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Muscles:

Motors of the human
body

Act to generate force and
produce movement

3 Types of Muscle

(1)Skeletal

(2)Cardiac
(3)Smooth

> Only skeletal can be controlled voluntarily

Two broad types of voluntary muscle fibers

(1) Slow twitch:contract for long periods of time but
with little force

(2) Fast twitch contractquickly and powerfully but
fatigue very rapidly



Muscle: Produce or resist motion
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Detalled structure
of skeletal muscle
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Frog
Hindlimbs

In 1792 L uigi Galvandemonstrated that
electricity could generate muscle
contractions

“Bi oel ectric
In 1849 Emil du BoisReymondound that electric
potential also be recorded

First actual EMG recording occurred in 1890
Etienne-JulesMarey.
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Muscle Activation

Action potentialsare the main form of
communication by the nervous system
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Contractile Unit in Muscle
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Interaction of actin
and myosin heads
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rrnyofilzment

Thln Titarrwnt

D
=
B

o P.TF‘ "
s hydrolysis,
e

ADR Thick filarment

L2
= e —

el
@ 423" o i i A0 P ook @ Noffn st s g,
ol the n head pecurs eliding it toward the M line
Des

“ATR
P
kyosin head

[low-anargy
configuration)

(3) As new ATP attaches to the myosin head,
the cross bridge defaches

The process of attachment, rotation and detachment therefore continues as long as
Ca&*and ATP are present in the cell in sufficient amounts.



Action potential and force
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A Latentperiod lasts about Znsec(milliseconds) and ihe time
between stimulation of muscle cells and force generation.

A Contractionperiod lasts about 16100msecand isthe period
during which forceis increasing.

A Relaxatiormperiod, whichlasts 10-100mseg is the period when
force Is decreasing.



Hill Muscle Model
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Human Electromyography

Surface Electrodes:
Non-invasive method to measure from large
superficial musculature

Use EMG as a measure of neural activation durin
locomotion
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Experimental Setup
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Battery (9V) $3.00

Instrumentation 1 $3.00

Amplifier (INA 128)

SurfaceElectrodes 50 $16.00

ConnectorCables 1 set $45.00

USB Cord 1 $15.00

DAQ Board (NI 1 $279 **optional, data

DAQ USB 6009) can be recorded
using computer
sound card

Miscellaneous 1 $20

(Jumper cables,

bread board, solder

etc.)

Computer 1

Total $381.00 Note:if we use

sound card then
price could be as
low as $100.00



Speed affects muscle activity
amplitude and timing

A. R. den Otter, A.C. Beurts T. Mulder, JDuysensSpeedrelated changes in
muscle activity from normal to very slow walkingpeeds Gait and Posturg2003)

“The main role of the muscles 1 n th
accelerating and decelerating forces of individual body segments to establish safe
forward progression As a result, the amplitude of muscle activity increases with
walking speed because of the need for larger muscular force output.

M. P. Murray, L. AMollinger G. M. Gardner, S. BepicKinematicand EMG patterns
during slow. free, and fastvalking.J of Orthopedic Researdli9384)

A. L.hof, H.ElzingaW.Grimmius J. P. Kdalbertsma Speeddependence of averaged
9 aD LINPwWaki®Gaitayd Posture(2002)

G.CappelliniY. Plvanenkq R. EPoppele F.LacquanitiMotor Patterns in Human
Walking and Running
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Detection of muscle fatigue using EMC

P. VKomi and PTeschEMG frequency spectrum, muscle structure, agatigueduring
dynamics contraction in marizuro. J. of Applied Physi¢l.979)

M. Cifrek V.Medved S.Tonkovig S.Ostoiic Surface EMG based muscle fatigue
evaluation in biomechaniclinical Biomechanic009)

“Al most a century ago Piper, a Pprofes
WilhelmsUni ver sity i n Berlin, noticed a|c
signals during static contractioRiper, 1912 In addition to this phenomeno@obb
and Forbes (1923)lso noted an increase in the signal amplitude as one of the
manifestations of fatigue during the static contraction. Unfortunately, due to
Imperfect instrumentation, these have remained only laboratory efforts of a kind.
The development of electronics in the second half

‘N
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Sandfish Burial

Slowed x10 1c

Black Opaque Spots: Lead Markers

High Speed Above Surface Video X-Ray Imaging

Sandfish does not actively use limbs to locomote-sulface

Maladen, et.al. Sciencg(2009) 325, 31818



Electromyography

Method of recording electric potentials in muscle
cells caused during neurological activation

A singleaction potential in motor neuron can activate hundreds of mufitlersin
synchrony and resultingurrents sum to generate an electrical signal that is readily
detectable outside the muscle itself. Barrage of action potentesisltsina complex
pattern of electrical potentials (on order @D0uVin amplitude ) that can be recorded as
anelctromyogram(EMG).
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