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Nanova Biomaterials Inc. and FiberFIX™

«Z

Hao Li, ‘President & CEO

» A scientific and technological innovation enterprise that applies

advanced biomaterial technology for medical devices.

« Focus on minimally invasive surgery (sports medicine/arthroscopy,
laparoscopy) and medical cosmetology (oral, skin/wound), etc.
* Innovative and leading core technologies, including “polymer

composites” and “low temperature plasma”.

broad range of tendon applications including, but not
limited to, foot/ankle, knee and shoulder procedures.

The device received FDA 510(k) clearance in in 2020
for tendon and ligament repair.

Hyalex Orthopaedics’ HYALEX Cartilage System
was granted gh Device Designation from
FDA. The system is intended to repair cartilage defects
and restore function for patients with loss of knee articu-
lar cartilage and bone requiring surgery.

Unlike other cartilage solutions requiring multiple
surgeries and regeneration, HYALEX Cartilage is a
biomimetic materials platform designed to provide a
single-step, off-the-shelf, high strength, low friction, low
wear solution, Hyalex Orthopaedics has published evi-
dence of preservation of the cartilage counter-face with
its HYALEX Cartilage and is protected by more than 17
patents and trademarks worldwide.

Nanova Biomaterials introduced FiberFIX suture
anchors and interference screws, developed using pat-
ented nanocompasite technology. FiberFIX anchors and
screws have demonstrated enhanced resistance to break-
age/stripping during insertion and increased pull-out
strength after-insertion, which reduces the failure rates
during orthopedic operations. Real-time degradation
tests on FiberFIX devices have also indicated adequate
mechanical stability for three months and no sign of
self-catalytic degradation over two years of observation,
which brings significant benefits in soft tissue fixation

FiberFIX bioresorbable materials were developed
using breakthrough nanotechnology: biocomposites
enhanced by specially modified single crystalline
hydroxyapatite nanofibers. Nanofibers are about 100
nanometers in diameter and tens of micrometers in
length with a strength close to its theoretical strength,
several times stronger than stainless steel. Just like re-
bar in concrete, the specially modified nanofiber can
effectively strengthen the mechanical properties of the
composites. Furthermore, with over-100 times greater
surface area than traditional calcium
phosphate particles, FiberFIX devices
reduce acidic degradation of the
composites, and minimize the body's
inflammatory response. -~

Smith+Nephew launched  its
FAST-FIX FLEX Meniscal Repair
System, reportedly the only device to offer a surgeon-
guided, bendable needle and shaft providing access to
all zones of the meniscus. Improving access leads to a
greater opportunity to repair the meniscus rather than
remove it, resulting in long-term benefits to the patient.
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Building on the 15-year clinical legacy of its FAST-FIX
platform, Smith+Nephew’s FAST-FIX FLEX system uses
an alk-inside approach which may eliminate the need for
further incisions, reduce the risk of neurovascular injury,
and provide procedural efficiency to support faster operat-
ing times. The added ability to bend both the needle and
shaft enables surgeons access to the mid-body and anterior
zones, inaccessible by previous FAST-FIX devices. These
meniscal zones account for more than 40% of tears in
stable adult knees or roughly 400,000 procedures, (menis-
cal repairs and meniscectomies) per year in the US. alone.

FAST-FIX FLEX offers a 25% reduction in needle inser-
tion area as well as a repair that is more than 20% stron-
ger than the previous generation FAST-FIX 360 System.

Stryker received FDA clearance of InSpace, the first
balloon implant for arthroscopic treatment of mas-
sive irreparable rotator cuff tears. The technology was
acquired from OrthoSpace in 2019 and is the first of its
kind in the US. market, The InSpace balloon implant
has a long successful clinical history of over 10 years and
29,000 balloons implanted outside of the U.S,, as well as
the Level | study conducted across North America

The InSpace balloon implant is designed to restore the
subacromial space without requiring sutures or fixation
devices and has been demonstrated to improve shoul-
der motion and function

Julie A. Vetalice is BONEZONE's Editorial Assis

Stryker
InSpace
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Vetalice, Julie. “Sports Medicine Companies and Products to Know” BoneZone, vol. 21 no. 1 March 2022 p.52
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Current Orthopedic Materials In Surgeons tool Bag for Soft Tissue Fixation

Why metal Implants? w
« Advantages: excellent mechanical properties and easy to be sterilized; . rrrrrrr‘rrr”
Drawbacks: secondary surgery, MRI imaging artifact , and stress shielding. Generation 1 (Metal)

Why Bioresorbable implants?

Advantages: no secondary surgery, no load shielding for better tissue
healing, and compatibility with MRI imaging; Generation 2 (Bioabsorbable polymer)

Drawbacks: reduced strength, and late term inflammatory response.
Why most use Biocomposite currently?
Hydroxyapatite(Ca,,(PO,)s(OH),) as main component of bone minerals Generation 3 (Biocomposite)

Mg 0

Increased stiffness to match the stiffness of bone

Buffer acidic byproducts from degradation? NANOWVA Current state of the Art:

Incorporation of HA slows adverse degradation2 . . . .
P & » 3 Hybrid HA Nanofiber Biocomposite

Improved osteoconductivity3 ' £
-

1. Huntetal 2008
2. Hasegawa et al.2006

3. Hile et al. 2004, Tecklenberg et al. 2006 Interference Screw
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Current state of the Art: HA Nanofiber Reinforced Biocomposites

-~

Patented Pending design (63186473)

(US20120129970A1)

FDA cleared
K161174 Interference Screw &
K163672 Suture Anchor
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HA Nanofibers’s High Surface Area Enhances Inflammatory Buffer

PLLA device implanted

\ i Superficial erosion occurs, and fragmentation
in bone tissue

is caused by the hydrolytic degradation process

Inflammatory response production of Material has been degraded and
lactic acid and decrease in pH phagocytosed by inflammatory

5

The hydrolytic degradation process induces a decrease in
pH, which changes the inflammatory response from acute
to chronic;

Presence of calcium phosphate buffers inflammatory
response;

Buffer effect strongly correlated to surface area, HA fiber
significantly increase surface area.

The FiberFix™ composite has 37-45 times greater calcium
phosphate surface area compared to commercial HA or TCP .
particle devices YN <N l :
N .', ; g . < ™
HA nanofibers have 222 times greater surface FiberFix™ Fracture surface SEM showin
area compared to HA particle (~20um) per gram homogeneous distribution of HA
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Nanova™ Hybrid HA Composite Devices Mechanical Enhancement:

“Bend Before They Fracture”

Max Torque 7 X 23 mm Average Pullout Force7 X 23

6 : mm Screw HAP vs
— FiberFIX™, Nanova HAP/HANF

— Milagro® Depuy 800.0 %

_ 4.5 BioRCI® Smith & Nephew
E -
z Biosteon® Stryker oo
v £
s 3 S
° £ 400.0
s 5
= o
1.5 S
8- 200.0
0
0 25 50 75 100 0.0
Travel (°, deg) 7 X 23 mm Pullout Force
« 56% increase in max torque comparing to competitor 2 W HAP 510.5+ 28.5
« Significant increase in toughness (area under the curve) W HAP/HANF  7207% 37.5

* 41% increase in strength compared to HA particles alone
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FiberFix™ Interference Screw Design & Bench Testing

FiberFix™ Competitive Advantage

mNBlI m BioRCI® Smith & Nephew

/[\ /I\ . Conical tip for
1750 20% 120% easy insertion
Integrated
1500 5 head design
w
1250 I
o T “ 2
c
0, 9 :
§ 1000 67% 18/0 S$  Easytofind
bl S driverinsert )
Z 3 Full cannulation
= for guide wire
750
2
500 Drafted 6-star Symmetric threads for
driver for biaxial pull-out resistance
decrease in tibial and femoral tunnel
250 1 screw failure
o] 0
Pull-Out Rope Pull-Out  Push-out Max Torque
Resistance Resistance

Data on file Nanova Biomaterials Inc, 7 X 23 mm interference screw submitted to
FDA under FDA 510(k) K161174
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Interference Screw Procedure

Maintaining tension on the
graft, fix the femoral side of
the graft with the
interference screw in
standard fashion (Figure 5).
The screw should be
advanced until the head is
counter sunk slightly in the
femoral tunnelg”

Once the tunnels have been
created, use a passing suture to
pass the graft into the joint
through the tibial tunnel and then
femoral tunnel. Maintain tension
on the graft, and ensure correct
placement of graft before
continuing. )

The knee is prepared
for arthroscopic
surgery using
standard methods to

place portals.

Ensure that graft
tension is
maintained during
placement of the
screw . Check that
full extension of the
knee is possible.

Place a guide wire in the femoral
tunnel. If desired, the surgeon may
tap over the guide wire to create a
pre-threaded hole for the
interference screw. Remove the tap
and place the screw securely on the
screw driver. Insert the interference
screw over the guide wire and into
the knee joint.

A graft is obtained
and prepared for
reconstruction
through standard
procedures.
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FiberFix™ Push-In Anchor Design

Relatively short length reduces

/ amount of bone to removed

Conical tip for easy
insertion

Features allow
captured sutures
to slide but not
fall out of the
eyelet

One-way ridges ensure
strong fixation in bone

Integrated pre-loaded eyelet
for knotted suture technique Capturing eyelet for

knotless technique
Knotless approach

NAN OVA Nanova Confidential



Push-in Technique for Glenoid Labral Repair

Clip the suture flush with the surface using a suture
cutter. If additional fixation is needed, the pre-threaded
suture may be passed through the soft tissue.

The shoulder is prepared for arthroscopic
surgery using standard methods to place
portals in typical locations.

Repeat steps as deemed appropriate by the
surgeon and the size of the injury in order to
complete the repair

Place a suture through the labrum or
capsule according to the surgeon’s
preference. Pull the two ends of the suture
back out through the cannula to prevent
loss of the suture.

Capture the ends of the suture that was threaded
around or through the labrum with the prongs of the
suture anchor. Place the suture anchor and driver

Drill a pilot hole for the suture anchor to the through the guide, taking care that the suture remains

proper depth, ensuring firm pressure on the
guide to prevent slippage or rotation.

between the prongs.

NAN OVA Nanova Confidential 10



FiberFIX™ Screw-in Anchor Design & Bench Testing

Pullout Strength Commercial Screw-in Anchors
4.5mm

320

Hex insert provides a high
torque to anchor when
provide strong

inserting
\ fixation of anchor

Conical tip for
easy insertion
160 ‘ e
| . D
Relatively short l & \\
80 length reduces |
amount of bone to P
removed Increasing ID from distal to - Sl : /
proximal end of anchor T ¢ -
provides greater Internal eyelet allows sutures
interference fit in pilot hole to easily slide once fixated

240 Thread design

0 5
Nanova Arthrex ® Smith &
FiberFix™ Corkscrew® Nephew ® 8onM§g§) 3epll_1yg
Anchor TwinFix Ultra ® ross ealix

Data on file Nanova Biomaterials Inc, 4.5mm screw-in anchor submitted to FDA
under FDA 510(k) K163672
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Screw-in Anchor Procedure for Rotator Cuff Repair

The shoulder is prepared for Place a suture anchor and

arthroscopic surgery. Place portals driver through the cannula and

in standard locations. The joint is align with one of the pilot

examined, and the injury is holes. Screw the anchor into

prepared using an arthroscopic the bone to the appropriate

shaver and/or rasp depth, ensuring that the

anchor is flush or subflush with

the bone.

Pass each strand of Retrieve two corresponding ends of suture

Prepare a pilot hole in

suture through the from the accessory portal and out of the

the humerus by

rotator cuff tendon cannula. Tie the sutures and shuttle the knot

tapping the

according to the back into the shoulder. The tied suture should

instrument with a

surgeon’s preference pull the tendon over the suture anchor, and

mallet, ensuring that

the punch is inserted (Figure 4). the knot should sit as closely to the suture

to the laser line anchor as possible.
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Declining Confidence in Absorbable Materials

Negative studies have reduced
the appeal of traditional
absorbables

Material Composition

Polymer (matrix) % Composite (fill) %
PLDLA (70/30) 70% BCP (60HA/40B-TCP)
PLLA 75% HA

Manufacturer Product Name

30%
25%

Arthrex ®
Smith & Nephew®

Biocomposite Interference Screw

BioRCI-HA ©

Bioabsorbable interference screw

Denns € Kramer 1, Loslie A
Meng Yen 1, LyleJ Michel 1

f ® : ® o, (57 CaSO, /43 B-TCP o failure in anterior cruciate ligament Ataions spare
Smith & Nephew Biosure PLGA (85/15) 65% | 4 B ) 35% reconstruction: A case series and ey
review of the literature -
® P ® o, o,
Stryker BlOSteOn PLLA 75 A‘ HA 25 A) Jonathan N Watson 1, Peter McQueen 2, Walter Kim 3, Mark R 2B g0, 10180 021

A comprehensive scoping re
tibial cysts after anterior cru
ligament reconstruction

Nuno Camelo Barbosa 1, Jodo Pedro Cy
3, Vikzam Kandhari +, Thais Dutra Vieir

Hutchinson 4
o Affiiations expand
30% . PMID: 25795545 DOI: 10,1016/} knee.2015.02.015

Abstract
30%

70%
70%

DePuy Mitek ©
DePuy Mitek ©

PLGA (85/15)
PLLA

B-TCP
B-TCP

Milagro®
BioCryl®

Background: To report a case series of failures of bioabsorbable
interference screws with possible identification of a novel failure

ConMed Linvatec ® Matryx® SR-PLDLA (96/4)

ArthroCare © BiLok © PLLA

75%
75%

B-TCP
B-TCP

mechanism.

Methods: A retrospective review of ACL reconstructions by the
senior author utiizing BioComposite™ Interference Screws
(Arthvesx, Inc., Naples, FL) was performed. Compliications related
to screw placement, including fracture, breakage or bending

25%

PMID: 34151381 PMOID: PIC.
1-00356-9

Purpose: The purpase of this st
review of publihed Iterature rer

were examined. Our rate and methods of fail

1o those quoted in the current literature.

25%

Nanova ™ FiberFix ™ PLDLA (70/30)

75%

HA

Results: Eighty-seven
inclusion criteria. Thert
‘with femoral failure in ¢
screw fractured halfwa

25%

Milagro® Screw (PLGA)

FIBERFIX  (PLDLA)

BioRCI-HA® Screw (PLLA) /

/

uonepelboap 1oMo|S

7
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the head of the screw|
another. In the case
occurred halfway betw

Delayed Tibial Osteomyelitis after
Anterior Cruciate Ligament
Reconstruction with Hamstrings
Autograft and Bioabsorbable
Interference Screw: A Case Report
and Review of the Literature
gevm S Weiss 1, Justin M Weatherall 2, Jen Eick 3, James R
oss 2

Affiliations expand
. PMID: 29163995 PMCID: PMC5661094 DOI:

Foreign body reaction to a
bioabsorbable interference screw
after anterior cruciate ligament

iction
iar 1, Nadeem Baqai, Christopher Peck

n
+ 21686509 PMCID: PMC3027541 DOI: 10.1136/
8.1007

le

Nterference screws have been effective for graft
or cruciate ligament (ACL) reconstruction. The
stion rate associated with the use of these screws
unique problems have been reported i the
esent a case of unusual tissue reaction to a
nterference screw following ACL reconstruction.A
lerwent ACL reconstruction, during which a
nterference screw was used for graft fixation at :
he patient presented with a pretibial swelling at

Bioabsorbable screws, whatever the
composition, can result in
symptomatic intra-osseous tibial
tunnel cysts after ACL reconstruction

Romain Chevalier 1, Shahnaz Klouche 2 3, Antoine Gerometta
1 4, Yoann Bohu 1 4, Serge Herman 1 4, Nicolas Lefevre 1 4
Aftiations expand

. PMID: 29961095 DOI: 10.1007/500167-018-5037-9
Abstract

Purpose: To describe the clinical resuts of patients who
underwent surgical treatment for a intra-osseous tibial tunnel cyst

10.1156/2017/6383526 “the operation. Exploration revealed chalky white na cruciate
Free PMC article bioabsorbable screw with no evidence of ligament reconstruction (ACL)
Abstract ogical studies confirmed a foreign body reaction

Osteomyeliis following arthroscopically assisted anterior cruciate
ligament (ACL) reconstruction has rarely been reported in the
Iiterature. We report a case of a 20-year-old female who had delayed
tibial ind a pretibial cyst with culture-positive, oxacilln
sensitive Staphylococcus epidermids 15 months after an ACL
reconstruction with hamstring autograft. Soft tissue fixation within the
tibial tunnel was with a poly-L-D-lactic acid (PLDLA) bioabsorbable
interference screw. The patient underwent surgical treatment with
curettage, debrid 3 |, and bone grafting of the
tibial tunnel followed by a course of ntravenous antibiotics.
Arthroscopic evaluation demonstrated an intact ACL graft without any
evidence of intra-articular infection. The patient returned to collegiate
athletics without any complications. While the most common biologic
complications include prefibial cysts, granuloma formation, tunnel
widening, and inflammatory reactions, infection is exceedingly rare.
Late infection and osteomyeliis are also rare but can ocour and
should be considered in the differential diagnosis.

smnants with the presence of multinucleated
satient had a full recovery with no compromise to

foabsorbable interference screws are usually inert

a tissue reaction. The presentation can be as late

stoperative

ults can bt Perianchor Cyst Formation Around
Biocomposite Biodegradable Suture
Anchors After Rotator Cuff Repair

Sae Hoon Kim 1, Do Yeon Kim 2, Ji Eun Kwon 3, i Soon Park 4
. Joo Han Oh 5

Affiations expand
+ " PMID: 26482545 DO 10.1177/0363546515608484
Abstract

Methods: This retrospective study included all patients who
underwent surgery between 2004 and 2016 for an intra-osseous
tibial tunnel cyst on bioabsorbable interference screw following
ACL reconstruction. The diagnosis was suggested dlinically by
pretibial pain at the incision site, sometimes associated with a
palpable subcutaneous nodule and then confirmed on MRI. The
first stage of surgery included exploratory arthroscopy followed
by open excision/curettage of the cyst and then the tunnel was.
filed. The main criterion for outcome was a clinically norml knee
(no pain, 0-120 range of motion, stable, with no effusion) at 6
months of follow-up.

Results: This series included 53 patients, mean age 35.3 9.9
years old with a mean 4.6 = 3.1 years (between 3.1 months and
19 years) of follow-up after ligament reconstruction. The tial
screw was completely absorbed in 9/53 (17%) of patients, and

ackground:
yst formation or osteolysis. A new generation of anchors

fragmented in 22/53 (41.5%). At the 6-month follow-up, 42/53
2%) p had a normal knee, 11/53 (20.8%) persistent
pain in the cyst area, 52/53 (98.1%) normal range of motion and
53 (100%) a stable knee. A recurrent cyst developed at 2 years o

follow-up in one patient.

Hypothesis: "= Conclusion: Complete absorption of a bioabsorbable
severiy ofcyst formation around is long, increasing the risk of developing intra-
3 anchor types.

Study design: Conort study; Level of evidence, 2.

osseous tibial cysts during this period. The development of new
materials with improved absorption properties is needed.




Nanova HA/PLA Composite Bone Implantation Histopathology and Inherent Viscosity

Study

Conclusions:
Histology

Similar new bone formation and resorption/remodeling between test and

control sites

* No inflammation at test and control sites

« Test article exhibited no potential to induce local toxic effects in the skeletal

tissues

Inherent Viscosity

» FiberFx™ with PLDLA matrix demonstrates faster degradation compared
to BioRCI® (PLLA), but slower compared to Milagro® (PLGA)

TO T4 T8 | T12 | T16
FIBERFIX (PLDLA) 2.7 |1.72 | 1.71 | 1.57| 1.34
BIORCI (PLLA) 2.65 | 238|275 | 2.57| 2.22

Inherent Viscosity

NANOWVAN
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Strength Retention with HA Hybrid Nanocomposite

Pullout In Vitro Degradation

100%
« With the HA Hybrid composite strength 5 .\‘:*_d
is retained through the healing process E L
S £ 50%
. . :g’u' @ Screw In Pullout
e Both FiberFix™ Anchors & Interference o 25% ® Push In Pullout

screws demonstrated strength greater 0%
than FDA guidance and predicate
device benchmark testing in all time-
points

0 4 8 12 16
Time (weeks)
Mechanical In-Vitro
Degradation Bench Testing
110%

88% ‘\é

66%

‘~-’

A\

% Original

| — 44%
a ) = . ® Max Torque “® Rope Pullout
, ‘* 22% ® Pullout
vy

0%
0 4 8 12 16

Times (weeks) 15
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HA Nanofiber Dental Composite: Utilizing HA Nanofiber to improve Mechanical

Strength

* Two Class two Implant medical devices
v K150623: 6-18-2015

: / DEPARTENT OF HEALTH & HUMAN SERVICES N——

Food 1ed Drug Adisis

10905 New Hampahire Aveose
Dusument Coarol s - WOG.G609
Siher Speng, MD 20953.0002

June 18,2015

Senior Research Scientist
3806 Mojave Ct
Columbia, Missouri 65202

> Flowable Composite
Regulation Number: 21 CFR 872.3|

v K152004: 11-17-2015 =

> Universal Composite

Dear Mr. Ritts:

We have reviewed your Section S10(k) pf
referenced above and have determined thf
for use stated in the enclosure) to legally
commerce prior to May 28, 1976, the ena)
devices that have been reclassified in accf
. . and Cosmetic Act (Act) that do not requit

‘You may, therefore, market the device, st

e Contains the same HA nanofiber as the
devices, good manufacturing practice, lal

adulteration. Please note: CDRH does nf
warranties. We remind you, however, t

FIberFix™ interference Screw & Suture AnchorNovaPro™

\y.
<)
7/ g

7

!

NOVAPRO'™ FILL

DEPARTMENT OF HEALTH & HUMAN SERVICES Publc Hnlh Srvce

Food 1ed Drug Adinisicin
10905 New Hampaire Avesse
Siher Speng, MD 209930002

November 17,2015

Nanova Biomaterials, Inc.
Mr. Andrew Ritts

Senior Research Scientist
3806 Mojave Ct
Columbia, Missouri, 65202

B

K152004
Trade/Device Name: Nanova™ Universal Dental Composite
Regulation Number: 21 CFR 872.3690

Regulation Name: Tooth shade resin material

Regulatory Class: 11

Product Code: EBF

Dated: October 12,2015

Received: October 19, 2015

Dear Mr. Ritts:

We have reviewed your Section S10(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
commerce prior to May 28, 1976, the enactment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the provisions of the Federal Food. Drug,
and Cosmetic Act (Act) that do not require approval of a premarket approval application (PMA)
You may, therefore, market the device, subject to the general controls provisions of the Act
‘The general controls provisions of the Act include requirements for annual registration, listing of
devices, good ¢ practice, labeling, and prohibitions against misbranding
adulteration. Please note: CDRH does not evaluate information related to contract liability
warranties. We remind you, however, that device labeling must be truthful and not misleading

If your device is classified (see above) into either class II (Special Controls) or class 11l (PMAY), it
may be subject to additional controls. Existing major regulations affecting a
found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may
publish further concerning your device in the Federal Register.

NAN OVA Nanova Confidential
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Take Home Message

Superior performance through Patented HA fiber composite technology:
v A stronger and tougher composite, bend before they break
v Preferred degradation profile
v Improved biological properties

Intellectual properties
v Patented: Composition
v Patent Pending Push-in anchor design

v Trade secret: Materials synthesis and Processing

Further improved performance from design

v Composition may be utilized in other design
All Manufacturing done at Columbia, MO, USA Facility
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