Cobb angles were 31° and 28° respectively for OPT, vs. 

27° and 26° for CTRL. Immediate in-brace correction was significantly different (p<0.05): 43% (MT) and 

51% (TL/L) for OPT, vs. 34% (MT) and 44% (TL/L) on average for CTRL. At the 2-year visit, out-of-brace 

thoracic curves worsened on average by 5% for CTRL but improved by 12% for OPT (p<0.05), while 

lumbar curves improved by 7% for CTRL and by 20% for OPT (p<0.05). In the sagittal plane, no significant 

differences were observed between the two groups at all three visits. For both groups, TK and LL were 

reduced (p<0.05) in-brace but did not vary significantly after 2 years. 

Conclusion 

Braces combining CAD/CAM and FEM improved immediate correction and remained superior to 

standard CAD/CAM braces after 2 years of treatment. 

Financement : Institut TransMedTech, Fonds d’excellence en recherche Apogée Canada, Chaire de 

recherche du Canada en génie orthopédique, Fonds de recherche nature et technologie Québec
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Introduction 

There is a significant positive association between hours of brace wear and rate of treatment success in 

the conservative management of AIS. Unfortunately, the BrAIST study has documented an important 

problem with adherence. The objective of this study is to offer a test that measure the relation between 

quality of life and TLSO in patient with Scoliosis idiopathic of adolescence.   

Methods 

Causes of poor adherence to treatment were reviewed. Eight AIS brace patients (10-17 y.o.) shared their 

opinion in a focus group on open questions related to their health-related quality of life and perceived 

barriers to brace wear. Discussion material was transcribed and analyzed by 2 coders who agreed on a 

thematic tree of key concepts. Based on the World Health Organization conceptual framework, these 

factors were grouped in 7 categories: quality of life (physical, emotional, functional and social) and 

barriers to enrollment (related to the patient, the treatment or the health system). Nine health 

professionals proposed items for each of these categories and rated them in terms of relevance and 

clarity using a Delphi process.  

Results 

Content extraction and analysis from the focus group identified 180 themes/sub-themes. Agreement 

between the coders was excellent (95%). Most recurring themes were: impact on sport and social 

activities, concerns about perceptions from peers, difficulty to put the brace on, complaints about 

discomfort. A pool of items (n=58) was extracted from the literature and focus group themes according 

to the 7 dimensions. Four-round Delphi was conducted with experts to generate a preliminary list of 

items. Triangulation of data sources allowed to generate a consensual list of 34 items for the MOBI (My 

Orthopedic Brace Inventory) questionnaire, while supporting content validity through cross-verification.  

Conclusion 

We have developed a self-administered questionnaire, with good content validity that documents 

factors associated to poor brace adherence in AIS. After cross-cultural validation in English is completed, 

it will be made available for use by all health professionals. 

Financement : Université de Montréal, CHU Sainte-Justine et TransMed Tech
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Objectives 

Although large variability exists among spine surgeons regarding the best strategy to achieve an effective 

3D correction in adolescent idiopathic scoliosis fusion surgery. The first objective of the present study 

was to investigate how implant density affect the 3D correction. The second was to study how the 

surgeon-dependent correction objectives justified the choice for a specific screw pattern. 

Methods 

A computer biomechanical spine models reproducing 10 Lenke 1A curves (Cobb: 63±6°) were built 

following a validated workflow. 5 alternative screw patterns with varying implant density (“ID” or screws 

per level fused) were grouped into low (“LD”, ID≤1.4) vs. high density (“HD”, ID=2). Comparable main 

transverse plane correction maneuver (i.e. en-bloc derotation) was simulated. 3D parameters describing 

the instrumented curve in the coronal, sagittal and transverse planes were calculated. Their contribution 

was weighted according to different correction objectives using an established cost function to minimize. 

Results 

LD and HD groups demonstrated statistically equivalent correction (p>0.05) of apical vertebral rotations 

(74% vs. 83%, respectively), main thoracic Cobb angle (64% vs. 67%), and variation in thoracic kyphosis 

(4% vs. 5%). Correction objectives had a higher size effect than screw density on cost function calculation 

(p<0.05), but the tested variations of correction objectives never resulted in statistically significant 

differences between HD and LD subgroups (p>0.05).  

Conclusion 

Simulated LD and HD screw patterns provided equivalent 3D correction in Lenke 1A curves treated via 

posterior instrumentation, which concur with the recent findings of equivalent coronal curve correction 

of LD vs. HD recently reported by the MIMO Clinical Randomized Controlled Trial.The more important 

effect of correction objectives supports the use of computer modeling to establish the optimal strategy 

for each curve. 

Financement : NSERC-Medtronic Industrial Research Chair in Spine Biomechanics, Canada Research Chair 

in Orthopedic Engineering
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Objectives 

Adolescent Idiopathic Scoliosis (AIS) is a complex disease with unknown etiology characterized by 

phenotypic heterogeneity. AIS has an important genetic contribution and more than fifteen gene seem 

to be associated to AIS. Two different approaches were used to identify new candidate genes for AIS 

including a population-based approach called GWAS and a family-based approach, linkage analysis and 

whole exome sequencing (WES). In this work, we used family approach to identify new causative genes. 

Method: 

We performed WES of at least two affected people from 37 French-Canadian families. In parallel, the 

linkage analysis that was performed in 25 British families (Ocaka 2007), identified candidate loci and 

potential variants (using exome sequencing). Gene variants identified by exome sequencing were 

analysed by bio-informatics tools and validated by co-segregation analysis (Sanger sequencing) 

 

Results: 

Exome sequencing of 37 AIS families, after bio-informatics analysis, identified ciliary candidate genes. 

With linkage analysis, the locus 9q31.2-q34.2 was identified as significantly linked to the disease in a 5 

generation family. Exome sequencing of this region identified a new candidate gene for AIS, a gene 

coding a protein responsible for ciliary integrity. 

 

Conclusion: 

Exome sequencing of 37 AIS families and linkage analysis identified ciliary genes as possibly involved in 

spine development. Molecular consequences of these genes will be validated in vitro in cells derived 

from AIS patients and in vivo in a zebrafish animal model. Almost all identified AIS genes are 

susceptibility genes. Identifying causative genes is crucial for elucidating AIS pathogenesis. 

Financement : Fondation Yves Cotrel Institut de France
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Objectives 

Flexion-distraction injury at the cervical spine is caused by compression and flexion loadings at the head. 

Even though this injury is severe, the order in which the disco-ligamentous structures are disrupted is 

still unknown. Numerical models generally do not include failure law for the intervertebral disc (IVD), 

while it is an important structure for the cervical spine stability. The objective of this study was to 

characterize the lesion mechanism in hyperflexion and hyperflexion-compression using a finite elements 

model of C4-C5 including rupture laws for the IVD and the ligaments.  

Methods 

Flexion loads of 500 deg.s-1 and a combination of flexion and axial compression of 0.2 m.s-1 was applied 

to C4 while C5 was fixed. The loads at rupture and the order of the disco-ligamentous structures 

disruption were analysed. 

Results 

In flexion, failure moment had a difference of 4% with experimental results. The interspinous and yellow 

ligaments were the first disrupted structures, followed by the posterior region of the annulus. In flexion-

compression, the moment and axial load at failure had a difference of 19 and 17% respectively with 

experimental results. The IVD was disrupted first followed by the yellow ligament and interspinous 

ligament. The posterior longitudinal ligament was damaged, but not ruptured. For both types of loading, 

the capsular ligaments and the anterior longitudinal ligament were left intact. Absence of failure model 

for the IVD did not affect the ligaments rupture order. However, in flexion-compression, the IVD 

elements high deformations forced the end of the simulation. 

Conclusion 

This study demonstrated that the disco-ligamentous structures lesion order is affected by the type of 

loadings submitted to the model. The IVD is particularly vulnerable to compression. Finally, inclusion of 

the IVD failure is important to realistically study injuries patterns. 

Financement : Chaire de recherche du Canada en biomécanique des traumatismes à la tête et la colonne 

vertébrale, Bourse J.A. de Sève
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Objectives 

Growth modulating surgery has demonstrated its potential to correct scoliosis and maintain flexibility of 

the spine. The objective of this study is to report a clinical outcome at 2 years of follow-up and the 

complications of this surgical procedure in skeletal immature patients with scoliosis. 

Methods 

Fifty-three patients (50 girls and 3 boys) who underwent surgical treatment between December 2013 

and January 2017 were included; all patients are enrolled in a prospective database of idiopathic scoliosis 

treated with growth modulation. Inclusion criteria were: Idiopathic scoliosis, Lenke classification 1A, 1B, 

1C, 2A and 2B. Patients classified as Lenke 3A or with syndromic scoliosis were excluded. Patient 

demographics, perioperative data, radiographic findings and postoperative complications are reported. 

Results 

The mean follow-up was 33.4 ± 7.9 months. Preoperatively, 42 patients were Risser 0 stage, five patients 

were Risser 1, two patients were Risser 2 and four patients were Risser 3. The mean age at surgery was 

12 ± 1.3 years with an average of 7 , 2 ± 0.8 tethered vertebrae per patient. The mean Cobb angle was 

49.4 ± 11 preoperatively, 25.4 ± 11 at 2 months, 17 ± 12.4 at 16 months, and 16 ± 12.6 at the last follow-

up. Revision surgery was performed in 6 patients: 1 removal of "tether" due to overcorrection, 1 lumbar 

"tether" added due to distal curve progression, 1 "tether" replaced due to rupture, 1 patient was 

reoperated to reposition the screw and 2 patients underwent posterior fusion due to progression, 16 

(30%) of the patients had a broken cable suspected. Two patients had overcorrections and this did not 

require revision. Pneumothorax developed in two patients after drain removal and resolved 

spontaneously. Two patients have a blood patch for small dural breach postoperatively. 

Conclusion 

This prospective study revealed a reoperation rate of 11% with satisfactory clinical and radiological 

results. 16 patients were suspected of having a broken cable, although not necessarily requiring surgery. 

Financement : NA
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Objectives 

Identify and categorize early predictors of chronic neurological outcome in patients with acute traumatic 

spinal cord injury (SCI).  

Methods 

A literature search using Medline, Embase and Cochrane databases from January 1970 to March 2018 

was performed. Standardized data extraction and quality of evidence evaluation in terms of study design 

and potential biases was independently conducted by two reviewers. Significant predictors were 

categorized and ranked based on how frequently they were significant predictors of neurological 

outcome, the methodological quality of studies investigating them and possibly the strength of 

association between predictor and outcome.  

Results 

Twenty-seven articles identifying early predictors of neurological outcome from multiple regression 

analyses were included. Based on the quality of the studies and consistency of the findings, predictors 

were categorized according to their importance. We also illustrated the relationships between predictors 

and their individual effect on outcome in a new conceptual framework. Results showed that baseline 

ASIA impairment Scale (AIS) grade is the most important predictor of neurological outcome, although 

this effect might be modulated by several other SCI-related factors, patient-related factors, trauma and 

treatment-related factors. Other important predictors of neurological outcome include initial ASIA motor 

score, neurologic level of injury (NLI), intramedullary signal abnormality on MRI and age.  

Conclusion 

We identified several early predictors of long-term neurological recovery in patients with traumatic 

spinal cord injury. Some factors have been widely studied and found to be strongly predictors of 

neurological outcome, while the prognostic potential of some others is limited. These variables should 

be considered while building a prediction model for neurological outcome in patients with traumatic SCI. 

Ultimately, modifiable factors such as the time to surgery should be optimized by clinicians and 

researchers, throughout acute care phase, to improve neurological outcome. 

Financement : US Department of Defense Spinal Cord Injury Research Program, Fonds de recherche du 

Québec–Santé, Medtronic research chair in spinal trauma at Université de Montréal
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Objectives 

The etiology of adolescent idiopathic scoliosis (AIS) remains unknown. Some studies focus on vestibular 

system abnormalities because the balance perception can be affected by a semicircular canal (SCC) 

malformation and further cause the spinal deformity. An accurate 3D model of the vestibular system is 

thus crucial for shape analysis. Cone Beam CT (CBCT) imaging which allows a spatial resolution (150 µm) 

higher than medical CT-scan makes possible such 3D reconstruction of the bony labyrinth. The objective 

of this study is to propose a semi-automatic method for the analysis of the inner ear in order to extract 

geometrical features allowing depiction of vestibular abnormalities in AIS patients.   

Methods 

The vestibular organ of 9 AIS patients was examined using CBCT imaging. The inclusion criteria were 

progressive or non-progressive AIS with Cobb’s angle >15. Then, 3D reconstructions of their inner ears 

were obtained using a semi-automatic approach. Based on a literature review, geometrical features 

were chosen. Among others, angles between SCC best-fit planes, geodesic tunnel loops and cross-

sectional perimeters of SCC were computed.   

Results 

The mean of angles between the anterior-lateral SCC, the anterior-posterior SCC and the posterior-

lateral SCC were respectively 89.9±6.9° (mean±SD), 83.1±7.3° and 92.0±3.7°, which is consistent with the 

literature. Moreover, the tunnel loop perimeters of the anterior, posterior and lateral canal were 

respectively 17.1±1.2 mm, 16.6±1.8 mm and 11.1±1.6 mm. The cross-sectional perimeter for the lateral 

SCC was higher (5.6±1.1 mm) than the other canals at the opposite side of the ampulla. This is consistent 

with the fact that some subjects seem to have a double lateral ampulla. The pairs of contralateral 

synergistic canal planes were not quite parallel.   

Conclusion 

Our results show that the metrics obtained from our approach were consistent for assessing the 

morphology of inner ear. This robust method can therefore be a valuable tool for clinical studies and 

quickly applied to a large cohort of AIS subjects. 

Financement : Conseil de recherches en sciences naturelles et en génie du Canada (CRSNG) – Recherche 

et développement coopérative (RDC) et la Chaire de recherche du Canada en imagerie 3D et ingénierie 

biomédicale de Jacques de Guise
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Objectives 

Following a traumatic spinal cord injury (TSCI), patients are generally hospitalized several weeks. The 

acute care hospitalization thus represents an important part of the clinical pathway. Yet, the aims of 

acute rehabilitation are still largely unknown. The main objective of this study was to identify factors 

predicting functional status at discharge from acute care following TSCI, focusing on factors that could be 

addressed and optimized.  

Methods 

68 patients with acute TSCI were prospectively enrolled in a cohort study in a single Level I trauma center 

between March 2017 and October 2018. The primary outcome was the functional score at discharge 

from acute care, as measured by the Spinal Cord Independence Measure (SCIM-III). Univariate and 

multivariate linear regression analyses were performed to determine the association between non-

modifiable factors and the total SCIM score, whereas a simple linear regression and a hierarchical 

multivariate linear regression were used for modifiable factors (surgery and admission delay, occurrence 

of acute complications, length of stay (LOS) and total occupational and physical therapy time). 

Results 

Longer physical and occupational therapy time, as well as longer LOS were significantly associated with 

poorer functional status at discharge from acute care. The occurrence of pressure injuries also showed 

an important tendency (p= 0,057) towards being a predictor of worse functional outcome. AIS grade, 

velocity of trauma and level of injury explained 31,8% of the variability in the total SCIM score. 

Conclusion 

The acute rehabilitation team may optimize the functional status early in the recovery process by 

focusing on medical complications prevention and prompt medical stabilization in order to optimize 

therapy interventions to improve the patient’s tolerance and capacity to undergo intensive functional 

rehabilitation. 

Financement : This research was funded by the Fonds de Recherche Québec-Santé (Traumatology 

Research Consortium- Dr Richard-Denis), and part of the data was collected through the Rick Hansen 

Spinal Cord Injury Registry..
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Objective 

Pedicle Subtraction Osteotomy (PSO) is a surgical technic allowing a significant sagittal correction of the 

spine. However, this procedure remains highly demanding and includes risks of rod breakage or 

pseudarthrosis. The objective of the biomechanical study was to analyze how the level of PSO is 

modifying the loads at this level.  

Methods 

A computational personalized multibody model of the spine of an adult patient who has undergone a 

fusion was constructed. First the surgery including an PSO of 20° was simulated. The postoperative 

sagittal curvatures were determined following a prediction model. Then the upright posture and a 

flexion movement were simulated. Three different levels of PSO were compared: A PSO at the L3, L4 and 

L5 vertebra. The loads held anteriorly (spine) and posteriorly (rods) were analyzed.   

Results 

A high variability was measured in the bending moments supported by the rods during the surgery (up to 

6 N.m of difference) explained mostly by the geometrical difference between the rods. The PSO level has 

no influence on the moments increase during the simulated erected posture and flexion movement 

(difference inferior to 0.5 N.m). Bending moments supported anteriorly has been measured. The 

difference between moments for PSO at L3 and L5 level was maximal during the surgery (4 N.m). This 

difference decreased by half for the simulated upright posture and the flexion (2 and 1 N.m respectively).  

Conclusion 

These preliminary results show that most of the loads are created during the surgery. The PSO level has a 

low effect on the loads created during the simulated upright posture and the flexion movement. Future 

steps will include more patients to study the effect of different sagittal profiles and rod curvatures. 

Financement : Funded by Natural Sciences and Engineering Research Council (Industrial research chair 

with Medtronic of Canada)
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Objective 

Central cord syndrome (CCS) is the most common type of incomplete traumatic cervical spinal cord 

injury. It is characterized by a greater motor impairment in the upper limbs than in the lower limbs.  

Pathogenesis of the central cord syndrome first described in 1954 by Schneider et al. is still debated to 

this day. While there is a consensus on hyperextension as the main traumatic event leading to this 

condition, studies are still in opposition about the pathological features of the spine (intervertebral disc 

bulging or ligamentum flavum hypertrophy) that could contribute to its occurrence. The goal of this 

study is to identify the relative effect of disc bulging and Ligamentum Flavum hypertrophy on the 

mechanism of central cord syndrome. 

Methods 

A comprehensive finite element model of the cervical spine segment and spinal cord was used to 

simulate high-speed hyperextension. Four stenotic cases were modeled to study the effect of the 

presence of hypertrophic ligamentum flavum and linear intervertebral disc bulging on the von Mises 

stress and strain distribution and maximum value.   

Results 

Ligamentum flavum hypertrophy was associated with increased stress (max 0.17 Mpa)  and strain (max 

26%) in the lateral corticospinal tracts, which is consistent with the histologic pattern of the central cord 

syndrome. Linear intervertebral disc bulging alone leads to increased stress (max 22MPa) and strain (max 

37%) in the anterior and posterior funiculi. At the extension of 30 degrees, the level of stress and strain 

exceeded published thresholds for axonal injury.  

Conclusion 

The main mechanism of the central cord syndrome appears to be a combination of compression and 

relative displacement between the cord and the canal in the presence of hypertrophic ligamentum 

flavum inducing stress and strain in the lateral corticospinal tracts. The strong impact of canal geometry 

with stress and strain points toward the development of patient specific models to investigate patients’ 

unique injury dynamics and predict their recovery. 

Financement : Chaire de recherche du Canada en biomécanique des traumatismes de la tête et de la 

colone vertébrale, Bourse JA Desève
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Objective 

Cervical spinal cord injuries are frequent and dangerous. Secondary spinal cord injury can be aggravated 

by spinal instability. However, the effect of disco-ligamentous injuries on the spinal cord post-trauma is 

not well known.  The objective is to characterize how disruption of disco-ligamentous structures can 

affect the stresses and strains in the spinal cord in flexion.  

Methods 

A numerical model of the cervical spine was used. Different disco-ligamentous injuries representative of 

flexion-distraction injury were modeled at C4-C5. Rupture of the posterior ligamentous complex (PLC) 

and the posterior longitudinal ligament (PLL) was initially included in every case. The different additional 

injuries compared were: 1) transversal rupture of the intervertebral disc, 2) rupture of the capsular 

ligaments (CL), 3) transversal rupture of the disc and disruption of the CL while keeping the disc anterior 

third intact and 4) rupture of the disc and CL with an intact PLL. A 2 Nm quasi-static flexion moment was 

applied to C2. Stresses and strains in the spinal cord were analysed at the final flexion.  

Results 

PLC and disc rupture did not have an impact on the stresses and strains of the spinal cord (case 1). 

Rupture of the CL lead to an increase of 24% of the maximal deformation (case 2). Rupture of the CL with 

a partial rupture of the disc increased the maximal stress and the maximal strain by 75% (case 3). 

Complete rupture of the disc in addition to rupture of the CL with an intact PLL increased the maximal 

stress by 245% (case 4).  

Conclusion 

Injuries including CL disruption create spinal instability and risks of post-traumatic damages to the spinal 

cord especially with disc rupture.  Inversely, PLC and disc injury does not affect the spinal cord without CL 

rupture. A partially intact disc preserves stability more efficiently than an intact PLL. 

Financement : Chaire de recherche du Canada en biomécanique des traumatismes de la tête et de la 

colone vertébrale, Bourse J.A. Desève
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Objective 

Spinal cord primary injury involves a direct impact and energy transfer from bone fragments to the spinal 

cord. Unfortunately, imaging studies performed after the injury only depict the residual pattern of 

thoracolumbar burst fractures and spinal cord compression, with little insight on the dynamics involved 

during traumas. However, knowledge of underlying mechanisms could be helpful in determining the 

severity of the primary injury, hence the extent of spinal cord damage and associated potential for 

recovery. The current objective is to compare different case scenarios for thoracolumbar burst fractures 

with regard to the stresses and strains sustained by the spinal cord.  

Methods 

A full factorial design was used to numerically investigate the effect of comminution of the superior 

fragment, presence of an inferior fragment, fragments rotation and velocity, on maximum von Mises 

stress and maximum von Mises strain sustained by the spinal cord. Sixteen simulations were performed 

with a comprehensive and validated finite element model of a T11-L1 spine segment.  

Results 

Individually, fragments velocity and displaced lower fragment significantly increased the levels of 

stresses and strains sustained by the spinal cord (+353 kPa stress and +0.26 % strain in average), but 

fragment rotation, by itself, significantly decreased these levels (-254 kPa and -0,27 %). Combination of 

the lower fragment displacement and rotation of fragments also significantly increased the strain levels 

(+0,11 %). Finally, comminution of the upper fragment never significantly affected stresses and strains 

sustained by the spinal cord.  

Conclusion 

This study is the first to examine a detailed spinal cord model impacted in situ by various patterns of 

burst fracture severities. Higher fragments velocities worsen the spinal cord primary injury. When 

consulting patient’s radiographs, translational and rotational displacement of the lower fragment would 

raise suspicion of a worsen spinal cord primary injury. 

Financement : Chaire de recherche du Canada en génie pour l’innovation en traumatologie spinale de 

l’École de technologie supérieure (ÉTS), Chaire Medtronic de traumatologie spinale de l'Université de 

Montréal (UdeM)
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Introduction 

The adverse effects of spinal and thoracic deformities (STD) on respiratory mechanics have been 

suggested in the literature. However, most animal studies evaluated respiratory mechanics in a STD 

model created postnatally. 

Methods 

A STD was induced in utero at 70-75 days of gestation in 14 ovine fetuses by resection of the 7th and 8th 

left ribs. Each untouched twin fetus was taken as control. Respiratory mechanics was studied in the first 

week of life and at one, two and three months postnatally using a Servo-I ventilator. In addition, post-

mortem respiratory mechanics and lung histomorphometry were also assessed at three months. 

Results 

Eight out of 14 STD lambs (57%) and 14 control lambs survived. The causes of death included abortion (n 

= 3), prematurity (n = 1), respiratory insufficiency at birth (n = 1) and stillbirth (n = 1). One severe (51° 

Cobb angle) and 5 mild deformities were induced (two with 13°, two with 10° and one with 7.5° Cobb 

angle). The inspiratory capacity was decreased at birth in STD lambs (32 vs. 35 ml/kg in controls, p = 

0.02), as well as the static respiratory system compliance (2.0 vs. 2.5 ml/cmH2O/kg, p = 0.005). No 

significant differences in respiratory mechanics were seen thereafter. The alveolar surface area were 

significantly decreased in the five STD compared to the four control lambs studied at 3 months of life.  

Conclusion 

This is the first study that evaluates the effects of a STD induced in utero on respiratory mechanics in an 

ovine model from birth to three months of age. This study shows significant alterations in lung 

histomorphometry at three months of age in STD lambs. Although the alterations in respiratory 

mechanics present at birth in STD lambs resolved during development, this may be related to the 

challenge in inducing severe deformities.  

Financement : Depuy Synthes Canada
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Introduction 

Evidence suggests that AIS surgery can lead to clinically important improvement in patient self-image. 

Minimum clinically important difference (MCID) based on deterioration rather than improvement in QoL 

has been proposed to minimize the ceiling effect. However, the risk of deterioration after surgery 

remains largely unknown. We aim to show that only a minority of AIS patients will sustain significant 

deterioration in quality of life (QoL) 2 years after surgery.  

Methods 

A longitudinal cohort study of 322 (287 female, 35 males) AIS patients undergoing surgical treatment 

(mean age: 14.7±1.6 years) were included. SRS-22 questionnaires were completed at baseline and at 2-

year follow-up. The MCID (Carreon et al., Spine 2010) was used as an anchor to determine patients with 

much-worse appearance, decreased activity or increased back pain at 2-year follow-up.  

Results 

At 2-year follow-up, there were 33 (10.2%) patients with much worse appearance, 62 (19.3%) patients 

with increased low-back pain and 107 (33.2%) patients with decreased activity. Pre-operative self-image 

was significantly better in patients with much worse appearance postoperatively (3.9±0.7 vs. 

3.1±0.7,p<0.05). Pre-operative pain was significantly better in patients with increased low-back pain 

postoperatively (4.2±0.7 vs. 3.7±0.8, p<0.05). Pre-operative function was significantly better in patients 

with decreased activity postoperatively (4.5±0.4 vs. 3.9±0.6,p<0.05).  

Conclusion 

While a minority of AIS patients deteriorated after surgery in terms of appearance and back pain, one 

third of patients had decreased activity postoperatively. Patients with postoperative deterioration in QoL 

were more likely to have better QoL score in the corresponding domain. These findings should be 

considered when counseling patients about the expectations following AIS surgery. 

Financement : Financement interne

 


