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ChapterChapter 4 

REGIONALL DIFFERENCES IN FIBRE TYPE 
COMPOSITIONN IN THE HUMAN TEMPORALIS MUSCLE 

Abstractt Anatomical and electromyographic studies point to regional differences in 

functionn in the human temporalis. During chewing and biting the anterior muscle 

portionss are in general more intensively activated and they are capable of producing 

largerr forces than the posterior muscle portions. It was hypothesised that this 

heterogeneityy in function is reflected in the fibre type composition of the muscle. The 

compositionn and the surface area of different fibre types in various anteroposterior 

portionss of the temporalis were investigated in seven cadavers employing 

immunohistochemistryy with a panel of monoclonal antibodies against different 

isoformss of myosin heavy chain. Pure slow muscle fibres, type I, differed strongly in 

numberr across the muscle, In the posteriormost muscle portion there were 24% type 

II fibres, in the intermediate portion 57%. and in the anteriormost portion 46%. The 

meann fibre cross-sectional area (m-fcsa) of type I fibres was 1849 pm2, which did not 

differr significantly across the muscle. The proportion of pure fast muscle fibres, types 

HAA and NX. remained more or less constant throughout the muscle at 13% and 11%, 

respectively;; their m-fcsa was 1309 pm2 and 1206 pm2, respectively, which did not 

differr significantly throughout the muscle. The relative proportion of hybrid fibres was 

3 1 %% and did not differ significantly among the muscle portions Fibre types MIA and 

cardiacc u + l+IIA were the most abundant hybrid fibre types. In addition, 5% of the 

typee I fibres had an additional myosin isoform which was only described by means of 

electrophoresiss and was named la. In the present study they were denoted as hybrid 

M aa muscle fibres. It is concluded that intramuscular differences in type I fibre 

distributionn are in accordance with regional differences in muscle functioning. 
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Introduction n 

Thee human temporalis is architecturally complex. Within the muscle regional 

differencess exist in length, spatial orientation and position of muscle fibres, and in 

cross-sectionall area (Van Eijden et al.. 1996. 1997) Hence, during jaw movements 

fibree and sarcomere excursions are not the same for various muscle portions, and as 

aa consequence the maximum force and excursion range of the muscle portions differ. 

Thiss suggests that different portions are specialised for certain functions and that the 

musclee can actually exert different mechanical actions In addition, electromyographic 

studiess in which fine wire electrodes have been inserted into various muscle portions 

havee demonstrated a differential activation depending on the motor task that was 

executedd (Wood, 1986: Blanksma and Van Eijden. 1990. 1995; McMillan, 1993: 

Blanksmaa et al.. 1997). These studies indicated that the anterior regions of the 

temporaliss are in general more intensively used than the posterior regions The 

questionn can be raised whether the heterogeneous distribution of different muscle 

fibree types in the temporalis reflects the differences observed in anterior/posterior 

musclee activity. Indeed. ATPase enzyme histochemistry has pointed to a 

heterogeneouss distribution of type I and type II fibres (Eriksson and Thornell. 1983). 

However.. ATPase enzyme histochemistry does not give a complete picture as it is 

unablee to discriminate between all MyHC isoforms. 

Thee aim of the present study was to determine the distribution of different fibre 

typess in the human temporalis by using imrnunohistochemistry and to examine the 

existencee of fine regional differences within the muscle. 

Materialss and Methods 

Inn this study, we used the right temporalis of seven Caucasian cadavers (four males 

andd three females, mean age  S.D. = 70.3  15.6 years). Five cadavers had upper 

andd lower dental prostheses, two were partially dentate. The muscles were obtained 

withinn 12 to 36 hours posf mortem. After the muscle was cut from its attachment 

sites,, it was split into anterior and posterior halves by a vertical section running 

throughh the tip of the coronoid process. The muscles were rapidly frozen in liquid 

nitrogen-cooledd isopentane and stored at -80 :C until required for further processing. 
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Immunohistochemistry Immunohistochemistry 

Seriall transverse sections (10 pm) of the whole anterior and posterior muscle halves 

weree cut in a cryomicrotome (Model HM 500 M. Adamas Instruments BV, Leersum. 

thee Netherlands) The sections were taken halfway through the belly of the muscle, 

justt above the muscle's tendon plate; they were cut perpendicularly to the main 

directionn of each muscle half. The sections were mounted on microscope slides 

coatedd with AAS (3-aminopropyltriethoxysilane; Henderson, 1989), Consecutive 

sectionss were fixed overnight in a mixture of methanol:acetone:acetic acid:water 

(35:35:5:25)) at -20CC (Wessels et a/.. 1988) and incubated with monoclonal 

antibodiess (Table 2.1) raised against purified myosin (Bredman et ai, 1991). Anti-

fetall MyHC was purchased (Novocastra Laboratories Ltd. UK). The indirect 

unconjugatedd immunoperoxidase technique (PAP-technique) was applied to detect 

thee specific binding of the different antibodies and nickel-diaminobenzidine was used 

too visualise the staining (Hancock, 1982) (Fig. 4.1). 

SamplingSampling Method and Fibre Cross-sectionai Area Measurements 

Sampless were taken from seven sites of the muscle, equidistant in an anteroposterior 

direction,, four from the posterior muscle half and three from the anterior muscle half. 

Inn each sample area (about 0.6 - 0.4 mm2), 100 - 300 fibres (average 165) were 

drawn,, by means of a projection microscope (Carl Zeiss, Oberkochen, Germany) and 

aa mirror table, onto a transparent sheet. Each fibre was classified by means of a 

seriess of six consecutive incubated sections. Fibres that were not recognised in each 

off the six sections were omitted. 

Thee cross-sectional area of the fibres was measured by reading the drawn 

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 

program,, that converts the number of pixels into prrf. was then used to determine the 

cross-sectionall area of each muscle fibre in pm2. In total more than 8000 fibres were 

analysedd in the seven temporalis muscles. 

StatisticalStatistical Analysis 

Forr each muscle the distribution and mean cross-sectional area (m-fcsa) of different 

fibree types were determined. Mean and standard deviation values (S.D.) were 
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Figuree 4.1 
Lightt micrographs of 6 consecutive sections of the temporalis incubated with monoclonal antibodies 
againstt MyHC-l (A), MyHC-cardiac a (B), MyHC-IIA (C), MyHC-IIA+IIX+IIB (D), MyHC-fetal (E), MyHC-
IIA+MXX (F). Bar= 50 pm. 
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calculatedd for the seven temporalis muscles. Variability of fibre cross-sectional area 

perr individual was estimated by the coefficient of variation (cov - S.D./mean x 100%). 

andd mean and standard deviation of variability per muscle were calculated. One-way 

analysiss of variance (ANOVA) was used to assess differences in fibre type 

distributionn and in fibre cross-sectional area. The level of significance was set at 

P<0.05. . 

ReproRepro du c ib ility 

Too ascertain the reproducibility of this method a second series, directly succeeding 

thee first series, of six consecutive sections of the anterior portion of six muscles were 

incubatedd in the same way as the first series. The same fibres classified in one area 

off the first series were followed and classified in the second. The results of both 

seriess were then compared. 

Results s 

Fromm the test for reproducibility it appeared that of the 622 fibres compared. 41 fibres 

(6.6%)) gave conflicting results. In half of these fibres MyHC-cardiac a. was not 

reproducible. . 

Fibree type Mean (%) S.D. |%) 

II 45.0 8.2 
HAA 13.5 8 2 
MXX 11.0 10.7 
Hybridd 30.6 9.9 

Tablee 4.1 
Fibree lype composition (mean + S D l in the temporalis (n = 7). 
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FibreFibre Type Distribution 

Tablee 4.1 lists the grand means and S.D. values for the various muscle fibre types, 

thee S.D. values are a measure for intenndividual variability. 

MyHCC type I was in every subject the predominant fibre type (45%): the 

frequencyy did not vary much among the subjects (note the relatively small S.D. 

values).. Types IIA and MX were the second (14%) and third (11%) most predominant 

puree fibre types, but their frequency varied considerably between the subjects ('note 

thee relatively large S.D. values) The remainder (31%) were hybrid fibres which 

consistedd of two or more MyHC isoforms. The composition of these hybrid fibres and 

theirr occurrence are listed in Table 4.2. We observed that some MyHC type I fibres 

alsoo reacted positively with antibody 332-3D5. which normally only detects MyHC-MA 

andd MyHC-IIX (Table 2.1). There was. however, no reaction in these fibres with 

antibodyy 340-3D5. which detects all fast MyHCs. Electrophoretic studies showed that 

somee pure slow fibres contained in addition to the MyHC-l isoform a novel MyHC 

Fibree type 

M I A A 
M I X X 

fetal l 
fetall +1 
fetall + IIA 
fetall + IIX 
fetall + l + IIA 
fetal-HH + IIX 
fetall + M a 
cardiacc <i 
cardiacc <.< + l 
cardiacc <.' + IIA 
cardiacc <J + I IX 
cardiacc r/ + l + IIA 
cardiacc n + l + HX 
cardiacc << + l + !a 
fetall + cardiac u 
fetal+cardiacc >; + 
fetall + cardiac >< + 
fetal+cardiacc
fetal+cardiacc u + 
fetaii + cardiac r; + 
fetai+cardiacc n + 

IA A 
IX X 
++ IIA 
++ IIX 
++ la 

Meann (%) 

4.7 7 
1.2 2 
4.5 5 
C.2 2 
33 1 
0.8 8 
3.4 4 
0.3 3 
0.3 3 
0.1 1 
00 1 
22 0 
22 6 
0.6 6 
3.6 6 
0.3 3 
00 1 
0.1 1 
00 5 
00 3 
0.6 6 
0.6 6 
0.2 2 
00 5 

S.D.. (%) 

3.2 2 
1.2 2 
7.5 5 
00 3 
4.8 8 
0.5 5 
3 9 9 
0.6 6 
0.3 3 
0.1 1 
0.1 1 
3.3 3 
0.9 9 
0.7 7 
2.5 5 
0.2 2 
0.1 1 
0.1 1 
0.7 7 
0.3 3 
00 7 

00 7 

0.2 2 
0.8 8 

n n 

7 7 
6 6 
3 3 
4 4 
6 6 
7 7 
7 7 
3 3 
5 5 
1 1 
3 3 
6 6 
7 7 
6 6 
7 7 
5 5 
1 1 
4 4 
6 6 
5 5 
6 6 
6 6 

2 2 
3 3 

Tablee 4.2 
Distributionn of hybrid fibre types (.mean + S D.) in the temporalis muscle, n = number 
off muscles where the specific fibre was found 
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isoformm (Galler et a/., 1997a). which was named la. It might be possible that antibody 

332-3D44 was also capable of detecting this novel MyHC. Therefore, those fibres 

weree termed MyHC type l + la. Note that not all hybrid fibres were found in every 

temporalis,, and that the frequency of any single hybrid fibre type was smaller than 

5%.. Types MIA. l + la, and cardiac u+l + IIA were the most abundant hybrid fibre 

types,, followed by types fetal+IIX, fetal+l, cardiac (MIA, and cardiac <M. The total 

numberr of hybrid fibres containing a combination of MyHC-cardiac u with another 

MyHCC was almost the same as for hybrid fibres containing a combination of MyHC-

fetall with another MyHC (12  5% and 11  8% respectively (mean  S.D.)). Few 

hybridd fibres contained both MyHC-cardiac u and MyHC-fetal in combination with 

. . 

Figuree 4.2 depicts the distribution of muscle fibres within the temporalis. Pure 

typee I fibres were heterogeneously distributed within the muscle. Their percentage 

variedd between 24  15% in the posteriormost portion to 57  11% in the intermediate 

portion,, and to 46  14% in the anteriormost portion. The difference between the 

musclee portions was significant. The relative number of types MA and MX did not differ 

significantlyy between the muscle portions. Although the relative number of all hybrid 

fibress combined together was the highest in the posteriormost and anteriormost 

portionn (37  20% and 34  16%. respectively) and the lowest in the intermediate 

portionn (20  17%), this difference was not significant. 

Cross-sectionall area ('nm2i Coefficient of variation {%.) 

Fibree type 

I I 
MA A 
MX X 
Hybrid d 

Mean n 

1848.7 7 
1309.4 4 
1206.2 2 
1287.2 2 

S.D. . 

392.8 8 
746.6 6 
587.1 1 
580.6 6 

Mean n 

25.2 2 
40.5 5 
49.6 6 
40.7 7 

S.D. . 

7.2 2 
17.2 2 
44.2 2 
18.6 6 

Tablee 4.3 
Fibree type cross-sectional area (mean  S.D.) and coefficient of variation (mean  S.D.) in the 
temporalis. . 

FibreFibre Cross-sectional Area 

Tablee 4.3 lists mean and S.D. values of fibre cross-sectional areas in the temporalis; 

thee S.D. values are a measure for the interindividual variability, the coefficients of 

variationn express the intra-individual variability. MyHC type I fibres had the largest 

cross-sectionall area. MyHC types IIA, NX. and hybrid fibres had about 30% smaller 
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60.000 x 

50.000 --
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Typee MA 

 T rpe 11 >-. 

posterior r anterior r 

Figuree 4.2 
Disributionn of fibre types ;n different anieioijostenor portions 11 7) o' the human temporalis m mean 
percentages s 

areass than MyHC type I fibres, bui the difference was not statistically significant Of 

alll types. MyHC type I cross-sectional area showed the smallest interindividual and 

intra-individuall variability. No significant intramuscular differences in surface area 

weree found. 

Discussion n 

Thee fan-shaped human temporalis is architecturally and mechanically 

heterogeneous.. This heterogeneity can only be effective if the different muscle 

portionss are selectively controlled by the central nervous system. That this is indeed 

thee case, has been shown by electromyographic studies (Moller, 1974: Wood, 1986; 

Vann Bijden et al'.. 1990: Blanksma and Van Eijden, 1990). During biting, chewing, 

andd closing movements, the anterior muscle portions are more intensively used than 

thee posterior muscle portions. The results of the present study suggest that the 

musclee fibres in the muscle portions are adapted to this differential use. The more 

intensivelyy used anterior muscle portions appeared to have a relatively large number 
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off MyHC type I muscle fibres. Some studies have shown that a chronic low-frequency 

electricall stimulation induces a fast-to-slow transition (Pette and Vrbova. 1985: Pette, 

1990).. Thus, type I! fibres can be altered into type I fibres if they are chronically 

stimulatedd by the neurones. This could explain why there are more type I fibres in 

areass that are more intensively activated. Since type I fibres are activated first 

(Hennemann et al., 1965), and their innervation ratio is small, it is likely that the 

anteriorr muscle portions are better equipped to regulate the magnitude of the 

producedd chewing or biting force. 

Itt should be realised that bite force and physiological cross-sectional areas of 

muscless decrease with age. A study by Monemi et al. (1998) showed that in the 

humann masseter the proportion of type I fibres decreased during ageing from 63% to 

33%.. while there was an increase of type IM and II fibres. In another study (Monemi 

etet al.. 1996), an increase of MyHC-fetal in old human masseter muscles was noticed 

Sincee we used muscles of older edentate subjects, the proportion of MyHC type I 

fibress in the temporalis could thus be decreased while other fibre types could be 

increased. . 

Usingg ATPase histochemistry in young, dentate subjects, Eriksson and 

Thornelll (1983) also showed that there is a heterogeneous distribution of fibre types 

acrosss the muscle, i.e., more type I fibres were found anteriorly than posteriorly. 

However,, a percentage of 81 type I fibres in the deep muscle portion, as was 

reportedd by Eriksson and Thornell (1983), was not found in the present study. 

Nextt to the pure muscle fibres, which expressed only one MyHC isoform, we 

weree able to detect hybrid muscle fibres which expressed more than one MyHC 

isoform.. The contractile speed of those hybrid fibres lies between the contractile 

speedd of the MyHC isoforms they contain (Pette and Staron, 1990). The existence of 

differentt MyHCs in a fibre allows a smooth transition of speed regulation needed in 

movementss of the jaw muscles. Hybrid fibres are generally considered to arise when 

theree is an alteration from one type into another type of muscle fibre. A suggestion 

wass made on the existence of the following transition pathway of MyHC isoforms: I ^* 

MIAA *  HA «-> IIA+IIX ' - MX . > IIX+IIB < > MB (Gorza, 1990: DeNardi ef a/.. 1993). 

However,, with our antibody panel it was not possible to distinct MyHC-IIA+IIX hybrid 

fibres.. It is thus possible that a number of fibres which we designated as pure IIA 

fibress were actually hybrid fibres that express MyHCs IIA and MX. Single fibre 

electrophoresiss could reveal if there is indeed an alteration from NX to IIA fibres. 
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Inn jaw-closing muscles two distinct MyHCs are expressed, namely MyHC-fetal 

andd MyHC-cardiac u. which are said not to be expressed in skeletal muscle. Both 

MyHCC isoforms were always expressed in combination with another MyHC. Hybrid 

fibress expressing MyHC-cardiac u or MyHC-fetal were found in all the temporalis 

muscless investigated. The present study shows a higher percentage of hybrid fibres 

namelyy 3 1 % instead of the 7.1% found in the study by Eriksson and Thornell (1983). 

Thee fact that we were able to detect MyHC-fetal and MyHC-cardiac </. could explain 

thiss difference. Depending on different staining intensities only two hybrid fibres, 

namedd IM and IIC. can be demonstrated in jaw muscles by ATPase histochemistry. 

Thee precise MyHC contents of these fibres is not yet fully clear 

Hybridd fibres containing MyHC-fetal or MyHC-cardiac u are normally present 

inn jaw muscles (Bredman et ai. 1991: Monemi ef ai. 1996: Chapters 2 and 3). but 

nott found in human limb or trunk muscles. It is not known why the jaw muscles have 

soo many fibres expressing MyHC-fetal or MyHC-cardiac </.. MyHC-fetal expression 

wass proposed to be typical for a developing muscle (Butler-Browne et ai. 1988: 

Soussi-Yanicositass ef ai. 1990). MyHC-fetal is also expressed in muscle fibres 

duringg regeneration (Sartore et ai. 1982: Schiaffino and Reggiani. 1996). Not known 

iss during what specific conditions MyHC-cardiac </ is expressed in skeletal muscle 

fibres s 

Inn the temporalis all fibre types are significantly smaller than the same fibre 

typess in human leg muscles (Edgerton et ai. 1975: Green ef ai. 1981). We also 

foundd that in the temporalis MyHC type II fibres were smaller than MyHC type I fibres 

Thiss is in accordance with other studies of the temporalis (Polgar ef ai. 1973) and 

otherr jaw-closing muscles (Chapter 3). The fact that MyHC type IIA fibres were 

smallerr can therefore be considered as a normal phenomenon in the temporalis. 

Somee investigators (Clarkson ef ai. 1981: Lexell ef al. 1988: Lexell, 1993) observed 

inn skeletal muscles of older subjects that fast fibres were also smaller than slow 

fibres,, in contrast to what is normally found in skeletal muscles A reduction in fibre 

sizee of type IIA fibres in skeletal muscles is said to be associated with denervation 

andd also with inactivity. Table 4 3 shows that both the intra- and intenndividual 

variabilityy of the cross-sectional area of MyHC type I fibres was relatively small, while 

thee variability of MyHC type II and hybrid fibres was relatively large. This suggests 

thatt type II and hybrid fibre types are more prone to changes than type I fibres 

Thee question why jaw muscle fibres are significantly smaller than limb and 

trunkk muscle fibres needs still to be answered. 
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