NEUROMUSCULAR ANATOMY
Function & Performance




Functional Performance Training

 What is Functional Training?

— Any stimulus which prepares to body to more
successfully perform the required activity.

— In the last decade a shift from machine based to
functional training has occurred.
* Muscle Isolation or rigid multijoint patterns do not

effectively mimic the demands of triplaner movement,
gravity & unexpected demands.



Functional Performance Training

— Recent years has seen
the advent of portable
toys and gadgets all
designed to increase
NM demand? In what
way are we enhancing
function?




Sport Performance Training

* Functional training has crossed over to sport
performance. Fitness practitioners are Rx explosive
power and stretch shortening protocols to adult &
youth training.

* Plyometrics are considered to bridge the gap
between strength and power. Plyometric training
enhances the stretch shortening cycle and can
replicate sport performance

 However our understanding of the neuromuscular
underlay generally involves individual muscle fibers
or muscle, their composition & specific action.



Origins & Insertions Vs Myofascial Slings

Anatomically we are taught that muscle a,b,c originates
from location a, and inserts at location b, creating
independent movements such as flexion & extension.
These muscles are designated as multi or single joint .

Physiologically we are taught about action potentials,
motor unit firing & types of muscle contractions.

But the human body is capable of complex multiplanar
movement . | sol ati on woul d
system subject to varying

While the line of pull of muscle is important for
movement without the CNS and PNS very little force can
be generated.
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Neuromuscular Coordination

Neuromuscular spindle cell:
Facilitates prime mover
Facilitates synergists
Facilitates fixators
Inhibits antagonist

Neuromuscular
spindle cell

Prime mover
(facilitated)

Antagonist

Key Scientific Mechanisms
Mechanoreceptors
 Muscle Spindle

e Golgi Tendon Organ
Reciprocal Inhibition

* Agonist

* Antagonist
Sensorimotor Control

* Feedback

* Feedforward



Muscle Stiffness & Elasticity

 Stiffness vs Elasticity

— A number of neurophysiological (muscle stiffness, stretch
reflex, neural potentiation) and mechanical (stored elastic
energy, mechanical strain) mechanisms have been proven
to increase concentric force after eccentric loading.

-Sti ffness Is a muscle’s ab
lengthening against force (Walshe et al. 1996)

— Stiffness is controlled by a number of neuromuscular
factors & spinal reflexes.

—Elasticity or flexibility
capabilities.



Mechanoreceptors & Muscle Stiffness

* Muscle spindles and golgi
tendon organs moderate
muscle activation &
inhibition.

e Spindles and golgi tendon
organs work in combination W
to prevent joint perturbation
& excessive musculoskeletal o/ S
injury (Wilson & Flanagan,
2006).




Mechanoreceptors

Muscle Spindles are a facilitatory mechanoreceptor
which reacts to the slow (degree of) & rapid changes
(speed of) I n a muscl e’s

The GTO' s monitor muscl e
inhibits the muscle it is associated with.

This 2 tier protective mechanism is designed to prevent
muscle strain and ligament strain.

As eccentric lengthening approaches a rate that could
potentially damage the muscle—tendon complex, the
muscle spindle sends a signal to the spinal cord which
in turn activates and reflexively stimulates a forceful
contraction of the agonist.

Muscle spindle activation may contribute to enhanced
SSC performance, decreased flexibility.



Role in SSC & Flexibility

(Harrison & Gaffney, 2005; Young and Behm, 2004; Walshe et al. 1996)

e Since muscle spindle activation
produces contraction not
lengthening any activity
designed to reduce or
desensitize contraction could
be detrimental to braking or
COD / SSC activities.

* Therefore, It is theorized that \j
slowtraining methods and long ‘.,.,.// ) \
held static stretching most likely}
results in muscle spindle
desensitization and decreased
stiffness.




retching & The Muscle Spindle
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Flexibility

 While the muscle spindle reflex is essential for
athletic performance, it is also detrimental to
post exercise recovery. Forcing a stretch
intensifies the firing of the muscle spindle,
causing the muscle to contract.

e AP2P & recovery method to help alleviate this
response 1S ‘reclprioc
* |sa neuromuscular response in which the

activation of 1 muscle group (agonist) leads to
inhibition of an opposing muscle (antagonist)



Reciprocal Inhibition

E.g. a milder stretch then contract the quadriceps inhibits the
relfex contraction of the hamstrings




Sensorimotor Control

Afferent signals from peripheral
mechanoreceptors are mediated at 3
levels of the CNS

1)Spinal Cord = Subconscious & Spinal
Reflexes (latency of response 30-50ms)

2) Brainstem /Cerebellum = can
modulate motor activity via sensory
input from visual, auditory and
vestibular. Modulates postural,
automatic and stereotypical / trained
motor demands (latency of response 50
—80 ms)

3) Cerebral Cortex = voluntary control of
complex motor programs. It has the
highest degree of response adaptability
(latency of response (80 -120ms)




Panjabi’s Model




Feedback & Feedforward Mech

e TReflox——— Automatic | Voluntary

Stimuli External External External or self
driven

Latency Fastest Intermediate Slowest

Variability Little Some Greatest

Location Spinal Subcortical Cortex

Coaches can make their biggest impact on Automatic and

Voluntary mechanisms.

*Feedforward mechanisms can through practice, motor programming
& sensory feedback can create motor shortcuts (i.e. recognize typical
movements)



e Fascia forms an
interconnected system of
continuous connective
tissue which intertwines
itself through multiple
layers to include of viscera,
muscle & skeleton (Niel-
Asher, 2005).

 Blood, nerves, fat, & fluid
can all pass through this
Fishnet like layer.




Myofascia

* |safirmer, deeper than the
fascial layer which lies
beneath the skin.

* Itis clear, fibrous fascial layer
that envelopes muscle.

* Lies outside the epimysium
of the muscle and binds
individual muscle into
functional groups via its
continuous intertwining with
tendons and ligaments.




Why Myofascial Anatomy

* The fitness industry has entered its most
functional & dangerous phase.

— We understand that movement almost always requires
multiple & sequentially timed lengthening and recruitment
to perform in life & sport.

— What do you think about when you create a functional
training program? What if movement is restricted?

— When muscle tissue is injured or damaged it becomes
hypertonic, short or condensed, and sometimes weak
creating the feeling of tightness / restriction and or a loss
of strength.



Myofascial Function

* Rehabilitation
— |s the site of the symptom always the cause?

— Why do we continue to focus on individual muscle
stretching and strengthening?

e Performance
— Summation of forces & biomechanics

 Thomas Meyers (Anatomy Trains), Vleeming,
Diane Lee, Janda, Alex Mckechnie & others
have all began to apply myofascial anatomy to
their rehabilitative and performance practice.



* Myofascial Sling
Myofascial Slings represents a fibrous
functional connection
of several individual
muscles.

* The sling through a line
of pull, produces strain
and the contractile
tension required to
create efficient
movement.




Inner & Quter Core

* The core / torso musculature (from glenhumeral to
hip joint) is designed to create mobility via outer
unit, superficial muscle contraction and stability via
bracing and Inner unit(Lee & Vleeming) stabilization

 Due to the fascial connections, the coordinated
mobility required to create movement in the
transverse, frontal, sagital or oblique planes is

created by multiple muscles working in
sequential fashion (McKechnie & Celebrini)



Inner & Outer Core

* The core has two major neuromuscular
activation patterns

— 1) preACTivation / setting
— 2) sequential movement / firing.

Toget her they aBseefire ef
aSldzSyosSaq



Inner Core / Setting

* inner unit includes:

— TA, Multifidus, pelvic diaphragm (Levator Ani),
thoracoabdominal diaphragm, inguinal ligament

e It functions:

— To stabilize the spine and pelvis 30-110 ms prior to
movement or change of force (Richardson,Jull,
Hodges & Hides 1999).

—-only “5% of MVC for da
rigorous activity” Kib
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Inguinal & Sacrotuberous Ligaments

significant connections between the spine

and pelvis, the upper and lower stabilizing
systems



Spinal & Pelvic Stability

* Thoracoabdominal Diaphragm

— Thoracic cavity acts like an accordian — changes
both shape and volume

— Abdominals like a water balloon — changes shape
only

— 3 significant attachments at bottom of sternum,
base of rib cage & front of lower spine.

— Functions: to increase intra abdominal pressure
(IAP) which works synergistically with the TA & M



Spinal & Pelvic Stability

* Pelvic Diaphragm
— Levator Ani (pubococcygeus, puborectalis,
lliococcygeus)
— Coccygeus

— Functionsincreases IAP, stabilizes the pelvis and
synergistically works with TA & M to stabilize the
spine



Lumbar Multifidus

Function(s):

-Transversospinalis
group w monoarticular
control

-to control rotation
especially in combo w
flexion

-Work in conjunction w
movement of the
extremities

i© 2003 Primal Pictures



Transverse
Abdominus

Works like a corset and
synergistically with the
lower pelvic floor
anteriorly via the
inguinal ligament and
posteriorly via TLF

© 2003 Primal Pictures



VIEW DOWN INTO THE PELVIS
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Outer Core / Firing

* Quter Unit Includes:

- nt & ext obl 1 ques,
* Function(s):

— to create multidirectional bending & rotation

— to overcome or disippate inertia to prevent
multidirectional bending & rotation

r

e



Posterior Longitudinal
Sling or Superficial
Superficial Back Line /
Longitudinal Sling

Includes: Erector
Spinae, Sacrotuberous
Ligament, Ischial
Tuberosity, Hamstrings

Landmarks:
Sacrotuberus Lig.,
Ischial tuberosity

Stretch:Straight Leg
Fwd Bend & Down
Dog

© 2003 Primal Pictures



Anterior Longitudinal
or Superficial Front
Line:

Includes: Rectus
Abdominus, Rectus
Femoris, Sub Patellar
Tendon

LandmarksaAllS, 5t
Rib

Stretch Warrior |,
Cobra

© 2003 Primal Pictures



lllac Crest and ASIS



Posterior Obligue
Sling / Functional
Back Line:

Includes: Rhomboids,
Latissimus Dorsi,
Intervening
ThoracoLumbar
Fascia, contralateral
Gluteus Maximus

Landmarks: Medial

Scap Border,Humerus,
lliac Crest, Greater |
Trochanter © 2003 Primal Pictufes




Medial Scapula Bordeg Inferior Angle



Greater Trochanter



Anterior Oblique /
Front Functional
Line:

Includes: Pectoralis
Major, Serratus
Anterior, Ext. Obl,
Anterior Abdominal
Fascia, contra Int. Obl,
and Add. Muscles

Landmarks: Medial
humerus, Pec Folds,
Lateral Border of
Scapula

© 2003 Primal Pictures



Pec



Serratus



Lateral Sling / Line:

Lateral Sling / Line:
Quadratus Lumborum,
Gluteus Medius and
Minimus, Tensor
Fascia Lata and
opposite (contra)
Adductors of the thigh

LandmarksGreater
trochanter, lliac crest,

Ribs
Stretch:Half Moon,
Gate Latch Pose

i© 2003 Primal Pictures



Faulty Core Slings

* Longitudinal

— Anterior or Posterior, Titled SIJ & or Translated
Glenhumeral Joint

* Anterior & Posterior Diag Sling(s)
— Rotated SlJ & Thoracolumbar or Abducted Scapula

* Lateral Sling(s)

— Laterally Tilted Pelvis, Internally rotated and
anteriorly shifted femur or abducted femoral head



Faulty Core Slings

* Pelvic Floor —dysfunction affects all lines,
must be “set?” or | owe
translated (especially functional lines)

*Rectus abdomi nus: S hc
during exercising. If so, there is over recruit. of
hip flexors, low back or superficial abs.

* Quadratus lumborum: Lateral line, tight QL is
weak and causes both rotation and hiking of
the hip (check side bridge)



Faulty Core Patterns

 |f the functional line L or R is weak or tight it

will affect all rotational patterns. If left

unchecked will create dysfunction in a)

ad]jacent Joints b) al
e Right hip group is tight during a skate stride,
Droper extension 1 sn
eg=more torsion in the back and shoulders
during the stride=power transfer loss and joint
dysfunction




Treatment & Training Methods

Mobility Around Stability

1. Release

— Trigger Point Therapy
— Myofascial Massage, ART & *Trigenics

2. Stretch
— Balanced Flexibility

3. Strengthen
— Individual Muscle Lengthening & ACTivation
— Core Sling
— Intelligent Functional Training



Correcting or Exercising Core Slings

Since all movement originates from the core,
exercise selection to should reflect the line of pull
of the core slings in accordance to the SAID
principle of exercise Rx



Why or how would | categorize this exercise as the
WFdzy OUA2YyIFTQ tAYS & { dzLISNF A O



Why is the exercise for the back superficial line?



2 KIFaQa GKS R2YAYlLYyd atAy3akK | 2
Improve the sling / core activation of this exercise



In what way IS thls exermse a progressmn over the
last exercise?



Functional, Anterior Superfiscial & Spiral Line

What would distinguish which line would be working?
Create a variation of the exercise more specific to each
of these lines.



Name the sling or line for each participant?



What exercise variable(s) would | change to create
a) progression b) regression



Bounding Sideways predominantly integrats
GKAOK fAYSK 2KFO lFoz2dzi | wedzy
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