Experiment ADS-BIK-3: Grip Strength Activity

Background

A motor unit consists of a motor neuron and all the muscle fibers it activates. During a sustained
muscle contraction, multiple motor units are recruited and fire repetitively to maintain force. The
strength of a muscle contraction depends on how many motor units are activated and the‘frequency of
their activation.

In this lab, students will use a hand dynamometer to measure grip strength from both the dominant and
non-dominant forearms. Maximum grip strength will be recorded and compared between arms. To
assess fatigue, students will record grip force over a sustained contraction and analyze the decline in
force over time. The area under the force-time curve may be used as a measure of tetal muscular effort
during the sustained contraction, providing insight into endurance and fatigue characteristics of each
arm.
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Experiment ADS-BIK-3: Grip Strength Activity

Equipment Required

PC or Mac Computer

ADS or ADS MAX Board, USB cable, Power Supply Cable

FT-220 Hand Dynamometer

A-BT-220 Black Tygon Tubing with luer connectors

GPSN-100 Gas Pressure Sensor

String

Metric Ruler

Optional — 5 kg weight

Note: To ease setup, connect the sensor to the A-ADS-IA adapter‘before plugging the adapter into the
board. To disconnect, unplug the adapter from the board first, then remove the sensor.
Setup (ADS)

1. Locate the FT-220 hand dynamometer, A-BT-220 BlackiTygon Tubing with luer connectors,
and GPSN-100 Gas Pressure Sensor.

2. Plug the connector for the FT-220 hand dynamometer into the tubing.
3. Plug the tubing into the GPSN-100.
4. Plug the GPSN-100 into the Channel 1 input of the ADS, as shown below.

~——)

Figure ADS-BIK=3-S1: The FT-220 hand dynamometer and GPSN-100 ADS setup.

Human Muscle — GripStrength — SetupADS ADS-BIK-3-1



Setup (ADS MAX)

If using the ADS MAX, setup instructions will be the same. Channel connections are labeled on the A-
ADS-IA board, as shown below.

Figure ADS-BIK-3-S2:The FT-220 hand dynamometer.and GPSN-100 ADS MAX setup.

Calibration of the GPSN-100
Note: The pressure channel is pre-calibrated to PSE
1. Record about 10 seconds of data with no pressure on the FT-220.

2. Scroll to the beginning of the calibratieft data for the FT-220 force transducer. Position the two
vertical cursors so they spafi a flat-lined section of data — about 5 seconds apart.

3. To convert the voltages atithe positions of the cursors to the correct pressure values, use the
Units Offset dialogue svindow. Click V2-V1 on the force channel, then select Units, and select
Set Offset.

4. On the units conversion window, put a check mark in the box next to Apply the calculated offset
for this block tgrall blocks. Enter “0” in the box at the top. Click on the OK button in the lower
right corner of the window to activate the units conversion.
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Apply Offset to Data x

Set Mean Value between Cursorsto: 0

(O Apply the calculated offset only to this block

© Apply the calculated offset for this block to all blocks

(O Caleulate offset for each block using the locations of the cursors.

() Caleulate offset for each Channel displayed using the locations of the cursors.

@ Apply units to the next recorded black

oK Cancel
Figure ADS-BIK-3-S3: Units Offset dialogue window.
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Experiment ADS-BIK-3: Grip Strength Activity

Exercise 1: Force in Dominant Arm
Aim: To record and analyze the force of a muscle contraction in the subject’s dominant arm.

Approximate Time: 30 minutes

Procedure

1. The subject should sit quietly with their dominant forearm resting on the table top. Explain the
procedure to the subject.

Make sure bulb is gripped by just finger tips and thumb is not on bulb

Do Not Hold Blub Like This

Figure ADS-BIK-3-L1: The correct position for holding the grip sensor.

* The subject will squeeze their hand(without using the thumb) around the dynamometer
five times, each contraction is two seconds long followed by two seconds of relaxation.

o Hold the dynamometer with the thumb out, just squeezing with the fingers. This
uses only the forearm muscleés and does not bring in the upper arm muscles.

* Each successive contraction should be approximately two, three, and four times stronger
than the first contraction; the final contraction should be full strength.

NOTE - If you max out the pressure and the signal flat lines -
squeeze the bulbusingtONLY your middle and ring fingers.

2. Type Grip Force-Dominant in the Mark box. Click the Record button to begin the recording;
then, click the markybutton to mark the beginning of the recording. After the recording is
marked, tell the subject to begin squeezing the hand dynamometer following the procedure
outlined in the step above.

3. In the relaxation period after the last contraction, click the Stop button.

4. Click the AutoScale All button. The recording should be similar to the image below.
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5. Select Save As in the File menu, type a name for the file. Click OK.
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Figure ADS-BIK-3-L2: The muscle force for progressively stronger contractions displayed in the Main
window.
Data Analysis

1. Use the Display Time icons to adjust the Display Time of the Main window to show the
progressive muscle contractions ensthe Main window.

2. Click on the Analysis window icon in the toolbar.
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Figure ADS-BIK=3 -L3:The LabScribe toolbar.

4. Look at the Eunction Table that is above the uppermost channel displayed in the Analysis
window. The mathematical functions Abs. Int, V2-V1 and T2-T1 and appear in this table.
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5.

The functions in the channel pull-down menus of the Analysis window can also be used to enter
the names and values of the absolute integrals to the Journal. To use these functions:

e Place the cursors at the locations used to measure the force of a muscle contraction.

* Transfer the name of the mathematical function used to the Journal using the’tAdd Title
to Journal function in the force channel pull-down menu.

* Transfer the values to the Journal using the Add All Data to Journal funétioniin the force
channel pull-down menu.

Once the cursors are placed in the correct positions for measuring the grip force, the values for
the integrals can be recorded in the on-line notebook of LabScribe by typing the names and
values directly into the journal.

Use the mouse to click on and drag the cursors to the beginning and end of the first muscle
contraction. The value for Abs. Int. on the muscle channel is the relative strength of the muscle.
Record the values for these integrals in the Journal using the one of the techniques described
earlier in this exercise, and on Table 1.

| Absint | T2-T1 | v2-v1 |Add Function
VAlGipForce | 1.927 | 1.984 | -0.095 |
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Figure ADS-BIK-3-L4: &he musele force recordings displayed in the Analysis window. The cursors are
placed on the margins of the\first muscle contraction.

7.
8.

Repeat Steps 4,5, and 6 for the other muscle contractions recorded in this exercise.

Use a piece of string and a metric ruler to measure the circumference of the dominant forearm at
approximately 3 centimeters below the elbow. Record this value in the Journal and on Table 1 at
the end,of Exercise 2.

Seleet Save from the File menu.
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Exercise 2: Force in the Non-Dominant Arm
Aim: To record and analyze the force of a muscle contraction in the subject’s non-dominant arm.

Approximate Time: 15 minutes

Procedure

Follow the same directions used in Exercise 1 to record data from the subject’s non-d t forearm.

Data Analysis
1. Analyze the data from the subject’s non-dominant forearm as it was done in Exercise 1.

2. Record the values for the parameters that were measured in the Journal using one of the
techniques described in Exercise 1, and on Table 2.

3. Use a piece of string and a metric ruler to measure the cirgumfe ofjthe non-dominant
forearm.

4. Select Save from the File menu.

Table ADS-BIK-3-L2: Relative Muscle Strength in the Do s. Non-Dominant Forearms
-

Dominant Forearm Circumference (mm):

Non-Dominant Forearm Circumference (mm):

Relative Grip Strength = Abs. Int. Dominant Abs. Int. Non-Dominant
Lowest h‘
Higher 1
Higher 2
Highest
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Questions

1. Using Excel, plot the absolute integral of each muscle contraction for both the dominant and
non-dominant hand. Use the same axis to compare trends in force output across contractions.

2. Is there a difference in the maximum forces generated by the dominant and the non-dominant
forearms? Calculate the percent difference between the forces.

3. Is one of the subject’s forearms stronger than the other? Use the maximum grip'strength from
each arm to determine this answer. Calculate the percent difference in maximum grip strength
from each arm.

4. Do muscle fibers have a refractory period like nerve fibers?

Does the force of contraction, as measured by the absolute integrals, increase bécause a finite
number of fibers are firing more often, or because more fibers are recruited to fire as the
intensity of signals in the motor neurons increases, or a combination of these two?

Exercise 3: Fatigue in Dominant Arm
Aim: To record and analyze the length and strength of a muscle €ontraction in the dominant forearm.

Approximate Time: 15 minutes

Procedure
1. The subject should sit quietly with their dominantforearm on the table top.
2. Explain the experimental procedure of this exercise tothe subject:

* The subject will squeeze the bulbfof the hand dynamometer as tightly and as long as
possible in an attempt to fatigue the muscles of the forearm.

* As time passes, the subject’s musele force will decrease, but at a rate that is dependent
on the fitness of the subject.

*  When the subject’s muscle strength drops to a level that is below half of the subject’s
maximum muscle force at the béginning of the recording, the recording will be stopped.
This could take as little as 20 seconds or as long as a couple of minutes.

3. Type Fatigue-Dominantyin the Mark box. Click the Record button, followed by clicking the
mark button. Record aybaseline for ten seconds, then instruct the subject to squeeze and hold the
hand dynamometer with as much force as possible. Continue to record.

4. Click the AutoScale All button. The recording should be similar to the image below.

When the subject’s‘ muscle strength decreases to a level that is below 50% of the maximum
muscle strength that was recorded at the beginning of this exercise, instruct the subject to
release the bulb:

NOTE: DO NOT click stop until the recording is 50% of the starting squeeze strength.
6. Clickithe Stop button to halt the recording.

7. Seleet Save from the File menu.
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Figure ADS-BIK-3-L5: Muscle force during muscle fatigue recording:

Data Analysis

1. Use the Display Time icons to adjust the Display Time of the Main window to show the
complete muscle fatigue recording on thé Main window.

2. Data can be collected from the Main window; or'the Analysis window. If you choose to use the
Analysis window, click on the Analysis window icon in the toolbar.

3. The mathematical functions, V2=V and T2-T1 should appear on screen. Values for V2-V1 and
T2-T1 on each channel are seen in the table across the top margin of each channel, or to the
right of each graph.

4. Use either of the two techniques described in Exercise 1 to record the names and values of
parameters in the Journal

5. On the Muscle Force channel, use the mouse to click on and drag the cursors to specific points

on the recording toneasure the following:

* The maximum muscle force. To measure this force, place one cursor on the baseline
before the muscle contraction and the second cursor on the peak muscle force near the
beginning of the contraction. The value for V2-V1 on the Muscle Force channel is this
amplitude:

* The half-max muscle force. Divide the maximum muscle force by 2. Note this value.

* 4. The half-max fatigue time, which is the time it takes the muscle force to decrease to 50%
of'the maximum during the fatigue experiment. Keep one cursor on the peak of the
muscle force. Move the second cursor to the right of the peak muscle force until the
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absolute value for V2-V1, seen on the Muscle Force channel, is equal to the half-max
muscle force.
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Figure ADS-BIK-3-L6: Muscle force during a prolonged muscle contraction displayed in the Analysis
window. The cursors are placed on the muscle force ehannel to measure the half-max fatigue time.

Exercise 4: Fatigue in Non-Dominant Arm

Aim: To record and analyze the length and strength of a muscle contraction in the non-dominant
forearm.

Approximate Time: 15 minutes

Procedure

Follow the same directions‘used in Exercise 3 to record fatigue data from the subject’s non-dominant
forearm.

Data Analysis

Analyze the fatigue data frem the subject’s non-dominant forearm as it was done in Exercise 3.

Questions

1. Isitheretadifference between the circumference of the dominant and non-dominant forearms?
Calculate the percent difference between the circumferences.
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2. Is there a relationship between the circumference of the forearm and the maximum force
developed? If there is, what is it?

3. [Ifthere is a difference in the circumference of the forearms is it caused by a differenc e
number of muscle fibers in the forearm or the circumference of each muscle fiberin.t
forearm? Explain.

4. How does the time to fatigue to half-strength in the dominant forearm compare e sa
parameter for the non-dominant forearm?

\QJ
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