APPENDIX 1. Complete Experimental Protocol

Table A1.1. Complete experimental protocol including number of subjects tested for each condition.

	Condition
	Code
	Subjects
	Description

	Warm up and MVCs

	Warm up clenches
	
	41
	4 × 1 sec maximum clench – 1 second relax

	Maximum resisted jaw opening
	
	41
	Both elbows on desk and thumbs under the chin to resist a maximal opening of the jaw

	Maximum neck flexion
	
	41
	Both elbows on desk and hands on forehead to resist a maximal forward neck flexion movement

	Maximum traps
	
	18
	Seated with hands grabbing either side of the seat and maximally pull up with shoulders keeping scapula retracted

	Maximum clenches (order randomised)

	Natural dentition
	ND
	41
	Onto teeth

	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

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

	Natural dentition maximum hold time
	NDmh
	15
	Onto teeth where the subject was instructed to clench maximally and then hold it for as long as possible

	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

	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

	Glides (order randomised with the maximum clenches above)

	Natural dentition
	
	41
	Glide: left – middle – right – middle – protrude – middle 

	Lucia jig
	
	41
	Glide: left – middle – right – middle – protrude – middle

	Glide – clenches (order randomised with the maximum clenches above)

	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


APPENDIX 2. Parameter Definitions
Activity parameter 1: Maximum and mean normalised amplitude (AMPNmax, AMPNmn)

The maximum and mean of the globally normalised RMS amplitude (50 ms windows) during the clench or chew.

Activity parameter 2: Symmetry coefficient (POC)
POC is a measure of how balanced two muscle activities are over time.  It is defined by Ferrario et al. (2000) as:
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Exactly balanced activity of the two muscles gives a POC of 100%, whilst exactly unbalanced activity gives a POC of 0%.  This equation does not differentiate the direction of any asymmetry (which of the two muscles is more dominant) and therefore adapted definitions were used to include this feature:
Magnitude (0=balanced → 1=unbalanced):
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Direction (-1=m2 dominant → +1=m1 dominant):
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Overall (-1=m2 dominant → +1=m1 dominant):
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POC was determined for the following muscle pairs: right – left of the five muscles recorded; and for the same side TA-MS.  It was obtained as a time series throughout each clench / chew from which the mean and standard deviation was determined.

Activity parameter 3: Anterior-Posterior coefficient (APC)
APC is a measure of how balanced the total temporalis and total masseter EMG activity is over time.  The temporalis and masseter both act primarily to close the jaw, but both have secondary roles which involve retraction (posterior) for the temporalis and protrusion (anterior) for the masseter.  The APC aims to assess the net effect of these secondary roles and is defined by Ferrario et al. (2006) as:
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Exactly balanced activity of the two muscle groups gives an APC of 100%, whilst exactly unbalanced activity gives an APC of 0%.  This equation does not differentiate the direction of any anterior-posterior imbalance and therefore adapted definitions were used to include this feature:
Magnitude (0=balanced → 1=unbalanced):
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Direction (-1=MS anterior dominant → +1=TA posterior dominant):
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Overall (-1=MS anterior dominant → +1=TA posterior dominant):
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Activity parameter 4: Torque coefficient (TC)
TC is a measure of the couple created by unbalanced (RTA + LMS) versus (LTA + RMS) muscle activity. Whilst the resultant of the temporal muscle is directed upward and backward, the resultant of the contralateral masseter is directed upward and onward.  A force couple that may laterally deviate the mandible towards the dominant temporalis side can thus be created.  The TC aims to measure the size of this couple and is defined by Ferrario et al. (2000) as:
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Exactly balanced activity of the two muscle pairs gives a TC of 0%, whilst exactly unbalanced activity gives an TC of 100%.  This equation does not differentiate the direction of any lateral-deviating imbalance and therefore adapted definitions were used to include this feature:
Magnitude (0=balanced → 1=unbalanced):
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Direction (-1=LTA+RMS dominant → +1=RTA+LMS dominant):
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Overall ([-1=LTA+RMS dominant → +1=RTA+LMS dominant):
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Onset timing
Given the inherent difficulties in estimating the onset of muscle activity from EMG signals and poor reliability of the algorithms available, alternative approaches to compare the onset of muscle activity were used.  Since differences in onset time and activity level immediately following onset between muscles were considered as important as absolute onset time, alternative parameters were used that aimed to use more of the signal information and thereby generate more reliable data.  Two means of comparing muscle activity around onset between muscles pairs were considered.
Onset parameter 1: Activity levels immediately following onset

The first onset timing parameter was the time difference for activity onset and to reach an activation level of 0.1, 0.2, 0.3, 0.4, 0.5 following onset.  These were determined for four muscle pairs, right-left TA and MS and same side TA-MS, and was based on the globally normalized RMS amplitude of the signal with the mean of the quiet section removed to minimize the effects of any noise in the signals.
Note that the 0.1, 0.2, 0.3, 0.4, 0.5 parameters give information on the rate of increase of muscle activity following onset and which muscle is the more active early on in the clench / chew from which differences in onset time cannot strictly be inferred.  However, these parameters use more of the signal information and are likely to give more reliable data than the onset time estimation.
Onset parameter 2: Activation parameters (POC, APC, TC) immediately following onset
The second onset timing parameter involved evaluating the mean and standard deviation in each of the activity coefficient parameters described above for 6 consecutive 50 ms windows following onset of all muscles involved.  

This provided an alternative means of inferring the same information as the time difference parameter 1 above and helped to reinforce any observed trends.  In both cases the data was examined as a whole, i.e. consistent trends across several consecutive time windows or activation levels, rather than examining the windows / levels on an individual basis.  Furthermore, the early time windows and activation levels were given greater importance since particularly the higher activation levels (0.4, 0.5) may be more affected by the maximum activation level reached, rather than onset conditions.
APPENDIX 3. Maximum Clench Results
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Figure A3.1. MAXIMUM CLENCHES: Maximum and mean amplitude for the TA, MS, SCM, DA, TRAPS
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Figure A3.2. MAXIMUM CLENCHES: RL ratio and POC symmetry coefficient for the TA and MS
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Figure A3.3. MAXIMUM CLENCHES: Same side TA-MS ratio and POC symmetry coefficient
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Figure A3.4. MAXIMUM CLENCHES: APC and TC
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Figure A3.5. MAXIMUM CLENCHES: Time difference to AMPN = onset, 0.1, 0.2, 0.3, 0.4, 0.5 for the TA and MS
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Figure A3.6. MAXIMUM CLENCHES: Time difference to AMPN = onset, 0.1, 0.2, 0.3, 0.4, 0.5 for the TA-MS each side
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Figure A3.7. MAXIMUM CLENCHES: POC symmetry coefficients for the TA and MS for 6 x 50 ms consecutive windows from onset
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Figure A3.8. MAXIMUM CLENCHES: Symmetry coefficients for the TA-MS for each side for 6 x 50 ms consecutive windows from onset
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Figure A3.9. MAXIMUM CLENCHES: APC and TC for 6 x 50 ms consecutive windows from onset

APPENDIX 4. Glide – Maximum Clench Results
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Figure A4.1a. GLIDE – CLENCHES: Maximum and mean amplitude for the TA, MS, SCM, DA, TRAPS during the clenches
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Figure A4.1b. GLIDE – CLENCHES: Maximum and mean amplitude for the TA, MS, SCM, DA, TRAPS during the glides
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Figure A4.2. GLIDE – CLENCHES: RL ratio and POC symmetry coefficient for the TA and MS

[image: image25.jpg]LTALMS

RTA-RMS

der {5 e 45 —— 1% E
- 5 —— 45 —e— 5 —e—3
He— 43 e 13 —e— 13 3
e—r 8 et 8 —e— 1§ |—— 8
IS 5 —o—| 5 —e— {8 |—e— 5
3 —e—| I} —e— 13 3
—el— {5 —le— 1% —— 1% —te——%
—— 5 —e— {3 —e— 5 —e——id3
—— 5 —e— 43 —e— 3 3
] —e—| 5 —e— 15 e 5
El e El El E

ones Ty e3840 90d apriyufiews 909 uonaanp 90d




Figure A4.3. GLIDE – CLENCHES: Same side TA-MS ratio and POC symmetry coefficient
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Figure A4.4. GLIDE – CLENCHES: APC and TC
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Figure A4.5. GLIDE – CLENCHES: Time difference to AMPN = onset, 0.1, 0.2, 0.3, 0.4, 0.5 for the TA and MS
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Figure A4.6. GLIDE – CLENCHES: Time difference to AMPN = onset, 0.1, 0.2, 0.3, 0.4, 0.5 for the TA-MS each side
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Figure A4.7. GLIDE – CLENCHES: POC symmetry coefficients for the TA and MS for 6 x 50 ms consecutive windows from onset
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Figure A4.8. GLIDE – CLENCHES: POC symmetry coefficients for the TA-MS for each side for 6 x 50 ms consecutive windows from onset
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Figure A4.9. GLIDE – CLENCHES: APC and TC for 6 x 50 ms consecutive windows from onset

APPENDIX 5. Chewing Results
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Figure A5.1a. CHEWING: Maximum and mean amplitude for the TA, MS, SCM, DA, TRAPS during closing
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Figure A5.1b. CHEWING: Maximum and mean amplitude for the TA, MS, SCM, DA, TRAPS during opening
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Figure A5.2. CHEWING: RL ratio and POC symmetry coefficient for the TA and MS
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Figure A5.3. CHEWING: Same side TA-MS ratio and POC symmetry coefficient
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Figure A5.4. CHEWING: APC and TC
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Figure A5.5. CHEWING: Time difference to AMPN = onset, 0.1, 0.2, 0.3, 0.4, 0.5 for the TA and MS
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Figure A5.6. CHEWING: Time difference to AMPN = onset, 0.1, 0.2, 0.3, 0.4, 0.5 for the TA-MS each side
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Figure A5.7. CHEWING: POC symmetry coefficients for the TA and MS for 6 x 50 ms consecutive windows from onset
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Figure A5.8. CHEWING: POC symmetry coefficients for the TA-MS for each side for 6 x 50 ms consecutive windows from onset
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Figure A5.9. CHEWING: APC and TC for 6 x 50 ms consecutive windows from onset
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