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CHAPTERCHAPTER 8 

SUMMARYY AND CONCLUSIONS 

Inn the studies described in this thesis the mechanical and electrical properties of 

motorr units in the masticatory muscles, particularly in the masseter muscle of the 

rabbit,, were examined. 

Background Background 

Thee morphology of a motor unit, e.g., the number of muscle fibers, their myosin 

heavyy chain composition, their cross-sectional area and their length, can be 

expectedd to be related to its contractile and electrical properties, such as the 

magnitudee and duration of the twitch force and the amplitude and duration of the 

actionn potential. Glycogen depletion studies have indicated that the morphology of 

motorr units in the rabbit masseter shows a large variation. One of the purposes of 

thee present study was to examine whether this variation in morphology is also 

reflectedd by a variation in the forces and action potentials produced by the motor 

unitss of the masseter muscle. 

Immuno-- and histochemical studies have reported a heterogeneous 

distributionn of fiber types across the masseter muscle, e.g., the proportion of slow 

typee fibers is relatively large in the deep and anterior muscle regions, whereas the 

proportionn of more fast type fibers is relatively large in the superficial and posterior 

musclee regions. Hence, it can be expected that different motor unit types are 

distributedd accordingly. In the present study we were able to examine the 

relationshipp between motor unit type and motor unit position by determining 

simultaneouslyy motor unit properties and motor unit intramuscular position. 

Becausee the muscle fibers in the masseter have different intramuscular 

positionss and orientations, non-uniform fiber excursions across the muscle will occur 

duringg jaw movements. As the force a muscle fiber is capable of producing depends 
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onn the length of its sarcomeres and the duration of its action potential depends on 

thee fiber diameter, it can be expected that motor unit force and motor unit action 

potentiall will change with the position of the jaw and that the amount of change will 

dependd on the intramuscular position of the motor unit. In the present study these 

changess were examined by recording motor unit properties at different jaw gape 

angles. . 

RegistrationRegistration of masseter motor unit properties 

Motorr unit properties of more than 120 rabbit masseter motor units were determined. 

Motorr unit twitches or tetani were elicited by stimulating motoneurons extracellularly 

inn the trigeminal motor nucleus. The forces produced by single motor units in the 

masseterr are very small. Therefore, a new transducer was developed capable of 

measuringg both the magnitude and the line of action of these small forces. The 

transducerr allowed for the accurate registration of motor unit forces as small 

ass 5 mN. Action potentials of motor units were registered by monopolar 

electrodess inserted into various antero-posterior and superficial-deep regions of the 

muscle. . 

Inn order to examine the effect of jaw position on motor unit properties, a jaw 

openingg device was developed. An important feature of this device is that the center 

off jaw open-close rotation can be adjusted to a position coinciding with that during 

naturall mastication. 

VariationVariation of motor unit properties 

Itt appeared that the forces produced by the motor units in the masseter differed 

considerablyy in position, orientation, amplitude, and contraction duration. The 

positionall variation was almost as large as the range of fiber positions and directions 

foundd inside the muscle. Twitch contraction time of the motor units ranged from 16 

too 42 ms, indicating that the motor units of the rabbit masseter are relatively fast; 

tetanicc peak force ranged from 5 to 290 mN. Faster motor units had action potentials 

withh shorter durations and motor units producing larger forces tended to have action 

potentialss with larger amplitudes. Faster motor units had no significant larger 

amplitudee of their action potential. 
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Summary'Summary' and conclusions 

HeterogeneityHeterogeneity of motor unit properties across the masseter 

Motorr units with different contraction forces and contraction velocities were 

distributedd heterogeneously across the muscle. On average motor units in the deep 

partss of the masseter produced considerably less twitch force (average: 25-30 mN) 

thann those in the superficial parts (average: 45-50 mN). Largest forces, with 

relativelyy low contraction velocities, were produced by motor units in the anterior 

masseter.. Smaller forces and faster twitch contractions were produced by motor 

unitss in the posterior deep masseter. Motor units in the anterior masseter showed 

moree variability in force production than those in the posterior masseter. In addition, 

antero-posteriorr differences in the magnitude of the action potentials were found, 

i.e.,i.e., posteriorly located motor units had smaller action potentials. 

MotorMotor unit properties and jaw position 

Withh an increase of the jaw gape angle, motor unit twitches became slower. Most 

motorr units had a parabolic-like jaw angle-active force relationship. A large variation 

inn the shape of the curves was found. The average optimum jaw angle was reached 

att 12  jaw opening. In general, motor unit force output was relatively low (20-60% of 

maximumm force) at occlusion ) and relatively high (60-100% of maximum force) at 

maximall jaw opening . Anteriorly and posteriorly located motor units differed 

significantlyy in their angle-force curves, which could partly be explained by 

differencess in their distance from the axis of jaw rotation. 

Whenn the jaw was opened to an angle of 21  the duration of the action 

potentialss increased on average by about 10%. Motor units located anteriorly in the 

masseterr showed a larger increase in duration with jaw opening than more 

posteriorlyy located motor units, which was probably due to a larger stretching of the 

anteriorlyy located motor units. 

133 3 



ChapterChapter H 

Conclusions Conclusions 

 The large variation in the morphology of masseter motor units is reflected by 

concomitantt variations in their mechanical and electrical properties. 

 Because of the large variation in motor unit forces and contraction velocities, a 

finee gradation of force magnitude and contraction speed is possible within the 

masseter. . 

 The presence of motor units that differ in position and orientation gives the 

masseterr muscle the capacity of producing a large diversity of mechanical 

actions. . 

 The intramuscular heterogeneity of motor unit properties supports the idea that 

thee masseter muscle is divided into functionally different parts. 

 Due to the large variability of motor unit angle-force curves, the angle-force curve 

off the whole muscle or of whole muscle parts is broader than that of individual 

motorr units. This broadening may be considered as a mechanism to sustain 

activee muscle force throughout a large movement range. 

 Motor unit action potentials can be used to obtain information about contractile 

propertiess of individual motor units. However, the wave form of action potentials 

dependss on motor unit length and this may confound attempts to relate them to 

functionall properties. 
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