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SUMMARY OF PROJECT 

Electromyography (EMG) is a technique that measures the relative amount of energy produced by a muscle doing work. This experiment compared the integrated EMG values of two forearm muscles, the extensor digiti minimi and extensor digitorum, resulting from the extension of the respectively corresponding little and middle fingers  

The data from this experiment proved with statistical significance (P-value<0.01 at α=0.05) that integrated EMG increases as applied force increases.  The average integrated EMG per unit force of 6 subjects for the middle and little fingers was found to be 0.0344mV/g ± 0.0023 mV/g with an R2 of 0.9866 and 0.0368mV/g ± 0.0023 with an R2 of 0.09865, respectively.  The extensor digitorum was not found to have greater average integrated EMG’s than the digiti minimi as hypothesized (P-value=0.4753 at (=0.05).  However, normalizing the EMG values by approximating the muscle volume of the digitorum to be 2.25 times larger than the digiti minimi, the digiti minimi was observed to have statistically greater integrated EMG values than the digitorum (slopedigitorum=0.0007mV/g and interceptdigitorum=0.0806mV, whereas slopedigiti minimi=0.004mV/g and interceptdigiti minimi=0.0472mV; P-value < 0.01 at (=0.05).  Since the 2.25:1 ratio of middle finger to little finger muscle was selected by inspection of various pictures (Appendix, Fig. A.1), the smallest possible ratio that would still produce statistically significant results was found to be 1.5X (because the intercept and slope for the digiti minimi EMG vs. Force graph are always greater than that of the digitorum; intercept: p-value=0.00183, α=0.05 and slope: p-value=0.00082, α=0.05).
In addition, individual physiologies in terms of subjects’ physical activities offered insight on the aberrations from these results.  Further tests on subjects who are involved in physical activities that require more extension in certain fingers are recommended (e.g. right-handed violin and guitar players and left-handed trumpet players).

Objectives
· To determine the influence of resistance on the motor unit recruitment of extensor digiti minimi and extensor digitorum using masses of 20g, 50g, 70g, 100g, and 150g (including an additional 200g for the middle finger).


· To compare motor unit recruitment in the little and middle fingers by contrasting the integrated electromyogram (EMG) produced by the extensor digiti minimi and the extensor digitorum.

Hypotheses
· Total motor unit recruitment (measured by integrated EMG) will be directly proportional to the masses of the weights applied to the little and middle fingers.

· The average value of motor unit recruitment for extensor digitorum will be approximately double that of extensor digiti minimi due to its approximate double muscle mass volume.

Background
Extension of the fingers is attributed to a group of muscles, extensors, that are located in the posterior forearm.  The bending of an entire finger at the base of the proximal phalanx is caused by the extensor digitorum (1).  It extends the index, middle and ring fingers and spreads them apart as they extend. The extensor digiti minimi performs similar actions but concentrates solely on the movement of the little finger (See Fig. A.1).

Though muscles exist in the hand, great difficulty exists in isolating specific muscles that move individual fingers (4).  Furthermore, difficulty also exists in distinguishing between movements of the three forefingers (index, middle and ring) since they are controlled by the same muscle, the extensor digitorum (2). 

Skeletal muscles contract during movement, which is the transfer of chemical energy into mechanical energy. In flexing the fingers, a muscle’s fibers contract through stimulation of actin-myosin interactions via action potentials, the depolarization of the muscle fibers. Electromyography, EMG, measures the amount of energy transferred by the muscle fibers. By placing sensors on specific muscles, energy potentials can be determined as well as the approximate number of motor units involved in a particular action (i.e. flexing). 

When a skeletal muscle is called on to perform mechanical work, the number of motor units in the muscle activated by the brain is proportional to the amount of work to be done by the muscle.  The change in the population of motor unit involvement, known as recruitment, is proportional to the change in amplitude of EMG readings.

In this experiment, recruitment was determined for the extension of the middle and little fingers. Integrated EMG’s were evaluated in order to filter out noise. Muscles on the posterior forearm were measured based on the locations of the particular muscles involved in the movements.

Theory and Methods

The first task accomplished was the determination of the position of the ground electrode. One subject performed  five "trials" of five extending- relaxing repetitions for each of the middle and little finger, with the ground electrode in a different location for each trial.  The location with the “best” value (highest average EMG signifying distinction between the two muscle groups and lowest standard deviation for both fingers) was the located between the input and output electrodes for the extensor digitorum with an extended value of 3.75 ± 0.55mV, and a resting value of 1.0 ± 0.13mV.  

Eight individuals with contrasting forearm physiologies were tested in order to maximize the degrees of freedom, while yielding to time constraints.  Pertinent personal information regarding physique and forearm physiology was used to normalize the data upon evaluation.  Specifically, we noted age, gender, height, weight, relevant physical activities, relevant previous physical injuries, circumference at the wrist and elbow to determine the volume of the forearm and length of forearm.  To approximate the volume of the arm, we assumed a cylindrical-shaped model for the arm using the formula showed in the appendix (Fig. A.8, Appendix).

Five electrodes were placed strategically down the length of the forearm muscles extensor digitorum and extensor digiti minimi, in order to monitor the motor unit recruitment of each.  A standard was run with no conditions imposed on the subject in which the subject lifted his/her middle finger (completely extended) as high as he/she could (without straining) from the table for five seconds and then relaxed for five seconds, a total of six times in a row.  The same was done for the little finger.  This same procedure was then performed with  20g, 50g, 70g, 100g, 150g weight resistances for each of the little and middle fingers, with an additional test of 200g for the middle finger.  The weights were applied using the apparatus shown below (Fig. 1).  

[image: image1.emf]Location Extended EMG* ± Std Dev Resting EMG* ± Std Dev Diff. ± Std Dev

Shoulder 3.30 ± 0.82 1.14 ± 0.12 2.16 ± 0.8287

Non-dominant 3.60 ± 0.88 1.20 ± 0.18 2.40 ± 0.8982

Anterior 3.28 ± 0.68 1.20 ± 0.20 2.08 ± 0.7088

Posterior 1 3.60 ± 0.80 1.35 ± 0.20 2.25 ± 0.8246

Posterior 2 3.75 ± 0.55 1.00 ± 0.13 2.75 ± 0.5651
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For several subjects, fatigue testing was performed to further interpret the collected data.  This was accomplished by having the subject do repetitions of five seconds extensions and five seconds relaxation under conditions of 150g resistance for ten minutes.   

Materials and Apparatus

· BIOPAC electrode lead set (SS2L) (x2)

· BIOPAC disposable vinyl electrodes (EL503) (6 electrodes per subject)

· BIOPAC acquisition unit (MP30) (x2)

· BIOPAC wall transformer (AC100A) (x2)

· BIOPAC serial cable (CBLSERA) (x2)

· BIOPAC Pro software with capable computer (x2)

· 20g, 50g, 70g, 100g, 150g & 200g weights

· Electric tape

· Measuring tape

· apparatus- string and stand (see Figure 1)

· Microsoft Excel

Results:

It was important to determine the ideal location for electrode placement, and thus a test was conducted where the subject was asked to lift a zero-gram mass five times, each with the ground electrode in a different location (Appendix, Fig. A.2).  Posterior 2, with the ground electrode placed between the input and output electrodes for the extensor digitorum, generated the highest average integrated EMG and the lowest standard deviation, with an extended value of 3.75 ± 0.55mV and a resting value of 1.0 ± 0.13mV (See Table 1).  Not only did Posterior 2 produce the greatest integrated EMG during extension, but this placement also produced the lowest integrated EMG during relaxation and the lowest standard deviation and combined standard deviation, (thus the highest accuracy) for both values.  This resulted in the greatest difference in EMG between the two states, making it the easiest to distinguish between extension and relaxation. This location is in agreement with that suggested in the Biopac Lab Manual. 

Table 1: Average Integrated EMG for Ground Electrode Test

[image: image23.wmf] EMG vs. Force (Non-dominant-violin hand)

y = 0.0806x + 2.0444

R

2

 = 0.9333

y = 0.0442x + 2.7636

R

2

 = 0.9238

0

5

10

15

20

0

50

100

150

200

250

Force (g)

Avg Integrated 

EMG (mV)

middle

little

Linear (little)

Linear (middle)


Table 1 lists the results for the electrode placement test.  The second posterior position, located in between the input and output electrodes for the extensor digitorum yielded the least overall standard deviation of 3.75 ± 0.55mV for the extended EMG, and a resting value of 1.0 ± 0.13mV.

* all EMG values indicated are integrated EMG’s measured in mV.  
Our first hypothesis for this experiment was that increasing the applied mass-resistance to the muscle would result in a higher integrated EMG due to a necessary increase in motor unit recruitment.  As seen in Figure A.4 in the appendix, for all six subjects and each of their tested muscles, our hypothesis was supported.  Through multiple t-tests, this data was shown to be statistically significant with positive slopes for all trials and a P-value less than 0.01.  Figure 2 (below) plots the average integrated EMG’s for the each muscles for all six subjects at each applied resistance.  The slopes and R2 of the digitorum and digiti minimi are 0.0344 and 0.9866, 0.0368 and 0.09865 respectively.  The high R2 values indicate the high degree linearity of the data points for both muscles.  The positive slopes reflect that motor unit recruitment increases as applied mass-resistance increases.

Figure 2: Average Integrated EMG for Subjects 1, 3, 4, 5, 6, and 8
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Figure 2 shows the average integrated EMG versus the amount of resistance applied.  The slopes for both the extensor digitorum (blue) and extensor digiti minimi (pink) are 0.0344 and 0.0368 respectively.  The statistically significant positive slopes confirm that motor unit recruitment increases with increasing resistances. (This data does not account for the varying sizes of the subjects and muscles.)

The regression statistics from the following data illustrate the high degree of linearity between integrated EMG and applied force.  Furthermore, these statistical tests also show the statistically significant P-values (P-value<<0.01 at α=0.05), indicating that the slopes for all trials are greater than zero which implies a direct relationship between force and EMG, in support of our first hypothesis.

	Extensor Digitorum
	Extensor Digiti Minimi

	Regression Statistics

Multiple R
0.985269

R Square

0.970754

Adjusted R Square

0.964905

Standard Error

0.397191

Observations

7


	Regression Statistics

Multiple R

0.991432

R Square

0.982937

Adjusted R Square

0.978671

Standard Error

0.2755

Observations

6




Extensor Digitorum 
	
	Coefficients
	Std Err
	t-Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	4.978426
	0.243305
	20.46169
	5.16E-06
	4.352992
	5.60386

	Slope
	0.029265
	0.002272
	12.88274
	5.02E-05
	0.023426
	0.035105


Extensor Digiti Minimi
	 
	Coefficients
	Std Err
	t-Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	3.861067
	0.184662
	20.90883
	3.09E-05
	3.348362
	4.373772

	Slope
	0.034203
	0.002253
	15.17974
	0.00011
	0.027947
	0.040459


Our second hypothesis was that the extensor digitorum would have an average integrated EMG approximately two times higher than the extensor digiti minimi at each specific resistance due to the fact that the digitorum has approximately two times more muscle mass than the digiti minimi.  This hypothesis, however, was proven to be statistically insignificant with p-value of 0.4753.

Therefore, our data was normalized according to the varying physiologies of the subjects and the contrasting volumes of the two muscles for each subject.  The data was first adjusted relative to the total volume of each subject’s forearm and then normalized again under the assumption that the digitorum is approximately 2.25 times larger than the digiti minimi.  Figure 3 (below) shows that for each subject, the average normalized integrated EMG per unit volume is greater for the extensor digiti minimi than the extensor digitorum. The curve representing the extensor digiti minimi (little) has a higher initial EMG value at 0.0806 mV and has a steeper slope of 0.0007, than line representing the extensor digitorum (middle) with an initial EMG value of 0.0472mV and a slope of 0.0004.  

Figure 3: Normalized Integrated EMG for Extensor Digiti Minimi and Extensor Digitorum

[image: image3.emf]Normalized Data for Minimi vs. Digitorum

y = 0.0004x + 0.0472

R2 = 0.9862

y = 0.0007x + 0.0806

R2 = 0.9616

0

0.05

0.1

0.15

0.2

0.25

0 100 200

Resisting Force (in grams)

Normalized EMG (mV/cm3)

Middle

Little

Linear (Middle)

Linear (Little)


Figure 3 shows the normalized average integrated EMG for the extensor digiti minimi and the extensor digitorum.  The extensor digitorum was determined to be approximately 2.25 times larger by volume than the extensor digiti minimi, therefore the data was normalized to compensate for this volume inequality.  

Since the relative size of the targeted muscles was not found, the lowest ratio of significance was determined.  For the little finger to have higher EMG values, the LSRL (least squared regression line) for the digiti minimi must have a statistically significantly greater slope and significantly greater or equal to intercept value than the digitorum.  The approximation used for the muscle volume was found to be robust, since a ratio as little as 1.5X produced statistically significant results.  Although ratio’s of 1, 1.25, 1.5, 1.75, 2 and 2.25 were examined, we will only note the transition point (see Fig. 4&5).  

Figure 4: Ratio of 1.25X

	
	 
	Coeff
	Std Error
	t Stat
	P-value
	R-sqr

	Middle
	Intercept
	0.006976
	0.000485
	14.37522
	2.94E-05
	0.9641

	
	Slope
	5.25E-05
	4.53E-06
	11.58899
	8.4E-05
	 

	
	
	
	
	
	
	

	
	 
	Coeff
	Std Error
	t Stat
	P-value
	R-sqr

	Little
	Intercept
	0.005532
	0.000699
	7.912174
	0.001381
	0.9518

	
	Slope
	7.59E-05
	8.53E-06
	8.891364
	0.000884
	 


Figure 5: Ratio of 1.5X:

	
	 
	Coeff
	Std Error
	t Stat
	P-value
	R-sqr

	Middle
	Intercept
	0.006976
	0.000485
	14.37522
	2.94E-05
	0.9641

	
	Slope
	5.25E-05
	4.53E-06
	11.58899
	8.4E-05
	 

	
	
	
	
	
	
	

	
	 
	Coeff
	Std Error
	t Stat
	P-value
	R-sqr

	Little
	Intercept
	0.007777
	0.000381
	20.39394
	3.41E-05
	0.9872

	
	Slope
	8.16E-05
	4.65E-06
	17.53157
	6.22E-05
	 


The critical ratio value below which the EMG values would not be statistically significantly greater for the digiti minimi was found to be 1.5X.   For a ratio of 1.25, the intercept for middle finger LSRL (intercept = 0.006976) is greater than that of the little finger (intercept = 0.005532).  Furthermore, even though the slope was greater for the little finger LSRL (slope = 7.59E-05), the slope for the middle finger LSRL lies within a 95% confidence interval of the little finger and thus cannot be significantly greater (P-value = 0.13, α=0.05).  However, for 1.5X, the intercept for the little finger was statistically significantly greater than the middle finger (P-value = 0.00183, α=0.05).  The slope for the little finger was also found to be significantly greater than that of the middle finger (P-value = 0.00082, α=0.05).  At all ratios above this, the EMG values for the little finger were found to be statistically significant, since increasing the ratio of the muscle volume essentially decreases the little finger’s EMG values without affecting the middle finger’s EMG values, thereby furthering the separation among the two variables, and increasing the P-value.
Furthermore, since the data was found to be significant at a ratio increase of 1.5, our approximation of a 2.25 ratio, even if overestimated, is still statistically significant.

Fatigue testing was conducted on subjects to determine the precise effects of fatigue on the performance of the muscles and thus, on the values of the resulting EMG (see Fig. 5).  The integrated EMG values for both little and middle finger definitely decreased over time (slope<0, P-value = 0.0014, α=0.05).  However, the effects of fatigue were determined to statistically insignificant for the following reason.  Fatigue was calculated to be 0.00301 mV per 10 sec.; our tests on the subjects averaged 600 sec in length (15 min * 60 sec = 900 sec), implying a fatigue factor of 0.18 mV, which represents less than 2% of the average integrated EMG.  Similarly, fatigue in the middle finger was calculated to be 0.00708 mV/10sec.  This implies a total fatigue factor of 0.42mV, which is less than 3% of the average integrated EMG.

Figure 5: Fatigue Testing
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An aberration from decreasing fatigue was noticed in Subject 4 (Appendix, Fig. A.7).

Discussion:
Our initial apparatus included a pulley system to induce resistance on the two muscles. However, this method produced unclear results.  The purpose of multiple extensions and interstitial resting periods was to simulate six separate trials for each weight.  With the resistance acting on the muscle at all times (Appendix, Fig. A.3), it was difficult to interpret the collected data due to indistinguishable extension and relaxation periods.  Therefore, the pulley system was discarded and the weights were hung free-floating during extension directly from the finger of the subject and resting on a platform during relaxation (see Fig. 1).

Even though eight subjects were tested during this experiment, only six of these data sets are presented in this report.  In the case of Subject 2, the electrodes were improperly placed and the scaling mechanism on Biopac Pro was incorrectly set, which produced data incompatible with the rest of our results.  Subject 7, on the other hand, did not focus on the requested procedure, and did not follow the given directions, which resulted in biased data, and therefore, was also not included in this report.

Our first hypothesis, that integrated EMG increases with applied resistance, was verified by performing t-tests on each individual trial, the average of all subject’s little fingers, the average of all subject’s middle fingers, and the average of all collected data.  These t-tests were to prove that the intercept for the LSRL for digitorum for all trials was greater than or equal to zero and that the resulting slopes were positive.  All t-tests yielded significant data with all P-values«0.01 at α=0.05 in support of our hypothesis.  Thus, it was shown that more motor units were recruited as the amount of weight that was to be lifted increased.  This was found to be the case with both the digitorum and digiti minimi.

Our second hypothesis, claiming that the digitorum would produce twice as much integrated EMG than the minimi due to its larger mussel volume was refuted by a p-value of 0.4753.  This p-value is derived from the data normalized for the varying volumes of each individual, however, with no ratio factor between the two muscles.

In order to further inspect our data we decided to standardize the two muscles according to their approximate mass, since comparing the absolute EMG of one subject to another's would not be scientifically valid due to differences in muscle masses.  Through inspection, it was determined that the digitorum was at least 2.25 times larger in volume than the digiti minimi.  Calculating a standardization formula that accounted for this muscle volume difference allowed us to prove that the digiti minimi produced more average integrated EMG per unit volume (cm3) than the digitorum with statistically significant data (P-value«0.01, α=0.05).  Physiologically, this makes sense.  The motor unit recruitment per unit volume for the smaller muscle should be greater because it has to do the same amount of work to lift the same amount of weight as the larger muscle, however, has less muscle available to do so.  For example, to lift 150g, the little finger's muscles require more muscle cells to be activated by the brain than the middle finger's muscles.  

In order to increase the validity of this assumption, however, we examined six ratios and determined the lowest statistically significant ratio to be 1.5X.  Thus, our results were found to be very robust in that a muscle approximation as low as 1.5X would still produce statistically significant results, validating our conclusion.

We analyzed whether fatigue would have an impact on the significance of our results and found that fatigue over the course of the experiment for each subject amounted to no more than 2% (for the digiti minimi) and 3% (for the digitorum) of the integrated EMG values.  Thus, we concluded that fatigue in the subjects did not statistically affect our results.  Further, even if there was fatigue, it would actually make our first hypothesis of a direct relationship even stronger since actual EMG/time values would be even higher.

The fatigue test for Subject 4’s little finger proved to be an outlier (Appendix, Fig. A.7); however, through further inspection, this was not so unusual.  Subject 4’s pinky finger had been previously broken, which is the most probable cause for this abnormal trend.  Even though the extensor digiti minimi would not have been directly affected by such an injury, improper healing of the bone or tendons may indirectly inhibit this muscle’s performance.  Through an X-ray or ultrasound, the degree to which improper healing factored into this test may have been able to be approximated; however, we did not have access to such technology.  

Although the raw-EMG vs. Force data varied in terms of middle or little finger dominance, taking into account the Subject's physical activities led to further analysis.  For example, Subject 1 has played the violin for over 10 years.  For the dominant (bow) hand, the middle finger exhibited a higher average increase in EMG as force increased (Fig. 6).  However, for the nondominant (violin) hand, the little finger exhibited the dominance.  In violin playing, the bow hand maintains the same general position – the  fingers stay curled (using the flexor muscles) while the wrist undergoes extension.  For the violin hand (in this case, Subject 1’s nondominant hand), because of the position of the hand while gripping the neck of the violin, amidst shifting and jumping strings, the middle finger remains curled (this occurs because the hand is placed so the middle finger is aligned with the thumb regardless of the position on the neck of the violin).  However, the little finger is subject to much stretching (i.e. during pizzicato, or to avoid position shifting).  For this possible reason, for subject 1, the little finger shows higher integrated EMG/ force than the middle finger on the nondominant hand.  It leads us to hypothesize that repetitive activity on an individual muscle will enhance a typically unspecified muscle.  Further testing on subjects who play either the violin or other instruments is recommended.

Figure 6:  Subject 1:  dominant vs. nondominant
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Conclusions:

1.) As applied force increments increase, the Integrated EMG also increases.

(This applies for the extensor digitorum, extensor digiti minimi and the combined average values)

2.) The integrated EMG for the extensor digitorum is not statistically greater than that of the extensor digiti minimi (under non-normalized conditions and/or normalized conditions).

3.) Under normalized conditions (factor of 2.25), the extensor digiti minimi recruits more motor units per unit volume than the extensor digitorum, while the minimum necessary factor was determined to be 1.5X.

Recommendations:

1.) Although data from earlier in the semester showed no statistically significant difference in motor unit recruitment between dominant and non-dominant arms, our data collected from the violin player suggests that there may be aberrations in distinct muscles due to repetitive activity of typically unspecified muscles (i.e. subjects who are right handed and play a string instrument, or are left handed and play the trumpet or French horn).  

2.) The aberration in the fatigue test in Subject 4 indicates that previous injury may affect motor unit recruitment.  Through the use of an X-ray or ultrasound, it would be interesting to try and determine the extent of the injury, and how that affects the motor unit recruitment of the muscles corresponding to that injury.
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Appendix:

Figure A.1: Targeted Muscles (2)

Fig. 1:



 Posterior Forearm
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Figure A.2: Electrode Placement (2 and 5)
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Figure A.3: Original Design Apparatus
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Figure A.4: Motor Unit Recruitment vs. Force Applied
[image: image10.emf]EMG vs. Force 
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Figure A.5: Ratio of 1.25X

	
	 
	Coeff
	Std Error
	t Stat
	P-value
	R-sqr

	Middle
	Intercept
	0.006976
	0.000485
	14.37522
	2.94E-05
	0.9641

	
	Slope
	5.25E-05
	4.53E-06
	11.58899
	8.4E-05
	 

	
	
	
	
	
	
	

	
	 
	Coeff
	Std Error
	t Stat
	P-value
	R-sqr

	Little
	Intercept
	0.005532
	0.000699
	7.912174
	0.001381
	0.9518

	
	Slope
	7.59E-05
	8.53E-06
	8.891364
	0.000884
	 


Figure A.6: Ratio of 1.5X:

	
	 
	Coeff
	Std Error
	t Stat
	P-value
	R-sqr

	Middle
	Intercept
	0.006976
	0.000485
	14.37522
	2.94E-05
	0.9641

	
	Slope
	5.25E-05
	4.53E-06
	11.58899
	8.4E-05
	 

	
	
	
	
	
	
	

	
	 
	Coeff
	Std Error
	t Stat
	P-value
	R-sqr

	Little
	Intercept
	0.007777
	0.000381
	20.39394
	3.41E-05
	0.9872

	
	Slope
	8.16E-05
	4.65E-06
	17.53157
	6.22E-05
	 


Figure A.7: Fatigue test- Subject 4’s little finger
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Figure A.8: Cylindrical Model of Arm
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Fig. 1 shows the second apparatus constructed. The first apparatus (see appendix) did not allow for distinct “rest” and “extended” periods in which to differentiate the periods of work and rest.  








Figure 1 - Apparatus Utilized for Electromyography Determination
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Fig A.2: The original design did not distinguish between tensile and shear forces exerted on the fingers in extension.  When the finger is in the rested state on the handrest, there was still force being exerted on the finger, and thus as the applied force increased, the “resting” and “extending” phases started to become indistinguishable due to less dissimilar EMG values.








Fig A.1: Electrode Placement:





Below the shoulder of the dominant arm


On the anterior side of the non-dominant wrist


Between the anterior and posterior of the wrist on the thumb side of the dominant arm 


On the posterior side of the wrist of the dominant arm horizontally between the input and output of the electrodes designated for the extensor digiti minimi and 


Horizontally between the input and output of the electrodes designated for the extensor digitorum
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lizfatigue

				FATIGUE

				Middle								Little

		1.000		17.300		3.110		21.220		< 1 >		11.650		2.880		21.440

		2.000		16.300		4.870		28.450				10.560		3.770		28.680

		3.000		15.060		4.290		28.550				11.070		3.400		24.420

		4.000		17.310		5.140		36.860				15.170		4.450		30.6

		5.000		17.030		4.460		32.300				13.810		4.100		26.200

		6.000		18.150		5.490		34.660				15.360		3.610		25.950

		7.000		20.600		5.450		37.560				18.310		5.930		35.230

		8.000		17.510		4.780		31.240				13.300		4.170		32.330

		9.000		19.070		6.340		35.370				12.600		4.580		32.180

		10.000		16.700		4.490		32.140				12.470		5.000		32.500

		11.000		16.250		4.500		33.860				12.140		4.930		37.400

		12.000		20.200		5.090		34.260				13.840		3.880		29.730

		13.000		17.030		4.530		28.380		< 2 >		14.320		3.810		24.040

		14.000		17.890		5.020		36.880				15.43		4.080		26.920

		15.000		18.700		4.760		34.540				13.8		4.620		32.340

		16.000		16.100		4.430		26.640				17.18		5.090		31.220

		17.000		15.380		4.780		34.210				15.97		5.110		34.270

		18.000		18.140		6.510		45.560				15.45		5.450		36.570

		19.000		15.070		4.550		32.150				16.05		4.980		28.880

		20.000		16.100		4.750		34.160				15.06		4.450		30.320

		21.000		15.600		4.340		31.650				14.88		4.690		34.660

		22.000		17.470		6.440		52.440				14.46		6.030		33.320

		23.000		13.400		7.140		38.140				15.52		4.850		29.210

		24.000		16.650		5.660		34.140				17.84		5.530		35.290

		25.000		15.880		5.010		34.510		< 3 >		15.7		4.520		26.610

		26.000		17.12		5.430		30.880				15.43		5.210		34.940

		27.000		16.32		4.010		27.590				14.51		4.800		29.050

		28.000		16.3		5.760		35.600				13.3		4.620		28.990

		29.000		13.6		5.540		36.850				15.29		5.630		33.790

		30.000		16.76		5.690		33.850				17.8		5.740		37.990

		31.000		15.88		4.390		32.620				17.11		5.130		32.210

		32.000		14.03		4.320		27.950				18.15		5.500		37.520

		33.000		13.36		5.510		43.090				19.29		6.300		37.180

		34.000		15.23		4.800		36.760				17.18		5.310		34.470

		35.000		16.5		4.540		32.220				16.62		5.650		41.390

		36.000		19.100		5.940		49.310				14.89		5.540		38.300

		37.000		16.650		5.730		36.920		< 4 >		15.58		4.390		32.650

		38.000		12.200		5.230		30.890				13.3		4.720		34.380

		39.000		15.080		3.830		28.240				17.57		5.450		34.770

		40.000		13.020		3.920		26.180				19.48		5.830		35.190

		41.000		14.500		4.570		33.490				18.01		5.790		34.290

		42.000		13.900		4.960		29.610				18.04		5.390		32.720

		43.000		16.270		4.630		27.650				16.68		5.870		30.410

		44.000		15.300		4.720		29.070				20.963		7.090		45.310

		45.000		16.670		4.600		31.730				18.9		6.070		39.320

		46.000		13.800		5.630		41.790				17.46		5.280		34.120

		47.000		14.180		4.610		31.190				16.83		5.300		33.400

		48.000		14.170		3.720		27.520				18.84		6.230		41.550

		49.000		14.600		4.340		31.140		< 5 >		16.99		5.460		34.240

		50.000		13.990		4.510		30.000				17.92		5.430		36.300

		51.000		17.070		4.450		30.150				16.69		5.370		34.350

		52.000		13.400		5.000		36.290				19.23		5.980		34.990

		53.000		16.330		4.930		29.860				16.87		4.690		31.920

		54.000		14.900		5.210		36.470				19.83		6.040		40.220

		55.000		13.230		3.640		24.810				18.88		6.280		38.800

		56.000		11.640		3.830		23.200				22.92		6.730		42.320

		57.000		14.900		5.140		34.470				19.46		6.980		43.780

		58.000		15.220		4.970		33.130				16.79		6.510		42.460

		59.000		12.980		3.850		23.640				18.02		4.670		34.390

		60.000		15.160		3.610		25.220		< 6 >		15.5		4.790		24.120

		61.000		13.600		4.600		30.680				16.36		5.050		30.260

		62.000		13.760		3.690		24.810				17.83		5.260		36.110

		63.000		11.740		3.320		25.200				17.46		4.360		28.650

		64.000		11.470		3.050		20.560				16.75		4.870		29.320

		65.000		10.910		3.140		20.590				21		4.270		25.100

		66.000		11.770		3.210		23.890				17.18		4.590		32.780

		67.000		10.530		2.820		19.730				18.15		5.510		38.740

		68.000		10.040		2.930		21.250				18.61		5.510		35.280

		69.000		11.230		3.210		26.230				16.42		4.630		33.150

		70.000		10.530		2.700		18.330				17.5		4.050		31.140

		71.000		9.940		2.340		18.890				19.8		5.860		45.260

		72.000		14.140		4.000		31.920		< 7 >		17.46		4.880		31.800

		73.000		11.740		3.290		23.420				17.95		4.950		30.010

		74.000		12.650		2.990		22.660				18.72		6.070		42.030

		75.000		12.300		4.370		24.060				19.45		7.020		38.140

		76.000		11.680		3.790		26.490				17.75		6.190		43.730

		77.000		13.310		4.690		27.750				21.6		5.330		38.780

		78.000		12.690		3.470		24.310				17.55		5.760		34.020

		79.000		12.150		3.150		25.630				20.43		6.070		37.330

		80.000		10.820		2.900		20.330				18.42		5.750		33.910

		81.000		12.600		3.760		23.450				19.86		6.110		38.890

		82.000		13.250		3.700		21.830				18.14		5.610		38.140

		83.000		8.700		5.600		38.850				17.1		5.030		36.640

		84.000		11.900		3.990		29.690

		85.000		12.510		4.230		27.140

		86.000		12.250		3.110		21.360

		87.000		9.570		2.950		21.180

		88.000		12.500		3.750		25.130

		89.000		11.410		3.790		29.430

		90.000		11.090		3.870		31.820

		91.000		10.810		2.810		19.180

		92.000		13.000		4.010		27.210

		93.000		13.930		3.650		25.140

		94.000		16.940		5.820		43.780

		95.000		12.900		5.130		33.620
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						FATIGUE

						Middle

		1.000		< 1 >		5.300		1.170		10.640

		2.000				5.320		1.180		8.590

		3.000				5.060		1.300		10.420

		4.000				4.570		0.950		8.270

		5.000				4.800		1.130		10.450

		6.000				4.710		1.210		9.980

		7.000				4.420		0.790		7.010

		8.000				4.500		0.36		7.050

		9.000				4.410		0.730		6.720

		10.000				4.370		0.970		7.690

		11.000				5.170		1.260		8.530

		12.000				5.550		1.520		10.890

		13.000		< 2 >		5.000		0.970		8.770

		14.000				5.430		0.940		8.100

		15.000				5.280		1.390		10.730

		16.000				5.150		1.160		9.120

		17.000				6.060		1.410		11.090

		18.000				5.890		1.370		9.230

		19.000				5.340		1.110		10.240

		20.000				5.010		1.100		9.490

		21.000				5.160		1.130		8.560

		22.000				5.170		1.130		8.870

		23.000				5.270		1.070		8.770

		24.000				5.200		1.050		8.730

		25.000		< 3 >		4.460		0.880		7.080

		26.000				4.27		0.840		7.390

		27.000				4.36		0.890		7.400

		28.000				4.14		0.870		6.830

		29.000				4.1		0.830		6.770

		30.000				4.47		1.010		7.470

		31.000				4.3		1.020		7.530

		32.000				4.61		1.150		8.940

		33.000				4.83		1.260		9.720

		34.000				4.84		1.130		8.210

		35.000				4.65		0.980		7.650

		36.000				5.06		1.270		9.850

		37.000		< 4 >		4.06		1.090		9.810

		38.000				4.55		1.010		7.890

		39.000				4.96		1.080		8.310

		40.000				4.47		0.990		7.440

		41.000				4.7		1.130		7.660

		42.000				4.4		0.870		7.540

		43.000				4.56		0.840		7.720

		44.000				4.05		0.790		7.540

		45.000				4.13		0.990		7.960

		46.000				4.25		1.070		8.640

		47.000				4.49		1.040		7.730

		48.000				4.34		0.990		8.110

		49.000		< 5 >		3.88		0.840		6.270

		50.000				4		0.870		6.220

		51.000				3.91		0.910		7.360

		52.000				3.92		0.960		7.630

		53.000				4.3		1.030		7.830

		54.000				4.13		1.280		10.700

		55.000				4.1		0.960		7.760

		56.000				4.37		0.870		7.040

		57.000				4.52		1.100		7.160

		58.000				4.62		1.140		8.880

		59.000				4.49		0.950		7.550

		60.000				4.17		1.030		6.950

		61.000		< 6 >		3.86		0.880		6.980

		62.000				3.8		0.950		7.260

		63.000				4.22		0.850		6.990

		64.000				4.16		0.870		7.420

		65.000				4.2		0.940		7.790

		66.000				4.46		1.020		8.340

		67.000				4.29		0.990		7.750

		68.000				4.75		1.040		7.470

		69.000				4.65		1.250		9.040

		70.000				4.64		1.010		8.900

		71.000				4.85		0.980		8.040

		72.000				3.82		1.120		8.590

		73.000		< 7 >		4.26		0.890		6.890

		74.000				3.93		0.890		6.330

		75.000				4.13		0.980		8.430

		76.000				4.07		0.940		6.490

		77.000				4.39		1.210		9.060

		78.000				4.21		0.880		6.980

		79.000				4.65		0.870		7.200

		80.000				4.5		1.170		8.870

		81.000				3.57		0.980		7.140

		82.000				4.16		0.930		7.070

		83.000				4		1.150		8.350

		84.000				4.59		0.990		8.180

		85.000		< 8 >		4.18		0.940		7.110

		86.000				4.22		0.910		7.030

		87.000				4.58		1.180		8.110

		88.000				3.96		1.090		7.980

		89.000				3.82		1.100		9.550

		90.000				4.14		1.130		7.800

		91.000				4.03		1.000		7.620

		92.000				4.17		1.100		8.660

		93.000				4.4		1.000		6.760

		94.000				4.46		0.880		7.460

		95.000				4.88		0.860		7.870

		96.000				4.17		1.380		14.580
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lizfatigue

				FATIGUE

				Middle								Little

		1.000		17.300		3.110		21.220		< 1 >		11.650		2.880		21.440

		2.000		16.300		4.870		28.450				10.560		3.770		28.680

		3.000		15.060		4.290		28.550				11.070		3.400		24.420

		4.000		17.310		5.140		36.860				15.170		4.450		30.6

		5.000		17.030		4.460		32.300				13.810		4.100		26.200

		6.000		18.150		5.490		34.660				15.360		3.610		25.950

		7.000		20.600		5.450		37.560				18.310		5.930		35.230

		8.000		17.510		4.780		31.240				13.300		4.170		32.330

		9.000		19.070		6.340		35.370				12.600		4.580		32.180

		10.000		16.700		4.490		32.140				12.470		5.000		32.500

		11.000		16.250		4.500		33.860				12.140		4.930		37.400

		12.000		20.200		5.090		34.260				13.840		3.880		29.730

		13.000		17.030		4.530		28.380		< 2 >		14.320		3.810		24.040

		14.000		17.890		5.020		36.880				15.43		4.080		26.920

		15.000		18.700		4.760		34.540				13.8		4.620		32.340

		16.000		16.100		4.430		26.640				17.18		5.090		31.220

		17.000		15.380		4.780		34.210				15.97		5.110		34.270

		18.000		18.140		6.510		45.560				15.45		5.450		36.570

		19.000		15.070		4.550		32.150				16.05		4.980		28.880

		20.000		16.100		4.750		34.160				15.06		4.450		30.320

		21.000		15.600		4.340		31.650				14.88		4.690		34.660

		22.000		17.470		6.440		52.440				14.46		6.030		33.320

		23.000		13.400		7.140		38.140				15.52		4.850		29.210

		24.000		16.650		5.660		34.140				17.84		5.530		35.290

		25.000		15.880		5.010		34.510		< 3 >		15.7		4.520		26.610

		26.000		17.12		5.430		30.880				15.43		5.210		34.940

		27.000		16.32		4.010		27.590				14.51		4.800		29.050

		28.000		16.3		5.760		35.600				13.3		4.620		28.990

		29.000		13.6		5.540		36.850				15.29		5.630		33.790

		30.000		16.76		5.690		33.850				17.8		5.740		37.990

		31.000		15.88		4.390		32.620				17.11		5.130		32.210

		32.000		14.03		4.320		27.950				18.15		5.500		37.520

		33.000		13.36		5.510		43.090				19.29		6.300		37.180

		34.000		15.23		4.800		36.760				17.18		5.310		34.470

		35.000		16.5		4.540		32.220				16.62		5.650		41.390

		36.000		19.100		5.940		49.310				14.89		5.540		38.300

		37.000		16.650		5.730		36.920		< 4 >		15.58		4.390		32.650

		38.000		12.200		5.230		30.890				13.3		4.720		34.380

		39.000		15.080		3.830		28.240				17.57		5.450		34.770

		40.000		13.020		3.920		26.180				19.48		5.830		35.190

		41.000		14.500		4.570		33.490				18.01		5.790		34.290

		42.000		13.900		4.960		29.610				18.04		5.390		32.720

		43.000		16.270		4.630		27.650				16.68		5.870		30.410

		44.000		15.300		4.720		29.070				20.963		7.090		45.310

		45.000		16.670		4.600		31.730				18.9		6.070		39.320

		46.000		13.800		5.630		41.790				17.46		5.280		34.120

		47.000		14.180		4.610		31.190				16.83		5.300		33.400

		48.000		14.170		3.720		27.520				18.84		6.230		41.550

		49.000		14.600		4.340		31.140		< 5 >		16.99		5.460		34.240

		50.000		13.990		4.510		30.000				17.92		5.430		36.300

		51.000		17.070		4.450		30.150				16.69		5.370		34.350

		52.000		13.400		5.000		36.290				19.23		5.980		34.990

		53.000		16.330		4.930		29.860				16.87		4.690		31.920

		54.000		14.900		5.210		36.470				19.83		6.040		40.220

		55.000		13.230		3.640		24.810				18.88		6.280		38.800

		56.000		11.640		3.830		23.200				22.92		6.730		42.320

		57.000		14.900		5.140		34.470				19.46		6.980		43.780

		58.000		15.220		4.970		33.130				16.79		6.510		42.460

		59.000		12.980		3.850		23.640				18.02		4.670		34.390

		60.000		15.160		3.610		25.220		< 6 >		15.5		4.790		24.120

		61.000		13.600		4.600		30.680				16.36		5.050		30.260

		62.000		13.760		3.690		24.810				17.83		5.260		36.110

		63.000		11.740		3.320		25.200				17.46		4.360		28.650

		64.000		11.470		3.050		20.560				16.75		4.870		29.320

		65.000		10.910		3.140		20.590				21		4.270		25.100

		66.000		11.770		3.210		23.890				17.18		4.590		32.780

		67.000		10.530		2.820		19.730				18.15		5.510		38.740

		68.000		10.040		2.930		21.250				18.61		5.510		35.280

		69.000		11.230		3.210		26.230				16.42		4.630		33.150

		70.000		10.530		2.700		18.330				17.5		4.050		31.140

		71.000		9.940		2.340		18.890				19.8		5.860		45.260

		72.000		14.140		4.000		31.920		< 7 >		17.46		4.880		31.800

		73.000		11.740		3.290		23.420				17.95		4.950		30.010

		74.000		12.650		2.990		22.660				18.72		6.070		42.030

		75.000		12.300		4.370		24.060				19.45		7.020		38.140

		76.000		11.680		3.790		26.490				17.75		6.190		43.730

		77.000		13.310		4.690		27.750				21.6		5.330		38.780

		78.000		12.690		3.470		24.310				17.55		5.760		34.020

		79.000		12.150		3.150		25.630				20.43		6.070		37.330

		80.000		10.820		2.900		20.330				18.42		5.750		33.910

		81.000		12.600		3.760		23.450				19.86		6.110		38.890

		82.000		13.250		3.700		21.830				18.14		5.610		38.140

		83.000		8.700		5.600		38.850				17.1		5.030		36.640

		84.000		11.900		3.990		29.690

		85.000		12.510		4.230		27.140

		86.000		12.250		3.110		21.360

		87.000		9.570		2.950		21.180

		88.000		12.500		3.750		25.130

		89.000		11.410		3.790		29.430

		90.000		11.090		3.870		31.820

		91.000		10.810		2.810		19.180

		92.000		13.000		4.010		27.210

		93.000		13.930		3.650		25.140

		94.000		16.940		5.820		43.780

		95.000		12.900		5.130		33.620
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						FATIGUE

						Middle

		1.000		< 1 >		5.300		1.170		10.640

		2.000				5.320		1.180		8.590

		3.000				5.060		1.300		10.420

		4.000				4.570		0.950		8.270

		5.000				4.800		1.130		10.450

		6.000				4.710		1.210		9.980

		7.000				4.420		0.790		7.010

		8.000				4.500		0.36		7.050

		9.000				4.410		0.730		6.720

		10.000				4.370		0.970		7.690

		11.000				5.170		1.260		8.530

		12.000				5.550		1.520		10.890

		13.000		< 2 >		5.000		0.970		8.770

		14.000				5.430		0.940		8.100

		15.000				5.280		1.390		10.730

		16.000				5.150		1.160		9.120

		17.000				6.060		1.410		11.090

		18.000				5.890		1.370		9.230

		19.000				5.340		1.110		10.240

		20.000				5.010		1.100		9.490

		21.000				5.160		1.130		8.560

		22.000				5.170		1.130		8.870

		23.000				5.270		1.070		8.770

		24.000				5.200		1.050		8.730

		25.000		< 3 >		4.460		0.880		7.080

		26.000				4.27		0.840		7.390

		27.000				4.36		0.890		7.400

		28.000				4.14		0.870		6.830

		29.000				4.1		0.830		6.770

		30.000				4.47		1.010		7.470

		31.000				4.3		1.020		7.530

		32.000				4.61		1.150		8.940

		33.000				4.83		1.260		9.720

		34.000				4.84		1.130		8.210

		35.000				4.65		0.980		7.650

		36.000				5.06		1.270		9.850

		37.000		< 4 >		4.06		1.090		9.810

		38.000				4.55		1.010		7.890

		39.000				4.96		1.080		8.310

		40.000				4.47		0.990		7.440

		41.000				4.7		1.130		7.660

		42.000				4.4		0.870		7.540

		43.000				4.56		0.840		7.720

		44.000				4.05		0.790		7.540

		45.000				4.13		0.990		7.960

		46.000				4.25		1.070		8.640

		47.000				4.49		1.040		7.730

		48.000				4.34		0.990		8.110

		49.000		< 5 >		3.88		0.840		6.270

		50.000				4		0.870		6.220

		51.000				3.91		0.910		7.360

		52.000				3.92		0.960		7.630

		53.000				4.3		1.030		7.830

		54.000				4.13		1.280		10.700

		55.000				4.1		0.960		7.760

		56.000				4.37		0.870		7.040

		57.000				4.52		1.100		7.160

		58.000				4.62		1.140		8.880

		59.000				4.49		0.950		7.550

		60.000				4.17		1.030		6.950

		61.000		< 6 >		3.86		0.880		6.980

		62.000				3.8		0.950		7.260

		63.000				4.22		0.850		6.990

		64.000				4.16		0.870		7.420

		65.000				4.2		0.940		7.790

		66.000				4.46		1.020		8.340

		67.000				4.29		0.990		7.750

		68.000				4.75		1.040		7.470

		69.000				4.65		1.250		9.040

		70.000				4.64		1.010		8.900

		71.000				4.85		0.980		8.040

		72.000				3.82		1.120		8.590

		73.000		< 7 >		4.26		0.890		6.890

		74.000				3.93		0.890		6.330

		75.000				4.13		0.980		8.430

		76.000				4.07		0.940		6.490

		77.000				4.39		1.210		9.060

		78.000				4.21		0.880		6.980

		79.000				4.65		0.870		7.200

		80.000				4.5		1.170		8.870

		81.000				3.57		0.980		7.140

		82.000				4.16		0.930		7.070

		83.000				4		1.150		8.350

		84.000				4.59		0.990		8.180

		85.000		< 8 >		4.18		0.940		7.110

		86.000				4.22		0.910		7.030

		87.000				4.58		1.180		8.110

		88.000				3.96		1.090		7.980

		89.000				3.82		1.100		9.550

		90.000				4.14		1.130		7.800

		91.000				4.03		1.000		7.620

		92.000				4.17		1.100		8.660

		93.000				4.4		1.000		6.760

		94.000				4.46		0.880		7.460

		95.000				4.88		0.860		7.870

		96.000				4.17		1.380		14.580
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lizfatigue

				FATIGUE

				Middle								Little

		1.000		17.300		3.110		21.220		< 1 >		11.650		2.880		21.440

		2.000		16.300		4.870		28.450				10.560		3.770		28.680

		3.000		15.060		4.290		28.550				11.070		3.400		24.420

		4.000		17.310		5.140		36.860				15.170		4.450		30.6

		5.000		17.030		4.460		32.300				13.810		4.100		26.200

		6.000		18.150		5.490		34.660				15.360		3.610		25.950

		7.000		20.600		5.450		37.560				18.310		5.930		35.230

		8.000		17.510		4.780		31.240				13.300		4.170		32.330

		9.000		19.070		6.340		35.370				12.600		4.580		32.180

		10.000		16.700		4.490		32.140				12.470		5.000		32.500

		11.000		16.250		4.500		33.860				12.140		4.930		37.400

		12.000		20.200		5.090		34.260				13.840		3.880		29.730

		13.000		17.030		4.530		28.380		< 2 >		14.320		3.810		24.040

		14.000		17.890		5.020		36.880				15.43		4.080		26.920

		15.000		18.700		4.760		34.540				13.8		4.620		32.340

		16.000		16.100		4.430		26.640				17.18		5.090		31.220

		17.000		15.380		4.780		34.210				15.97		5.110		34.270

		18.000		18.140		6.510		45.560				15.45		5.450		36.570

		19.000		15.070		4.550		32.150				16.05		4.980		28.880

		20.000		16.100		4.750		34.160				15.06		4.450		30.320

		21.000		15.600		4.340		31.650				14.88		4.690		34.660

		22.000		17.470		6.440		52.440				14.46		6.030		33.320

		23.000		13.400		7.140		38.140				15.52		4.850		29.210

		24.000		16.650		5.660		34.140				17.84		5.530		35.290

		25.000		15.880		5.010		34.510		< 3 >		15.7		4.520		26.610

		26.000		17.12		5.430		30.880				15.43		5.210		34.940

		27.000		16.32		4.010		27.590				14.51		4.800		29.050

		28.000		16.3		5.760		35.600				13.3		4.620		28.990

		29.000		13.6		5.540		36.850				15.29		5.630		33.790

		30.000		16.76		5.690		33.850				17.8		5.740		37.990

		31.000		15.88		4.390		32.620				17.11		5.130		32.210

		32.000		14.03		4.320		27.950				18.15		5.500		37.520

		33.000		13.36		5.510		43.090				19.29		6.300		37.180

		34.000		15.23		4.800		36.760				17.18		5.310		34.470

		35.000		16.5		4.540		32.220				16.62		5.650		41.390

		36.000		19.100		5.940		49.310				14.89		5.540		38.300

		37.000		16.650		5.730		36.920		< 4 >		15.58		4.390		32.650

		38.000		12.200		5.230		30.890				13.3		4.720		34.380

		39.000		15.080		3.830		28.240				17.57		5.450		34.770

		40.000		13.020		3.920		26.180				19.48		5.830		35.190

		41.000		14.500		4.570		33.490				18.01		5.790		34.290

		42.000		13.900		4.960		29.610				18.04		5.390		32.720

		43.000		16.270		4.630		27.650				16.68		5.870		30.410

		44.000		15.300		4.720		29.070				20.963		7.090		45.310

		45.000		16.670		4.600		31.730				18.9		6.070		39.320

		46.000		13.800		5.630		41.790				17.46		5.280		34.120

		47.000		14.180		4.610		31.190				16.83		5.300		33.400

		48.000		14.170		3.720		27.520				18.84		6.230		41.550

		49.000		14.600		4.340		31.140		< 5 >		16.99		5.460		34.240

		50.000		13.990		4.510		30.000				17.92		5.430		36.300

		51.000		17.070		4.450		30.150				16.69		5.370		34.350

		52.000		13.400		5.000		36.290				19.23		5.980		34.990

		53.000		16.330		4.930		29.860				16.87		4.690		31.920

		54.000		14.900		5.210		36.470				19.83		6.040		40.220

		55.000		13.230		3.640		24.810				18.88		6.280		38.800

		56.000		11.640		3.830		23.200				22.92		6.730		42.320

		57.000		14.900		5.140		34.470				19.46		6.980		43.780

		58.000		15.220		4.970		33.130				16.79		6.510		42.460

		59.000		12.980		3.850		23.640				18.02		4.670		34.390

		60.000		15.160		3.610		25.220		< 6 >		15.5		4.790		24.120

		61.000		13.600		4.600		30.680				16.36		5.050		30.260

		62.000		13.760		3.690		24.810				17.83		5.260		36.110

		63.000		11.740		3.320		25.200				17.46		4.360		28.650

		64.000		11.470		3.050		20.560				16.75		4.870		29.320

		65.000		10.910		3.140		20.590				21		4.270		25.100

		66.000		11.770		3.210		23.890				17.18		4.590		32.780

		67.000		10.530		2.820		19.730				18.15		5.510		38.740

		68.000		10.040		2.930		21.250				18.61		5.510		35.280

		69.000		11.230		3.210		26.230				16.42		4.630		33.150

		70.000		10.530		2.700		18.330				17.5		4.050		31.140

		71.000		9.940		2.340		18.890				19.8		5.860		45.260

		72.000		14.140		4.000		31.920		< 7 >		17.46		4.880		31.800

		73.000		11.740		3.290		23.420				17.95		4.950		30.010

		74.000		12.650		2.990		22.660				18.72		6.070		42.030

		75.000		12.300		4.370		24.060				19.45		7.020		38.140

		76.000		11.680		3.790		26.490				17.75		6.190		43.730

		77.000		13.310		4.690		27.750				21.6		5.330		38.780

		78.000		12.690		3.470		24.310				17.55		5.760		34.020

		79.000		12.150		3.150		25.630				20.43		6.070		37.330

		80.000		10.820		2.900		20.330				18.42		5.750		33.910

		81.000		12.600		3.760		23.450				19.86		6.110		38.890

		82.000		13.250		3.700		21.830				18.14		5.610		38.140

		83.000		8.700		5.600		38.850				17.1		5.030		36.640

		84.000		11.900		3.990		29.690

		85.000		12.510		4.230		27.140

		86.000		12.250		3.110		21.360

		87.000		9.570		2.950		21.180

		88.000		12.500		3.750		25.130

		89.000		11.410		3.790		29.430

		90.000		11.090		3.870		31.820

		91.000		10.810		2.810		19.180

		92.000		13.000		4.010		27.210

		93.000		13.930		3.650		25.140

		94.000		16.940		5.820		43.780

		95.000		12.900		5.130		33.620
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time (5 sec intervals)

Integrated EMG (mV)

Subject 4: Little Finger Fatigue

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



						FATIGUE

						Middle

		1.000		< 1 >		5.300		1.170		10.640

		2.000				5.320		1.180		8.590

		3.000				5.060		1.300		10.420

		4.000				4.570		0.950		8.270

		5.000				4.800		1.130		10.450

		6.000				4.710		1.210		9.980

		7.000				4.420		0.790		7.010

		8.000				4.500		0.36		7.050

		9.000				4.410		0.730		6.720

		10.000				4.370		0.970		7.690

		11.000				5.170		1.260		8.530

		12.000				5.550		1.520		10.890

		13.000		< 2 >		5.000		0.970		8.770

		14.000				5.430		0.940		8.100

		15.000				5.280		1.390		10.730

		16.000				5.150		1.160		9.120

		17.000				6.060		1.410		11.090

		18.000				5.890		1.370		9.230

		19.000				5.340		1.110		10.240

		20.000				5.010		1.100		9.490

		21.000				5.160		1.130		8.560

		22.000				5.170		1.130		8.870

		23.000				5.270		1.070		8.770

		24.000				5.200		1.050		8.730

		25.000		< 3 >		4.460		0.880		7.080

		26.000				4.27		0.840		7.390

		27.000				4.36		0.890		7.400

		28.000				4.14		0.870		6.830

		29.000				4.1		0.830		6.770

		30.000				4.47		1.010		7.470

		31.000				4.3		1.020		7.530

		32.000				4.61		1.150		8.940

		33.000				4.83		1.260		9.720

		34.000				4.84		1.130		8.210

		35.000				4.65		0.980		7.650

		36.000				5.06		1.270		9.850

		37.000		< 4 >		4.06		1.090		9.810

		38.000				4.55		1.010		7.890

		39.000				4.96		1.080		8.310

		40.000				4.47		0.990		7.440

		41.000				4.7		1.130		7.660

		42.000				4.4		0.870		7.540

		43.000				4.56		0.840		7.720

		44.000				4.05		0.790		7.540

		45.000				4.13		0.990		7.960

		46.000				4.25		1.070		8.640

		47.000				4.49		1.040		7.730

		48.000				4.34		0.990		8.110

		49.000		< 5 >		3.88		0.840		6.270

		50.000				4		0.870		6.220

		51.000				3.91		0.910		7.360

		52.000				3.92		0.960		7.630

		53.000				4.3		1.030		7.830

		54.000				4.13		1.280		10.700

		55.000				4.1		0.960		7.760

		56.000				4.37		0.870		7.040

		57.000				4.52		1.100		7.160

		58.000				4.62		1.140		8.880

		59.000				4.49		0.950		7.550

		60.000				4.17		1.030		6.950

		61.000		< 6 >		3.86		0.880		6.980

		62.000				3.8		0.950		7.260

		63.000				4.22		0.850		6.990

		64.000				4.16		0.870		7.420

		65.000				4.2		0.940		7.790

		66.000				4.46		1.020		8.340

		67.000				4.29		0.990		7.750

		68.000				4.75		1.040		7.470

		69.000				4.65		1.250		9.040

		70.000				4.64		1.010		8.900

		71.000				4.85		0.980		8.040

		72.000				3.82		1.120		8.590

		73.000		< 7 >		4.26		0.890		6.890

		74.000				3.93		0.890		6.330

		75.000				4.13		0.980		8.430

		76.000				4.07		0.940		6.490

		77.000				4.39		1.210		9.060

		78.000				4.21		0.880		6.980

		79.000				4.65		0.870		7.200

		80.000				4.5		1.170		8.870

		81.000				3.57		0.980		7.140

		82.000				4.16		0.930		7.070

		83.000				4		1.150		8.350

		84.000				4.59		0.990		8.180

		85.000		< 8 >		4.18		0.940		7.110

		86.000				4.22		0.910		7.030

		87.000				4.58		1.180		8.110

		88.000				3.96		1.090		7.980

		89.000				3.82		1.100		9.550

		90.000				4.14		1.130		7.800

		91.000				4.03		1.000		7.620

		92.000				4.17		1.100		8.660

		93.000				4.4		1.000		6.760

		94.000				4.46		0.880		7.460

		95.000				4.88		0.860		7.870

		96.000				4.17		1.380		14.580
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Time (5 sec intervals)

Integrated EMG (mV)

Average Little Finger Fatigue
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Sheet1

		Location		Extended EMG* ± Std Dev		Resting EMG* ± Std Dev		Diff. ± Std Dev

		Shoulder		3.30 ± 0.82		1.14 ± 0.12		2.16 ± 0.8287

		Non-dominant		3.60 ± 0.88		1.20 ± 0.18		2.40 ± 0.8982

		Anterior		3.28 ± 0.68		1.20 ± 0.20		2.08 ± 0.7088

		Posterior 1		3.60 ± 0.80		1.35 ± 0.20		2.25 ± 0.8246

		Posterior 2		3.75 ± 0.55		1.00 ± 0.13		2.75 ± 0.5651
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