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WHY A FOOT 2-“The human foot is a masterpiece of engineering and a work of
art.” Leonardo da Vinci
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10. Post graduate School at Central
Research Institute of Prosthetics (CNIIPP)-
Head Institute in USSR domain

8. Da Vinci Legacy ( “The 9. Studying TRIZ+da Vinci
a masterpiece of engineering and a Legacy+ Foundation of
work of art.”) Sciences
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PART1 BIOENGENEERING
Partl.1 Artificial Foot (IDEALITY, includes Symmetry)

“The human foot is a masterpiece of engineering and a work of art.” Leonardo da Vinci
«Yenoseyeckaa crona weaesp VIH)KEHepVIM N HactoALwlee nponsseaeHmne NCKyccrea»
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CENTRAL INSTITUTE OF PROSTETICS (CNIIPP)

Apply to us i your problems
connected with prosthetics are stll
unsolved
Wo'll sase your suftering
and 40 all we can 10 make you happy

The tollowing operations can be performed

in the operation section, furnished with

sophisticaled equipment:

B orthopedic and Yaumatsiogse reconstiuction;

B plastic operations on the limbs and body,
noLgng micfovascular grafting of the skn
faps, digts, mudcion. bones and jointe

8 restoration of parighernl necvos:

W olmination of coumetc dolects
We treat patients suffering from:

B congonital  and  mtdured  deloernation  of
s

B oTopedc Gseases and traumas;

8 oncological and vascubar duoasos,
favght with ampusasion;

B diabates
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Why “TRIZ in Medicine”?

* Today we are: students, teachers, programmers, engineers,
managers, sportsmen, supermen )

 Tomorrow we are patients (




Cause of Amputations

TuMoUR NOT INDICATED
7% 3%

INFECTION
1%

NON DIABETIC
GANGRENE
7%

Nauropathy & vascular condiions
81.9%




Inheritance of System

“man-artificial organs-medicine-environment”

Super System Level 1.Class A.
Man

Super System Level 2. Class B Super System Level 2. Class C
Artificial organs Medicine

Super System Level
Super System Level 3. = 3 élass - Class C1 Class C2 Class C3

-C.Ia.ss £ Other artificial Diagnostics Drugs Therapy
Artificial Limbs systems \ A / C31
VV Vibro Scanner

System 1, B 1.1 System 2,81.2 System 3, B 1.3 Class C 2.1 Class C 2.2 Class C 2.3. Class C 2.4.

Upper Limbs Lower Limbs MDR

Prosthesis Prosthesis DnEEE N e Anti-Diabetics Anti-Cancer Anti-Viral
\A/

B1.1.1.

Myoelectric REES I
Class C 2.5. Class C2.7 Class C2.8 Class C 2.9

Regeneration Dynamic Dynamic Anti-

Bii2 Hemostops enhancers antibiotics Vaccines Atherosclerosis

Mechanical

Subsystem 1, Subsystem 2, Subsystem 3

class B 1.2.1 class B 1.2.2 Class B1.2.3 A - A System has own Subclasses (not shown)
Artificial foot Knee Unit Hip Unit




Our Methods of developing New Paradigms in all projects in medical field are based on:

1Classical TRIZ (theory of inventive problem solving),

2. Mathematical Modeling

3.Multiple synergisms

4. Modern Science, design and technologies in numerous

different fields.

5. Bionics

s.Limited time and space limits with deep explanation of
TRIZ application in each our project

TRIZ Biopharma International LLC & Noigel LLC are the only pharma
companies in the World, which philosophy is TRIZ in Bioengineering and

Pharma
V=4

NOIGEL.LLC \\




My TRIZ innovation Roadmap in Bioengineering (ragment)

What parameters of the
Scientific analysis of a
problem

What are the best
problems to solve?

What are the right
problems to solve?

product does it make
sense to improve?

~—

Portfolio Biomechanical Needs Problem
Analysis Analysis Analysis Identification
Kinematics Trends of |deality Principles of
Patents and Dynamics Engineering System Resolving
Publications Energy Evolution S-curve Analysis Contradictions
Analysis Podogram . - ——
Y Pestogram Identification and Function Analysis Functlson Olli:ented
EMG analysis of Main Couse-Effect Chain —
Real Market Parameters of Value Analysis Standard Inventive
Analysis Analysis of Physical (MPVc) Solutions
and Mechanical Trimming
) s parameters STATICS Selection of ARIZ
Patlent Ana ySIS and DYNAMICS innovation Targets Key problem Scientific Effect
. g .
VoC (Voice of Selection Database
Customer) Durability Conversion of MVPs Tactic Problem Macrolevel
Analysis to Physical Identification Algorithms
Expert Analysis L e Strategic Problem Su-Field Analysi
P Y Anticipatory — Identification u-rield Analysis
rends o

Failure
Determination

Engineering Systems

Evolution

Trends of
Engineering System
Evolution




Wi as reeeem TRIZ innovation Roadmap in Bioengineering (continue)

believe the developed
solution will work?

Implementation

Biomechanical IP protection
analysis

Technical
Documentation

Failure
Anticipation Producing
Analysis experimental series

Durability Testing
Synergy analysis

. Patient testin
IP potential g

evaluation Correction to technical
documentation

Social impact
justification

Biomechanical
Research

Failure Anticipation
Analysis

Preparation for mass
production




Cause-Effect Chains Analysis for Artificial Foot Design (fragment)

Key
Disadvantage 1
Wrong
Weight
Strength
Optimization

Key
Disadvantage 1
Wrong
Elastic
Elements
optimization
No
customization
(“-"analogy
with shoes)

Key
Disadvantage 3
Wrong mass
Distribution

Strong but

excessive
heavy

Not Durable

and Strong
enough

Fatigue
Headache

Back
Pain

Joints
pain

Not

Comfortable
and difficult
to walk




System Operator for Artificial Foot Design

Super system: A Man
(including bionics
foot control)

System: Lower limb
prosthesis (including
foot control

Low-functional
“pirate” prostheses

Not anthropomorphic Subsystem: Artificial
foot Foot

Active Prostheses with external
energy sources, increased
functionality and control

Dynamic Active functional
foot with advance control
and recuperation

Ideal final result

Avoiding amputation.
Treatment & Regeneration of
all organs. Cloning

Treatment & Regeneration of
the lower extremities.
Avoiding amputation. Cloning

Treatment & Regeneration of
the foot. Avoiding
Amputation




Tactics & Strategy for Foot design Problem Identification

Problem Identification

Strategy
Tactics Based on S-curve go to a new

In order to implement fast new foot system:
for patients, based on MPVs, to avoid
creating diverse forms of rigging and

press forms for different shoe sizes,
men, women, kids, different heal
height from scratch (keeping in mind External sources of energy
S-curve).
Solve problems:

Rationalize mass-inertia parameters
distribution

Parameters of elastic elements
customize for a patient

Analyze system operator for solving
supplementary problems

16



Farber B. et al., Biomechanical basis of choosing the rational mass and its distribution throughout
the lower limb prosthesis segments

e Journal of Rehabilitation Research and Development Vol . 32 No. 4, November 1995 Pages 325-336

Figure 2.
Scheme of a device foe determining the position of a center of mass
ol @ claun

Figure 7.

Muss memul chanowrstics of 2 compiex chain smk "« fixe <
foutwess™ for AK prosbess

P is the mass us & percenmpe of et human Budy mass sune radies
12 and inertial Tabus 3o cxpressed as o percantage of the Sweance
“knee-floor* 1.2, On the X-cooedege o the froad displacement of
the wial cemter of masses (TOM) refutnl 10 the man’s hesghe,
St stump; Ti=komg st lsborder of lower and mablic Sed
of & hip, 1Vahalf of & hip; Vebueder of middie and upper furd of o

hip

i

’
..* ‘l
Lot \ |
20t N L
20t \’
i
ot -y ﬁ
-
w.
% ba
A b
a5 L
g0+
> \__-Z
0
Lac
% L2
»
&5t /
S ==

Iss

385

465 95 a2

I wmwwy

oSS
AN W Py

=

S
l"
Wi
/ /
/
'
'/

/4

(J ~\ Z'

z Se : =4
AN

~h
ﬁg ‘-qbi\ £
oy ~ A2
NS

R

W W 2
:‘§ T~ 2
&gf' 3 —r 8Z
NE Je5235  L053p53%5
3

Figure X,

Mauw-inertml clumoerstics of o compies chass yhank 4+ N +
footwear'” far BK prosilises

b=Ploagoy stumng; T=long stump; lsborder of middle and lowes
thind of 3 shank: IVebalf of 4 ik, Vebonles of sudlle e wper
thind of & sSask: Viechon BX sesalisal limb



ion Toward Increased Dynamism and Controllability

Evolut

#1498490,

ial Foot, Eight Patents

IC

Artifi

o 4

. et al

ials Farber B

te mater
# 1761136,

Compos

TRIZ Principle #40

iples #14.

INC

# 1409258,TRIZ Pri

4

# 1410970, # 1600759

’

# 1454450 , # 1338856

Spheroidal # 2012285

U =

=

TR\
Ay d ' B
sy |
shali Loy
ol T.vc,

.OOOﬁ
Ve

AN
ey
TSN

W

¥




PART 1.2 KNEE UNITS KNEE UNITS
CLASSIFICATION

Lower
Limb

Momentum

Foot Trajectory Inertia

Dissipative
Forces

R Pneumatics

Viscosity /
Elasticity

Recuperation =

Hill strike phase

Toe off phase §

Shank
acceleration

s External

Mechanical Rheumatic m Electro source of
mechanics energy




System Operator for Above Knee Prosthetics Unit Design Swing phase

Super system:

Ideal final result

Treatment
& Regeneration of all
A Man organs. Cloning

Prostheses with external
energy sources, increased
functionality and control

Low-functional “pirate” System: Lower limb
prostheses prosthesis

Treatment & Regeneration of
the lower extremities. Cloning

Su bsystem; Functional knee units Treatment & Regeneration of

the knee joints. Avoiding
Amputation

No knee units GEERR with advance control




Ishikawa (Cause and Effect) Diagram for Above Knee Prothetcs Knee Unit Design

swing phase

sStrength & Durability

WOorK resources

Knee Unit
Functionality

Crank curve Extra Forces
I "‘I I | 2308 Wearing axes
2D-3D
Problems Wearing joints
Intersecting
Axes Noise in joints
Paraliel Axes Breaking Links
Reactions in Fatique
kinematic pairs Materials
Structural
Formula

ranslating
Slide Pair

[ Hydraulik |

___Systems |
n

Mechanism

Control Problem
Maintenance
Decreasing
rabil

Kinematics Similarity

Prismatic Slider Pair

Self adjusted for Rate of Gait

Above Knee
Prosthetics Multi
Functional Knee

Unit




Functional analysis of the most typical knee units Swing Phase (rgmen

A: Cause: C: Cause:

Biomechanical functions e Our solution:
o 2 c jectory
Swing Phase B: Cause Improved . Kinematic & dynamic D: Cause

Trajectory acceleration in swing . More symmetry 1. Improve durability

Kinematic & dynamic h . Less energy cost 2 Improve trajectory
phase Less scoliosis .
: 3 Improved centroid

.. 4 Improved acceleration
SRIENEILGEE :
5 Decrease weight

units 4 bar knee 6 Improve kinematic & dynamic

— Units with rotating pairs 7 Improve resource
Uniaxial knee 8 Eliminate extra weight

balancing weight and Four bar With crank dissipative element
spring crank mechanism knee units mechanism

D: The_l-st in th.e World
self adjusted guide knee

L
Ld
L4
L4
o
L4
L
L
L]
L]
L
L]
a

C3

: E Friction mechanism without
: - additional links
Hydraulic
Pneumatic

C5 1 We combined all positive features
B: Negative effects: . of A,B,C
& . : Hydraul|c 2 We made 3 trimmings
1'4A” the same asin A 2.1 We trimmed extra links

5.Extra Weight : Magneto 2.2 We trimmed extra weight
. . in structural synthesis

A: Negative effects: 6.Lower durability : reological 2.3 We trimmed crank
Scoliosis C: Negative effects: mechanism

Patients extra energy lost . Increasing weight 3Wei d ideali
Vascular overloading Increasing a numbered elements e increased ideality
e Decreasing durability 4 \We decreased negative effects

Decreasing resources

Magneto
Rheological




TRIZ structure of the functional-biomechanical method of improving the system “man - prosthesis (orthosis) - environment”

v

Technological

Function Functional and Structural Parametric Functional

oriented biomechanical . thesi devices for

search properties synthesm Synthesis Interfaces assembly

: v : Physical

Mathematical TRIZ Transition from Theory of
m Od elin g : . micro to macro rational effects
Trlmmmg level <-> mechanisms
A t M £ \ Motion
rrangemen ovement in i i .
Biomechanical Correction

of hinges joints
- J research

Trajectory of
movement

Inter-link

In place of Degrees of .
thepnatur'al frgedom MDbIlItV | Support !
angles reactions Common
center of
Distal : Elasticity/ Passive mass
[ I i . : Electro-
(proximal) Viscosity moments i Kinematic SIS

momentum

Elasticity/ Moments

Viscosity active Dynamic Functional
length

Anticipatory
Failure
Determination

Functional
length

Sustainahility




Swing phase prosthetic leg trajectory and
scoliosis




Problem Identification for Knee Units and Super System Lower Limb Prosthetics

Problem Identification

e —"
Strategy

Based on S-curve
Create a new module TITANIUM
system of prosthetics for any
level of amputation

Tactics
Program minimum
Design a knee unit which combines
property of all 4 units on the market,

including:
1. Multi axes knee unit Modular system
2. Knee unit with balancing ....
3. Light
4. Durable 3-D movement knee units
5. Easy to produce
6. Easy to connect with control

Magneto rheological and

devices without extra element
computer control

7. Aluminum Version on this stage

External source of energy for
main biomechanic parameters




Farber B. et al., Kinematics of knee joint and
Structural Synthesis of guide knee Mechanism

W=6n-5p.-4p,-3p5-2p,-p;
W=6x3-5x4=-2
W=6x3-5x2-4x1-3x1=+1




The first in the World Guide Knee Units with pairs of 4t & 5t classes: Farber B. et al.,

Guide Rocker Knee Patent # 1138151 and Guide Self adjusted
Knee Units with pairs of 3rd 4t & 5% classes: Farber B. et al., Patent #2062073
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Farber B. et al., adjustable model of guide knee mechanism Patent #1138151
Swing phase: guide rocker knee mechanism
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Farber B. et al., Rocker Knee mechanism D16T
Patent # 1138151 Producing by Semashko Plant
Moment Inertia as a function of time (knee angle) in a swing phase
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Farber B. et al., Above knee prosthetics with guide rocker unit Patent

#2062073 ,Patent # 1466738 guide rocker unit for knee disarticulation




MODULAR SYSTEM OF LOWER LIMB PROSTHETICS

Rocket and Space Corporation RKK “Energiya”, is a Russian
manufacturer of ballistic missile, spacecraft and space

station components, prime developer and contractor of the

Russian manned spaceflight program.
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Knee units system produced by “Energia”. Gold Medal World Exhibition of Innovation, Research and New
Technologies “Brussels INNOVA”




Advantages of our knee unit :

1 Combined all positive features of A,B,C-main existing knee

units

m
m
. Im

© 0 NOUAWN

proveo
proveo

provec

. Increased ideality
. Trimmeo
Trimmec
Trimmec
Improved durability and resources

extra links
extra weight by structural synthesis (IFR)
crank mechanism, but maintained its action (IFR)

trajectory
centroids
momentum of inertia without extra weight(IFR)

10. Improved kinematic & dynamic
11.Improved application of dissipative element



Lev Yashin the "Black Panther” considered by as
the greatest goalkeeper in the history of the
sport




Tatyana Kuznetsova (above knee amputation) World Champion in
NY Marathon

PYCCKWIA MHBAIA N5

14

Hpeocmagancs namy cobecedumgy:

Tianu Kyaneyooa, cryd, eand
CROM  2OCY Mg AL
Whrausecnogi Ky anmype u cnopma; ¢ 1988
200G PEIYARPNG YNACTOYENI @ COPeRND-
CERUBX o Oy ne damniwe ducaaniy
W el cmpraree, w2 pydevcos, e
ARONKG MOpR o Gere ua wapadoncyno
ducmannunr (42 ks 195 smempow), obso-
Poxcumicannay dana ... wi apuounese, Ee
nocacdnee docmiueenne « mobGeda o s
acenumon Huo-flopreson vapagione, e

7 J - omeve AT
Rarmowaen o nooneckoenman  Kaaw-
R ade wat Jaeode, 10E POWIAAUCH Hep-
ONE NCKYCTIMBENNNE  CRyminunn  Feseau,
20€ U CCLOONN COIMMETIER DIIENCCR e -
AN NOCMNUSOCKan mexmnsa,

HHTEPELIO C HEMITHOHKOR MAPA

= A N 80R whapT
w WA argsas B ogun »

W IO - ORI |
RIS B IR TAE ¥ WA
PRARTE WITTD & BT 8 . Pathes
COn "o Sxvmmm, THTEEIALS by
TOAA. MMt =g 1ET0A00 "TIACTA MERAY
o sacTeEr. R apakss ‘Seeniey” {10

e P T [wraTe, tows
A v VT PRI e
eecaavy 8 My Poscte wgato
o TR, Wre rty pme b e
- OOeRs

Famsesaeare o tnm Aostmds w
POSe, Duneatmin av o o Moo
worororo?

e otnosieen a0 & e
IS LIWORET AN e
WCINOETE BT THIR, M DRt W
S RIROR, S0 T D T Cretee
Wy TEIe YLD SA0Ge e
s A JRE 0 e Y O

Ta, y xoro ner Borm, — »o raune Mapadona, Uypecal..

MOJIOZASA OAMA HA NMPOTE3E

qarAy Ay
Ecrs me veagrapaises » =5

- Besyererse e 8 Moo lase
P A0t ‘Rsataes WYes el aY
ITCNS § AR Y TYedsTs
W0 et O sume vz Cacven
O TR 18 LR0N, e Yy
Sl T T — Y
"2 ARToe [amen - Sageen
SONTME PRSAIRE Pt w et
A MISElION, SRR 4 IOET 4O D
TIY € TN, PERAMT. s ¢
— e ey S

D Onaw apeue o« Tars coen oz by
St Wit Macesecastg  amSs
EWCTOMNTR SRR, W) MR,
et
R s i, e e ey
PTG Spew rSecpRiL Sona W
R e s o e

~ DO e . A peetean @
Frooe BR0fGe 0000 TCMRTES Lty
TROTHD W Tpw fen - e

» 0 1998 wour spawe wees Dhee

AR BEY pantd wase & el et
Toran vas v 0w Picanw e

v pis Naweescan Wes e

MAR 1005

B R L
PORTLETRISRAR BaPBwtl AWS ey " he
TR ITB e —— VAT SR

BT San whtusenes o0 B

TRt Aty Geiga WY Lo
e acper. NOCKTIN, WI0 Tee

CRRRET, MACRITRAE B A TRES

Koreranne

1
f
'




The first in the World Guide Self adjusted
Knee Units with pairs of 374 4t & 5t classes:
Farber B. et al.,




Levels of abstraction of knee units Swing phase

Mechanical units \
Guide Crank
Base tube mechanism

Dissipative units

Magneto
Rheological




Knee Units
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‘7 Micro-Macro Level” Transition
Problem solving
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TRIZ Principle 15. Dynamicity
Farber B. et al., Multi axes Dynamic Vehicle Patent #1199885 Farber B. et al.,,
Unbalanced Vibrator Patent # 649478
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PART 2: Vibrobiomechanics Golovchenko G.G: Pine Needle Rust -is great example of Nature Wisdom
Analogy with Music of Forest (Rustle of the Forest M.K.Ciurlionis-G.G.Golovchenko )

HYPOTHESIS-vibro tactile contact a foot with ground suppose to be used by Nature

Wind is mechanical energy.
The wind that sways the
leaves of plants helps them
accumulate nutrients.
Where the wind does the
greatest work - at the
junctions of leaves with
branches, and branches
with a trunk.




MY APPROACH to Wisdom of Nature in Biomechanics

Farber B.et al., An approach to high quality prosthetics through biomechanical data analysis of motion defects. - In: Second World Congress of Biomechanics. Amsterdam, The Netherlands,
1994, v.1, p.285.

Anticipatory Failure Determination2 (AFD2)-anesthesia of the foot with Novocain and study Biomechanics
Anticipatory Failure Determination 1 (AFD 1) in studying lower limbs prosthetics applying “wrong” elasticity
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PART 2: Vibrobiomechanics
Function-Oriented application for patients after strokes and heart attack:
Vater-Pacini corpuscle. Nerve Parameters as a function of pressure & ground
reactions
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Pressure sensor
numbering

®

MY APPROACH to Wisdom of Nature in Biomechanics
After studying a subsystem-artificial foot | moved to a Super System - a MAN
(Foot Control)
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Relative time for visual and vibro tactile sensors reaction
Probability of detecting a vibrating signal on noise background
Pilot Cabin with Vibro tactile sensors
Device for studying impact of vibration on human body control
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Contradiction: In order to recover faster, patient should do mild exercises, including
walking, but he/she can’t walk.
How to walk without walking-
“Smart Shoes”-Vibro Scanner //Time diagram of vibrator control in Vibro Scanner
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TRIZ Principles #1s. Mechanical vibration
Farber B. et al., Transport Control (Pilot Cabin with Vibro tactile sensors) Patent # 2100224
Relative time for visual and vibro tactile sensors reaction. From Earth to Space: Spacemen
Sensitivity after flying in spaceship “Saliut-6” (and others) and using vibroscanner
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Functional-oriented application for different fields: TRIZ Principle#
23.Feddback #18.Mechanical vibration Blind-Mute-Deaf people running
without non blind assistant, based on our “vibro” solution




: ELECTROSTIMULATION

SCOLIOZIS IN CHILDREN




Farber B. et al., Orthotics: Patent # 1584940




Farber B. et al., Compression-distraction apparatus
for osteosynthesis Patent #1553091
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Annapat BonkoBa-OraHecsaHaBonkoBa —
LLUAaPHUPHO-AUCTPAKLMOHHbIE annaparthl

YcTpaHeHMe KOHTpaKTypbl KOJIEHHOrO cycTaBa LUapHUPHO-
OUCTPaKLMOHHbIM annapaTtom BonkoBa—OraHecsiHa

opToneanyeckme annapaTbl A1 AMHaMUYECKOW pa3rpy3ku
CyCTaBa Npu coxpaHeHUn NoCTOAHHOW ANCTPaKLnn
CYCTaBHbIX KOHLIOB, @ Takxe Angd pa3paboTku ABMXXEHUN B
pa3rpy>xeHHOM cycTaBe, npeacrasnstoume cobom xecTtkue
KapKacCHble KOHCTPYKUUKU, DUKCUpPYEMbIE HA CnUuax,
NpOBEeAEHHbIX Yepe3 CYCTaBHble KOHLbI COOTBETCTBYHOLWMNX
KOCTen, CHab>XeHHble pa3aBuMXXHbIMU ANCTPAKTOpPaMu C

lapHnpamm, obecneumsatowmMMm BOCNpon3BeaeHmne
ABMXXEHUN B CyCTaBe.
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Farber B. et al., Photo elasticity for Foot Studies

Par. 2

Pue. 2. Kapruna norep@eperuuoiiinx mosoc B MOACIH HAOCKOLTGUON CTORLT,




Farber B. et al., Artificial Foot,
2 Patents #1498490, # 133856

1498490




My plan was to study a Subsystem (a Foot), but using System operator |
decided to move to a System ( Lower Limb Prosthesis), where another
subsystem —Knee Unit needed serious design

PLAN B




2019 we celebrated 500 years of Leonardo Da Vinci Death.

(presentation in Florence June 16-19, 2019)
XXX ISPIM INNOVATION CONFERENCE
Celebrating Innovation - 500 Years Since Da Vinci
16-19 June 2019 - Florence, Italy




55 year-long fascinating experiment inspired

By Leonardo Da

TRIZ Biopharma International, Corp; Noigel, LLC New York, NY R

http://trizbiopharma.com/

http://nanoigel.com/

INTRODUCTION N ¢

Two the most important events happen in my childhood. The first was a present
I received from parents for my 10* birthday, a collection of books and coins
dedicated to Leonardo Da Vinct, since my father’s favorite character was Da
Vinci. The second event occurred when [ was 11. Father introduced me to
TRIZ a new philosophy of system thinking, and year later, he introduced me to
Genrich Altshuller. These events inspired me to want to understanding the
legacy of Leonardo Da Vinci from different perspectives, including TRIZ.
Leonardo’s Notebooks became my guide.

In studying Da Vinct’s legacy a few facts stood out to me. Firstly, Da Vinci
displayed top skills in an unbelievable number of diverse areas. Mankind has
never seen such a prolific individual across such a vast array of fields. Secondly
Da Vinct, in addition to great scientific brilliance he was one of the greatest
artists the world has ever known. As Da Vinci himself said “The human foot is a
masterpiece of engineering and a work of art.” The last fact that stood out to me
was Da Vinet's discovery of the wave nature of light. Specifically, Leonardo
studied interference and diffraction in optics and nanotechnology many centuries
before they were discovered by the broader scientific community

OBJECTIVE: 5 GOALS

I set five goals for myself:1. To get a deep knowledge and well-rounded
education, 2. To study all Da Vinci's fields of knowledge including
biomechanics,3. To study optics and nanotechnology 4. To study Leonardo Da
Vinci's scientific legacy, 5. Specifically to study the relationship between various
fields of Da Vinci's science and his art. [ collected a list of Da Vincet's fields of
knowledge, based on which created my study path which have been following all
my life.

The poster shows some relationships examples between Da Vinci ideas from
diverse fields and their impact on our project implementations, related to
these fields.

PART A . SYNERGY IN BIOENGINEERING: 1 have st the task of 2
fundamental breakthrough in technology and the creation of new ar H 1
upper limb prosthetics and orthotics - ' , (

/

CONCLUSION

As a result, | pursued a diverse education in 19 institution and post graduate
schools, which has helped me in creativity not only in the fields which were
collected on the list, but also with overlapping their numerous combinations
which have been successfully used for more than 700 hundreds of my projects
and inventions and hundreds of publications. Da Vinci ideas from diverse ficlds
made great impact on many of our project implementations related to these
fields.

5. HYDRAULICS AND MAGNETO REOLOGICAL LIQUIDS | 1.2.9.10.11 |

TNANOTECHNOLOGY: 7.1 SFUMATO & ONCOLOGY



OBJECTIVE: 5 GOALS
I set five goals for myself: 1. To get a deep knowledge and well-rounded
education, 2. To study all Da Viner's fields of knowledge mcluding
biomechanics 3. To study optics and nanotechnology 4. To study Leonardo Da
Vincr's scientific legacy. 5. Specifically to study the relationship between vanous
ficlds of Da Vinei's science and his ant. | collected a hist of Da Vinet's ficlds of
knowledge, based on which created my study path which have been following all
my life.

The poster shows some relationships examples between Da Vinci ideas from
diverse ficlds and their impact on our project implementations, related to
these fields.

PART A.SYNERGY IN BIOENGINEERINGE: 1 have st the tack of «
fundamental breskthrough in technology and the creation of new ar
upper humb prosthetics 2nd orthotics

CONTACTS

Dr.Boris Farber drfarber@nanoigel.com
https://www.linkedin.com/in/dr-boris-farber-0309b6121/

.. New York, NY phone 1-718-300-0371
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6. MULTIAXES VEHICLES [1.2.12 |

{1
¢ Da Vinci road journey
approved that educations in his fields gives boost of synergy and
sheds light on blind spots in Da Vinci legacy, which is especially

important in the 500th anniversary of the death of a great genius.
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Farber B. et al., Compression-distraction apparatus
for osteosynthesis Patent #1553091
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S- curve for Prothesis Knee Units




“Macro-Level” Problem solving







TRIZ Principle #17. Farber B. et al., Patent # 2049446
IMPLEMENTATION OF THE FIRST 3D MOVEMENT KNEE UNIT
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Hundpakuna dpayHrodepa Ha

Lenn

[lnockas MOHOXPOMaTUN4HeCKad CBE€TOBaAd BOJIHaA
NMnagdaetT HOpMaJibHO TJIOCKOCTW LUEJIN LLII/IpI/IHOl7| d.

[MapannenbHble NYYKU JIy4en, BoIXOOAALLNE U3
LLLesIN B MPOU3BOJIbHOM HanpasJsieHun ¢ (dp — yron

andpakumn), cobuparoTcs IMH30M B ToYKe B.




Odudppak UMOHHbIe KAPTUHbI OT LLenun
e

OcoOeHHOCTH
AH(PPaAKLHOHHOH KAPTHHBI

B ueHTpe KapTHHbI BO3HHKAET
CBeTJIas 1noJjoca

OO0ObsSICHEHHE

BropHuHbI€ BOJIHBI B
HATPaBJICHHH,

EPHEHANKYISPHOM  LLEJIH,

HMEIOT OJHHAKOBYIO
(pasy. Ilosromy npu ux
HAJIOKCHHH aMIUIHTY 1A
KOJIcOAHHH YBEJIHYHBACTCS
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PART 4: Magnetic fluids in medicine

Farber B. et al., Patent 2032434, 1993

Magneto rheological device and method of control Farber B. et al.,
Rheomagnetic training device Patent 2081643,1993
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System Operator for The First Hip Disarticulation Lower Limb Prosthetics

Hip Unit Desig

Super system:

Ideal final result

Treatment
& Regeneration of all
A Man organs. Cloning

Prostheses with external
energy sources, increased
functionality and control

Low-functional
Prostheses without
movement in hip

Treatment & Regeneration of
the lower extremities. Cloning

System: Lower limb
prosthesis

Treatment & Regeneration of
the hip joints. Avoiding
Amputation

Subsystem: Functional hip units
Hip Disarticulation Unit with advance control

No hip units




Subsystem2-Supersystem-Subsystem3
Farber B. et al., The First Hip Disarticulation Lower

Limb Prosthetics with guide element Patent #1600758




Farber B. et al., The First Hip Disarticulation Lower
Limb Prosthetics with guide element Patent #1600758

* Subsystem2-Supersystem-Subsystem3
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Farber B. et al., Patent # 2012286 “Spiral
Poynting effect” Socket




Inheritance of System

“man-artificial organs-medicine-environment”

Super System Level 1.Class A.
Man

Super System Level 2. Class B Super System Level 2. Class C
Artificial organs Medicine

Super System Level
Super System Level 3. = 3 élass - Class C1 Class C2 Class C3

-C.Ia.ss £ Other artificial Diagnostics Drugs Therapy
Artificial Limbs systems \ A / C31
VV Vibro Scanner

System 1, B 1.1 System 2,81.2 System 3, B 1.3 Class C 2.1 Class C 2.2 Class C 2.3. Class C 2.4.

Upper Limbs Lower Limbs MDR

Prosthesis Prosthesis DnEEE N e Anti-Diabetics Anti-Cancer Anti-Viral
\A/

B1.1.1.

Myoelectric REES I
Class C 2.5. Class C2.7 Class C2.8 Class C 2.9

Regeneration Dynamic Dynamic Anti-

Bii2 Hemostops enhancers antibiotics Vaccines Atherosclerosis

Mechanical

Subsystem 1, Subsystem 2, Subsystem 3

class B 1.2.1 class B 1.2.2 Class B1.2.3 A - A System has own Subclasses (not shown)
Artificial foot Knee Unit Hip Unit




M. YiopneHuc "PeKc"
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The Key to NOIGEL's breakthrough

Line 1. Repurposing FDA approved generic drugs .
1: Multiple drug resistance bacteria (MDR) new paradigm to fight MDR.
2: Polymyxin Nephroprotectors to reduce polymyxin nephrotoxicity.
. 4 | 3:Composition stimulating autologous stem cells and activate tissue
oM e regeneration
= 4: Medical Device, Binary hemostatic, biocompatible and biodegradable.
5: New approach of Metformin use with reduced Gastrointestinal side effects.
6: Anti-TB drugs based on stimulants of complete phagocytosis

Line 2. Novel drugs generation “dynamic drugs” vs “static” drugs.

1. Anticancer agent based on RNA fragments (fRNA- fractionated)

2. Vaccines Supramolecular nanostructures on the basis of phospholipids
modified peptides.

3. Antiviral drug based on modified peptides
Yy 4. Oral insulin based on self-organizing modified peptides
—“/< Line 3. New diagnostic approach for early cancer and early vascular

atherosclerosis detection.

NOIGEL, LLE



ISHIKAVA DAIAGRAM FOR AMR-FIGHTING

FDA-approved
" drugs
Substances 2 Minimal
1. are generic " side effects
y € drugs Compatible e
. 3 2 Injectable 0 3. with many o)
1. With antibiotics " forms only antibacterials ' Q

\“-}\

A
\\d‘

The principle
cAMP- 1. "doing the
@ 1. accomulation opposite”
inducers

Aiso can be used
1. as regeneration
activators

Also can be used
2 _in the form of
ointment

Bacterias are
lostvirulent /

2. factors and /
toxine '
producton /

Synchronisation of /f
3.bacterialgrowthin  /
LOG-phase /




System Operator for Pathogenic Microorganisms Fighting

Man/microbiome with
Man/microbiome Normalized man/microbiome
relationship, cloning

Super system:

Man/microbiome Man/microbiome

Combination of
antimicrobial plant
extracts

Pathogenic microorganisms
are absent in System

System: Static

o ! namic Antimicrobials
Antimicrobials Dy

Antimicrobial plant Dynamic S'E|f'HESEH'Ib|Edj Dynamic Drugs for reversion of
pathogenic microorganisms to non-

extracts Static Antibiotics quasi-living Antibiotics pathogenic
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TRIZ structure of the functional-analytical method of improving the system “man - microbiome- environment”

Function
oriented
search

Functional and

: . Optimization
analytical properties

Molecular and
functional modelling

TRIZ
Trimming

New targets Resistance

Self-
assembled

drugs s

Transition from
many drugs to
one

of drugs

Resistance

Quasi-living

Dynamization

New classes
of drugs

New synergetic
combination
(Enhancers)

New
prolonged
drug forms

Toxicity
inhibitors

(nephroprotec-

tors

NGL025

NGLO22

inhibitors

Influence on
membrane

Enzyme
inhibitors

Influence on
plasmids

Influence
on phages

DNA-
intercalatiors

New
mechanisms

New ways

research

Biofilms

Formation

Dissolution

Penetration |,

Adhesion

Inhibition

Activation

Change of
targets

Live drugs

Properties
of Quasi

Adaptation

Wide action
specter

Lego-self-
assembling

External and
internal links at
the same time

Self-adaptation
to targets




“Don’t forget to take a handful of our complimentary
antibiotics on your way out”

© The New Yorker Collection 2012 from carmonbank com. Al Fights Reserved.




Virulence factors dynamics

W X Y Z

—N T

Fy

< Toxins production
and concentration

Log of numbers
of bacteria

< Number of Bacteria

Time
Sivonen, K. (1990). Effects of light, temperature, nitrate, orthophosphate, Herbert, D., Elsworth, R., & Telling, R. C. (1956).
and bacteria on growth of and hepatotoxin production by Oscillatoria The continuous culture of bacteria; a theoretical and

agardhii strains. Applied and environmental microbiology, 56(9), 2658-2666. experimental study. Microbiology, 14(3), 601-622.13



New TRIZ paradigm to fight MDR bacteria

In a suitable environment Log phase, bacteria will stop virulent factors,
toxins production. At log phase MDR resistant bacteria regains sensitivity
to the antibiotic. Instead of killing bacteria, our composition will
synchronize bacteria growth in Log phase

To fight and conquer in all your battles is not supreme excellence;
supreme excellence consists in breaking the enemy's resistance without
fighting.

Sun Tzu
For to win one hundred victories in one hundred battles is not the acme
of skill. To subdue the enemy without fighting is the acme of skill.

Sun Tzu

You must not fight too often with one enemy, or you will teach him all
3 _ ‘ your art of war.
e g Napoleon Bonaparte

B

i

Nbigé developed the composition based on generic drugs and
based on expertise in synergistic combination substances.



Polymyxin Amicacin d>25 Polymyxin d<5 mm Amicacin

MDR A.baumannii growth without NGL025: 6 MDR A.baumannii growth with NGL025:
day growth, 2nd passage. 6 day growth, 2nd passage.




d>25 Polymyxin d>25 Amicacin d>25 Polymyxin d>25 Amicacin

MDR A.baumannii growth with NGL025: MDR A.baumannii growth with NGL025:
9 day growth, 3rd passage. 12 day growth, 4th passage.
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P.aer. ATCC 27853 P.aer. ATCC 27853 P.aer. ATCC 9027 P.aer. ATCC 9027
(without NGL025) (with NGL025) (without NGL025) (withNGLO025)
P. aeruginosa strains m 1 pass ¥ 2 pass I 3 pass H 4 pass

Notes: n=6 for each studies, P<0,05. Stat.hypothesis (dispersion analysis) it is differences
between P. aeruginosasensitivity to polymyxin at classic medium



Clinical case of active pulmonary TB
PN

i
\

There has been a positive
result: on the radiograph in the
upper parts of both lungs there
was a significant resorption of
focal and infiltrative shadows
cavity of the lung tissue decay
IS not detected.

Patient 42 years old male was diagnosed with active multidrug resistant pulmonary tuberculosis.

Patient received first and then second-line drugs therapy according to WHO criteria : (HRZE) , streptomycin (S) and
second line later generation quinolones, ethionamide etc. He had poor response on standard therapy.

Patient was given enhancers intravenously in 500cc 0.9%NS once a day for 3 days and then he continued HRZE therapy.
After 15 day of therapy cough, SOB and low grade fever subsided, patient’s symptoms improved. CXR was done and
compared prior to enhancers therapy as shown above . Patient had clinical and radiological improvement. Patient followed

by general practitioner for a year with no recurrence.



Polymyxin: Pros and Cons

Pros: Polymyxin and Nephrotoxicity

« Strong antimicrobial activity against the most common gram
negative nosocomial pathogens.

 The majority of gram-negative bacteria are sensitive to polymyxin,
and the resistance to these cationic lipoproteins develops slowly
and occurs rarely compare to others antibiotics.

Cons:

 Significant nephrotoxic side effect since it has high affinity to
the lipoprotein megalin, localized in the kidney.

* Blocking this lipoprotein megalin leads to the disruption of renal
function, renal failure and electrolytes imbalance.



Current stem cells development

 Peripheral blood stem cells transplantation is a standard procedure after its first successful
transplantation more than 35 years ago.

* Most prospective studies recognize the stem cell functions, the development of methods for
their isolation and harvesting, as well as the application of such developments in medicine.

* Human stem cells are responsible for health maintenance and longevity. Stem cells generated
by bone marrow, it present in every organ and human tissue.

s =
Potential of Adult Stem Cells

Stem cells Stem cells
collected reinfused




STEM CELLS PROJECT
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8 Human volunteers

(stage 3 diabetic ulcers)

Drug Heparin gel | Diclofenac gel 5% | Lidocaine | Dipasol*

Time of onset of effect 8h 50 min 30 min 20 min
(pain inhibition and
anti- inflammatory effect)

Effect duration 4-5h 6-8 h 12 h 12 h

*-to accelerate the healing of wounds and burns (5-6) analogues in the world there is no

Dipasol based on FDA-approved compositions has the ability to selectively
stimulate the growth, migration, and differentiation of
stem cells in humans.



#1 Dipasol for wounds & pressure ulcers, severe Burns, varicose veins.

m Dipazol is a ointment based composition.

m The 100 gr of ointment contains 1.5 gr of active substances.

m Accelerates healing of wounds, pressure ulcers, severe burns,
varicose veins, diabetic trophic ulcers.

Post — op wound healing

Burns

Diabetic pressure ulcer

Varicose veins



Pharmaceutical composition for stimulating stem cell division and
suppressing bacterial virulence. PCT/RU2017/ 000851

W0O2019098869A1; US 16/772,980
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4 - BINARY HEMOSTATIC "GEMMA"

According to world statistics, since the Second | et s« Trauma
World War up to the present time, the main \
cause of death up to 60% of the wounded on the | —
battlefield and in emergencies, is a bleeding. s | g

AS C|ted |n “Mllltary TimeS”, Bleeding starts é? Step 1 - Apply Celox
“90 percent of the deaths occurred before the
P ) ) e

Injured soldiers reached a medical facility.” — !
Kime, Patricia. "Study: 25% of War Deaths Medically Preventable.

Military Times, 29 Mar. 2013. https://www.militarytimes.com/2013/03/29/study-25-of- | Step 2 - Cover Step 3 -
war-deaths-medically-preventable/ Compress



https://www.militarytimes.com/2013/03/29/study-25-of-war-deaths-medically-preventable/

Current hemostatics

Celox and QuikClot are the most commonly used hemostatic agents by
the military, emergency and hospital trauma centers.

e' ”‘\ ?lu

»




GEMMA combined table

Influence of “Gemma" on Study of sorption activity
clotting, bleeding time “Gemma“, ml/g
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Advantages Binary hemostatic: Gemma

* Possesses biocompatibility with body tissues: no tissue necrosis and no
local and systemic allergic reactions.
* No burn effect of the tissue during crystallization in the wound.

* Absorbs 70 times the amount of blood than existing products.
* Biodegradable, no wound debridement, no interference to wound healing.
 Gemma based on inexpensive materials, natural semisynthetic polymers.

* The manufacturing is simple and it is not affected by sterilization process.

* Gemma compound mixed to complete homogeneity and distributed in
flexible packaging process and containers.



5- Metformin with reduced side effects

= Metformin does not directly affect the insulin production, but rather it successfully
increases the tissues sensitivity to insulin. This leads to metformin’s high efficiency for

treatment of the insulin resistance with metabolic syndrome as prevention and therapy

type 2 diabetes (T2D).
= Unfortunately, about 40% of patients are not able to use metformin due to side effect.

Indirect effects - Direct elfects
Metformin > p53

E Bgl and Insulin redpl@
" |
—— IRS1 ' :
! ' ® ; ROS ATM
e v
B
i wﬂoggyh P?K Ru;{‘uvmlm
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- ® ® ® HIF1a! |Protein synthesis
Fatty acid - Cell growth
tMYC DHCER p53 NF-xkB | ILG Cell viability
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Disadvantages of Classic (static) drugs.

1) Static conservative chemical structures.

2) The presence of a “slippage effect” (change in the receptor
sensitivity and response to the same medication over time) :

a) Diminished or loss of efficacy drugs over the time treating
Hypertension, Diabetes etc.

b) The Multidrug resistant (MDR) infections due to antibiotics inability
to adapt to new receptors and new microorganisms defense factors
and mutations as result antibiotic function develop “slippage effect”.
Similar development tumor resistance to therapy over time observed
in oncology related to chemotherapeutic drugs “slippage effect”.



Grand Idea LINE - 2

NOVEL Drugs with dynamic structures (Dynamic

To survive, rate of Pathogen Microorganisms
“innovations” faster than rate of new
classical drugs development.

This is time to find another, Dynamic way to
fight Patogen Microorganisms

lllustration

Instead of one “key” for one “lock” (the principle of a classic drug with a conservative structure), we propose a
selection of “skeleton keys”: a group of many similar molecules that “open” many “locks” and adapt to the target. This
facilitates a practically 100% effectiveness rate and a maximally wide spectrum of drug activity

BMeCTO OQHOro «KJ/1lo4a» Ha OQUH «3aMOK» (MPUHLMN KJ1aCCUYECKOro npenaparta ¢ KOHCepBaTUBHOU
CTPYKTYpPOU) Mbl NpegsiaraeM Habop «CKesIeTHbIX K/Ilouen»: rpynny u3 MHOXXeCTBa OAMHAKOBbIX MOJIEKY,
KOTOpble «OTKPbIBAKT» MHOXXECTBO «3aMKOB» U afanTUPYIOTCA K Lenu. 3To obecneunBaeTt npaktudecku 100%
3(p(PeKTUBHOCTb U MAaKCMMAJIbHO LUMPOKUU CMEKTP AEUCTBUSA Npenapara.

G



Future self- adapted
., dynamicdrugs and vaccines

Classical approach 2-5
drugs for synergy

Dynamic Drugs &
Self-adaptation

Human organism receptors
mutation as result
(slippage effect)

Microorganisms, Viruses
mutations, drug resistance.
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2. Antiviral, based on self-assembled modified peptides.

NGLO30 contains mixture of acylated peptides.
It effectively inhibits the process of nuclear
importation of viral polynucleotides from those
viruses that depend on the cell nucleus (FLU,
Herpes Viruses, HIV/AIDS, etc)



The mechanism of the penetration of a viral genome

without NGLO30

a-, b-importins Nuclear

with Viral genome Membrane Genomic Nuclear DNA



Dynamic vaccines based on self-assembled

modified peptides

No Immune
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Line 3.

New diagnostic approaches

Early cancer detection
&
Early vascular atherosclerosis prediction.



Blood Cell Morphometric Method (BCMM)

2. How advanced

{ 3 < is the desease?
4 - 3.Whara Is it
1.Does the
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cancer?
4. How strong is
| the defense?
Professor Valentin |. Govallo, M.D
Ph.D., D.SCI. Member of the
Russian Academyv of Medicina
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Herpes virus Statistics

More than 80% of the adult population has oral herpes and a recent
study suggests this number could be 98% exposure among adults.

One in five Americans have genital herpes (yet at least 80 percent of
those with herpes are unaware they have it).

There are approximately one million new cases of herpes each year.
25 percent of American adults have symptomatic genital herpes.



Amount in % Epstein-Barr virus (EBV)
infected population

Cancer patients
Fibroma patients

Control group
cancer
erythrocytes |

%, IBHIEARSWIRG EB

Cancer patients — patients with cancer of uterus, Control group- patients with acute Epstein-Barr virus,
EBV-infection without cancer (mononucleosis, lymphadenitis etc.)
Criteria is infection by 50% or more by EBV



Herpes virus infection and CHD

(> 50% EBV) (our data, 1998 - 2008)

12 25

5
Correlation of patients with Herpes %
virus infection and Coronary 5 20
Heart Disease (CHD) in a E
different clinical groups (> 50% EBV) =
(our data, 1998 - 2008) s

Decrease in Vesicular Clearance

10

CHD- coronary heart disease
CMV- cytomegalovirus

HSV- herpes simplex virus
SA- stable angina

USA- unstable angina Clinical groups
AMI- acute myocardial infarction

USA AMI
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* [lo3gpaBnAro BCex C HAWMM 3amedaTe/lIbHbIM Npa3aHUKOM
95-netnem co gHAa poxaeHua feHpuxa Caynosuya
AnbTwiynnepa n MexxayHapoaHoim AHem TPU3!

e CeroaHa mbl NO34PaBISAEM HE TOJSIbKO Ye/I0BEKA — CEroaHs
Mbl pa3roBapmBaem c anoxomn-anoxou TPU3.

* [eHpuxy CaynoBuuy ncnonHmnocb cerogHa 95 net. OH
HaBCeraa OCTAaHeTCA B Hallen NaMAaTU MO10AbIM U
3HEPrnYyHbIM, U ByaeT BAOXHOBAATb HAaC Ha HOBbIE UAEN,
ceBepleHunsa, 3agymkn: Moicaum, CeepwieHna, Meurbl.
YBepeH, 4to leHpux CaynoBuy noagaepkan 6ol n oaobpun
HAcC, KaK NpoaonKatenen pa3smnTtma ceoero aetuula. C
MexayHapogHbim [IHem TPU3, c obuneem! Myctb pagom
byayT y4eHUKN, nocnenoBatenn, BepHole apy3ba! Mobonbuie
NO3UTMBA, Y/IbIDOK U NpPeKpPacHOro HactpoeHus!
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