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DIFFERENCESS IN MYOSIN HEAVY CHAIN 
COMPOSITIONN BETWEEN HUMAN JAW-CLOSING 

MUSCLESS AND SUPRA- AND INFRAHYOID MUSCLES 

Abstractt Jaw-closing muscles have architectural features suited to force production: 

supra-- and infrahyoid muscles are better adapted to produce velocity and 

displacement.. It was hypothesised that this difference in function would be reflected 

inn myosin heavy chain (MyHC) composition (equivalent to contraction velocity) and 

fibree type cross-sectional area (equivalent to force). MyHC composition was 

determinedd in muscles obtained from eight human cadavers, using monoclonal 

antibodiess against MyHC isoforms. Jaw closers contained 4.2 times fewer type IIA 

fibress and 5.2 times more hybrid fibres than suprahyoid muscles, and 3.9 times fewer 

typee IIA fibres and 3.2 times more hybrid fibres than the infrahyoid muscles. In the 

jaww closers, MyHC-l was expressed in approximately 70% of all fibres (pure plus 

hybrid),, in the suprahyoid muscles in approximately 40%, and in the infrahyoid 

muscless in approximately 46%. In the jaw closers, type I fibres were 40% larger in 

diameterr than in the supra- and infrahyoid muscles. 

Itt can be concluded that the jaw closers have characteristics of slow muscles, 

andd that the supra- and infrahyoid muscles have characteristics of fast muscles. 

Introduction n 

Thee jaw-closing muscles are characterised by relatively large physiological cross-

sectionall areas, large percentages of tendinous tissue, short fibres and large 

pennationn angles. The supra- and infrahyoid muscles, however show the opposite 
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characteristicss (for the architectura designs of the jaw closers and jaw openers, see 

Vann Etjden et al.. 1997). Therefore, the jaw closers are capable of producing larger 

forcess than the supra- and infrahyoid muscles, which in turn are capable of producing 

largerr excursions and higher shortening velocities. This difference is also seen in 

otherr antagonistic muscle groups as knee extensors and flexors, as well as ankle 

plantarflexorss and dorsiflexors (Wickiewicz ef al.. 1983: Lieber and Blevins. 1989). 

Thee force-velocity properties of muscle fibres are mainly dependent on their 

MyHCC contents (Bottinelli et al.. 1996). Muscle fibres expressing MyHC type I are 

sloww contracting, and fibres expressing MyHC-IIA or -MX are fast contracting: MyHC-

IIXX fibres are contracting faster than MyHC-IIA fibres. MyHC-IIB is said to be absent 

inn man although its gene has recently been cloned (Weiss ef at.. 1999b). Muscle 

fibress can contain either one single MyHC or a combination of different ones (Pette 

andd Staron, 1990) In the latter group of fibres a continuum of physiological 

propertiess can be observed (Schiaffino and Reggiani 1994: Kwa ef al.. 1995b). 

Comparedd to limb and trunk muscles, human jaw muscle fibres can express two 

distinctt MyHCs. in combination with one or more of the aforementioned MyHCs. 

Firstly.. MyHC-fetal, which is normally expressed in developing muscle fibres (Butler-

Brownee et al.. 1988) and has been shown to increase during ageing in the masseter 

(Monemii ef al.. 1999). and secondly, MyHC-cardiac <>. which is normally expressed 

inn the atrium of the heart (Bredman ef al.. 1991). 

Thee amount of force that a muscle fibre is capable of producing is proportional 

too its cross-sectional area. This area is usually related to the fibre type and the 

amountt of resistance that is experienced during contraction (Edgerton ef a/.. 1995: 

McCalll et al.. 1996) 

Ourr aim now was to compare the immunohistochemical and morphological 

propertiess of the human jaw-closing and supra- and infrahyoid muscles. As the jaw 

closerss and the supra- and infrahyoid muscle groups have different functions, we 

examinedd whether their fibre type compositions and fibre cross-sectional areas were 

different.. It was hypothesised that because of their different function, the supra- and 

infrahyoidd muscles would contain more fast type MyHCs and have smaller fibre 

cross-sectionall areas than the jaw-closing muscles. 

26 6 



DifferencesDifferences in Myosin Heavy chain Composition in Jaw Muscles 

Materialss and Methods 

Jaw-closingg muscles (temporalis, masseter. lateral and medial pterygoid) and 

suprahyoidd muscles (mylohyoid, stylohyoid, geniohyoid, and digastic) were obtained 

fromm eight Caucasian cadavers (five males and three females, mean age + S.D. = 

71.66  15.0 years). In six of these cadavers (four males and two females) the 

infrahyoidd muscles (sternohyoid, sternothyroid, thyrohyoid, and omohyoid) were 

used.. Six of the eight cadavers had upper and lower dental prostheses, two were 

partiallyy dentate. The muscles were obtained within 12 to 36 hours post mortem. This 

usee of human muscles conforms to a written protocol that was reviewed and 

approvedd by the Department of Anatomy and Embryology of the Academic Medical 

Centerr of the University of Amsterdam. 

Afterr the muscles had been exposed, they were cut from their attachment 

sites.. The following muscles or muscie portions were removed separately: anterior 

andd posterior temporalis, masseter. medial pterygoid, superior and inferior head of 

thee lateral pterygoid, mylohyoid, stylohyoid, geniohyoid, anterior and posterior belly of 

thee digastric, sternohyoid, sternothyroid, thyrohyoid and superior belly of the 

omohyoid.. The unfixed muscles were rapidly frozen in liquid nitrogen-cooled 

isopentanee and stored at C until required for further processing. 

Immunohistochemistry Immunohistochemistry 

Seriall transverse sections of 10 urn were cut in a cryomtcrotome. They were obtained 

fromm the belly of the muscles perpendicular to the main direction of the muscle fibres. 

Inn the masseter, sections were taken at approximately 0.5 cm from the attachment to 

thee zygomatic arch to ensure that the deep masseter was included. For the 

mylohyoid,, care was taken that the part of the muscle attaching to the hyoid bone 

wass included. 

Afterr overnight fixation at -20 C in a mixture of methanol:acetone:acetic 

acid:waterr (35:35:5:25), the sections were incubated with monoclonal antibodies 

raisedd against purified myosin (Bredman. 1991; Sant'Ana Pereira et ai. 1995b). 

Antibodyy 219-1D1 recognised MyHC-l, antibody 249-5A4 recognised MyHC-cardiac 

</.. antibody 333-7H1 recognised MyHC-IIA. antibody 340-3B5 recognised all fast 

MyHCs.. and antibody 332-3D4 recognised MyHC-IIA and MyHC-IIX (Table 2.1). The 

specificityy and characterisation of these monoclonal antibodies against human MyHC 
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Myosinn Heavy Cham i s o ^ n ' s 

MyHCa- t ibodyy MyHC-l M/HC-i lA VyHC-IIX MyHC-IIB MyHC-cardiac ., MyHC-fetal 

219-1D11 + 

249-5A44 . 

333-7H JJ + 

340-3B55 + - + 

332-3D44 -

Ant-fetall -

Tablee 2.1 

Monoclonall antibodies and their s p e c i e :::rd;ng + posl ive 'eaction between MyHC and artibody 
-.. negative reaction between MyHC and antioody 

isoformss have been demonstrated elsewhere (Wesseis ef a/.. 1991: Sant Ana Pereira 

ctct a/.. 1995b): those studies showed that human ATPase-defined type I and type HA 

musclee fibres reacted with antibodies against MyHC-l and MyHC-IIA. respectively, 

andd that human ATPase-defined type IIB muscle fibres contained a MyHC isoform 

thatt was homologous to the MyHC-IIX isoform of rodents. In the present study, we 

classifiedd the fibres according to the MyHCs they expressed. Anti-fetal MyHC was 

purchasedd (Novocastra Laboratories Ltd.. 24 Claremont Place. Newcastle upon Tyne 

NE22 4AA. UK). The indirect unconjugated immunoperoxidase technique (PAP-

technique)) was applied to detect the specific binding of the different antibodies. 

Nickel-diaminobenzidinee was used to visualise the staining. 

SampleSample Method, Fibre Type Classification and Cross-sectional Area 
Measurements Measurements 

Fromm each muscle, a number of areas was sampled: the number of samples was 

dependentt on the size of the muscles (jaw closers: six to nine, suprahyoid muscles: 

four,, infrahyoid muscles: two to four). In each muscle, the sample locations were 

takenn across the section at equal anteroposterior, mediolateral. or craniocaudal 

distancess from each other In each sample area (about 0.6 - 0.4 mm) 50 - 450 fibres 

(averagee 178.6) were drawn by means of a projection microscope (Carl Zeiss. 

Oberkochen.. Germany) and a mirror table, onto a transparent sheet. Each fibre was 

classifiedd by means of a series of six consecutive incubated sections. Fibres that 

weree not recognised in each of the six sections were omitted. 

Thee cross-sectional area of the fibres was measured by reading the drawn 
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sheets,, together with a grade mark for correction of enlargement, via a flat-bed 

scannerr (Hewlett-Packard, Scanjet 4c) into a personal computer. A custom-made 

programm computed the cross-sectional area of each muscle fibre from the 

reproducedd image. In total, more than 75.000 fibres were analysed in all muscles. 

StatisticalStatistical Analysis 

AA distinction was made between pure fibre types that express one MyHC isoform and 

hybridd fibre types that express more than one MyHC isoform. For each muscle, the 

relativee amount of the various pure and hybrid fibres was determined. To compare 

differencess in fibre size, the cross-sectional area of these fibres was measured and 

relatedd to their MyHC contents. For each individual, the mean fibre type distribution 

andd cross-sectional area were calculated in the jaw closers, the suprahyoid, and the 

infrahyoidd muscles. Then, the means of these three groups were calculated over all 

individuals.. As the fibre type distribution of the lateral pterygoid had more similarities 

withh that of the jaw closers than with that of the jaw openers (Chapter 3), we have 

includedd this muscle among the group of jaw closers. Differences in fibre type 

distributionn and in fibre cross-sectional area of a particular MyHC isoform between 

musclee groups were analysed by the Wilcoxon signed ranking test for paired data. 

Thee level of significance was set at P<0.05. 

Results s 

Thee three muscle groups contained, on average, equal percentages of pure MyHC 

typee I and type MX fibres (Fig. 2.1). In contrast, the percentages of pure MyHC type 

IIAA and hybrid fibres differed significantly between the jaw closers and the supra- and 

infrahyoidd muscle groups. The supra- and infrahyoid muscles contained more MyHC 

typee IIA fibres, whereas the jaw closers contained more hybrid fibres. In the three 

musclee groups, MyHC-fetal or MyHC-cardiac u were only found in hybrid fibres, thus 

inn combination with one or more MyHC isoforms. Many different hybrid fibre types 

weree found, with various combinations of MyHC isoforms. The most abundant hybrid 

fibree types in the jaw closers were fibres expressing MyHC-cardiac </+MIA (9.7%). 

MyHC-cardiacc u+IIA (5.9%), MyHC-l + IIA (4.9%). and MyHC-cardiac u + l (4.0%). The 
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Jaww closers 

MyHC-IIA A 
% % 

MyHC-l l 
366 6 i 7 0% 

MyHC-IIX X 
100 1 1 9 2% 

Suprahyoidd muscles 

hybrid d 
422 1 : 9 3% 

Infrahyoidd muscles 
MyHC-l l 
40.8i66 1% 

MyHC-IIA A 
411 6t 16 6% 

hybrid d 
"33 1  15 0% 

MyHC-IIX X 
11 5 t 6 5% 

Figuree 2.1 
Fibree type composition (mean  S.D.) in human jaw closers, and supra-
andd infrahyoid muscles. S.D. values are a measure of interindividual 
variability.. MyHC = myosin heavy chain. 

proportionn of other fibre types was lower than 2% in the jaw closers and 0.5% in the 

supra-- and infrahyoid muscles and showed a large variance among the individuals. In 

thee suprahyoid muscles, the most abundant hybrid fibre types were fibres expressing 

MyHC-cardiacc a+IIA (2.0%), MyHC-cardiac a+l (1.5%), and MyHC-MIA (1.3%). and 

inn the infrahyoid muscles, fibres expressing MyHC-cardiac a+IIA (6.6%) and 
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Figuree 2.2 
Totall proportion of fibres (mean  S.D.) expressing a given myosin heavy chain (MyHC) isoform 
inn pure + hybrid fibres in jaw closers, and supra- and infrahyoid muscles. 

MyHC-l+IIA(1.4%). . 

Thee total amount of fibres (pure plus hybrid) expressing a particular MyHC 

isoformm showed that MyHC-l was expressed in about 70% of all fibres in the jaw 

closers,, while this isoform was expressed in about 40% of all fibres in the suprahyoid 

muscless and in about 46% of all fibres in the infrahyoid muscles (Fig. 2.2). The 

supra-- and infrahyoid muscles contained significantly more fibres (about 50%) that 

expressedd MyHC-IIA than the jaw closers (about 30%). Furthermore, jaw closers 

containedd more fibres expressing MyHC-fetal or MyHC-cardiac a (10% and 25%, 

respectively)) than the suprahyoid muscles ( 1 % and 5%, respectively) and infrahyoid 

muscless ( 1 % and 9%, respectively). These two MyHC isoforms showed a high 

interindividuall variability. 

MyHCC type I fibres were significantly larger (40%) in the jaw-closing muscles 

thann in the supra- and infrahyoid muscles (Fig. 2.3). No significant difference was 

seenn in the cross-sectional area between other fibre types. Within the group of jaw 

closers,, MyHC type I fibres were about 40% larger than other fibre types. This 

differencee was not seen within the supra- and infrahyoid muscles. 
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Discussion n 

Thiss is. to the best of our knowledge, the first study to compare fibre type 

distributionss and fibre type cross-sectional areas between the jaw closers, the supra-

andd infrahyoid muscles in one group of human individuals. The fibre type distributions 

andd fibre cross-sectional areas of the human jaw muscles reported in the present 

studyy and in other studies (Vignon ef al.. 1980: Rmgqvist. 1973: Ringqvist et al.. 

1982:: Eriksson ef al.. 1982: Eriksson and Thornell. 1983: Sciote et al.. 1994: Uhlig et 

al..al.. 1995: Monemi et al. 1999) are different from what is commonly found in limb and 

trunkk muscles (Johnson et a!.. 1973: Polgar et a/.. 1973). Compared to those 

muscles,, jaw muscles have more hybrid fibres, many of them co-expressing MyHC-

fetall and/or MyHC-cardiac </.. Furthermore, jaw muscle fibres have smaller cross-

sectionall areas. In human jaw muscles, type I fibres have been reported to be larger 

thann type II fibres, while in limb and trunk muscles the opposite is true (Ringqvist, 

1974).. However, the type I fibres in human jaw-closing muscle are not large in 

absolutee terms: rather, the type II fibres are often unusually small. The present 

resultss indicate that these differences are more pronounced for jaw-closing than for 

supra-- and infrahyoid muscles, as the supra- and infrahyoid muscles had fewer 

hybridd fibres than the jaw-closing muscles and type I fibres in the supra- and 

infrahyoidd muscles were not larger than type II fibres Several explanations have 

beenn suggested for these differences between jaw muscles and limb and trunk 

muscles,, including differences in their function and/or nerve supply (Butler-Browne et 

al..al.. 1988: Stal et al.. 1994). differences in the genetic pathways to express muscle 

specificc proteins during embryogenesis. and differences in the chronological or 

spatiall activation of some transcription factors (Marcucio and Noden. 1999). 

Thee jaw closers and the supra- and infrahyoid muscles have different 

functions.. In general, the jaw closers contract more slowly and experience more 

resistancee during trituration of food than the supra- and infrahyoid muscles. The jaw 

closerss also exhibit a continuous low-level electromyographic activity to maintain the 

mandibularr rest position (Miller, 1991). In an earlier study, we demonstrated that the 

jaww closers have architectural features that suit them to force production, whereas 

thee suprahyoid muscles are better designed to produce larger excursions and larger 

velocitiess (Van Eijden et al.. 1997). The present results indicate that such a 

specialisationn is reflected in the fibre type composition of all three muscle groups. 

Thee jaw closers had more fibres expressing MyHC-l (pure plus hybrid), whereas the 

32 2 



DifferencesDifferences in Myosin Heavy chain Composition in Jaw Muscles 

 jaw closers 

Sii suprahyoid 

SS infrahyoid 

Spp 1800 -I 

33 1600 - T T 

$$ 1400 - r-^-| 

™™ 1200- T T 

MyHC-- MyHC- MyHC- hybrid 

II IIA MX fibres 

Figuree 2.3 
Fibree type cross-sectional area (mean  S.D.) of the jaw closers, and supra- and infrahyoid muscles. 
S.D.. values are a measure for interindividual variability. MyHC = myosin heavy chain. 

supra-- and infrahyoid muscles had more fibres expressing MyHC-IIA. Type I fibres, 

whichh express MyHC-l, contract more slowly than type II fibres, which express 

MyHC-IIAA or MyHC-IIX. Therefore, the jaw closers can be considered as being 

slowerr than the supra- and infrahyoid muscles. 

Accordingg to the size principle (Henneman et ai, 1965), type I motor units are 

recruitedd first in a motor task, whereas type II motor units are recruited when higher 

velocitiess or forces are required. The same recruitment order is applicable to human 

jaww muscles (Yemm, 1977; Scutter and Türker, 1998). The jaw closers possess more 

fibress expressing MyHC-l, and the supra- and infrahyoid muscles possess more 

fibress expressing MyHC-l I; this suggests that the jaw closers are more suited in 

displayingg a tonic activity, whereas the supra- and infrahyoid muscles are more 

suitablee in displaying a phasic activity. Furthermore, type I motor units have smaller 

innervationn ratios than type II units (Burke and Tsairis, 1973). Therefore, it can be 

expectedd that the jaw closers will be better equipped to regulate the magnitude of the 

forcee produced during chewing or biting than the supra- and infrahyoid muscles. The 

exactt proportion of individual MyHC isoforms within single hybrid fibres remains to be 

investigated. . 
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Anotherr factor that might contribute to this better force-regulating capacity of 

thee jaw closers is their higher proportion of hybrid fibres. Studies on the contractile 

propertiess of single muscle fibres and motor units expressing multiple MyHCs have 

shownn that the co-expression of different MyHC isoforms yields a greater variance in 

shortingg velocities and force generation than is possible in pure fibres (Johnson ef ai. 

1994:: Kwa ef ai. 1995b: Sciote and Kentish. 1996). 

Wee also found that, in the jaw closers, the cross-sectional area of MyHC type I 

fibress was approximately 40% greater than in the supra- and infrahyoid muscles and 

that,, in the jaw closers. MyHC type I fibres were larger than MyHC type II fibres and 

hybridd fibres. The larger cross-sectional areas of type I fibres compared to other fibre 

typess confirms the findings by others (Ringqvist. 1974: Vignon et ai. 1980: Eriksson 

andd Thornell. 1983). These larger cross-sectional areas might be the result of the 

largerr resistance experienced by the jaw closers during chewing. Training against 

resistancee causes an increase in fibre cross-sectional area (McCall et ai. 1996). 

whilee weightlessness causes a decrease ("Edgerton ef ai. 1995). 

Ass we used material of elderly individuals, which might not have the same 

phenotypee as young adults, we have compared our data with results from other 

studiess in which jaw muscles of either young or old individuals were examined. From 

thiss comparison, it appears that young individuals have more type I and fewer hybrid 

fibress than elderly individuals, suggesting that the proportion of type I fibres 

decreases,, and that of hybrid fibres increases with age (Vignon ef ai. 1980: Eriksson 

andd Thornell. 1983: Monemi et ai. 1999). The variability in fibre type proportion and 

cross-sectionall areas was relatively large. Possible explanations are: (1) the samples 

weree drawn from heterogeneous populations: (2) differences in facial morphology: (3) 

differencee in the usage of the muscles: (4) difference in the age of the subjects. 
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