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SUMMARY

Electromyography was used to find optimal electrode placements for identifying and distinguishing between the processes of deglutition and mastication, while minimizing the interference from basal activity.  For mastication, both Temporalis and Masseter electrode placements, yielded a significant difference between the magnitudes of the signals generated by mastication activity and by basal activity, at the 95% confidence level. The chew to basal ratios for two subjects were 3.53 and 5.02 for the Temporalis and 4.07 and 4.29 for the Masseter.  Of the three electrode placements evaluated for monitoring deglutition, the Constrictor Pharyngis placement yielded among the lowest swallow to basal ratios: 1.47 and 1.09 for the two preliminary subjects.  The signals generated by the Supra-to-Infra Hyoid and the Infra-to-Infra Hyoid placements both showed a significant difference at the 95% confidence level between the magnitudes of deglutition activity and basal activity in the four test subjects, with the exception of one subject’s Infra-to-Infra Hyoid trial.  However, there was no significant difference between the Hyoid placements, regardless of whether peanuts or caramel were used.  Fast Fourier Transform analysis was deemed inapplicable to identifying mastication or deglutition signals because after the removal of alias frequencies and discounting the ambient 60 Hz frequency, the FFT chart showed no other significant peaks.  An alternative method for identifying mastication and deglutition was developed, resulting in following equation: 
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where α is a factor representative of the desirability of increasing the number of true detections at the cost of possible false detections.  Using this method, mastication and deglutition activity was detected at a %f level of 96.3% (using an α of 0.25).
OBJECTIVES

The overarching objective for this experiment is to use non-invasive EMG signal analyses to quantitatively distinguish between deglutition and mastication. The specific aims for accomplishing this objective are as follows: [1] Use analyses of raw EMG signals to determine the optimal1 electrode placement for identifying and distinguishing between deglutition and mastication muscle activity, based on the anatomy of the muscles involved in these two processes, when they occur sequentially and [2] Revise the optimal1 placement of EMG electrodes to minimize interference from tongue movements, while controlling for head rotation and facial expressions.

Currently, in the field of neurocomputational biology, scientists are searching for algorithms to describe biological patterns.  The ability to quantitatively pinpoint deglutition and mastication through EMG signals will allow the automation of diagnoses for related disorders, ranging from feeding problems in newborns and obesity research in adults.

1 optimal: minimizing undesired interference and maximizing desired signal as well as minimizing variation when additional variables are applied.  Possible new variations include: texture changes in food chewed and swallowed, affect of additional muscle activity such as smiling for mastication and head/neck movement for deglutition.
BACKGROUND

The two processes that are evaluated in this experiment are mastication and deglutition.  Mastication is the process of chewing food in preparation for swallowing and digestion, whereas deglutition is the actual process of swallowing.  
Four muscles are primarily involved in mastication.  These muscles include the Masseter, Temporalis, Medial Pterygoid (Internus), and the Lateral Pterygoid (Externus).  The Masseter muscle originates from the Zygomatic Arch and ends at the external surface of the Mandible.  The Temporalis covers the temporal bone and extends down the anterior border of the Ramus.4 The locations of each of these muscles is shown in Diagram 1. The mastication muscles can be grouped into two different functions. The first three muscle pairs listed elevate the mandible to close the mouth as in biting down. The last muscle group can depress the mandible (open the mouth), make grinding actions side to side, and can make the mandible go forward in a protruding motion.  
Diagram 1 - Muscles of Mastication
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Mastication encompasses the first of the four stages of deglutition, referred to as the "Oral Preparation" stage. During this stage, food or liquid is manipulated and chewed in preparation for swallowing.  During the next, "Oral" stage, the tongue propels the food or liquid to the posterior of the mouth, until pharyngeal swallowing is triggered. The "Pharyngeal" stage begins as food or liquid is quickly passed through the pharynx, the canal that connects the mouth with the esophagus, into the esophagus or swallowing tube.  In the final, "Esophageal" stage, the food or liquid passes through the esophagus into the stomach.  

Due to the depth of the muscles in the Pharyngeal and Esophageal stages, only the first two stages of deglutition can possibly be evaluated using the surface EMG techniques.  Therefore, we will only focus on the muscles involved in these stages.  Particularly important to the oral stage are the Hyoid bone, and the Supra- and Infra- Hyoid muscles groups.  Diagram 2 shows the location of these parts.  The Hyoid bone is a U-shaped bone located at the base of the tongue that straddles the epiglottis and the laryngeal cavity and serves as the point of attachment for many of the extrinsic muscles of the larynx.  The Supra- and Infra Hyoid muscles extend over the lower mandible and down the neck.  They function in coordinating tongue movement.2 For example, during the Oral stage, when the bolus is ready to be swallowed, the supra- hyoid muscle pulls the tongue up, pushing the food to the back of the oral cavity.  

Diagram 2 - Hyoid Bone and Supra-Infra-Hyoid Muscles: Deglutition
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Electromyography (EMG) will be the technique used in this experiment to study muscle function through signals produced by muscle movement.  The ideal placement of EMG electrodes should be between the center of the innervation zone and the further tendon of muscle.1  The neuromuscular junction, which is located where the axon of the muscle fiber terminates, indicates the innervation zone. These junctions are normally located in the middle of the muscle fibers.  An EMG signal is an algebraic summation of all the motor unit action potentials from all active motor units within the area of the electrode. 

There are two main types of electrodes, used for EMG. They are surface and inserted electrodes. Surface electrodes include electrodes that sit on the surface of the skin. Inserted electrodes include wire and needle electrodes. An advantage of skin electrodes is that they are non-invasive. However, surface electrodes cover a greater amount of area than inserted electrodes, and therefore their use can result in more cross talk and interference from the surrounding muscles. Inserted electrodes are advantageous in that they are more specific, concentrating on the particular muscles under study. This enables inserted electrodes to detect individual motor unit action potential trains conveniently especially during relatively low force contractions.  A disadvantage of inserted electrodes is that they are invasive, thus producing slight discomfort in the subject.

MATERIALS, APPARATUS & METHODS

BioPac Pro Software was used to record muscle activity during mastication and deglutition.  Two sets of surface electrodes were utilized per subject in order to record mastication and deglutition muscle activities, simultaneously.  The output signals of the EMG were recorded on five channels. The first four channels were raw and integrated EMGs of both deglutition and mastication muscle activities.  The fifth channel was a switch that the subject used to designate the action of a chew and a swallow.

During the first week of experimentation, two subjects (RH, RM) were tested to determine the optimal placement for recording mastication and deglutition muscle activity.  The muscles examined for the identification of mastication activity are the Temporalis and the Masseter muscles.  Diagram 3 illustrates the electrode placements used for recording mastication muscle activity.  The muscles examined for the identification of deglutition muscle activity are the Constrictor Pharyngis and the Hyoid muscles.  Diagram 4 illustrates the electrode placements for recording deglutition muscle activity.   

Diagram 3:  Electrode placements for recording mastication muscle activity: Temporalis placement (left) and Masseter placement (right)
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Diagram 4: Electrode placements for recording deglutition muscle activity: Constrictor Pharyngis placement (left), Infra-Supra Hyoid placement (middle), and Infra-Infra Hyoid placement (right).
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For each trial, subjects were instructed to chew caramel while electrodes were attached to the mastication and deglutition muscles being investigated.  Once preliminary testing was complete, peanuts were added as a second type of food medium.  A 10 second baseline was collected at the beginning of each trial for standardization between test subjects.  During the collection of the baseline, the subject was prohibited from making face, neck and tongue muscle movement.  After the collection of the baseline, the subject was instructed to chew and swallow leisurely, while designating each action with the switch.  Once the subject began chewing and swallowing, any activities that occurred between chews or swallows (when the switch was not depressed) was defined as basal activity.

During the second and third week, the Masseter placement and the Constrictor Pharyngis placement were eliminated.  Data was collected on two additional subjects (SA, ST) using the established Temporalis placement for mastication.  Further testing was conducted on the Supra-Infra and Infra-to-Infra Hyoid placements in order to determine the optimal electrode placement for deglutition.

RESULTS

Temporalis and Masseter electrode placements for monitoring mastication were evaluated.  For each mastication placement, the magnitudes of the EMG signal outputs during baseline, chewing activity (as determined by the switch), and any other activities (defined as basal activity), such as swallowing and tongue movement, were recorded.  A comparison of the magnitudes of chewing and basal EMG readings yielded significant differences for both Temporalis and Masseter placements at the 95% confidence level.  Figure 1 shows a typical EMG reading for the Temporalis electrode placement during a caramel trial.  Figure 2 shows a typical EMG reading for the Masseter electrode placement during a caramel trial.  The black arrows indicate the occurrence of a chew, as determined by the switch readings.  For subject RM and RH the Temporalis placement yielded chew to basal ratios of 3.53 and 5.02, respectively.  For the Masseter placement, subjects RM and RH also yielded ratios of 4.07 and 4.29, respectively.
Figure 1- EMG Output for Temporalis Placement During Caramel Trial (Subject RH)
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Figure 2- EMG Output for Masseter Placement During Caramel Trial (Subject RH)
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Three electrode placements for monitoring deglutition were evaluated: the Supra-to-Infra Hyoid placement, Infra-to-Infra hyoid placement, and the Constrictor Pharyngis placement.  For each deglutition placement, the magnitudes of the EMG signals during baseline, chewing activity (as determined by the switch), and any other activities (defined as basal activity), such as swallowing and tongue movement during which chewing was not occurring, were recorded. For the caramel trials, the Constrictor Pharyngis placement yielded swallow to basal ratios of 1.09 and 1.47 for subjects RM and RH, respectively.  The swallow to basal ratio was not significantly different from the threshold ratio of 1 for subject RM, at the 95% confidence level.  The ratio was significant for subject RH, but still only 47% greater than the threshold ratio.  The Infra–to-Infra Hyoid placement yielded swallow to basal ratios of 0.98, 2.03, 2.36, and 1.79, while the Infra-to Supra hyoid placement yielded ratios of 4.12, 2.08, 2.34, and 1.51, for subjects RH, RM, SA, and ST.  All of these results showed a significant difference at the 95% confidence level between the average magnitude of chewing activity and average magnitude of basal activity in each subject on each placement, with the exception of subject RM’s Infra-to-Infra Hyoid trial.  Table 1 lists the swallow to basal ratios for each subject’s different placement trials for caramel.  Table 2 lists the swallow to basal ratios for each subject’s different placement trials for peanuts.  Figure 3 is a bar graph comparison of the swallow to basal ratios for subject RM and RH’s three different deglutition placements.  The Constrictor Pharyngis placement had the worst swallow to basal ratio for subject RH, and the second worst ratio for subject RM.

Table 1 -  Swallow to Basal Ratios for 3 Deglutition Placements During Caramel Trials

	
	Constrictor Pharyngis
	Infra-to-Infra
	Infra-to-Supra

	RM
	1.09
	0.98
	2.08

	RH
	1.47
	2.03
	4.12

	SA
	n/a
	2.36
	2.34

	ST
	n/a
	1.79
	1.51


Table 2 - Swallow to Basal Ratios for Supra-Infra and Infra-Infra Placements During Peanut Trials

	Swallow to Basal Ratios

	
	Supra-Infra
	Infra-Infra

	SA
	2.3846154
	3.502415

	ST
	2.804
	1.602941

	RH
	3.0574468
	2.196078

	RM
	3.3647059
	1.645933


Figure 3 – Bar Graph of Swallow to Basal Ratios for Constrictor Pharyngis, Infra-to-Infra Hyoid, and Supra-to-Infra Hyoid Placements.
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Four electrode placement combinations were conducted on each of the two preliminary subjects for comparing a band stop filter at 60 Hz to no band stop filter at 60 Hz.  Peak activity to basal activity ratios of the integrated EMG recordings were calculated.  Ratios were taken both for neck and face EMGs.  The ratios of multiple samples were averaged and compared to ratios of filtered electrode placement EMG recordings.  The result was an increase in ratios from 2.38 to 4.33 and from 1.77 to 1.85 for subjects RH and RM, respectively.  Figure 4 below shows a sample of an EMG recording without the 60Hz band stop filter.

Figure 4 – FFT of EMG Signal Output Without 60Hz Band Stop Filter
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A Fast Fourier Tranform chart of Raw EMG signals with 500 Hz high pass, 30 Hz low pass, and 60 Hz band stop filters is shown in Figure 5.  The trial used a sampling rate of 200 samples/second and exhibited clear peaks at 20, 40, 60, and 80 Hz.  Figure 6 shows a FFT for the same setup except with a sampling rate of 2000 samples/second.  The 2000 samples/second data clearly does not have the same peaks as the 200 samples/second data.

Figure 5 – Subject ST with the Temporalis-Infrahyoid muscles combination.  A linear FFT of the neck Raw EMG is shown (band stop at 60 Hz).  The most common frequencies are at 20, 40, 60, and 80 Hz.  The data acquisition was set to a sampling rate of 200 samples/second.
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Figure 6 – Subject ST with the Temporalis-Infrahyoid muscles combination.  A linear FFT of the neck Raw EMG is shown (band stop at 60 Hz).  The frequencies at 20, 40, 60, and 80 Hz are no longer present.  The data acquisition was set to a sampling rate of 2000 samples/second.
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ANALYSIS

In order to identify chewing and swallowing activity on their respective EMG readings, the magnitude of the signals generated by the desired activity was compared to the magnitude of the basal activity, such as tongue movement and swallowing (in the detection of chewing activity) or chewing (in the detection of swallowing activity) on various electrode placements.  This comparison was used to find the ideal electrode placement where the basal activity would not be mistaken for the activities desired to be pinpointed.  When comparing these two categories of muscle activity in the form of a ratio of chew to basal or swallow to basal, the threshold level of 1 represents an electrode placement where the magnitude of signal generated by mastication or deglutition activity is equal to that generated by the basal activity.  From a placement that yielded a ratio of 1, it would be impossible to distinguish between the desired activity and basal activity on the basis of magnitude.  In contrast, for a threshold of 2 or 3, the peaks of chewing or swallowing activity are easily distinguishable from basal activity.  

The Temporalis and Masseter placement both yielded chew to basal ratios that were significantly greater than 1, making both placements acceptable alternatives for detecting mastication activity.  Factors that had to be controlled for in the Temporalis and Masseter placements were facial expressions.  There was no significant difference in ratios observed between the two electrode placements; however, the Temporalis was chosen over the Masseter because it was identified as a more comfortable placement for the subjects.

Of the three electrode placements used in the detection of deglutition activity, the Constrictor Pharyngis was the worst electrode placement.  A possible reason for poor deglutition signal detection in the Constrictor Pharygis is that it is the least superficial of the muscle groups examined, which makes it susceptible to undesired cross talk.  Further comparison of the Infra-to-Infra Hyoid placement versus the Supra-to-Infra Hyoid placement during caramel trials yielded that there was no significant difference between the swallow to basal ratios (Table 1) obtained for the two placements at the 95% confidence level (t-stat/t-crit. = 1.323/3.183). However, of the four subjects tested, RH's and RM's supra-infra hyoid placements yielded ratios that were twice as large as the ratio yielded by their other placement.  For the peanut trials, there was also no significant difference between the swallow to basal ratios of the two placements at the 95% confidence levels (t-stat/t-crit. = 1.074/3.183).  A greater sample size could lead to the elimination of one hyoid placement or the conclusion that the optimal hyoid placement differs in each individual and must be determined through a calibration run.  Similarly comparisons between bolus mediums did not yield conclusive results because of time constraints; more emphasis was put on determining the optimal electrode placement for distinguishing mastication and deglutition.

A 60 Hz band stop filter should be set for all EMG signals recorded to maximize the peak to basal ratio.  The results could not be tested for statistical significance because of the lack of control in the experiment.  The filtering was set on different electrode placements from those that were not filtered and therefore the results are not technically statistically comparable.  This “insignificant” test was done simply to prove beyond a reasonable doubt that only an improvement in the ratio could result from the band stop filter.  Common electrical engineering knowledge would lead to the same suggestion since the 60 Hz is the frequency at which most appliances run.
Fast Fourier Tranform analysis seemed to be a potentially promising method for isolating specific frequencies in the EMG that represent either chews or swallows.  Further investigation and sampling has discounted this as a possible method.  Figures 5 and 6 show two acquisitions holding all variables constant (subject, electrode placement, consumed medium, filters, etc.) except the sampling rates.  Figure 5, run at 200 samples/second, showed 4 peaks at 20, 40, 60, and 80 Hz.  Signal Alias theorems state that if there is a signal present (ie 60Hz), noise will be observed at any multiple of that signal (120, 180, 240, 300, etc.).  Additionally, signals appear at frequencies that are equal to the sampling rate (or a multiple of the sampling rate) +/- the original signal frequency (or any multiple of the original signal).  Therefore, under our sampling conditions we have 200 samples/sec and a signal at 60 Hz.  We should observe signals due to this combination at 20, 40, and 80 Hz (among others that are 100 Hz or more).  One of the possible sources of the 20 Hz signal is (200 samples/sec) – (3*60 Hz) = 20 Hz.  Similar calculations explain the 40 and 80 Hz signals:  [(200 samples/sec) – (4*60 Hz) = 40 Hz] OR [(2*200 samples/sec) – (6*60 Hz) = 40 Hz] [(200 samples/sec) – (2*60 Hz) = 80 Hz].  Raising the sampling rate to 2000 samples/sec removed these aliases or at least decreased their strength to the point where they were indistinguishable from all other signals.  Thus, we hypothesize that the 20, 40, and 80 Hz peaks could all stem as aliases from the ambient 60 Hz signal.  Figure 6 shows no peaks and therefore deems FFT analysis an ineffective method for isolating frequencies for chewing and swallowing.

Another method proposed for distinguishing desired activity (either mastication or deglutition) from basal activity (any activity besides the desired activity.  ie. Chews during swallowing or swallows during chewing) is the R2 Hypothesis:
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The percent function value, %f, is a measure of the confidence that a tester can have in getting results that are desired at a given threshold value.  %f is calculated by conducting a calibration run, where the appropriate electrode placements are used on the subject and a sample run is recorded.  If able to, the subject will hold a switch to guide the conductor to when a desired activity is occurring.  If the subject is handicapped in some way, this will require more of an effort on the conductor’s side.  Once the calibration run is completed, the total number of times the desired activity occurred will be recorded.  The conductor should confirm to the computer all activity from the switch, in order to identify it as a desired activity.

The conductor will also determine the value for the parameter α, which is a gauge of how important or unimportant it is that false detections are avoided.  The logical range of this parameter is 0 to 1.  A value of zero impractically implies that any false detection is unimportant.  A value of 1 implies that any false detection negatively contributes to the outcome of the trial as much as any desired detection positively contributes to the outcome of the trial.

Once all the above is determined, a computer program could be run to determine the mV threshold for Integrated EMG readings that maximizes the percent function, %f.  The computer will start by defining a horizontal line at the largest peak (mVmax).  The line will then continue to decrease in value in steps that are the magnitude of precision used in the recording software (ie. BioPac).  Every time a peak is encountered it will be recorded as a desired detection or false detection.  The computer will also disregard all following peaks within a range of the duration of the desired activity.  This will prevent activities with multiple peaks from being detected more than once (Note: a study of the data from our four subjects yields an average chew duration to be 0.43 seconds and an average swallow duration to be 1.38 seconds).  The placement of lower and lower lines at specific mV values will stop once the lowest desired peak is reached.  The number of desired detections, false detections, total detections, and α value will be used to calculate values for %f at given mV thresholds.  Once the maximum value of %f and its corresponding mV threshold are calculated, the value of the mV threshold that will be used will be calculated by averaging the threshold mV value and the next lowest peak.  This new mV threshold and its corresponding %f will be used in any runs conducted after the calibration.  The pseudocode for a computer program is in Figure 7.
Figure 7 – Pseudocode for the R2 Hypothesis


The R2 Hypothesis’ pseudocode incorporates a duration of time for the given activity.  The computer is blind as to whether this duration comes from the subject’s own data or from a study done on a population.  If this method were applied, it would be impractical to find the duration of the activity for each subject.  This is a justified simplification if the variation between subjects is a minimum.  Figures 8 and 9 show the durations of chews and swallows with their 95% confidence intervals for the four subjects.  Variation in chews between the four subjects appears to be insignificant, however, variation in swallows is significantly different between at least 2 of the subjects.  One possible cause of this is the nature of a swallow.  Often, swallows come in pairs with greater-than-baseline muscle activity in between.  Depending on exactly how close they are together they may be counted as one or two swallows.  This clearly would affect duration averages.  A larger study could determine whether the patterns shown for our four subjects – consistency in chew duration but not in swallow duration – hold for the general population.  The long-term goal would be to statistically estimate a value for these two activities that could be incorporated into the computer code.
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The R2 hypothesis was tested by manually following the pseudocode to get one set of results for each subject.  Since our trials had no objective, an α of 0.25 was arbitrarily chosen from within the 0 to 1 range.  An α of 0.25 suggests that false detections harm the outcome with one quarter of the strength that a desired detection helps the outcome (the outcome is quantitatively represented by %f).  Tables 3 and 4 show the results of manually conducted calibrations followed by runs that use the thresholds calculated from the calibrations to ‘guess’ which peaks are desired peaks.  In true application of this method, the conductor will not know which peaks are desired and which peaks are not desired in the runs (he/she will know in the calibration because a switch is used.  Also, the conductor is watching the subject perform the calibration.).  Thus, since we can ‘go behind the scene’ and actually find out whether our model predicted accurately, we can recalculate a %f for a given run.  If the model is good, this value should be close to the value found in the calibration.  Figure 10 shows a comparison of calibrations and their corresponding runs.  The largest decrease in %f is 9 and the mean change in %f is -0.98.  A weak correlation exists between length of the calibration and the consistency of the calibration and run %f values.  Further testing is required to confirm this; however, we suggest having a minimum of 5 minutes for a calibration.

Table 3 – %f outcomes for deglutition EMG electrodes with an α of 0.25.
	
	Calibration
	Run
	Calibration
	Run
	Calibration
	Run
	Calibration
	Run

	Subject
	RH
	RH
	RM
	RM
	ST
	ST
	SA
	SA

	length (seconds)
	150
	150
	150
	150
	45
	45
	60
	40

	threshold (mV)
	16.5
	16.5
	6.9
	6.9
	3.4
	3.4
	6.07
	6.07

	# detected
	7
	5
	10
	8
	3
	5
	3
	3

	total #
	7
	5
	10
	8
	3
	5
	3
	3

	# falsely detected
	0
	1
	2
	0
	0
	1
	2
	1

	%
	100
	95
	95
	100
	100
	95
	83.3333333
	91.7


Table 4 – %f outcomes for mastication EMG electrodes with an α of 0.25.

	
	Calibration
	Run
	Calibration
	Run
	Calibration
	Run
	Calibration
	Run

	Subject
	RH
	RH
	RM
	RM
	ST
	ST
	SA
	SA

	length (seconds)
	150
	150
	150
	150
	45
	40
	50
	50

	threshold (mV)
	8.87
	20.1
	15.32
	15
	4.32
	4.3
	11.75
	11.8

	# detected
	160
	141
	101
	97
	29
	33
	37
	45

	total #
	160
	141
	101
	97
	29
	36
	37
	46

	# falsely detected
	0
	0
	0
	0
	0
	1
	0
	0

	%
	100
	100
	100
	100
	100
	91
	100
	97.8


Figure 10 - A comparison of the %f values of calibrations and their corresponding runs for each subject in mastication and deglutition.
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CONCLUSIONS
1.   Both Masseter and Temporalis electrode placements yielded EMG signals that significantly distinguished between mastication and basal activity.  

2.   Of the Constrictor Pharyngis, Supra-to-Infra Hyoid, and Infra-to-Infra Hyoid electrode placements, only the latter two yielded EMG signals that significantly distinguished between deglutition and basal activity.  Further testing is necessary to determine which of the two Hyoid placements provides superior swallow to basal ratios.

3.   Using a calibration trial, which establishes a threshold voltage for detecting either mastication or deglutition activity for each subject, the following equation can be used to detect the occurrence of theses processes during future trials.  The equation states:   
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where α is a factor representative of the desirability of increasing the number of true detections at the cost of possible false detections.
RECOMMENDATIONS

1. Smaller electrodes should be utilized in order to minimize cross talk from other muscles and maximize the signal produced by the muscles under study.  Invasive electrodes may also yield better results for the analysis of deglutition since the deglutition muscles are not superficial. 

2. Controlling for specific variables, such as tongue movement, will allow for clearer and more distinguishable EMG signals between mastication and deglutition.  The ultimate goal is to be able to identify the two desired activities regardless of other movements; however, we strongly suggest being aware of any variable you create.

3. While testing the R2 Hypothesis, calibration runs should be longer in order to yield mV thresholds and %f values that are more representative of the subject’s muscle activity.  We found calibrations of 150 seconds to be satisfactory, however, we suggest a minimum of 5 minutes for real world or more thorough testing of such a hypothesis

4.
A band stop filter at 60 Hz should be used to reduce undesired noise resulting from the ambient frequency.  Filtering this frequency will yield EMG signals that better identify a chew or a swallow.

5.
Since our primary objective was the find the optimal1 electrode placements for identifying mastication and deglutition, the variation of food mediums was not fully tested.  Perhaps one of the two remaining electrode placements (infra-infra or infra-supra) can be selected for having more versatile applications (ie. different food mediums).

6. 
If time allows, the experiment should be revised (smaller electrodes, longer calibrations, filters) and conducted on more subjects.  Four subjects is in no way representative of a general population.
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All subsequent runs will use this calibration threshold and α
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		t-Test: Two-Sample Assuming Unequal Variances

				Variable 1		Variable 2

		Mean		11.33		11

		Variance		3.4839		1.90135

		Observations		5		5

		Hypothesized Mean Difference		5

		df		7

		t Stat		-4.499859439

		P(T<=t) one-tail		0.0013994007

		t Critical one-tail		1.8945775082

		P(T<=t) two-tail		0.0027988014

		t Critical two-tail		2.36462256





Sheet1

		Subject:  Sapna

		Placement: 1-3

		Food: Caramel

		Integrated Chewing EMG												AVG		s.d.		Basal/Base		Chew/Base

		Baseline Max		1.5		1.37		1.42		1.5		1.56		1.47		0.0669328021		1.4285714286		10.1510204082

		Basal Max		2.2		2.09		1.71		2.38		2.12		2.1		0.219544984

		Chewing Max		13.25		16.42		11.18		11.2		22.56		14.922		4.2716385615								13.49		11.72		12		8.4		11.04

																								9.56		10.45		12.52		10.05		12.42

		Integrated Swallowing EMG												AVG		s.d.		Basal/Base		Swallow/Base

		Baseline Max		2.66		2.69		2.11		2.4		2.51		2.474		0.2100095236		3.0331447049		4.5796281326

		Basal Max		9.23		7.38		5.35		4.33		11.23		7.504		2.5136236791

		Swallowing Max		13.49		11.72		12		8.4		11.04		11.33		1.6694669808

		Placement: 1-3

		Food: Peanuts

		Integrated Chewing EMG												AVG		s.d.		Basal/Base		Chew/Base

		Baseline Max		1.8		1.67		1.35		1.56		1.66		1.608		0.1498532616		0.8805970149		40.7723880597

		Basal Max		1.53		1.29		1.66		1.57		1.03		1.416		0.2285257097

		Chewing Max		53.49		54.06		77.53		88		54.73		65.562		14.4364696515

		Integrated Swallowing EMG												AVG		s.d.		Basal/Base		Swallow/Base

		Baseline Max		1.37		1.49		1.52		1.69		1.78		1.57		0.1465605677		2.498089172		7.0063694268

		Basal Max		3.39		3.7		2.06		4.78		5.68		3.922		1.2349963563

		Swallowing Max		9.56		10.45		12.52		10.05		12.42		11		1.2333207207

		Placement: 1-3

		Food: Tongue

		Integrated Chewing EMG

		Baseline Max												0		0

		Basal Max												0		0

		Chewing Max												0		0

		Integrated Swallowing EMG

		Baseline Max												0		0

		Basal Max												0		0

		Swallowing Max												0		0

		Placement: 1-4

		Food: Caramel

		Integrated Chewing EMG												avg		s.d.		Basal/Base		Chew/Base

		Baseline Max		1.28		1.1		1.36		1.2		1.18		1.224		0.0889044431		1.5637254902		11.0718954248

		Basal Max		2.9		1.57		2.17		1.43		1.5		1.914		0.5588774463

		Chewing Max		12.44		9.79		13.23		16.9		15.4		13.552		2.4542648594

		Integrated Swallowing EMG												avg		s.d.		Basal/Base		Swallow/Base

		Baseline Max		1.39		1.82		1.46		1.79		1.71		1.634		0.1757953355		1.3317013464		2.3892288862

		Basal Max		2.22		2.05		2.36		2.16		2.09		2.176		0.1089219904

		Swallowing Max		4.08		4.66		3.17		4.01		3.6		3.904		0.4989829656

		Placement: 1-4

		Food: Peanuts

		Integrated Chewing EMG												avg		s.d.		Basal/Base		Chew/Base

		Baseline Max		1.74		1.64		1.4		1.39		2.92		1.818		0.5674645363		1.5566556656		10.5555555556

		Basal Max		1.66		3.5		3.17		3.02		2.8		2.83		0.6277579151

		Chewing Max		25		13.8		19.27		16		21.88		19.19		4.0056659871

		Integrated Swallowing EMG												avg		s.d.		Basal/Base		Swallow/Base

		Baseline Max		1.72		2.36		1.84		1.71		1.92		1.91		0.2381596103		1.3570680628		2.1821989529

		Basal Max		2.57		2.23		3.25		2.94		1.97		2.592		0.4631371287

		Swallowing Max		4.22		4.02		4.37		4.16		4.07		4.168		0.1225397895

		Placement: 1-4

		Food:Tongue

		Integrated Chewing EMG

		Baseline Max												0		0

		Basal Max												0		0

		Chewing Max												0		0

		Integrated Swallowing EMG

		Baseline Max												0		0

		Basal Max												0		0

		Swallowing Max												0		0





Sheet2

		Subject: Roanne

				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15

		Placement: 1-3

		Food: Caramel

		Integrated Chewing EMG												AVG		s.d.		Basal/Base		Chew/Base

		Baseline Max		1.15		1.36		1.39		1.56		1.61		1.414		0.1822909762		1.3267326733		18.7043847242

		Basal Max		2.69		1.18		1.07		3.04		1.4		1.876		0.9189831337

		Chewing Max		20.04		38.15		34.43		11.44		28.18		26.448		10.8391821647

		Integrated Swallowing EMG												AVG		s.d.		Basal/Base		Swallow/Base

		Baseline Max		1.38		1.75		1.3		1.4		1.02		1.37		0.2611512971		3.6700729927		7.6481751825

		Basal Max		1.35		4.5		6.36		8.5		4.43		5.028		2.6454243516

		Swallowing Max		10.56		11.39		9.54		11.63		9.27		10.478		1.0612115717

		Placement: 1-3

		Food: Peanuts

		Integrated Chewing EMG												AVG		s.d.		Basal/Base		Chew/Base

		Baseline Max		1.44		1.09		1.38		1.11		1.9		1.384		0.3282224855		2.4797687861		24.9624277457

		Basal Max		4.28		2.91		2.65		5.62		1.7		3.432		1.5321781881

		Chewing Max		20.64		40.68		28.16		51.47		31.79		34.548		11.8932867619

		Integrated Swallowing EMG												AVG		s.d.		Basal/Base		Swallow/Base

		Baseline Max		1.39		1.15		1.31		1.22		1.56		1.326		0.1591540135		2.5520361991		8.5761689291

		Basal Max		3.83		5.27		3.03		2.14		2.65		3.384		1.2214253968

		Swallowing Max		9.99		12.25		12.43		12.18		10.01		11.372		1.2557945692

		Placement: 1-3

		Food: Tongue

		Integrated Chewing EMG

		Baseline Max												0		0

		Basal Max												0		0

		Chewing Max												0		0

		Integrated Swallowing EMG

		Baseline Max												0		0

		Basal Max												0		0

		Swallowing Max												0		0

		Placement: 1-4

		Food: Caramel

		Integrated Chewing EMG																Basal/Base		Chew/Base

		Baseline Max		1.3		1.63		2.28		1.39		1.54		1.628		0.3863547593		2.5171990172		14.85995086

		Basal Max		3.43		4.75		3.2		6.24		2.87		4.098		1.3940839286

		Chewing Max		35.02		23.59		27.53		14.66		20.16		24.192		7.6789693319

		Integrated Swallowing EMG																Basal/Base		Swallow/Base

		Baseline Max		1.75		1.7		1.61		1.81		2.03		1.78		0.1577973384		2.7887640449		2.7314606742

		Basal Max		7.95		2.22		7.35		2.62		4.68		4.964		2.6321911025

		Swallowing Max		4.83		5.08		6.04		4.3		4.06		4.862		0.7738346077

		Placement: 1-4

		Food: Peanuts

		Integrated Chewing EMG																Basal/Base		Chew/Base

		Baseline Max		1.1		1.64		2.07		1.61		1.28		1.54		0.3731621631		1.3311688312		14.3688311688

		Basal Max		1.46		2.11		1.6		3.3		1.78		2.05		0.7398648525

		Chewing Max		34.35		21.93		16.73		26.34		11.29		22.128		8.8566088318

		Integrated Swallowing EMG																Basal/Base		Swallow/Base

		Baseline Max		1.21		1.34		1.82		1.76		1.14		1.454		0.3157213962		2.0866574966		3.4422283356

		Basal Max		1.88		3.44		1.93		2.07		5.85		3.034		1.701067312

		Swallowing Max		5.37		5.12		4.65		4.88				5.005		0.3098924545

		Placement: 1-4

		Food:Tongue

		Integrated Chewing EMG

		Baseline Max												0		0

		Basal Max												0		0

		Chewing Max												0		0

		Integrated Swallowing EMG

		Baseline Max												0		0

		Basal Max												0		0

		Swallowing Max												0		0





Sheet3

		Subject:		Sylmarie

		Placement: 1-3

		Food: Caramel

		Integrated Chewing EMG												avg		s.d.		Basal/Base		Chew/Base

		Baseline Max		1.38		1.52		1.45		1.37		1.07		1.358		0.1719592975		2.4035346097		11.4256259205

		Basal Max		5.37		2.67		2.07		1.45		4.76		3.264		1.713353437

		Chewing Max		11.42		11.11		17.02		17.56		20.47		15.516		4.0979299652

		Integrated Swallowing EMG												avg		s.d.		Basal/Base		Swallow/Base

		Baseline Max		1.34		1.31		1.64		1.06		1.23		1.316		0.2112581359		3.5896656535		8.4133738602

		Basal Max		6.21		5.91		2.05		4.36		5.09		4.724		1.660686605

		Swallowing Max		9.12		12.58		13.43		11.48		8.75		11.072		2.0738056804

		Placement: 1-3

		Food: Peanuts

		Integrated Chewing EMG																Basal/Base		Chew/Base

		Baseline Max		2.25		1.85		2.73		2.09		2.13		2.21		0.3249615362		1.7330316742		9.5556561086

		Basal Max		3.13		4.36		2.62		5.61		3.43		3.83		1.1793430375

		Chewing Max		20.2		22.44		25.89		16.85		20.21		21.118		3.3317667986

		Integrated Swallowing EMG																Basal/Base		Swallow/Base

		Baseline Max		1.34		1.25		1.05		1.01		0.98		1.126		0.1594678651		2.8579040853		6.8188277087

		Basal Max		4.11		4.36		2.13		1.76		3.73		3.218		1.1907434652

		Swallowing Max		5.53		6.6		9.47		9.24		7.55		7.678		1.6914106539

		Placement: 1-3

		Food: Tongue

		Integrated Chewing EMG

		Baseline Max												0		0

		Basal Max												0		0

		Chewing Max												0		0

		Integrated Swallowing EMG

		Baseline Max												0		0

		Basal Max												0		0

		Swallowing Max												0		0

		Placement: 1-4

		Food: Caramel		(Trial 1)

		Integrated Chewing EMG												AVG		s.d		Basal/Base		Chew/Base

		Baseline Max		1.22		1.13		1.28		1.4		1.18		1.242		0.104019229		1.344605475		20.7938808374

		Basal Max		1.7		1.29		1.69		2.4		1.27		1.67		0.4578755289

		Chewing Max		32.12		21.82		14.45		32.41		28.33		25.826		7.6598779364

		Integrated Swallowing EMG												AVG		s.d.		Basal/Base		Swallow/Base

		Baseline Max		1.29		1.3		1.15		1.16		1.32		1.244		0.0820365772		2.8794212219		6.8022508039

		Basal Max		2.68		5.6		4.5		2.43		2.7		3.582		1.3994356005

		Swallowing Max		8.6		7.96		8.48		11.15		6.12		8.462		1.8015049264

		Placement: 1-4

		Food: Peanuts

		Integrated Chewing EMG												AVG		s.d.		Basal/Base		Chew/Base

		Baseline Max		1.17		1.22		1.1		1.08		1.05		1.124		0.0694982014		1.9501779359		29.1512455516

		Basal Max		3.25		2.4		2.25		1.82		1.24		2.192		0.7434177829

		Chewing Max		30.14		26.8		39.38		40.18		27.33		32.766		6.5335962532

		Integrated Swallowing EMG												AVG		s.d.		Basal/Base		Swallow/Base

		Baseline Max		1.4		1.37		0.92		1.15		1.11		1.19		0.1983683442		2.0672268908		7.2521008403

		Basal Max		1.25		2.46		2.85		3.7		2.04		2.46		0.912441779

		Swallowing Max		10.91		9.51		7.57		8.44		6.72		8.63		1.6416912012

		Placement: 1-4

		Food:Tongue

		Integrated Chewing EMG

		Baseline Max

		Basal Max

		Chewing Max

		Integrated Swallowing EMG

		Baseline Max

		Basal Max

		Swallowing Max





Sheet4

		Subject:		Ramez Haddadin

		Placement: 1-3

		Food: Caramel

		Integrated Chewing EMG												AVG		s.d.		Basal/Base		Chew/Base

		Baseline Max		1.63		1.4		1.27		1.51		1.48		1.458		0.1336787193		1.7119341564		14.8395061728

		Basal Max		2.5		2.36		2.67		2.49		2.46		2.496		0.1119374826

		Chewing Max		28.28		16.15		16.25		22.69		24.81		21.636		5.3486708629

		Integrated Swallowing EMG												AVG		s.d.		Basal/Base		Swallow/Base

		Baseline Max		1.93		2.03		1.95		2.1		1.99		2		0.0678232998		2.934		12.065

		Basal Max		7.96		7.97		5.54		3.04		4.83		5.868		2.1199929245

		Swallowing Max		17.45		33.71		23.99		25.88		19.62		24.13		6.3210165322

		Placement: 1-3

		Food: Peanuts

		Integrated Chewing EMG												AVG		s.d.		Basal/Base		Chew/Base

		Baseline Max		1.44		1.33		1.16		1.28		1.27		1.296		0.1016366076		4.9336419753		21.7808641975

		Basal Max		3.72		5.95		8.1		9.51		4.69		6.394		2.3911775342

		Chewing Max		20.82		36.91		26.07		25.57		31.77		28.228		6.2153696592

		Integrated Swallowing EMG												AVG		s.d.		Basal/Base		Swallow/Base

		Baseline Max		1.52		1.39		1.46		1.51		1.19		1.414		0.1353883304		4.7043847242		14.3734087694

		Basal Max		8.49		5.79		5.04		6.22		7.72		6.652		1.4183687814

		Swallowing Max		19.21		22.39		20.16		21.38		18.48		20.324		1.5852223819

		Placement: 1-3

		Food: Tongue

		Integrated Chewing EMG

		Baseline Max

		Basal Max

		Chewing Max

		Integrated Swallowing EMG

		Baseline Max

		Basal Max

		Swallowing Max

		Placement: 1-4

		Food: Caramel		(Trial 1)

		Integrated Chewing EMG												AVG		s.d.		Basal/Base		Chew/Base

		Baseline Max		1.22		1.18		1.21		1.34		1.23		1.236		0.0610737259		2.2330097087		13.5598705502

		Basal Max		1.54		3.43		2.36		3.8		2.67		2.76		0.8926085368

		Chewing Max		19.05		17.86		21.57		12.29		13.03		16.76		3.9838423664

		Integrated Swallowing EMG												AVG		s.d.		Basal/Base		Swallow/Base

		Baseline Max		1.44		1.25		1.11		1.27		1.23		1.26		0.1183215957		2.526984127		5.126984127

		Basal Max		3.34		3.82		2.62		2.94		3.2		3.184		0.4490879647

		Swallowing Max		6.69		7.82		5.79		6.05		5.95		6.46		0.8336066219

		Placement: 1-4

		Food: Peanuts		1-4-rh-peanut 1

		Integrated Chewing EMG												AVG		s.d.		Basal/Base		Chew/Base

		Baseline Max		3.75		1.86		2		3.98		1.34		1.238		0.1005982107		2.9030694669		29.6494345719

		Basal Max		2.87		2.55		3.69		5.44		6.01		3.594		0.7498866581

		Chewing Max		35.34		43.12		35.3		31.09		38.68		36.706		4.4838131094

		Integrated Swallowing EMG												AVG		s.d.		Basal/Base		Swallow/Base

		Baseline Max		1.35		1.21		1.19		1.33		1.11		0		0		0		0

		Basal Max		2.27		4.02		4.03		3.92		3.73		0		0

		Swallowing Max		8.19		8.49		9.48		7.26		9.25		8.534		0.8875415483

		Placement: 1-4

		Food:Tongue

		Integrated Chewing EMG

		Baseline Max

		Basal Max

		Chewing Max

		Integrated Swallowing EMG

		Baseline Max

		Basal Max

		Swallowing Max





Sheet5

		Table										TESTS

				SA -  C Basal/Base		SA - C Chew/Base		SA - S Basal/ Base		SA - S Swallow/ Base						swallow/basal ratios								chew/basal ratios

		1*3 Caramel		2.4		11.43		3.59		8.41						1*3 caramel		1*4 caramel						1*3 caramel		1*4 caramel

		1*3 Peanut		1.73		9.56		2.86		6.82				sa		2.3426183844		2.3611111111				sa		4.7625		15.5149253731

		1*4 Caramel		1.34		20.79		2.88		6.8				st		1.5115511551		1.7969924812				st		7.0979020979		7.0961538462

		1*4 Peanut		1.95		29.15		2.07		7.25				rh		4.1194539249		2.0276679842				rh		20.9014084507		6.0807174888

		1*3 Tongue												rm		2.0844686649		0.9784946237				rm		14.0601503759		10.8045112782

		1*4 Tongue

				ST -  C Basal/Base		ST - C Chew/Base		ST - S Basal/ Base		ST - S Swallow/ Base

		1*3 Caramel		1.43		10.15		3.03		4.58

		1*3 Peanut		0.88		40.77		2.5		7.01						swallow/basal								chew/basal ratios

		1*4 Caramel		1.56		11.07		1.33		2.39						1*3 caramel		1*3 peanut						1*3 caramel		1*3 peanut

		1*4 Peanut		1.56		10.56		1.36		2.18				sa		2.34		2.3846153846				sa		4.76		5.5260115607

		1*3 Tongue												st		1.51		2.804				st		7.1		46.3295454545

		1*4 Tongue												rh		4.12		3.0574468085				rh		20.9		4.4178498986

														rm		2.08		3.3647058824				rm		14.07		10.064516129

				RH -  C Basal/Base		RH - C Chew/Base		RH - S Basal/ Base		RH - S Swallow/ Base

		1*3 Caramel		0.71		14.84		2.93		12.07

		1*3 Peanut		4.93		21.78		4.7		14.37						swallow/basal

		1*4 Caramel		2.23		13.56		2.53		5.13						1*4 caramel		1*4 peanut

		1*4 Peanut		2.72		12.38		1.53		3.36				sa		2.3611111111		3.5024154589

		1*3 Tongue												st		1.7969924812		1.6029411765

		1*4 Tongue												rh		2.0276679842		2.1960784314

														rm		0.9784946237		1.6459330144

				RM -  C Basal/Base		RM - C Chew/Base		RM - S Basal/ Base		RM - S Swallow/ Base

		1*3 Caramel		1.33		18.7		3.67		7.65

		1*3 Peanut		2.48		24.96		2.55		8.58				1.47 = constrictor pharygeaus		there is signficant difference between basal and swallowing at the 95% confidence level (df=5)

		1*4 Caramel		2.52		14.86		2.79		2.73				1.09 = constrictor		no signficant difference between basal and swallowing at the 95% confidence level (df=5)

		1*4 Peanut		1.33		14.37		2.09		3.44								1*4 caramel		1*3 caramel		1*1  caramel

		1*3 Tongue														rh		2.03		4.12		1.47

		1*4 Tongue														rm		0.98		2.08		1.09

																		Infra		Infra-to-Supra		Constrictor Pharyngis

																rh		2.03		4.12		1.47

																rm		0.98		2.08		1.09



harrison-user:
1. Filtering Data
   From this point on all the data is filtered
    FFT useless

2. week 3…how we threw out constrictor pharyngeus

3. temporalis vs masseter

4.  Look at the CHEW placement  baseline/chew  versus  baseline/other 
     Paired t-tests for each subject
     This shows if muscle electrode placement is capable of distinguishing b/w chew and   other activity

5.  Now look at Swallow placement
     This shows if muscle electrode placement is capable of distinguishing
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Sheet6

		Subject:						Constrictor Garbage Data

						1-1RH caramel

		Placement: 1-1

		Food: Caramel

		Integrated Chewing EMG

		Baseline Max

		Basal Max

		Chewing Max

						RAMEZ (Caramel)

		Integrated Swallowing EMG														AVG		s.d.		Basal/Base		Swallow/Base

		Baseline Max				1.64		1.62		1.55		1.6		1.62		1.606		0.030724583		2.5529265255		3.7593399751

		Basal Max				3.75		3.87		4.82		3.96				4.1		0.4223150483						1.4725609756

		Swallowing Max				5.35		5.5		6.18		7.12				6.0375		0.698869623

		Placement: 1-1

		Food: Caramel

		Integrated Chewing EMG

		Baseline Max

		Basal Max

		Chewing Max

						Roanne (Caramel)

		Integrated Swallowing EMG														AVG		s.d.		Basal/Base		Swallow/Base

		Baseline Max				5.02		5.76		5.6		5.47		5.43		5.456		0.2466252217		1.9992668622		2.1816959922

		Basal Max				12.96		9.3		10.89		8.43		12.96		10.908		1.851911445						1.0912480137

		Swallowing Max				13.71		11.33		10.67						11.9033333333		1.3056118191

						t-Test: Two-Sample Assuming Unequal Variances

						t-Test: Two-Sample Assuming Unequal Variances

								Variable 1		Variable 2

						Mean		4.1		6.0375

						Variance		0.2378		0.651225

						Observations		4		4

						Hypothesized Mean Difference		0

						df		5

						t Stat		-4.1097435255

						P(T<=t) one-tail		0.004633091

						t Critical one-tail		2.0150491764

						P(T<=t) two-tail		0.009266182

						t Critical two-tail		2.5705776352
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Sheet1

		α=		0.25				Important factors computer needs to know

		min %=		80				α, %, duration of activity, two ends of hump when going below peak, how much below threshold do you go if you already got what you want?

		1*3 Durations		Chew		s.d		Swallow		s.d				1*4 Durations		Chew		s.d.		Swallow		s.d.

		Ramez		0.405		0.0445		1.583		0.349				Ramez

		Roanne												Roanne		0.423		0.0708		1.02		0.169

		Sapna												Sapna		0.412		0.073		1.336		0.3571

		Sylmarie												Sylmarie		0.494		0.09559		1.5883		0.54

		Deglutition		threshold (mV)		# detected		total #		# falsely detected		%

		Ramez (calibration 150 sec)		16.5		7		7		0		100

		Ramez (run 300 sec)		16.5		5		5		1		95

		Roanne (calibration 150 sec)		6.9		10		10		2		95

		Roanne (run 300 sec)		6.9		8		8		0		100

		Sapna (calibration ~40 sec) 1-3		10.1		3		3		0		100

		Sapna (run 50 sec) 1-3		10.1		4		6		0		66.6666666667		Most likely from short calibration

		Sapna (calibration 45 sec) 1-4		3.4		3		3		0		100

		Sapna (run 45 sec) 1-4		3.4		5		5		1		95

		Sylmarie (calibration 60 sec) 1-4 caramel		6.07		3		3		2		83.3333333333

		Sylmarie (run 40 sec) 1-4		6.07		3		3		1		91.6666666667

		Mastication		threshold (mV)		# detected		total #		# falsely detected		%

		Ramez (calibration 150 sec) 1-3		8.87		160		160		0		100

		Ramez (run 300 sec) 1-3		20.14		141		141		0		100

		Roanne (calibration 150 sec) 1-4		15.32		101		101		0		100

		Roanne (run 300 sec) 1-4		15.32		97		97		0		100

		Sapna (calibration 45 sec) 1-4		4.32		29		29		0		100

		Sapna (run 40 sec) 1-4		4.32		33		36		1		90.9722222222

		Sylmarie (calibration 50 sec) 14-4		11.75		37		37		0		100

		Sylmarie (run 50 sec) 1-4		11.75		45		46		0		97.8260869565





Sheet2

		

				Chew								Swallow

				High		Low		Chew		s.d.		High		Low		Swallow		s.d.

		Ramez		0.4495		0.3605		0.405		0.0445		1.932		1.234		1.583		0.349

		Roanne		0.4938		0.3522		0.423		0.0708		1.189		0.851		1.02		0.169

		Sapna		0.485		0.339		0.412		0.073		1.6931		0.9789		1.336		0.3571

		Sylmarie		0.58959		0.39841		0.494		0.09559		2.1283		1.0483		1.5883		0.54
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Sheet1

		α=		0.25				Important factors computer needs to know

		min %=		80				α, %, duration of activity, two ends of hump when going below peak, how much below threshold do you go if you already got what you want?

		1*3 Durations		Chew		s.d		Swallow		s.d				1*4 Durations		Chew		s.d.		Swallow		s.d.

		Ramez		0.405		0.0445		1.583		0.349				Ramez

		Roanne												Roanne		0.423		0.0708		1.02		0.169

		Sapna												Sapna		0.412		0.073		1.336		0.3571

		Sylmarie												Sylmarie		0.494		0.09559		1.5883		0.54

		Deglutition		threshold (mV)		# detected		total #		# falsely detected		%

		Ramez (calibration 150 sec)		16.5		7		7		0		100

		Ramez (run 300 sec)		16.5		5		5		1		95

		Roanne (calibration 150 sec)		6.9		10		10		2		95

		Roanne (run 300 sec)		6.9		8		8		0		100

		Sapna (calibration 45 sec) 1-4		3.4		3		3		0		100

		Sapna (run 45 sec) 1-4		3.4		5		5		1		95

		Sylmarie (calibration 60 sec) 1-4 caramel		6.07		3		3		2		83.3333333333

		Sylmarie (run 40 sec) 1-4		6.07		3		3		1		91.6666666667

		Mastication		threshold (mV)		# detected		total #		# falsely detected		%

		Ramez (calibration 150 sec) 1-3		8.87		160		160		0		100

		Ramez (run 300 sec) 1-3		20.14		141		141		0		100

		Roanne (calibration 150 sec) 1-4		15.32		101		101		0		100

		Roanne (run 300 sec) 1-4		15.32		97		97		0		100

		Sapna (calibration 45 sec) 1-4		4.32		29		29		0		100

		Sapna (run 40 sec) 1-4		4.32		33		36		1		90.9722222222

		Sylmarie (calibration 50 sec) 14-4		11.75		37		37		0		100

		Sylmarie (run 50 sec) 1-4		11.75		45		46		0		97.8260869565





Sheet2

		

				Chew								Swallow

				High		Low		Chew		s.d.		High		Low		Swallow		s.d.

		Ramez		0.4495		0.3605		0.405		0.0445		1.932		1.234		1.583		0.349

		Roanne		0.4938		0.3522		0.423		0.0708		1.189		0.851		1.02		0.169

		Sapna		0.485		0.339		0.412		0.073		1.6931		0.9789		1.336		0.3571

		Sylmarie		0.58959		0.39841		0.494		0.09559		2.1283		1.0483		1.5883		0.54
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Sheet4

		Deglutition		threshold (mV)		# detected		total #		# falsely detected		%

		Ramez (calibration 150 sec)		16.5		7		7		0		100

		Ramez (run 300 sec)		16.5		5		5		1		95

		Roanne (calibration 150 sec)		6.9		10		10		2		95

		Roanne (run 300 sec)		6.9		8		8		0		100

		Sapna (calibration 45 sec) 1-4		3.4		3		3		0		100

		Sapna (run 45 sec) 1-4		3.4		5		5		1		95

		Sylmarie (calibration 60 sec) 1-4 caramel		6.07		3		3		2		83.3333333333

		Sylmarie (run 40 sec) 1-4		6.07		3		3		1		91.6666666667

		Mastication		threshold (mV)		# detected		total #		# falsely detected		%

		Ramez (calibration 150 sec) 1-3		8.87		160		160		0		100

		Ramez (run 300 sec) 1-3		20.14		141		141		0		100

		Roanne (calibration 150 sec) 1-4		15.32		101		101		0		100

		Roanne (run 300 sec) 1-4		15.32		97		97		0		100

		Sapna (calibration 45 sec) 1-4		4.32		29		29		0		100

		Sapna (run 40 sec) 1-4		4.32		33		36		1		90.9722222222

		Sylmarie (calibration 50 sec) 14-4		11.75		37		37		0		100

		Sylmarie (run 50 sec) 1-4		11.75		45		46		0		97.8260869565





		Deglutition, alpha=0.25		Calibration		Run		Calibration		Run		Calibration		Run		Calibration		Run				Calibration		Run

		Subject		RH		RH		RM		RM		ST		ST		SA		SA				100		95

		length (seconds)		150		150		150		150		45		45		60		40				95		100

		threshold (mV)		16.5		16.5		6.9		6.9		3.4		3.4		6.07		6.07				100		95

		# detected		7		5		10		8		3		5		3		3				83.33		91.7

		total #		7		5		10		8		3		5		3		3				100		100

		# falsely detected		0		1		2		0		0		1		2		1				100		100

		%		100		95		95		100		100		95		83.3333333333		91.6666666667				100		91

																						100		97.8

		Mastication, alpha=0.25		Calibration		Run		Calibration		Run		Calibration		Run		Calibration		Run

		Subject		RH		RH		RM		RM		ST		ST		SA		SA

		length (seconds)		150		150		150		150		45		40		50		50

		threshold (mV)		8.87		20.14		15.32		15.32		4.32		4.32		11.75		11.75

		# detected		160		141		101		97		29		33		37		45

		total #		160		141		101		97		29		36		37		46

		# falsely detected		0		0		0		0		0		1		0		0

		%		100		100		100		100		100		90.9722222222		100		97.8260869565
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Figure 8 - Duration of Mastication for the 4 Subjects



Sheet1

		α=		0.25				Important factors computer needs to know

		min %=		80				α, %, duration of activity, two ends of hump when going below peak, how much below threshold do you go if you already got what you want?

		1*3 Durations		Chew		s.d		Swallow		s.d				1*4 Durations		Chew		s.d.		Swallow		s.d.

		Ramez		0.405		0.0445		1.583		0.349				Ramez

		Roanne												Roanne		0.423		0.0708		1.02		0.169

		Sapna												Sapna		0.412		0.073		1.336		0.3571

		Sylmarie												Sylmarie		0.494		0.09559		1.5883		0.54

		Deglutition		threshold (mV)		# detected		total #		# falsely detected		%

		Ramez (calibration 150 sec)		16.5		7		7		0		100

		Ramez (run 300 sec)		16.5		5		5		1		95

		Roanne (calibration 150 sec)		6.9		10		10		2		95

		Roanne (run 300 sec)		6.9		8		8		0		100

		Sapna (calibration ~40 sec) 1-3		10.1		3		3		0		100

		Sapna (run 50 sec) 1-3		10.1		4		6		0		66.6666666667		Most likely from short calibration

		Sapna (calibration 45 sec) 1-4		3.4		3		3		0		100

		Sapna (run 45 sec) 1-4		3.4		5		5		1		95

		Sylmarie (calibration 60 sec) 1-4 caramel		6.07		3		3		2		83.3333333333

		Sylmarie (run 40 sec) 1-4		6.07		3		3		1		91.6666666667

		Mastication		threshold (mV)		# detected		total #		# falsely detected		%

		Ramez (calibration 150 sec) 1-3		8.87		160		160		0		100

		Ramez (run 300 sec) 1-3		20.14		141		141		0		100

		Roanne (calibration 150 sec) 1-4		15.32		101		101		0		100

		Roanne (run 300 sec) 1-4		15.32		97		97		0		100

		Sapna (calibration 45 sec) 1-4		4.32		29		29		0		100

		Sapna (run 40 sec) 1-4		4.32		33		36		1		90.9722222222

		Sylmarie (calibration 50 sec) 14-4		11.75		37		37		0		100

		Sylmarie (run 50 sec) 1-4		11.75		45		46		0		97.8260869565





Sheet2

		

				Chew								Swallow

				High		Low		Chew		s.d.		High		Low		Swallow		s.d.

		Ramez		0.4495		0.3605		0.405		0.0445		1.932		1.234		1.583		0.349

		Roanne		0.4938		0.3522		0.423		0.0708		1.189		0.851		1.02		0.169

		Sapna		0.485		0.339		0.412		0.073		1.6931		0.9789		1.336		0.3571

		Sylmarie		0.58959		0.39841		0.494		0.09559		2.1283		1.0483		1.5883		0.54
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