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Much of this started in 1994;

| 1989 Grande et al -cartilage cell
transplantation into rabbit femur

Brittberg et al, New England Journal of
Medicine i 1994 - clinical study
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Treatment of Deep Cartilage Defects in the Knee with

Autologous Chondrocyte Transplantation
Mats Brittberg, Anders Lindahl, Anders Nilsson, Claes Ohlsson, Olle Isaksson, and Lars
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\ Periosteal flap \|
i taken from
medial tibla ,‘/

Biopsy of healthy
cartilage

Enzymatic digestion

Cultivation for 11-21 days —  Trypsin treatment ———  Suspension of

(10-fold increase in number of cells)
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Periosteal flap
sutured over lesion

Injection of
cultured chondrocytes
under flap into lesion
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The problem we are trying to

solve:
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Normal

Nearly normal

Grade 1

Abnormal

Grade 2

Severely abnormal

Grade 3

Crade 4
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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
%)
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Hughston
Award 2012
AJSM

6.4 %

Effect of Gender and Sports on the Risk of Full-Thickness Articular
Cartilage Lesions in Anterior Cruciate Ligament—Injured Knees
A Nationwide Cohort Study From Sweden and Norway of 15 783 Patients
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Do they all have pain?
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KOOS 05/06 all patients (n=84) and
reference population 35-54 yrs*
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PAIN SYMPT ADL SPORT & REC QOL

*Paradowski PT, Bergman S, Sunden-Lundius A,
Lohmander LS, Roos EM.
Oslo Sports Trauma BMC Musculoskelet Disord. 2006 May 2;7:38.

RESEARCH CENTER



So today: W
best and are we
getting better?
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Treatment of the cartilage
pathology

Mesenchymal ciot




J. Richard Steadman, MD
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Microfracture: still a good choice?
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Yes:

Well proven over time
Steadman papers
Easy surgery
But difficult rehab
Inexpensive and less
surgery

However, not good if later
ACl or MACI?



Microfracture: still a good choice?

No:

Increase in failures w
time
: Trend, but no firm data

— *T'““‘%\ Decreased return to
NE T PN sports in athletes

-\ No RCTs
P \ﬁ \\ Decreased results in ACI
"\ . after microfracture
One study

- - > o Increased sclerosis in
subchondral bone

Animal studies
QslﬁgSpor»\tsTrauma
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Clinical application of ACI
(Brittberg, Peterson, et al. New Eng J Med 1994)

ﬁrriosteal fla\sutured over lesion
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Suspension of chondrocys



Journal of Bone and Joint Surgery Am. March 2004
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AutoLoGcous CHONDI
IMPLANTATION COMPAR
MICROFRACTURE IN TE

A RANDOMIZED TRIAL

BY GUNNAR KNUTSEN, MD, LARS ENGEBRETSEN, MD, PHD, ToM C
JON OLAV DROGSET, MD, TORBJ@RN GRONTVEDT, MD, PHD, EIRIK SOLHEIM, MI
SALLY ROBERTS, PHD, VIDAR ISAKSEN, MD, AND ODDMUND JOH!

Investigation performed at University Hospital Tromsa, Tromse, Oslo Orthopaedic University Clinic,
Deaconess University Hospital Bergen, Bergen, Norway, and Robert Jones and Agnes Hunt Orthop:

Background: New methods have been used, with promising results, to treat ful4
Jective of the present study was to compare autologous chondrocyte implantation
trial. We are not aware of any previous randomized studies comparing these meth

Methods: Eighty patients without general osteoarthritis who had a single sympta
ral condyle in a stable knee were treated with autologous chondrocyte implanta
group). We used the International Cartilage Repair Society, Lysholm, Short Form-=
lect data. An independent observer performed a follow-up examination at twelve
postoperatively, arthroscopy with biopsy for histological evaluation was carried o
done by a pathologist and a clinical scientist, both of whom were blinded to each

Results: In general, there were small differences between the two treatment gro
significant clinical improvement. According to the SF-36 physical component scol
improvement in the microfracture group was significantly better than that in the a
group (p = 0.004). Younger and more active patients did better in both groups. Tt
gous chondrocyte implantation group and one in the microfracture group. No serio
opsy specimens were obtained from 84% of the patients, and histological evalt
significant differences between the two groups. We did not find any association be
tissue and the clinical outcome according to the scores on the Lysholm or SF-36 1

Concluslons: Both methods had acceptable short-term clinical results. There was
scopic or histological results between the two treatment groups and no associatic
and the clinical outcome at the two-year time-point.

Level of Evidence: Therapeutic study, Level I-1a (randomized controlled trial [s
tions to Authors for a complete description of levels of evidence.
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A Randomized Trial Comparing
Autologous Chondrocyte
Implantation with Microfracture
Findings at Five Tears
Ey Guanmar Ermiszn, BI0. Jon Clav Drogsel, MO, PhD. Lars Engzbretsen, M0, FhI,
Torbjarn Grantvedt, MO, FhCy Vidar [saksan, 340, Tom C. Ludvigsen, MD. Sally Roberts, FhD,
Elrik Sclheim, MDD, PhD, Torbjarn Sicand, B0, and Sddmund Johansan, MDD, FRD
rl:mngn:'\mgtrhm "u U.I:IIIT.I.'"H .‘wgdal”w:h”wm}'nnd Untearasty af Trmue, Toruy

Fe [ Haupital Bespm, Eurr!w:.u'l.'ndll.unw.r‘u
Hauprial Quls, -‘hq Hunu}; aed n'er-mﬂ"_mnu .:.l.!.if.!ur.l hur&ﬂhgmﬁrh'wlm Fareprier, Dmited Xingdan

Baokgrowrsd: Tha optimal trastrnemt for oarilags lasions has rol yei besn asiabiishod. Tha cbjectiva of this rmndom.
Ieeed Eriad Wit b2 compare auiokogous chondeecyla mplantation wEh rmicrofraciure. This paper reprassnts an updats,
wih presantzton of tha clinkcal resuks at five yaars.

Methicds: Elghty patiants who hed & single chronk: symptomatk cartlligs defsct on the femeoral cordyle In & Aable
knsa wikhourl general csiecarihritls wane Included Inthe study, Forly petiems wers irasied wih auinkgous ohondro
oybs mplamiation, snd forty wers trasied wih microlraoturs. W ussd the ImMemetonal Carlags Repalr Scolaly, Lys
holm, Short Fam-38, and Tegner forms 0o colect cinkcal daia, and redographs wene evalusisd wih use of the
Hallgran ard Lawrance grading systam.

Rugults: AL two and Thve yaars, bobh groups hed significant clinkcal mprovemant oomparsd wikh the preoperative s
bus. At tha Teeysar follow.up Imianal, thers wana nina fallunes [23%) 0 both groups compared wieh tao fallures of the
auinkgous chondrooyls ImplRmstion ard ora fallurs of the microfaoturs trastment &t to years. Youngar patlenks
did bskier in both groups. 'Wa dd not find 2 comeletion Bebwesn histologkcal qualky and cinioal culcome. Howevar
nons of tha patiants wh the Best-qualky cartiags (predominamly mpaling et the taoysar mark hiad & lsber fallrs.
Ons-third of the patients In Bt groups hied radicgraphio svderos of sary ostsoarthris o e pears.

Convlusons: Both methods provided satsizctony resuls In T7% of the patiams ot fAve yaars. Thers was no signilk
oam differencs Inthe clinioal and redographic esuls bsbwesn the wo irsaimsnt groups and no cormaladon bsbwesn
tha histological indngs and Ma cinical cutcoma. Cnathind of the patiemis hed aarly mdicgrephic sigrs of oo
thritls Five yoars after the sugany. Further lnng-tam folosup s reedsd 1o dederming Fona method ks bettarthan the
oihar and bo Sudy the prograssion of ostecarthitis.

Loval af Evldanaa: Therapautkc Leval |, Sae Instnictions 1o Authors for 3 complete descrption of kel of avidenos.

Decksure in wwpp=ari af dheir mesarch far or preparwion of thin serk, ora ar nam of e oo ecsfed, in sy ore e, Juinide furding ar

s in sacean of BLO, 000 from the Morssglian Binirn of Heelih Peither ey norm ef thair | d it el mn -3
aihar 4 ] Br ba provide such banelis from s ik Mo aniiy peid o or mgreed da
puy cr direci, =Ty L] urd, divimion, cwier o nioal o cihar with which

dha wrhom, -crlrrlrrr\b-'pf‘hrl' e adimie bamd ben, e ofimed o seecdeimd
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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)

OsloSportsTrauma



Potential disadvantages of ACI (1)

The risk of leakage of transplanted chondrocytes

cartilage

Oslo SportsTrauma
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Potential disadvantages of ACI (2)

An uneven distribution of chondrocytes in the transplanted site

due to gravity (Sohn, 2002)
Subchondral bone

Cells in suspension

Cartilage=

S
\\ S Periosteum

Oslo SportsTrauma
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Potential disadvantages of ACI (3)

The reacquisition of phenotypes of dedifferentiated
chondrocytes in a monolayer culture

Can dedifferentiated chondrocytes re-express the articular chondrocyte
phenotype after transplantation?

Chondrocyte

O

Long-term monolayer
culture

’i Dedifferentiation

-n;\ - C— »

Monolayer culfu.re for 4 weéks
Oslo Sports Trauma Benya & Shaffer Cell 1982
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Hyaline cartilage = Cells + Matrix

MATRIX
REVOLUTIONS

Oslo SportsTrauma
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adi-acent cartilage in order to avoid any irritation of the adjacent
cartilage

the bottom of
brane directed
| bone plate

'nd suturing around the
‘e repair was convened
it article describes and
including more detailed



Matrix-induced ACI (MACI)

iU from Cell transplantation to Tissue transplantation

Autologous chondrocytes + Scaffold

Oslo Sports Trauma MACI (Cherubino 2003)
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AUTOLOGOUS CHONDROCYTE
TRANSPLANTATION ON 3D SCAFFOLD

CHONDRAL OSTEOCHONDRAL

L | 1

V  Collagen matrices type V cellular fibrin glue
l, type Il and a calcium
V  fibrin phosphate
V  hyaluronan === ANIMAL STUDY === ypoly (D,L) lactide
V  hydrogel co -glycolide + B
tricalciumphosohate
V  fibrin and hyaluronan
V  fibrin + polymer
scaffold (Bioseed C®) === P|LOT CLINICAL STUDY
V alginate -agarose

hydrogel (Cartipatch® )

V  HA (Hyalograft)
V  Collagen
V MACI
V CaRes
V CoDoN
V NeoCart
V  PGA/PLA fleece

V  Alginate
Oslo SportsTrauma
RESEARCH CENTER
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CHONDROCYTE IMPLANTATION

in STABLE KNEE

» Cartipatch ® : in order to make
implantation easier and to promote
redifferentiation, a tri-dimensional
algarose- algmate matrlx was developed. It
is evaluated in a clinical
trial.

EEEEEEEEEEEEEE



MaioRegen®

[Oslo SportsTrauma
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HOW IT WORKS (1/2)

A MaioRegen® house into the defect

A Restoring of anatomical continuity

A In situ self-stabilization
A Preparation of the implant site

A Shape MaioRegen®

A MaioRegen® implant

(Oslo SportsTrauma
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HOW IT WORKS (2/2)

A MSC migration
A Cell-adhesion

A Cell-colonization of the overall
structure

(Oslo SportsTrauma
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A Synthesis of either bone or cartilage
matrix

A Resorption and remodeling

A Tissue regeneration



Advantages of MACI over ACI

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

Oslo SportsTrauma
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Knee Surg Sports Traumatol Arthrosc
DOL 10.1007/:00167-008-0663-2

Clinical application of scaffolds for cartilage tissue engineering

Junji Iwasa - Lars Engebretsen * Yosuke Shima -
Mitsuo Ochi

notype in scaffolds. Both of which would be potential
advantages over the first generation ACL The mean clinical
score in all of the clinical literature on scaffold techniques
significantly improved compared with preoperative values.
More than 80% of patients had an excellent or good out-
come. None of the short- or mid-term clinical and
histological results of these tissue-engineering techniques
with scaffolds were reported to be better than conventional
ACIL However, some studies suggest that these methods
may reduce surgical time, morbidity, and risks of periosteal
hypertrophy and post-operative adhesions. Based on the

RESEARCH CENII:H

Keywords Articular cartilage - Tissue engineering -
Scaffold - Autologous chondrocyte implantation -
Matrix-induced autologous chondrocyte implantation

Introduction

The repair of articular cartilage defects in the knee of
young or active individuals remains a problem in ortho-
pedic practice. These defects have limited ability to heal
and may progress to osteoarthritis. They may be symp-

. L i i

e



Are Mesenchymal
Stem Cells better
than
chondrocytes in
cartilage repair?

Oslo SportsTrauma
RESEARCH CENTE
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MSC

Minor morbidity

Large numbers
available

One stage procedure
possible

Older patients can be
treated?

Biological potential for
cartilage repair
increased

Clinically
undocumented

O s_I}\o} S po rts Trauma

Chondrocytes

Morbidity of concern
Able to make cartilage
Result in fibrocartilage

Improved symptom
score

Most suited for patients
under age of 507

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 104 cells/cm?

~Oslo SportsTrauma
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Knee Surg Sports Traumatol Arthrose (2008) 16:896-903
DO 10.1007/00167-008-0566-2

Bone marrow mesenchymal stem cells in a hyaluronan scaffold
for treatment of an osteochondral defect in a rabbit model

S. Loken - R. B. Jakobsen - A. Argen -
S. Heir + A. Shahdadfar + J. E. Brinchmann -
L. Engebretsen - F. P. Reinholt

Received: 30 October 2007/ Accepted: 6 May 2008 / Published online: 1 July 2008

@ Springer-Verlag 2008

Abstract The purpose of this study was to evaluate the
efficiency of using mesenchymal stem cells (MSC) in a
hyaluronan scaffold for repair of an osteochondral defect in
rabbit knee. Bone marrow was harvested from the posterior
iliac crest in 11 New Zealand White rabbits, MSC were
isolated and cultured in autologous serum for 28 days and
transferred to a hyaluronan scaffold 24 h prior to implan-
tation. A 4 mm diameter and 1.5 mm deep defect was
created in the medial femoral condyle of both knees and
the scaffold with MSC was implanted in one knee while an
empty scaffold was implanted in the contra-lateral knee.
After 24 weeks the rabbits were killed and histological

5. Loken (50) - A. Argen - L. Engebretsen
Orthopaedic Centre, Ullevil University Hospital
and Medical School, (407 Oslo, Norway
e-muil: s-loek@ mline.no

S. Laken - A Argen . S, Heir
Institute of Surgical Research, University of Osla,
Rikshospitalet Medical Centre, 0027 Oslo, Norway

S. Litken - A. Argen . S. Heir - L. Engebretsen
(slo Sports Trauma Research Center, Norwegian University
of Sport and Physical Education, 0806 Oslo, Norway

. B. Jakobsen - A, Shahdadfar - J. E. Brinchmanmn
Institute of Immunology, University of Oslo,
Rikshospitalet Medical Centre, 0027 Oslo, Norway

S. Heir
Martina Hansens Hospital, 1306 Baerum, Norway

F. P. Reinholt
Institute of Pathology, University of Oslo,
Rikshospitalet Medical Centre, 0027 Oslo, Norway

F. P. Reinholt
The Pathology Clinic, Rikshospitalet Medical Centre,
0027 Oslo, Norway

@ Springer
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sections were subjected to semiguantitative and guantita-
tive evaluation by observers blinded regarding treatment
modality. High degree of filling was obtained, but there
was no statistically significant difference between the two
treatments. However, there was a tendency for a better
quality of repair in the MSC treated knees. No hypertrophy
was obhserved by either method. MSC m a hyaluronan
scaffold may be a promising treatment approach, but fur-
ther studies are needed to determine the best combination
of scaffold and cells.

Keywords  Mesenchymal stem cells -
Autologous transplantation - Articular cartilage -
Hyaluronic acid - Tissue engineering - Surgery -
Knee - Rabhits

Introduction

Focal cartilage and osteochondral injuries are common [1]
and injured articular cartilage has limited capacity for
complete spontaneous healing. With the aim of increasing
the healing potential, autologous chondrocyte implantation
(ACI was introduced, and the first clinical results using
this approach in reatment of human knees were published
in 1994 [5]. In this so-called first generation chondrocyte
implantation procedure, the defect is covered by a perios-
teurn flap sutured to the nm of the defect and the
chondrocytes as a cell suspension are implanted under the
flap. The second generation chondrocyte implantation
procedure involves the use of autologous chondrocytes
implanted in scaffolds [4, 29]. With both first and second
generation approaches the chondrocytes are harvested from
the joint and then expanded in vitro. In this process the
cells dedifferentiate and lose their ability to produce




Knee Surg Sports Traumatol Arthrosc
DOL 10.1007/500167-0090782-4

Mesenchymal stem cell-based therapy for cartilage
repair: a review

Hidevuki Koga - Lars Engebretsen -

All are clinically improved
Kuroda ot al. 2007 1 A casc mpon
Bone mamow MSC

Chnically improved

potenual and mulupotenualty, including chondrogemc — Cell transplantaton - Chonarocytes
differentiation potential, and a number of successful results
in transplantation of MSCs into cartilage defects have been

( reported in animal smudies. However, the use of MSCs for Introduction



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

Oslo SportsTrauma
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Transplantation ~ Scaffolds

Oslo SportsTrauma
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ChondroGide

EM of bilayer design

~OsloSportsTrauma
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Demographics

Age Mean (Range) 34 (1844) 29 (1945)
Gender M:F 6:5 6:6

Area Mean cm? 3.6 (1.87) 3.0 (1.25.8)
Medial Femoral Condyle 8 10

Lateral Femoral 3 2

Condyle

Mean number of cells 58,6 10 34,510
implanted

OCD/Chondral 2/11 5/13

Oslo SportsTrauma
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Surgical repair versus non-operative management

A No studies
A Ongoing RCT at Oslo University Hospital:

C - Cartilage

A - Active

R - Rehabilitation
E - Education

To

Comparison of two different surgical repair technique

To

Includes evaluation of improvements in knee function
following a 3 months pre@perative rehabilitation program

QS'P Sp"qyts Trauma



Inclusion

(Oslo SportsTrauma
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Methods

MR dGEMRIC (delayed
Gadolinium MRI of
Cartilage) is previously
found to correlate with
proteoglycan content

OERYadT 8 RN £ 010
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Methods

T2 mapping visualize
the collagen type Il
organization

Oslo SportsTrauma
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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

(Aargen et al. 2010)

Oslo SportsTrauma



Perhaps we can normalize PG and
Collagen Il by improved rehab!
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How can we improve?

» We are still on slippery

- Data on the natural ice
history -+ But we are slowly
» Improvement over time getting a grip...

after surgery is not
necessarily a result of
surgery- we need
controlled studies
» Long term follow up in
controlled studies- more
good designhed RCTs

» A non-industry
controlled registry

~Oslo SportsTrauma
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Editorial

Cartilage
. . . 3(Suppl. 1) 45-55
Special Issue on Articular Cartilage © The Author(s 2012
Reprints and permission:
linivsmansr i blana Emmnbhall (€ accnal Dl cacanuih ramfinnrnaleParmiceinne nav

Articles

Cartilage
3(Suppl. 1} 115175

Scientific Evidence Base for Cartilage © The Author(s) 2012

. . . Reprints and permission:
b.com/j IsPermissi .
Injury and Repair in the Athlete sagepub comournasPermisons v
http://cart.sagepub.com

®SAGE

M.R. Steinwachs', L. Engebretsen?, and R.H. Brophy’

Abstract

Soccer players and athletes in high-impact sports are frequently affected by knee injuries. Injuries to the anterior cruciate
ligament and menisci are frequently observed in soccer players and may increase the risk of developing an articular cartilage
lesion. In high-level athletes, the overall prevalence of knee articular cartilage lesions has been reported to be 36% to 38%.
The treatment for athletic patients with articular cartilage lesions is often challenging because of the high demands placed on
the repair tissue by impact sports. Cartilage defects in athletes can be treated with microfracture, osteochondral grafting,
and autologous chondrocyte implantation. There is increasing scientific evidence for cartilage repair in athletes, with
more extensive information available for microfracture and autologous chondrocyte implantation than for osteochondral
grafting. The reported rates and times to return to sport at the preinjury level are variable in recreational players, with the
best results seen in younger and high-level athletes. Better return to sport is consistently observed for all repair techniques
with early cartilage repair. Besides minimizing sensorimotor deficits and addressing accompanying pathologies, the quality
of the repair tissue may be a significant factor for the return to sport.

L LALL AL e LA AL LA M e AA & SAFLeLs TTALES Aeis et £ ELAAL Sy Slesim f i3 SIS vy ASEel LsUseiimessin &y As v Uk u

age return to sports rate of 73% after cartilage repair, much Incidence of football injuries and complaints in different
work remains to be done.!™'? This issue provides a compact age groups and skill-level groups. Am J Sports Med. 2000;
reference for players, coaches, medical staff, and researchers 28(5 Suppl):S51-7.

Oslo SportsTrauma
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Retern to Sport after Microfracture

3 ®included Athletes ®RTSPL
447
353
264

800
600
400

200
0

Mithoefer et al. Harrls et al.

Figure 2. (A) Microfracture at the medial femur condyle. (B) Number of included study athletes who are able to return to sport of the
preinjury level (RTSPL) after microfracture.




Retern to Sport after ACI

® Included Athletes ®IRTSPL

400

300 23

200

100

Mithoefer et al. Harrls et al.

B Return to Sport after Osteochondral Grafting
Mithoefer et al.

261

Included Athletes RTSPL

Figure 4. (A) Osteochondral grafting on the patella. (B) Number of included athletes who are able to return to sport of the preinjury
level (RTSPL) after osteochondral grafting.



Cartilage

Cartilage Repair in Football (Soccer) & The Authort) 2012
. Reprints and permission: o
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Figure 2. Treatment algorithm for the treatment of focal articular cartilage lesions in (professional) football players based on the best

available evidence. (M)ACI = matrix autologous chondrocyte implantation.
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Return to Sports after Articular Cartilage & The uthor(s) 2012
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Table |. Return to Play Overview

I MF ACI OAT Allograft
Return rate 68% 74% 91% 84%
Same level return 67% 71% 70% 60%
Time to return, mo 8 (6-18) |7 (10-36) 7 (4-9) N/A

/ Durability (>3 y) 56% 77% 72% N/A
Decreasing function 42% 0% 20% N/A

l

It Note: MF = microfracture; ACl = autologous chondrocyte implantation; OAT = osteochondral autograft transfer; N/A = no data available.
collected from the literature. Special focus was placed on data in football athletes with information on return rate, timing of

return, level of postoperative competition, and the ability to compete in the sport over time. Results: Twenty studies
describing 1,469 athletes including football players with articular cartilage injury were reviewed. Average return to sport
was /9% without a significant difference in return rate or postoperative level of play between cartilage repair techniques.
Time to return varied between 7 to |7 months, with the longest time for autologous chondrocyte transplantation (ACI).
Advanced sport-specific rehabilitation was able to reduce recovery time. Durability of results was best after ACI, with up to
96% continued sport participation after more than 3 years. Player age, time between injury and treatment, competitive level,
defect size, and repair tissue morphology affected the ability to return to play. Sports participation after cartilage repair
generally promoted joint restoration and functional recovery. Conclusions: Articular cartilage repair allows for a high rate of
return to high-impact sports including football, often at the preinjury competitive level. The time of return and durability can
be variable and depend on repair technique and athlete-specific factors.Advanced, sport-specific rehabilitation can facilitate
return to football.
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Table |. Options for Treatment of Cartilage Injury

Nonoperative interventions Frontier surgical options
Neutraceuticals New scaffolds
Viscosupplementation Bone marrow aspirate
concentrate
Platelet-rich plasma Single-stage cell techniques
Pulsed electromagnetic Chemical modification of
fields marrow cells

Genetic modification of cells

a) - b)

Figure 2. (A) Minced juvenile cartilage, (B) postharvest histology (DeNovo), and (C) CAIS with staple in defect.



SPECIAL REPORT: TERROR'S NEW TARGETS

BAD NEWS: Research shows that the
d’ sease starts attackmg your joints long before middle age

THE GOOD NEWS: The latest
treatments are more effective than ever
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http://www.time.com/time/magazine/0,9263,1101021209,00.html

The Oslo Sports Trauma Research Center
has been established at
the Norwegian School of Sport Sciences
through generous grants from the Royal Norwegian Ministry of
Culture, the South-Eastern Norway Regional Health Authority,
the International Olympic Committee, the Norwegian Olympic
Committee & Confederation krt, and Norsk Tipping AS

Oslo Sports Trauma

/ k
-
, -~ f
HELSE ® SOR-OST % |
' KUI.TURDEPARTEMENTET ‘




