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Objective of Study

1. What is Therapeutic electrical stimulation (ES) and EMGs?

2. Basic Physiology of Neuromuscular control.

3. How to use and Indication to use.

4. Type of electrical stimulation (ES) and EMGs?

5. Application in Physical therapy, rehabilitation medicine and sport.
6. Lab: ES and EMGs
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Figure 3.3 A. Intracellular action potential: the transmembrane voltage changes that occur in
excitable cells during “excitation.” B. Diagrammatic representation of changes in the voltage-

gate sodium and potassium channels during the action potential.
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Atrophy and Limit functional activity

Atrophy /Weakness




Cerebral cortex

Muscle fiber A-delta and C fibers

’ nocceptive
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interneuron
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FIG 4.3 Simplified diagram of the gate control mechanism of pain
modulation.
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FIG 4-4 Pain-spasm-pain ¢ycle: nociceptor activation resulting in
T-cell activation, stimulating an anterior horn cell to cause a muscle
fiber to contract, resulting in accumulation of fluid and tissue irritants
and mechanical compression of the nociceptor and increasing
nociceptor activation,




Neuromuscular Electrical Stimuli

(NMES)

ES = Intact nerve supply in muscle =2 Muscle contraction

-Greek technique —> Electrical eel placed in footbath.

- Benjamin Frankin’s —> Treated frozen shoulder

- Physical therapy —> One of the effective modalities i

[~ .
- anANLaUlam (Gate control, endorphins)
- dzaanNISHaaUNaINLULD (Delay muscle disused/ Atrophy)
¥ % a’ e (% [~ L.
- nTeAUNAINLUR LUNUAT (Recovery), AANTIFINGIAA (Spasticity)
- HnnsiFaudviranunansiialusl (Muscle re-education) =2 Orthotic
a ] v a’ o o a
- LINNANMHURAILTINATNLUATINNUNITRANNININTE (Strength)
-HnnnstauAaIenaINtida (Relaxation and feedback)
- ANNNIT WAL ULADR (Muscle pumping and increase circulation)

- ﬂ%‘zl;l:um%“ﬁauﬂgéﬂaﬂiz@ﬂ (Enhance bone tissue healing process)
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Functional Electrotherapy

- Liberson WT et al (1961) - Hemiplegia (NAaad hiag Lab)
- Moe JM, Post MW (1962) — Functional electrical stimull (FES)
> iu nslFeulunisinfadnstszandulEease wu Rl
(LALILLLLNNTNINIUTRITI9NE)
- FES = Treated Neurological disorder (Hemiplegia, Paraplegia, Quadriplegia)
—> Orthotic devices

Created FES
Synthesize movement (Correct abnormal
(Normal pattern) pattern)

- AIAUNDU WAINTEAUY
- WEnalwwhnldnszau

( : ) - ANUTINITUARAINANLUE NS
Synthesize movement . o &
. ARNEAINAINLLA
(Individual abnormal o .
- AwuielunisnszAuy

attern '
g P ) y — - #ame aen feedback sys auq |




5.

Obijectives of FES:

ATILAYU A9LdTN N19N9NUAB93ELUL Motor control MAanerlil (CNS abnormality)

NITFAUNBNUN 289921 Motor TANTNTTUANNIAANA (Cerebral palsy: CP)
n3vfu Motor reflex Niulagunas nandulunisimaaulualiidudmns

(Spinal cord injury 2+ Rhythmic activities 2 Gait walking)
NN Motor neuron NananmielilannAaunalnfaas CNS
o ufila AoudalnAraInIfAaewlng N19ALIANYINNIY ANAINEALNG

AR CNS
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Benefits of FES.
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Neuromuscular Electrical Stimuli (NMES)

The recommended frequency > 30 — 75 Hz.

-This range facilitates an increased firing rate that results in a
tetanic contraction of muscle.

- Increasing frequency > 75 Hz - not increase muscle

recruitment and No-contraction.
- Increasing frequency > 100 Hz = Vibration, Decrease pain.

- Short rest time and Longer durations of stimulation
(Lower frequencies) induced Fatigue of muscle.

AAN A
VUV VY

10ms 10ms




Three electrotherapy currents:

Pulsed , Alternating current (AC) & Direct (DC)
- Many wave form of current are used in NMES
- Symmetrical (ualfidanszsuiion Tduau)

- Asymmetrical Biphasic Rectangular

- Sinusoidal waveform, etc.

- Continuous or Intermittent current

- Balanced or Unbalanced charge wave.

Svyvmmetrical, balanced

—

Asymmetrical, unbalanced

T

Asymmetrical, balanced

i
i

15



Monophasic Biphasic
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Figure 1.9 Characteristics of pulsed or alternating current waveforms.




Current intensity (Amplitude; mA):

- Measured in milliAmps (mA) = Muscle contraction (weak to strong contraction)
- Increasing the intensity (current flow) will

- Increase the depth of penetration

- Increase the number of neurons depolarized

Amplitude (mA) Less (mA) > High
100 Sub-sensory = Sensory = Motor - Pain

Current amplitude (Intensity)

4

+ Motor nerve (Threshold)

¢

Muscle Contraction

4

(Strength, Power, Function activity)

T3

Moxious
=11

o b
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Aim of ES and Pain management:

1. Stimulation of a weak muscle while having the patient

simultaneously contract while the current is on (Re-education).

2. Stimulation of a weak muscle (Delayed atrophy).

3. Stimulation increase of muscle strengthening.

4. Pain management (Decrease pain, muscle spasm)

FIG 5-4 Components in performing surface electromyography (EMG).
Image courtesy ADinstruments.

Figure 8-2 Electrodes, straps, and electrically conductive gel that :
b d on the electrodes t t ductivity. " . . .
GRS IRRC O SR SrRdS L IR Concuenty Figure 8-3 Three different sizes of self-adhering reusable electrodes.
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Contraindication:

-*Cardiac pacemaker

- Over the carotid sinus/anterior trans-cervical area
- Over heart transthoracic area

- Over the abdominal, low back and pelvic area during pregnancy
- Areas of venous or arterial thrombosis

- Thrombophlebitis

- Trans-cerebral stimulation

- Stimulation over the eyes

- Pain of unknown etiology

- Fracture site (non-union)

- Etc.




1.Faradic current:

- nszud W Pulse current 11199n9zfudunan Galvanic current a§anaLNaNa"
WUl DC Tpeimes
- IAE99N9LH (Phase duration) 0.1-1 ms. / 499%N (pause) ¥inazuuLily Second

- Frequency 20-60 Hz (Completed Tectanic contraction)

- stlunueduntanlfae wiu Monophasic pulse e wuu Symmetrical

biphasic pulse current wsnzéilozazianaunandn Asymmetrical biphasic pulse current

% 7N Qi % d” IS dy 11 1
- nezAulughenanNileidulsranunaeeusealuss (Innervated muscle) L

fi1loe Hemiplegia, Paraplegia, nadnaniilen vsatilaeniainisuauvaddsnfinun (Faradic

under pressure) SHT I

0.1-1ms  sec Uaaeiugn
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2.Russian current

(Brust mode alternating Current)
A1 AC Fiawias Poly-phasic continuous wave

- Anadilszann 2,500 Hz, Rest period 50 sec, Repeated 10 cycles

- Hainlfs1lmau Sine wave inliiRANuIL Total current 877

- IneilnRiuazgnuaesiilugm ¢ (Time modulation AC) Wil 50Hz

- Pulse duration 1szan04 400s WAz Phase duration 13z:16l 200LLs (1gNARL)

_ 9aWNAAY (Inter-burst interval) 81991AU 10 ms Tlaanug@zdnaad Total current 110

- H99INTEAULARL 10 ms daaunulil (50%Duty cycle/ On:Off )

- IRNNZINNNTIZANNAARY motor neuron Iuﬂ?’cﬁ’WNLﬁ’ﬂ

Russian current

f;u\HMIM A

~ydaalgeln Re-education, Muscle strengthening ’ M" TS '['l litnn HWH”"

I

|<— 10 msec —>l<— 10 msec —>|<—- 10 msec —-b‘ 21



(A) Russian current

< 10 mg P 10 mg >

burst frequency = 50 Hz
phase duration = 200 us

from Ward et al (2006)

The figures above and left (credited to Ward, 2009 and
Ward et al, 2006) illustrate the stimulation being applied. In
the classic Russian Stimulation, the 2500Hz is modulated
(or burst) at 50Hz using 10ms ON and 10ms OFF periods
(illustration C in the upper figure).
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3.Microcurrent stimulator

(Microcurrent electrical nerve stimulator :MENS)

- 192L& NN Pulse current NdaagnsznaluiFuindmaiuin laglstiy 1 mA

-nezua iatiatadidsinnsanssguiliaitianlosianisnszbiuld (Excitable tissue)

1 v % v aa o o % 1 V9 [~ 1%
L LUl uANEANTNNIMIS (Sensory nerve) mim‘lmaagammu LALUEUTN T

- Rectangular monophasic pulse current Ma1x1saliunaudaliiiudas luuanasuay

ﬂa*mmmﬂmmim 0-600 UA mmfmm Pulse frequency 0.1-1000 waammmw(PPS Hz)
Tmﬂmmmamﬂ qurmmu%aumﬂm (Microsec) nnlsienutiaunialadne Tadu

=
2 2
Current ’ ~
amplitudc ’ ——
GuAad : =
O
- I'imnh<
B
'
3
1
1
2.5 scc
Pulse frequency: 1 — 990 pps
Figure 2_.23 Example of one typc of current produced by some miicrocurrent staamularors: rjg:tf
ansular, monophasic pulsed current with regular reversal of clectrode polaricy.



Figure 9-5 Electrode placement sites for wrist extensors
using electrodes of different sizes. The proximal electrode
is smaller than the distal electrode.

24



4 ! f - . a —

~“‘ L /1

Flgure 10-4 Electrode placement sites to ellc1t muscle contraction in
the tibialis antenor.

i
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, 4.Interference current stimulator

(Pain and Deep muscle stimulation :IFC)

, - 2 Current of AC
Cerebral cortex - Interference
A-delta and G fibers / - Different Frequency
o Thalamus (4,000 and 4,000-4,100 Hz)
S - Beat frequency = 0-100 Hz
pain ®
@k ®<w
/ !nthlbitory

A-beta fibers
{nonnociceptive)

FIG 4.3 Simplified diagram of the gate control mechanism of pain
moedulation.

Decrease Pain

2 5,100 Hz

100 Hz
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Figure 12-1 Two channels of electrodes set up with vertical electrode
placements over the paraspinal muscles. A clinical stimulator is

depicted; however, a portable device could also have been selected for
this exercise.

ana1n13U1a1as (Low back pain)
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Figure 10-7 Electrode placement sites for bilateral upper traps with a

crossed set-up.

ana1n13UIn@a-u (Neck and Upper back pain)
28
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Figure 12-5 Posterior electrode placement
sites for the shoulder.

ana1n1sdaalna

(Shoulder pain)

Figure 12-7 Knee with IFC applied using tw
channels of electrodes that have been crossed.

ana1n1sdaaan

(Knee pain) 29



Electrodes :

Electrodes : gilnsmilunisindsdmyoiaslninanniasadES ligadenziuung

- Surface electrodes : - Implanted electrodes
v = v =
an: an:
- g azmqnlunigse - @A1HTRNzAINANNe LA
- No-implant (Jdfn1sunaudn felusanis) - ga1NnTawidedaguad Surfaces electrodes'
- 99PN L&Y
L4 v v %4
AAADE: AAADE:

10 1 % d” dIQJ o I Y 1
1N@WLWW$M@H@WNLM@WM@QNW? ANALNITUNY BHNLL1F19NNE

o 1 o ai 1 a d” 1
LLﬂiNuﬁl‘ﬂﬂW?ﬁ?tm\lﬂ?ﬁ"}ﬁ\lLﬁ‘ﬂ‘l’]’]ﬂ’]uu’m MENZRIEG Lsﬁﬂslu‘j"mﬂ']il

v v dﬁl 09//
IAan1zn A uEaguLw

A9ANALANNITNTEY

nezfiutlszam Sensory =2 18U Fau 14
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Hybrid FES system:

Variable
Constraint Hip
Mechanism
Hydraulic
Circuit

Hybrid FES system:
N1TNANTZUINNNT LT FES

A
[ Normally open
1+ solenold valve
¥

FUN1 Lﬂ%\‘iﬁﬁmwaq == =
(Support, Aids) 1w Walker, | M ’ «g

crutches, gait orthotic, ;h“"* ¥ _|

functional orthotic, etc. n
enliiludaqiumenedl ) 4 B

S Resistors
Potentiometers

ANNUARAAYNINTY AANT

a Figure 2.
N m W @ q m ﬂ f] 'j‘ ﬂ ('J u ﬂ N Exoskeletal components of hybrid neuroprosthesis. Knee joints are
q instrumented with solenoid controlled wrap-spring clutches that provide
support during stance and unlock for swing. Hip mechanism, depicted
schematically with accumulator and valves, includes hydraulic rotary
actuators attached to hips and controlled by variable constraint hip
mechanism. Postural controller uses information from force-sensitive

resistors, potentiometers, optical switches, and pressure sensors 1o
regulate hip and knee mechanisms to maintain exoskeletal stability

htt p ://r‘e s e a r'c h .V u s e .Va n d n;gll:::tlnl:l:'::l;::(‘:llo provide freedom to move legs with functional k
erbilt.edu/cim/research_
orthosis.html =




Open-loop control configuration /
Closed-loop control configuration

=

Open-loop control K‘

9 0 Ry Hand grip 2 5) Shoulder
FLULNITAILANNINIULAE 181N 1

FLUVAILANEIDUNAL (Feedback input)

movement

movement )
| - EMG

Y o = 78N P2

> {50 viza filoa Wufaauauszu
nastlaasnszua i (ES) 1we lu
nsufuilasi Uiuigands aanu

u39n32UA AW (Parameters of ES)

o = =
RIMITNNARAU VDAY AT
& Al

1 A ¢

PMRANNNT i
A joystick-like device placed on the left shoulder is controlled
through shoulder movement, which, in turn, sends electrical External controller
signals to a nearby external controller. Electrical generator

signal.
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Close-loop control )& Tansmiting Con
< = mpuanind Stmuistor Cuff Electrode
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User Control Buttons igna

Processing
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Transmitter € Controller j€—
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ﬂszua"lwﬁ'\ ‘16’91)@21'1\‘1 LANIZ AN Command Hand grip =>small signal 2> Amplified
3 = 5 Comparator (Feedback) = Send signal to ES 2>
NUAIUUY LAENITaNAtdaya To help strong hand grip
fiaunNal  (Feedback) MR * J—

o . o . F_dd__,_f.ul'npalalnl /"/.
1U5upn FES 1a (Real time) Ok
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Fig. 2 Feed back closed-Loop control diagram



http:

=endscreen&v=8A9KSQODvcO&NR=1 JkVx92nU

Exercise by using FES in Paraplegia Paraplegia with robotic walking.
(stimulated Quadriceps/Hamstring
muscle).
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Orthotic device of FES:

ﬂ’]?ﬂ?%ﬂﬂﬁm?ﬁf] Orthotic support Lﬂ?‘ﬂﬂ‘ﬁQﬂWﬁqq + NMES
_ a9AUsenaunanaas Orthotic device of FES 1A

1. Power source with cables

2. Control system with open / close-loop system

3. Display monitor, ground system

4. Electrical stimulator (ES) with cable

5. Electrodes

CABLE
(POWER DOWN
DATA BACK/FORTH)

CoIL
(INTEGRATED W/ SOCKET)

PROSTHETIC
/ HAND

COLDRIVER &

PROSTHETIC
CONTROL INTERFACE

BATTERY PACK 35



Parameters setting (Surge faradic current):

BAMINNTLEAL (Phase duration) 0.1-1 ms., 50-60 Hz

-Time stimulation on : off 2 1:1 to 1:5 ratio

-Lower intensity contractions requires less rest time -- e.g. 10-15 ms on: 10 ms off
-Higher intensity contractions requires greater rest time -- e.g. 10 ms on: 2 30 ms off

Ramp of current:
- 2-3 second ramp up: 2-3 sec ramp down

Intensity (Amplitude; mA):
- Moderate level (>50% MVC) contraction sufficient to recruit inhibited or weak muscle.

Number of contraction

- 10-15 repetition / min

Times:

- 10-15 min / times, 3-5 times/Week
Training period:

- More than 4-6 weeks (Strength)




Fig. 4. A. Electrode placement used to re-
duce shoulder subluxation. The active elec-
trode is placed over the posterior deltod
musdie to minimize the amount of shoulder
shrugging. (Note the specialized electrode
configuration, designed to optimize activation
of the supraspinatus muscle and mnimize
stimuiation over the spine of the scapula ) B.
Ragiograph of a patient with hemiparesis
demonstrating marked shoulder subluxation.
C. Radiograph of the same patient shown in
B with the stimulated subluxation reduction.

Shoulder subluxation
in Hemiplegia




Quadriceps atrophy
in Hemiplegia

Select: Surge faradic current
Frequency: 50-60 Hz
Surgeon:off =3:3
Amplitude:

max tolerable, I 50% MVC

No of contractions: 10-15 rep
Time: 10-15 min

Patient: try to quadriceps
contraction during ES activation

Recruitment patterns during electrical stimulation are reversed:
- Type Il fibers (Fast twitch) are the first to contract.
Result: Training effect that preferentially trains the type Il fibers

38



Surface Electromyography

(EMGs) & NMES

“Electromyography is the study of muscle function
through the inquiry of the electrical signal the

muscle emanates”
Cram JR, Kasman GS

Parinya Lertsinthai, PT. Ph.D.

Physical Therapy, Allied Health Sciences
Naresuan University

(Date: 24/12/2012)




SCO pe Noraxon

Motion Lab Systems

‘What is EMGs? Delsys
-Surface and indwelling electrode (Needle electrode)
-Basic of EMG recording

-Application in PT, medicine and sport
-Neuromuscular electrical stimulation (NMES)

"' E E E ']‘” (,t tL’ | M IJ M‘ [W X
! | | LA L T R
Muécle i Electrodes (+cable) + Sensor i Encoder iComgg;;: ;rI:ﬁniti - | \'m = " ‘




What’s EMGs ?

- EMG is the electrical activity produced by skeletal muscles
during contraction.

— Several Motor units are active during muscle contraction
many motor units /many Action potential (Electrical signal)

— Motor unit depends on the function of the muscle and can contain
from 10 to over 3000 muscle fibers. Eye (4-10 fibers), Quadriceps
(>1,000 fibers)

Brain Raw EMG Signal
Neuron .,_\Nerve WW
Neuron @ \ Motor unit DECOMPOSITION
Neuron . e “y  Motor unit ¥
| % ) Motor unit V- P ;.JL W,
| H—A—A——r—r—
Muscle -

_J__ l' l‘_
Individual Motor Unit Action
Potential Trains (MUAPTs)




Generation of Muscle Action Potentials

EMG signal = change in electrical potential across the muscle fiber mb
- Resting mb potential of muscle fiber 2 -90 mV (Resting potential)
- Action potential of a muscle fiber - 30-40 mV (Depolarization)

- Motor unit action potential (MUAP) - -90 to 40 mV

Bipolar Electrode
Configuration

amplifier

Action potential (AP) 2 (mV)

S ol —

|———|/ electrode \[——J skin surface

9 #50- BT RN S NN
i Repolarising . /_ y N\ | depolarized
T | phase® muscle fier + + +_~~ membrane area
z ) phase \
c 0L
§ 0 \ C +
0 ,/
Q| Resting state ‘
: 0 Undershoot Resting state et |
g 50 0 \ ront of excitation \
g A\ -
UE) excited direction of unexited
S 40 propagation
Time

3,nV
.
V — |
1

msec

Motor EMG signal (V)

From: Kumar/Mital 1996, p. 73



Characteristics of EMG Signal

Amplitude range:
0-10 mV (+5 to -5) prior to amplification h Wl o LAY

* Useable energy anudnifudiyoyio:

Range of 0 - 500 Hz 100

* Dominant energy: 50 — 150 Hz - @ pea
B |

(vunusduannludaspaun)

* Peak of frequency = 80-100 Hz

(P uDgegnuasdtynns)

Power

Slow twitch_motor unit firing = 75-125 Hz

(Type I muscle: Soleus, deep muscle)
Fast twitch motor unit firing = 125-250 Hz
(Type Il musclr: Biceps, Triceps, Quadriceps)

i 100 200 300 400 S0

Frequency (Hz)

>

Figure I: Froguancy soectrim f the EMG signal deseciod from the Tibalis Anserior musela during @ constant
Jorca izomatric conmaction at J0%s of volunary meoimum,



Characteristics of Electrical Noise

* Noise in electronics equipment = Band pass 50 - 250 Hz filter

(0-many thousand Hz, All electronics equipment, used Filters elimination )

 Ambient noise (To avoid source of noise=> Turn off)

(Electromagnetic radiation sources e.g. Radio, Electrical

wire, Fluorescent light = 50,60 Hz rhythmic beats electrical noise,

1-3 times amplitude of EMG signal)
Motion artifact (0- 20 Hz of noise) - Adhesive tape

Inherent instability of signal (0 — 20 Hz of noise)

Physiological noise: ECG, HR, Respiratory rate (100-200 Hz)

- Change electrode location essential eliminates the ECG, HR artifact.



Types of Filter

Low pass filter : 1ﬁﬂqwu§ﬁmmﬁmﬁ%ﬂLLﬁ 0 Hz autsnmuanuld1é

(Cut off=500 Hz)
High pass filter : GLm@wwvmrmammwmuummu1ﬂ1m (Cut off=20 Hz)
Band Pass filter : WHanzdasdymnmunanuinsimuasinld (25-500Hz)
Notch filter (Band reject): 15npansfidymyrninnedaeiilifaenns

Hif) H(f)
Low Pass '\ /" High Pass
Frequency Frequency '

H(f H(f)

Band Pass wnd chu/

Frequency

Frequency



50-60 Hz

Line Interference removed

Line lnteﬂerence‘

Notch filter | ,
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50-60 Hz
Removed

e

(BioGréph)

Gro’;;n
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Fig. &, Raw EMG sinal vith e nerference FA A ENG migres i e et

- 50,60 Hz rhythmic beats electrical noise,
- High > 1-3 times amplitude of EMG signal




100-200 Hz

EKG Artifacts (heart beats) : ECG artifact

/ / \\ 1k rhythmic beats
| = ' el s 1

Heart beats

(BicGraph Y

Fig. 6. Raw EMG signal with EKG artifact

20Hz Motion artifact
No rhythmic beats

Band pass 50 - 250 Hz filter
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Fig. 7. Raw EMG signal with movement artifact



Factors Affecting the EMG Signal

Causative Factors :
Direct affect on signal

e Extrinsic — Electrode structure and Placement
* Intrinsic — Physiological, Anatomical, Biochemical

Emotion (Stress), Fat

(Inflammation)

(Back View)

Single
disposable
electrodes

MyoScan™
SeENsor

Extender cables



Types of Electrode

Surface electrodes

(Superficial on muscular)

- Low frequency spectrum (20-500 Hz)
- Non-Invasive technique , Cable / Telemetry

- Skin preparation is necessary
Advantages
-Quick, easy to apply
-No medical supervision
-Minimal discomfort
Disadvantages
-Generally used only for superficial
muscles
-Cross-talk concerns
-No standard electrode placement
-May affect movement patterns of subject
-Limitations with recording dynamic
muscle activity

Indwelling electrodes

(Intra-muscular)

- Produces higher frequency spectrum
(10-2,000 Hz)

Fine wire / Needle

Localized pickup (superficial/deep m)

Difficult to insert
Advantages
-Extremely sensitive
-Record single muscle activity
-Access to deep musculature
-Little cross-talk concern
Disadvantages
-Intra-muscular insert
-Requires medical personnel,
-Possible nerve injury
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FIG 5-4 Components in performing surface electromyography (EMG).
Image courtesy ADInstruments.

i ) —
A B
FIG 5-5 Electromyography (EMG) electrodes. A, Fine wire/needle. B, Surface. Courtesy The Electrode Store, Enumclaw, WA.



Bipolar surface

Active” Electrodes
Detect electrical signal

Reference' electrode

Needle Fine-wire

OMMG 2002

30mm, 27ga needle with a
pair of 0.051mm, insulated,
hooked wires and 200mm
tail with 6mm bare-wire



Electrode placement

Electrode pairs in parallel with muscle fibers

Midway between motor point of muscle belly and tendon
(Usually place at muscle belly)

Approximately 1-2 cm apart (Distance between electrodes)

If electrode are fixed together to reduce relative movement
(Eliminates cable motion artifact)

Ground electrode placed over electrically neutral area usually
bone prominent

Clean skin with alcohol (Remove fat—=> Reduce skin Resistance)

@@ o>

1-2Cm Reference
electrode




The Common Mode Rejection Ratio (CMRR)

CMRR TluAuanInisiandumsunauwuuni Ingldieasaenganuuansing
(difference amplifier) Tngaczlsinenadmmunidnalniuliauiu uhazaens
&'%ﬂmﬁﬁﬁnﬁiv\lﬂwmﬁ'uwhfu (Reduce unwanted noise signals)

A1 CMRR a3 > 80-100 dB (andtymyrvsunau wazasnadoyoyio)

Differential mode (Ad)

CMRR (dB) = 20log

Common Mode (Ac)

pdnilszAnaaanuilsilsau (Coefficient of variation; CV)

1 dl Y o o/ o 6 v dl = v ngj 1 49/
V”]’W]GL‘I]’Jﬂﬂ’]?ﬂﬁ‘gﬂqﬂﬁmv\mﬁﬁlﬂx‘i‘ﬂﬂﬁg@L‘V\lﬂL‘LFI;TEI‘LILV]EIUﬂW?ﬂ?Z@WEI‘H@Q‘]J@H@WQLL[}’]@@Q‘Q@‘H‘L&VL‘]J

CV = (SD — Mean ) x 100%

(Unf@finunangasay 30 Dadinszanansdiayann)
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Electrode Placement

Away from motor point
— Middle of muscle belly is generally accepted

Away from tendon
— Fewer, thinner muscle fibers

— Closer to other muscle origins, insertions
* More susceptible to cross-talk

Away from outer edge of muscle
— Closer to other musculature
Orientation parallel to muscle fibers

— More accurate conduction velocity
— Increased probability of detecting same signal




EMG Electrode Placement

lnnervalin Flartrpia Tancincus
[nsorticn

Figure 4: The preferred clectrode location is between the motor point for imnervation zone) ana the tenainos
snsertion, with the defection surfaces arranged so that they intersect as many muescle fibers as possible,



Surface Electrode Placement

Best signal
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Figure 2: The amplitude and _firequency specirum of the EMG signal is affecred by the locarion of the elecrrode
with respect to the innervarion zone (top electrodel), the myotendonous junction (bottom electrode) and the lateral
edge of the muscle (middle right electrode). The preferred location is in the midiine of the belly of the muscle
between the nearest innervariion zone and rthe myortendonous junction. In this location the EMG signal with rthe
greatest amplitude is derectred.



Reference Electrode Placement
(Ground)

e As far away as possible from recording electrodes

* Electrically neutral tissue
— Bony prominence in the same side of body

e Good electrical contact
— Larger size more than ES ~ —~ <z=e ...l

— Good adhesive properties

*

A

occiput  scapula elbow sactum heel




EMG Signal Processing: Rectification

‘ Raw signal

Rectified
signal

Benefit: only positive values = mean, peak, area calculation




EMG Signal Processing:

Rectified
signal

Integrated signal: Root Mean
Square at 300ms

Deleting non reproducible amplitude spikes



EMG Amplitude Parameters

Rectified
signal

A

Raw signal



EMG Amplitude Normalization 1: MVC

EMG in ratio to a Maximum ‘olontary Contraction = % MVC

— MVC— Test Trials

% MVC




Amplitude Normalization 2: To Mean

Test Trials

Upper border

................................. . R | AR || IR A [ || S Average 100%

Lower border

g 02/ 17ation to the internal mean amplitude value



EMG Force Relationship

EMG SIGNAL AMPLITUDE AND FORCE

®BICEPS (N=61)
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Figure 7.1. Effect of muscle on the EMG signal-force relationship. N represents
the number of contractions averaged for each muscle. Each set of data was
obtained from 13 subjects. (From J.H. Lawrence and C.). De Luca, © 1983,
Journal of Applied Physiology.)

An increase in force (tension)
results from an increase in muscle
EMG activity

Force o Amplitude
(Nm) (mV)

EMG records the recruitment of
motor unit (Size principle)
(Small motor unit - Large)

Basmajian&Del uca,
Muscles Alive 1985,
page 193

‘ Linear or curvi - linear correlation of EMG and Force




EMG/Force Relation due to musc. conditions

Force a EMG activity

EMG signal
winni Ll bet
RUILANNIN
WD IILVINNTA

EMG Activity

FORCE PRODUCTION LEVEL

Analysis of intramuscular training effects




Benefits and Applications of

Surface EMG

 Indicator for muscle activation /deactivation
» Use of re-education of muscle function
 Relationship of force/EMG signal

« Use of EMG signal as a fatigue index

« Use of EMG signal as a biological Feedback

paen. IS o

EMGs Set EMGs
feedback feedback
EMGs

Input EMGs

feedback




Lumbar Stabilisation: Coordination Training
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PC-Workspace : Job analysis

Signals Video
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Bio-feedback
(Re-education/Relaxation)

Upper Trapezius Placement

BiOfeedbaCk --fl | + 1nd Center
WAWR ﬁ:/ ,I %-ﬁNCenter
waﬂwﬁﬂ'ﬂ -

{57 R,

' N

Purpose: monitoring of movements of the shotlders.




EMG in Biomechanical Setups

Manual Muscle Tests Gait Analysis Reactive Jump...

ad

EMG Stand alone Foot switches, Contact or Force Plate
Goniometer

Isokinetics Strength Machines 3D Mov. Analysis

Torque — Angle - Velocity Force - Angle Angle - Position
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