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Much of this started in 1994: 

 I 1989 Grande et al -cartilage cell 

transplantation into rabbit femur 

 Brittberg et al, New England Journal of 

Medicine i 1994 – clinical study 

 

 

 





The problem we are trying to 

solve: 
 Cartilage lesions grade 

III/IV >2 cm2 

 Trauma or OCD 

 Posttraumatic OA 

http://journal.ajsm.org/cgi/content/full/26/6/853/F7


Injury to articular cartilage of 

the knee 
 Meniscus injury (13 %) 

 OCD (100 %) 

 ACL injuries (6,4 %) 

 PCL injuries (9.9 %) 

 Chondral fractures (100 

%) 

 



6.4 % 
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Do they all have pain? 



KOOS 05/06 all patients (n=84) and 

reference population 35-54 yrs* 
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*Paradowski PT, Bergman S, Sunden-Lundius A, 

Lohmander LS, Roos EM.  

BMC Musculoskelet Disord. 2006 May 2;7:38.  



So today: Whatõs 
best and are we 
getting better? 

 



Treatment of the cartilage 

pathology 



Copyright © 2011 

J. Richard Steadman, MD  

ÅThe ñfatherò of Microfracture 

ÅBegan in early 1980ôs with an ice pick! 



Microfracture: still a good choice?  

Yes: 
 Well proven over time 

 Steadman papers 

 Easy surgery 

 But difficult rehab 

 Inexpensive and less 

surgery 

 However, not good if later 

ACI or MACI? 



Microfracture: still a good choice?  

No: 
 Increase in failures w 

time 

 Trend, but no firm data 

 Decreased return to 

sports in athletes 

 No RCTs 

 Decreased results in ACI 

after microfracture 

 One study 

 Increased sclerosis in 

subchondral bone 

 Animal studies 



  

(Brittberg, Peterson, et al. New Eng J Med, 1994) 

Defect 

Periosteum 

Clinical application of ACI 

Periosteal flap sutured over lesion 

Monolayer culture for 11-21 days 

injection 

Biopsy of 

healthy 

cartilage 

Enzymatic 

digestion 

Suspension of chondrocytes 

>10 x in number 



Journal of Bone and Joint Surgery Am. March 2004 



Age and activity 

 Younger patients (less than 30 yrs. old) in 

both groups have significant better results. 

 More active patients (Tegner) in both 

groups have also significantly better 

clinical scores (Lysholm, VAS and  SF 36) 



The risk of leakage of transplanted chondrocytes 

 

load 

Subchondral bone 

cartilage 

Potential disadvantages of ACI (1) 



An uneven distribution of chondrocytes in the transplanted site  

due to gravity (Sohn, 2002) 

 

Potential disadvantages of ACI (2) 

Cells in suspension 

Periosteum 

Cartilage 

Subchondral bone 



The reacquisition of phenotypes of dedifferentiated 
chondrocytes in a monolayer culture 

Monolayer culture for 4 weeks 

Can dedifferentiated chondrocytes re-express the articular chondrocyte 

phenotype after transplantation? 

Potential disadvantages of ACI (3) 

Chondrocyte 

Dedifferentiation  

Long-term monolayer 

culture  

Transplantation 

Re-differentiation? 

Benya & Shaffer Cell 1982  



Hyaline cartilage = Cells + Matrix 

+ 





Autologous chondrocytes + Scaffold 

Matrix-induced ACI (MACI) 

ü from  Cell transplantation to  Tissue transplantation    

MACI (Cherubino 2003) 



IN CLINICAL PRACTICE  

 CHONDRAL   OSTEOCHONDRAL  

ANIMAL STUDY  

V Collagen matrices type 

I, type II  

V fibrin  

V hyaluronan  

V hydrogel  

Vcellular fibrin glue 

and a calcium -

phosphate  

Vpoly (D,L) lactide -

co -glycolide + B -

tricalciumphosohate  

PILOT CLINICAL STUDY  

V HA (Hyalograft)  

V Collagen  

V MACI  

V CaRes  

V CoDoN  

V NeoCart  

V PGA/PLA fleece  

V Alginate  

V fibrin and hyaluronan  

V fibrin + polymer 

scaffold (Bioseed C®)  

V alginate -agarose 

hydrogel (Cartipatch® )  

 

AUTOLOGOUS CHONDROCYTE 

TRANSPLANTATION ON  3D SCAFFOLD  



 Cartipatch ® : in order to make 

implantation easier and to promote 

redifferentiation, a tri-dimensional 

algarose-alginate matrix was developed. It 

is evaluated in an ongoing phase II clinical 

trial. 

CHONDROCYTE IMPLANTATION  

 in  STABLE  KNEE 



MaioRegen®  



R&D 

ÅPreparation of the implant site 

ÅShape MaioRegen® 

ÅMaioRegen® implant 

ÅMaioRegen® house into the  defect 

Å Restoring of anatomical continuity 

ÅIn situ self-stabilization 

HOW IT WORKS (1/2) 



R&D 

Å MSC migration 

Å Cell-adhesion 

Å Cell-colonization of the overall   

 structure 

Å Synthesis of  either bone or cartilage 

matrix 

Å  Resorption and remodeling 

Å  Tissue regeneration 

HOW IT WORKS (2/2) 



 The technical and theoretical advantages 

     a. Less invasive technique including the arthroscopic technique     

          because of no need to harvest periosteum 

      b. Decreased surgical time, morbidity, and complications or graft    

          failures caused by a periosteal flap 

 Homogeneous distribution of chondrocytes and the maintenance of the 
phenotype 

  

 Better clinical outcomes 

Advantages of MACI over ACI 



Randomized clinical trials and longer follow-up  

periods are needed for more widespread information  

regarding the clinical effectiveness of MACI ! 



Are Mesenchymal 

Stem Cells better 

than 

chondrocytes in 

cartilage repair? 



MSC    Chondrocytes 

 Minor morbidity 

 Large numbers 
available 

 One stage procedure 
possible 

 Older patients can be 
treated?  

 Biological potential for 
cartilage repair 
increased 

 Clinically 
undocumented 

 Morbidity of concern 

 Able to make cartilage 

 Result in fibrocartilage 

 Improved symptom 
score 

 Most suited for patients 
under age of 50? 

 Return to work with 
knee load difficult 

 10-25 % reoperations 



HA+MSC vs empty HA in rabbits 
 The defects were filled 

with HYAFF®-11  + MSC in 

one knee and empty 

HYAFF®-11 in the other 

 10 x 106 cells/cm2 

 

 





Randomized clinical trials and longer follow-up  

periods are needed regarding the clinical  

effectiveness of stem cells 



MSC-ACI 

 Theoretical, larger potential to regenerate articular 

cartilage 

 One surgery 

 Chondrocyte harvesting is reported to reduce knee 

function 

 Current results 75% in 75 % of the patients 



Transplantation Scaffolds 



ChondroGide 



Demographics 

MSC  ACI 

Age Mean (Range) 34 (18-44) 29 (19-45) 

Gender M:F 6:5 6:6 

Area Mean cm2 3.6 (1.8-7) 3.0 (1.2-5.8) 

Medial Femoral Condyle 8 10 

Lateral Femoral 

Condyle  

3 2 

Mean number of cells 

implanted 

58,6 106 34,5 106 

OCD/Chondral 2/11 5/13 



Current re 

M
S
C
 

•N =11 

•F=3 

A
C
I 

•N =13 

•F= 0 

•E= 1 



Surgical repair versus non-operative management 

 

Å No studies  
 

Å Ongoing  RCT at Oslo University Hospital: 
 
 
 
 

 
 
Å Comparison of two different surgical repair technique 

 

Å Includes evaluation of improvements in knee function 
following a 3 months pre-operative rehabilitation program 
 

 

                         

C - Cartilage 

A - Active 

R - Rehabilitation 

E - Education 



Inclusion 

Referred patients to UUS 

(N =320) 

Candidates for cartilage 

repair studies 

N = 55 

Finished 3 months of  training 

N =49 

MRdGMERIC 

N=26 



Trattnig et al.JMRI 2010 

 MR dGEMRIC (delayed 

Gadolinium MRI of 

Cartilage) is previously 

found to correlate with 

proteoglycan content 

Methods 



 MR dGEMRIC (delayed 

Gadolinium MRI of 

Cartilage) is previously 

found to correlate with 

proteoglycan content 

 T2 mapping visualize 

the collagen type II 

organization 

Methods 



Surgical repair versus non-operative management 

 

 

Improvements in knee function (Lysholm score and 

quadriceps muscle strength) can be obtained with 3 months 

of preoperative rehabilitation  
 

 

Preoperative exercise is a valuable addition to or 

alternative to surgery for patients with femur condyle focal 

lesions: Almost 60% postponed surgery 
 

(Aarøen et al. 2010)  



Perhaps we can normalize PG and 

Collagen II by improved rehab! 



How can we improve? 

 Data on the natural 
history 
 Improvement over time 

after surgery is not  
necessarily a result of 
surgery- we need 
controlled studies 

 Long term follow up in 
controlled studies- more 
good designed RCTs 

 A non-industry 
controlled registry 

 

 

 We are still on slippery 
ice 

 But we are slowly 
getting a grip… 















The challenges in osteoarthritisé.. 

http://www.time.com/time/magazine/0,9263,1101021209,00.html
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