“TORAY’

Toray Performance Materials Corporation

Thermoplastic Composites

in Athletic Footwear

Biomechanics of the foot and improving mobility

Key Takeaways

1) Why composites? Composite materials offer the greatest strength-to-weight ratio for the most efficient use of
materials in footwear. Toray PMC CFRT® thermoplastic composite materials are ideal for footwear engineering,
allowing designers to tailor the range of foot motion through fiber replacement, resin selection, and component
design. Similar to a continuous bridge, Toray PMC CFRT® thermoplastics composite laminates provide engineered
strength throughout your design.

2) Why thermoplastics? Thermoplastics are recyclable and have properties which lend to high-volume manufacturing
with cycle times similar to injection molding. Thermoplastics have greater impact and chemical resistance with
relatively low tooling costs.

3) “.....Toray PMC CFRT® thermoplastic laminates are able to repeatedly resist abnormal motion in a spring-like
manner due to the unique resilience of the materials. Toray PMC CFRT® laminates allow for effective, comfortable
deceleration of abnormal motion with every foot strike, and spring-like energy return as the foot leaves the ground.”
(This fact was proven by Drs. Olson and Ritchie, published in JAPMA in 1995.)

4) Current concepts of foot and gait function are deficient, and do not consider more recent discoveries in anatomy
and neuromechanics.

5) Muscle, fascia, and ligaments around a joint act in synergy. Each provides a fraction of stabilizing tension to a
joint and the larger system. Altering the contribution of tension in the viscoelastic tissues — in synergy — produces
controlled motion.

6) The mass of the kinetic chain- the viscoelastic tissues- store potential energy in the gravitational field to supplement
force produced by muscle during gait. There is energy stored in a stable joint/joint system.

7) The spine drives gait, the foot interfaces with the substrate to adapt to the topography and maximize force transfer
between the substrate-kinetic chain-gravitational field synergy.

8) Over time, the viscoelastic tissues of the foot succumb to chronic stress and load, diminishing efficiency, ultimately

producing dysfunction and pain. Composite materials, in the right configuration, can restore foot function, improve
efficiency, and improve performance.

Continuous Fiber Reinforced Thermoplastic (CFRT®) [1

Contact us for more information:
e contact@toraypmec.com
t +1805482 1722 (USA)




Thermoplastic Composites

“TORAY’

Toray Performance Materials Corporation

in Athletic Footwear

Biomechanics of the foot and improving mobility

FURTHER READING

1. Carello C., Silva PL, Kinsella-Shaw JM, and Turvey MT.
“Muscle-based Perception: Theory, Research, and
Implica-tions for Rehabilitation.” Rev Bras Fisioter 12.5
(2008): 339-50. Print.

2. Dhaher, Y. Y., A. D. Tsoumanis, and W. Z. Rymer. “Reflex
Muscle Contractions Can Be Elicited by Valgus Positional
Perturbations of the Human Knee.” (2002): n. pag. Print.

3. Duchateau, Jacques, and Roger M. Enoka. “Neural Control
of Shortening and Lengthening Contractions: Influence of
Task Constraints.” The Journal of Physiology 586.24 (2008):
5853-864. Print.

4. Enoka, Roger M. “Eccentric Contractions Require Unique
Acti-vation Strategies by the Nervous System.” Journal of
App-lied Physiology (n.d.): 2339-346. The American Physio-
logical Society, 1996. Web. 16 May 2017.

5. Gomez-Barrena, Enrique, Enrique Martinez-Moreno, and
Luis Munuera. “Segmental Sensory Innervation of the
Anterior Cruciate Ligament and the Patellar Tendon of the
Cat's Knee. Acta Orthopaedica Scandinavica 67.6 (1996):
545-52. Web.

6. Honeycutt, Claire F, and T. Richard Nichols. “Disruption of
Cutaneous Feedback Alters Magnitude but Not Direction of
Muscle Responses to Postural Perturbations in the Dece-
rebrate Cat.” Experimental Brain Research. Exp. Brain
Res, June 2010. Web. 16 May 2017.

7. Hurvey, M.T. “Explore Scientific, Technical, and Medical
Re-search of Science Direct.” | Science, Health and
Medical Journals, Full Text Articles, and Books. Elsevier
B.V., 2 July 2017. Web. 16 May 2017.

8. Ingber, D. E. “Tensegrity . Cell Structure and Hierarchical
Systems Biology.” Journal of Cell Science 116.7 (2003):
1157-173. Print.

9. Ingber, D. E. “Tensegrity II. How Structural Networks |
fluence Cellular Information Processing Networks.” Journal
of Cell Science 116.8 (2003): 1397-408. Web.

10. Lungu, Ovidiu, Alain Frigon, Mathieu Piche, Pierre Rainville,
Serge Rossignol, and Julien Doyon. “Changes in Spinal
Reflex Excitability Associated with Motor Sequence Learn-
ing Journal of Neurophysiology 103 (2010): 2675-683. Jour-
nal of Neurophysiology. The American Physiological Soc-
ety, 17 Mar. 2010. Web. 16 May 2017.

Continuous Fiber Reinforced Thermoplastic (CFRT®)

11.

Maas, Huub, Thomas G. Sandercock. “Force Transmission
between Synergistic Skeletal Muscles through Connective
Tissue Linkages.” Journal of Biomedicine and Biotechnlogy
2010 (2010): 1-9. Hindawi. Hindawi Publishing Corpora-tion,
1 Feb. 2010. Web. 16 May 2017.

. Mammoto, T., and D. E. Ingber. “Mechanical Control of

Tissue and Organ Development.” Development 137.9 (2010):
1407-420. Biologists.org. The Company of Biologists Ltd,
2010. Web. 11 May 2017.

.Marque, P, E. Pierrot-Deseilligny, and M. Simonetta-

Moreau. “Evidence for Excitation of the Human Lower Limb
Moto-neurones by Group Il Muscle Afferents.” Experimen-
tal Brain Research 109.2 (1996): n. pag. Print.

. Marque, P, G. Nicolas, M. Simonetta-Moreau, E. Pierrot-

Deseilligny, and V. Marchand-Pauvert. “Group Il Excitations
from Plantar Foot Muscles to Human Leg and Thigh
Motoneurones.” SpringerLink. Springer-Verlag, 05 Nov.
2004. Web. 16 May 2017.

. Marque, P, G. Nicolas, V. Marchand-Pauvert, Julien Gau-

tier, Marion Simonetta-Moreau, and Emmanuel Pierr-rot-
Desilligny. “Group | Projections from Intrinsic Foot Muscles
to Motoneurones of Leg and Thigh Muscles in Humans.”
Journal of Physiology 536.1 (2001): 313-Neurophysiologie
Clinique, 21 May 2001. Web. 16 May 2017.

. Meunier, S., E. Pierrot-Deseilligny, and M. Simonetta.

“Pattern of Monosynaptic Heteronymous In Connections in
the Human Lower Limb.” SpringerLink. Springer-Verlag,
1993. Web. 16 May 2017.

. Ogay, Vyacheslav, Kyung Hee Bae, Ki Woo Kim, and

Kwang-Sup Soh. “Comparison of the Characteristic Featu
res of Bonghan Ducts, Blood, and Lymphatic Capillaries.”
Jour-nal of Acupuncture and Meridian Studies 2.2 (2009):
107-17. Elsevier. Web. 5 May 2017.

. Palimieri, Riann M., Christopher D. Ingersoll, and Mark A.

Hoffman. “The Hoffman Reflex: Methodologic Considera-
tions and Applications for Use in Sports Medicine and
Athletic Training Research.” Journal of Athletic Training
39.3 (2004): 268-77. Print.

. Proske, Uwe, and Simon C. Gandevia. “The Kinesthetic

Sens-es.” The Journal of Physiology 587.17 (2009): 4139-
146. Web.

|2



Thermoplastic Composites

“TORAY’

Toray Performance Materials Corporation

in Athletic Footwear

Biomechanics of the foot and improving mobility

FURTHER READING

20. Schieppati, Marco, and Antonio Nardone. “Group 11
Spindle Afferent Fibers in Humans: Their Possible Role in
the Re-flex Control of Stanc.” Progress in Brain Research
123 (1999): 461-72. Print.

21. Schneider, Cyril, and Charles Capaday. “Progressive
Adaptation of the Soleus H-Reflex With Daily Training at
Walking Backward.” Journal of Neurophysiology 89 (2003).
648-656. Print.

22. Sojka, P, P. Sjolander, H. Johannson, and M. Djupsjobaka.
“Influence from Stretch-sensitive Receptors in the
Collateral Ligaments of the Knee Joint on the Muscle
Spindle Systems of Flexor and Extensor Muscles.”
Neuroscience Research 11(1991): 55-62. Elsevier. Web. 16
May 2017.

23. Stauber, W. T. “Eccentric Action of Muscles: Physiology,
Injury, and Adaptation.” Exercise and Sport Science
Reviews. U.S. National Library of Medicine, 1989. Web. 16
May 2017.

24. Tardieu, C., P. Loridon, J. Hecquet, C. Boulay, and G.
Duval-Beaupere. “Learning to Walk Modifies the Whole
Locomo-tor Skeleton. Functional Meaning of These
Changes for Pos-ture and Gait.” Adaptations Et Evolution
Des Systems Osteo-musculaires, Museum National
D’Histoire Naturelle (n.d.): n. pag. Web.

25. Thunnberg, John, Fredrik Hellstrom, Per Sjolander, Mikael
Bergenheim, Britt-Inger Wenngren, and Hakan Johanson.
Influences on the Fusimotor-muscle Splindle System from
Chemosensitive Nerve Endings in Cervical Facet Joints in the
Cat: Possible Implications for Whiplash Induced Dis-orders”
International Association for the Study of Pain 91 (2001): 15-22.
Pain. Web. 16 May 2017.

. PERFORMANCE vs COST

330

(]

:-E Carbon 2000

':n: 25 B Carbon/Glass

IS} 20 @ aGlass

4=

5 W-2000
o W-1000
& 15 Ly BW-1000]

o 0 AG-1821 9 B PW-1000

(8]

c

g [G33] @

o

t 0

o

0 10 20 30 40

60 70 80 90 100

Cost (Rated on a scale of 100)

Revised 06/2019

Continuous Fiber Reinforced Thermoplastic (CFRT®)

|3
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