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“The spine is like a 25-story 
 skyscraper. 

 Like a skyscraper, the spine 
is vertical, strong  and stable. 

It is also responsible for 
 supporting  

the trunk and limbs.” 

Albert Schultz

The Spine is a Column
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The Paradigm
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The Paradigm

Based on this Model: 
500,000 Spine Fusions/year  

@ $110,000+ each
Cost:$55 Billion/Year!
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Challenging the Paradigm



Calculated Loads Will: 

 Tear Muscle 

!

Gracovetsky  1988 

Copyright 2003, smlevin

Crush Bone 

Exhaust Energy
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The erector spianegroup can generate a 
force of about 200 to 400kg, a force of only 

one quarter to one half of what is 
necessary. 
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        The Lever 
2-Bar Open Kinematic Chain



NonLinear	


Global	


Structurally Continuous	


Gravity Independent	


Omnidirectional 	



Low Energy Requirement	



Stable with Flexible Joints

Linear                                                	


Local	


Structurally Discontinuous 	


Gravity Dependent	


Unidirectional	


High Energy Requirement	


Rigid Joints for Stability	



���8

Characteristics 
 of Lever Based 

Systems

Characteristics 
 of Biological 

Systems
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{Zheng 2009}
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Organic Chemistry is Structural 

August Kekulé

Benzene Ring 1885

Biology is All About Structure

1953



Evolution 
of 
Structure

Is there a structural 
system that is 

consistent with                   
evolution?

Homologous Structures
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Structurally Related
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Evolution of Structure

Hierarchical  
(On-site construction) 

Stable with Flexible Joints
Omn i d i r e c t i o n a l

structural continuum

Energy Efficient

Self Organizing
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Construction Rules: How to Build an Organism

Triangulation/Truss 

StableUnstable

Closest Packing

DETERMINISTIC
Obedience to set rules of structure

���13
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Tension 
Ties 

compression 
Struts

tetrahedron

Trusses
Common  Sense: 

and Rules of Logic 
!
You have flexible joints 
     and can stand up  

Pin Joints

Primordial  
3D Truss

You Are a Truss!

Unidirectional!

Tension < \ > Compression
Ties

Str
uts

Ties
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Regular Solids (Polyhedra)

Tetrahedron Hexa

Octa Dodeca Icosa

(Unstable)

Pick a Truss

Unidirectional!
Tension < \ > Compression

Unidirectional!
Tension < \ > Compression
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Of the Trusses, The Icosahedron is the Most 
Suitable Because:

Largest Volume for Surface 
Area 

Close Packing 
Exo/Endo Skeletal 
Omni Directional 

Hierarchical 
Nonlinear Tensegrity

Strut

Tie



Strut

Tie

ExoSkeleton

Icosahedron

EndoSkeleton

Tensegrity  Icosahedron

Continuous Tension -  
Discontinuous Compression

(Tension Integrity)

“Floating Compression” Snelson
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Icosahedral 

Shells

Kissing #: 12, 32, 42, 92,	


 122, 132, 162, ......	



10T+2
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3-D Close Packing

1 2 3 4

Rossiter

Cuboctahedron Icosahedron

Kissing Spheres
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800 million yo cells 	


10µ	



Tetrahedral

700 million yo 
fossilized Cell 

Colony

Self  
Organization
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Radiolaria

HIV

Rice Dwarf Virus

Radiolaria

Mold

Pufferfish

Tyco Supernova

Zhou!

Raspberry

Pyruvate dehydrogenase

Volvox

Polio Virus

VirusDandelion
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Sung

Zhou

RBC

Pyruvate Dehydronase

DNA
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Tensegrity

Endoskeletal
Snelson

Tension Integrity

Hierarchy

Strut

Tie

The Ultimate Truss



properties of tensegrity 
icosahedron

Hierarchical  
(On-site construction) 

Stable with Flexible Joints

Omn i d i r e c t i o n a l

structural continuum

Energy Efficient

Self Organizing



Denser and Stronger
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(Most Non Biologic Structural Materials)

Linear

NonLinear

(Biologic Structures)

S T R A I N

ST
R
E
SS

E n e r g y  E f f i c i e n t

“(Non Linearity) is an essential 
requirement for the existence of life as 

we know it” 
J.E. Gordon

Nonlinear 	


Biomaterials

Collagen	


Fascia	


Bone	



Cartilage	


Muscle	



Tendons	


Ligaments

Prestress

���28

Hookean

Hookean

Nonhookean
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Fuller!
Synergetics 1975

Levin 1980

Hierarchy
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Snelson

Snelson

Snelson

Snelson

Burkhardt

Burkhardt
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Lever 
Systems 

!
!
!
!
!
!
!
!
!

Tensegrity 
Systems 

!
!
!
!
!
!
!
!
!

Biologic  
Systems 

!
!
!
!
!
!
!
!
!

Mechanical 
Characteristics
Stress/Strain                 Linear                           NonLinear                      NonLinear           	



Stress Distribution   Local                            Global                            Global     

Structural Distrib        Discontinuous           Continuous                   Continuous  

Gravity                             Dependent                 Independent                  Independent 

Stability                          Unidirectional            Omnidirectional            Omnidirectional	



Energy Costs        High                            Low               Low	



Joints                                Rigid                           Flexible                         Flexible	
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Solid

Liquid
GAS

Soft Matter

Construction Matter
Mechanics 
Hooke’s Law!

Poisson’s Ratio!
Young’s Modulus!

Euler Buckling!

Reynold Number

Boyle’s Law

?
Deborah Number“Soft matter is ubiquitous. We are all soft matter.”!

Emppu Salonen 
Laboratory of Physics and Helsinki Institute of Physics Helsinki University of Technology

 colloids, 
polymers, liquid 

crystals, 
surfactants, and 

biological 
matter

Reynold Number
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f o a m s  
Col l o i d s  E m u l s i o n s

Fat Cells
Frogs Eggs

Cartilage 
Ovum

Sarcoma

Pbursariandos

Bone

Soft 
 Matter
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f o a m s

(Unstable)

* Only Three films ever meet to 
form the edge of a bubble	



!

* Any Two adjacent films always 
meet at an angle of 120⁰	



!

*Exactly Four Edges ever come 
together to meet at a point	



!

c o l l o i d s   &  E m u l s i o n s



∗The systems are nonlinear
∗The systems are in non-equilibrium

f o a m s  
co l l o i d s   &  E m u l s i o n s

/

Strain - Extension

S
t	


r
e
s
s 

NonlinearViscoelastic

Viscous

∗Spacial Interaction is important!
(Mesoscopic Organization-you can’t judge 

a foam by one bubble)

Viscous

* Foster Emergent Properties
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Soft Matter
Non-Newtonian Fluids Thixotropic 

Dilatant 

Shear Thinning


SHear Thickening 

(Jacketing) 

Kelvin 

Bingham 

Jamming 
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Soft Matter
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Not Everything is Round
Symmetry Breaking
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Fullerene

(Curl, Smalley, Kroto 1985)
C60

Kroto

Icospiral

Bowl-shaped sheets of carbon (a) may 
grow around to their edge and form a 

fullerene, or bypass the edge to form a 
nautilus shaped “icospiral” (d). Kroto

Self-Generating



Log Spiral
Floating Compression
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Icospiral -Kroto

Nanotubule

Tubulin

Virus

Collagen

DNA
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{Zheng 2009}
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Double helix

Triple Helix

Helix∞

CollagenActin





Picometer10  m
-12

Carbon 
60 Icospiral

Kroto

Icosaheral Water

{Zhou 2001}

Pyruvate

Prions
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Polio

Dwarf Rice

Virus

Nanometers 10
-9

HIV 130nm

���48



Pollen 10-25 µm

20µm

Diatom 10-150 µm

Volvox 250-500µm700million YO 	


Eukariote Cells 30 µm

RBC 8 µm

Leucocyte 7-9 µm

Micrometer 10 
-6

Sea Urchin Egg
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Milimeter10 -3

Atoxyl Egg

Fascia

Angel Fish Ovary

Fly Eye

Lung
���50



CM +

���51 Tyco supernovaGiant Amoeba
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Hierarchy

Intracellular 
 Matrix

Extracellular 
Matrix
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Mesokinetic 
Organ

Meso = Mesoderm	


Kinetic = Motion

T
hom



Krawetz



Independent of Scale

Lung	


Eye	



Heart	


Kidney	


Muscle	


Bone	


Nose

Liver	


Intestine	


Nerve	


Brain	



Thyroid	


Skin	



Fascia

Cellular tensegrity: defining new rules of 
biological design that govern the cytoskeleton!
Donald E. Ingber* Journal of Cell Science 104, 613-627 (1993)

Tensegrity 
Described in:

���56
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Donald Ingber  1985

2014!
6,000 Articles!

Tensegrity, Biology

Stephen Levin 1981



Exo/Endo- 
Skeletal

Levin, SM.The 
Primordial Structure	



34th Meeting of The 
International Society for the 

Systems Sciences.!
pp 716-720     1990, Portland 

The 
Srange 

Attractor
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Fractal Generator



BioTensegrity 
     Man
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Thank you !

      Stephen M. Levin, MD 
Ezekiel Biomechanics Group 

    McLean, Virginia 22102  
!
   smlevin@biotensegrity.com 
     www.biotensegrity.com 
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BioTensegrity 
     Man




