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The long-term prognosis for severe damage to
weight-bearing cartilage in the knee

A 14-year clinical and radiographic follow-up in 28 young athletes

Karola Messner and Wolfgang Maletius

We examined 28 young athletes with isolated seveare
chondral damage in the weight-bearing area of the
knee joint clinically end radiographically 14 years
after arthroscopic disgnosis. Excapt for Pridie drill-
ing in 3 cases and occasional cartilage shaving or
ramoval of free bodias, no spacial treaatmeant was
given initially. 21 patients ware able to return Lo pre-
injury team sport activity levels, During the follow-up
period, only 3 patients needed repeat surgery with

removal of free bodies, and another 2 underwent di-
agnostic arthroscopy because of persistent pain. At
the latest follow-up evaluation, 22 patients had ex-
cellent or good knee function. At this time, the pa-
tients weare mainky invalved in individual sports on a
physical fitness level. 12 cases had radiographic
joint space reduction (<= 50%) which was limited to
the compartment concermaed.

Dapartment of Sports Medlcine, University Hospital, S-531 85 Linkdping, Sweden. Tel + 46 13-224140. Fax -224434

Submitted §5-06-24. Accepted B5-12-03
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Messner K and Maletius W Acta Orthop Scand. 1996
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Tuck et al. Osteoarthritis and Cartilage 2008
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microfracture
Drilling
Chitosan ( Phase Il Safety) Biosyntech

Growth factors BMP-7 and 2,
PDGF(preclincal)

Geistlich Membrane ( Clinical Europe)
Stem cell + PRP+ matrix ( Itally Clinical)

. ﬁﬁ%l-&éﬁ?ﬁ

Autograft
allograft OCG
OBI plugs (Clinical Europe )

- A~ E%ﬂﬁﬂ@?&i

Periosteum

Biogide

CAIS ( USA Europe Phase Il complete)
MACI Clinical Spain, Australia, Europe)
HA —Hyaloraft C( Clinical Europe)

HA fibin Biocart Il (Israel )

PLA/PGA fleece ( Switzerland, Germany
Spheroids Co. don) ( Clinical Germany)
Chondroselect ( Europe Clinical)
Allogeneic Cells (Chondrofix Zimmer)

Dr. B. Mandelbaum . USA
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Stem cells
Local
Marrow Crest

PDGF
TGFland 3 2
IGF

VEGF

FGF

EGF

HGF



BRI EMiaf®iE (ACI)

1987- 1t generation ACI 1999- 2nd generation ACI
(Lars Peterson in Sweden) Biodegradable polymer (scaffold) {& F2

-



®E—i#H{ ACIvs MF

i R AR

-EFEELL @ 24M, 60M
Knutsen et al, JIBJS-A. 2004, 2007

“BEZELHL @ 18M

Saris et al, AJSM. 2008

*ACI KFAEICENS @ 36M

Saris et al, AJSM. 2009

-ARZELL @ 60M

Vanlauwe et al. AJSM. 2011
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p-value

36 months 60 months

Overall KOOS* 0.048 0.116

Pain 0.044 0.509

Symptoms & Stiffness 0.123 0.095

ADL 0.064 0.178

Sports 0.123 0.660

i
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g
o

QoL 0.036 0.129

T % e *average of all KOOS domains except Sports

Time (months)

Saris et al. AJSM 2008 Vanlauwe et al. AJSM 2011
Saris et al. AJSM 2009
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Courtesy Prof. Pedro Guillen, Dr. Stephen Abelow
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Bioseed-C (Bio-Tissue Tech)

« 20014 &£ Y1025 0BG ER 1
© 25 RiR

* Lysholm 48 ->78
« KOOS QOL 29 =51
e Cincinnati 3.7 > 6.4

PLA/IPGA 7!)J—X

Erggellet, Arthroscopy 2003
Ossendorf, Arthritis Res Ter, 2006
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NeoCart (Histogenics)

e FDA Status
« FIIHEEGAEEZ20114EIC
L

Day 0 0 MPa 0.5 MPa
(NeoCart)

Courtesy from B. Cole



ACI Y IL—THMF FIIL—F It L TEEIZENT-
B8 (2F74+0—ZE)




Z%EX %#sacrificed s FiH2ELE
SONSTEMMESNS (IFFEEEMNZLLY)

r*iﬁ =TI, #A I SphenotypeD 21k
(R 5 \1|:,)

Donor siteDFEET 2L HE &
SPEE T+ R0 RITEE

I—I




BAEER (FFliaR) ~ORF



Induced Pluripotent Stem Cells (iPS cells)

Yamanaka S et al. Cell 2006
2012 Nobel Prize in Medicine



Bone Marrow Derived-MSCs
in Cartilage Repair

Copyright P by The Sovermal of Beve wid Jeant Surgery, Incorporarned

Mesenchymal Cell-Based Repair of Large, Full-Thickness
Defects of Articular Cartilage

24, TATSUHIKO GOTO. M.D.E STEPHEN 1. PINEDA. M.DLE RANDELL G, YOUNG, DV.MAY.
JOSEPH M. MANSOUR. PH.DW. ARNOLD 1. CAPLAN., FHD. AND VICTOR M. GOLDBERG. M.D& CLEVELAND. OHIO
fnvestigation performed at the Deparenent of Orthopaedics, Case Western Rexerve University School of Medicine,

University Hospials of Cleveland, and the Skeletal Research Center, Department of Biology.,
andd the Department of Mechanical and Aerospace Engineering, Case Western Reserve University, Cleveland




24 patients,

15 female 9 male
-Average age at
surgery, 63
medial
unicompartmental
OA

eburnation abrasion gel periosteum



Clinical study using Bone Marrow Dreived
Mesenchymal Stem Cells (BMMSC)

HTO+BMMSCs(+) vs HTO+BMMSCs(-)

 Clinical evaluations: No significant @ 16M
 Arthroscopic & Histological grading:
MSCs therapy was better @ 10M

MSC(+) @40weeks MSC(-) @43weeks




No.  date of surgery  Patient Joint Desease YO _last follow endpoint __months
1 Jan-98 ORH1 K cD 26 Jun-09
2 Apr-98 OMMCH K OA 71 Apr-09 - . .
3 Mess  OMMGZ1 KW OA 60 unos Neither tumor nor infection
4 Jun-98 OMMC3 K OA 68 Jun-09
s umes oot K o s ewos were observed between 5
6  Jul-98 OMMCS5 K 0A 74 Jan—01 TKR ~ A = ~ ~ll A
7 Aug-98 OMMC6 K 0A 64  Jun-09
8 Sep—98 OMMC7 K 0A 62 Jun-08 TKR
9 Sep—98 OMMCS K 0A 67  Feb-02 dead
10 Oct-98 OMMCGC9 K OA 65 May-00 lost U I UIUIOC U o 1 U U AU U
11 Nov-98 OMMC10 K 0A 66  Aug-07 lost =
12 Nov-98 OMMC11 K 0A 68  Sep—02 TKR MSC tranSplantathn |S a
13 Feb—99 OMMC12 K 0A 70 Mar-09 f d
14 May-99 OMMC13 K 0A 65  Mar-09 Sa e prOce u re -
15 Aug-99 OMMC14-1  K(it) OA 65  Jun-09
16 Oct-99 OMMC15 K 0A 55  Jun-09 116 . .
17 Nov-99 ORH2 K cD 44 Jun-09 115 ORH; Osaka Rosai Hospital
18 Dec-99 OMMC2-2  K(t)  OA 70 Jun-09 114 OMMC; National Hospital Organization
19 May—00 OMMC14-2  K(rt) OA 66  Jun—09 109 Osaka Minami Medical Center
20 Jun-00 OMMG16 K OA 49 Jun-09 108
21 Jul-00 OMMG17 K 0A 54 Apr-09 105 . . .
22 Sep—00 OMMC18 K 0A 52 Oct-02 TKR 25 NMU; Nara Medical University
23 0ot-00 oMMC19 K 0A 60  Mar-05 dead 53 SU; Shinshu University
24 Oct-00 OMMC20 K OA 67  Feb—07 dead 76 KU; Kobe University
25 Oct—00 OMMC21 K OA 66 Jul-07 TKR 81 HCM; Hyogo College of Medicine
26 Dec-00 OMMGC22 K 0A 64 Jul-09 103
27 Feb-03 NMUT A cD 42 Feb-09 72
28 Dec-03 sui E cD 13 May-09 65 OA; osteoarthritis
29  May-04 SuU2-1 K(It) cD 31 Jun-09 61 CD; cartilage defect
30 Jun—-04 SuU3 H OA 38 Jun—09 60 TKA, toral knee arthroplasty
31 Jul-04 SU4 K OA 50  May-09 58
32 Oct-04 KU K cD 31 Jul-09 57
33 Dec-04 SU2-2 Krt) cD 31 Jun-09 54
34  Feb-05 Su5 E cD 14 Apr-09 50
35  Feb-05 SuU6 Kbil)  CD 42 Jun-09 52
36  Apr-05 su7 K cD 45  May-09 49
37 Aug05 sus E cD 14 May-09 45
38 May-06 NMU2 K cD 23 Dec-07 19
39 Jun-06 NMU3 K cD 25 May-08 23 Wakitani S. et al.
40 Aug06 Su9 E cD 13 May-09 33 .
41 Aug-06 NMU4 K cD 63  Sep-08 25 J Tissue Engen Regen Med 2010
42 Dec-06 HCM K cD 39 Jun-09 30
43 May-07 NMU5 K CD 27 Dec—08 19
44 Nov-08 NMU6 K cD 40 Apr—09 5
mean 50 74.8
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ACI vs BREMSCH#1E
« EGIRRL#E (SF-36, IKDC, Lysholm, Tegner)
- fHEFTR

— BAEELGL@24M

Nejadnik H, Hui J, et al. AJSM 2010
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Gobbi A et al. Cartilage 2011
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Second look @ 12 months Histology



External magnetic device

Magnetic field assisted local
delivery of bone marrow /
derived —stem cells to

chondral lesions

: Chondral
/ defect

Brown: >
MSCwith T
Magnetic beads

Mitsuo Ochi,
Hiroshima University Arthroscopic view



Cartilage regeneration: 12 weeks (mini-pig)

mMSCs + magnet MSC PBS



Synovial

MSCs

Toluidine blue staining

Synovium-derived cells have the superior

capacity for chondrogenesis.
Sakaguchi Y, Sekiya |, et al. Arthritis Rheum 2005.




Arthroscopic transplantation of synovial MSCs for cartilage defect

Tokyo Medical and Dental University
Ichiro Sekiya
Takeshi Muneta

) ) )

Synovium collection Digestion Expansion with
autologous serum

for 14 days

Cell transplantation

Before 1 year



Development of 3D Scaffold-Free

Tissue Engineered Construct (TEC)

Mechanical
Shear Stress

Biomaterials 2007 2010 2013 Tissue Eng 2008 2009 Cell Transplant 2008 eCM 2012



MTR

Medical center for Translational Research
Osaka University Hospital

In 2003, MTR was established in Osaka University
Hospital as a translational research center for the
future medical technology.

MTR’s activity

@ Translational Research
Regenerative Medicine, Cell therapy, Robotics
Surgery, Surgical Assistance System, Surgery
Training System, New Diagnostic Imaging
®crc Operation
@ ruture Medical Technology
Basic Research on stem cells and biomaterials
Introduction of IT to Surgical Suites
.Physician—oriented Clinical Trial
@ :ducation 7 Human Resource Development
®ratent Counseling, Intellectual Property Strategy
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Key Elements for Successful Stem Cell Therapy




MIIER I (Mesenchymal Stem Cell; MSC)
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Austria / Italy

Canada

Germany

Germany / ltaly
Germany / ltaly

Holland

Company

Biosyntech

Biotissue
Technologies

ISOTIS

ACT
MACT
Arthromatrix

BST-CarCel

Chondro
transplant

Chondro sphere
MACI

Bioseed-C

CellActive

VivesCart

Scaffold

Fibrin / Collagen
gel Matrix

Collagen Scaffold

Injectible chitosan-
based
thermosensitive gel

Endogenic growth

factors + cells that

form 3D spheres of
tissue

Porcine Collagen |
/ Il matrix

PGLA fleece

Hydrophilic
Polyethyleneglycol &
Hydrophobic
Polybutylene




Country

Italy

Italy

Switzerland / Italy

Company

Sulzer / Zimmer

Histogenics

Articular
Engineering, LLC

BD Biosciences

Hyalograft®C

ChondroGide

NeoCart

ARC Cartilage

OPLA (Open cell

polylactic acid)
scaffold

HARTERRBF -HEPDORXXVvTI+—ILF

Scaffold

Equine Collagen |
/ Il matrix

Hyaluronan-based

Periosteal
substitute for ACI

Biodegradable
matrix

Stimulate isolated
chondrocytes to
form in vitro
cartilage tissues

3D Calcium
phosphate scaffold
3D collagen

composite scaffold
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Draft Reflection Paper on In-Vitro Cultured Chondrocyte
Containing Products for Cartilage Repair of the Knee (European
Medicines Agency, EMEA/CAT/CPWP/288934/2009)

Guidance for Industry Preparation of IDEs and INDs for Products
Intended to Repair or Replace Knee Cartilage

U.S. Department of Health and Human Services, Food and Drug
Administration, Center for Biologics Evaluation and Research
Center for Devices and Radiological Health, 2007 Draft

2011 (Final Version)
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«  MOCART(Magnetic Resonance Observation of Cartilage Repair Tissue)%i & B & RI7L
FHEEEZAWNT, ShETHR—-L-EHmZTD
BAESFOMEICE. SVERNRELESHELZE I AIEENVETHY. 3.0tesla
MRIZRW=FHE RSN D,
MRHRIGEIF. —RRIC2RITEERAE Y Ta—ZFZALN-T O ZE&RE . BEIIHIT
AOrEERBABEZAVT, EEME CTORBEE LUV T DI A HLE,
ERAFAERIIVIREBET. =S BEETOFENAIET. F-EEHE TOE
BRI ARG EM D, FHEICALSZENEFRLLY,

B&RE O EHMRIFEH &
EREN. BRERMNICEREENTHATLSHD
delayed gadolinium-enhanced MRI of cartilage (dAGEMRIC) ZOT5#445") & & 5H i
« T2 mapping KHoEF=PaT—45 U E DL
WYL B B D B FIMRIGE i %
T1p mapping
magnetization transfer contrast imaging
sodium MRI
diffusion MRI
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Guidance for Industry

Preparation of IDEs and INDs for
Products Intended to Repair or
Replace Knee Cartilage

U.5. Department of Health and Human Services
Food and Drug Administration

Center for Biclogics Evaluation and Research
Center for Devices and Radiclogical Health
December 2011
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Guidance for Industry

Preparation of IDEs and INDs for products intended to repair or replace knee
cartilage

IDE, investigational device exemption: IND, investigational new drug

2007F7RIZFZT7RELTHAMR., 201 1E&EBREKETE, ;ERGTR A IEEF-4LY,
Fx M EMEA

Guideline on human cell-based medical products

[TErARAEERFICBETA2HIFS1]
(EMEA/CHMP/410869/2006, 11 Jan 2007)

Reflection paper on IN-VITRO CULTURED CHONDROCYTE
CONTAINING PRODUCTS FOR CARTILAGE REPAIR OF THE KNEE

[ARE BRREBEREAEZERT TS/ ErOBEREBEMBRISONT |
(EMEA/CAT/CPWP/288934/2009, 17 Sep 2009)



Guidance for Industry. Preparation of IDEs and INDs for products intended to repair or
replace knee cartilage

1) Early Phase (1, 2)

1. BRRAIERREZR
ZEMT—2DO0RE
FMFRICEAT ST —FORIF
EEEST —IDORG
BEFEIROZ L EDOFHE

AR DO
HED B
FEDERZRBEIET B/=0ICHBHEL L
2. Phase 3

AMHSEURSM ORI
RENB

Randomized Controlled Design TroC&, aTBEM TH /ARCD
|XER TDERFHE,
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¥ B8 2% : historical control TlE7i<. conccurent controlz H{RET
H5o

HEPEOEGEORSIOXREE, ENVERIFICLE-ABBTRERFEAL
B FEEER (RCT) #3295,



3) ERERHARICHEITHIURRAUE

TRIVERAUE: BHCEAREREET RE

—Knee injury and Osteoarthritis Outcome Score(KOOS)
—IKDC Subjective Knee Evaluation Forum 2000

—Cincinnati Knee Rating Form

—Western Ontario and McMaster Universities Index(WOMAC)

2RIVRIRAVL: MEBERIBROHEBEEDKREES, 6L, FL—FOBEE R T
—ICRS score
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[HEE RREEERANAZEET5/ ErOEEREHEBIZONT |
(EMEA/CAT/CPWP/288934,/2009) (200949 17H)
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