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Increased vertical dimension effects on masseter muscle fiber phenotype

during maturation

Charles Widmera; Vo Danh Nguyenb; Harmeet Chiangc; Joyce Morris-Wimand

ABSTRACT
Objective: To determine changes in mouse myosin heavy chain (MyHC) protein expression that
may occur with a clinically relevant vertical dimension of occlusion (VDO) increase.
Materials and Methods: Six CD-1 male mice (age: 6 weeks) underwent a 10% bite opening to
replicate the clinical condition using composite on the maxillary molars and were compared to six
age-matched controls. Mice were sacrificed at day 7 and 14 after bite opening. A representative
masseter transverse cryosection from each animal was examined in selected sampling regions
(anterior, posterior, posterior-deep, and posterior-intermediate) to assay fiber phenotype
proportions and fiber size.
Results: In control masseter muscles, the proportion of muscle fibers containing MyHC IIb
increased in the posterior-intermediate and posterior-deep regions between 7 and 14 days
(ANOVA, P , .05). The increase in the proportion of MyHC IIb fibers in the bite opening group did
not occur when compared to the control group (P , .05). In addition, after 14 days of bite opening,
the proportion of fibers positive for MyHC IIa was decreased in the anterior region compared to
control masseter muscles. Muscle fiber diameter remained unchanged in both groups
(experimental and control) and over time (P . .10).
Conclusion: These data are consistent with a selective plasticity of the expression of MyHC IIb
protein in the deep regions of the male masseter muscle in response to a clinically relevant VDO
increase. (Angle Orthod. 2013;83:57–62.)
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INTRODUCTION

The treatment of select orthodontic cases is facili-
tated by increasing the vertical dimension of occlusion
(VDO). Orthodontic treatment modalities that open the
VDO are implemented to alleviate crossbites, to allow
the placement of mandibular brackets in deep bite
cases, to disclude the dentition facilitating tooth

movement, or to help level the Curve of Spee.1 The
increase in VDO stretches jaw-closing muscles and,
thus, may have a more direct effect on vertically-
oriented fibers in this group of muscles compared to
other jaw muscles.2 Studies using adult animal models
have examined the effect of passively elongating limb
muscle on their contractile properties.3,4 However, it
is unclear whether or not jaw closing musculature
responds to stretch in the same manner with a new
vertical opening endpoint. To complicate the assess-
ment of the effects of an increase in VDO, many
patients treated by an increase in VDO in orthodontics
are adolescents and are still growing, and it is unclear
what effect growth has on this response.

A muscle’s contractile properties are in part gov-
erned by the protein myosin. Muscle speed of
contraction depends on the myosin heavy chain
(MyHC) isoforms, and the major types of adult MyHC
isoforms in mammalian skeletal muscles can be
categorized as slow (MyHC I/b) or fast (MyHC II).5,6

Fast fiber types can further be separated into MyHC
IIa, IIx/d, or IIb based on their contraction speeds
(fibers with MyHC IIb are fastest contracting). The
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adult human masseter is composed of slow and fast,
fatigue-resistant (IIa) fiber types, while the adult mouse
masseter consists of only fast MyHC II fibers. Slow and
fast muscles are preprogrammed; however, the final
phenotypes of these muscles can vary due to the
plasticity of muscle to functional demands, muscle
stretch, and hormonal influences.7–10 In addition to
MyHC plasticity, the cross-sectional area of muscle
fibers can also change with functional demands to
increase or decrease force production of the muscle
fiber.

Muscle stretching can alter MyHC phenotype within
muscle fibers. The effect of bite opening (or muscle
stretch) on masseter MyHC fiber phenotype has not
been examined in depth. Only a few studies have
evaluated VDO and masseter MyHC plasticity11–13;
however, in all studies, the authors opened the bite
beyond an orthodontic clinical relevance (20%–50%).
In humans the average maximum opening is about 45–
50 mm,14 and orthodontic procedures open the anterior
bite by about 3–4 mm, which is 10% or less of the
maximum bite opening at the incisors.14 A smaller, yet
clinically applicable, bite opening has not been
investigated.

The purpose of this study was to examine the effects
of a clinically relevant bite opening on the muscle fiber
MyHC content in the adolescent male mouse masseter
during maturation. Two hypotheses were tested: (1)
the myosin heavy chain phenotype of the masseter
muscle fibers will change to a slower (MyHC IIa)
phenotype in response to the new, increased VDO;
and (2) increasing the VDO will increase the mean
diameter of muscle fibers containing MyHC IIa.

MATERIALS AND METHODS

Animals

CD-1 male mice (Charles Rivers Laboratories,
Wilmington, Mass) were maintained in the animal
facilities at the University of Florida Health Science
Center. Twelve mice, 6 weeks of age, were used in the
study. Sample size estimation was based on power-
sample size calculations from previous data. Approval
for this study was obtained from the Institutional
Animal Care & Use Committee at the University of
Florida, and all procedures complied with the Guide for
Care and Use of Laboratory Animals.

Groups

The mice were divided into two groups: six mice
were assigned to the control group and six mice were
assigned to the treatment group. Both control (ctl) and
experimental (exp) groups experienced the same
anesthesia (ketamine and xylazine). The experimental

group was subjected to an increase of vertical
dimension using composite placed over all maxillary
molars for 7 or 14 days, while the control group only
had a sham manipulation consisting of mandibular
retraction without composite placement. The incisors
had no contact in the experimental group. Animal
alimentation was the same for all groups, and weight
was monitored during the course of the experiment.
Mice were sacrificed after 7 days (ctl-7, n 5 3; exp-7,
n 5 3) and 14 days (ctl-14, n 5 3; exp-14, n 5 3), and
masseter muscles were harvested bilaterally, flash
frozen, and stored at 220uC until sectioned.

Bite Opening

The maximum bite opening of a 6-week-old mouse
was measured to be 10 mm using a caliper. Therefore,
a 1-mm vertical separator was placed between the
incisors to produce a 10% vertical opening. The right
and left maxillary molars were dried; etched and
flowable composite was applied and set at the 1-mm
VDO increase. The control mice had the same
manipulations including acid etching, but no composite
was placed. All animals received an analgesic for the
first 48 hours to manage postoperative discomfort.

MyHC Immunolabeling

One masseter from each animal was cryosectioned
in the transverse plane. Serial 14 mm transverse
sections of masseter were placed consecutively on
sets of contiguous slides to allow the direct comparison
of different antibody labeling. Sections were incubated
overnight at 4uC in primary antibodies: mouse anti-IIa
MyHC IgG (clone SC715); mouse anti-IIb MyHC IgM
(clone BFF35); and rat anti-collagen IV (Biodesign) to
delineate fibers, followed by appropriate secondary
antibodies for 1 hour at room temperature. Fibers with
MyHC IIx/d were not identified due to the lack of a
reliable antibody. Sections were mounted in glycerol
and viewed on a Nikon FXA photomicroscope.
Controls for nonspecific antibody binding included
sections incubated without primary antibodies and
with secondary antibodies only. The immunolabeled
transverse muscle section just superior to the apo-
neurosis of the superficial layer of the masseter was
acquired using a digitizing camera (Zeiss Mrc5); the
individual images comprising the section were assem-
bled into collages (Photoshop CS2) and analyzed
using Image-Pro Plus software (Media Cybernetics).

Muscle Fiber Sampling and Assessment

To obtain a representative sampling of the masseter
section, four regions (anterior, posterior, posterior-
intermediate, posterior-deep) were chosen based on
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the spatial distributions of MyHC isoforms and anato-
my of the muscle (Figure 1).15 The anterior region
represents an area with a high proportion of MyHC IIa
fibers, while the posterior region has a high proportion
of MyHC IIb fibers. The posterior-intermediate and
posterior-deep regions have been identified as areas
of fiber type differences between male and female.15

Each region was sampled using two 450 3 450 mm
areas of interest. All fiber counts and fiber identifica-
tions were completed by a single investigator who was
blinded to the source of the images to minimize bias.
Each area of interest image was thresholded to
remove background fluorescence, and the muscle
fibers were outlined and then designated as IIa, IIb,
IIa/b combination, or unlabeled. The fiber counts from
the two areas of interest were pooled, and proportions
of each fiber type for a designated region were then
calculated. The diameter of each muscle fiber in the
two areas of interest for each region was also pooled
to characterize fiber size for each region. A test-retest
of fiber type assessment was calculated and found to
be 98% for fiber types MyHC IIa and IIb.

Statistical Analyses

MyHC phenotype proportions (IIa and IIb) and
muscle fiber diameters were analyzed for differences

across time (7 and 14 days), occlusal condition
(increased vertical dimension of occlusion and sham
manipulated), and location (four regions) utilizing a
mixed model analysis of variance (ANOVA) and a
probability level of P , .05. When the ANOVA was
found to be significant, multiple comparisons were
conducted using the least significant difference (LSD)
test.

RESULTS

Both experimental and control mice gained weight
during the period of study (7 or 14 days) (day 14 . day
7, P , .05), and no significant differences in weight
were found between groups (P . .1).

Differences Between Control Groups Over Time

After calculation of the ANOVA for differences in the
proportion of MyHC IIa and IIb, a statistically significant
interaction was observed among all factors (regions,
MyHC, group, and time). Post hoc comparisons were
calculated for all combinations of factors for each
region of the transverse section (LSD test; significant
differences shown in Figure 2).

Statistically significant differences were observed
in the proportion of fiber types in the posterior-deep
region between control groups at 7 and 14 days (ctl-7

Figure 1. Representative images of transverse sections of the masseter immunostained for MyHC IIa and IIb showing the regions sampled. Squares

delineate two standardized areas of interest per region (anterior, posterior, posterior-intermediate, and posterior-deep). (A) IIa fibers. (B) IIb fibers.
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and ctl-14 groups). The proportion of IIa fibers
decreased and the proportion of IIb fibers increased
(Figure 2A, ctl-7 vs ctl-14). A similar significant change
in the proportion of fiber types was found in the
posterior-intermediate region (Figure 2B, ctl-7 vs ctl-
14). No significant changes in fiber type proportions
were detected in the anterior and posterior regions.

Effects of a VDO Increase

To evaluate the effects of an increase in VDO on
MyHC fiber type proportions, statistical comparisons
between the control and experimental groups were
made after 7 days and 14 days of bite opening. No
significant differences were found in the proportions of
MyHC IIa or IIb fibers after 7 days of bite opening;
however, significant differences were observed after
14 days of bite opening (Figure 2).

In the posterior-deep region, a significant difference
between the control and experimental groups was
found in the proportion of MyHC IIb fibers (49% vs
13%), while no difference was observed in the
proportion of MyHC IIa fibers (Figure 2A). An effect

of bite opening was also found in the posterior-
intermediate region (Figure 2B). The proportion of
MyHC IIb fibers (39% vs 2%) and MyHC IIa fibers
(5% vs 39%) differed significantly between the control
and experimental groups, respectively.

In the anterior region, no MyHC IIb fibers were
identified. However, a significant reduction in the
proportion of MyHC IIa fibers (55%–29%) between
control and experimental groups was observed after
14 days of bite opening (Figure 2C). In the posterior
region, no significant differences were found in the
proportion of IIa or IIb fibers between 14 day control
and experimental groups (Figure 2D). The posterior
region contains predominantly MyHC IIb fibers with a
very small proportion of IIa fibers. Bite opening did not
have an obvious effect on the proportion of muscle
fiber MyHC IIa or IIb phenotypes in this region.

Cross-Sectional Diameter

The cross-sectional diameter of the MyHC IIa
and IIb muscle fibers did not vary across the control
or experimental groups. However, a statistically

Figure 2. Bar graphs illustrating percent labeled MyHC IIa and IIb fibers in the four groups, control and experimental groups at 7 days and 14 days.

Statistically significant differences are denoted between groups by horizontal lines: thick lines (MyHC IIa group differences) and thin lines (MyHC IIb

group differences) (LSD test, * P , .05). (A) Posterior-deep region. (B) Posterior-intermediate region. (C) Anterior region. (D) Posterior region.
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significant difference was observed between the sizes
of the IIa and IIb fibers, with the IIa fibers being
consistently smaller (P , .05).

DISCUSSION

Using male adolescent mice to model the age of
orthodontic patients, this study assessed the plasticity
of the masseter muscle to a small, short-term vertical
bite opening. The rapid decrease in the proportion of
MyHC IIb protein in the experimental bite opening
group over a 14-day period in this study was consistent
with other reports in the literature that have evaluated
MyHC responses in fast-contracting muscles. Chronic,
low-frequency electrical stimulation of the rat tibialis
anterior muscle reached a significant change in MyHC
IIb protein levels after 8 days.16 In cranial nerve
innervated extraocular muscle, a surgical shortening
of the muscle caused a significant decrease in MyHC
IIb protein 3 days after surgery.17

One advantage of this study was the examination of
regions of the masseter muscle to assess potential
local plastic changes after a VDO increase. It has been
shown previously in the rabbit masseter that this
muscle has multiple functional compartments that are
activated at different times in the chewing cycle,
depending on the task.18 In addition, the orientation
of muscle fibers varies throughout the muscle, and
those fibers with a more vertical orientation (posterior-
intermediate and posterior-deep regions) would be
more highly affected by a muscle stretch than oblique
fibers. In fact, the mouse masseter posterior-interme-
diate and posterior-deep regions were found to be
responsive to a small increase in VDO with a relative
proportional decrease in MyHC IIb fibers and an
increase in MyHC IIa fibers when compared to controls
at 14 days. Interestingly, a different response was
found in the anterior region with a relative decrease in
the proportion of MyHC IIa fibers, while no change was
found in the posterior region of the muscle. These
findings are clinically relevant in that the significant
changes in fiber type phenotype observed in VDO
may influence bite force production and speed of
contraction.

One possible explanation for the maintenance of a
relatively slower phenotype with increased bite open-
ing in the posterior-intermediate and posterior-deep
regions might be fiber stretch.8,9 Muscle stretch of the
rabbit extensor digitorum longus muscle causes a
MyHC transition to a slower phenotype.9 Additionally,
in rat masseter studies that used an approximate 20%
increase in the VDO, a relative decrease in MyHC IIb
and increase in MyHC IIa message was also
observed.12,13 However, a second possible explanation
for the maintenance of a slower phenotype in our bite

opening group is an increase in muscle function.
Although, the experimental mice were eating and
gaining weight, they may have changed their chewing
patterns and masticatory muscle activity. Motor units in
the posterior-intermediate and posterior-deep areas
may have been preferentially recruited to chew or brux
due to composite placement on maxillary molars.
Increased regional muscle activation has been shown
in adult rat tibialis anterior muscle to promote a slower
phenotype.19 The change in motor activation strategies
also may have affected the anterior masseter by
reduced activation of this region. The anterior region of
the masseter muscle is typically recruited during
incising,20 and the ability to incise would theoretically
be reduced with the increase in vertical dimension due
to the increase in gape. The reduced activation would
preferentially favor the presence of faster contracting
fibers and would result in the relative reduction in the
proportion of MyHC IIa fibers. Since no MyHC IIb
positive fibers were identified in the anterior region, the
faster phenotype could be MyHC IIx, a phenotype that
was not evaluated in this study.

In the control mice, a transition to a faster phenotype
represented by increases in the proportion of MyHC IIb
and decreases in the proportion of MyHC IIa occurred
in the posterior-deep and posterior-intermediate re-
gions of the masseter muscle between 7 and 14 days.
MyHC IIb positive fibers have been found in higher
proportions in the male mouse masseter compared to
the female, and sexual dimorphism has been observed
in these two regions.15,21

In summary, our study demonstrated that in
control male mouse masseter 2 weeks of maturation
was accompanied by transition towards a faster
(IIb) phenotype. This maturation shift towards a
faster phenotype in the posterior-deep and posterior-
intermediate regions did not occur in masseter
muscles from male mice in which bite opening was
increased by 10%. The long-term effects of bite
opening are currently unclear and require further
examination.

CONCLUSIONS

N A short-term (7–14 days) increase in the VDO results
in changes in muscle fiber phenotype in the mouse
masseter. In specific regions of the muscle, there is a
shift from the faster contracting IIb fiber type to the
slower contracting IIa fiber type.

N These findings support the conclusion that bite-
opening procedures such as those used in ortho-
dontics can have a rapid effect on the muscle fiber
contractile characteristics. The reversibility of these
changes has not yet been evaluated.
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