COMPARISON OF MUSCLE ACTIVITY BETWEEN SPLINT DESIGNS
Summary
Four splints designs were tested to determine the amount to muscle activity they generated during various biting, clenching and sliding tests.  Muscle activity was assessed from surface EMG measurements on the anterior temporalis and superficial masseter muscles.  Splint 4 generated significantly more muscle activity than the other splints.  The remaining splints performed similarly, although there was some evidence for splint 2 having the lowest muscle activity. 
Introduction
Four healthy subjects performed a series of biting, clenching and sliding type actions onto four custom-made splint designs.  Surface EMG were recorded bilaterally from the temporalis anterior (TA), superficial masseter (MS), sternocleidomastoid (SCM) and digastric (DA).  The magnitude of muscle activity for the four splint designs was compared based on three methods: qualitative ranking, quantitative ranking and statistical analysis.  The aim was to determine which splint(s) gave the highest level of muscle activity, particularly in the TA and MS.
Methods
Data collection

The EMG and video data collection were as described in the previous report.  The sequence of trials performed for each splint is given in Table 1.  The order of splint testing was randomised and no information was given to the subject on the splint designs.
Data processing

The initial stages of data processing for the EMG signals were as previously described.  In brief:

· Bandpass filter (10-600 Hz)

· RMS average (50 ms)

· Globally normalise (AMPN)

· Determine the on and off times for each muscle (TA and MS)

Table 1. Protocol for each splint design.

	Trial
	Description

	1
	bite

	2
	tap tap

	3
	maximum clench

	4
	clench and slide to the left and back

	5
	clench and slide to the front and back

	6
	clench and slide to the right and back

	7
	maximum clench

	8
	tap tap

	9
	bite


The following stages were then applied to each trial and subject:
· A normalised time was defined as onset tNORM=0 to off tNORM=1, and the AMPN data interpolated to give 1001 data points from on to off.  This allowed muscle activity for all four splints to be plotted and compared on the same graph of AMPN against normalised time.
· The maximum and mean on AMPN for each muscle whilst active were obtained and this data was used to order the splints from highest to lowest muscle activity using three methods:
· Visual inspection of maximum AMPN plotted against trial for all four splints on the same graph (TA total and MS total).  The splints were qualitatively ranked from most active to least active.  This was repeated for each subject and the total ranking points for each splint obtained.  Two independent assessments were undertaken with the observer blind to the actual splint and subject.

· The four splints were quantitatively ranks in terms of muscle activity (TA total and MS total).  Ranking points for each muscle, trial and subject were summed to obtain overall ranking scores for each splint.  This was done for both the maximum and mean AMPN.
· One-factor (splint) and four-factor (splint, muscle, trial, subject) ANOVAs with Bonferroni post-hoc analysis were conducted on the maximum and mean AMPN using both absolute values and splint ranking (one-factor only).
Results
The results from the three methods of assessing the splints are summarised in Table 2.  More comprehensive results are provided in Appendix A.

Table 2. Summary of results for all subjects and analysis methods

(splint order from highest → lowest activations).

	SPLINT
	QUALITATIVE
	QUANTITATIVE
	STATISTICAL SIGNIFICANCE
(p < 0.05)

	
	Score
(%)
	Order

(H → L)
	Score
(%)
	Order

(H → L)
	

	S1
	22.5
	3rd
	22.5
	=2nd
	

	S2
	18.8
	4th
	17.5
	4th
	S2 < S1, S3 & S4
(mean AMPN ranking only)

	S3
	25.0
	2nd
	22.5
	=2nd
	

	S4
	33.8
	1st
	37.5
	1st
	S4 > S1, S2 & S3

(mean and max AMPN ranking, and four-way absolute values)


Discussion
Splint 4 generated significantly more activity in the TA and MS compared to the other splints.  This was a consistent observation from the various methods used to assess the splints.  In terms of ordering the remaining splints the results were less conclusive.  There was statistical evidence for splint 2 generating the lowest muscle activities, while none of the assessment methods could separate splints 1 and 3.
To gain more conclusive results (on the same population) two improvements to the protocol are suggested.  The whole procedure took between 2 and 4 hours and a large proportion of this time involved correctly fitting the splints.  It may have been better to do the final fitting of the four splints in one session, and leave the EMG measurements to a second session.  This would allow the second session to be shorter and more focussed on the EMG testing of the splints, providing the opportunity to extend the protocol to include additional trials (some repeated).  These may have helped to generate more conclusive results for ordering splint performance. 
The results have only been presented for a combined TA and MS muscle activity basis.  It may also be of interest to assess these two muscles individually.  The general trends in muscle activity across splint designs were very similar for the TA and MS, and hence the two muscles were combined.  The main difference between the TA and MS was in the relative position of the lowest activity splint (splint 2); for the TA it performed very similarly to splints 1 and 3, whilst for the MS it was markedly lower (significant for rankings of mean AMPN).
The activity of the SCM and DA have not been considered.  The results indicated minimum SCM activity for all four splints, and more activity but less marked differences between splints for the DA (see Figure A.1). 

Appendix A. Results for the Four Splint Designs
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(a) Subject 1
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(b) Subject 2
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(c) Subject 3
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(d) Subject 4

Figure A.1. Maximum and mean AMPN for each muscle as a function of trial for all four splint designs (shown for each subject).
Table A.1. Qualitative estimates of splint order 1 (highest → lowest activations).
	Splint order
	Actual splint
	Comments

	SUB1
	
	

	4
	3
	One of the highest across all trials (except the bites)

	3
	2
	Generally one of the highest for the bite / tap-tap / max clenches but low in sliding trials

	2
	1
	Generally in the middle throughout

	1
	4
	Generally the lowest in the bite / tap-tap / max clenches
One of the highest 2 in the sliding trials

	SUB2
	
	

	2
	4
	Generally highest in the bites / tap-tap / max clenches and more middlish in sliding trials

	3
	1
	Generally second in the bites / tap-tap / max clenches and on the higher side of middlish in sliding trials

	4
	2
	Generally third or fourth in the bites / tap-tap / max clenches but higher up in sliding trials

	1
	3
	Generally third or fourth in the bites / tap-tap / max clenches and lowest overall in sliding trials

	SUB3
	
	

	3
	3
	Generally in the top two throughout

	4
	4
	Generally in the top 2 throughout and highest in the sliding trials

	2
	2
	Generally 2nd or 3rd throughout

	1
	1
	The lowest in most trials

	SUB4
	
	

	3
	4
	Generally top two throughout although not clear cut

	4
	1
	Generally top two throughout and possibly highest in the sliding trials

	1
	2
	In the middle throughout

	2
	3
	The lowest in quite a few trials


Table A.2. Qualitative estimates of splint order 2 (highest → lowest activations).
	Splint order
	Actual splint
	Comments

	SUB1
	
	

	4
	3
	

	1
	4
	

	2
	1
	

	3
	2
	

	SUB2
	
	

	2
	4
	

	3
	1
	

	4
	2
	

	1
	3
	

	SUB3
	
	

	4
	4
	

	3
	3
	

	2
	2
	

	1
	1
	

	SUB4
	
	

	3
	4
	

	4
	1
	

	2
	3
	

	1
	2
	


Table A.3. Quantitative estimates of splint order (highest → lowest activations).
	Splint order
	Actual splint
	Comments


	SUB1
	
	

	4
	3
	4 & 1 very close

	1
	4
	3 & 2 very close

	3
	2
	Above is overall and for the MS

	2
	1
	For the TA 4 is most dominant & the rest are similar

	SUB2
	
	

	2
	4
	2 & 3 well ahead of 4 & 1

	3
	1
	This is about similar for the TA & MS

	4
	2
	

	1
	3
	

	SUB3
	
	

	4
	4
	4 & 3 similar, def drop to 2, and another drop to 1

	3
	3
	Def like this for the TA

	2
	2
	4 & 3 very similar for MS

	1
	1
	

	SUB4
	
	

	4
	1
	4 & 3 similar

	3
	4
	1 & 2 similar

	1
	2
	Def like this for MS

	2
	3
	For TA 4,3,1 similar and big drop to 2


Statistics
Combined TA and MS activity, statistically significant differences (p<0.05):

· Absolute AMPNmax:

· One-way

S4 > S2

· Four-way

S4 > S1, S2 & S3

· Rank AMPNmax:

· One-way

S4 > S1, S2 & S3

· Absolute AMPNmn:

· One-way

nothing

· Four-way

S4 > S1, S2 & S3

· Rank AMPNmn:

· One way

S4 > S1 & S3 > S2

Table A.4. Summary of results for all subjects and the qualitative and quantitative analyses (splint order from highest → lowest activations).
	Actual splint
	Qualitative 1

Points
	Qualitative 2

Points
	Total Score
(%)
	Order

(H → L)
	Quantitative

Points

(max AMPN)
	Quantitative

Points

(mean AMPN)
	Total Score
(%)
	Order

(H → L)

	S1
	2 + 3 + 1 + 3
= 9
	2 + 3 + 1 + 3

= 9
	22.5
	3rd
	1 + 3 + 1 + 4
= 9
	2 + 3 + 1 + 3
= 9
	22.5
	=2nd

	S2
	3 + 2 + 2 + 2
= 9
	1 + 2 + 2 + 1

= 6
	18.8
	4th
	2 + 2 + 2 + 2
= 8
	1 + 2 + 2 + 1
= 6
	17.5
	4th

	S3
	4 + 1 + 4 + 1
= 10
	4 + 1 + 3 + 2

= 10
	25.0
	2nd
	4 + 1 + 3 + 1
= 9
	3 + 1 + 3 + 2
= 9
	22.5
	=2nd

	S4
	1 + 4 + 3 + 4
= 12
	3 + 4 + 4 + 4

= 15
	33.8
	1st
	3 + 4 + 4 + 3
= 14
	4 + 4 + 4 + 4
= 16
	37.5
	1st


Note: all based on total TA activity & total MS activity
Appendix B: Comparison of the Four Denture Designs for Eric

A similar procedure to that described above was used to compare the four denture designs for Eric.  Eleven trials were used for each denture as given in Table B.1 below.  
Table B.1. Protocol for each denture design.
	Trial code
	Description

	1
	bite

	2
	tap tap

	3
	maximum clench

	4
	rub rub

	5
	clench and slide to the left and back

	6
	clench and slide to the front and back

	7
	clench and slide to the right and back

	8
	rub rub

	9
	maximum clench

	10
	tap tap

	11
	bite


The data was processed and assessed as described above and the results are given in Figure B.1 and Tables B.2-B.5.  All methods used to compare the muscle activity between denture designs gave the same results.  Denture 2 gave significantly higher muscle activity than the other denture designs.  This was followed by, in order although not consistently significant, denture 4, denture 3 and finally denture 1.  There was not much difference between dentures 3 and 1.  These results were consistent for both the TA and MS although the gap between denture 2 and the rest was greater for the TA.
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Figure B.1. Maximum and mean AMPN for each muscle as a function of trial for all four denture designs.
Table B.2. Qualitative estimates of denture order 1 (highest → lowest activations).
	Denture order
	Notes

	D2
	Gave much higher TA activity throughout

MS not so different to the other dentures although still tended to the be consistently on the higher side

	D4
	Next highest TA overall and average MS

	D3
	Average TA and MS

	D1
	The lowest activities TA & MS in a lot of trials


Table B.3. Qualitative estimates of denture order 2 (highest → lowest activations).
	Denture order
	Notes

	D2
	

	D4
	

	D3
	

	D1
	


Table B.4. Quantitative estimates of denture order (highest → lowest activations).
	Denture order
	Notes

	D2
	This order was pretty clear and consistent in both the TA and MS

	D4
	

	D3
	3 & 1 were quite similar in both TA and MS

	D1
	


Statistics
Combined TA and MS activity, statistically significant differences (p<0.05):
· AMPNmax:

· One-way

D2 > D1, D3 & D4

D4 > D1
· Three-way

D2 > D1, D3 & D4

D4 > D1
· Rank AMPNmax:

· One-way

D2 > D4 > D3 > D1
· AMPNmn:

· One-way

D2 > D1, D3 & D4
· Three-way

D2 > D1, D3 & D4

D4 > D1
· Rank AMPNmn:

· One way

D2 > D4 > D3 & D1
Table B.5. Summary of results for the qualitative and quantitative analyses
(denture order from highest → lowest activations).

	Actual dentures
	Qualitative 1

Points
	Qualitative 2

Points
	Total Score
(%)
	Order

(H → L)
	Quantitative

Points

(max AMPN)
	Quantitative

Points

(mean AMPN)
	Total Score
(%)
	Order

(H → L)

	D1
	1
	1
	10
	4th
	1
	1
	10
	4th

	D2
	4
	4
	40
	1st
	4
	4
	40
	1st

	D3
	2
	2
	20
	3rd
	2
	2
	20
	3rd

	D4
	3
	3
	30
	2nd
	3
	3
	30
	2nd


Note: all based on total TA activity & total MS activity
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