Cycling Biomechanics -- Triathlon
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Cycling-Specific Biomechanics
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Tri-Specific Blomechanics

(-) Lumbar Mobility

X-deg Hip Angle




Lumbar Morphology




TRI = Three







The Human Condition

FOOT ARCH TYPES
FLAT NORMAL
HIGH VERY HIGH

/ .
o)
Kyphosis

Lordosis

Flat back



Perspective

Flexion

Extension

@ Cardinal Planes & Axes of Movement
Plane Axis Description
Sagittal Coronal (X) Lateral Perspective - Medial/Lateral Sections
Transverse “ertical (Y) Axial Perspective - Superior/Inferior Sections
Coronal Sagittal (Z) Frontal Perspective - Anterior/Posterior Sections

Sagittal Plane
X-Axis

Flexion

VisiaLe ' Booy

Transverse Plane

Coronal Plane
Y-Axis

7-Axis

' Adduction

Internal
Rotation

External
Rotation
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Biomechanics

* Kinematics: study of movement without cause. (Math)

e Kinetics: study of the forces systems behind movement. (Physics)



Biomechanics

Vector = Application, Magnitude, Direction
* Newtonian Laws: Inertia, F=ma, Action/Reaction
Axis, Resistance, Force
Force applied to levers that cause rotation
Force — Vertical (COG/COM)
* Pressure: Force/Area



Force

Reactionary
(Pedal Jomt, GSF)

Internal

Rotary/Compressive Force 1

Muscle Force
Moment Arm

Fulcrum

Effort Arm
Load Arm

Resistance Force




Newton’s Laws




Levers

[evers

Foree of Muscle Actuon

Compressive
Force

Moment Arm
Axis (Fulerum, Joints) Rive of Fordl

Resistive Load (Gravity, Object)
Force (Effort, CSF)




Lever Types

Improving Mechanical Advantage

Effort Load Load Effort Effort Load
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Pivot Pivot ﬁ) Pivot
First Class Second Class Third Class

Lever Lever Lever



Lever system force calculations

Biceps Force = (Load Arm)(Resistance) ([ 0010
Effort Arm

Fb=(.380m)(15kg)
9 0400m
Fb=(142.5kg)(9.80my/s2)
Fb-14.5 N Mass

N

Triceps
(Relaxed )

Humerus

Force Rato= Fb/R

Fr= 142.5kg
15kg

Fr=9.5

Effort Arm:

Elbow : i
. . E Lo : A 4
Jjoin t lem Load Arm
'< 38cm




Gravity

Center of Gravity




Gravity and Position




Pressure

Force = 40kg (UBM @ Contact)

Press Force
TESSISS Area <+ Contact
Area = 70cm (10cm x 7¢m)
40k
Pressure = 2k

70cm
Contact @ 1009% = .57
Contact @ 509% = 1.14
Contact @ 309% = 1.90

Pressure= .57kg per sq. cm



Pressure

Frontal Plane (From Behind)
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Brain

Start Here!

THE NERVOUS SYSTEM IS ORGANIZED

| Nervous System |

| Central Nervous System (CNS) | | Peripheral Nervous System (PNS) |
I
Brain l | Spinal Cord | I Motor Neurons | |Sensory Neurons

| Autonomic Nervous System | I Somatic Nervous System

| Sympathetic Division | | Parasympathetic Division |

Neurofundamentals Z-Health

0% Oufipu

R Reflexive L Reflexive
Tone Tone
(Axial Muscles) B (Axial Muscles)

R Voluntary L Voluntary
Movement Movement




FORCE

Ist Class Levers

Spl ne INERTIA

Resistance?

LEVERS

— Fulcrums

TORQUE

Atlanto-Occipital
(0-25-deg Extension)

GRAVITY

Atlanto-Axial Rectus Capitis Posterior

) . Obliquus Capitis
(H09% Cervical Rotation) I apls

PRESSURE

<+«— Rotation -
Semispinalis

Rotatores

Intertransversari

Multifidus

Lumbosacral Joint ——




Large Muscles

R, : y " 111 Y | i—————— Y . o] . .
Splenius Capitis Splenius Cervicis

Longissimus Thoracis —




Respiration

Ventral View
Inhalation

Sternocleidomastoid

Lungs
(2-Lobes)

Lungs
(3-Lobes)
Pectoralis Minor

Diaphragm

Dorsal View
Inhalation

External Intercostal

Swashs

Serratus Anterior

Ventral View
Exhalation

Dorsal View
Exhalation Internal

Transverse Intercostal

Thoracis
Serratus
Posterior
Internal Inferior
Oblique
Transversus Rectus Abdominis Internal
Abdominis Oblique

FORCE

INERTIA

LEVERS

TORQUE

GRAVITY

PRESSURE



Oxygen Delivery and Utilization

SmO2 %

SmO2 %

100

90

80

70

60

50

40

0:00:00 0:06:00

100
90
80
70
60
50
40

High Minimum Work SmO2 in Last 2 Load Steps

0:12:00

|| il | R

0:18:00 0:24:00 0:30:00
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Neck

Ist Class Lever

Applied Force

i Fulcrum

s COG/COM

Resistance

C3-CH

Phrenic Nerve

Rectus Capitis Major/Minor

50% Extension

Trapezius 50% Rotation

Shoulder and Neck o
. ad it % Multifidus

ol | Segmental
3l
i
/
|

Wy,

N
|

FORCE

INERTIA

LEVERS

TORQUE

GRAVITY

PRESSURE






Shoulders

1.  Anterior Deltiod
2. Pectoral

Oy i el

FORCE

R

Deltoids - 3

INERTIA

3rd Class Lever

Fulcrum
Latissimus

Dorsi ‘

LEVERS

Applied
Force

TORQUE

Resistance

GRAVITY

PRESSURE

Infraspinatus

Posterior Deltoid
Serratus Anterior
Triceps

Latissimus Dorsi

R .
Teres Minor

Teres Major

~ Deltoid

N ~ .: . o S 3 3
Coracobrachialis Latissimus Dorsi

Subscapularis



Elbows FORCE

INERTIA

LEVERS

3rd Class Lever RiGikines

Applied Force \
\

TORQUE

GRAVITY

Ulnar Artery
PRESSURE

Ulnar Nerve

Ist Class Lever
Resistance

Ulna

\ Applied Force
R

Fulcrum




Contact area and pressure
distribution

7




Wrists

3rd Class Lever

Fulcrum

Resistance

Transverse Carpal Lig

FORCE

INERTIA

LEVERS

TORQUE

GRAVITY

PRESSURE



Neutral Wrist

Radial Deviation

Ulnar Deviation

eflexion®




Lumbopelvic Function FoRCE

INERTIA
LEVERS
] TORQUE
s | A
'é" " GRAVITY
S tal Stabili o -
egmen tability e [ N
< e PRESSURE
Z
. ’ ‘ e |
Anterior Pelvic Rotati ' : . Rotation 1e¥
Reduced ROM @ TDC erior Pelvic Rotattion Reduced Anterior Pelvic Rotation &
Improved ROM @ TDC



Lumbar Mobility & TDC




Symmetry

ODbhquuty




Ischial

Tuberosity

[schium Ischiopubic Ramus




. 3rd Class Lever
Hi PS FORCE

Fulcrum

INERTIA

Applied Force

LEVERS

Resistance
T——
“Muscle Force
Hiacus PRESSURE
Psoas
Glute Max
t Am
Muscle Force . _
Moment Arms Rectus Femoris
Biceps Femoris /
] Muscle Force
Semitendenosus
Semimembranosus
Resiibinie Movenmeni Resistance Rotary Movement

— -
.



ip Extension — Two-Joint Muscles

Fulcrum
or

Axis

Muscle Force
Effort Arm

90-deg

Moment Arm

Torque
Resistance

Muscle Insertion

Load Arm Angle

Muscle Force

Muscle Force



Knees

Vastus Lateralis

Vastus Intermedius

/ Vastus Med

Rectus Femoris

Muscle Force

Moment Arm

Patellar Ligament

Resistance |88

Rotary Movement

Fuclrum

Applied Force

Resistance

3rd Class Lever FO RC E

INERTIA

LEVERS

TORQUE

GRAVITY

PRESSURE

Muscle Force

Semitendemosus

Biceps Femons Short Head

Biceps Femoris Long Head

Gastrocnemius

Muscle Force

Rotary Movement



Tibiofemoral Arthrokinematics

v

Lateral Rotation

Anterior Right

Internal/External
Rotation

Abduction €= &

e

VisisLe ' Bopy*

-m‘ Flexion/Extension (X)

= Adduction (7)

Internal/External

Rotation (Y)

@

VisiBLE ' Bopy:

FORCE

INERTIA

LEVERS

TORQUE

GRAVITY

PRESSURE

Lateral Right

Convex
Anterior Roll
Posterior Ghde

Extension

Convex
Posterior Roll
Anterior Glide
Flexion

Concave
Anterior Roll

Anterior Glide

Extension

Concave
Posterior Roll
Posterior Glide

Flexion

@

VisiBLe ' Bopy*



Line of Pull i

Anterior Right 15
Vastus Medialis Longus

Vastus Lateralis Obliguus Vastus Intermedius

Vastus Lateralis Longus Rectus Femoris

Rectus Femoris

Vastus Intermedius v Laterali

astus Lateralis
Vastus Medialis Longus
12 . Vastus Medialis Oblique
Vastus Medialis Obliquus ;

e

VisieLe ' Bopy* &\

VisiBLE Bobpy*



Ankles

Gastrocnemius

Soleus

Flexor Hallucis

Plantar Flexion

Ist Class Lever

(Pedal)

Applied Force

Muscle Force

Fibularis
.ongus & Brevis)

FORCE

2nd Class Lever
(Gravity)

INERTIA

LEVERS

Applied Force

TORQUE

Fulerum

GRAVITY

PRESSURE

Muscle Force

Tibialis Anterior

Extensor Hallucis Longus

Extensor Digitorum Longus

Rotary Movement

“

1Istance /

Dorsiflexion



Feet

\ Extensor Hallucis

Metatarsal

Abductor Hallucus

Flexor Digitorum

Plantar Fascia

FORCE

INERTIA

LEVERS

TORQUE

GRAVITY

PRESSURE




Shape and Pressure




|dentifying Pressure
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Pedaling --Moments and Force Production

x Knee MA
A




Pedaling Efficiency?

Counterproductive Productive




W semitendinosis
mbiceps femoris
M gluteus maximus
m vastus lateralis
msoleus

mtibialis anterior
gastrocnemius
rectus femoris

Pedaling - WTF? ‘? ” B Ve

270 degrees
90|degrees
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My studies...

MUSCLE

Gluteus maximus Hip extension

Vastus lateralis Knee extension

Vastus medialis Knee extension

Rectus femoris Knee extension/Hip flexion

Soleus Ankle stabilizer

Gastrocnemius Ankle stabilizer/Knee flexion

Tibialis anterior Ankle stabilizer/Ankle flexion
Sememimembranosus/Semitendenosus Knee Flexion
Biceps femoris Knee flexion/Hip extension

RANGE

340-130
300-130
300-130
200-110
340-270
350-270
000--360
010-230
350-230

PEAK

80
30
30
20
90
110
280
100
110




Pedaling -- Pulling

Hip Flexion Knee Flexmn
(Pulling) (Pulling)
Psoas
Ihacus Sartorius
Hamstrings

Rectus Femoris Pectineus

Sartorius




Pulling RF©




Beginner Triathlete
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Bike Fit -- Morphology

Trunk/Arm Angle

Trunk Angle

Trunk/Arm Angle
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Pad Stack and Reach?




What is good?




5-Min Aero Lesson

Improve Shoulder Awareness - ROM

Improve Gute Function Posterior Pelvic Rotation
|

\

6‘0,

Increase Hip Rom

\ Evebrow Gaze



ITU Regulations




ITU

(i)  The races will be draft-legal or illegal according to this table:

Junior and Paratriathlon
Youth U23 Elite Age Group Elite and

Open

TRIATHLON

Team Relay Legal Legal Legal

Sprint Distance Legal Legal Legal Both options lllegal

Standard Distance Legal Legal lllegal lllegal

Middle and Long Distance lllegal lllegal lllegal

DUATHLON

Team Relay Legal Legal Legal _

Sprint Distance Legal Legal Legal Both options Illegal

Standard Distance Legal lllegal Illegal

- Long Distance Illegal lllegal Illegal

AQUATHLON

WINTER TRIATHLON (all

distances)

CROSS TRIATHLON AND

DUATHLON (all distances)

b.) Draftlegal events:

Legal

(i) It is forbidden to draft off a different gender athlete;

(i)  Itisforbidden to draft off a motorbike or vehicle.




