= Sporfs Medicine
Center

AT THE ORTHOPAEDIC GROUP, P.C.

ey

ARTICULAR CARTILAGE INJURY
MATRIX AUTOLOGOUS CHONDROCYTE
IMPLANTATION

JEFFREY M. CONRAD, MD
SPORTS MEDICINE AND SHOULDER SURGERY)|

CULAR CARTILAGE

+ PRIMARILY HYALINE CARTILAGE

+ HIGHLY SPECIALIZED CONNECTIVE TISSUE
MADE UP OF TYPE Il COLLAGEN

+ PROVIDES SMOOTH LOW FRICTION SURFACE
FOR ARTICULATION AND TRANSMISSION OF

LOADS

+ NO BLOOD VESSELS OR NERVES

Rodeo et al Sports Health 2009 Nov:1(6)461-68

ARTICULAR CARTILAGE INJURY

+ ARTICULAR CARTILAGE HAS LIMITED HEALING
ABILITIES FOR CARTILAGE INJURY THAT DOES
NOT PENETRATE THE SUBCHONDRAL BONE

+ IT LACKS A DIRECT BLOOD SUPPLY AND
RELIES ON ITS NUTRIENTS VIA DIFFUSION OF
INTERSTITIAL FLUID

+ SUBCHONDRAL PENETRATION ALLOWS FOR
FIBRIN CLOT FORMATION, VASCULAR
INGROWTH AND FIBROCARTILAGE FORMATION
(TYPE | COLLAGEN) “SCAR CARTILAGE.”
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OUTERBRIDGE CLASSIFICATION
OF ARTICULAR CARTILAGE INJURY

Outerbridge classification

Grade | Table

ICRS grading Score”
Grade Properties
Grade Il 1 Superficial lesions, fissures, cracks, and indentations
2 Fraying, lesions extending down to <50% of cartilage
depth
Partial loss of cartilage thickness, cartilage defects
Grade Il 3 extending down >50% of cartilage depth as well as

down to calcified layer

4 Complete loss of cartilage thickness, bone only

Grade IV

(L

ARTICULAR CARTILAGE INJURY
NATURAL PROGRESSION

+ PROGRESSION OF INJURY DEPENDS ON MANY
FACTORS: SIZE, LOCATION, BMI, AGE, JOINT
STABILITY, LIMB ALIGNMENT, ACTIVITY
STATUS, ETC.

+ TREATMENT ALSO DEPENDS ON MANY OF THE
FACTORS ABOVE.

JAAOS 18(5) Safran et al

TREATMENT OPTIONS

+ MICROFRACTURE/ MARROW STIMULATION
TECHNIQUES

+ OSTEOCHONDRAL AUTOGRAFT/ALLOGRAFT
TRANSPORT SURGERY (OATS)

MATRIX AUTOLOGOUS CHONDROCYTE
IMPLANTATION (MACI)

+ OTHERS: DENOVA CARTILAGE, PRP, STEM
CELLS




MICROFRACTURE

+

TECHNIQUE OF MARROW
STIMULATION (STEM CELLS)
PRODUCING FIBROCARTILAGE
(TYPE | COLLAGEN)

. ®
+ HYALINE CARTILAGE IS TYPE Il

Arthroscopic images showing a patelarlsion it has been prepared for
ho dofoct ®)
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+ CAN BE PERFORMED FIRST LINE
OR FOR FAILED MARROW
STIMULATION PROCEDURE

+ RECOMMENDED IN <2CM2 IN
HIGHER DEMAND PTS

+ SINGLE PLUG IS PREFERRED

+ MULTIPLE PLUGS
(MOSAICPLASTY) CAN CAUSE
“COBBLESTONE FEEL”
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INDICATIONS FOR
AUTOLOGOUS CHONDROCYTE IMPLANTATION

+ INJURIES CONSIDERED FOR TREATMENT
+ FULL THICKNESS LESIONS (GRADE III OR IV)

+ >2CM SQUARED ON FEMUR, TROCHLEA OR
PATELLA

+ 13-55 YO

+ COMPLIANT PT

JAAOS 18(5) Safran et al

CONTRAINDICATIONS

+ >50% LOSS OF CARTILAGE THICKNESS (JSN/
OA)

+ INFLAMMATORY JOINT DISEASE
+ SMOKING
+ BMI>35KG/M2

+ CHRONIC NARCOTIC USES

Atleast 1 Outerbridge ¢
Defect22cm?
Stable knee

“Intact or
(250% of functional meniscus remaining)

Cartilage tissue collected?

| 200-300 mg healthy cartilage tissue collected from
| . ~ non-load-bearing area of the knee
Recommended sites include: Lateral
intercondylar notch and superior medial or

lateral trochlear ridge

m Biopsy tissue is packed
and shipped to Vericel using
supplied transport kit

Saris D, etal “MACI Surgical Manual 2016,
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MACI Overview

Defect assessment and
cartilage biopsy

Cells are isolated
and expanded
(~4 weeks)

Cells are seeded on
a collagen membrane
(2-4 days)

Chondrocyte viability and
screening assays

Cell-seeded membrane is
implanted via an arthrotomy
with fibrin sealant

‘Average time from biopsy to
implantation is 6 weeks

Brtberg M, et al. Am J Sports Med. 201038(6)-1255-127,
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MACI PROCEDURE

Minas et al. JUNE 22,2016 - VOLUME 6, ISSUE 2 €24

DEBRIDEMENT OF LESION




MACI PROCEDURE

+ AFTER DEFECT IS
APPROPRIATELY
DERIDED THE
TEMPLATE IS SIZED
AND SHAPED TO
MATCH THE DEFECT.

Minas et al, JUNE 22,2016 - VOLUME 6, ISSUE 2. €24

TEMPLATE

MACI PROCEDURE

+ FIBRIN IS PLACED IN
THE DEFECT

+ THE MEMBRANE IS
THEN PLACED WITH
THE CELLS FACING
THE BONE BED AND
SEALED WITH THE
FIBRIN GLUE




IMPLANTATION

|
Key Features of MACI

At the time of implantation, viable cells are distributed throughout the
MACI implant!

Cells seeded on the MACI implant attach to fibers and re-differentiate
to their chondrocytic phenotype?

The use of a smaller arthrotomy with fibrin glue enables
less invasive and shorter i i ies (as
to second-generation ACI)3

Following implantation, cultured chondrocytes migrate through the
fibrin glue, which promotes cell proliferation24

- Cartilage repair tissue has been observed by 21 days post-surgery?

- By 6-8 months, chondrocytes produce extracellular matrix; graft begins

An enhanced rehabilitation program has been used with MACI5

Patients can return to full weight bearing at 8 weeks post-surgery,
compared with 11 weeks in a traditional rehabilitation program

« ] Tt Aheess 20071 el @
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PHASES 1-3
implantation
and Pre

Phases 1-
Implantation and Protection

T I O
0-1 1 :

Maintain joint mobility and muscle

must be proficient in home

stress on the program and functional

hout placin
tarea

2 Have pain-ree active knee flexion to
Pain-free, full passive knee 125° and pain-free gait using 1 or 2
extension, limited weight bearing crutches, depending on weight- bearing

status

) I . Weight bearing should progress to

3 More oM selilles pore) C0% i Btamers g and 10
4-6 e ey weight bearing with a patellofemoral
g d 9 graft once cleared by the orthopaedic
Specialist

Ebert R, o MACIRehaitaion Wanual.VerilCorporaion, 2016, -
%7 VERICEL =,
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PHASES 1-3
implantation
and Prolection

Post-Operative Timeline:
Phase 1/ Week 1

0-2 weeks
Lock at zero during
weight-bearing Passive and active
Jount <20% BW activities ROM from
2 crutches 0°-30° 0°-30°
used at all times.
Locked at full knee Passive and active
PF i ROM from
Joint 20%-30% BW extension i
2 crutches Phase 1 exercises 0°-20
used at all times
BW, body weight; PF, pateiofemoral; ROM, ra otion; TF, tbiofemoral

EbertJR, ot l. MACI Rehabiftaion Manusl. Vericel Corporaton. 2016,
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Phase 1: Post-Surgery (Week 0-1)
Rehabilitation Plan (start on post-operative Day 1)

Pain Control Exercises Reminders
« Start 0°-30° CPM of knee flexion
12-24 hours post-surgery for at least 1
hour each day

- Provide appropriate analgesics
for pain control

+ Ensure proper breathing techniques
during exercise

+ Offer information on proper
ambulation with crutches, bed
transfers, and stairs

+ Provide written and verbal instruction
on performing daily living activities

* Apply cryotherapy while limiting weight bearing on knee
20 minutes of ice, at least 3 times per day implant

* For first 3 weeks, wear ROM
control brace

Setat 0°-30° of knee flexion

« Perform active flexion ankle
exercises

+ Encourage contraction of
quadriceps, hamstrings,
and gluteal muscles

EbertJR, ot l. MACI Rehabittaion Manual. Vericel Corporaton. 2016,
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PHASES 1-3
implan
and Pre

Post-Operative Timeline:
Phase 2/ Weeks 2-3

0°-30°
(Weeks 1-2) Passive and active
o to ROM from:
Joint 32]?: kB;’)V (vlv) ?01 2 0°-30° (Week2) to
& 2 crutches 2B P
used at all times 90° (Week3)
— o Active ROM from:
PF ock brace at full knee B
Joint 50% BW extension 0°-30" (Week2) to
(Week 3) 2 crutches 60° (Week 3)

used at all times

Clinic and Adjunct Modalities:
Perform clearance and lymphatic massage as needed to assist with edema; perform cryotherapy, compression, and
elevation to assist with edema

EbertJR, o . MACI Rehabiftaton Mana, Vericel Corporaton. 2016,
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PHASES 1-3
implantation

and Prolection

Phase 2: Post-Surgery (Weeks 2-3)

Rehabilitation Plan (by post-surgery Week 3)
Along with the weight bearing, ambulatory aids, knee ROM,
and knee bracing exercises, patients should include

ROM and flexibility Hydrotherapy exercises (If
+ Use CPM at end of session + Contraction and co-contraction available to the patient

for 2030 minutes of quadriceps After 3 weeks/incision healed)
- Passive and active heel slides + Contractions of hamstrings, + Deep water walking and calf raises
- Passive knee extension adductor, calf, and gluteal muscles + Straight-leg hip movements
- Slight patellar traight-| activities + Passive knee flexion

in all directions « Hamstring and calf stretching

&

EbertJR, o . MACI Rehabiftaton Mana, Vericel Corporaton. 2016,
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PHASES 1-3
implantation
and Prolection

Post-Operative Timeline:
Phase 3/ Weeks4-6

Wei Status Ambulatory Aids Knee ROM

0°-60°
(Wf‘*k 9 Active ROM from:
TF 0 o J °.110°
Joint 40%-60% BW Full flexion U= e
(Weeks 4-6) (Week 6) to 1257 (Week 6)
1-2 crutches
Use brace as required Active ROM from:
PF o (Week 6) LGP
Joint 75%-full BW 1-2 crutches Clinic and adjunct 07-90" week4)
(Week 6) (Weeks 4-5); 1 crutch modalities to 125° (Week 6)

as required beginning
(Week 6)

Clinic and Adjunct Modalities:
+" Perform clearance and lymphatic massage as required; perform cryotherapy, compression, and elevation as required

EbertJR, o al. MACI Rehabiftaton Manual, Vericel Corporaton. 2016,
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Post-Operative Timelin
Phase 4/ Weeks 7-12

80%
(Week 7)
T o Discontinue after 6 Pa";g‘:e:;g'\;‘f"
Joint Full BW weeks if no extensor
(Weeks 8-10) lag with SLR (Weeks 7-8)
1 crutch as needed
in outdoor/unfamiliar
Progress to full
sornt Full BW NO brace active ROM:
as tolerated (Weeks 7-8)

No crutches

EbertJR, o . MACI Rehabiftaton Mana, Vericel Corporaton. 2016,

%7 VERICEL
PP.US.MAC.0048

Post-Operative Timelin
Phase 5/ (Months 3-6)

Weight-Bearing Status. Ambulatory Aids. Knee ROM

TF Full wB

Full and pain-free
NO brace .
oet as tolerated active ROM
No crutches
PF Full and pain-free
Joint Full WB NO brace oo =P
as tolerated
No crutches
Ebert JR, et . MACI Rehabitation Manual Veriel Corporaton. 2016.
%7 VERICEL
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Maturation Phases 6-7
B wss

[

difficulty of exercises

[T

Return to low-impact

27-36

6 BT Bk cee o e

Maturation

(6-9 Mo)

37-52
(9-12 Mo)

7

Light jogging

Res

e all normal functionality

Retun to low-c
recreational activities

Return to sports

Running/pivotal activities

EbertJR, o al. MACI Rehabiftaton Manual, Vericel Corporaton. 2016,
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Clearance by physician
Graft able to withstand the specific
demands of activities as evaluated by

functional te




RESULTS

Long-Term Clinical and MRI Results of Indications, Techniques, Outcomes for Malrx Induced Autologous
Matrix-Assisted Autologous Chondrocyte Chondrocyte Implantation (MACI)

Implantation for Articular Cartilage Brandon J. Erickson MD , Sabrina M. Strickland MD ,

Defects of the Knee

Andreas H. Gomoll MD

i "%, Richard @,
Markus UhY’, and Christoph Erggelet"

Autologous Chondrocyte Implantation

for Bipolar Chondral Lesions

in the Tibiofemoral Compartment

Takahico Ogur,” D, Tim Bryant,” BSN, AN, Brian A Mosier” MD, and Tom Minas, M, M.

Invesigaton perome at e Gariegs gt Contr Bngram an omen's ool
Harvard Meclcal School, Boston, Massachusatts, USA

Patellofemoral Cartilage Restoration: Indications,
Techniques, and Outcomes of Autologous
Chondrocytes Implantation, Matrix-Induced
Chondrocyte Implantation, and Particulated
Juvenile Allograft Cartilage

Betina 8. Hinckel, WD PHD! - Andreas H. Gomoll, MD?
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+ PT IS DEALING WITH PF INSTABILITY,
SWELLING AND PAIN

+ X-RAYS NORMAL

+ MRI- 12X10 MM OCD




+

+

CASE EXAMPLE

DECISION WAS TO PROCEED WITH SURGERY
DISCUSSED OPTION WITH PT AND HIS MOTHER
SURGICAL OPTIONS

+ MATRIX AUTOLOGOUS CHONDROCYTE IMPLANTATION VS
OATS

+ MPFL RECONSTRUCTION

TIME OF SURGERY DEFECT NOTED TO BE LARGER THAN
1.2x1.0 c™m

+ ACI HARVEST PERFORMED

TREATMENT

+

+

+

+

CONCLUSION

TREATMENT OF ARTICULAR CARTILAGE INJURY
DEPENDS ON MANY FACTORS

FOR LARGER DEFECTS MACI IS AN EXCELLENT OPTION
WITH GOOD OVERALL OUTCOME IN ACTIVE PTS

CAN BE USED AS A PRIMARY PROCEDURE OR WHEN
OTHER CARTILAGE RESTORATION PROCEDURES HAVE
FAILED

TWO STAGE PROCEDURE

REHABILITATION AND RECOVERY IS A LONG PROCESS
AND COMPLIANCE IS VERY IMPORTANT




