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Precautions



Cutaneous Mechanoreceptors

/—[ Superficial skin layers }

Deeper skin, fasciae

Respond to LOW
frequency vibration 5415 Hz

Merkel Disks -

\. Adapt slowly

Respond to MEDIUM
frequency vibration

T 2050 Hz *

Melssner Corpuscles

Pacinlan Corpuscles - /

\ Adapt rapldly

Respond to HIGH
frequency vibration

60-400 HZ *

between muscles, >
Periosteum

Myelinated afferents D7

\_ Adapt rapldly

Type A-alph, 12-20 micrometer dlameter Speed 72-120 mvs

Innervations ] 2

*

'\ Type A-beta, 6-12 micrometer dlameter Speed 36-72 my/s




Merkel's disk Meissner's corpuscle
' - Epidermis
Ruffini ™
ending ‘
§‘§//\ . p=Dermis
Pacinian = | | !
corpuscle Nerve  Krause end bulb

Slow adapting, unencapsulated nerve endings

Respond to and detect light touch

Located in upper layers of skin that has hair or is glabrous/hairless

Markel's Disks |-

Densely distributed in finger tips and lips

Receptive fields are small with well defined borders that make them very
sensitive to boarders.

Rapidly-adapting, fluid filled encapsulated neurons

Respond to and detect fine touch, pressure, and low-frequency vibration *

| Meissner’s Corpuscles } Located in the upper dermous and project into the epidermis of

glabrous skin on finger tips and eyelids

Have small well defined boarders which are responsive to fine details

Slow adapting, encapsulated mechanoreceptors

Skin stretch *

Respond to and detect: - f Deformation within joints

Tactile Skin Mechanoreceptors

—| Ruffini Endings |-

| Warmth-due to depth of these receptors, humans perceive cold before warmth

Located in the deeper dermis of glabrous and hairy skin

Provide valuable feedback for gripping objects and controlling finger
position and movement

x Targets of
Hyperice vibration
and percussion

Contribute to proprioception and kinesthesia *

/4

Rapidly-adapting, deep receptors

Respond to compression and detect transient deep pressure and high-*
frequency vibration

: The deeper dermis of glabrous and hairy skin
Pancinian Corpuscles |-

~{ Krause end bulbs ]

| Bone periosteum
e —
Joint Capsules

Located in:

Pancreas and other viscera

| Breast

|
| Genitals
' eo—

Respond to and detect cold and temperature change

Conjunctiva of eye

|f Mucous membrane of lips and tongue

Located in: -
—( Epineurium of nerve trunks

| Penis and clitoris
e ket inks




Cutaneous Mechanoreceptors Pathways for Vibration

One bundle joins the second
grade neuron from profound

strata of the posterior horn;

The axon of the 2nd grade
neuron join the 3rd grade
neuron in the ipsilateral lateral
cervical nucleus

The axons of the 3rd grade
neuron cross the median line and
join the medial lemniscus from
the medulla (lower part of the
brain stem).

This is the main road for
vibratory information

Located at the base of your brain, where the brain stem
connects the brain to your spinal cord. It plays an
essentlal role In passing messages between your spinal
cord and brain. It also essentlal for regulating your
cardiovascular and respiratory systems.

The primary function of the medial
lemniscus is as a 2nd-order neuron of the
dorsal column-medial lemniscus pathway
(DCML) i to transport sensory
spinothalamic information of conscious
proprioception, vibration, fine touch, and 2
point discrimination of the skin and joints of
the body and head.

8 Medial Lemniscus Function

The ventral posterolateral nucleus recelves Information for paln, temperature
and crude touch via the spinothalamic tract. The ventral posteromedial
nucleus receives sensory Information from the face via the trigeminal nerve.

Ventral postero-lateral nucleus

Mylinated afferents fibers from cutaneous
mechanoreceptors join peripheral nerves
to the dorsal root of the spinal nerves and

bifurcate

\—[ Another Bundle (Collateral) joins the ipsilateral dorsal column ]

They synapse with the dorsal column nuclel
of the medulla where there Is somatotropic
organization

Fibers from the caudal (posterior body) are medially situated and Join the gracillls nuclel

Fibers from proximal segments are laterally situated and synapse with the cuneate nuclel

‘The fibers of the graclllls & cuneate nuclel for the medial lemniscus

Fibers from the medial lemniscus cross the midiine and end In the postero-lateral nucleus of the
thalamus

Acts as a relay statlon filtering Information between the brain and body. Except for olfaction, every
sensory system has a thalamic nucleus that recelves, processes, and sends Information to an
assoclated cortical area

Thalamus Function

In the medulla of the brainstem recelves primary afferent Input from the hand and forelimb, and
cortical Input from the S1 cortex (hand and forelimb reglon)

Are recognized as a processing center for touch and proprioceptive Information ascending from the

periphery to the somatosensory cortex
Dorsal Column Nuclei (DCN)

‘The gracile nucleus, located In the medulla oblongata, Is one of the dorsal column nuclel that
participate In the sensation of fine touch and proprioception of the lower body.

The lateral cervical nucleus Is a scattered nucleus located dorsally In the lateral funiculus In the
first three cervical segments of the spine. The spinocervical and spinothalamic tracts synapse In
the lateral cervical nucleus; the tract projects the

tract projects contralaterally. The axons of neurons from the lateral cervical nucleus cross the
midiine, joln the medial lemniscus as It forms In the caudal medulla and ascend to the ventral
posterolateral nucleus

Lateral cervical nucleus

Ventral posterior nucleus

Is a nucleus of the thalamus. Together with the ventral posteromedial nucleus (VPM), ventral posterior
Inferior nucleus (VPI) and ventromedial posterior nucleus (VMpo), It constitutes the ventral posterior
nucleus. recelves Information from the neospinothalamic tract and the medial lemniscus of the
posterior column-medial lemniscus pathway. It then projects this sensory Information to Brodmann's
Areas 3,1 and 2 In the postcentral gyrus. Collectively, Brodmann areas 3, 1 and 2 make up the primary
somatosensory cortex of the brain.




Facial Vibratory Mechanoreceptors

main nucleus of trigemen, whose axons
enter the trigeminal lemniscus and ends in
ventral postero-medial nucleus of thalamus

U,

I
| =

Both the two thalamic nuclei and S1 (primary
somatosensory (S1) cortex) area have
somatotopic maps of the body. Information from
vibratory sensibility and position sense share
central pathways but the receptors, thalamic and
cortical projection are specific.

Afferents project to main nucleus of
trigemen, whose axons enter the
trigeminal lemniscus and ends in
ventral postero-medial nucleus of
thalamus

£




Muscle Vibratory Stimulation of

the Musculotendinous Junction

Asymmetric tonic neck reflex (ATNR) g

~—1 20-50Hz

Produce muscular relaxatiion

Produces muscular facilitation

~— 80-100Hz }

Produces the tonic vibrator
reflex

Outside of Hyperice product
frequency range

Isilateral Head Rotation
facilitates a stronger TVR
(tonic vibrator reflex) on the
extremity on which the eyes
are set and diminished on the
contralateral side due to the
extensor facilitation of the

ATNR.




Enhancing Flexibility with Vibration

iy o

/—[ Cutaneous Application of Vibration ]

130 Hz

Tendon Vibration } z

“[ Muscle Vibration }

>*

Reduces the duration of motor evoked potentlals

100 Hz

Central mechanism: Inhiblts cortico-spinal activity

Spinal mechanism: reclprocal inhibition

Enhances Pain threshold

Enhances local blood supply *

Muscle relaxation




Muscle and Tendon Pathways for Vibration:

Tonic Vibrator Reflex (80-100 Hz)

Muscle Spindle Vibratory
Reflex (nuclear bag and
nuclear chair fibers)
streams through primary
termination of 1a nerve

fibers
; S
Also intermediate:Tonic and phasic stretch reflexes
Fojstendon D Ram efiex Primary termination end in the spinal motor neurons elicit a tonic
stream through secondary L y
S contraction of the vibrated muscle
termination of 1a nerve fibers

)
&



Stoke Length: 12mm/
Power: 60 watts

2 ;/ 33 Hz

l'-\ 3speeds | 39Hz

Hypervolt2

/

1

| 45Hz

Stoke Length: 14mm/
Power 90 watts

/—‘ Percussion |-

Hypervolt2 | 30 Hz

Pro f m——
{ 33 Hz

\ |
\ |
B

If

5 Speeds ‘)' 36 Hz

i \
Hyperice \ 40 Hz

Device 1 | 45Hz
Parameters e
All models/ acti
models
Vyper Go 3 speeds [ 60Hz
{ |
o \
Rollers 72 Hz
| Vyper3
e
Hypersphere
Spheres ~ ——————————

\_ Hypersphere Mini

Muscle Vibratory Stimulation of
the Musculotendinous Junction

Produces muscular facilitation } s

50-80 Hz

Respond to LOW

Speed 72-120 mvs

5-15Hz fre.
quency vibration 3
Merkel Disks
Adapt slowly
Respond to MEDIUM _| Superficial
frequency vibration . skin layers
Meissner Corpuscles ¥
Adapt rapldly
Respond to HIGH
frequency vibration S 3 5
i Pacinian Corpuscles Deeper skin, fasciae Cutaneous
Adapt rapldly between muscles, =t Mechanoreceptors
8 Periosteum
Type A-alph, 12-20 micrometer dlameter

speed 36-72 m/s

Type A-beta, 6-12 mic

* Produce muscular relaxatiion

-1 20-50Hz
* Produces muscular facilitation

-1 50-80Hz

Produces the tonic vibrator reflex

- Myelinated afferents ‘
d / -1 Innervations

Muscle Vibratory Stimulation of
the Musculotendinous junction

Outside of Hyperice product frequency range } [ 80-100 Hz }——’

Isilateral Head Rotation facilitates a stronger TVR (tonic vibrator
reflex) on the extremity on which the eyes are set and diminished
on the contralateral side due to the extensor facilitation of the

ATNR.

8 Asymmetric tonic neck reflex (ATNR)
30 Hz ’ t

130 Hz

/—[ Cutaneous Application of Vibration J

Reduces the duration
of motor evoked

potentials

100 Hz

Central mechanism: Inhibits cortico-spinal activity

Enhancing
Flexibility with —
Vibration

Spinal mechanism: reciprocal inhibition

Enhances Pain threshold

Enhances local blood supply

Muscle Vibration |-

Muscle relaxation







— Targefts of }

vibration
and
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Arthrogenic Muscle Inhibition (AMI)

Strength

Afferent signal potential damage or potential damage to joint structures

Quadriceps Inhibition

~— Activation of Group Il & IV Afferents

“— Signals lead to facilitation of :
Q

Group 1b Internerons

==

Pain and Effusion and Quadriceps Activation and Strength
Riann M. Palmieri-Smith, PhD, ATC*{; Mark Villwock, MS*{;

Flexion reflex

Gamma Loop

Brian Downie, PA-C, MS#; Garin Hecht, MDS; Ron Zernicke, PhD*{journal of
Athletic Training 2013;48(2):186-191 doi: 10.4085/1062-6050-48.2.10

by the National Athletic Trainers’ Association, Inc www.natajournals.org
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Definitions

Standard skeletal muscle fibers that are innervated by the alpha motor neuron allowing for skeletal
movement

~— Extrafusal muscle fibers ]

Large, multipolar lower motor neurons of the brainstem and spinal cord. They innervate extrafusal muscle
fibers of skeletal muscle and are directly responsible for initiating their contraction

— Alpha motor neuron }

Innervate the muscle spindle at each end. They allow contraction of the intrafusal fibers and modulate their
sensitivity to stretch. In this way the gamma motor neurons form an important muscle stretch reflex mechanism that
acts in conjunction with the alpha motor neurons.

‘{ Gamma Motor Neuron }

Stretch receptors within the body of a muscle that primarily detect changes in the length of the muscle. They convey length
information to the central nervous system via la afferent nerve fibers. This information can be processed by the brain as
proprioception. Their afferent innervation is via the gamma motor neuron.

‘[ Muscle Spindle }

A mechanoreceptor that conveys muscle tension to the central nervous system via its Ib afferent nerve fibers. They send force
information to the spinal cord, where interneurons receive input from the brain that specifies the amount of force that a muscle should
produce. If that muscle's force level exceeds this set point, the GTO inputs inhibit the alpha motor neurons innervating that muscle,
which lowers the force produced unless some other mechanism cancels that signal.

‘[ Golgi Tendon Organ }

inhibits t

The alpha motoneuron axon has a recurrent collateral in the spinal cord that synapses onto the Renshaw cell. Similarly to
the neuromuscular junction, the neuro- transmitter onto the Renshaw cell is acetylcholine. The Renshaw cell then directly

he alpha motoneuron using glycine as the neurotransmitter. This is called recurrent inhibition. It provides

inhibitory feedback to the pool of alpha motoneurons to prevent excessive output.

‘{ Renshaw cell }

\—-{ Inhibitory Internuncial Pool ] :

Inhibitory neurons in the gray matter of the spinal cord interposed between and connecting two other neurons







~— Induces localized pain

Reseolvins - RvD1, RvD2, RvD3, RVE1
: : Protectl - PD1
infl i . Also promotes resolution of pain by -
Acute inflammation Anti- producing specialized pro-resolving [~| Neuroprotectin - NPD1
inflammatory Mechanism mediators (SPMs)
Maresin - MaR1 (also found In fish oll)

Exhibit potent antl-inflammatory actions

SPMs produced during the Are potent analgesics
“— resolution phase of acute |-
inflammation Inhibit and resolve Inflammatory and postoperative pain

Induces Microtissue injury

Induces localized pain

induces local acute inflammation
Dry needl'ng | Promotes resolution of pain in part by inducing the the release production of pro-

resolving mediators during the resolution phase of acute inflammation

Most experimental minimal and mechanical injuries are regenerated within 7 to 10 days




Motor endplates reinnervated by very fine axons covering a spread out

postsynaptic component

Dry Needling and Intramuscular Nerve

Regeneration in Mammal Model

j
Fragmented axons of intramuscular nerves observed from the point of
Day 2-3 injury to the synaptic contacts

—~
e

Axonal growth cone visualized as an axonal dilatation beyond its endplate

Scatter receptors regroup under fine axons and axonal growth cone

Receptors aggregate below the axon and take the shape of normal adult
synapses

Reinnervation after nerve damage by repetitive mechanical injury (dry

needling) was rapid and complete by day 3. Neuromuscular synapses
were reoccupied.




Dry Needling Tissue Inflammation and
Muscle Tissue Regeneration Timeline in
Mammal Model

Form from myoblasts 3-4 days after

—

Muscle are in the

initial phase of
regeneration

Inflammatory reaction present

Inflammatory cells clean
necrotic debis of the
injured area while
preserving healthy part of
muscle tissue

(o)
(_

Myotubules are in advances stage of myofibrillogenesis

Most cytoplasm is occupied by the neosynthesized
contractile apparatus

Non-fused myoblast become satellite cells

damage from running or eccentric
lengthening contractions

In the stage of healing of the
myotube, actin and myosin are

o m synthesized to create sarcomeres
Complete inflammatory reaction of

: Sarcomeres form in cytoplasm
damaged tissue can be observed yop.

between 4-7 days depending on

the severity of muscle injury
[a)

Satellite cells are activated and transformed into myoblasts

Myoblast initiate a period of mitotic proliferation (Cell division)

Inflammatory cells coexist with myoblasts

Necrotic debris is complete phagocytosed by the inflammatory reaction

Myoblast fuse with each other and healthy parts of the injured muscle fibers

Myoblast fusion produces the myotubes

New myotubes start synthesis of actin and myosin (myofibrillogenesis)

¥—| Days 5-7 Undifferentiate "sleeper" stem cells

2 Reside on the surface of health adult mucle fibers

‘ Satellite cells clearly identified .
When muscle in damaged they become myoblasts

,

Regeneration Complete (

Myoblasts from satellite
cells initiate a period of

m | mitosis from 9-15 hours

myoblasts resulting from this
mitosis period fuse with each
other and with the muscle
fibers surrounding the area of
injury. The resulting structure
is a cell called a myotube




Neurogenic Inflammation Trigger

‘*{ Nocioceptive Nerve Activation ]

)
=

Neuropetide release
)

I Rapld plasm extravasation

ra

(&

Edema

\




Extracellular Matrix (ECM)

‘{ Polysaccharides ]

Long chain carbohydrated molecules

Composed of monosaccaride units

Units are bound by glycosidic linkages

o
Polymeric Carbohydrates - l,

|

|

React with water (hydrolysis: chemical rxn in which a molecule of water
ruptures one or more chemical bonds ) using amylase enzyme (catalyzes
the hydrolysis of starch into sugars-monosaccharides or Oligosaccharides
(saccharide polymer containing a small number of monosaccharides)

Long linear polysaccharides consisting of repeating disaccharide Units
(double sugar units)

—[ Glycoaminoglycans GAGs/mucopolysaccharides ]

Highly polar and attracts water

Used in the body as a lubricant or shock absorber (Hyaluronic Acid)

Proteins that are heavily glycosylated (enzymatic process that attaches

glycans to proteins, or other organic molecules)
r Proteoglycans |

Takes on a gel like state/colloid

chrystal in chemical structure  Exclusion zone (EZ) - Negative charge
adjacent to the hydrophilic is next to the hydrophilic substance
substance

Interacts with hydrophilic substances
h Water |-

Bulk water has Positive charge




—] Complex fluid suspensions ]

— They are Non-Newtonial Fluids ]

[ Blood and Lymphatic Fluids }

Fluids whose viscosity decreases under shear and strain

[

“— Exhibit shear thinning behaviors J -1 Also known as pseudoplastic behavior

\

Thixotropic Fluid §

Blood and lymph are thixotrophic fluids. They are fluids
whose viscosity is a function not only of the shearing
stress, but also of the previous history of motion within the
fluid [1]. The viscosity usually decreases with the length of
time the fluid has been in motion




https://www.ncbi.nim.nih.gov/books/NBK10895/

https://www.nature.com/articles/s41598-017-02922-7
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