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Once OA Pain Starts, It’s Hard to Stop
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Protein Solution Kit

70% Improvement in Knee Pain at 2 years following a Single Injection3*

Intra-Articular Injection for the  
Treatment of Knee Osteoarthritis

Once OA pain starts it is hard to stop. The nSTRIDE APS Kit  
is designed to produce a groundbreaking autologous  
therapy to treat pain and slow the progression of cartilage  
degradation and destruction in the knee. The nSTRIDE  
APS Kit is a cell-concentration system designed to  
concentrate anti-inflammatory cytokines and anabolic  
growth factors to significantly decrease pain and  
promote cartilage health.

• Significantly Reduces Pain Associated with Knee  
OA up to 2 years1-3

• Significantly Improves function in the Knee Joint  
associated with OA1-3

• Stimulates Cartilage Cell Proliferation4**

• Blocks Cartilage Destruction 4**

• Slows Cartilage Degradation 4**
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Welcome

Dear Colleagues & Friends

The Department of Orthopedics Sports Medicine and 
Arthroscopy has the great pleasure and honour to wel-
come you to México, for the 6th ICRS Surgical Skills 
Course in Cartilage Repair, which will take place on Fe-
bruary 1st-3rd, 2018 at the Instituto Nacional de Reha-
bilitación “Luis Guillermo Ibarra Ibarra” in Mexico City. 

The Instituto Nacional de Rehabilitación (INR) is a pu-
blic hospital dedicated to clinical practice, research and teaching. The INR is the only in its 
gender in Mexico and Latin America with the mission of reduce the incidence of disability and 
the formation of Specialists Doctors with the multidisciplinary collaboration of Rehabilitation, 
Sports Medicine, Human Communication, Ophthalmology, Burn Center and Orthopedic Depart-
ments. The INR is an innovative Institution with a concept of modernity, human quality and with 
a culture of dedication and continuing education. Our faculty routinely provides coverage for 
the residents to gain experience in the management of difficult cases. For the Arthroscopy De-
partment in collaboration with the Tissue Engineering, Cell Therapy and Regenerative Medicine 
Unit the cartilage field has been one of the priority lines of research and clinical practice. The 
INR has a modern facility employing the latest technological and medical advancements on its 
attractive campus that meets hospitalization, medical consultation area, classrooms, rehabili-
tation facilities, research laboratories, and auditoriums. 

In the 6th ICRS Surgical Skills Course internationally acknowledged surgeons and experts in the 
field of cartilage repair will provide you the newest information, tips and tricks of all options in 
the surgical treatment of cartilage damage and concomitant lesions. The Programme Commit-
tee has developed an outstanding academic agenda to include scientific lectures, live demon-
strations in the hands of the experts, and hands-on workshops on human cadaver specimens.

Mexico City is the economic center of our Country and has a great number of places to visit. Few 
cities in the world have such as rich and ancient history as Mexico City, a city which metropoli-
tan zone has been the seat of important human settlements for more than two thousand years. 
This is a culturally diverse city, offering outstanding restaurants, varied entertainment, sporting 
events, monuments, and museums. There is an easy access to Coyoacan neighbourhood to 
walking, have a coffee and try the traditional Mexican churros. The Insurgentes Avenue, the 
official hotel area, is the longest avenue in Mexico City where you will find prestigious restau-
rants, shopping centres, Bars and Lounges for nightlife.

Please visit also our website www.cartilage.org for frequent updates on the course programme 
and other important details. We hope to exceed all your expectations and we look forward to wel-
coming you in Mexico City and wish you to have a most interesting and successful stay with us. 

Sincerely,
Clemente Ibarra & Anell Olivos Meza, Course Chairs

www.cartilage.org

Macao (SAR), China
April 09 – 12, 2018
14th World Congress of the
International Cartilage Repair Society

Early Bird Registration Deadline: Feb 7, 2018

2 0 1 8

Mark your agenda!
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Organization

Course Director
Prof. Clemente Ibarra, MD, PhD General Director
Instituto Nacional de Rehabilitacion
Calzada Mexico-Xochimilco 289, 
ZC 14389 Mexico City
Phone: 55 99 10 00, Ext. 10035
Email: cibarra.corresponding@hotmail.com

Course Coordinator
Prof. Anell Olivos Meza, MD, PhD 
Consultant of Orthopedic Sports 
Medicine & Arthroscopy
Instituto Nacional de Rehabilitacion
Calzada Mexico-Xochimilco 289 
ZC 14389 Mexico City. 
Phone: 55 99 10 00, Ext. 19607
Email: aolivos_meza@hotmail.com

Local Organizing Committee
Francisco Pérez-Jiménez, Mexico City, MX
Francisco Cruz-López, Mexico City, MX
Arturo Almazán-Díaz, Mexico City, MX
Luis Sierra Suárez, Mexico City, MX
Enrique Villalobos-Córdova, Mexico City, MX
Ivonne Trigueros-Anaya, Mexico City, MX
Gloria Gonzales, Mexico City, MX
Leticia Balderas Lopez, Mexico City, MX
Maricela Verdejo Silva, Mexico City, MX
Francisco Suarez Lopez, Mexico City, MX

Course Venue
Instituto Nacional de Rehabilitación
“Luis Guillermo Ibarra Ibarra”
Calzada Mexico-Xochimilco 289
ZC 14389 Mexico City
Phone: 55 99 10 00, Ext. 19607
Lectures: “Tenazcapatzi” Auditorium

Course Organizing Office
Cartilage Executive Office (CEO) GmbH
c/o Mr. Stephan Seiler
Spitalstrasse 190 – House 3
8623 Wetzikon, Switzerland 
Phone +41 44 503 73 70,
Email: sseiler@cartilage.org
www.cartilage.org

Scientific Programme Committee
Cole Brian, Chicago, USA
Erggelet Christoph, Zurich, CH 
Ibarra Clemente, Mexico City, MX
Olivos-Meza Anell, Mexico City, MX

ICRS Executive Board
President: Ken Zaslav, Richmond, USA
1st Vice President: Alberto Gobbi, Milan, IT
2nd Vice President: Tom Minas, Chestnut Hill, USA
Treasurer: Daniel Grande, USA
Secretary General: Elizaveta Kon, Bologna, IT
Past President: Norimasa Nakamura, Osaka, JP

International Faculty
Brittberg Mats, Kungsbacka, Sweden
Erggelet Christoph, Zürich, Switzerland
Ibarra Clemente, Mexico City, Mexico
Krych Aaron, Rochester, US
Mardones Rodrigo, Santiago, Chile
Masri Maria, Mexico City, Mexico
Minas Tom, Chestnut Hill, US
Nehrer Stefan, Krems, Austria
Olivos Meza Anell, Mexico City, Mexico
Peterson Lars, Billdal, Sweden
Rodeo Scott, New York, US
Suarez Ahedo Carlos, Mexico City, Mexico
Zaslav Kenneth, Richmond, US

Bus Transfer Schedule (Please meet 10 minutes before Departure)

February 1, 2018

Biograft Tissue Bank Tour 
(Only Pre-booked Tickets)

08:30 Radisson – Biograft
11:15 Biograft – INR

Skills Course INR
12:00 Radisson – INR

Welcome Reception
18:30 INR – Tlalpan
21:30 Tlalpan – Radisson

February 2, 2018

Skills Course INR
07:30 Radisson – INR
18:00 INR – Radisson

Faculty/Course Dinner 
(Only Pre-booked Tickets)

19.30 Radisson – Carlota
22:30 Carlota – Radisson

February 3, 2018

Skills Course INR
07:30 Radisson – INR
18:00 INR – Radisson

Mexico City Tour 
(Only Pre-booked Tickets)

18:00 INR – City Tour
22:00 Back at Radisson
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Final Programme

Thursday: February 01, 2018

08:30–12.00  Optional: Visit to BioGraft Tissue Bank (Pre-registration is needed)
08:30–9:00  Transportation from Radisson to Biograft
09:00–11:15  Tissue Bank Tour & Lunch
11:15–12:00  Return to INR Surgical Skills Course

12:00  Bus transport Radisson to INR

12:00–13:30 Registration & Welcome Coffee

13:30–14:45  Module 1: Basic Science in Cartilage Repair
	 	 Moderator:	Clemente	Ibarra	(MX)

13:30–13:45 1.1  Introduction & Course Overview
	 	 Clemente	Ibarra	(MX)
13:45–14:00 1.2  Understanding the Complexity of Cartilage Anatomy & Biomechanics
	 	 Mats	Brittberg	(SE)
14:00–14:15 1.3 Which is the Appropriate Technique to Treat a Chondral Lesion: 
  Make a Decision according the Age, Level of Activity & Imaging Assessment 
	 	 Christoph	Erggelet	(CH)
14:15–14:30 1.4  Pre-Clinical Models for Cartilage Repair: Live Demonstration 
	 	 Maria	Masri	(MX)
14:30–14:45  Q&A / Discussion

14:45–16:00  Module 2: Follow-Up of Repaired Articular Cartilage: 
  Image & Rehabilitation
	 	 Moderator:	Kenneth	Zaslav	(US)

14:45–15:00 2.1  Cartilage Imaging: Tools to Evaluate the Quality of the Repair Tissue
	 	 Clemente	Ibarra,	(MX)
15:00–15:15 2.2 Barriers of Cartilage Restoration
	 	 Anell	Olivos-Meza	(MX)
15:15–15:30 2.3 Post-Operative Care of Cartilage Repair: When Return to Daily Activities & Sports 
	 	 Tom	Minas	(US)
15:30–15:45 2.4 Treatment Algorithms for Cartilage Repair
	 	 Clemente	Ibarra,	(MX)
15:45–16:00  Q&A / Discussion

16:00–16:45   Coffee Break / Exhibition

16:45–18:15  Module 3: Joint Stability & Reducing the Joint Surface
  Loading – Osteotomies
	 	 Moderator:	Christoph	Erggelet	(CH)

16:45–17:00 3.1 The Role of Stability in Cartilage Repair Treatment: ACL Reconstruction
	 	 Rodeo	Scott	(US)
17:00–17.15 3.2 Distal Femoral Osteotomies
	 	 Christoph	Erggelet	(CH)
17:15–17:30 3.3 High Tibial Osteotomies
	 	 Stefan	Nehrer	(AT)

17:30–17:45 3.4  High Tibial Osteotomy Versus Robotic-Guided Unicompartmental Arthroplasty, 
  which one is best?
	 	 Carlos	Suarez	Ahedo	(MX)
17:45–18:00 3.5 Combined Procedures: Osteotomy, ACL Reconstruction & Cartilage Repair Techniques
	 	 Aaron	Krych	(US)
18:00–18:15  Q&A / Discussion
18:30–21:30   Welcome Reception at Antigua Hacienda de Tlalpan
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Final Programme

Friday: February 02, 2018

07:30  Bus transport Radisson to INR

08:30–10:00 Module 4: The Chondroprotective Effect of the Meniscus
	 	 Moderator:	Scott	Rodeo	(US)

08:30–08:45 4.1 The Role of the Meniscus in Articular Cartilage Treatment
	 	 Scott	Rodeo	(US)
08:45–09:00 4.2  When should we Repair the Meniscus and which are the available Techniques?
	 	 Aaron	Krych	(US)
09:00–09:15 4.3  Meniscal Replacement: Transplantation or Substitution?
	 	 Scott	Rodeo	(US)
09:15–09:30 4.4  Chondroprotection of Meniscal Implants
	 	 Anell	Olivos-Meza	(MX)
09:30–09:45  4.5  Live Demonstration: Meniscal Repair and Substitutes for Partial Meniscectomy +
  ACL Reconstruction in the Expert Hands   
	 	 Aaron	Krych	(US)
09:45–10:00  Q&A / Discussion

10:00–10:45   Coffee Break / Exhibition & Preparation for the Wet-Lab

10:45–12:45 Module 5: Hands-On Skills Lab 1: Meniscal Repair,
  ACL Reconstruction & High Tibial Osteotomy 
	 	 Lab	Leaders:	Scott	Rodeo	(US),	Aaron	Krych	(US),	Stefan	Nehrer	(AT)	
	 	 Lab	Instructors:	All	Faculty

Meniscal Repair & Substitutes:
• MaxFire (Zimmer Biomet)
• Crossfix (Zimmer Biomet)
• Meniscal Cinch (Arthrex)
• Omnispam (DePuy Synthes)
• Protector Meniscus (Arthrex)
• Micro Suture Lasso (Arthrex)
• Meniscal Allograft (Biograft)

ACL Reconstruction:
• Tighrope, all inside Technique (Arthrex)
• Rigid-loop & Rigid fix (Depuy Synthes)
• Biointrafix Screw (DePuy Synthes)

12:45–13:30  Lunch Break / Exhibition
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Final Programme

13:30–14:45  Module 6: Bone Marrow Stimulation, Osteochondral 
  Plugs & Metal Implants 
	 	 Moderator:	Mats	Brittberg	(SE)

13:30–13:45 6.1  Microfractures vs Nanofractures: Benefits and Pitfalls
	 	 Aaron	Krych	(US)
13:45–14:00 6.2  Autologous Matrix-Induced Chondrogenesis (AMIC)
	 	 Rodrigo	Mardones	(CL)
14:00–14:15 6.3  Osteochondral Autograft Transplantation: Benefits and Pitfalls
	 	 Aaron	Krych	(US)
14:15–14:30 6.4  Osteochondral Resurfacing Implants to Treat Cartilage Lesions: Episealer & 
  HemiCap Condyle 
	 	 Mats	Brittberg	(SE)
14:30–14:45  Q&A / Discussion

14:45–15:30  Coffee Break / Exhibition & Preparation for the Wet-Lab

15:30–17:30  Module 7: Hands-On Skills Lab 2: Treatment of Cartilage lesions
  with Bone Marrow Stimulating Techniques, Osteochondral 
  Autograft Transplantation & Metal Implants  
	 	 Lab	Leaders:	Aaron	Krych	(US),	Rodrígo	Mardones	(CH),	Tom	Minas	(US)
	 	 Lab	Instructors:	All	Faculty

15:30–17:30  Bone Marrow Stimulating Techniques
• Power pick (Arthrex)
• Nano-Fx (Arthrosurface)

  Osteochondral Autograft Transplantation
• OATS (Arthrex)
• COR System (Depuy Synthes)

  Metal Implants
• HemiCap Condyle (Arthrosurface)

18:00  Bus transport to Radisson Hotel 
19:30–22:30  Faculty/Course Dinner at Carlota Restaurant (Cost 60.00 Euros)

Saturday: February 03, 2018

8:30–10:15   Module 8: Cell-Based Therapies for Cartilage Repair: ACI & MSCs
	 	 Moderator:	Lars	Peterson	(SE)

08:30–08:45 8.1  Evolution of the ACI (1st to 4th Generations): From Biopsy to Implantation
	 	 Lars	Peterson	(SE)
08:45–09:00 8.2  ACI vs Microfracture Technique: Long Term Results
	 	 Tom	Minas	(US)
09:00–09:15 8.3  The Importance of Subchondral Architecture Regeneration in Cartilage Repair, 
  new Scaffolds & Cell Techniques 
	 	 Kenneth	Zaslav	(US)
09:15–09:30 8.4 Increased Failure Rate of Autologous Chondrocyte Implantation after Previous
   Treatment with Microfracture 
	 	 	 Tom	Minas	(US)
09:30–09:45 8.5 How to deal with Failures of Articular Cartilage Repair: What is Next?
	 	 	 Scott	Rodeo	(USA)
09:45–10:00 8.6  Mesenchymal Stem Cells in Cartilage Repair: Could MSCs reach the Formation of 
   Hyaline-like Tissue? 
	 	 	 Rodrigo	Mardones	(CL)
10:00–10:15  Q&A / Discussion

10:15–10:45  Coffee Break / Exhibition & Preparation for the Wet-Lab
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Final Programme

10:45–12:30 Module 9: Hands-On Skills Lab 3 (ACI) 
	 	 	 Lab	Leaders:	Lars	Peterson	(SE),	Mats	Brittberg	(SE)	Lab	Instructors:	All	Faculty

10:45–11:00  Live Demonstration: Defect Preparation, Shouldering & Cartilage Biopsy
   Matrix Autologous Chondrocyte Implantation
	 	 	 Mats	Brittberg,	(SE)

11:00–12:30   Hands-On Workshop
• Biopsy, Defect Preparation & Use of Commercial Matrix

12:30–13:15  Lunch Break / Exhibition

13:15–14:45 Module 10: The Complexity of the Patellofemoral Joint
	 	 	 Moderator:	Mats	Brittberg	(SE)

13:15–13:30 10.1  Challenge in Diagnostic and Treatment of PFJ
	 	 	 Kenneth	Zaslav	(US)
13:30–13:45 10.2  Cartilage Treatment combined with Soft Tissue and Osseous Balancing in PFJ 
   Pathologies 
	 	 	 Stefan	Nehrer	(AT)
13:45–14:00 10.3  Trochleoplasty and PFJ Instability
	 	 	 Lars	Peterson	(SE)
14:00–14:15 10.4  ACI or Microfracture to treat Cartilage Lesions in PFJ?
	 	 	 Clemente	Ibarra	(MX)
14:15–14:30 10.5  The Boundary in the Use of Biological or Metal Implants in Cartilage Lesions of the PFJ 
	 	 	 Mats	Brittberg	(SE)
14:30–14:45  Q&A / Discussion

14:45–17:00  Module 11: Hands-On Skills Lab 4: Treatment of the PFJ 
	 	 Lab	Leaders:	Lars	Peterson	(SE),	Christoph	Erggelet	(DE),	Stefan	Nehrer	(AT)
	 	 Lab	Instructors:	All	Faculty

14:45–15:00  Live Demonstration: Trochleoplasty, MPFL Reconstruction & Fulkerson Osteotomy
	 	 	 Chris	Erggelet	(CH)

15:00–17:00  Hands-On Workshop MPFL Reconstruction
• Fulkerson Osteotomy
• Optional: Distal Femoral Osteotomy or High Tibial Osteotomy

17:00–17:30  Q&A and Take Home Points

17:30  Ajourn

18:00  Bus transport to Radisson

18:00–22:00  Optional City Tour (Cost 25.00 Euros)
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Brittberg Mats, Ass. Prof., MD, PhD
Kungsbacka Hospital, Gothenburg University, Sweden

Mats Brittberg is a member of the Cartilage Research Unit, Department of Orthopedics Surgery, 
at University of Gothenburg and an orthopedic surgeon at the Kungsbacka Hospital, Kungsbacka, 
Sweden.  He received his MD at the University of Gothenburg in 1978 and completed a specializa-
tion in orthopedics in 1985.  In 1992 he passed the Swedish Orthopedic Board Exam (S.O.B.E.), 
and in 1996 he earned a PhD. In 2002, he became Associate Professor of orthopedics at the Sahl-
grenska Academy at University of Gothenburg. Mats Brittberg is now also Gothenburg university 
lecturer. 

Mats Brittberg’s research has been focused on cartilage repair and with main focus on cartilage regeneration with in vitro 
expanded autologous chondrocytes. Today the main interest is the recent started European Connective Tissue Engineering 
centre (ECTEC) which is research collaboration between the Sahlgrenska Academy at University of Gothenburg with the insti-
tution of Polymer Technology, Chalmers Technical University. Mats Brittberg has also had research collaboration with Virginia 
Tech in USA on biotribology in cartilage and osteoarthritis as well as research collaborations with other centers in Europe 
and North America. In September 2010, Mats Brittberg received the ICRS Genzyme Lifetime Achievement Award in cartilage 
research and in 2012, the Shett- Kim Foundation (SKF) Scientific award.

Mats Brittberg has been on the board of TESi (Tissue engineering Society International) and has been chairing the Cartilage 
Committee of ESSKA 2006–08. Since the start 1997, he has been working with ICRS, as a secretary, Vice-president and Presi-
dent (2006–2008) and finally Past-President (2008–2009). He is since january 2013  Editor-in-Chief for the Sage journal ¨CAR-
TILAGE. He is also associate editor with ESSKA journal as well as being on the editorial board of Osteoarthritis and Cartilage.

Erggelet Christoph, MD, Prof., PhD
Center for Biologic Joint Surgery, Zürich, Switzerland

Christoph Erggelet is an orthopaedic surgeon in Zurich/ Switzerland affiliated with the Department 
for Orthopeadic Surgery and Traumatology, University Medical Center, University of Freiburg/Ger-
many. He received his MD in 1986 and passed the board exam for Orthopeadic Surgery in 1993. A 
PhD was granted by the University of Essen/Germany in 1987. Since 2002, he is faculty member of 
the University Medical School, University of Freiburg Germany. Research interests focus on biologic 
regeneration of joint function, e.g. culture of autologous chondrocytes, meniscus regeneration and 
ligament repair. He served as a founding board member of the Bio Valley initiative, a tri-national 

tissue-engineering group, which enabled the setup of a licenced GMP laboratory at the University of Freiburg. International 
collaborations included board membership of the EU-funded EUROCELL program and the international Cartilage Repair Reg-
istry. Recent research has been done on stress loading of cartilage defects and stability of biodegradable scaffolds in collabo-
ration with the Swiss Federal Institute of Technology Zurich/Switzerland.  Christoph Erggelet is a member of the ICRS since 
the foundation in 1997 and served as a board member. He was the President of ICRS for the term office 2013–2015. 

Ibarra Clemente, MD, Prof., PhD
General Director, Instituto Nacional de Rehabilitación “Luis Guillermo Ibarra Ibarra”

Clemente Ibarra is an Orthopaedic Surgeon in Mexico City that has a training in Tissue Engineering. 
Currently, he is Director of the Instituto Nacional de rehabilitation with the development of differ-
ent research lines as Cartilage Repair, Meniscal Transplantation, Skin Regeneration & Technology 
Innovation. Doctor Ibarra leads the Chapter of Cartilage in the Mexican College of Orthopedics in 
Mexico City and has published different papers about tissue engineering and cartilage repair. 

Invited Faculty
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Krych Aaron, MD, Prof. 
Mayo Clinic, Rochester, United States of America

Aaron Krych is Professor of Orthopedic Surgery and Sports Medicine at the Mayo Clinic in 
Rochester, MN, USA. He is also Director of the Orthopedic Surgery Sports Medicine Fellowship 
and Orthopedic Surgery Sports Medicine Research Fellowship. He received his MD and Ortho-
pedic Surgery Residency training at Mayo Clinic. He completed his sports fellowship training 
at Hospital for Special Surgery in New York in 2010. He was an ICRS Travelling Fellow in 2013. 
His clinical focus has been on cartilage restoration in the hip and knee, and knee osteotomy 
and meniscus transplant. His research interests include improving cartilage allograft, adipose-

derived MSC injection for hip and knee arthritis, and single stage cell-based cartilage repair.

Mardones Rodrigo, Ass Prof. MD
Clinica Las Condes, Santiago, Chile

Rodrigo Mardones is a member of the Adult Reconstructive Surgery Group, Department of Or-
thopedics Surgery, at Clinica Las Condes and an Chief of the Hip surgery unit at the Hospital 
Militar,Santiago, Chile. He is also a director of the Stem Cells for cartilage repair project at Cli-
nica Las Condes. He received his MD at the Universidad de Chile in 1999 and completed a spe-
cialization in orthopedics in 2002. In 2002–2003 he did a research fellowship at the cartilage 
connective tissue repair laboratory at the Mayo Clinic under the direction of Shawn Odriscoll 
and Gregory Reinholz followed by a Clincal Fellowship (2003-2004) on Adult Reconstructive 

Surgery at the Orthopedic Department Mayo Clinic Rochester minnesota. He became Assistan Professor of orthopedics 
at Pontificia Universidad Catolica in 2005. He is actually Profesor Agregado of Orthopedic at Universidad de Chile in 
Clinca Las Condes. Rodrigo Mardones research has been focused on cartilage repair and with main focus on cartilage 
regeneration with the use of stem cells from bone marrow and adipose tissue. His clinical practice is also focussed on 
cartilage repair and preserving hip surgery. He had clinical and basic research work on hip artrhoscopy. He is actually a 
Associate master Instructor at the AANA master course on hip scope. Rodrigo Mardones has been on the general board 
of ICRS since 2006.

Masri Maria, Prof., PhD 
Universidad Nacional Autonoma De Mexico, Mexico City, Mexico

Graduated in Veterinary Medicine 1983. MSc at the University of Florida 1985, Internship in 
Equine Medicine and Surgery at University of Florida1986. Residency in Large Animal Medicine 
at Louisiana State University 1986–1989.MSc in Sports Equine Medicine at Louisiana State Uni-
versity. Visiting Professor at University of Florida 1989-1991. Board certified from the American 
College of Veterinary Internal Medicine 1991. Full professor at the National Autonomous Uni-
versity of Mexico since 1991-present. PhD. in Cartilage repair and tissue engineering in 2002.
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Minas Tom, MD, Prof.
Brigham and Women's Hospital Harvard Medical School Chestnut Hill, USA

Tom is an Attending Orthopaedic Surgeon at Brigham and Women’s Hospital in Boston, MA, 
an Associate Professor of Orthopaedic Surgery at Harvard Medical School, and Director of the 
Cartilage Repair Center. Tom Minas received his medical degree from the University of Toronto 
and his Masters in Epidemiology from the Harvard School of Public Health. He completed his 
fellowship in Trauma and Joint Reconstruction at the Sunnybrook Medical Centre in Toronto, 
Canada and a Total Joint Arthroplasty fellowship at Brigham and Women’s Hospital. Tom Minas 
is an internationally recognized leader in joint preservation approaches to treating knee OA. 

He performs surgery of the knee; arthroscopy, joint preserving osteotomies, partial and total joint replacements. He 
is also an expert in cartilage repair and autologous chondrocyte implantation (ACI), having served on the Board and 
Education Committees of the International Cartilage Repair Society as well as the Chairman of the Cartilage Research 
Foundation. He is a member of the Knee Society, and in 2013, his team was honoured with the Insall Award for his work 
on Long Term Outcomes assessment of ACI in the knee. 

He is involved in the development of tissue preserving implants and instrumentation for knees targeted at joint resur-
facing. His work in patient-specific knee replacement has led to the introduction of a family of tissue preserving, cus-
tomized implants based on patient-specific imaging data to restore native articulating geometry. (International Society 
of Arthroscopy, Knee Surgery and Orthopaedic Sports Medicine, 2007), Honorary Fellow of ICRS (International Cartilage 
Repair Society, 2007), Honorary Member of Swiss Society of Accident Surgery and Insurance Medicine (2008) and Hon-
orary Member of Swiss Orthopaedic Society (2009). 

Nehrer Stefan, Prof., MD, PhD
Donau University Krems Center for Regenerative Medicine Krems, Austria

Stefan Nehrer is an orthopaedic surgeon at Department for Orthopaedic Surgery at the hospi-
tal in Krems, Professor for Tissue Engineering at Center for Regenerative Medicine and since 
2011 he is also Dean of Faculty Health and Medicine and since March 2013 he is Head of De-
partment for Biomedicine and Health Sciences at Danube University Krems. 

He studied at the Medical University Vienna where he obtained his MD in 1984 and his PhD in 
1999. From 1995 to 1996 he was at the Harvard Medical School in Boston, USA, at Prof. Myron 

Spector where he started his scientific work in cell-based therapies in cartilage regeneration. From 2000 to 2006 he was 
head of orthopaedic research at the Medical University Vienna and leading surgeon in sports medicine and paediatric 
orthopaedic. In 2007 he was appointed Professor for Tissue Engineering at Danube University Krems. Over the years 
he has continued his research on experimental and clinical applications of chondrocyte transplantation and formed a 
group for tissue engineering research. Furthermore, his interests focused on mesenchymal cell differentiation and de-
sign/implementation of tissue culture bioreactors for automated and controlled manufacturing of cartilage, bone and 
osteochondral grafts, based on autologous cells and 3D porous scaffolds.

He has published 73 peer reviewed articles and numerous other articles and book chapters in national and international 
journals. Prof. Nehrer has presented at many national and international meetings and he is member of national and 
international societies. Currently, he is the president of the German-Austrian-Swiss Society for Orthopaedic Traumato-
logic Sports Medicine (GOTS).

Invited Faculty 



15ICRS Surgical Skills Course 

Olivos-Meza Anell, MD, Prof., PhD
National Institute of Rehabilitation, Mexico city, Mexico

Olivos-Meza Anell is a young Orthopedic Surgeon with special interest in cartilage repair, 
meniscal substitutes, Mesenchymal Stem Cells & Sports Injuries. She studied at Universidad 
Veracruzana where she obtained her MD in 2006. From 2007 to 2008 she was at the Mayo 
Clinic in Rochester Minnesota, USA, at Prof. Shawn O´Driscoll Cartilage Laboratory where she 
started her scientific work in cell-based therapies in cartilage regeneration using periosteum. 
In 2012, Doctor Anell finished her Specialty in Orthopedics to continue her training in Joint 
Surgery and Orthopedic Sports Medicine at the Instituto Nacional de Rehabilitación in Mexico 

City. She also participated in a rotation fellowship program in Joint Surgery & Sports Medicine at Mayo Clinic in Min-
nesota & Jacksonville, USA. Since 2014 Doctor Olivos is a Consultant, Associate Professor and Investigator in the Ortho-
pedic Sports Medicine and Arthroscopy Department at the Instituto Nacional de Rehabilitación (INR) and Universidad 
Nacional Autónoma de Mexico (UNAM) in Mexico, city. Currently, Doctor Anell coordinates the research projects related 
with cartilage repair in her Department and is mentor of Master and PhD Students in the INR in coordination with the 
National University. She has published 10 peer reviewed articles and 5 book chapters in national and international jour-
nals. Professor Anell has presented her research results at many national and international meetings and over the years 
she has continued her research in basic and clinical applications in cartilage repair and related issues. 

Peterson Lars, Prof., MD, PhD
Billdal, Sweden

Lars Peterson is a professor emeritus in Orthopaedic Surgery at Gothenburg University, Sweden. 
Graduated from Medical School, Gothenburg University 1966, became specialist in General Surgery 
1972 and Orthopaedic Surgery 1973. Defended 1974 his PhD thesis on Fracture of the neck of the 
talus, appointed Associate Professor 1980, Assisting Professor and Chief at the Orthopaedic Depart-
ment 1974–1988. Been head physician for the Swedish National Teams in football and icehockey. 
Member FIFA Medical Committee and founding member of F-MARC.Published over 200 articles in 
orthopaedics, several textbooks and chapters in international textbooks. Pioneered the treatment 

of articular cartilage injuries using autologous chondrocyte transplantation first cell therapy in orthopaedics, was one of the 
founders of ICRS and president 2001-02. Received many international awards. In 2007 the first European elected member of 
The Hall of Fame of the American Orthopaedic Society of Sports Medicine. Received 2010 The Duke of Edinburgh Prize for Out-
standing contribution to international education in Sports Medicine. In 2010 awarded Doctor Honoris Causa at the University of 
Helsinki, Finland. In 2011 awarded Doctor Honoris Causa at Universidad Catolica San Antonio, Murcia, Spain.

Rodeo Scott, Prof., MD 
Hospital for Special Surgery, New York, United States of America

Scott Rodeo is a Professor of Orthopaedic Surgery at Weill Medical College of Cornell Univer-
sity and is an Attending Surgeon at the New York-Presbyterian Hospital and the Hospital for 
Special Surgery, where he is Co-Chief Emeritus of the Sports Medicine and Shoulder Service 
and Co-Director of the Tissue Engineering, Regeneration and Repair Program. He is Associate 
Team Physician for the New York Giants Football Team. Rodeo served as a Team Physician for the 
United States Olympic Team in 2004, 2008, and 2012. His clinical practice involves orthopaedic 
sports medicine, with specialty interest in complex knee reconstruction (ligament, meniscus and 

cartilage surgery), tendon repair in the shoulder and other joints, and shoulder instability. Rodeo graduated cum laude 
from Stanford University, where he completed his undergraduate work while competing on the Stanford Swimming Team. 
He completed medical school graduating with honors from Cornell University Medical College.
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Suarez Ahedo Carlos, MD
Instituto Nacional de Rehabilitación, Mexico City, Mexico

Carlos Suarez-Ahedo is a MD who graduated from La Salle University. He finished his training 
in Orthopedics and Traumatology at the Spanish Hospital in Mexico City. He later finished the 
specialty of Articular Surgery and Adult Joint Reconstruction at the National Rehabilitation In-
stitute of Mexico and also a Fellowship in Chicago, USA in Joint Preservation Surgery. He is also 
an Attending in the division of Adult Joint Reconstruction at the National Rehabilitation Insti-
tute of Mexico. He has been actively participating as author and coauthor in several scientific 
publications in recognized national and international journals and has been invited to present 

research papers in forums of great importance in the field of world orthopedics.

Zaslav Kenneth, Prof. MD
Advanced Orthopedic Centers Sports Medicine and Cartilage Restoration Center Richmond, 
United States of America

Ken Zaslav is an Orthopaedic Surgeon and the founding director of Advanced Orthopaedic Cen-
tres: Sports Medicine and Cartilage Regeneration Centres, in Richmond, Virginia in the U.S.A. 
He is a Clinical Professor of Orthopaedic Surgery at Virginia Commonwealth University and 
has published and lectured worldwide on Cartilage Repair, and non-operative treatments for 
Articular Cartilage injury over the past 10 years. Dr. Zaslav performed the first Articular Carti-
lage Transplant in Virginia in 1996 and since then articular cartilage has been his prime clinical 

research interest. He has been a fellow of the ICRS since 1999 and has served on its Executive Committee and Board of 
Directors. He is currently the President of the ICRS. He is a member of the AOSSM, AAOS and AANA and has served on its 
research, education and membership committees. He has spoken as an invited speaker at The FDA’s Cellular, Tissue and 
Gene Therapies Advisory Committee meeting and was the lead author of The STAR Study of Articular Cartilage repair 
published in AJSM in 2009. He serves on the Scientific Advisory Boards of several Biologics companies in the United 
States and Israel and has previously served as The Chief Science Officer of The Virginia Bio-commercialization Center 
at Virginia Commonwealth University and now serves on The Board of Directors of The Virginia Life Science Investment 
Fund. He has been the Company Physician for The Richmond Ballet for the past 20 years.
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Extended Abstracts

Module 1: Basic Science in Cartilage Repair 

1.2 Understanding the Complexity of Cartilage Anatomy & Biomechanics
 Mats Brittberg (SE)

Knowledge about the joints biomechanics is important when to understand how the joint cartilage layers are function-
ing. Different joint anatomy influences the load on cartilage. The largest joint of interest is the knee joint. Practically, the 
knee comprises 2 articulations-the patellofemoral and tibiofemoral. 

Stability of the joint is regulated by a combination of ligaments, dynamic muscular forces, menisci, bony topography, 
and joint load. Both bone and cartilage could be injured either as a single episode of trauma or repetitive overuse. 
Damage could be seen macroscopic as fissures and cracks and microscopically cell death and matrix loss can be seen. 
The extent of damage is dependent of the quality of the tissues, the age of the patient and the anatomy of the injured 
joint. Especially, the subchondral bone regions are of interest when to study local cartilage repair as well as OA develop-
ment. It is known that subchondral bone shows bone resorption in early OA and bone formation in late OA. Treatment 
of subchondral bone abnormalities can reduce joint pain and can delay cartilage degeneration. It can be done with 
biomechanical unloading or local bone treatments. 

The joint homeostasis is much influenced by the symmetry and congruity physiologically restored by menisci but a mi-
nor incongruity is needed for joint lubrication. The complex interplay within the joint in the different degrees of articula-
tion is disturbed when cartilage damage occurs and when OA develops. Restoration of the normal cartilage anatomy 
and biomechanics can only be done by paying attention to all stabilizing structures and how the skeleton and overlying 
cartilage are moving in different angulations under normal to pathological load.
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1.4 Pre-Clinical Models for Cartilage Repair: Live Demonstration Maria Masri (ME)

Articular cartilage injury and degeneration are leading causes of disability. The objectives of cartilage repair are clearly 
defined (understand the cartilage repair biology, to restoring the joint surface biomechanics and to prevent early OA de-
velopment. Animal studies are critically important to developing effective treatments for cartilage injuries. Models com-
monly used in cartilage repair protocols include murine, rabbits, caprine, porcine, and equine. There are advantages 
and disadvantages to each specific model and multiple factors need to be considered in selecting an appropriate animal 
model. Small animals as mice are principally use as a bioreactor for evaluating cartilage repair potential and translation 
from in-vitro to in-vivo studies of human cells. However, the repair of chondral and osteochondral defects of size and vol-
ume comparable to that of clinically significant human lesions can be reliably studied primarily in equine models. Those 
animals are ideal for cartilage repair and can be reproducible in open or arthroscopic surgeries, principally to prove the 
efficacy and safety of new techniques before to apply those in humans. While larger animals more closely approximate 
the human clinical situation, they carry greater logistical, financial, and ethical considerations. In summary, no animal is 
ideal for every type of project in cartilage research.
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2.2 Barriers of Cartilage Restoration Anell Olivos-Meza (ME)

A variety of barriers exist between cartilage repair techniques that are associated with failed cartilage surgery. Many factors 
have been cited as barriers of cartilage restoration as chondrocyte cell death, chondrocyte dedifferentiation, the nature of 
the collagenous and proteoglycan networks that constitute the extracellular matrix, the type of biomaterial scaffold em-
ployed in repair and the origin of the cells used to repopulate the lesion. “Revision” cartilage restoration techniques are 
focused to identify patient-specific and procedure-specific barriers that are associated with failed cartilage surgery in order 
to promote strategies that have the potential to decrease failure rates and develop algorithmic approaches to managing pa-
tients with failed cartilage procedures. Early failure of cartilage repair is most likely associated with technical errors, failure 
of graft incorporation, noncompliance with postoperative rehabilitation (early weight-bearing, lack of continuous passive 
motion), or due to an unanticipated traumatic event.  Late failures can be secondary to progression of focal lesions and 
degenerative changes, breakdown of the repair tissue over time (MFx), concomitant unaddressed pathology (malalignment, 
instability, meniscal deficiency), failure of biological incorporation, and technique specific complications. While absolute 
solutions will remain elusive, the current goal is to define these barriers as the first step toward solving these problems.

2.3  Post-Operative Care of Cartilage Repair: When Return to Daily Activities & Sports
 Tom Minas (US)

Articular cartilage injuries to the knee may be acute or chronic in nature. The symptoms resulting from these treatments 
may mimic intra-articular loose bodies, a torn meniscus, or localized pain.  Diagnosis before treatment, by MRI scan or 
arthroscopy is critical. Once the diagnosis of an articular cartilage injury has been made by MRI scan, the location and 
size of the defect as well as symptoms arising from the defect should be discussed with the patient so that the needs 
of the patient can be determined prior to management being offered. If the patient has an asymptomatic defect, then 
proper counseling as to activity level and surveillance MRI scans annually may be all that the patient requests to assure 
that further progression of the defect of an osteoarthritic knee does not ensue. 

 If an asymptomatic or symptomatic defect is discovered during arthroscopy for another problem, treatment should not 
consist of more than a gentle marginal debridement of any unstable loose cartilage flaps, measurement of the defect 
and a discussion with the patient after arthroscopy as to the treatment options available for cartilage repair.  In this way, 
a proper informed consent after the risks and benefits of the different treatment options available to the patient is per-
formed.  This avoids the possible legal consequences that could result if a marrow stimulation technique is performed 
as it is a technically easy procedure, however the patient could be made clinically worse than preoperatively. They are 
then also subjected to a longer postoperative recovery needed for cartilage repair.

 Assessment of causes for the articular injury is crucial for a successful treatment of the articular injury.  These causes 
are often termed  ‘background factors’ which include tibiofemoral or patellofemoral malalignment, ligamentous insuf-
ficiency- most commonly ACL, meniscal deficiency especially on the lateral side of the joint, or chronic repetitive trauma.  
Preoperative evaluation of an injured knee joint should always include long alignment x-rays, standing AP, standing 45° 
PA (Rosenberg), and skyline views.  Frequently a patient will be seen with an MRI scan before even x-rays have been 
performed which demonstrate bone-on-bone changes, too advanced for cartilage repair.  A common reason for failure 
of a cartilage repair treatment is also missing a varus or valgus knee as long alignment x-rays have not been performed 
preoperatively with leg alignment being assessed clearly by clinical evaluation which can miss a small degrees of varus 
or valgus. Excellent 15-20-year results can be expected when all factors are treated. [1,2,3]

Treatment should be based on the size and location of the articular cartilage injury as well as the desired activity level 
of the patient and a thorough assessment of the background factors.  Rehab for tibio-femoral disease differs from 
patellofemoral repair and should be observed carefully. Small defects in low demand patients may obtain benefit from 
arthroscopic debridement in isolation with appropriate postoperative rehabilitation. Osteochondral autograft transfers 
for small painful lesions (< 1.5 cm2) provide a quick and durable repair with Return to Sport (RTS) usually within 6-9 
months but is technically demanding arthroscopically and should be performed by mini arthrotomy if necessary.  

Microfracture- a cell based treatment as per ACI, allows a simple treatment with a success rate of 66% with RTS and la-
bor for small (< 3 cm2) defects on the femoral condyles in acute lesions (< 3-6 months), in patients < 40 years old. Proper 
rehab is essential. ACI after MFX however gives less satisfactory results and one should be careful not to perform MFX 
in large lesions where the failure rate for MFX is high and salvage with ACI is less likely. Autologous chondrocyte implan-

Module 2:  Follow-Up of Repaired Articular Cartilage:
 Image & Rehabilitation 
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tation is technically demanding and costly but provides excellent long-term clinical results in large articular defects in 
lesions throughout the knee and may get patients back to high level function and athletics. [4] Osteochondral allograft 
may allow a quicker return to ADL’s and sport but there are issues with availability, size match, disease transmission 
and catastrophic graft failure when it occurs by bone resorption, fracture and collapse. Rehab protocols for these pro-
cedures will be discussed.
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Module 3: Joint Stability & Reducing the Joint Surface  
 Loading - Osteotomies

3.1  The Role of Stability in Cartilage Repair Treatment: ACL Reconstruction Rodeo Scott (US)

I.  ACL insufficiency leads to abnormal articular cartilage contact stresses and cartilage degeneration in 3 ways:
1. Shear stresses on articular cartilage that occur during pivot shift. 
2. Altered kinematics in ACL-insufficient knee results in shift in contact point to areas not usually    loaded.
3. Presence of inflammatory mediators and matrix metalloproteinases in knee following acute ACL injury. 

II. Consider concomitant collateral ligament injury
Combined instability patterns may further lead to abnormal cartilage contact patterns. For example, lateral collateral 
ligament injury with resultant varus thrust can lead to abnormal loading in medial compartment.

III. Treatment of knee instability
Associated knee instability should be addressed prior to or in conjunction with cartilage repair.
Cartilage repair is uncommon at time of primary ACL reconstruction but is more commonly required during revision ACL re-
construction. In these complex reconstructions, concomitant meniscus transplantation may sometimes be required as well.

I would not recommend lateral extracurricular tenodesis / anterolateral ligament reconstruction if a cartilage repair 
procedure is being performed in the lateral compartment, as these procedures can overconstrain the knee and may lead 
to increased contact pictures in the lateral compartment.
Standard ACL reconstruction techniques can be used. 
Standard graft options are considered.
In the setting of cartilage repair in the patellofemoral joint, may consider not using patellar tendon graft.
In complex revision reconstructions, allograft tissue may be considered for the ACL reconstruction.

IV. Outcomes
A fundamental question is whether ACL reconstruction improves knee kinematics so as to normalize the abnormal con-
tact pressures present in ACL insufficiency??
There is very little data to support single bundle versus double bundle reconstruction in normalizing cartilage contact 
pressures.

Module 2:  Follow-Up of Repaired Articular Cartilage:
 Image & Rehabilitation 
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3.3 High Tibial Osteotomies – Stefan Nehrer (AT)

Biomechanics of joints of the lower limb is the determining factor for the development of degenerative changes 
especially in the knee joint. The restoration of an orthograde anatomic alignment represents the basis for every 
recovery of the joint function. The ligamental stability, meniscal injuries and the cartilage damage are important 
factors for the knee joint, but the biomechanics of the entire lower limb is the most important factor of progression 
joint diseases; therefore osteotomies are crucial operative corrective actions, to restore physiologic biomechanics. 
In the last decade osteotomies have become more important, after years of being almost out of fashion. The reasons 
for the positive trend are the development of angle stable screw fixation of the implant, which enables the patient 
to initiate an immediate mobilization after osteotomy. By the use of the open wedge technique a more physiological 
adjustment of joint axis is possible: the angle of rotation of correction (CORA) is closer to the actual rotation center 
of deformity and furthermore no leg length is lost. 

For the planning longleg-standing X-rays to evaluate the mechanical axis are mandatory on which the mechanical 
axis of the whole extremity is determined by drawing a line from the hip center to the center of the ankle joint (Miku-
lic line). Than the joint line is created and the angles between mechanical axis and joint line are measured according 
to Paley’s malalignment test to determine whether the deformity is in the femur or in the tibia.

The open wedge technique of the tibia is characterized by spreading of the osteotomy gap by chisels or spreader 
and intraoperative correction according to intraoperative measurements. Closing wedge osteotomies do not allow 
corrections after cutting out the bone wedge, especially in overcorrection and lead to an asymmetric deformity of 
the tibial head. However, open wedge techniques need a high experience in stepwise spreading the osteotomy; oth-
erwise you risk a fracture of the opposite corticalis. In more severe cases of correction and presence of more sever 
monocompartemental osteoarthritis as well as in overlength of the effected limb, a closing wedge osteotomy is still 
preferable. The awareness of the complexity of joint malalignment has shown that a thorough analysis is necessary 
also including femoral deformities as a reason for malalignment to be addressed by osteotomy. Most literature only 
refers to high tibial osteotomy, but we see that about 30 % of the malalignment includes also some femoral impact. 
The new biplanar osteotomy techniques in the tibia and the femur, with very stable fixation plates, are allowing 
even combined osteotomies to reach a horizontal joint line with an optimal biomechanical outcome. However, the 
increased indication of ostomies raises the question the right patient for this procedure for joint alignment. 

We clearly not recommend an osteotomy as a preventive approach in a high-level athlete, since he performs on a 
high level with the varus or valgus deformity and maybe we can consider a correction after the sports career. Things 
are different in the case of a cartilage injury or partial meniscus loss in a non-aligned joint, because the regenera-
tive treatment of the defect has a poor prognosis with malalignment. So, if an active sportsman does not agree in 
an osteotomy the dilemma is to do an insufficient cartilage repair procedure with bad long-term outcome due to 
malalignment or to do an alignment procedure which helps the cartilage repair but maybe impairs future high-level 
performance.  There is increasing literature reporting on osteotomies in active sportsmen with promising return to 
sport rates. Counselling and advise are key in these individual decisions, but the prognosis of big defects in younger 
athletes with malalignment is poor, maybe on both sides with regards to high level sports.

Especially patients between 40 and 60 years with early onset osteoarthritis in one joint compartment are good 
candidates for an osteotomy. Studies by Salzmann (2009), Bonin (2013) show a high return to sport rate up to 90 % 
but not on a high level; patient tend to change to sports like cycling, swimming and walking, but are still very active. 
The selection of the right patients and a detailed planning of the osteotomy before surgery are the most important 
factors for an optimal clinical result. The alternative treatment for those patients often would be a hemiarthroplasty, 
which shows good functional results, but also high revision rates, with clearly decreased sports activities and neces-
sity of total joint replacement.

With the biological treatment options in cartilage repair on the affected side osteotomies have become a wider 
indication in early onset osteoarthritis and are in our hands competing with partial joint replacement. However, the 
ongoing studies and controlled trials will clarify the role of osteotomy in cartilage repair, however to maintain sports 
activities and preserving the own joint is a clear target.

Module 3: Joint Stability & Reducing the Joint Surface  
 Loading - Osteotomies
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3.4  Pathomorphology of the Knee in Varus Malalignment and Robotic Guided 
 Hemiarthroplasty: A Solution After Failed Osteotomy? – Carlos Suarez Aredo (ME)

The management of isolated medial compartment osteoarthritis (OA) in the younger patient (under 65 years of age) 
aims to provide symptomatic relief and to promote proper knee function. High tibial osteotomy (HTO) is usually indicat-
ed to correct angular deformity that results in symptomatic overload of the medial compartment. Recently, the incidence 
of osteotomies has decreased, but symptomatic, radiologically mild or moderate knee OA is still commonly regarded as 
an indication of HTO in young and active patients. Unicompartmental knee arthroplasty (UKA) was first introduced in the 
1970s, with the introduction of the cobalt-chromium alloy McIntosh prosthesis. 

The long-term results of HTO are reported to be good, but they tend to deteriorate with time and patients may subse-
quently undergo TKA. The biomechanical principle of HTO in medial compartment OA is to redistribute the weightbear-
ing forces from the worn medial compartment across to the lateral compartment to relieve pain and to slow disease 
progression. This can be accompanied by pain relief and improvements in gait and function. Complications of HTO 
include osteonecrosis of proximal fragment, neurological injuries especially injury to peroneal nerve, incomplete correc-
tion, DVT and compartment syndrome. The use of UKA increased between 1998 and 2005 at an average rate of 32.5% 
compared with the growth of 9.4% in the rate of total knee arthroplasty in the United States.

Successful results and durability of UKA are affected by a variety of factors, including appropriate surgical indications, 
implant design, component alignment and fixation, and soft tissue balance. Early mechanical failure has been shown to 
occur in the setting of excessive posterior tibial slope or varus of the tibial component or both. Achieving consistently 
accurate alignment of the tibial component in UKA using conventional approaches is difficult. Studies have shown that 
component malalignment by as little as 2° may predispose to implant failure after UKA. History of robotic knee dates to 
the year 2000. Robotic guided UKA (RG-UKA) was developed to refine and enhance the accuracy of patient specific bone 
preparation and more accurate component positioning even with minimally invasive techniques. Therefore, performing 
a HTO or RG-UKA are both technically demanding operation and patient selection is paramount. 

3.5 Combined Procedures: Osteotomy, ACL Reconstruction & Cartilage Repair Techniques
 Aaron Krych (US)

Cartilage repair and restoration procedures have demonstrated good results.  However, assessment of the background 
factors for the development of the cartilage or osteochondral lesion is critical to success.  Therefore, alignment, stability 
and meniscus status must be addressed in every patient with a symptomatic cartilage defect.  This includes evaluation 
and potential treatment of patellar maltracking, instability, malalignment of the affected compartment, and meniscus 
deficiency.

If these factors are present, then they can be treated surgically either in one stage, or a staged fashion.  Critical pre-
operative planning and discussion of expectations for recovery with the patient are crucial to success.  It is important to 
have a detailed preoperative plan in order to maximize the efficiency of surgery and minimize outcomes.  In this talk, we 
will discuss pearls and pitfalls of combined procedures in the setting of restorative cartilage procedures.
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4.1 The Role of the Meniscus in Articular Cartilage Treatment Scott Rodeo (US)

I. Basic Meniscus Function
The primary function of the meniscus is to aid in load transmission across the tibiofemoral joint.
Contact area decreases 30-70% following meniscectomy
Partial meniscectomy  →  up to 350% increase in contact stress

Meniscus deficiency leads to a predictable increase in contact stress on the articular surface:
Lee et al, American J. Sports Medicine 2006:
• Human cadaveric knees
• Serial posterior medial meniscectomy conditions 
• 1800-N axial load
• Tekscan sensors
• All medial meniscectomy conditions resulted in significantly decreased contact areas and increased mean and peak  
 contact stresses compared with intact  (p < .05)

Baratz et al, American J. Sports Medicine 1986:
• Cadaveric knees tested using a 400 pound load at 0 and 30º flexion
• Contact areas and stresses measured using pressure-sensitive film
• Partial meniscectomy: peak local contact stresses increased ~ 65% 
• Total meniscectomy: peak local contact stresses increased ~ 235%

Walker and Erkman, CORR 1975:
• Medial: 50% of compartment load
• Lateral: 70% of compartment load
• Transmit 50% of load in extension, 85% of load in flexion

II. Stress is Increased in Normal Articular Cartilage Adjacent to Cartilage Defect
Guettler et al, American J. Sports Medicine 2004:
• Rim stress concentration occurs for defect size 10mm or greater
• Distribution of peak stress extended from the rim of the defect a distance of 2.2 mm on the medial condyle and 
 3.2 mm on the lateral condyle
• Stress concentration around the edge of a focal cartilage defect → adversely affects integrity of adjacent cartilage

III.  Alignment Also Plays a Role
Mina et al, American J. Sports Medicine 2008:
• High tibial osteotomy was performed on 8 human cadaveric knees
• As tibiofemoral alignment was shifted from varus to valgus alignment → decrease in medial contact pressure 
 (p < .001) and a decrease in medial contact area (p < .001)
• For all defect sizes, all contact pressure within the medial compartment was shifted to the lateral compartment at 
 between 6 degrees and 10 degrees of valgus

IV. In Addition to its Biomechanical Function, the Meniscus May also Directly Produce Biological Mediators
Brophy et al, American J. Sports Medicine 2017:
• mRNA expression in the injured menisci measured by quantitative real-time polymerase chain reaction for selected 
 molecular markers of osteoarthritis, inflammation, and cartilage homeostasis
• Inflammatory mediators, catabolic molecules, chemokines, and matrix metalloproteinases were expressed at a 
 significantly higher level in traumatic meniscus tears
• These mediators produced by meniscus cells can adversely affect hyaline cartilage

V. Meniscus Transplantation Decreases Articular Contact Pressures
Alhalki et al., American J. Sports Medicine 2000:
• Measured maximum pressure, mean pressure, and contact area of the intact human cadaveric knee, the knee after
 meniscectomy, and the knee with an allograft. 
• Measurements were made using pressure-sensitive film in 10 specimens loaded in compression to 1000 N at 0 
 degrees, 15 degrees, 30 degrees, and 45 degrees of flexion.
• Allograft significantly reduced the contact pressure compared with the knee after meniscectomy.

Module 4: The Chondroprotective Effect of the Meniscus 
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Module 4: The Chondroprotective Effect of the Meniscus 

VI. Concomitant Meniscus Transplantation with Cartilage Repair
Meniscus transplantation may be considered at the time of cartilage repair surgery to replace lost meniscus function. 
Rationale: protect the cartilage graft.
There is very little rigorous data to support a difference in outcome of cartilage repair procedures in patients with or 
without meniscus deficiency. 

Noyes, J. Bone and Joint Surgery 2005:
• 40 cryopreserved menisci were implanted into 38 patients. Sixteen knees also had an osteochondral autograft transfer.
• Meniscal allograft characteristics were determined with use of a rating system that combined subjective, clinical, and 
 magnetic resonance imaging factors.
• Concomitant osteochondral autograft transfer and knee ligament reconstruction procedures improved knee function  
 and did not increase the rate of complications.
• Conclusion: Short-term results of meniscal transplantation are encouraging in terms of reducing knee pain and in- 
 creasing function; however, long-term transplant function and any chondroprotective effects remain unknown and  
 require further investigation.

4.2 When should we Repair the Meniscus and which are the available Techniques? 
 Aaron Krych (US)

Meniscal repair provides improved long-term outcomes, better clinical outcome scores, and less severe degenerative 
changes seen radiographically compared with partial meniscectomy.  Advancements in surgical techniques have expand-
ed the capability for meniscal repair, while the implementation of biologic augmentation appears to improve healing rates. 
However, clinical data remain sparse, and prospective randomized trials are needed. It is critical that surgeons treating 
meniscal tears be familiar with the evolving repair techniques to optimize the health and longevity of the knee joint.

In this session, we will emphasize selection of which tear types are candidate for repair. In addition, we will discuss a 
variety of techniques for repair of meniscus tears, based on tear pattern and tear location. This will include all-inside, 
inside-out, and outside-in.  We will also discuss strategies for biologic augmentation in order to improve healing rates.  
Meniscus allograft transplantation is an option when the meniscus is deficient.  However, treatment strategies should 
be chosen to avoid total meniscectomy whenever possible.
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4.3 Meniscal Replacement: Transplantation or Substitution? Scott Rodeo (US)

I. Common indications for meniscus replacement:

1. Early arthrosis
a. Symptoms due to early articular cartilage overload in the tibiofemoral compartment in the setting of meniscus deficiency. 
b. The typical symptoms are pain and swelling. This group of patients essentially has early arthrosis. 

2. Meniscus replacement combined with cartilage repair and/or osteotomy 
a. Rationale is to protect a cartilage graft (ACI, osteochondral allograft transplant, etc.). 

3. Meniscus replacement combined with ACL reconstruction 
a. Rationale is to restore the role of the meniscus as a secondary stabilizer.  
b. The medial meniscus acts as a secondary stabilizer during anterior tibial translation (Lachman test)
c. Lateral meniscus plays a role as a secondary stabilizer during the pivot shift maneuver. 
d. Meniscus replacement in this setting is done to load-share with the ACL graft, in order to minimize excessive loads on  
 the ACL graft. 
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4. “Prophylactic” transplantation. 
a. Early meniscus transplantation following total or sub-total meniscectomy may be considered in order to prevent the 
 known morbid sequelae of meniscus loss. 
b. This is most commonly done in young patients following lateral meniscectomy or removal of a discoid lateral meniscus. 
c. If there are no symptoms and there is no articular cartilage degeneration, then would recommend continued observation. 
d. However, once MRI starts to show articular cartilage changes, one can consider meniscus transplantation, even if  
 there are minimal symptoms.  The rationale is to prevent further articular cartilage degeneration, which is likely once  
 the process has started. 
e. The challenge is to identify and predict who is going to develop early degenerative changes following meniscectomy,  
 as it is this group of patients who may benefit from early meniscus transplantation. 

II. Current options for meniscus replacement:
1. Human allograft tissue
a. Fresh frozen or fresh cold-stored (4° C to preserve cell viability)
b. Lyophilized not used
2. Collagen meniscus implant (CMI, Ivy Sports Medicine).
3. Degradable polyurethane scaffold (Actifit™, Orteq Ltd, London)
4. NUsurface® Meniscus Implant (Active Implants, Israel)

III. Timing for meniscus replacement:
Best results are seen in patients with minimal degenerative joint disease
What magnitude of degenerative changes is contraindication to meniscus transplantation?
Need to consider both location and size of cartilage damage
Architectural remodeling (flattening) of the femoral condyle is a contraindication to meniscus transplantation

IV. Current outstanding questions:
1. Does the transplanted meniscus function as a “normal” meniscus to protect the cartilage repair implant?
2. Does cartilage repair make the compartment with early arthrosis now suitable for meniscus transplantation?
3. What is optimal way to detect early degenerative changes in the meniscus deficient knee, so that transplantation can  
 be done before the development of changes that represent a contraindication to meniscus replacement? Plain radio- 
 graphs are not sensitive to early changes – currently recommend MRI.
4. Can we identify pre-operatively or intra-operatively who will develop relatively rapid degenerative changes following 
 meniscectomy? Need to develop methods to directly measure articular cartilage contact changes intra-operatively at  
 time of meniscectomy and cartilage repair this could help to identify if concomitant meniscus replacement should be done. 

4.4  Chondroprotection of Meniscal Implants – Anell Olivos-Meza (ME)

The menisci play a critical role in load-bearing and stability of the knee. Damage or removal loss of the meniscus leads 
to alterations in stress distribution in the knee, which have been associated with early degenerative changes. Clearly, 
there remains a need to develop means of protecting the articular cartilage following meniscal injury by either repairing 
or replacing the menisci. Current available literature supports the use of meniscus scaffold in the post-meniscectomy 
knee joint line pain. The procedure has been proven safe and clinical results are promising. Many authors have reported 
that there was no progression of the articular cartilage degeneration after scaffold implantation. Joint space narrowing 
was prevented, quality of cartilage did not change significantly and ICRS and Outerbridge scores did not deteriorate 
over time. MRI, second-look arthroscopy and histologic analysis have been used for objective evaluation of the scaffold 
incorporation but not for quantitative analysis of adjacent articular cartilage deterioration through the time after partial 
or total meniscal substitution. T2-Mapping MRI is a non-invasive imaging study that determines the quality of articular 
cartilage. In our studies with meniscal scaffolds & allograft meniscal transplantation we have observed the preservation 
of normal values of adjacent cartilage after meniscal substitutes.

Module 4: The Chondroprotective Effect of the Meniscus 
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6.1 Microfractures vs Nanofractures: Benefits and Pitfalls – Aaron Krych (US)

A variety of surgical options are available for treatment of small, well-contained cartilage defects. The most common 
surgical technique world-wide remains marrow stimulation. Microfracture is the most frequently marrow stimulation 
procedure.  This is traditionally performed with a microfracture awl. Overall, for small lesions in select patients, this has 
demonstrated reasonable results. However, a main drawback to this procedure includes fibrocartilage fill.  In addition, 
the traditional awl does not always access marrow elements, it can be difficult to access locations like the tibia and pa-
tella, and impacts a wedge of bone which can cause subchondral fracture/edema leading to intra-lesional osteophytes.
A newer technique of marrow stimulation is nanofracture. In this technique, a smaller perforation of the subchondral 
bone is made with a 1 to 1.5 mm width compared to the 2-3 mm width of a microfracture awl.  This may lead to less for-
mation of subchondral cysts and intralesional osteophytes.  In addition, by accessing more marrow elements through 
more perforations and to a greater depth, this may promote a mechanically superior fibrocartilage construct without 
weakening the subchondral bone.   
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6.2 Autologous Matrix-Induced Chondrogenesis (AMIC) – Rodrigo Mardones (CL)

Cartilage defects generally can be asymptomatic or accompanied by pain, immobility, stiffness. This will reduce the 
quality of life of patient and can potentially lead to osteoarthritis in the long term. Cartilage has a limited healing po-
tential, and this is a well-known problem in orthopedic surgery. Among the cartilage resurfacing one step procedures 
currently applied are: abrasion arthroplasty, debridement, micro fracture and drilling (micro). The autologous matrix-
induced chondrogenesis (AMIC) was first introduced by Behrens in 2006 and further develops the scaffold technique 
in combination with micro fracturing. Consists in a 1-step procedure that involves micro fractures (micro drilling) of the 
debrided cartilage lesion and the use a collagen I/III matrix for covering the blood clot allowing Mesenchymal Stem 
Cells to use the matrix as a guide to fill the defect and get organized and differentiated to chondrocytes / fibrous tissue. 
Fixation is with partial autologous fibrin glue in which the thrombin part is yielded from the patient’s serum. It can also 
be fixed by suturing the membrane

The objective of AMIC is resurfacing of articular cartilage defects to restore a pain-free joint with physiological range of 
motion. 

The indications of AMIC: 
• Symptomatic full-thickness chondral and subchondral defects in major joints. Mostly Knee, Ankle and lately Hip
• Size Lesion 1 to 8 cm2
• Posttraumatic or osteochondrosis dissecans
• Location in the main weightbearing area of the joint or maximum area of pain

The contraindications of AMIC:
• Inflammatory arthritic diseases 
• Tumor
• Associated fracture
• Multiple lesions
• Noncompliant patient
• Extension deficit of more than 10°
• Flexion deficit of less than 100°
• Untreated meniscectomy without meniscal replacement
• Malalignment 
• Uncorrected ligament deficiency

Module 6: Bone Marrow Stimulation,
 Osteochondral Plugs & Metal Implants 
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Surgical Procedure:
Following a diagnostic arthroscopy, the AMIC technique is performed with either an arthrotomy or arthroscopy. The 
cartilage defect is always prepared by removing loose cartilage flaps, debriding the calcified cartilage layer down to 
the subchondral bone plate, and establishing a stable defect rim. The size of the defect is evaluated. For deep lesions 
cancellous bone graft might be used to support the membrane.  Next, a standard microfracture (or micro drilling) proce-
dure is performed, inducing subchondral bone plate penetrations. A type I/III collagen membrane is trimmed to match 
the defect size and then implanted. Fixation of the membrane may be achieved with sutures or autologous fibrin glue.

Postoperative management consists in maximum weight bearing of 15 to 20 kg for 6 weeks, increasing weight bearing 
the next 2 weeks and common thrombose prophylaxis with a low molecular heparin

Results: Over a 100 paper have been reported clinical data on AMIC   most of them on the knee, ankle and hip. Few of 
them compared AMIC with micro fracture and ACI. Larger defect have shown better results than micro fracture after 5 
years. Some studies on the hip have shown better results than micro fracture on the hip. Significant pain relief has been 
reported in all studies involving ankle defects. 

Conclusion
AMIC is a safe procedure. No serious adverse events related to the treatment have been reported. However, no differ-
ences have been reported the use of the matrix seems to be a good alternative in larger defects. Evidence however is 
still insufficient to recommend range of size or specific joint defects. The addition of expanded cells or growth factors 
may improve the quality of the tissue created and by that the long-term results.
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6.3 Osteochondral Allograft Transplantation: Benefits and Pitfalls – Aaron Krych (US)

Articular cartilage restoration techniques such as autologous chondrocyte implantation (ACI) have been reported to pro-
duce hyaline-like cartilage that is biomechanically similar to the native cartilage. In contrast, osteochondral autograft trans-
fer (OAT) includes whole tissue transfer of mature hyaline articular cartilage and subchondral bone. In particular, OAT has 
been advocated for full thickness lesions that may involve the bone because of its ability to replace both cartilage and bone. 
With this procedure, 1 large (single plug) or multiple smaller (mosaicplasty) osteochondral plugs can be transferred from 
lower weight-bearing areas (such as the trochlea) directly to the cartilage defect. Although this allows the surgeon to re-
store the defect with mature hyaline cartilage and subchondral bone, larger lesions can have significant donor site morbid-
ity caused by the harvest site causing pain and discomfort. In addition, surrounding cartilage can degenerate and require 
additional surgery to restore the cartilage defect, or worse, lead to joint arthroplasty. OAT may be performed arthroscopi-
cally or in an open surgical approach.  The advantages and disadvantages of these approaches will be reviewed.  Results 
of OAT have been good to excellent in the literature for select patients. Overall, this has shown superior results compared 
to microfracture.  For athletes, in particular, OAT has shown the highest return to sport rates, and good overall durability.
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6.4  Osteochondral Resurfacing Implants to Treat Cartilage Lesions: 
 Episealer & HemiCap Condyle – Mats Brittberg (SE)

The different available biological alternatives are not successful every time when used. Some patients are poor respond-
ers to local biological repair. Some of them if located in a medial or lateral femoral compartment could be improved by 
unloading osteotomies but still some remain disabled not being candidates for larger joint arthroplasties. Such a sub-
group of patients could be candidates for mini metal implants and my indication groups would then be:

A. 1st line of treatment of localized osteonecrosis with localized bone marrow oedema (Widespread bone marrow oe-
dema could indicate fast progress of necrosis into full OA and local repair is then not indicated

B. 2nd line of treatment alternative after failed osteochondral repairs.
C. 2nd line of treatment when other biological implants such as BMS or 3rd cell generation implants have failed in chon-

dral defects.
 There are different synthetic and min-metal implants available on the market such as Biopoly (synthetic), Hemicap 

(metal) and Episealer (metal).Such implants act like a dental filling addressing both bone and cartilage. There are 
now up to 5 years results presenting reasonable good results. Techniques and recent results will be presented.
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Module 8:  Cell-Based Therapies for Cartilage Repair:   
 ACI & MSCs

8.1  Evolution of the ACI (1st to 4th Generations): 
 From Biopsy to Implementation Lars Peterson (SE)

For more than  two millenniums the medical professions have tried to find  safe and durable treatments 
for” ulcerated cartilage” id est  injuries to the articular cartilage, a devastating condition progressing into 
osteoarthritis(osteoarthrosis). For the elderly population the introduction of artificial joint replacements for  os-
teoarthritic joints  have proven to provide a functional and durable solution, but not for the young and middle aged 
population with injured articular cartilage where a biologic healing of the injury should be the goal. Over the last 
almost hundred years different attempts to reach some healing have been going on like joint debridement(Magnu
son),spongialization(Ficat),drilling(Pridie),abrasionarthroplasty(Johnson),microfracture (Steadman) without reach-
ing the optimal goal of cartilage regeneration and its incorporation to the normal cartilage turnover of functional 
joints. Other approaches to replace cartilage like  osteochondral grafts in mosaic plasty(Hangody), OATS( Bobic)  
allograft(Gross,Bugbee) have been successful in smaller lesions especially when engaging the subchondral bone. 
Also, periosteum (Salter, O´Driscoll) and perichondrium(Homminga) were tried in animal and humans without long 
term success. 

The author took part in the  orthopaedic explosion in the 1970 with acute repair  and  late reconstruction of knee,  
ankle and shoulder injuries related to sports and the introduction of arthroscopy, early motion where new proce-
dures were tested to manage these severe injuries. At that time one main injury could not find any acceptable treat-
ment-the articular cartilage injury. Studies on cartilage anatomy, physiology and pathophysiology showed some 
landmarks: no vascular, no nerve, no lymphoid supply and slow metabolic turnover with limited intrinsic healing 
capacity.  Research through the literature revealed a paper by A. Smith (1965). She was the first to isolate and grow 
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rabbit chondrocytes in culture. She also injected cultured chondrocytes into cartilage defects in the rabbit tibia but 
with minimal results.

The idea to use cultured rabbit chondrocytes and inject them into a cartilage defect in the same rabbit was born.   
A periosteal membrane sutured to the defect with the cambium layer facing the defect to keep the cells in place 
was added. On a trauma course in Sweden the author met professor Victor Frankel from Hospital for Joint Diseases 
Orthopaedic Institute, New York City discussing articular cartilage lesions and he invited the author for one-year 
research on the rabbit model in 1982.

In a team with two orthopaedic surgeons Mark Pitman and David Menche and a young Ph.D student Daniel Grande 
we started to grow rabbit chondrocytes in the laboratory until successful cultures.

In a first step during arthroscopy cartilage biopsies were taken from the upper medial trochlea and from a central 
defect down to subchondral bone in the patella. After 3 weeks of successful culture, in a second arthrotomy the de-
fect was cleaned, and a periosteal flap taken from the proximal medial tibia was sutured with 6.0 vicryl to the defect 
and the cells in suspension were injected into the defect. The rabbits were  kept in a cage over the first days and then 
only at nights. After 12 weeks the rabbits were sacrificed and the patellas were examined and the area underwent 
microscopic evaluations. Back in Sweden 1983 Dr. Anders Lindahl was recruited to the team as a cell biologist and 
the experiments were repeated with a 1 year follow up and presented in 1986 with the same good results.

The next great challenge was to transfer the rabbit cell culture technique into human chondrocytes. Since 1984 car-
tilage biopsies were taken from human knees undergoing ACL reconstructions along with blood samples to provide 
autologous serum to the medium replacing the bovine calf serum used in the rabbit study. In 1987 we had fulfilled 
all conditions of an optimal, reproducible, safe and sterile cell culture. Later 1987 Autologous Chondrocyte Implan-
tation /Transplantation(ACI/ACT) was approved for treatment of articular cartilage injuries in the human knee joint 
by The Ethical Committee of The Medical Faculty of Gothenburg University. On October 28, 1987 the first ACI was 
performed at the Department of Orthopaedic Surgery in Gothenburg, Sweden. The first ACI generation is a 2-step 
procedure. Step 1 is an arthroscopic evaluation of the joint and the cartilage injury. When ACI is indicated a biopsy 
is taken from 1. Upper medial trochlea, or 2. From lateral cartilage rim of the intercondylar notch or 3. Upper lateral 
trochlea.

The biopsy should be full depth down to the subchondral bone, some superficial bone can be included to facilitate 
fibrous healing in the biopsy area. The volume(weight) of the biopsy should be related to the size and numbers of 
the defects. Blood samples are taken for the culture medium. The biopsies are placed in sterile physiologic solu-
tion and transported to the laboratory where the biopsies are minced and then undergoing enzymatic digestion 
the cells are separated from the matrix and cultured in a medium supplemented with the patient´s own serum 
for about 3 weeks and then span down to a suspension after release control and delivered for implantation or 
frozen for later implantation. When using a scaffold, the cells can be grown in the scaffold and delivered for direct 
implantation.

Indication for ACI has widened by greater and longer experience from small, single, contained sized 2-4 cm 2 lesions 
to large 16-20cm2, multiple, bipolar uncontained lesions, that is including posttraumatic osteoarthritis in young 
and middle-aged patients. This progress has only been possible by identifying background factors as causing or 
contributing to the unfavorable environment affecting the short and long-term survival of the implanted lesions. 
Factors to be identified and addressed include ligamentous instability (in the kneadable, PCL, MCL, LCL, MPFL). 
Varus or valgus malalignment. Patella-femoral dysplasia and instability. Meniscus deficiency. Bone pathology or 
defects(OCD). In planning the surgery MRI gives good information of the cartilage, bone, soft tissues. CT scan adds 
information of the bone pathology and patellofemoral anatomical factors. The aim is to restore biomechanics joint 
function. This demands a well-planned procedure and well-trained surgeon or team with a broad experience and 
skill. In some situations, staged procedures are to prefer.

Surgical technique. Central skin incision and medial or lateral parapatellar arthrotomy for adequate approach to the 
lesions and concomitant procedures. Identify and assess the lesions. Radical excision into healthy cartilage. Care-
ful debridement with curette down to subchondral ben plate. Avoid bleeding. Intralesional osteophytes should be 
taken down to subchondral boneplate, local bleeding stops with drops of fibrin glue and press with a finger for 60 
seconds. Size the defect and template it. Using periosteal membrane go to upper medial tibia below pes  and  dis-
sect away all overlying fat, fibers and vessels down to thin flap  dissected free  from the cortical bone.Sutur it with 
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60 vicryl to the edges of the defect seal with fibrin glue the intervals between the sutures ,check water tightness 
and inject the cells.

When using a synthetic membrane  size it after the template and inject the cells into the membrane ,suture and seal  
it to the defect and inject remaining cells  between the subchondral bone and the membrane and close the injec-
tion site. Than perform any concomitant surgery and close the arthrotomy. Postoperative antibiotic  as a routine  
and antithrombotic prophyllaxis when needed. Rehabilitation  starts with CPM after 8 hours 0-30degrees and   1st 
postoperative day isometric q-ceps contractions and flexion/ extension as tolerated.Mobilization with partial WB 
and crutches. Phase I: Proliferation and Protection.(1-6 weeks) WB 20kg. increase progressively to 40kg at the end 
of this phase. Active.ROM training..

Phase II : Transition and Progression(7-12weeks) WB increase to Full WB at the end of Phase II. Focus on functional 
training. Reach  Full ROM. Increase Q-ceps hamstrings isometric and dynamic with increasing load. Phase III: Re-
modeling and Function(3-6 months. Ongoing matrix production with continuous remodeling and functionaladapta-
tion int more oirganized structure. Focus on optimizing muscle strength, endurance and nmeuromuscular function 
and gradually increase functional activities  preparing for going back to low impact.

Phase IV:Maturation an Optimizing( 7-12-18 months) Gradually going back to preinjury level of training and to com-
petition in the end depending on type of sport.For more details. See recommended reading below. Emans –Peterson: 
Developing Insights in Cartilage Repair.

Results.The latest ACI follow up 10-20 years showed an overall result of 84% G/E of the diagnosis femoral condyles (92%), 
femoral condyles and ACL reconstruction 84%, OCD (82%) and patella(74%. )  92% would have the surgery again.

A few of the new generations of ACI have been in clinical tests and some need further evaluation and longer follow ups. 
Promising short-term results are reported. Recommended reading.
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8.3  The Importance of Subchondral Architecture Regeneration in Cartilage Repair, 
 new Scaffold & Cell Techniques Kenneth Zaslav (US)

For the first two decades of this organization and the nascent field of cartilage repair we concentrated on restoring a 
smooth white surface on the knee condyles where there was disruption of the articular surface. Most data suggests 
that pain in arthritis or injured joints is due to neurologic fibers in bone and the sub-chondral plate as none exists in 
cartilage. When bone and cartilage is involved its essential that both are addressed for a good repair with adequate pain 
relief and subsequent longevity. 

While cartilage provides the low coefficient of friction and the ability to distribute shear load evenly to the skeleton, the 
sub-chondral bone needs to be flexible enough to absorb load, when it becomes too stiff it will increase the chance of 
progressive wear of the articular cartilage. As far back as 1974 Pugh and Radin postulated Sub-chondral bone thicken-
ing as the cause of chondral thinning in OA not the other way around. In addition, we have seen in more modern work 
by Gomoll and Minas that sub-chondral disruption and inappropriate sub-chondral healing yielding intra-lesional os-
teophytes will cause increase failure of autologous chondrocyte transplants, likely due to this stiff non-flexible bone 
under the repair. 

This talk will address options to address both localized and diffuse sub-chondral disease and discuss a new technology 
using sea coral to address these issues in a comprehensive manner.
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8.5 How to deal with Failures of Articular Cartilage Repair: What is Next? Scott Rodeo (USA)

I. Determine Etiology of Failure 
1.  Most likely cause is progressive OA. Cartilage repair is done for focal chondral lesion, but there are often early degen- 

erative changes elsewhere that may progress. 

2. Untreated pathology:
 - Meniscus pathology
 - Meniscus insufficiency leading to excessive loads on cartilage repair 
 - Instability
 - Malalignment 

3. Biologic failure
 - Immune response
 - Delayed revascularization/cellular repopulation - may be due to excessively large bone volume on osteochondral 
  allograft 
 - Alteration of subchondral bone bed due to prior surgical manipulation
 - Failure of subchondral bone more common than cartilage surface. 

4. Inappropriate rehabilitation 
 - Excessive loading 

5. Infection 

6. Systemic/metabolic conditions that affect healing 
 - Diabetes
 - Smoking
 - Osteoporosis

II. Evaluation
1. Careful history is critical. 

2. Plain radiographs
 - Hip to ankle radiographs to assess mechanical axis.

3. CT scan to more precisely assess bony incorporation, articular surface geometry and contour, etc.

4. MRI scan. Use appropriate pulse sequences to evaluate articular cartilage.
 Quantitative MRI with measurement of T2 relaxation time (collagen fiber organization) and T1 rho (proteoglycan content). 
 Use MRI to evaluate for excessive synovitis.

5. Consider synovial fluid evaluation

6. Assess serum and synovial response markers: infection, immune response. 

7. Direct arthroscopic inspection. Allows synovial tissue biopsy.

III. Treatment 
Based on etiology of failure. 
A relatively common etiology is subchondral bone abnormality; thus, revision with osteochondral allograft is often a 
good solution. 

Address untreated/ancillary pathology 
- Low threshold for osteotomy in malalignment 
- Meniscus replacement
- Ligament reconstruction. 

Patient education to set realistic expectations is important.  
Consider unicompartmental arthroplasty for progressive OA 
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8.6  Mesenchymal Stem Cells in Cartilage Repair: Could MSCs reach the Formation of 
 Hyaline-like Tissue? Rodrigo Mardones (CL)

Articular cartilage repair and regeneration provides a substantial challenge in regenerative medicine because of the 
high degree of morphological and mechanical complexity intrinsic to hyaline cartilage due, in part, to its extracellular 
matrix, cellular specific layer distribution and joint specificity. Mesenchymal stem cells (MSCs) are self-renewing, multi-
potent progenitor cells with multilineage potential to differentiate into cell types of mesodermal origin, such as adipo-
cytes, osteocytes, and chondrocytes. While MSCs are most commonly isolated from bone marrow, they are also isolated 
from other tissues including adipose tissue, placenta, amniotic fluid, and umbilical cord blood, and up today eventually 
from any tissue with vessels (peri vessels cells) Due to their accessibility and convenient expansion protocols, MSCs have 
been recognized as promising candidates for cellular therapy in the last years and cartilage have not been the exemption. 

MSCs can function therapeutically as an exogenous cell source or can mobilize endogenous chondroprogenitor cells that 
function to resurface, repair, or regenerate joint tissue is still uncertain. Bone marrow-derived MSCs (BM-MSCs) can form a 
cartilagelike tissue in vitro under the guidance of specific cocktails of growth factors. The resulting differentiated tissue can 
be classified as cartilage in that it expresses many biomolecules typical of hyaline cartilage, such as type II collagen and the 
proteoglycan, aggrecan. In MSC-based aggregate-culture chondrogenesis, a wide range of hypertrophy-associated genes 
are expressed at the RNA and protein levels, including type X collagen, alkaline phosphatase, and matrix metalloprotein-
ases, and cellular hypertrophy is evident as well.

MSCs have a potential capacity to differentiate toward a stable hyaline cartilage-like chondroprogenitor phenotype. Various 
in vitro and in vivo studies have shown that the tissue elaborated by chondrogenically differentiated MSCs has features 
characteristic of fibrocartilage. Some detractor   also believe that MSC from bone marrow will just create cartilage to develop 
further bone more than articular tissue however different driven direction can lead this cells to different tissues. 

Even when perfect hyaline cartilage has not been created by any tissue engineering driven composition the MSC has the 
potential to be driven to the different sub cells types present on the different layer of hyaline cartilage. The application of 
stem cells combined with scaffold materials, by using tissue engineering technology, can achieve a satisfactory repair effect, 
no studies have shown that the repair effect of stem cells is better than that of chondrocytes. Some have shown that MSC 
had better early results.  The application of stem cells combined with scaffold, for tissue engineering of traumatic cartilage 
damage, has a satisfactory effect, but little success has been reported in terms of the repair of OA cartilage degeneration.

This treatment is based on the paracrine and immunomodulatory effects of stem cells. Most stem cell OA treatments 
involve injections to insert stem cells into the damaged area of the articular cavity. MSCs possess an intrinsic differen-
tiation program for endochondral bone formation. Although the mechanism is not fully understood, the effect is clear, 
especially for the treatment of OA. Many pathological reports and randomized controlled trials have demonstrated 
therapeutic effects. Stem cells secrete mediators that promote endogenous growth, stimulate self-proliferation of pro-
genitor cells, and inhibit chondrocyte apoptosis or cartilage degeneration, achieving cartilage regeneration and carti-
lage protection.

By more complex management of growth factors , culture media, matrix and all of this probably combined with sophisti-
cated 3D biblical printers we believe that MSC could finally reach the formation of Hyaline cartilage  in the future.
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10.1 Challenge in Diagnostic and Treatment of PFJ Kenneth Zaslav (US)

The treatment of pain in the Patellofemoral joint is always a conundrum. Pain here is nearly always multi-factorial ar-
ticular defects may just be the tip of the iceberg or even irrelevant. Co-pathologies of mal-tracking or instability often 
exist. Cartilage defects are common in the patella yet not all defects causes pain, and at the same time pain is often not 
structural. 

Cartilage repair is only indicated if lesion is painful and the patient has failed conservative treatment including restora-
tion of the normal envelope of function as Scott Dye has reported. While micro-fracture alone has had poor results in 
the patella, newer augmented micro-fracture techniques coupled with appropriate treatment of co-morbidities may 
show some early promise. Osteochondral allograft and ACI/MACI have long track records of success when coupled with 
realignment and stability procedures when appropriate and particulated juvenile allograft (De.Novo NT) has also shown 
good 2-3 year results. 

In summary, no one has found the perfect answer and you should be wary of anyone who says “always do this…”. 
Although osteochondral allograft and ACI have good results in the treatment of panful chondral and osteo-chondral 
defects when alignment is also addressed, both have drawbacks including long rehabilitation time and technical dif-
ficulties. Always treat patients conservatively first with a comprehensive program of aggressive Quad, Core and Gluteal 
stabilization and for small lesions with mechanical symptoms consider chondral debridement and fat pad resection as 
this may often be enough. 

10.2  Cartilage Treatment combined with Soft Tissue and Osseous Balancing in 
 PFJ Pathologies Stefan Nehrer (AT)

Biomechanics of joints of the lower limb is the determining factor for the development of degenerative changes espe-
cially in the patellofemoral joint. The PFJ show the highest variability of anatomic structure and bony and cartilaginous 
form of the joint can be highly variable, the cartilage on the patella has the highest  thickness allowing high force trans-
mission up to the tenth of bodyweight and high shear stress relating to muscle strength and pull direction; so indeed a 
challenging environment for cartilage repair. Before we decide on cartilage treatment option the PFJ has to be analyzed 
within the concept of the biomechanics of the whole lower extremity. Following parameters have to be determined clini-
cally and radiologically: patella tilt and –shift, as well as instability, patella indices concerning patella alta or baja, grade 
of patella dysplasia according to Dujour, femoral or tibial torsion, TuberosityTibiae-TrochleaGrove Distance, TTTG, or 
TuberosityTibiae- Posterior Cruciate Ligament Distance,  Joint alignment with relation to valgus axis. Any parameter out 
of the physiological range has to be analyzed and addressed by surgical measurements if appropriate.

The defect in the PFJ can be on either side or as a kissing lesion on both sides, which are challenging with a high failure 
rate. Defects have to be debrided carefully to healthy cartilage and then allotted to certain treatments. Trochlea and 
patella lesions smaller the one square centimeter can be treated by inducing bleeding from the subchondral bone by 
microfracture or microdrill or punch holes by thin needlelike trokars (nanofracture) and are summarized as marrow 
stimulation techniques. Smaller holes about 1 mm and 8-10 mm deep have shown better repair outcomes in experimen-
tal settings. Marrow stimulation techniques in bigger defects are critically seen in the patella due to the lack of a suf-
ficient bone marrow formation and therefore not recommended and technically demanding anyway. In some cases bone 
formation was found as the dominating tissue filling the defect after microfracture. The augmentation of a biomaterial to 
the bone marrow techniques seems to overcome those problems and increase the size of the defects indicated for such 
intervention. However, the evidence of those techniques has still to be improved and application and indication critically 
analyzed, but it certainly would help to heal such defects with a single stage procedure.

Autologous osteochondral transplantation, like mosaicplasty or OATS is likewise difficult, due to the high cartilage 
thickness of the patella (6-8 mm) which is up to three times the condyle cartilage (2-3 mm) and the concave shape 
of the trochlea, so a perfect fitting plug is not possible.  So it remains technically very difficult to perform a sufficient 
mosaicplasty in the PFJ and should be reserved for rare indications on the rim of the trochlea. Autologous chondrocyte 
transplantation has proven to be a sufficient tool to treat even bigger lesions, especially on the trochlea side. The use 
of robust biomaterials and stable fixation help to stabilize the cell construct in the PFJ and allow building up a sufficient 
regenerating tissue. Several studies report good results up to 70-80 % in those techniques, however, addressing the 
background factors as mentioned is mandatory.

Module 10: The Complexity of the Patellofemoral Joint
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Module 10: The Complexity of the Patellofemoral Joint

Patella dysplasia has to be treated by trochlea pasty, especially in higher grades of deformity, because it is often associ-
ated with patella instability and therefor prone to failure. Instability or high grades of patella shift and tilt in a stretched 
knee position has to be evaluated for the reconstruction of the Medial Patella Femoral Ligament by a gracilis or rectus 
tendon graft; accurate surgery by balancing the patella in the center of the trochlea is the goal of the procedure.  If 
the patella tracks lateral in flexion with an elevated TTTG distance of more than 20mm an anteromedialisation of the 
tuberositas can help to unload the lateral facet of the trochlea and centralize the patella tracking in flexion. A detailed 
analysis of the cartilage conditions in the PFJ and the height of the patella are necessary to determine the amount of 
anteromedialization as well as distalisation of the patella if needed.

Last but not least the joint axis has to be corrected to a normal alignment, since a valgus knee also produces a relative 
lateralization of the patella, which can be addressed by a distal femur osteotomy to centralize the joint line.
Cartilage problems in the PFJ are complex and have to be addressed by complex surgery to bring the biomechanics of 
the PFJ to normal. Without addressing all of the background factors the outcomes of cartilage surgery deteriorate in 
short time and lead to significant worse results. However, by addressing background pathology the same results as for 
other locations in the knee joint can be achieved. 

10.3 Trochleoplasty and PFJ Instability Lars Peterson (SE)

Patellafemoral disorders count for between 20-40% of all knee disorders and anterior knee pain is a very common com-
plaint in sports. Behind these conditions the complexity of the patellafemoral joint is the most important cause in combina-
tion with the high range of motion and the high loading the joint has to stand in most sports and activities of daily work and 
life. Patellar malalignment and instability with multi factorial background are most important to identify and treat.  Symp-
toms of instability: anterior knee pain during or after daily activities or sports, when sitting with bent knee, walking up 
and downstairs, running up- or downhills. Catching, locking and crepitations.Swelling ,stiffness and give way. Signs of 
instability: Peripatellar tenderness, effusion, crepitations on flexion-extension against resistance. Lateral tracking and 
positive apprehension test. Signs of backgrounds factors.

Background factors: Patella alta. Lateral patellar tracking or subluxation. Patellar tilt, patellar subuxation or dislocation. 
Trochlear dysplasia. Increased Q-angle.(over 15degrees).Investigations: Long standing HKA x-rays. Skyviews .CT in full 
extension  with and without q-ceps contraction. MRI with and without contrast enhancement. Arthroscopic evaluation.

Reconstruction of the extensor mechanism is the key to stabilize the patella. The background factors to address are 
patella alta, increased Q-angle, insufficient medial patellofemoral ligament and vastus medialis obliquus, lateral cap-
sular release, tibial tubercle transfer as needed: medialization, anteriori-zation ,distalization.Trochleaplasty. There are 
3 grades of dysplasia Grade 1 flat.Grade 2 convex,proximal extension.Grade 3 flat lateral articulating facet. All can be 
corrected with a  proximal  trochleaplasty. 

Technique: Medial parapatellar incision.Identify the grade of dysplasia. Release the synovial lining from the proximal 
cartilage surface. Identify the top of the notch and mark an imaginary line at right angle to the top of the trochlea.Use 
a curved osteotome, start 10-15mm from the top and remove the cartilage-bone in the center and widen with 15 mm to 
both sides. Remove any convex bone on the distal femur adjacent to the plasty..Make the rough surface smooth with 
a burr. Gently check the patella sliding and adjust accordingly. Than mobilize the synovial lining and suture it to the 
edge of the cartilage starting the suture in the synovium, than deep through the cartilage edge close to bone and up 
to the surface 7-8mm distal and separate 5-7 mm to the side and go back deep to the edge and through the synovium 
and tighten the matresss suture. Repeat the suturing so you get a good adaptation.Than take some drops of fibrin glue  
between the rough bone and the synovium and compress for 2-3 minutes for fixation. It is very rare to do trochleaplasty 
as a single procedure, so you have to address all other background factors for optimal result. As a single procedure it is 
possible to perform it arthroscopicly. The rehab program includes ROM without resistance  and isometric q-ceps training 
for the first 6-8 weeks and than adapted to concomitant procedures.

ADDITIONAL READINGS. 
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10.5 The Boundary in the Use of Biological or Metal Implants in Cartilage Lesions of  
 the PFJ Mats Brittberg (SE)

The general low level of understanding the PF-joint problems is reflected in the large number of operative procedures 
developed. There are also unpredictable outcomes of surgery and decision making is difficult because the physician 
knows that the patient has pain only by a subjective report from the patient. Treatment of patella joint problems is still a 
black hole in orthopaedics. In sports, a cartilage injury is a major problem as operative procedures are quite demanding 
in the patellofemoral joint compared to other joint being more easily treated transarthroscopically.

We could divide the patellofemoral lesions into six categories:
1. Pure Chondromalacia patellae
2. Lesions due to direct trauma-contusion chondral damage
3. Lesions due to traumatic dislocation of the patella
4. Lesions due to direct/indirect violence due to repeated instability
5. Lesions due to defect extensor mechanisms after ACL/PCL injuries and repairs
6. Primary OA of the patellofemoral joint

Most of the lesions in the different categories could be caused by some degree of instability with and without dysplasia 
of the patellofemoral joint. Subsequently different degrees of instability and dysplasia need to be identified if a surgical 
procedure is to be done and all co-morbidities need to be addressed at time of surgery.

Treatment alternatives for lesions in the patellofemoral joint
Debridement/Chondroplasty
Pure bone marrow stimulation
Bone marrow stimulation in conjunction with a cell ingrowth guiding matrices
Osteochondral autografts
Osteochondral allografts
Chondrocyte implantation 
Mini metal implants
PF joint arthroplasties

My own experience treating cartilage lesions in the patellofemoral joint for more than 30 years is that bone marrow 
stimulation alone is in most occasions not enough to achieve a satisfactory result. Small defect can be treated with an 
augmentation of bone marrow stimulation with a membrane (variants of AMIC), mini-fragment (particulated) auto- or 
allografts, a gel reinforcement of the blood clot or BMAC. Larger defects are better treated by an ACI, a biomimetic 
dual layer implant or osteochondral allograft. When subchondral bone is involved and/or large denuded areas of bare 
bone exist, non-biological alternatives can be used; synthetic or metal implants.  Defects in the PF-joint could then 
be treated by mini metal implants for both small and larger defects. Pure isolated PF joint OA respond very well to PF 
joint arthroplasties. All of those alternative treatments must be considered to be done in conjunction with realignment 
procedures when needed. Failure to address such adjunct abnormalities will endanger your repair whatever technique 
you are using.
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