NEUROMUSCULAR FUNCTION DURING MAXIMUM CLENCHING AND NORMAL CHEWING FOR A HEALTHY POPULATION
ABSTRACT

Purpose: This study aimed to determine whether common neuromuscular patterns occurred in the jaw, neck and shoulder muscles during maximum clenches under different occlusal conditions and chewing in a healthy population.
Methods: 41 subjects conducted maximum clenches for ten occlusal conditions, glide – maximum clenches for two occlusal conditions, and unilateral chewing of jelly babies for two conditions.  EMG were recorded bi-laterally from the anterior temporalis (TA), superficial masseter (MS), sternocleidomastoid, anterior digastric, and trapezius.
Results: For clenching onto teeth the TA dominated, however this largely disappeared with the introduction of occlusal interferences, except for the blade side in asymmetric clenching on a tongue blade.  Removing back teeth contact or changing the relative position of the mandible and maxilla significantly reduced activity in both the TA and MS, by between 40 and 60%.  Relative activity of the muscles immediately following onset largely reflected the values throughout the clench.  Co-activation of the sternocleidomastoid, digastric and trapezius muscles was present at a low level, and was unaffected by occlusal condition.  

For unilateral chewing, activity of both the TA and MS was greater on the chewing side and TA activity exceeded MS activity on both sides.  Peak activity occurred within the first two chews and thereafter gradually declined.
Conclusions: Some well defined neuromuscular patterns for the jaw during maximum clenching under different symmetric and asymmetric conditions have been observed for a healthy population.  
INTRODUCTION

Surface electromyography (EMG) has the potential to be a powerful diagnostic procedure and treatment aid for individuals suffering jaw or neck pain / dysfunction (Ferrario et al., 2007).  A number of studies have linked temporomandibular disorders (TMD) to altered neuromuscular activity of the masticatory muscles during occlusion (Ciancaglini et al., 2002).  Treatment aimed at restoring neuromuscular function requires knowledge of how occlusal contact is achieved in the healthy population.  EMG testing is relatively simple, cheap and quick method to gain information on neuromuscular function.  It’s use is currently limited by uncertain reliability of the measurements, and lack of knowledge of neuromuscular function in the healthy population.  
Several studies have used surface EMG to investigate neuromuscular function of the jaw, although these have largely been limited to maximum clenches onto teeth with the mandible in a centric intercuspal position (Clark et al., 1993; Ferrario et al., 2000, 2006, 2007; Ciuffolo et al., 2005).  Most recorded only superficial masseter and anterior temporalis EMG and determined only basic EMG parameters such as the mean level of muscle activity during the clench.  A few studies have investigated alternative occlusal conditions including: Becker et al. (1999) anterior bite stop (lucia jig); van der Bilt et al. (2002) asymmetric clenching onto teeth; Ferrario et al. (2007) used biting onto cotton rolls positioned between the molars as a means of standardising their EMG signals.  In addition to mean muscle activity, Ferrario et al. (2000, 2006, 2007) have proposed three coefficients to further assess neuromuscular function, bi-lateral symmetry, anterior-posterior and latero-deviating torque, all based on the activities of the temporalis and masseter muscles.  No study has used a range of occlusal conditions, or performed a more detailed analysis of the EMG signals, e.g. to assess muscle activity around onset.  Such investigations on healthy populations are required to increase knowledge of how occlusion is normally achieved and provide the basis for treatment aimed at regaining healthy neuromuscular jaw function.
This study aimed to identify masticatory muscle function patterns for maximum clenching under a range of occlusal conditions in a healthy population.  Ten occlusal conditions were applied which covered symmetric back teeth contact, symmetric front teeth contact and asymmetric back teeth contact.  A range of activation and onset parameters were used to assess muscle function.  In a second part to this study, the same techniques were applied to assess masticatory muscle function for unilateral chewing of jelly babies. 
METHODS

Data collection
41 volunteers (32 males, 9 females; age 24.7 ± 6.3 years) with healthy jaw function gave informed consent to participate.  Healthy jaw function was defined as having no more than 4 teeth removed, no audible clicking during normal jaw function, and no history of jaw pain requiring medical attention.  Subjects were seated in the alert feeding position and completed a protocol which included: maximal clenches under ten conditions where the subject was instructed to start relaxed, clench maximally for 3 seconds and relax again; a series of three glide – clenches under two conditions where the subject was instructed to glide their jaw out to the left, glide back into a maximum clench for 1 second, repeat this out to the right and similarly to protrusion; and chewing jelly babies under two conditions where the subject was instructed to chew as normally as possible using only one side of the mouth and to swallow when finished.  These conditions are described in Table 1, which also gives the number of subjects since three of the maximum clenches and the chewing were introduced late to the protocol.  The order of the clench and glide - clench trials was randomised although always started and ended with a natural dentition maximum clench to test for measurement reliability.  The chewing was always conducted at the end.  Two trials were completed for each condition and the best one selected for analysis.  Three subjects were retested as a check on measurement repeatability.  The full protocol also included a warm up and trials to gain a maximum voluntary contraction level for each of the recorded muscles (Appendix 1).
Surface EMG were collected bilaterally from five muscles: temporalis anterior; masseter superficial; sternocleidomastoid; digastric anterior; and trapezius muscles using surface electrodes (Table 2).  Signals were recorded at 2000 Hz and bandpass filtered at 10 – 600 Hz.  EMG amplitude was evaluated as a 50 ms RMS and normalised to the global maximum value obtained in all (isometric) trials.  The trapezius was introduced late to the protocol and hence only involved data from 18 subjects.
For a number of subjects video data of the chewing was also recorded using a standard 50 Hz video camera (shutter speed 1/215 seconds).  Timing lights were used to synchronise the video and EMG data.

Data processing
The EMG signals were used to investigate the level of activity during a clench or chew on an individual muscle and between muscles basis, and to compare the onset timing and activity level immediately following onset between muscles.  The parameters used for this purpose are summarised in Table 3 and described in Appendix 2.  The focus was on the TA and MS muscles and for the remaining three muscles only a maximum and mean level of muscle activity during the clench or chew was obtained.
The same parameters have been used for assessing both the clenching and chewing trials.  For the latter this involved assessing the first seven chews only (based on the minimum number of chews taken being 8).  This represents only an initial analysis of the chewing data and it is recognised that further processing of these trials is likely to provide more useful information. 

An EMG signal was only included in the analysis if:

· the maximum in normalised amplitude was above 0.15

· there was less than 20% difference in maximum normalised amplitude between the initial natural dentition maximum clench and repeated natural dentition maximum clench 

Onset times were determined using the Hodges and Bui (1996) algorithm, which uses an amplitude threshold of the mean plus three standard deviations of the quiet time amplitude to be exceeded for 25 ms based on a 50 Hz linear envelope of the signal.  
Table 1. Summary of the test conditions.
	Condition
	Code
	Subjects
	Description

	Maximum clenches – back teeth symmetric

	Natural dentition
	ND
	41
	Onto teeth

	Natural dentition repeated
	NDr
	41
	Repeat onto teeth – conducted at end to check for consistency

	Cotton rolls
	CR
	41
	Onto cotton rolls positioned between both sets of molars

	Cotton rolls with jaw protruded
	CRp
	26
	Onto cotton rolls positioned between both sets of molars with the mandible in a protruded position throughout

	Maximum clenches – front teeth

	Lucia jig
	LJ
	41
	Onto a lucia jig positioned on front teeth

	Tongue blade behind front teeth
	TF
	41
	Onto a tongue blade positioned ~45( below horizontal

	Maximum clenches – back teeth asymmetric

	Single tongue blade between right molars
	TR
	41
	Onto a single tongue blade positioned between the right molars

	Single tongue blade between left molars
	TL
	41
	Onto a single tongue blade positioned between the left molars

	Three tongue blades between right molars
	T3R
	24
	Onto three layers of tongue blade positioned between the right molars

	Three tongue blades between left molars
	T3L
	24
	Onto three layers of tongue blade positioned between the left molars

	Glide – clenches

	Natural dentition
	NDl
NDr

NDp
	41
	Glide left – back and maximum clench – 

glide right – back and maximum clench – 
glide protrude – back and maximum clench

	Lucia jig
	LJl

LJr

LJp
	41
	Same sequence with a lucia jig positioned on front teeth

	Chewing jelly baby

	Right side 
	JBR
	31
	Normal chewing of a jelly baby using just the right side of the mouth

	Left side
	JBL
	31
	Normal chewing of a jelly baby using just the left side of the mouth


Table 2. Nomenclature for the muscles tested.

	Code
	Muscle

	TA
	Anterior temporalis

	MS
	Superficial masseter

	SCM
	Sternocleidomastoid

	DA
	Digastric

	TRAPS
	Trapezius

	R
	Prefixing indicating which side

	L
	


Table 3. Summary of the parameters used to analyse the clenches and chews.
	Parameter
	Nomenclature
	Description
	Number per subject & trial

	Activation parameters

	Maximum and mean activity
	AMPNmax
AMPNmn
	For each of the 10 muscles in each clench / chew
	10

	Mean RL symmetry coefficient
	POCRL
	Compare the right-left activity in each of the 5 muscle pairs in each clench / chew
	5

	Mean same side TA-MS symmetry coefficient
	POCSS
	Compares the TA-MS activity on each side
	2

	Anterior-posterior coefficient
	APC
	Compare total TA and MS activity 
	1

	Torque coefficient
	TC
	Contralateral TA-MS comparison
	1

	Onset timing parameters

	RL time difference
	dtRL
	Time difference between the RL TA & MS muscle pairs to reach 6 conditions: 
AMPN onset, 0.1, 0.2, 0.3, 0.4, 0.5
	2 x 6

	Same side TA-MS difference in time
	dtSS
	Time difference between the single side TA-MS to reach 6 conditions: 

AMPN onset, 0.1, 0.2, 0.3, 0.4, 0.5
	2 x 6

	Mean RL symmetry coefficient
	POCRL50
	Average values for POCRL determined over 6 x 50 ms windows following onset:

(0-50 ms, 50-100 ms etc)
	2 x 6

	Mean same side TA-MS symmetry coefficient
	POCSS50
	Average values for POCSS determined over 6 x 50 ms windows following onset:

(0-50 ms, 50-100 ms etc)
	2 x 6

	Anterior-posterior coefficient
	APC50
	Average values for APC determined over 6 x 50 ms windows following onset:

(0-50 ms, 50-100 ms etc)
	1 x 6

	Torque coefficient
	TC50
	Average values for TC determined over 6 x 50 ms windows following onset:

(0-50 ms, 50-100 ms etc)
	1 x 6


The activation and timing parameters for the different conditions were compared using one-way repeated measures ANOVAs and Tukey’s HSD post-hoc test with significance set at p ≤ 0.05.

RESULTS
TA and MS activity in the maximum clenches and glide-clenches
The main results for the activity and onset parameters in the maximum clenches are given in Figures 1 – 5.  More comprehensive results for both the maximum clenches and glide – clenches are given in Appendices 3 – 4.

Natural dentition (ND and NDr)
There was good consistency between the ND and NDr conditions for all muscles and subjects (only 5 of 176 signals had to be excluded for inconsistency) confirming the reliability of the measurements.  For ND(r) maximum clenches the TA dominated over the MS; it was significantly more active immediately following onset and this continued throughout the clench (APMNmax ~0.83 compared to 0.72; Figures 1(e)-(g), 3 and 5).
Back teeth symmetric: Cotton rolls and cotton rolls protruded (CR and CRp)
For maximum clenches onto CR there was a significant 15 – 20% increase in MS activity compared to ND (from 0.72 to 0.87) leading to balanced TA and MS activity from onset and throughout the clench (Figures 1(b), 1(e)-(g), 3 and 5).  Clenching onto cotton rolls with the jaw protruded (CRp) led to a significant reduction in both TA and MS activity (by approximately 40% for TA and 30% for MS compared to CR; Figure 1(a)-(b)).  The drop was greater for the TA, such that the MS slightly dominated both immediately following onset and throughout the clench, although this was not significant (Figures 1(e)-(g), 3 and 5).
Front teeth symmetric: Lucia jig and tongue blade displacement (LJ and TF)
For maximum clenches into LJ and TF there was a significant reduction in both TA and MS activity compared to ND (by around 50% for MS and slightly more at 55-60% for TA; Figure 1(a)-(b)).  Similarly to CR, the drop was greater for the TA, such that the MS and TA activity became more balanced, and there was partial significance for the MS being dominant (Figures 1(e)-(g), 3 and 5).

Back teeth asymmetric: Tongue blade left and tongue blade right (T(3)L and T(3)R)
For the maximum clenches into both single and triple tongue blades there was a significant difference in TA activity between sides with the non-blade side being ~15% lower and the blade side having a similar value to ND (Figure 1(a)-(d)).  There was no corresponding effect on the MS and the activity levels were similar to ND.  For the blade side the TA was significantly dominant over the MS immediately following onset and throughout the clench, whilst on the non-blade side the TA and MS activity was approximately balanced (Figure 1(e)-(f)).  This led to a significant (or close to) torque coefficient in these trials directed towards the blade side (Figure 1(h)).  Similarly to ND, the total TA activity exceeded total MS activity although this was no longer significant (Figure 1(g)).  The trends for the single and triple tongue blade were similar although less prominent for the triple layer and muscle activities also appeared consistently lower by 5 – 10%.
Glide – clenches (NDl-r-p and LJl-r-p)
For a given condition (either ND or LJ) there were no significant differences between the individual clenches irrespective of the direction of the preceding glide phase.  The results largely reflected those of the maximum clenches described above (Appendix 4).
Magnitude of right-left POC, APC and TC parameters

The results in Appendices 3 – 5 indicated that even when the POC, APC or TC showed no overall imbalance, they tended to have a significant magnitude of imbalance just no direction.  For example, in the symmetric clenches the right-left POC overall values were zero (Figure 1(c)-(d)), however the magnitudes were significantly non-zero (Figure A3.2).  Thus, although all conditions displayed a degree of imbalance under all maximum clench conditions, this only had a preferred direction for the asymmetric tongue blades.  The mean magnitude of these imbalances, together with those for APC and TC are given in Table 4.

Table 4. Magnitude of the RL POC, APC and TC parameters averaged over all maximum clench conditions (see also Figure A3.2).
	
	Symmetric

Maximum clenches
	Asymmetric

Maximum clenches

	RTA-LTA POC
	0.130 ± 0.079
	0.153 ± 0.090

	RMS-LMS POC
	0.140 ± 0.057
	0.138 ± 0.061

	APC
	0.151 ( 0.095
	0.118 ( 0.054

	TC
	0.088 ± 0.040
	0.101 ± 0.055


Co-contraction of the SCM, DA and TRAPS during maximum clenches

The maximum and mean activity of the SCM, DA and TRAPS during the maximum clenches are given in Table 5.  There were no significant differences between the maximum clench conditions and the values presented were obtained by averaging over all conditions.

Table 5. Maximum and mean activity levels for the SCM, DA and TRAPS averaged over all maximum clench conditions and left and right sides (see also Figure A3.1).
	
	Maximum AMPN
	Mean AMPN

	SCM
	0.36 ± 0.23
	0.17 ± 0.11

	DA
	0.27 ± 0.18
	0.11 ± 0.07

	TRAPS
	0.15 ± 0.10
	0.066 ± 0.045
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Figure 1. Temporalis (TA) and masseter (MS) activity parameters for each of the maximum clench conditions (mean ± sd).  The POC, APC and TC are the overall values as defined in Appendix 2.
POC: muscle pairs symmetry [0 (balanced) → ±1] 

APC: anterior-posterior force [0 (no net anterior-posterior force)  → ±1]

TC: latero-deviating torque [0 (no net lateral torque) → ±1] 
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RTA-LTA
RMS-LMS
RTA-RMS
LTA-LMS
	Figure 2. RL TA and MS time difference for the build up of activity following onset for each maximum clench condition (mean ± sd).
	Figure 3. Same side TA-MS time difference for the build up of activity following onset for each maximum clench condition (mean ± sd).
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	Figure 4. RL TA and MS mean POC for 4 successive 50 ms time windows following onset for each maximum clench condition (mean ± sd).
	Figure 5. Same side TA-MS mean POC for 4 successive 50 ms time windows following onset for each maximum clench condition (mean ± sd).


TA and MS activity for unilateral chewing of jelly babies
The main results for the activity and onset parameters for the first seven chews in the chewing trials are given in Figures 6 – 10.  More comprehensive results are given in Appendix 5.  The total number of chews ranged from 8 to 34 (mean ( standard deviation, 16 ( 5) and currently all data was included regardless of this number, which may have hidden any trends across chews.
During chewing the TA and MS activities on the chewing side were greater than on the non-chewing side both immediately following onset and throughout the chew (although  not significant) (Figures 6(a)-(d), 7 and 9).  The AMPNmax showed a greater difference between sides for the MS compared to the TA (15 – 20% compared to 10 – 15%).  The activity levels for the chewing side were approximately two-thirds of those in the ND maximum clenches (TA, 0.82 ND vs 0.45 – 0.6 chewing; MS, 0.73 ND vs 0.4 – 0.52 chewing).  Activity of both TA and MS peaked within the first two chews and thereafter gradually dropped off on both sides.  Activity of the individual muscles followed a similar trend as chewing progressed and hence the parameters used in compare muscles (POC, APC, TC) remained fairly constant across chews (Figure 6).
On both the chewing and non-chewing sides TA dominated over the MS throughout the chew (Figure 6(e)-(f)).  This was also observed immediately following onset on the chewing side but the TA and MS were more balanced on the non-chewing side (Figures 8 and 10).  Early on the TA dominated MS on chewing side (TA more active) ; later on TA dominated MS on non-chewing side (since MS displayed a bigger drop in activity between sides than the TA).  This is also reflected in TC, which was not significantly non-zero, but slightly positive for left chewing  and slightly negative for right chewing (Figure 6(h)).
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Figure 6. Temporalis (TA) and masseter (MS) activity parameters in each of the first seven chews (mean ± sd).  L refers to chewing on the left side and R to chewing on the right side.  The POC, APC and TC are the overall values as defined in Appendix 2.
POC: muscle pairs symmetry [0 (balanced) → ±1] 

APC: anterior-posterior force [0 (no net anterior-posterior force)  → ±1]

TC: latero-deviating torque [0 (no net lateral torque) → ±1]. 
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	Figure 7. RL TA and MS time difference for the build up of activity following onset for unilateral chewing (mean ± sd).
	Figure 8. Same side TA-MS time difference for the build up of activity following onset for unilateral chewing (mean ± sd).
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	Figure 9. RL TA and MS mean POC for 4 successive 50 ms time windows following onset for unilateral chewing (mean ± sd).
	Figure 10. Same side TA-MS mean POC for 4 successive 50 ms time windows following onset for unilateral chewing (mean ± sd).


DISCUSSION

Maximum clenches and glide – clenches
For maximum clenching onto teeth the TA dominates from onset and throughout the clench.  This may arise from either the final part of occlusion involving a retraction of the mandible and / or the MS being in a less favourable position to exert force in back teeth occlusion (fibres too short?).

When clenching onto cotton rolls positioned between both sets of molars the activation of MS increased, whilst that of the TA remained constant, and the two became approximately balanced.  An increase in MS activity for this condition has previously been reported by Ferrario et al. (2007).
Clenching onto front teeth (lucia jig or angled tongue blade) resulted in a significant drop in activity of both the TA and MS, and more so for the TA such that the MS became dominant.  Becker et al. (1999) also reported a drop in MS and TA activity for clenching into a lucia jig; 55% in the MS similar to this study (50%), and 80% for the TA which is far greater than found here (55-60%).  These results suggest that the proprioreceptive feedback obtained from the periodontal ligament has a significant effect on muscle activity, and without it activity levels are compromised.  However, the cotton rolls clench in which the mandible was protruded throughout also saw a significant drop in both TA and MS activity (again with the MS becoming dominant).  This suggests that, not only is it periodontal ligament feedback that affects clenching muscle activity, but also geometrical feedback on the relative positions of the mandible and maxilla.

Asymmetric interferences (T(3)L and T(3)R) significantly reduced activity in the non-blade side TA only.  They had minimal effect on MS such that on the blade side TA continued to dominate MS (similar to ND), whilst on the non-blade side the two were approximately balanced.  This produced a significant torque coefficient directed towards the blade side.  A similar effect has been reported by van der Bilt et al. (2002) who found that muscle activity during unilateral clenching (onto teeth) is symmetric in the MS, but asymmetric in the TA.

Some right – left imbalance was present for both symmetric and asymmetric maximum clenching conditions, although it only had significant direction for the asymmetric tongue blade conditions.  This general imbalance may originate from uncertainty in experimental measurements, i.e. the global maximum amplitude values used to normalise the signals, and / or subjects do display a natural asymmetry (favoured side) in their normal function.  The magnitude of the imbalances obtained here are similar to (or slightly greater than) those reported by Ferrario et al. (2006) for TA and MS POC, APC and TC.
Co-activity was observed in the SCM, DA and TRAPS muscles.  However this was generally low, averaging ~17%, 11% and 7% respectively for the three muscle groups.  Co-activiation level was independent of clench condition, although the precision of the measurements may have prevented identifying any trends.  More uncertainty exists in these values compared to the results for TA and MS since: the levels of activity achieved are low and hence the signals have a poorer signal-to-noise ratio; and the protocols used to achieve an estimate of maximum voluntary contraction may have been less reliable.  However, the values obtained show good agreement with the literature:  Ferrario et al. (2006) report mean SCM activity during maximum clenching onto teeth of 14 – 24%; Clark et al. (1993) report values of 12 – 14% for the SCM under similar conditions; and Ciuffolo et al. (2005) measured DA, SCM, TRAPS for maximum clenching onto teeth and found significant co-activation in the DA and SCM.
A number of onset time algorithms were investigated: 

· visual estimation, generally considered to be the gold standard
· based on the signal exceeding a threshold value for a certain time period (Hodges and Bui, 1996)
· based on the first and / or second derivative of the signal being positive for a certain time period 
· based on identifying the start point of where the greatest rate of change of EMG amplitude with time occurred (Santello and McDonagh, 1998)
The resulting onset times generated by these methods were highly inconsistent and none gave trends consistent with the parameters used to assess muscle activity immediately following onset.  Hence none were considered to give reliable estimates of onset time, and although the results using the Hodges and Bui (1996) algorithm are presented, this parameter was given low priority in the comparison of the different maximum clench and chewing conditions.  
The methods employed to compare muscle activities around onset, i.e. using data immediately following onset to infer which muscle was the more active immediately following onset, produced far more consistent results and were therefore used to compare clench and chew conditions.  This could be achieved since differentials between muscle onset times and early muscle activity were considered as relevant as absolute onset times.  Although it is recognised that these approaches include the effects of both muscle onset time and rate of increase in muscle activity following onset, and thus differences in muscle onset time cannot strictly be inferred. 
The glide – clenches generated very similar results to the maximum clenches.  The preceding glide phase had minimal effect on the clench characteristics, although this may have partly resulted from inter-subject variation in the glide – clench technique.  The onset parameters did show fewer trends in the glide – clenches compared to the maximum clenches possibly due to the higher levels of pre-activation, especially in the MS, from the preceding glide phase.
Chewing

The activity of the TA and MS is greater on the chewing side compared to the non-chewing side.  The difference is greater for the MS than the TA and on both sides the TA dominates over the MS.

These chewing results reflect the maximum clenching onto teeth in respect that the TA dominates over the MS.  They do not reflect the maximum clenching onto asymmetric tongue blade results since in this case both muscles drop on the contralateral side and TA remains dominant whereas for asymmetric clenching the TA and MS on the non-blade side were balanced.
The trends in the chewing results were generally not significant.  This may be due to the wide range of number of chews taken between subjects (8 to 34) such that the first seven chews analysed encompassed different stages of chewing.  It may be better to split the data into groups that used approximately the same number of chews, although the number of subjects may be a limiting factor.  Some method of renormalizing the EMG signals (to the maximum activation for the first chew?) to account for the added variability in the EMG signals during dynamic movement compared to the isometrics may reduce variability in the results.
There was evidence of movement artefact in the DA signals during chewing for some subjects.  Activations far higher than observed in the maximal resisted jaw opening trials were obtained.  Similar evidence was observed for a few subjects in the MS.  Hence, as yet only the closing phase of the chewing cycle has been assessed (although activation levels for both opening and closing are given in Figure A5.1).
This is clearly just a preliminary assessment of the chewing trials.  Alternative means of processing the data to test for underlying patterns of muscle activity in the chewing cycle may yield more interesting results.

Further comments

Maximum hold time for ND maximum clenches were introduced late to the protocol with data being recorded for 15 subjects.  Estimates of maximum hold time have yet to be obtained since developing a robust algorithm for this procedure is not entirely straightforward.   
No assessment has been made of the glide phase in the glide – clenches (other than the maximum and mean activities shown in Figure A4.1b).  This is principally because the activation levels were generally so low (< 0.15) that no reliable trends in the results were likely to be visible.  Similarly, glide trials were included in the protocol (glide left – glide right – glide protrusion), but again the activations were so low that nothing reliable could be obtained and these trials have been neglected from this report.

For two subjects the POC coefficient right – left symmetry in the TA stood out as showing virtually no variation from 0, i.e. the two signals were almost exactly balanced.  This appears to be real, and currently this subject data has simply been included with all the rest.  Also, for three subjects some audible clicks were noted during some of the clenches although clicking was not reported in their initial screening form.  Again this subject data has currently been included.
CONCLUSIONS
Some well defined neuromuscular patterns for the jaw during maximum clenching under different symmetric and asymmetric conditions have been observed for a healthy population.  
Neuromuscular performance of the temporalis appeared to be more affected by occlusal condition than the masseter.  For clenching onto teeth the temporalis dominated, however this largely disappeared with the introduction of occlusal interferences (except for the blade side in asymmetric tongue blade clenching).  Removing back teeth contact or changing the relative position of the mandible and maxilla significantly reduced activity in both the temporalis and masseter.  Relative activity of the muscles immediately following onset largely reflected the values throughout the clench.
Co-activation of the sternocleidomastoid, digastric and trapezius muscles was present at a low level, and was unaffected by occlusal condition.

For unilateral chewing activity of both the TA and MS was greater on the chewing side and TA activity exceeded MS activity on both sides.  Peak activity occurred within the first two chews and thereafter gradually declined.
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