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ABSTRACT 

The aim of the study was to test the hypothesis that aging causes changes in fiber 

composition and vascular supply in the human masseter muscle that contribute to 

impaired jaw function in elderly. The myosin heavy chain (MyHC) composition and 

capillary supply of muscle fibers in functionally different parts of the masseter muscle of 

six elderly and six young subjects (mean age 74 and 22 years) were analyzed with 

immunohistochemical and morphological methods.  

The mean muscle fiber area in the old masseter was decreased by 27% compared to the 

young subjects (1100 vs. 1507 m2, p=0.038).  Smaller mean fiber area was observed for 

all fibers containing only slow MyHCI or fast MyHCII isoforms, but not for fibers co-

expressing slow and fast MyHCs. There were no significant differences in the numbers 

of capillaries around fiber (CAF 1.85 vs. 1.92). When CAF was related to individual fiber 

area, capillaries around fiber area (CAFA), the capillary supply was significantly higher 

in elderly (CAFA 1.10 vs. 1.65, p=0.004). This was reflected by a higher capillary density 

in the old masseter (CD 574 vs. 794, cap/mm2, p=0.002).  

The loss of muscle mass without any reduction in capillary supply, suggests that the 

capillary network in the human masseter muscle is rather stable against degradation 

during aging. This finding is in contrast to previous findings in human limbs, where aging 

has been reported to decrease both fiber size and capillary network in muscles. We 

conclude that the ageing process might have different impact on jaw and limb muscles.  
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INTRODUCTION 

 

Human aging is a major area of interest since the number of elderly is increasing (WHO, 

2014). Aging is associated with general loss of muscle mass, strength and function. 

Muscle atrophy is caused by a reduction in protein synthesis (Short et al., 2004) and is 

accompanied by an increase in the amount of connective tissue (fibrosis) and 

intramuscular fat (Lexell et al., 1988, Gosselin et al., 1994). Previous studies suggest that 

aging affects different human muscles in different ways based on their genetic profiles 

(Izumo et al., 1986), neuronal or hormonal influences (Korfage et al., 2005) and use 

patterns (Basu et al., 2002) 

 

Human jaw muscle fibers have one of the most complex compositions of contractile 

proteins in the body.  Adult human limb and trunk muscles normally express three major 

myosin heavy chain (MyHC) isoforms, MyHCI, MyHCIIa and MyHCIIx. Muscle fibers 

containing MyHCI has characteristics for slow contraction velocity and work during 

aerobe metabolism, while fibres expressing MyHCIIx in general have reversed 

physiological properties. Fibers expressing MyHCIIa have normally physiological 

characteristics in between MyHCI and MyHCIIx. Human jaw muscles differ from limb 

and trunk muscles by in addition to these major MyHC isoforms expressing two 

developmental MyHC isoforms, MyHC fetal and MyHC embryonic, and one MyHC 

isoform normally seen in the heart, MyHC -cardiac (Stål et al., 1996). Another special 

feature of human jaw muscles is the unusually high proportion of fibres coexpressing 

multiple MyHC isoforms i.e. hybrid fibres. When present in limb muscles, hybrid fibres 

are thought to be regenerating fibres or to be fibres in transition from one MyHC isoform 

to another. Moreover, human jaw muscles have a capillary density more than twice as 

high as that of limb muscles (Stål et al., 1996) suggesting an unusually high capacity for 

work during aerobic conditions. These specific characteristics make the human masseter 

muscle to be considered as a separate muscle allotype.  

 

In an enzyme-histochemical study of the human masseter muscle of elderly subjects, 

Monemi et al., (1998), found that the age related changes in ATPase fiber type 

composition of the masseter muscle was significantly different from those of a limb 
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muscle, the biceps brachii muscle. The old masseter showed a significant decrease in the 

proportion of slow contracting type I fibers and an increase in hybrid IM and fast 

contracting type II fibers concomitant with muscle fiber atrophy. The age related changes 

in fiber type composition were region specific and the alterations were specially 

pronounced in the superficial portion of the muscle (Monemi et al., 1998). In contrast, 

the old biceps revealed no changes in the proportion of slow type I fibers, but showed a 

significant decrease in the number of fast type IIB fibers (Monemi et al., 1998). Since the 

enzyme-histochemical profile of muscles is in general closely correlated with their MyHC 

isoform composition, the age related shift in the old masseter towards a lower proportion 

of type I fibers suggests significant changes in MyHC composition. These results indicate 

that aged masseter muscles undergo muscle region specific changes that might also be 

reflected in their metabolic properties and microvascular supply. 

 

Previous studies of the microcirculatory network in limb muscles have shown that the 

number of capillaries decrease during aging, reflecting reduced capacity for oxygen 

uptake (Hepple et al., 1997). A decreased oxidative capacity might be one cause for an 

increased fatigability during muscle work in elderly (Degens, 1998). However, there is 

though a contradiction in previous studies of changes in muscle capillarization during 

aging. Frontera et al. (2000) reported that the ratio between the capillaries and fibers in 

the human vastus lateralis decreases with high age. On the other hand, Cui et al. (2008) 

showed in an animal study that the capillaries to fiber ratio increased in some muscles 

during aging, while it remained unchanged in other. Coggan et al., (1990) reported a 

higher capillary to fiber ratio in biopsies taken from elderly athlete men compared with 

young men. The conflicting results may relate to differences in the used methods to 

analyze muscle capillarization, the background of the analyzed subjects, or to age related 

differences between species.  

 

The number of elderly in the population is increasing with approximately 30% from 2010 

to 2050. This means that we can assume that a quarter the population in Sweden will be 

65 years or older (Folkhälsomyndigheten, 2014). There is a general lack of information 

about age-related differences in the microvascularization of human jaw muscles and 

increased knowledge on the structural basis for jaw muscle function is required. Our aim 
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with this study was to see if aging causes differences in fiber composition and vascular 

supply in the human masseter muscle that contribute to impaired jaw function in elderly.  

 

To test the hypothesis that aging cause alterations in the micro vascular network in the 

human jaw muscles we have analyzed muscle fiber composition and capillary supply in 

the masseter muscle from young and elderly subjects. Our null hypothesis was that no 

age-related differences in muscle fiber composition and capillary supply will appear in 

the human masseter muscle. The alternative hypothesis was that age-related differences 

will occur in the muscle fiber composition and capillary supply of the human masseter 

muscle. 

 

 

MATERIALS AND METHODS  

 

Muscle samples 

Muscle specimens were collected from the anterior and posterior part of the superficial 

portion of the masseter muscle from 6 young (mean age 22 yrs, range19-27) and 6 aged 

males (mean age 74 yrs, range 62-83). All subjects were previously physically healthy 

and had suffered sudden accidental death. The muscle samples were collected within 36 

hours after death, a delay that does not hamper reliable fiber typing based on both the 

staining reaction for myofibrillar ATPase (Eriksson et al., 1980) and expression of MyHC 

isoforms (Tuttle et al., 2014).  

 

The muscle specimens were directly mounted in OCT compound (Tissue Tek®, Miles 

laboratories, Naperville, IL, USA) on a thin cardboard and rapidly frozen in propane 

chilled with liquid nitrogen, and stored at -80 until use.  

 

Immunohistochemical analysi  

Serial muscle cross-sections 5 mm thick from were cut in a cryostat microtome (Reichert-

Jung, Leica, Heidelberg, Germany) at –20° C and mounted on glass slides. The expression 

of different MyHC isoforms was assessed by using monoclonal antibodies (mAbs) 

against slow MyHC (mAb A4.840; strong affinity for MyHCI) and slow and fast MyHC 
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(mAb N2.261; strong affinity to MyHCIIa, weak affinity to MyHCI, no affinity to 

MyHCIIx). Identification of the cell border of muscle fibers and capillaries was 

performed with two mAbs directed against laminin, a major component of the basement 

membrane. Monoclonal Ab 4C7 against laminin 5-chain labels capillaries strongly and 

labels the basement membrane of fibers weakly, whereas mAb 5H2 against laminin 2-

chain labels only the basement membrane of muscle fibers.  

 

Immunohistochemical visualization of bound antibody was performed either using 

indirect peroxidase-antiperoxidase (PAP) staining (Sternberger,1979) or by indirect 

immunofluorescence using affinity-purified abs specially prepared for multiple labeling 

and conjugated with fluorechrome with different emission spectra, fluorescein  (FITC), 

Rhodamine Red-X (RRX), Alexa 488 and Alexa 647 (Jackson ImmunoResearh 

Laboratories, Inc West Grove, PA, USA). For details of the staining techniques, see Stål 

and Lindman (2000), Liu et al. (2002) and Lindström and Thornell (2009).  

 

Monoclonal Abs A4.840 and N2.261 are obtained from The Developmental Studies 

Hybridoma Bank, developed under the auspices of the NICHD and maintained by The 

University of Iowa, Dept of Biological Sciences, Iowa City, IA, USA. Monoclonal Ab 

5H2 were purchased from from Nova Catstra lab, New castel, UK and mAb 4C7 from 

Chemicon, Temecula, CA, USA 

 

Muscle fiber classification  

Based on the staining pattern for the different MyHC mAbs (Table 1), the fibers were 

classified as fibers containing pure MyHCI, MyHCIIa and MyHCIIx isoforms. Hybrid 

fibers containing both MyHCI and MyHCII isoforms were classified as MyHCI+II. 

 

Morphometric analysis 

Four to six randomly chosen areas of the cross-sections stained for the different laminin 

and MyHC isoforms were scanned in a light microscope (Zeiss Axiophot; Carl Zeiss, 

Oberkochen, Germany) equipped with an MTI CCD 72 video camera (DAGE-MTI, 

Michigan City, Ind., USA). All measurements were performed with an image analysis 

system (IBAS; Kontron Elektronik GmbH, Eching, Germany). The muscle fiber area 
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(FA) was measured by tracing the circumference of each fiber along the periphery of the 

basement membrane on the computer image and the number of capillaries was counted 

around each individual muscle fiber. 

 

Capillary variables 

All capillaries in contact or within a distance of maximum 5m from each individual 

muscle fiber were included in the analysis of number of capillaries around fibers (CAF). 

Capillaries related to each fiber relative to their fiber cross-sectional area (CAFA) were 

calculated according to the formula; CAF / fiber cross-sectional area x 103. This variable 

relates the number of capillaries around fibers to fiber size and measures the cell area that 

each capillary supplies. Capillary density (CD) was calculated as the total number of 

capillaries per mm2 muscle cross-sectional area. 

 

Statistical analysis 

Mean and standard deviation (SD) were calculated for descriptive statistics. A Mann-

Whitney U test was used for analysis of differences in mean of each analyzed parameter. 

The analysis of normality in the distribution of the samples showed no indications of a 

skewed distribution within each group. All statistical analysis was performed with the 

statistical software IBM SPSS version 21. A p-value 0.05 was considered to be 

significant. 

 

Literature search 

During searching of literature on PubMed I used the combination:  

 Human + masseter + aging 

 Capillaries + human + masseter  

 Capillaries + masseter + muscles.  

 Fiber size + aging + human + masseter muscle  

The keywords I have been using are muscle, fiber size, aging, human, masseter muscle, 

capillaries. I’ve also looked at the cited references about aging in each study to find some 

more references and literature.  
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Ethical reflection 

The muscle specimens were collected in 1990 and followed the Swedish transplantation 

law. Ethical approval from the The National Board of Health and Welfare, Stockholm, 

Sweden was given at that time for using the samples for research of this kind of study. 

Since we got an approval for this study too we have the right to use these samples in this 

study and to use these for following research about age related differences. The laws have 

been changed since 1990.  So if a collection of muscle samples will be done as in this 

study today, an approval from the participating individual’s relatives will also be needed. 

 

One ethical consideration about the muscle collection at the 90’s when the muscle 

samples were taken was how to anonymize the samples. The Department of Integrative 

Medical solved this ethical concern by completely anonymize the muscle samples by 

marking them with numbers so the samples cannot be traced to anyone of the participants.  

No one of the relatives to the participants will get any benefits by participating in this 

study. This study can increase the knowledge of the structural basis of the human masseter 

muscle during aging, which is of a great interest since our elderly population is increasing. 

 

 

RESULTS 

An overview of the results is given in Table 2 and Figure 1. 

 

Fiber composition 

Our results showed a smaller fiber area in the old masseter by 27% compared with young 

masseter (FA 1100 m2 vs. 1507 m2 p=0.038) (Fig 1). Smaller mean fiber area in the 

old than young subjects was observed in the superficial part of the masseter for fibers 

containing only slow MyHCI (1722 m2 ± 497 vs. 2067 m2 ± 645, p = 0.078) and for 

fibers containing only fast MyHCIIx (775 m2 ± 571 vs. 1142 m2 ± 439, p = 0.078), but 

not for fibers co-expressing slow MyHCI and fast MyHCII (MyHCI+II).  

 

Capillary variables  

There were no significant differences between the young and old masseter in number of 

capillaries around fibers (CAF 1.92 vs. 1.85). When CAF was related to individual fiber 
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area, the capillary supply was significantly higher in the elderly (CAFA 2.82 vs. 1.65, 

p=0.004). The capillary density was higher in the old compared to the young masseter 

muscle (CD 794 cap/mm2 vs. 574 cap/mm2, p=0.002) (Table 2 and Fig 1 and 2).  

 

 

DISCUSSION 

In this study we show that fiber area of the human masseter muscle decreases with age, 

while the capillary network were more or less unchanged. The finding of a decrease in 

fiber area is in consensus with previous studies of both limb and jaw muscles, which 

conclude that during aging there will be a reduction of fiber size and accumulation of 

intramuscular fat and fibrosis (Monemi et al., 1999, Lexell et al., 1988), while the results 

with an unchanged capillary network in the masseter is in conflict with some previous 

studies of limb muscles. However, there is some evidence that the aging process affects 

different human muscles differently. Monemi et al. (1999) reported that the masseter 

muscle from elderly subjects showed muscle fiber atrophy concomitant with significant 

decrease in the proportion of type I fibers. In contrast, in the biceps brachii of elderly, 

there were no changes in the type I fiber proportion and fiber size, but a significant 

decrease in the type II fiber proportion. 

 

Several studies have proposed that the capillary network decrease concomitant with the 

decrease in fiber area after nerve injury or long-term inactivity. Our study shows that this 

paradigm seems not to be true for the aging process in the human masseter muscle. 

Despite aged related muscle fiber atrophy, the capillary network around fibers seems to 

be rather stable in the human masseter. This finding is of interest since most studies point 

towards a decreased capacity for blood flow in limb muscles (Frontera et al., 2000, 

Hepple et al., 1997). The findings of an increased capillary network in both elderly master 

athlete runners (mean age 63 yr) than in young average runners (mean age 26 yr) indicate 

that the aged muscle have capacity for capillary growth (Coggan et al., 1990). This raises 

the question whether the difference between limb and jaw muscles relates to differences 

in genetic programs and epigenetic influences or that it relates to adaptation of the 

vascular system related to the use of jaw and limb muscles in elderly. An alternatively 

explanation to the conflicting results might relate to the method used for visualization of 
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muscle capillaries, the use of different morphometric analyze systems or the use of 

different capillary parameters in the evaluation of capillarization of the muscle tissue. In 

order to do a proper analysis of the capillary network in a muscle, all parameters used in 

this study have to be applied. If we only had used capillary density (CD) or capillaries 

around fibers relative to fiber area (CAFA), the interpretation of the data had clearly 

pointed against an increased capillarization of the muscle. Since the fiber area was 

decreased in elderly, but the number of capillaries around fibers was unchanged, the 

number of capillaries per muscle area and fiber area were increased in the old compared 

to the young masseter. It is therefore important to interpret results from various studies 

with caution.  

 

Although age related changes were observed in both the anterior and posterior regions of 

the old masseter muscle, the changes was more significant in the posterior part of the 

muscle. However, the differences were to small to make conclusions of region specific 

changes related to aging.  

We conclude that aging seem to have different effects on the capillary network in the 

human masseter compared to human limb muscles. It is however unclear whether these 

differences relates to the fact that the masseter muscle is a specific allotype with a 

different genetic program or if it relates to specific functional adaptations with age. From 

an evolutionarily view, it can be considered obvious that a proper function of the human 

jaw muscles is necessary for survival at old age.  
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TABLES 

 

Table 1. The basis for the classification of muscle fibre phenotypes 

based on the staining intensity pattern of the two MyHC mAbs 

against slow MyHCI and fast MyHCII isoforms.  

 

mAb MyHCI MyHCI+MyHCII MyHCIIa MyHCIIx  

N2.261 +, ++ +, ++ +++ - 

A4.840 +++ +, ++ - - 

(+) weak staining, (++) moderate staining, (+++) strong staining 
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Table 2. Fiber area (FA), capillary density (CD), number of capillaries around fibers 

(CAF) and capillaries around fibers relative to its cross-sectional area (CAFA) in the 

anterior and posterior region of the superficial masseter muscle from 6 young and 6 old 

individuals. Values are expressed as means and ± standard deviations. * Significant 

difference (p<0.05) between old and young. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Anterior part Posterior part 

 Old Young Old Young 

     

FA (m) 1059 ± 510 1435 ± 556 1142 ± 412 1579 ± 524 

     

CD (cap/mm2) 819 ± 162* 629 ± 121* 770 ± 196* 519 ± 98* 

     

CAF 1.85 ± 0.66 1.99 ± 0.56 1.87 ± 0.53 1.85 ± 0.54 

     

CAFA 2.78 ± 0.89 1.97 ± 0.56 2.86 ±1.49* 1.34 ±0.35* 
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FIGURES 

 
Figure 1. Bar charts showing fiber area in m2 (FA), capillary density (CD, cap/mm2 

muscle cross-sectional area), number of capillaries around fibers (CAF) and capillaries 

around fibers relative to its cross-sectional area (CAFA) in the masseter muscle from 6 

young and 6 old individuals. Values are expressed as means and standard deviations.  

* Significant difference (p<0.05) between young and old. 
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Figure 2. Muscle cross-sections from the anterior part of the superficial masseter muscle 

from an old (A-C) and a young (D-F) subject. The sections are stained for visualization 

of fiber area (laminin -5, A and D), capillaries (laminin -2, B and E) and muscle fiber 

types (MyHCI, C and F). MyHCI fibers are green stained and MyHCII fibers are 

unstained. The star and the circle mark’s the same fiber in the cross-sections. Bar 50 m. 

 

 

 

 

 


