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NUsurface Meniscus Implant {Z%}9% FDA TOFEEIZ-DOUWNT






NUsurface Meniscus Implant

(23X} AFDATRHDEEIZDOINT

A2 3—2yk E (FDADOHP) TABESNT-
2023F4A20HDERESEZABEDHEINT

https://www.fda.gov/advisory-committees/advisory-committee-
calendar/april-20-2023-orthopaedic-and-rehabilitation-
devices-panel-medical-devices-advisory-committee

NUsurface

RUT—HATF AR

i

Polycarbonate Reinforcement

einforceme
fibers (UHMWPE)

- (Active Implanttt O HP)

(Vrancken et al. Int Orthop 2013;37:291&Y 3| F)

Urethane (PCU)




NUsurface e

Tane B DR - ¢

* 2005 A o EFERR TR . 2008 F H o ERERBF3E
* 2008: #][E] A5 T“not substantially equivalent” THY . ”
“De Novo” &S b

o 3545 8 M collagen meniscal implant (X3 A k18
& (RiE) OMREBEICERATHIELT.RFOAL
M-SR ORBICERT AV 25RO - &
“substantially equivalent to legally marketed device” &
Lflﬁlﬁﬁgb\b\fnn‘.\j

(Vrancken et al. Int Orthop 2013;37:291 KXY %5 )

NUsurface
J—0wy \0—60) n:c.\_.l.:lﬁ

« 2008 CE mark (BRI THEREELEE)ER

* 2008-2010
N: 18
Human clinical pilot study
« 2011-2013
N: 128
EU/Israel Multi-center study




NUsurface
KEITOHORAF - RFBDRERE

* 2008: F1[E1 A5 T “not substantially equivalent” &3 5.

* 2012: First investigational device exemption (IDE) study
(VENUS study)ASE2 1.
» 2014: #)[EIDe Novo request IEFB A (T—2F+453).
* 2015: Second IDE study (SUN study) HE2T].
« 2020-2021:2[8] H W De Novo requestIEZE A (benefit/risk).
* 2022: 45 [BlMDDeNovo request
12680
BEF D T—3DsubgroupfEATIZE D E G X RDIEIE

NUsurface Clinical Trial 33 H 3%
(2020 Orthop J Sports Med)

e NUsurface®DigKRHFZE

* VENUS study (Enrollment: 2015-2018)
Randomized control trial N: 127
(Implant vs. Non-surgical care)
* SUN study (Enrollment 2016-2018)
Single-arm study N: 115
* MERCURY study
VENUS & SUN study®D 7 — X 2§ H L TR




NUsurface Clinical Trial
F = Inclusion/Exclusion Criteria

(Inclusion)

- R AYIRRE6MN AL ETERRE

e 2mmkl t DDZEETF

* 30-75F . POAAVNEESELR
(Exclusion)

* Implant KRBT EEHOHEES

- IELLDFRREHE 95 A LINDO#HHFFiT

« BMI 32.54C A 50

NUsurface Clinical Trial

200D XHE 1FEFARFE

o XF RAE B 5L
Implant®¥ : VENUS 27 + SUN 33 =60
Control&¥:27
(ZDEF R TFollow-up TETLVELVEIEZLY)
« KOOS
ImplantFF CTREFLEH IR ERHEESL
* Adverse event
BOHE-BFMDLEE (16.9% vs. 14.3%) EHL
Implant ANNEZ . BRZE: 10.8%




NUsurface Clinical Trial
SEOFDAIZX T HHE

o STRAEHIE
Implant®f: VENUS 61 + SUN 115 =176
Control#¥: VENUS 66

« 24 LI _EMDfollow-up

o FIEIZEZERF. Implant ﬁ’(]\ngzzz 9% B‘?’fl'ﬂ 39
BFMEAELOEDIER L

—SHERIFELEAHDER |\
% A fRextrusion SmmK . FHEERES11m

NUsurface Clinical Trial
SEIOFDAIZX T HHE

o ¥ A #rextrusion SmmKjE. FERERES1ImmEl L
DEHZm=9 fEH

Implant# 176—745 control# 66—35fI~
CDIEHEBIZKY surgical failure 33.1%—16.2%
- iTREHRAEZ2FICER
* MRIT—4 03B/
BEEE (R1B) . BREARZEL. RIEDF
ImplantDBEE . ERGI7GE

17 —




Patient Preference Information (PPI)

 FDANDREEICHT-> T, PPIICEAT 21ERZSD
BLHKDLNT-,

s BEZZITHHIDAD. benefit& riskzFEICH T T
HEZDEEZZITEHIEBIHES D,

- SEIDBRFEOT—2HICRREDH S, FilizxlT
Z & DEL A207R SN L THT > 7=patient preference
question DEIZFHLFENTWS
(93% preferred NU surface over control),

EEAINSDIERGEER
Clinical success&failure ) 5E

* Success/failure: Dimproved KOOS
(2No implant tear/displacement on MRI
(3No automatic study failure (ASF)
D2BD—2Thim7=- L TLWAFhiZfailure

* ASF: Secondary surgical intervention (SSI)

Implant®f Tlddevise3Zit - HHDH (FELH L)
Control&¥ Tl any SSI to index knee
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* FailureDEFEHS. implantFELcontrol ({R7F) HTRLS
s REHODBBEABTNTE—Sh TG

- REFFH DdropoutffllAAZLy. MRIFEFTHIAAZ0N.

« 2DMDEEHT= studyDT—2HEIXIEY ?

« 2FDFHERAR XA+ 5 (implantiii&., EUE')

BRI DIERE LM

o F M Drisk[E]E (BE) NEIE(CITHhNEMESIHIC
FEHRHS.

ImplantfiFiI8DHEEHLEDRE DK AZA
QELLEOBFMHHILHY)

MRIGHRZ &A@ i fE B D2 A [ R B RERZE D EE
ETONEEICEEGFMNTFREBEICERRHNFIE?
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* Meniscus extrusion>Smm EEEES <11mmZ st
L 7=subgroup TRUIFETEi L TLVS.
CO2RICEEL-EEANTERE(DEHE?)

« Patient preference informationZf & ({2 & f=benefit®
riskIZBH 9 AR, BERRGTE) KR+
Patient preference informationfi &IZFERL TDIC, IRB
EEMNGEL

BERE R

e NUsurface MRS -ETEAINI-IEE. THES
NBbenefithi riskz O HFEHHAIMN ?
— 2 yes, 6 no, 1 4

Bt =T—2I1%. benefit/risk [ZDUNT., +9 (ZHI B
TE5T77EH DT,

Failure ratemE 9 5.

(EEBIDER , RERDHSEEFDFMCHhhH5nT)
Sham surgeryRFiHE ?
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Intemational Orthopaedics (2023) 47:2409-2417
https/idolonrg/10.1007/500264-023-05711-2

ORIGINAL PAPER @

Meniscus repair via collagen matrix wrapping and bone marrow
injection: clinical and biomolecular study

Pawel Bakowski' . Adam Aron Mieloch? . Filip Porzucek? - Monika %. Kinga Ciemi ka-Gorzela' -
Jakub Naczk' - Tomasz Piontek' - Jakub Dalibor Rybka?®

Poland

April 2010 and November 2011
N=53—50(@2y F/U)— 44(@5y F/U) — 23(@10y F/U)

(N=16) (N=7)
Test All patients AMMR patients AMMR +ACLR patients
IKDC preoperative 444 14 (16-69) 44413 (16-64) 44415 (26-69)
IKDC 10-year FU 92+ 10 (75-100) 8948 (75-100) 95415 (60-100)
Lysholm preoperative 68+ 17 (29-94) 66+ 17 (29-87) 78+13 (51-100)
Lysholm 10-year FU 94 + 8 (72-100) 9246 (80-100) 90+ 11 (72-100)

AMMR: arthroscopic matrix-based meniscus repair

VRYTIL

- Meniscus - ICRS Discovery:
State of the Art in 2023

ANDY VRI X FD—A
- Current Status of Meniscus Implants -

Speakers
*Tony Van Tienen (Roermond, NL)




Meniscal Implant

1. Scaffold type
CMI, Actifit

P"-..\
»

2. Replacement (or Prosthesis)

NU surface » FDADEREH - HF
L___,a.;":? ; RERA 2 (2)/10124 L 7=
ZENE BEH

Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:1325-1335
hittps:l/doi.omg/10.1007/500167-021-06573-0

Treatment of post-meniscectomy knee symptoms with medial
meniscus replacement results in greater pain reduction and functional
improvement than non-surgical care

Kenneth R. Zaslav'@ - Jack Farr” - Richard Alfred® - B. Maxwell Alley® - Michael Dyle* - Andreas H. Gomoll® - So=rL Y
Christian Lattermann® . Brian P. McKeon . Christopher C. Kaeding® - Thomas Giel® - Elliott B. Hershman'® U SAq ]- O}Jjﬁ? axX 75\ 7131-”]

BRINEE
65 B LL_ERTICpartial MMtomy % = (7B A T5LLT (100525 o pain)
SELIN Dneutral alignment
BERE

1 : 1 Tmedial meniscus replacement(MMR: NU surface) & non-surgical carelZZ) V) {+(F
(N=61 vs 66)

BRI A2 6 DRRIRFER D 1R IRy D BlUHA




Change from Baseline

Change from Basoline L

Overall b Pain c Symptoms
) [Ehesma k] 4 S
] N LR - + &
=1
I e b L b P T
[ =L o
H pee——
¥
B3 H H I B3 & o8 om B 31 & 8 @ om
Follow-up montfs) Follow-up (monthsl Follow-a months|
ADL €  SportsandRecreation T QoL
e i by -
" 1 1ql
! A
o o
10 ?1.-‘ ?W-
i | E
AL S S S S UL S S L LA S LA LAY 1

Tabled4 Summary of subsequent surgical procedures on index knees

in the MMR group
Type of subsequent surgery Events Unique subjects
n n (%)

Permanent implant removal 3 3(4.9%)
Rotation 2 2(3.3%)
Dislocation 1 1(1.6%)

Implant exchange 3 3 (4.9%)
Damage + Dislocation 2 2(3.3%)
Rotation | 1(1Le%)

Implant repositioned 1 1(1.6%)
Rotation 1 1(1.6%)

Other* 4 4(6.6%)

* Other subsequent surgical proced included synovectomy, chon-

droplasty, notchplasty, debridement, or adhesion lysis

1FLAICT/61=11.5%BMNF

(]

Kniee Surgery, Sports Traumatology, Arthroscopy (2023) 31:2526-2533
hittps:/idol org/10.1007/500167-022-07205-x

The first-generation anatomical medial meniscus prosthesis led
to unsatisfactory results: a first-in-human study

2

e

1. G, van Tienen 2@ - B, van Minnen? - K. C. Defoort? - P. J, Emans* - 5. A, W, van de Groes' - N. Verdonschaot' -
L.M. Jutten® - R.W. E. Pikaart? - P. J. C. Heesterbeek®

Polycarbonate polyurethane (PCU)

Feb-Sep 2019




Table 1 Inclusion and exclusion criteria

Assossod for eligibiity (n=T0)

nclusion Criteria_
1. Has medial compartment joint pain with a medial partial meniscec-
> 6 months ago as confirmed ignt hi and MRI

2. Has a KOOS Pain of £75 (100 being the highest attainable and 0
being no pain)

3. Is hetween age 30 and 65 years (inclusive) at the time of screening
4. Has neutral alignment + 5° of the mechanical axis, i... the angle
formed by a line drawn from the centre of the femoral head to the
medial tibial spine and a line drawn from the medial tibial spine 1o
the centre of the ankle ]nlnl as l:unhm\u‘l by Rndmglq:h:

3. Is willing 1o be impl h the

6. 15 able to do the study's required follow-up visits, questionnaires,
radiographs, CT-scans, and MRIs

7. 1s able and willing to understand and sign the study's Informed
Consent Form

8. Is able to read and understand the national language of the country
in which the relevant clinical site is located

1. Has a symptomatic knee becawse of a tear that could be addressed by
a repeat partial meniscectomy

2. Has evidence of a modified Outerbridge Grade IV cartilage loss on
the medial tibial plateau or femoral condyle that potentially oould
contact a meniscus prosthesis (e.g., a focal lesion>0.5 em 1

Q Exduded (n=55) j
+ Most exclusions due 1o KL score > 3

to a circular defect of > § mm in diameter)

3. Has lateral compartment pain and Grade |11 or Grade |V modified
Outerbridge cartilage score in the lateral compartment

4. Has a varus alignment that is not passively cormectable

5. Has a laxity level of more than Grade I (IKDC), primary or second-
ary to an injury of the anterior cruciate ligament (ACL) and/or poste-
rior cruciate ligament (PCL) and/or lateral collaeral ligament (LCL)
and/or medial collateral ligament (MCL)

6. Compared to a normal knee, has obvious radiological evidence of
medial femoral squaring, anatomical variance in the medial tibial
platean or irregularly shaped cantilage surface

7. Had an ACL reconstruction performed < 9 moaths prior to surgery

8. Has a BMI> 32.5 at the time of screening

| Inchuded flr Intervention (1=11) |

Dic ot rocoiva localed torvenson (1<)
- Duir o temination of study

(e )]

= Lost 1o follow-up (n=0)
Meniscus prosthesis removed (ned)

Fig.1 Patient screening flowchart. OFf the planned 18 patients, only
11 were included at the moment of termination of the study

Table3 Adverse events
Patient  Adverse event | ‘Time after surgery of First Intervention Adverse event 2 Implant failure on Withdrawal from study
AE documentation (months afler surgery)
(months)
1201  Prolonged knee joint 3 MUA*® No Yes, after implant
stiffness and pain removal (7 months)
2203 Prolonged knee joint 3 MUA Yes (posterior horn  Yes, after implant
stiffness and pain lear) removal (7 months)
3302 Prolonged knee joint 4 Yes (small parrot Yes, after implant
stiffness and pain beak tear mid horn ~ removal (6 months)
(wear))
5101 Prolonged knee joint 3 Patient had an acute  Yes (fixation hole Yes, after implant
stiffness and pain moment and tear) remaoval (8 months)
thereafier pain and
swelling knee
a: MUA: manipulation under anaesthesia
100
0
£ o
A=
[
8 «

symptoms pain ADL Qol
KOOS Subscale
Ssoraening S-IMEU 86 MFU +u uu 2Ny

n=5 n=5 [ =1




Artimis™ o 5

Meet the people behind Artimis™

Tony van Tienen
Founder & CEO/CMO Management team

Creator of the artificial meniscus and
our orthopedic knee specialist.

(ATRO Medical DHP £ V)

NU surface & [k D ZEH
EEd BT

A study on the effectiveness of our prosthesis is
currently underway. Three hospitals are
conducting it:

St. Maartenskliniek in Nijmegen

Haaglanden MC in The Hague

MUMC+ in Maastricht

=S

FAWRBEICETIHANLHRDO—IKICDOWTENL £ L7,
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COI: The presenter has no conflict of interest.
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2R JTMRI E%ﬁxﬁ'— CIL il

N N D

Ref line _C

v' 1.2~3-Tesla, proton density (PD) &T2%, BrE D Ff—

Furumatsu et al. Int Orthop 2014
Kashihara, Furumatsu et al. Acta Med Okayama 2017

SR FTMRIRFZ S - EIR T

Flexion 10°

Flexion 90°

vV & AEEEET A= DIDEERIERK (SYNAPSE VINCENT, Fujifilm)

PD-weighted isotropic resolution fast spin—echo (FSE), 1-mm slice thickness

Okazaki Yo, Furumatsu T et al. KSSTA 2019




3XRITMRI: [E{2EE(

Okazaki Yo, Furumatsu T et al. KSSTA 2019
Manual segmentatlon

D=

Removed lateral menisci (a, b) and 3D-reconstructed menisci using SYNAPSE
VINCENT based on open MRI scans (¢, d).

Supplemental data

Table. The validation analysis in calculated volume by 3D MRI and water suspension methods.

Water suspension 3D MRI Correlation %4Error
volume (mm®) volume (mm”) coefficient :

LA RS 3016:% 758 2901 + 606 0982 46
Volume values are displayed as a mean * standard deviation.
Water suspension method were repeated 3 times.
The 3D MRI measurements were performed by three observers.

vV REEEHEICHET HIENTENE, ZHMEFEEL-

A

3RITMRI: [E{% 5T

Dube B et al. Osteoarthritis Cartilage 2018

fIlfE S f=segmenter HY careful manual segmentationd %

Imorphics, UK

Mean healthy menisci and

Imorphics have developed revolutionary patented technology to radically improve
the performance of 3D Statistical Models to automate segmentation and analysis of
virtually any anatomical structure or tissue in a 3D medical image.

v ETT




3XRITMRI: [E{2 5T

Wirth W et al. Magn Reson Med 2010

MR images were acquired using a proton density—weighted
fat—suppressed coronal fast spin echo sequence with 2 mm
slice thickness.

Manual segmentation by a single reader:::

Table 2
NT ACIAR ° 3D Measures of Meniscal Shape: Mean and Standard Deviation (SD} in Healthy Knees (KLGO0) and in Knees With Radiographic OA
(KLG2 or 3)°
KLGO KLG2 KLG3 P value: OA Test-retest
Mean sD Mean sD Mean sD vs non-0A (RMS S0
MMy mmé 1770 287 1956 287 2261 204 0.008 118
aMM.V 468 126 427 11 587 143 0.433 131
BMM.V 493 958 580 113 670 93.2 0.003 70.9
pMM.V 809 185 949 171 1004 187 0.021 60.2
MM.mEx Me 1.59 0.64 2.53 1.36 3.07 1.42 0.008 0.38
aMM.mEx.Me 1.97 0.88 229 0.67 278 0.28 0072 0.60
BMM.mEx. Me 1.48 0.71 2.57 1.44 3.26 1.58 0.004 038
pMM.mEx. Me 1.40 0.71 2.43 1.88 259 2.00 0113 053
MM.SLMe 819 181 982 213 1127 203 0.011 277
aMM. SIMe 765 218 819 141 966 240 0.279 304
BMM.SI.Me 738 191 203 172 1069 276 0.007 256
pMM.SI. Me 0.002 340

Segmentation software: Chondrometrics GmbH, Ainring, Germany (Image analysis service)

v #ER.SNETI R

3R ITMRI:
Amano H et al. KSSTA 2015 - : AT
1.5-T, 0.8 mm slice thickness -

'
1 {anterior) (posterior)
I

Semi—automatically segmentation with Virtual Place—M
(Medical Imaging Laboratory, Tokyo, Japan).

Constructed using the marching cubes technique with the
Visualization Toolkit (VTK, Kitware, Inc., Clifton Park, NY).

AZE Virtual Place, Canon, Japan

% >>-= = A

40-60°(ZHMF Tvertical tear
‘gap$$1.3 mmBAXT %/

v eSS AW
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3XRITMRI: (B2 ET{M

Jones LD et al. KSSTA 2018

3.0-T, 1.0 (?) mm slice thickness
Materialise Mimics, Belguim

/.‘: ]

e
L

Tibial edge

® Edge Tihia
® Edge Meniscus
Segmentation using Mimics (v. 14.1, Materialise, Belgium).

Meniscal segmentation was manually performed via a
method previously validated by Bowers et al.

3R ITMRI: [E{& 5T

Bowers ME et al. J Biomech 2007

Cadaveric knees Materialise Mimics, Belguim

3.0-T, 1.0 mm slice thickness Table 1

Mean (+1 standard deviation) MR-based and water displacement
volumes of one cadaver knee scanned 7 times (Aim 2)

Meniscus Water vol. mean MR-based mean YeError
(mm’; n=3) (mm%n="7)

Medial 3041 (+43) 2927 (+118)
Lateral 3067 (+71) 2801 (+112)

Water volume measurements were repeated 3 times.

T AR Y P S 4%

Volume (mm?)

Water volume technique (water displacement

measurement) T3 A R {KTEZ 518
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2R5TMRI: Ei{&EE
Kemnitz J et al. Magn Reson Mater Phy 2017
Manual segmentation& [E#g E D semi—automated segmentationZBAFELT=--- LN/ X (L dH S

Semi-Automated Segmentation Pipeline

User intervent ! Potential user intervention

(ASM mask ' (ACM mask manipulation)
Uemmmm e

placemel :

H
' "

Adaptive Iterame : Thresholding:

histogram : reﬂnemem Separate adductors/ IMF;

equalization adaplion ' Reshaping hamstrings

aaaaaa

DB
A

Agreement:
Dice Similarity Coefficient
Bland Altman Analysis

3R ITMRI: E{2 L
v #BROMRK - AL T D55

SoftwareZ F| FH L f=manual segmentation (semi—automated)

EREOFBIRAFTFEDREIL 5% FBE
Validationfg R A HESNTVDD (X,

SYNAPSE VINCENT, Fuijifilm, Japan

T’Tj"' Mimics, Materialise, Belguim

E DsoftwareZFAL=ELTEH. RHRTHAHD

B AROXE- &R ABOETTHNIL, 3RITMRITEHET %
MIENHBT=A5, EH#7F A RETR A EE TIXZHZHsegmentation
MEHDE---
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