R otrnonron
contraction, like a clench, multiple motor units

Je. The gth of a muscle ion is rell {
activated during the same time period and to the frequency of t
e d during the muscle contraction is seen as a burst of s]
‘about equal to the duration of the muscle contraction.
striated muscle contraction is directly proportional to the amount
However, it is difficult to quantify the amount of electrical activity ina
scally transformed. One of the most common transformations used is
the EMG spikes. Through this transformation, ith
rtional to the strength of

ent. students will use a hand dynamometer (pressure bulb) to measure
activity of the forearm muscles used to generate the subject's grip are
1o the grip strength by plotting the maximum grip strength (force) as a
integral of the EMG activity during the muscle contraction. Data in

nt and non-dominant
strength and electrical
will be compared to its
prolonged grip strength and
also be made to determine
ninant and non-dominant
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electrode cables to the disposable electradeg'
lead is attached to the electrode near the elbow, "

' ek "-l"

lead is attached to the electrode in the middle of the forea

the green ""C" Jead (the ground) is attached to the electrode on the wrist.

< open the Human Phys folder, and start LabScribe2, .

Group from the Settings menu, and select IPLMV4.iwxgrp. i

ck on the Settings meny again and select the Human Muscle/EMG-GripStrength S
ating the Hand Dynamometer

{ ect the big EMG connector for this part, and re lace afte
. Lay the hand :

4 ometer down on the bench top. Click the St
~ baseline for 10 seconds,

3. Balance the 4kg weight on the bulb of the hand d
ynhamometer,
- then click Stop. S

' JA‘ 4. Savefile to desktop/Lab data (as an *.iwxdata file), iving it : i
~ withthe calibration intact) EVIng it your name, (1 j crashes, you ca

5. Click Auto Scale for the force channel.
; scroll buttons at bottom to
play the recording from
to after the weight was
the bulb.

cursor icon on the




gin recording, Tkype v N . ng (
tton. Press the Enter €y on the keyboard.

iy h channel ang | a

n, click Stop. Autof ]

0 that in Figure 3 below K-

clench. Then click autoscale on eac
mréht:gng clenches. After the last l:elx.axatlo
= 3. ' g:‘tv: tl]!:e File. The recording should be similar t
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T thetop—s ee arrows in Figure 3. The rog
t o’;oints and show the value above the EMG
Il als; channel—these

Ve your data to Excel, Jys; highlight Abs Int, T2.7) and Mean in the J,
~ into an Exce| Spreadsheet. You wi]|

be using AbsIny/T 2-T
Force channel ang plotting this data from E

Force vs EMG Integral/(T2-T] >—linear Xy scatter plot),
6 Save the illustration of the EMG recordings, From the A
' i Screen or the €ropper program to opy and paste into yo
 Questions
i 1. Inyour plot of average muscle foree as
5 muscle clinches), is there a [inear rela
muscle force?

xcel as you did

a function

of' the mean EMG integral (using the poi

tionship between the meap EMG integral and the aver

ion i se
o :
-combination of these two?

because finite nun
S are Iecruited

to fire, or beca;
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Fig. 4: The EMG (upper), EMG absolute integral (middle), and clench force (lower) during a
prolonged muscle contraction as displayed in the Analysis window. The cursors are placed. m

the time needed to lose 50% of his maximum clench strength.

Data Analysis . = 'ﬂ»
1. Use display time icons to display the complete record of this experiment on one screen
look slightly different with new program—no absolute integral in middle, functi

one cursor on the rel
the right of the point
on on the toolbar

2. Click the 2-cursor icon on the LabScribe toolbar. Place

 precedes the fatigue exercise. Place the second cursor to

~ the bulb of the hand dynamometer. Click the Analysis ¢
alysis window.

he Analysis window (top), you will see V2-V1, and T2-T1
maximum contraction, and the second cursor n the:
nplitude (V2- V1) is the maximum ¢
ata can be entered




rce and the associated EMG [nt

e beginning and end as
small interval at the beginning of the
fixed interval near the end of the clench, where the f
 to the journal. e
Integral/(T2-T1) still the same when the force is down tg

bject was
' e subject is not as hard!! Do it again. If the su ect
~ the end, there should be ﬂﬁy APs in the muscle as at the begmmng. The f;

~ due to the muscle’s inability to produce the same force per AP (physical fa
Ppsychological fatigue).

3: EMG Intensity and Force in the Non-Dominant Arm

G activity and the force of g musc

this order so You won
Your Data Analysis put #1 with #3(both
together),

"t have to move the

; electrodes right to Jeff
8rip strengths toge

ther), and #2 with #4(

the same directions yseg in Exercise | to record data from the Subject!

$ non-dominant fo
the data from the subject's non-dominant forearm a5 it was q
°8ral, as well ag gy oo - don
es from

your TA for (o
1 .and 3 to answer the following questions,r inelusion i Your Daty

ubject's forearms stro, T than the othero 1. .
this answer, mﬂmnﬁ%t se




Follow the directions used in Exercise 3 ¢, TR
atlgue dﬂta ﬁ‘om

the sub;
Data Analysis i ject's —
Analyze the fatigue data from the subject's . Wmlmmfm .
45 table for each am:i s{_xfaw.r:g :]n;af[ numbers | tq 3 and :v':g"mlnam forearm g o il
I EMG Integral, and Time to S Max Force. Fuyrnjg, this ing for Max Foge, EMG 0 in Exergige s,
B groups for inclusion in your Data Analysis, (Jge the ing Ormation ¢, youT I"‘esral, Half €2, Make 5
question: How does the time to fatigue to hajf. Ormation An 5

. strength i om Exercj
for the non-dominant forearm both for your su gth in the dominany relses 2and 4 4

bj ansy, -
Jectand for the Whole [ah? Compare tg the :mﬁr follwnng
y Parameter

Part II: Stretch Receptors and Reflexes

Background
Studying the vertebrate stretch

reflex is a good way to introduce students

to the topics of stretch receptors, nerve

conduction velocity, electromyograms

(EMG), and motor control. Specialized gl
receptors in the muscle respond to

stretching of the muscle, and send signals
(APs) to the spinal cord to make EPSPs in
motorneurons through a single synapse.
The motorneurons fire an AP down their
axons to the muscle fibers, which
depolarize and twitch in response to the
incoming impulse from the motorneuron.

Sensory fiber

Fig. 5: A monosynaptic stretch reflex arc.

The Stretch Receptor. The majority
of amuscle consists of extrafusal fibers, which are innervated by alpha motor neurons and are responsible for
developing muscle tension. But skeletal muscles also have specialized receptors, inside the intrafusal fibers, ;
which convey information about muscle length to the central nervous system. The sensory receptors responsible
: e : s rate of change of the length, of a muscle are called muscle
Or providing information about the length, or the rate of change of the length, scewe cll S
spindles, Arranged in parallel with extrafusal muscle fibers (see figure above), t.he 'Sme te,so i e

muscle s stretched by an external force. Therefore, these receptors play a 51tgm l:f:igm g tomén'mgn
antigravity reflexes and maintaini ng muscle tone. Intrafusal muscle.ﬁb;ars do r;c; b(;/omechanica]ly i fo
ion of the muscle, but regulate the excitability of the afferent spindle nerv rmmg" -
tors. These fibers are innervated by gamma motor neurons. wﬂ,
i i uses a reflex
‘ i i1ation of its muscle spindles causes &1
5 The Stretch Reflex. When a muscle is stretched, excﬁa;nc;?r ofismact SR v
% of the muscle. This reflex response is known ‘asdue i (o s
scle stretching and the reﬂqx contmqutl:)n Istor MR 1
 from the spindles synapse directly Wi bl:), .
‘shortest possible reflex arc (see figure above):
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Patellar Ligament.

Tibialis Anzerior

7RDEEY |\
d flexors of the k
€s used in this

tendon or th

Fig. 6: The major extensors an
e joints. The stretch reflex,
| ted by striking the pate]]ar
the time between the
‘of the tendon and the arrival of the motor impulse gt the muscle,
- The human reflex tha¢ will be studied j
ocities for the reflex arc wi|| be d

 of m otor activity in antagonistic
 be studied.
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M rod istent ects the £as I.“'\Df‘}f:l
rials to produce a consistent contraction of the trocnemi
movement of the foot (plantar flexion). The oppgoass;te, upﬂ

2. Click Start. First ask the subject to move his/her foot up and
dorsiflexion. Click AutoScale on the EMG Calf (top) and Tend

3. Record 3 different blocks of data as follows:
a. Record 10 trials for the normal Achilles reflex.
b. Record 10 trials for the Achilles reflex as the subject volu
strongly, but keeps the foot angle at 90 degrees as before,
¢. Record 10 trials for the Achilles reflex as the subject p forms
To begin this maneuver, subject should curl his/her fingers
form a hook, and interlock his/her hands so the fingers of one |
Then, as the subject holds his/her arms in front of his/her 1
subject attempts to pull his/her hands apart. This isometric
in another part of the body (the arm and shoulder muscles’
' this motor activity. i
4. Save your File under your name in Desktop/Lab Data folder.

o

ysis '
roll the data on the Main window until the first twitch of

¥

]

lines to the left and right of the tap anc
ys EMG Calf and Tendon Tap with




ate the mean conduction velocity in the n 2
: - - : QI‘ o
b Mean reflex time (msec) — 1.0msec e
d the case with the
ts above for both the contr'acted case an
ﬂ:z::fmu:n;g::r Excel worksheet. Organize your data by category of e;
ph 'showing average reflex time and standard error for each group.
8. To get Excel to put error bars on the bargraph, right click the bar to get the format
 error bars and ener the standard error. These can be calculated using the STDEV
St error is the stdev divided by the Square root of n (# samples).
‘{: :; . .
- 1. Which muscles are involved in plantar flexion and dorsiflexion of the ankle?

2. Is the Achilles reflex inhibited or enhanced b

Yy voluntary muscle activity in the gastro
4 contracting muscle resjsts stretch, so the stretch receptors will send fewer APs to the C

‘ s roug ! cou]q itbe a change in the tjme that it takes ejther to i
muscle spindle in one case o the time for transmission i the Sp. Cord in the other?

in other muyscle the Achilles reflex respoy
€se muscleg employ,

B e Do isometric contractions

1€ mechanism of enhancement o inhibition that th

¥
e

&roups faciljtate




Disconnect the percussion ro d/plethysmograph unit from the Channel 4 input, e

A

. Keep the two recording electrodes on the belly of the gastrocnemi :
electrode on the ankle. The leads used in Exercise 1 regmain co::;ltlesd( f:ltfh?i:?e) and the

Place another pair of electrodes over the belly of the tibialis anterior on the same leg, sn'
a. the white "+2" lead is placed on the upper portion of the tibialis anterior (below kne
b. the brown "-2" lead is placed on the middle portion of the tibialis anterior, ‘
iy

. This muscle is located just lateral to the tibia (shinbone) in the upper part of the calf (see |
below). Locate the tibialis anterior: feel for the tibia, and place your fingers linch to the side
and 4-5in below the kneecap. Ask the subject to dorsiflex his/her foot. You should be ab!

see the contraction of the anterior tibialis muscle beneath the skin.
i}! ‘3 i 4

Make Four Recordings-- Start and stop to isolate each one, and label with Mark text.
a. While the subject is sitting on the counter with the leg hanging free, rgcordW’
alternates between plantar flexion and dorsiflexion of his/her foot. Click Autg

channels to amplify signals.

. Have the subject stand erect and rock on his/her feet from heels to toes andt
times. Notice the alternating contractions of the gastrocnemius anq anterior
when the subject rocks back and forth. Make sure that the subject is putt
the leg with the electrodes. Even though one muscle may dominate th
muscle is also somewhat active. e mo

Have the subject stand on the foot being reco d reigi

f the antagonistic muscles mechanically st.abl.hzes the Jolmts A

he stretch reflexes prevent twisting and slipping and helps
tion is particularly important to leg and postural n

ts of artifacts induced by leg mov
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g% T 3.
g 1

) thidi "“’#.‘. SRR ' |
plitudes (by eye) of the EMG integrals from the gas
Was gastrocnemius activity the greatest? The least?

re the amplitudes of the EMG integrals from the tibialis anterior during eac
: Wwas tibialis anterior activity the greatest? The least? ,

How does EMG activity in the gastrocnemius correlate to EMG activity in the tibialis
.

Name some other locomotive activities that require coordination of antagonists,

5. What roles would stretch reflexes play in these locomotive activities?




