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PROTOCOL FOR SUBJECT STRENGTH TESTING USING 6-DOF LOAD 
CELL 

Last Revised August 31, 2005 
 
 

I.  Pre-test area preparation (Prior to subject arrival.) 
a. Sign on Door 
b. Lay out necessary supplies and equipment 

o Athletic tape 
o Scissors 
o Tray 
o Velcro tape 
o Surface electrodes 
o 2 50 mm wire 

electrodes 
o 1 100 mm wire 

electrode 
o Voltmeter 
o EMG electrode cables 
o A/D boards 

o A/D ribbon cables  
o Screwdriver 
o BNC cables  
o Goniometer 
o Marker 
o Gloves 
o Electrode gel and 

needle 
o Oscilloscope 

 

c. Make sure areas have been properly cleaned 
d. Setup EMG system 

1) From Channel A (Raw data) on the back of the Noraxon EMG connect the 
thin ribbon cable (about 26 pins) to the output connection on the Noraxon 
BNC box 

2) On the Noraxon BNC box, connect a BNC cable to channels 1-13.  Set to 
EXT. 

3) Connect the other end of the BNC cables to the top BNC chassis with the 
corresponding channel: 1-13 (Channel 0 is the event marker:  it is not used for 
this project).   

4) Connect the 50 pin ribbon cable from P3 on the top BNC chassis to the top 
A/D board on BlackForest computer.  Make sure that arrows line up. 

5) Connect EMG electrode cables to slots on the front of EMG system.  Use a 
screwdriver to tightly fasten the connection. 

6) Turn on EMG. 
e. Set up 6-DOF load cell 

1) Turn Biodex head upside down and put at a 30° angle.  Align with mark on 
Biodex head. 

2) Attach 6-DOF JR3 load cell and metal device (attached to load cell) to the 
Biodex head 

3) Attach the AMP cable to the load cell and the JR3 amplifier on top of the 
black cart.    

4) Attach a T-splitter to channels 0-5 on the bottom BNC chassis located on the 
black cart 

5) Attach the single end of the cable containing the 6-BNC cables to the JR3 
amplifier. 
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6) Connect each of the 6 BNC cables in increasing numerical order to the T-
splitters in channels 0-5 on the bottom BMC chassis. 

7) Connect 6 BNC cables from T-splitters on the bottom BNC chassis to 
channels 1-6 on the National Instruments breakout box (Note, do not use 
channel 0 on this chassis). 

8) Using the cable, attach National Instrument breakout box to the A/D board in 
“Hokie” computer.  

9) Connect the 50 pin ribbon cable from P3 on the bottom BNC chassis to the 
bottom A/D board (Board # 8) on BlackForest computer.  Make sure that 
arrows line up. 

10) Plug in power cord from 6-DOF load cell 
f. Start MotionMonitor 

1) MotionMonitor is located on BlackForest Computer 
2) Turn on Computer:   

 login:  MedSport Admin 
 password:  There is no password. 

3) Open Start/Programs/IST MotionAnalysis/MotionMonitor 
4) Click on “The MotionMonitor for Research” 
5) Select “New User” 
6) Enter subject number:_____________________ 
7) Select “PCR” as preference file to use 
8) Enter the following information about the subject: 

o First Name 
o Middle Initial 
o Last Name 
o Date of Birth 
o Gender 

9) Click “OK” 
10) Select File/New 
11) Setup capture parameters for first test 

o Select Setup/Edit Capture Parameters 
o Choose “10” seconds as data capture period 

g. Start LabView 
1) Start “Hokie” computer 
2) logon:  administrator 
      password:  scapUla 
3) Open “LabView” 
4) Open VI “C:\Amy\PCR\PCR_Abuction” 
5) Start VI to confirm the computer is collecting the load cell data 

h. Arrange medical items for surgeon 
1) Move training table close to Biodex and EMG system.  Allow enough room 

for the EMG cable to extend to the table. 
2) Place paper cover on top of table 
3) Place gown on top of covered table 
4) Put gray cart parallel to blue training table.  This will be the physician’s 

workstation. 
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5) Arrange neatly on the cart: 
(a) sterile gloves (JC wears size 8) 
(b) 2 100 mm fine wire electrodes 
(c) 3 50 mm fine wire electrodes 
(d) gauze 
(e) betadine 
 
(f) non-sterile gloves 
(g) alcohol swaps 

i. Determine the motion randomization order and annotate in data table 
 

II.  Subject Testing 
o Obtain consent 
o Familiarize subject with equipment, personnel 
o Remove shirt and put on either gown or T-shirt, whichever the subject 

feels more comfortable with 
 
 

A. Take Anthropometric measurements 
 Weight (pounds)        _____________________________________________  lbs 
 
 Upper arm length (cm):  Measure from lateral edge of acromion to tip of 
olecranon.   ___________________________________________ cm 

 
 Forearm length (cm):  Measure from lateral condyle to ulnar styloid. 

    __________________________________________   cm 
 

 Hand length (cm):  Measure from ulnar styloid to tip of longest finger. 
 ___________________________________________ cm 

B.  Biodex Strength Testing 

1. Shoulder Internal and External Rotation 

a. Setup MedSport’s Biodex for internal and external rotation 
i. Set chair and crosshead 45° to base.  They should be parallel to 

each other.  
ii.  Rotate load cell 60° to mimic location for strength testing 

iii.  Attach elbow/shoulder attachment (830157) as seen in Figure 1 
below. 
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Figure 1:  MedSport Biodex Shoulder Internal and External Rotation Setup 
 
 

b. Seat subject in Biodex chair 
c. Make adjustments for alignment 
d. Start Biodex software:  Open Biodex System3 software that is located on 

the desktop 
e. On Biodex Panel display, press  

i. Setup 
ii.  Start (to free motion of load cell) 

iii.  Position fixtures at 90° 
iv. While holding the fixture in the correction position, press the Red 

Stop Button 
f. Record tare value and insert in chart 
g. Perform between 3 and 6 maximum exertions.  If the 3rd trial is lower 

than the previous trials, then the subject is finished.  If not, continue the 
trials until the maximum torque is one of the previous generated torques. 
Do not do more than 6 trials.  

h. Record torques in table below 
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Shoulder Internal and External Rotation 

 

Tare:         ___________________________ _____________________________ 

 

Internal Rotation 
(ft-lbs) 

External Rotation 
(ft-lbs) 

Trial 

Max 50 % Max 50 % 
1     
2     
3     
4     
5     
6     

Max     
Tare SUBTRACT  ADD  
Final ------------------  -----------------------  

2. Elbow Flexion and Extension 

a. Setup MedSport’s Biodex for shoulder flexion and extension 
i. Starting from the Shoulder Internal/External rotation setup, invert 

the axis of the Biodex by 30° to line up with the elbow 
flexion/extension axis.   

ii.  See Figure 2 below for better description. 
 
 

 
Figure 2:  MedSport Biodex Elbow Flexion and Extension Setup 

 
b. Seat subject in Biodex chair 
c. Make alignment adjustments 
d. Move handle so subject is in neutral pronation/supination. 
e. Perform between 3 and 6 maximum exertions.  If the 3rd trial is lower 

than the previous trials, then the subject is finished.  If not, continue the 
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trials until the maximum torque is one of the previous generated torques.  
Do not do more than 6 trials.   

f. Record torques in table below. 
 

Elbow Flexion and Extension 
 

Tare:         ___________________________ _____________________________ 

 
Elbow Flexion 

(ft-lbs) 
Elbow Extension 

(ft-lbs) 
Trial 

Max 50 % Max 50 % 
1     
2     
3     
4     
5     
6     

Max     
Tare ADD  SUBTRACT  
Final ------------------  -----------------------  

 

C.  Apply Wire EMG Electrodes 

o Put on sterile gloves 

o Clean skin with Betadine 

Supraspinatus  (Kelly 96) 

�  Position subject prone with arm abducted to 90° and elbow flexed over 
edge of the table 

�  Palpate and outline spine of scapula 
�  Insert needle into muscle approximately 1.5 cm above midpoint of the 

spine of the scapula 
�  Remove needle 
�  Tape wire to skin 
�  Attach proximal ends of wire to spring cables of EMG cables and secure 

with tape 
�  Attach spring cables to channel 11.  This muscle will be channel 11. 
�  Manual EMG Muscle Test.  Elevation at 90º of scapular elevation and 

+45º of humeral rotation (“full can”    
     position)  
2.  Place hand on subject’s wrist and apply downward force 
3.  Instruct subject to resist force 
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Teres Major 

�  Prone with arm abducted to 90° and elbow flexed over edge of table—
Anatomic Guide for Electromyographer 

�  Electrode Placement:  Three fingerbreadths above inferior angle of 
scapula along lateral border—Anatomic Guide for the Electromyographer 

�  Remove needle 
�  Tape wire to skin 
�  Attach proximal ends of wire to spring cables of EMG cables and secure 

with tape 
�  Attach spring cables 
�    This muscle will be channel 12 
�  Manual EMG Muscle Test:  Internal rotation of arm 
 

Subscapularis—(  Kadaba—Intramuscular Wire Electromyography of the 

Subscapularis)   

�  Place arm in full internal rotation with the wrist on the back 
�  Outline the scapula 
�  Mark the medial and lateral border of the spine 
�  Identify the midpoint of the spine 
�  Use 25 gauge 3.5-in-long hypodermic needle 
�  Upper:  insert needle 3 cm below the medial border of the spine and direct 

needle toward the midpoint of the spine 
�  Lower:  Insert needle 5 cm below the spine anterior to the medial border 

and directed perpendicular to the medial border 
�  Remove needle 
�  Tape wire to skin 
�  Attach proximal ends of wire to spring cables of EMG cables and secure 

with tape 
�  Attach spring cables to cables 
�  This muscle will be channel 13 
�  Manual EMG Muscle Test—internally rotate 
�  Perform manual muscle test of serratus anterior to confirm that electrodes 

not in serratus anterior 
 
 
D. Cast Arm 

�  Before going to cast room, use a pen to mark electrode placement of long 
and short heads of bicep and long head of triceps 

�  Cover 90° metal arm fixture with soft padding 
�  Cast fixture to arm with the elbow at 90° and the forearm in neutral 

supination/pronation 
�  Allow cast to dry before proceeding 
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E. Apply Surface EMG Electrodes 
 
Sternocostal Head Pectoralis Major:  (Figure 3) 

�  Electrode Placement:  Place the electrodes horizontally in a direct vertical 
line with the coracoid process at the level of the 4th intercostals space 
(about 2 cm below the auxiliary fold).  

�  Manual EMG Muscle Test: 
1) Shoulder adduction with arm in position of 0° shoulder abduction, 0° 
shoulder flexion,   and 90° elbow flexion.  

 
�  Reference 

Geringer (1994) p.63 
Cram et al(1998) p.293 
Scheving et al p.239 

�  Attach Noraxon cable number 1 from first bin.  This muscle will be in 
Channel 1  

 

 
Figure 3: Sternocostal Head Pectoralis Muscle 

 
Clavicular Head Pectoralis Major  (Figure 4) 

�  Electrode Placement:  Place electrodes 2 cm vertically below the inferior 
edge of the clavicle in the middle of the clavicle.  Angle electrodes 45° 
counter clockwise from the clavicle, in a direct line with the auxiliary fold.  

�  Manual EMG Muscle Test 
1) Internal rotation of humerus with arm in position of 0° abduction, 0° 
shoulder flexion, and 90° elbow flexion. 
2) Horizontal adduction with arm in position of 90° shoulder 
abduction, 90° elbow flexion, and 45° shoulder flexion. 
3) Shoulder adduction with arm in position of 0° shoulder abduction, 
0° shoulder flexion, and 90° elbow flexion. 

�  Reference 
Cram et al (1998) p.293 
Scheving et al p.239 
Ferreira et al (1996) p.81 

�  Attach Noraxon cable labeled 2 from bin one.  This muscle will be in 
Channel 2. 
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Figure 4:  Clavicular Head Pectoralis Major 
 

 
Anterior Deltoid  (Figure 5) 

�  Electrode Placement:  Place electrodes 4 cm anterior to the lateral end of 
the clavicle.  Angle electrodes in a line from the placement point to the 
deltoid insertion.  

�  Manual EMG 

1) Shoulder abduction with arm in position of 90° shoulder abduction, 0° 
shoulder flexion, and 90° elbow flexion. 
2) Shoulder flexion with arm in position of 45° shoulder flexion, 0° elbow 
flexion, and hand supinated. 

�  Differentiation of Anterior Deltoid and Middle Deltoid 
Shoulder flexion with arm in position of 45° shoulder flexion, hand 
supinated, and elbow extended will activate the anterior deltoid more than 
the middle deltoid.  Shoulder abduction at 135° with shoulder internally 
rotated and elbow extended will activate the middle deltoid more than the 
anterior deltoid. 

�  Reference 
Ferreira et al (1996) p.81 
Basmajian et al (1980) p.52 
Sporrong et al (1998) p.178 
Cram et al (1998) p.289 

�  Attach Noraxon cable labeled 5 from bin two.  This muscle will be in 
Channel 5. 

 
 
 
 
 
 
 
 
 

Figure 5:  Anterior Deltoid 
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o Middle Deltoid (Figure 6) 
�  Electrode Placement 

Place electrodes 5 cm distal from the lateral aspect of the acromion, on a 
line from the middle of the lateral aspect of the acromion to the deltoid 
tuberosity. 

�  Manual EMG Muscle Test 
1) Shoulder abduction with arm in position of 90° shoulder abduction, 0° 
shoulder flexion, and 90° elbow flexion. 
2) Shoulder abduction at 135° with shoulder internally rotated and elbow 

 extended. 
�  Reference 

Basmajian et al (1980) p.53 
Cram et al (1998) p.291 

�  Attach Noraxon cable labeled 6 from bin number two.  This muscle will 
be in Channel 6. 

 
 
 
 
 
 
 
 
 
 
 

Figure 6: Middle Deltoid 
 

o Posterior Deltoid (Figure 7) 
�  Electrode Placement 

Place the electrodes 2 cm below the distal end of the scapular spine, on a 
line from the location point to the deltoid tuberosity.  

�  Manual EMG Muscle Test 
1) Shoulder abduction with arm in position of 90° shoulder abduction, 0° 
shoulder flexion, and 90° elbow flexion. 
2) Shoulder extension with arm in position of 0° shoulder flexion, 0° 
shoulder abduction, and 90° elbow flexion. 

�  Reference 
Geiringer (1994) p.54 
Delagi et al (1975) p.82 
Cram et al (1998) p.292 

�  Attach Noraxon cable labeled 7 from second bin.  This muscle will be in 
Channel 7. 
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Figure 7: Posterior Deltoid 

 
o Infraspinatus (Figure 8) 

�  Electrode Placement 
Place electrodes 3 cm vertically below the spine of the scapula, 1/3 the 
distance between the medial angle and middle of the spine of the scapula 
from the medial angle.  Angle electrodes with the spine of the scapula.  
The spine of the scapula is measured from the posterior lateral aspect of 
the acromion to the medial angle of the spine. 

�  Manual EMG Muscle Test 
External rotation of the humerus with arm in position of 0° shoulder 
abduction, 0° shoulder flexion, and 90° elbow flexion. 

�  Reference 
Sporrong et al (1998) p.178 

�  Attach Noraxon cable labeled 8 from second bin.  This muscle will be in 
Channel 8. 

 
 
 
 
 
 
 
 
 

Figure 8::  Infraspinatus 
 

o Latissimus Dorsi (Figure 9) 
�  Electrode Placement 

Place electrodes at the level of T8 in a direct line vertical from the inferior 
angle of the scapula.  Angle electrodes in a line from the location point to 
the axillary fold. 

�  Manual EMG Muscle Test 
Shoulder adduction with the arm in a position of 30° shoulder extension, 
0° elbow flexion, and shoulder slightly internally rotated. 

�  Reference 
Paton et al (1995) p.303 

�  Attach Noraxon cable to electrode.  This muscle will be in Channel 10. 
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Figure 9:  Latissimus Dorsi  
 

o Long Head Triceps (Figure 10) 
�  Electrode Placement:  Place electrodes 2 cm medial from the posterior 

midline of the arm, 50% the distance from the angle of acromion and 
olecranon process.  Electrodes are placed along the direction of the 
midline.  

�  Manual EMG Muscle Test 
Elbow extension with arm in position of 0° shoulder flexion, 0° shoulder 
abduction, and 90° elbow flexion 

�  Differentiation of Long Head from Lateral Head of Triceps 
Elbow extension with arm in position of 0° shoulder flexion, 0° shoulder 
abduction, and 90° elbow flexion will activate both muscles.  Shoulder 
abduction at 135° with shoulder internally rotated and elbow extended will 
activate the lateral head of the triceps more than the long head of the 
triceps. 

�  Reference 
Cram et al (1998) p.307 
Geiringer (1994) p.82 

�  Attach Noraxon cable labeled 1 from third bin.  This muscle will be in 
Channel 9. 

 
 
 
 
 
 
 
 
 

Figure 10:  Long Head Triceps 
 

o Long Head Biceps (Figure 11) 
�  Electrode Placement 

Draw a line from the biceps insertion to the acromion.  Place electrodes 
just above deltoid insertion on this line. 

�  Manual EMG Muscle Test 
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Shoulder abduction at 135° with shoulder internally rotated and elbow 
extended.  This also should differentiate the long head of the biceps from 
the short head of the biceps. 

�  Reference 
Sakurai et al (1998) p.124 

�  Attach Noraxon cable labeled 3 from bin one.  This muscle will be in 
Channel 3. 

 
 
 

 
 
 
 
 
 
 

Figure 11:  Long Head Biceps 
 
o Short Head Biceps (Figure 12) 

�  Electrode Placement 
Draw a line from the biceps insertion to the coracoid process.  Place 
electrodes just above the deltoid insertion on this line.  

�  Manual EMG Muscle Test 
Shoulder flexion with arm in position of 45° shoulder flexion, hand 

 supinated. 
�  Reference 

Sakurai et al (1998) p.124 
�  Attach Noraxon cable labeled 4 from bin one.  This muscle will be in 

Channel 4. 
 

 

 

 

 

 

Figure 12:  Short Head Biceps 
 

 
b. Record voltage and resistance across electrodes by attaching multimeter to each 
electrode 
c. Use Ground from Bin # 1 and put on right hand 
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F.  Seat Subject in Biodex Chair to perform PCR calibration trials 
a. Attach electrode cables to all EMG electrodes on subject 
b. Tape wires to skin to prevent pulling 
c. Attach cast to Biodex fixture 
d. Align subject by moving the chair superior/inferior and by moving the Biodex head 
 forwards or backwards.  The subject’s shoulder should be abducted at 30° and in 
 0° shoulder flexion in line with the test fixture.  Both shoulders should be at equal 
 heights and the subject should not be leaning in any direction 
e. Make any adjustments to make the subject more comfortable. 
f.  Attach SEATBELT 
g.  Perform manual muscle tests to confirm EMGs are working correctly 
 
 

Muscle Manual Muscle Test 
Sterno. Pect . 
Clav. Pect. 
Lat Dorsi 

Shoulder ADD @ 0° abduct., 0° s. flex., 90° e. flex. 

Ant. Delt 
Mid. Delt. 
Post. Delt 
Supra 

Shoulder ABD @ 90° abduction, 0° s. flex., 90° e. flex. 
 

Infra. 
Teres  

Ext. rot. @ 0° abduction, 0° s. flex., 90° e. flex. 

LH of Triceps E. ext. @ 0° s. flex., 0° abd., and 90° elbow flexion 
LH Biceps 
SH Biceps 

Elbow Flexion @ 90 deg 

Subscap Internal rotation 

 
 
 

Bin Muscle EMG  
Channel 

DC offset 
(mV) 

Resistance 
(kW) 

Sternocostal Head of 
Pectoralis  

1   

Clavicular Head of 
Pectoralis 

2   

Long Head of Biceps 3   

1 

Short Head of Biceps 4   
Anterior Deltoid 5   
Middle Deltoid 6   
Posterior Deltoid 7   

2 

Infraspinatus 8   
Long Head of Triceps 9   
Latissimus Dorsi 10   
    

3 
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h. Zero out the load and torque values on the LabView VI by moving each of the 
 three bars until all values are around 0. 
i. Perform rest trial.  Subject should remain still without contracting any muscles 
 while 10 seconds of data are collected.  Save this trial as   REST.exp 
j. Perform maximum strength testing:  Perform between 3 and 6 maximum 
 exertions.  If the 3rd trial is lower than the previous trials, then the subject is 
 finished.  If not, continue the trials until the maximum torque is one of the 
 previous generated torques. Do not do more than 6 trials.  Each trial should last 
 about 4 seconds.  Record values in charts below: 
         

Abduction/Adduction 
 

Abduction 
(lbs) 

Adduction 
(lbs) 

Trial 

Max 50 % Max 50% 
1     
2     
3     
4     
5     
6     

Max     
 
 

Shoulder Extension/Flexion 
 

Shoulder Extension 
(lbs) 

Shoulder Flexion 
(lbs) 

Trial 

Max 50 % Max 50% 
1     
2     
3     
4     
5     
6     

Max     
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Shoulder Rotation 
 

        Internal Rotation   External Rotation 
Target Level:  _____________   ______________ 
(Record from page 3) 
 
l. Position target lines to 50% of max for specific trial. 
m. Describe testing to subject: 
 “You will be performing six motions, flexion, extension, abduction, adduction, 
external rotation, and internal rotation 3 times each.  The goal is to ramp your 
strength up and back down so that the curve looks like this <show on board>.  The 
ramp up and the ramp down will last 2 seconds.   
 
 
 
 

 
 
 
 
m. Files should be saved as:  
 Abduction     abduction#.exp 
 Adduction:         adduction#.exp 
 Flexion:     flexion#.exp 
 Extension     extension#.exp 
 External Rotation    xr#.exp 
 Internal Rotation    ir#.exp 
 
       where # equals 1, 2, or 3 
  

 
Randomization Chart 

 
 

0      1             2             3            4 
  Seconds 

UP DOWN 
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Order Trial

1 external__.exp

2 flexion___.exp

3 ADduction___.exp

4 ADduction___.exp

5 internal.___.exp

6 ABduction___.exp

7 ADduction___.exp

8 internal.___.exp

9 internal.___.exp

10 flexion___.exp

11 external___.exp

12 extension___.exp

13 extension___.exp

14 external__.exp

15 flexion___.exp

16 extension___.exp

17 ABduction___.exp

18 ABduction___.exp
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G.  Perform Elbow Flexion/Extension  
a. Disconnect all EMG electrodes from wires 
b. Remove cast from subject’s arm 
c. Seat subject in Biodex chair 
d. Realign subject so that the elbow is directly over the load cell and the subject 

is not slouching. 
e. Attach long head biceps, short head biceps, and triceps EMG electrodes 
f. Position Target lines to 50% of max for each trial 
 

Elbow Flexion and Extension 
 

         Flexion   Extension 
Target Level:       _______________                   ______________ 
(Record from page 4) 
 

g. Describe testing to subject: 
  

 “You will now be performing elbow flexion and extension 3 times each.  The goal 
is to ramp your strength up and back down so that the curve looks like this <show on 
board>.  At your peak, you should be exerting about 50% of your maximum.” 
 

h. Perform flexion and extension trials and save as 
 elbow_flexion#.exp 
 elbow_extension#.exp 
  where # is 1 , 2 or 3 
 
 
i. Confirm that 25 files are stored on the computer. 
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Protocol to obtain Optotrak kinematics data for shoulder abduction and transform 
to Flock of Birds Format. 
 
This protocol consists of 5 steps: 
1) Initialize Optotrak System 
2) Prepare Subject 
3) Digitize Subject 
4) Perform Abduction Trial(s) 
5) Post-process data 
 
Log-in to optotrak computer by using Tom Withrow  account, using as workstation 
only, and password is medsport 
 
1. Initialize Optotrak System 
 
Run NDI Toolbench and load Pipeline 13july @ C:\Documents and Settings\Tom 
Withrow\My Documents\jlangend\22June 
(actually make a new folder for that days test and copy all items in 22july over to that 
folder) 
 
Turn on ODAU, ODAU II and camera unit and ensure camera lenses are uncovered. 
 
Open: PCR_optotrak.ndp 
 
Opotrak �  Build Network Information File. 
 
Ensure kinematic data will be taken at 100 Hz 
 Options �  Optotrak Options �  Basic �  Frame Frequency 100 Hz 
Ensure EMG data will be taken at 1000 Hz 
 Options �  ODAU Options �  Unit 01 �  Frame Frequency 1000 Hz 
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2. Prepare Subject 
 
Place sensors on subject: 
#1 on back – x axis superior 

 
#2 on forearm – right angle sensor - z axis distal along forearm 
 
#3 on humerus – x axis superior/proximal 

 
#4 on scapula tracker– x axis superior (see picture above) 
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Place Camera relative to subject- 12 ft away to posterior for abduction/scaption. 

 
 
Place Camera relative to subject- 12 ft away to posterior for flexion. 
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Put on EMG electrodes 
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Have subject perform motion and determine if can see all sensors and digitizing probe 
Connect to Camera, Make Markers active, start pipeline and look at 3Dviewer3.  All rigid 
bodies should be visible for entire motion. 
 
Verify EMG channels working 
 

Channel Muscle Manual Muscle Test 
1 Sterno. Pect . 
2 Clav. Pect. 
10 Lat Dorsi 

Shoulder ADD @ 0° abduct., 0° s. flex., 90° e. flex. 

5 Ant. Delt 
6 Mid. Delt. 
7 Post. Delt 
11 Supra 

Shoulder ABD @ 90° abduction, 0° s. flex., 90° e. flex. 
 

8 Infra. 
12 Teres Major 

Ext. rot. @ 0° abduction, 0° s. flex., 90° e. flex. 

9 LH of Triceps E. ext. @ 0° s. flex., 0° abd., and 90° elbow flexion 
3 LH Biceps 
4 SH Biceps 

Elbow Flexion @ 90 deg 

13 Subscap Internal rotation 
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3. Digitize Subject 
 
Have subject sit in relaxed position with arm in neutral trial position from 3DK (anterior 
humerus facing anterior). 
 
Set trial length to 1 second 
Record Neutral Trial:  Trial # _______ 
 
Digitize Points- Ensure all sensors and digitizing probe are visible for all trials 
 
Must be digitized in order!!!  
7th cervical verterbra - C7:  Trial # _______ 
8th thoracic verterbra – T8:  Trial # _______ 
Inferior angle of scapula in neutral - inf:  Trial # _______ 
Medial border of scapula in neutral - medial:  Trial # _______ 
Coracoid process - pc:  Trial # _______: 
Medial humeral epicondyle – medepi:  Trial # _______ 
Lateral humeral epicondyle - latepi:  Trial # _______ 
Sternum at jugular notch - sternum:  Trial # _______ 
Xiphoid Process - xp:  Trial # _______ 
Acromio-Clavicular Joint – ac:  Trial # _______ 
Posterolateral acromion  - aa:  Trial # _______ 
Radial styloid – rad:  Trial # _______ 
Ulnar styloid - ulnar:  Trial # _______ 
 
4. Perform Abduction Trial(s) 
Set trial length to at least 5 seconds 
- Have subject perform abduction in scapular plane while holding 3 pound weight from 0 
to 90+ degrees.  Give one minute break in-between. 
1.Trial # _______ 
2.Trial # _______ 
3.Trial # _______ 
4.Trial # _______ 
5.Trial # _______ 
6.Trial # _______ 
7.Trial # _______ 
8.Trial # _______ 
9.Trial # _______ 
10.Trial # _______ 
11.Trial # _______ 
12.Trial # _______ 
13.Trial # _______ 
14.Trial # _______ 
15.Trial # _______ 
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Reposition Camera for Flexion trials 
 
Have subject perform motion and determine if can see all sensors and digitizing probe 
Connect to Camera, Make Markers active, start pipeline and look at 3Dviewer3.  All rigid 
bodies should be visible for entire motion. 
 
3b. Digitize Subject 
 
Have subject sit in relaxed position with arm in neutral trial position from 3DK (anterior 
humerus facing anterior). 
 
Set trial length to 1 second 
Record Neutral Trial:  Trial # _______ 
 
Set trial length to 1 second 
Digitize Points- Ensure all sensors and digitizing probe are visible for all trials 
 
Must be digitized in order!!!  
7th cervical verterbra - C7:  Trial # _______ 
8th thoracic verterbra – T8:  Trial # _______ 
Inferior angle of scapula in neutral - inf:  Trial # _______ 
Medial border of scapula in neutral - medial:  Trial # _______ 
Coracoid process - pc:  Trial # _______: 
Medial humeral epicondyle – medepi:  Trial # _______ 
Lateral humeral epicondyle - latepi:  Trial # _______ 
Sternum at jugular notch - sternum:  Trial # _______ 
Xiphoid Process - xp:  Trial # _______ 
Acromio-Clavicular Joint – ac:  Trial # _______ 
Posterolateral acromion  - aa:  Trial # _______ 
Radial styloid – rad:  Trial # _______ 
Ulnar styloid - ulnar:  Trial # _______ 
 
4b. Perform Flexion Trial(s) 
Set trial length to at least 5 seconds 
- Have subject perform flexion in sagittal plane while holding 3 pound weight from 0 to 
90+ degrees.  Give one minute break in-between. 
1.Trial # _______ 
2.Trial # _______ 
3.Trial # _______ 
4.Trial # _______ 
5.Trial # _______ 
6.Trial # _______ 
7.Trial # _______ 
8.Trial # _______ 
9.Trial # _______ 
10.Trial # _______ 
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11. Trial # _______ 
12. Trial # _______ 
13. Trial # _______ 
14. Trial # _______ 
15. Trial # _______ 
 
Export data using file conversion wizard from optotrak 
 - Export position data 

- raw �  ASCII 3D data �  .CSV 
- select all r#00*.dat data taken that day 
- export voltage data (EMG) 
- change file type to ODAU voltage files  
- select all v#00*.dat data taken that day 
 

Use optotrak_flock_batch to convert data from optotrak format to flock of birds format. 
 
j. Confirm EMG electrodes are working by performing 50% MVCs 

 
Muscle Manual Muscle Test 
Sterno. Pect . 
Clav. Pect. 
Lat Dorsi 

Shoulder ADD @ 0° abduct., 0° s. flex., 90° e. flex. 

Ant. Delt 
Mid. Delt. 
Post. Delt 
Supra 

Shoulder ABD @ 90° abduction, 0° s. flex., 90° e. flex. 
 

Infra. 
Teres  

Ext. rot. @ 0° abduction, 0° s. flex., 90° e. flex. 

LH of Triceps E. ext. @ 0° s. flex., 0° abd., and 90° elbow flexion 
LH Biceps 
SH Biceps 

Elbow Flexion @ 90 deg 

Subscap Internal rotation 

 
 

k.  Remove electrodes 
l. Thank patient and release 
m. Archive data to CD 
n.  Turn off computer 
o.  Restock supplies  
p. Clean up lab  

  
 


