
Introduction

The craniofacial development and facial shape are

controlled by genetic and environmental factors.

One environmental factor, which influences

the facial growth, is the naso-pharyngeal function

(Mew 1986). In particular, the mode of respira-

tion, such as mouth or nose breathing, leads to

a vertical change in the craniofacial development

of children. Furthermore, mouth breathing causes

an imbalance between the tongue and masticatory

muscle pressure. The increased pressure of

the masseter muscle on the alveolar bone may lead

to a transversal compression. This shows that pas-

sive muscle tensions and muscle function are im-

portant peripheral factors affecting skull morphol-

ogy.

The malocclusion caused by peripheral factors

can be corrected in children by orthodontic treat-

ment, whereas a pronounced malocclusion in

adults is corrected by surgical intervention.

The success of surgical treatment and the risk of

relapse by changing of jaw position depend on

muscle tension and length. Therefore the investi-

gation of muscle structure is important and must

be done before each orthodontic treatment.

Besides measurements of muscle length and

size, most investigations concerning the muscle

composition in humans have relied on

electromyography (Lowe 1980) and measure-

ments of the bite force (Proffit et al. 1983).
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Abstract. The aim of this study was to determine the amount of myosin heavy chain (MyHC) proteins and

MyHC mRNA in muscles of patients with different positions of the mandible. Ten adult patients for orthognathic

surgery were divided into two groups: distal and mesial malocclusion. The mRNA expression of two MyHC

isoforms of the anterior and posterior part of the right and left side of the human masseter muscle was analysed

with a competitive RT-PCR assay. An exogenous template that includes oligonucleotide sequences specific for

sarcomeric MyHC isoforms (1 and 2x) was constructed and utilized as competitor. Different isoforms of

the MyHC protein were identified by Western blot analysis. In the total mRNA pool of the masseter muscle,

the MyHC 1 mRNA level was 25.5 ± 7.6% and the MyHC 2x mRNA was 2.5 ± 1.2%. The anterior part of

the masseter muscle from patients with distal occlusion contained more type 1 and 2x MyHC mRNA, as com-

pared to patients with mesial occlusion (P < 0.05). No difference in the protein distribution was observed.

The differences in mRNA expression may be caused by the enforced stress of the masticatory muscle in distal oc-

clusion because of the disadvantageous pivot.
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The higher electromyographic activity and strong

bite force are associated with the parallel jaw posi-

tion (Lowe 1980). Especially the changes in

masticatory muscles (the masseter and the tempo-

ral muscle) play an important part in the bite force.

After sagittal movement of the lower jaw, changes

occur in the masseter muscle performance

(Gedrange et al. 2001; Honicke et al. 1995).

The myosin heavy chain (MyHC) is the impor-

tant contractile protein in the skeletal muscle

fibres. MyHCs are encoded by a group of genes

consisting of 2a, 2b (Lieber et al. 1993), 2x

(DeNardi et al. 1993), extraocular (Lieber et al.

1993), embryonic (Wieczorek et al. 1985), and

neonatal (Periasamy et al. 1984) genes. These

genes are located on chromosome 14 (Weiss et al.

1999). The b-cardiac or type 1 isoforms (Mahdavi

et al. 1982), which are responsible for type 1

MyHC protein synthesis, are located on chromo-

some 17. Despite a large number of isoforms, ev-

ery kind of muscle has its typical composition and

different isoforms. Mainly three MyHC mRNA

types are important for myosin protein synthesis in

the masseter (Horton et al. 2001).

In case of stress, MyHC expression in the fibre

is able to change from one into another phenotype.

The transition of muscle fibres caused by muscle

activity leads from type 2x via type 2a to type 1

MyHC (Pette and Staron 1990). Under higher

muscle stress, the amount of type 1 fibres in-

creases and it seems that fibres of this type work

more efficiently. Both the transition and increase

in 2x myosin are due to muscle immobilization.

A changed muscle performance may influence

bone form and size.

The most common method for amplification

and detection of MyHC mRNA is the reverse tran-

scriptase polymerase chain reaction (RT-PCR).

Due to the fact that RT-PCR is not the method of

choice to determine the quantity of MyHC mRNA

isoforms, we have chosen the competitive

RT-PCR (cRT-PCR). This strategy enables detec-

tion and quantification of even moderately ex-

pressed transcripts.

The purpose of this study was to examine

the connection between the human masseter mus-

cle composition and the abnormal maxillo-man-

dibular relations in adult patients. We determined

the proportion of the mRNA content of the ante-

rior and the posterior part of the right and left side

of the masseter muscle to the mesial and distal po-

sition of the lower jaw. By using cRT-PCR, we de-

termined the absolute amount of individual

mRNA transcripts of the MyHC gene types 1

and 2x. Furthermore, we analysed the effects of

the position of the lower jaw on the relative MyHC

protein level.

Patients and methods

Patients

All surgical procedures were carried out according

to the guidelines established by the University In-

ternal Review Board for use of Human Subjects

(No. EK 4704-2000). It was a precondition that

the patients should give their consent to the surgi-

cal treatment. All patients were informed in

the written form about the possible undesirable ef-

fects in consequence of surgical procedures.

The dento-skeletal development of all volunteers

had been completed. The masticatory perfor-

mance was accomplished by bilateral chewing and

there were no significant differences in the chew-

ing period.

The sagittal position of the jaw was measured

orally, on dental models and on lateral cephalo-

grams. In the context of this investigation, ten

adult patients for orthognathic surgery were di-

vided into two groups: distal and mesial malocclu-

sion. The patients were between 20 and 33 years of

age. For each group (distal and mesial occlusion),

two males and three females were selected.

The intermaxillary discrepancy between neutral

and distal occlusion (angle class II) was more than

5 mm (mean incisal overjet: 8.5 mm) and between

neutral and mesial occlusion (angle class III) was

more than –3 mm (mean incisal overjet: –4 mm).

These measurements were done orally and on den-

tal models.

Cephalometric analysis

All radiographs for cephalometric measurements

were taken with an Orthophos unit (Siemens, Ger-

many) using a standardized film-focus distance of

1.5 m. All radiographs were traced by one ob-

server under standardized conditions, using ace-

tate paper over an illuminated opal light box.

The landmarks for each cephalogram were placed

at one sitting. The definitions of the landmarks,

planes, and angles were taken from Hoenicke et al.

(1995).

For measuring the intermaxillary relation of

the maxilla and the mandible, the following land-

marks were used: N (nasion), A (subspinal), and B

(supramenton). The anteroposterior relationship

between the maxilla and mandible was evaluated
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by the subspinal to nasion to supramenton (ANB)

angle. The difference in ANB angle was <0° in

the mesial malocclusion group and >4° in the dis-

tal malocclusion group. The ANB norm is 3.2°.

The nasal line to mandibular line (NL-ML) angle

for the vertical dimension was not significantly

different in both groups.

The distances were measured by means of

the DM3 x-ray cephalometric program (Depart-

ment of Orthodontics, TU Dresden, Germany) and

then corrected by the technique-induced magnifi-

cation factor.

Muscle biopsy

In total, 40 biopsy samples were taken from

the right and left side of the masseter muscles and

from the anterior and posterior part (four samples

per person). As the masseter muscle in humans

shows different anatomical structures, the anterior

region pars superficialis (M1) and the posterior

region pars profunda (M2) were analysed.

Muscle biopsies were carried out under anaes-

thesia by a maxillary-facial surgeon during or-

thognathic surgery. Operation was performed on

patients after an overnight fast. General anaesthe-

sia was induced with intravenous (i.v.) midazolam

(2 mg), etomidate (0.2 mg kg–1), and fentanyl

(2 µg kg–1). After the neuromuscular blockade

with vecuronium bromide (0.1 mg kg–1), the pa-

tients were intubated and mechanically ventilated

(Cicero, Draeger, Austria) (50% oxygen and 50%

air, tidal volume 10 mL kg–1, respiratory rate

12 breaths/min, PEEP 3 cm H2O). Anaesthesia

was maintained by propofol infusion (0.4 mg kg–1

hourly) and fentanyl i.v. as required. The adminis-

tration of vecuronium bromide (2 mg) was re-

peated according to the neuromuscular monitor-

ing.

Immediately after excision, the muscles were

shock-frozen in liquid nitrogen and stored for sub-

sequent analysis at –80°C. The average wet weight

of the muscle biopsy samples was 35±5 mg.

Analytic methods

Isolation of total RNA

Tissue samples were cut into sections 4045 µm
thick, with a diameter of 34 mm, by using
a microtome in a cryostat at –30°C (Frigocut-E,
Reichert-Jung, Germany). For isolation of total
RNA, 15 cuts were used. Total RNA from muscle
samples was isolated with the TriPure™ Isolation
Reagent (Roche, Germany) according to a modi-
fied procedure by Chomczynski and Sacchi
(1987). Samples were homogenized briefly by us-
ing a manual homogenizer (Merck, Germany). Af-
ter adding of chloroform, the muscle homogenates
were centrifuged at 12 000 g for 15 min at 4°C, and
the RNA containing aqueous supernatant was
transferred into a separate tube. The extracted
RNA was precipitated with isopropanol and
washed with 70% ethanol. The RNA containing
precipitate was dissolved in RNase-free water and
mixed at 58°C for 15 min. The amount of RNA ex-
tracted from the tissue was determined with a Pho-
tometer Smartspec (Biorad, Germany) by
the absorbance of ultraviolet light at 260 nm and
background compensation for the absorbance at
320 nm. The average yields of the total RNA were
6 ± 2 µg per 20 mg (wet weight) of the muscle sam-
ple. Total RNA was stored at –80°C until quantifi-
cation of MyHC mRNA. Quality and integrity of
RNA was controlled by denatured agarose gel
electrophoresis.
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Table 1. PCR primer sequences used in this study

Primer Primer sequences 5´ - 3´
Product size

(bp)

MyHC 1

sense 5´- CAGACTGAAGTGGAGGAGGC - 3´

antisense 5´- CTTCCGTCTGGTAGGTGAGC - 3´ 355

comp. sense 5´-TAATACGACTCACTATAGGCAGACTGAAGTGGAGGAGGC - 3´

comp. antisense 5´-CTTCTGCTCGGCCTCCAGCTCACTTCCGTCTGGTAGGTGAGCTTTTTTTTTTTT
TTTTT - 3´

301

MyHC 2x

sense 5´- AAGAGAAGGCCAAGAAGGCCATCAC - 3´

antisense 5´- TTTCGGTCCTCCTCAGTCTGGTAAG - 3´ 322

comp. sense 5´ - TAATACGACTCACTATAGGAAGAGAAGGCCAAGAAGGCCATCAC - 3´

comp. antisense 5´-CATTGCGCTTCTGTTCATTTTTCGGTCCTCCTCAGTCTGGTAAGTTTTTTTTTT
TTTTTTT - 3´

270



Quantification of MyHC mRNA

The extracted MyHC mRNA was quantified by

cRT-PCR, comparing the RT-PCR product signal

intensity to a concentration curve established by

a synthetic competitor RNA sequence (Auboeuf

and Vidal 1997). This synthetic RNA is identical

in sequence, but slightly shorter than the endoge-

nous MyHC target. To quantitate the absolute

amount of human MyHC mRNA, dilutions of

the synthetic RNA were added to the sample RNA

and were co-amplified with the endogenous

MyHC target in a sample. Quantification was per-

formed for only two different MyHC isoforms due

to the limited amount of muscle sample material.

Primers for the amplification of type 1 MyHC

genes (accession no. NM_000257) and type 2x

MyHC genes (accession no. AF 111785) were

tested versus the BLAST algorithm to ensure that

these primers only amplified the respective

cDNAs. Primer sequences are shown in Table 1.

The competitor RNA transcript was used as

an exogenous competitive template, which pro-

duced a different-sized product distinguishable

from the endogenous MyHC target by gel analy-

sis. It was produced by in vitro transcription of hu-

man type 1 MyHC and human type 2x MyHC

cDNAs. To construct RNA competitors of 300 bp

in length, the cDNAs for both type 1 MyHC and

type 2x MyHC were shortened by 50 bp. The in vi-

tro transcription was carried out with

the RiboMAXTM Large Scale RNA Production

System – T7 (Promega). Ten µg of the PCR prod-

uct were used for the in vitro transcription.

The generated RNA competitor of 300 bp in

length was purified using the TriPureTM Isolation

Reagent (Roche, Germany).

To quantify MyHC mRNA, a reverse transcrip-

tion reaction was initially carried out for the RNA

competitor and for each RNA isolated from differ-

ent muscle regions by using the AdvantageTM

RT-for-PCR Kit (Clontech, Germany). In this

way, dilution series were performed both for

the competitor RNA and for the total RNA of each

sample. Four dilution series of both mRNA were

made for determination of muscle mRNA concen-

tration (Figure 1a).

The competitor was amplified by PCR

(FailSafeTM PCR System, Biozym, Germany) with

Pre Mix E and 2 µL cDNA in a total volume of

25 µL. The PCR was performed by 23 cycles for

type 1 MyHC and 20 cycles for type 2x MyHC,

followed by denaturation at 95°C for 1 min, an-

nealing at 60°C for 1 min (type 1 MyHC), 61°C for

1 min (type 2x MyHC), and extension at 72°C for

2 min. Amplification was continued at 72°C for

10 min. Ten µL of each PCR product were visual-

ized after gel electrophoresis and ethidium bro-

mide staining. RNA template sample was tested

for DNA contamination by running a DNA control

reaction containing just the RNA template, PCR

primers, and Pre Mix E. As an additional negative

control, H2O was used.
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Figure 1a. Competitive RT-PCR of c-DNA from the anterior region of the masseter muscle with primers for MyHC 1.

Fraction of mRNA on 2.5% agarose gel with regression lines for competitor mRNA and sample mRNA. Dilution series

no. 1–4 for quantification.



Gels were optically scanned and analysed with

Phoretix Advanced 1 D software (Biostep,

Jahnsdorf, Germany) with the convenient gel mac-

ros. Each isoform of MyHC mRNA was quanti-

fied by regression analysis using the regression

lines for competitor RNA and mRNA samples de-

rived from different muscle regions (Figure 1a).

The identity of amplified PCR products was

verified by DNA sequencing with ALF Express

(Amersham Biosciences, Freiburg, Germany).

Database analysis was performed with HUSAR

4.0 software (Heidelberg Unix Sequence Analysis

Resources).

Protein isolation

Total muscle protein was isolated from

the masseter muscle by a modified method of

Talmadge and Roy (1993). In brief, 1 mL of 4°C

pre-chilled homogenization buffer [250 mM su-

crose, 100 mM KCl, 5 mM EDTA, and 20 mM

tris (hydroxymethyl) aminomethane (Tris),

pH 6.8] was added to 5 frozen 4045-µm thick sec-

tions. Sections were homogenized with a micro-

pestle (Dounce, Pierce, Germany) and centrifuged

at 10 000 g for 10 min at 4°C. The supernatant was

discarded and the myofibril pellet was resuspend-

ed in 50 µL of another buffer (175 mM KCl, 2 mM

EDTA, 0.5% Triton X-100, 20 mM Tris, pH 6.8).

After centrifugation the supernatant was dis-

carded. The remaining myofibril pellet was resus-

pended in 50 µL of resuspension buffer (0.5%

sodium dodecyl sulphate).

Quantification of total protein of masseter

muscles was done by the bicinchoninic acid

(BCA) protein assay kit (Pierce, Germany).

The protein was diluted in sample buffer [1.0%

mercaptoethanol, 4.0% SDS, 16.0% 1.0 M Tris

(pH 6.8), 20% glycerol, and 0.2% bromophenol

blue].

SDS-PAGE of protein samples

To show the distribution of MyHC isoforms,

protein samples were analysed by SDS-PAGE us-

ing a 5% stacking gel and a 12% separating gel on

Mini-PROTEAN III (Bio-Rad, Germany). Sam-

ples were heated at 100°C for 4 min, cooled at

room temperature, and loaded onto gel with a final

protein concentration of 5 µg per lane.

To assess the molecular weight of separated

proteins, a protein standard was used (SDS-PAGE

Molecular Weight Standard Broad Range,

Bio-Rad). The gels were run at 150 V for 30 h at

4°C with a Tris-glycine buffer (3.6% Tris, 3.4%

glycine, 0.3% SDS) (Figure 1b). After electropho-

resis, gels were stained with Coomassie blue

(GelCode Blue Stain, Pierce, Germany) for 1 h

and the spots were scanned using an AGFA cam-

era (Snapscan 1200, Germany) and analysed with

a Phoretix 1D Advanced Software Version 5.00

(Nonlinear Dynamics, UK). MyHC isoforms spots

were identified according to their apparent molec-

ular masses, as indicated by the migration rate

(1 > 2a > 2x).

Western blot analysis

After SDS-PAGE, proteins were blotted onto

0.2 µm nitrocellulose membranes for 2 h at con-

stant 28 V by using Bio-Rad transblot semidry

transfer equipment. The gel was stained with

Coomassie blue (GelCode Blue Stain, Pierce), as

described above. The nitrocellulose membrane

was cut into strips, which were blocked for 1 h

with 1% blocking buffer (Roche, Germany).

To differentiate between type 1, type 2a and type

2a/2x MyHC isoforms by Western blotting,

the following monoclonal immunoglobulin

G (IgG) antibodies (MAbs) were used: anti-type 2

MyHC (MY-32, Sigma, Germany), anti-type 2a

MyHC (SC-71, DSM, Germany), and anti-type 1

MyHC (NOQ7.5.4D Sigma, Germany). These

monoclonal primary antibodies were diluted in

the blocking buffer at 1 : 2500, 1 : 1000, and

1 : 5000, respectively. Nitrocellulose strips were

incubated with the diluted primary antibody at 4°C

for 12 h during agitation. Strips were rinsed

3 × 5 min in TBS/Tween/Triton (20 mM TrisCl,

500 mM NaCl, 0.05% Tween 20, 0.2% Triton

X-100, pH 7.5) and 1 × 5 min in TBS buffer

(10 mM TrisCl, 150 mM NaCl, pH 7.5). The alka-

line phosphatase-labelled secondary antibody

(anti-mouse IgG alkaline phosphatase (AP) conju-

gate; DIANOVA, Lot No. 44591) was diluted

1 : 2500 in blocking buffer and applied for 1 h at

room temperature. Subsequent washing steps

Masseter structure of patients with malocclusion 231

Figure 1b. SDS-polyacrylamide gel analysis of MyHC

protein fractions separated from human masseter muscle

biopsy samples. Aliquots of these fractions were analysed

on a 5–12% SDS-polyacrylamide mini gradient gel, and

proteins were stained with Coomassie blue.



were performed as described before. The reaction

was developed using BCIP/NBT (5-bromo-4-

-chloro-3-indolyl phosphate with nitroblue

tetrazolium salt) (Boehringer-Ingelheim, Ger-

many).

Statistical analysis

The results are given as arithmetic means ± stan-

dard deviation (SD). The statistical package SPSS

for Windows (Chicago, IL, USA) was used for

data analysis. For statistical analysis, Student’s

t-test was applied to evaluate differences in bio-

chemical data. The Results section describes sig-

nificant differences (*P < 0.05). The total number

of masseter biopsies was n = 40 (ten patients, right

and left side of the masseter, anterior and posterior

region).

Results

The total protein content in masseter muscle sam-

ples, measured by the bicinchoninic acid, showed

no changes between all groups. Furthermore,

the masseter muscle showed no differences in

the percentage of the MyHC protein and

the mRNA content between the left and the right

side. These results were seen in all investigated

adult patients with abnormal position between

maxilla and mandible.

The MyHC protein isoform alterations induced

by different positions of the mandible are shown in

Figures 2 and 4. The position of the mandible has

no significant influence on the distribution of

the MyHC protein isoforms. A nearly identical

high content of the slow (type 1) MyHC protein is

shown in the anterior region of the masseter mus-

cle in both malocclusion groups.

The type 2x MyHC protein isoform of the ante-

rior region in patients with distal position of

the mandible accounted for 5.4 ± 4.8% of the total

MyHC protein isoform pool. In patients with

mesial position of the mandible in the same mus-

cle region, the corresponding value was 3.69 ± 3%

(Figure 2). The posterior region (Figure 4) showed

nearly the same distribution of the MyHC protein

isoforms as the anterior region of the masseter

muscle.

There relative content of all fast type (2a and

2x) MyHC protein isoforms in the posterior part of

the masseter muscle in patients with mesial occlu-

sion tends to be lower than in those with distal oc-

clusion (Figure 4). In contrast to the decrease in

the fast type content, there was an increase of

the slow type 1 MyHC protein. Patients with

the distal position of the mandible showed a simi-

lar tendency towards increase in the fast types (2a

and 2x) of MyHC protein isoforms in the posterior

to anterior part of the masseter muscle. The differ-

ences in the MyHC protein in both malocclusion

groups can be seen only as a tendency without sig-

nificance.

Changes in the MyHC gene expression were

analysed by quantification of the total RNA level

of different MyHC isoforms. The MyHC mRNA

content of the masseter muscle is characterized by

a type 1 MyHC isoform level of 25.5 ± 7.6%, in
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Figure 2. Distribution of the MyHC protein isoforms in the

anterior part of the masseter muscle in patients with distal

and mesial malocclusion. The results are given as

arithmetic means ± standard deviation. Numbers of

samples: n = 10 for distal malocclusion and n = 10 for

mesial malocclusion.

Figure 3. Absolute amount of MyHC type 1 and type 2x

mRNA in the anterior part of the masseter muscle in

patients with distal and mesial malocclusion. The results

are given as arithmetic means ± standard deviation.

Numbers of samples: n = 10 for distal malocclusion and n

= 10 for mesial malocclusion. Differences between distal

and mesial malocclusion were significant (*P < 0.05,

Student’s t-test).



comparison to the much lower content of type 2x

MyHC (2.5 ± 1.2%). The absolute amount of

MyHC mRNA was calculated per 1 µg of the total

RNA, assuming that the reverse transcription effi-

ciency was 100%.

As suggested in the literature, the masseter

muscle as a ‘slow-contracting muscle’ contained

almost only type 1 mRNA and a small proportion

of 2x MyHC mRNA. The highest MyHC mRNA

level was observed at type 1 MyHC in the anterior

part of the masseter muscle (391.0 ± 88.8 pg µg–1

of mRNA) in patients with distal occlusion.

This level was significantly higher (P < 0.05; Fig-

ure 3) than in patients with mesial occlusion

(248.4 ± 84.9 pg µg–1 of mRNA). The anterior part

also showed significant differences (P < 0.05; Fig-

ure 3) in the mRNA content of type 2x MyHC.

The higher mRNA level of type 2x MyHC

(35.6 ± 18.6 pg µg–1 of mRNA) was measured in

patients with the distal position of the lower jaw.

The posterior part of the masseter is character-

ized by a similar mRNA content, as compared to

the anterior part. The mRNA level of type 1 was

not significantly different between patients with

mesial and distal occlusion (Figure 5). Also type

2x mRNA in the posterior part of the masseter was

similar in both malocclusion groups.

Discussion

The results of our investigation clearly demon-

strate that the competitive PCR method

(cRT-PCR) enables differentiating between

isoforms of MyHC mRNA in small human mus-

cles like the masseter. However, the detection of

MyHC mRNA types of the small muscle samples

was limited (only 1 and 2x mRNA). By contrast,

the Western blot method permits an estimate of

the distribution of all MyHC protein types.

This method, however, does not provide absolute

values and therefore its results are not as precise as

those of the cRT-PCR.

Consumption of foods involves daily chewing

cycles and may require larger average bite force,

so the mechanical demands placed on the masti-

catory system cause a permanent load. The rela-

tive permanent function of the masseter muscles

leads to a different expression of the mRNA of hu-

man masticatory muscles than that of other human

skeletal muscles or of masticatory muscles in

other primates. In comparison to the limb muscles,

the masseter muscle contains significantly more

MyHC mRNA (Jung et al. 1998). In the anterior

part of the masseter, the relative levels of type 1

MyHC mRNA ranged from about 390 ± 89 pg µg–1

of mRNA in patients with distal malocclusion to

248 ± 85 pg µg–1 of type 1 MyHC mRNA in pa-

tients with mesial malocclusion.
The higher need for mRNA may be caused by

the enforced stress on the masseter muscle.
The mesial occlusion does not achieve sufficient
occlusion due to the poor exercise of the mandible,
in contrast to the distal position of the mandible.
In patients with mesial occlusion, the pivot of
the jaw can be shifted and therefore
the masticatory muscle has another need for force
development during chewing and stabilizes
the jaw position. However, vertical bite dimension
is more closely related to muscle strength than
the sagittal positioning of the jaws. The direct
causes that have led to the malocclusion in our
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Figure 4. Distribution of the MyHC protein isoforms in the

posterior part of masseter muscle in patients with distal

and mesial malocclusion. The results are given as

arithmetic means ± standard deviation. Numbers of

samples: n = 10 for distal malocclusion and n = 10 for

mesial malocclusion.

Figure 5. Absolute amount of type 1 and type 2x mRNA in

the anterior part of masseter muscle in patients with distal

and mesial malocclusion. The results are given as

arithmetic means ± standard deviation. Numbers of

samples: n = 10 for distal malocclusion and n = 10 for

mesial malocclusion.



present population are controversial (Shaughnessy
et al. 1989).

Luke and Lucas (1985) have shown that chew-

ing efficiency is related to occlusal contact. These

results suggest that the structure of the masticatory

muscle and occlusal contact are important factors

for the muscle function. For certain, malocclusion

must be influenced not only by genetic but also by

some other factors.

The investigated volunteers with distal and

mesial malocclusion had bilateral chewing.

Also the skull morphology of the volunteers

showed no asymmetry. The arisen force distribu-

tion leads to uniform load of the right and left

sides. Probably because the muscle load during

the chewing period was identical on both sides,

the MyHC protein proportion and the mRNA con-

tent was not changed. Because of the bilateral

chewing and the loss of further asymmetry, we as-

sume that the areas of occlusal contact may be im-

portant for the MyHC protein proportion and

the mRNA content.

On the other hand, the patients with distal oc-

clusion had in the anterior part of the masseter

muscle some more type 1 and 2x MyHC mRNA,

as compared to patients with mesial occlusion.

This shows that the differentiation between

the MyHC types in the human masseter is directly

related to oral function. In turn, oral function de-

pends on the areas of occlusal contact and on jaw

positions.

Pette and Staron (1990) show that muscle

stress leads to an increase in MyHC turnover and

long-term training leads to an increase in type 1

MyHC. Such a high content can be found in devel-

oping muscles, too. As the treated patients are gen-

erally healthy, it can be assumed that the high

mRNA content in the masseter muscle is in a nor-

mal range. Muscles that expressed high levels of

type 1 MyHC had low levels of another type of

MyHC. The human masseter muscles showed

a low content of type 2x mRNA, in contrast to type

1 mRNA. Furthermore, the mRNA of the major

MyHC isoform within the masseter muscle ac-

counted for a high level of the total MyHC mRNA.

One interpretation of these differences is that

the adult mastication muscles have a greater need

for myosin synthesis and force output.

Schiaffino and Salviati (1997) suggest that

the expression of these MyHC mRNA isoforms

may be reciprocally regulated. The correlation is

accompanied by an increase in one isoform and

a decrease in other isoforms of MyHC. These

changes must serve to improve different functions.

Goldspink et al. (1992) suggested that the level of

this alteration between type 1 and type 2 fibres

provides evidence of adaptation to the changed

muscle function or conditions. The cRT-PCR in-

vestigation of the masseter muscle shows a possi-

ble increase in mRNA content of both isoforms.

Probably through overload or underload, there is

no mutual regulation of MyHC mRNA.

Another factor that can increase the variability

is stress or grinding one’s teeth (bruxism). Sciote

et al. (1994) found in the human masseter muscle

that the percentage of each fibre type was highly

variable in masseter biopsies, but generally type 1

fibres were most common. The proportion of other

kinds of fibres and MyHC isoforms was low.

Korfage et al. (2001) and Eason et al. (2000) re-

ported about the greatest variability in MyHC pro-

tein in the biopsies from the anterior superficial

masseter. They showed that sex-related differ-

ences may occur. The great variability in

the MyHC protein of volunteers of both sexes is

not unusual. We did not observe any muscle dis-

tinction between male and female patients.

The different lower jaw position may lead to sig-

nificant differences in mRNA content. It is known

that a difference of about 30% in type 1 fibres

among individuals could be explained exclusively

by differences in the local environment and level

of muscular contractile activity.

The results of the quantitative cRT-PCR and

the Western blot analysis indicated that concentra-

tions of mRNAs are connected with the distribu-

tion of MyHC proteins. The status of the total

masseter muscle shows variable expression of

type 1 mRNA phenotype, indicating that this is

a message for the MyHC 1 protein. The 2x MyHC

mRNA can be also translated in fibres of

the masseter to the 2x MyHC protein (Horton et al.

2001). Alway et al. (2002) showed that the content

of different MyHC mRNA isoforms is associated

with the slow (type 1 protein) muscle form respec-

tively fast (type 2 protein) muscle form of the rat.

From this point of view, the transcription of

the MyHC gene is the most important marker for

the increase in protein synthesis (Goldspink et al.

1992), muscle hypertrophy (Sheffield-Moore et al.

1999) or adaptation to a changed function

(Goldspink et al. 1992).

In histological investigations, Monemi et al.

(1998) showed that the type 1 fibre content of

the distal part of the young human masseter is dif-

ferent from that of the anterior part. However,

a significant difference was also found in the ante-

rior part between patients with distal malocclusion
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and patients with mesial malocclusion. The poste-

rior part of the masseter, which is responsible for

the stability of the lower jaw chewing, did not

show any significant differences. The difference

between the anterior and posterior part of

the masseter in patients was detected by electro-

myographic investigation before and after orthog-

nathic surgery. This shows that the neuro-mus-

cular control of the masseter supports the different

muscle composition.

Conclusions

The different jaw positions show no differences in

MyHC protein isoform proportions in the anterior

and posterior part of the masseter muscle. Through

investigation with the cRT-PCR method, higher

levels of MyHC mRNA were found in the anterior

part of the masseter muscle in patients with distal

occlusion than in patients with mesial occlusion.

Furthermore, the variability in protein proportion

and in mRNA content was relatively large. The re-

sults of this study may help to understand the prob-

lems in therapy between patients with

the prognathous and retrognathous position of

the mandible. Nevertheless, we must consider that

modifications in muscle structure have an impact

on skull morphology. In this respect, the investiga-

tion of MyHC mRNA can be suited for the diagno-

sis of muscle load and for the prognosis of

malocclusion treatment.
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