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	Danenberg, RS, et al
	1981, October, 01
	JPD, Vol. 46 #4, pp 443-449
	Occlusal forces during chewing and swallowing as measured by sound transmission.
	The primary advantage of this system over gnathodynamo-meters was the ability to measure total forces without intraoral devices. The disadvantage was somewhat lower amplitude precision
	The maximum biting force during clenching for these 20 subjects as measured with an intraoral strain gauge gnathodynamometer averaged 162 pounds (74 kg) and ranged from 55 to 280 pounds (25 to 127 Kg).  There appeared to be no correlation of biting force with either sex or age.
	The force during closing phase of chewing was less, and the least force occurred during the opening phase.  Most chews exhibited a period of high force during the occlusal phase. 


	
	1981, October, 02
	
	For the 20 subjects, the total time of chewing averaged 672 ms.  The time of the occlusal phase averaged 194 ms. The high force produced during occlusal contact persisted an average of 115 ms, or 59% of the total 194 ms.
	Swallowing occurred primarily in the intercuspal position (IP), yielding a force of 66.5 pounds (30.2 kg) which was higher than the chewing forces.  Swallowing forces persisted for 552 ms at the IP.
	The IP is of prime importance during chewing.  It is in this position that the forces generated are the highest and longest acting.  
	Teeth are usually positioned in opposing dental arches in a manner that permits IP forces to be directed along the long axis of their roots.

	
	1981, October, 03
	
	It seems unusual that forces in swallowing would be greater than forces during chewing.  Most swallowing occurred in the IP.
	The importance of occlusal stability in IP is of utmost clinical significance.
	(Inclined touches, deflecting contacts, and cross arch instability are not well tolerated.  All anterior contact is, in this sense, unstable – all placed on inclines or deflective even when ledges are placed because of the incident angle of tooth contact is not in the long axis of the tooth – rgp)
	During chewing the peak occlusal force occurred well after the peak EMG activity.  EMG activity by itself does not directly correlate with the force generated during chewing

	Gibbs, Mahan, Lundeen
	1981, November, 01
	JPD, Vol. 46, #5, PP561-567
	Occlusal forces during chewing – Influences of biting strength and food consistency.
	An analysis of variance showed that forces were greatest in the occlusal phase, second greatest in the closing phase and least during the opening phase. No differences were found between right and left side chewing.
	(In comparing the variance in subjects with significantly different closing and occlusal forces) -the time of the chew, the time of the high force in the occlusal phase and the time in the occlusal phase when the teeth were in IP were all longer for the weak group than the strong group.
	The chewing series from the first chew to swallowing averaged 15.5 chews. No relationship was found between the average number of chews in the masticatory series and the biting strength of the subject for either soft (cheese) or hard (peanut) foods.

	
	1981, November, 02
	The average maximum force at occlusion increased throughout the chewing series for both soft and hard foods. (As food bolus softens, perceived tooth “balance” increases until tooth to tooth contact occurs at which point the maximum loads are seen. Rgp)
	The average maximum biting force during the closing (eccentric) phase showed a decrease throughout the chewing series for hard food chewing.  As the hard food became softer near swallowing, the closing force approached the closing force of the soft food.
	Chewing forces during closing and at occlusion were affected by the consistency of the food. Forces were greater for hard food than for soft food. Closing force (eccentric) decreased throughout the chewing series for hard food and near swallowing, closing forces for hard and soft foods were nearly equal.
	It is somewhat surprising, however, that the greatest forces in chewing should occur at occlusion when the jaw is “motionless”. (No surprise to HMT who firmly believed that static centric contact generated the most force - rgp).  Furthermore, this force at occlusion and its duration of application increase throughout the chewing series from the first chew, when food has jut entered, until swallowing.
	This increase in force during the chewing series appears inherent in the neuromuscular system (coordinated balanced tooth contact – rgp) and only the beginning force level is related to the consistency of the food.

	
	1981, November, 03
	Conant indicated that the maximum force normally occurred in lateral working and balancing excursions, rather than in IP, which is disagreement with this study. 
	Jaw forces were surprisingly high during chewing.  Forces were greatest in the 194 ms pause in the jaw movement when the teeth were in the intercuspal position.
	The lengthy pause at IP does appear to be related to the breakdown of the food, since the force is greater for harder foods.  However, it is mysterious that the magnitude and duration of the force in IP should increase throughout the chewing series as the bolus softens and reduces. 
	This increase appears inherent in the neuromuscular system and is only related to the hardness of the food in as far as establishing the initial force level from which the increase begins. This indicates a high level of tooth to tooth force and emphasizes the importance of occlusal relationships in IP. (emphasis mine – rgp)
	

	Leff, Alexander
	1966, Sept-Oct, 01
	JPD, Vol. 16, #5, pp844-847
	GNATHO-DYNAMICS OF FOUR MANDUBULAR POSITIONS
	Centric relation (MIP) – the average maximum biting pressure was 110 pounds.
	Lateral position – The average maximum biting pressure was 10 pounds.

	Protrusive position – The average maximum biting pressure was 55 pounds.

	
	1966, Sept-Oct, 02
	
	Retruded position – the average maximum biting pressure was 19 pounds.
	This opens to question some of the procedures used in determining centric occlusion, whereby the mandible is placed in its most retruded position.
	Such a retrusion may establish an incorrect centric relationship whereby the masticatory muscle may be unable to function to their fullest capacities. (emphasis mine – rgp)
	Maximum muscular function and pressure were attained only in centric position (MIP).  The eccentric positions inhibited muscular function and pressures to a marked degree, allowing only 11 per cent in the lateral position when compared to the pressures exerted in the centric position (MIP).

	Presswood RG
	020612
	THOUGHTS RELATED TO ARTICLES

GIBBS, LUNDEEN, MAHAN


	1. As bolus of food is reduced more muscle force or pressure is applied. Teeth are harder than food and as they touch neuro-muscular stimulation occurs increasing muscle force
2. Tooth to tooth contacts in posterior teeth elicit most or highest muscular response.


	3. Anterior tooth touch or contact decreases muscular output or effort.

4. To have anterior teeth touch coincidentally with posterior teeth in CO, prevents or precludes full      muscular output, places tangential load on anteriors and fails to properly demonstrate posterior function
	5. If coincidental contact is in CRO, a restrained jaw position, the limit of jaw movement is vertical or nearly vertical with no lateral function.
6.  To appropriately function, posterior teeth must be fully loaded in IP or CO and then some excursive movement must be made to touch an incisor teeth.  This model allows for full neuromuscular input with proper IP loading and protection in eccentric position.   
	

	Mahan Parker
	020909, 01
	Personal Communication,
Response to THOUGHTS RELATED TO ARTICLES

GIBBS, LUNDEEN, MAHAN


	Gibbs, Mahan and Lundeen articles
	Charlie Gibbs and I have studied your seven statements related to our studies in JPD and have this response:


	The increase in biting force during the grinding phase of the masticatory stroke is minimal until the teeth reach maximal intercuspation and the masseters turn on. The temporalis seems to be contracting mostly during the grinding phase when the mandible is laterally positioned but when it reaches midline, maximum intercuspation, the masseters turn on to produce increased biting force. The pattern generator that drives the masticatory stroke is probably triggered by mechanoreceptors in the periodontal ligament to turn on the masseters, as you indicate.


	Tooth to tooth contact in maximum intercuspation on posterior teeth does show the maximum force in the masticatory stroke but ft is far from the maximum force the subject can produce. In the masticatory stroke the maximum force used is about 60 lbs but these same subjects can bite two hundred to 975 pounds on eight teeth.

	
	020909, 02
	We did not prove that anterior tooth contact decreases muscle force but anterior tooth contact is probably a trigger to the pattern generator to decrease force.
	We did not prove that having anterior tooth contact coincidentally with posterior teeth prevents full muscular output in cases with anterior interferences, such as over-contoured lingual on upper incisor crowns, typically results in mobility of the upper crowned tooth and its migration labially This condition usually results in pain to palpation in the digastric and posterior temporalis muscle
	When centric relation and centric occlusion are identical (No CR —CO slide) the subject may or may not apply vertical rather than lateral forces. When the subject bites in the grinding phase of the masticatory stroke there would be lateral forces on the teeth until maximum intercuspation is reached when the force would be vertical at maximum force
	We did not prove that anterior tooth contact inhibits the elevator muscles but Leff showed that the force drops off when the teeth move into Tight, left or anterior contacts. I think I put this data in a review I wrote many years ago, in the 60’s. I will put you on this paper if it will help.
	Continued force past IP is seen in intractable bruxers so that balanced occlusal function may be ground in when the bolus is abrasive. The bruxer does not seem to follow the pattern of the non-bruxer. The non-bruxer decreases his biting force after IP is achieved but the bruxer does not.




