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Abstract

Form and function are inextricably intertwined in orthodontics. Our understanding of
the hard tissue relationship has been comprehensive, with extensive clinical trials
both cross sectional and longitudinal over the past several decades. The majority of
studies have used standardized cephalograms that reflect our current concepts.
However, the same cannot be stated for soft tissues and, more specifically, the

muscles that envelope the skeletal bases.

The aim of the current study was to objectively evaluate the masseter muscle — one
of the key elevator muscles in the human masticatory system with innovative
diagnostic tools like electromyography (EMG), ultrasonography (US) and 3-D
imaging (Mona Lisa®). Standard lateral cephalometrics were used as the gold
standard for measuring the vertical facial dimensions and correlating the findings to
the above mentioned modalities. This extensive study comprised three major

components and involved subjects from the same cohort.

Firstly, the masseter muscle spindle reflexes were studied in dynamic chewing and
the responses recorded with EMG in 28 human subjects. These were then analysed
and correlated to the vertical facial proportion from standardized lateral
cephalograms. Although substantial work has been done to evaluate the various
trigeminal reflexes', limited research has investigated the reflexes from the muscle
spindles in different facial proportions*. This is primarily due to the inherent
complexity of the neurophysiology compounded by noise within the experimental
models. Most often the method used to elicit a muscle spindle reflex in the human

jaw involves a brief mechanical depression of the mandible, either by use of a tendon
XI



hammer or, if a more controlled stimulus is required, a computer-controlled stretching
device®’. In the current study, a sophisticated apparatus was utilized to deliver
precise profile stimulus at predetermined intervals. Significant correlations were

observed between the muscle spindle response and selected vertical proportions.

The second phase of study was to utilize US for measuring masseter muscle
dimensions in the same cohort and once again correlate the various dimensions of
the masseter muscle to the facial proportions generated by the lateral
cephalometrics. US has been studied in dentistry for over four decades and it has
been established as a safe, non-invasive, comfortable and cost-effective diagnostic
implement. Also, US produces high resolution images of soft tissues more readily
than MRI and CT scans®. Among the limitations for US there is the concern about
reproducibility and standardization particularly between operators. Hence, it is
advisable to have a single operator for data collection in order to preclude inter-
examiner variability. Future use of US in dentistry will be favoured especially where

periodic evaluation is needed and there are concerns about radiation.

Finally, for a more holistic assessment, 3D optical scanning was used in the same
sample cohort to analyse and correlate masseter muscle dimensions to vertical and
transverse facial proportions. Regression equations were generated, albeit from the
convenience sample, to explore a mathematical model for deriving variables of
interest rather than physically conducting the individual measurements, particularly if
that required radiation. Current work shows strong correlations between lateral
cephalometric and 3D imaging variables, but relatively weak associations with the
ultrasonography. The findings from this study support the use of predictive equations
from 3D imaging for lateral cephalometric variables but larger scale studies are
required to confirm reproducibility. Moreover, curvilinear measurements from 3D
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images were significantly different (p < 0.0001) to the linear and should be adopted

for more meaningful representation of the soft tissues.

These findings are relevant to facial form and function assessment which is used in
orthodontic diagnosis and treatment planning; in particular, orthodontic functional
appliance therapy. Analyses of the face can be carried out with a myriad of
cephalometric packages; however, the role of the elevator muscles is often
overlooked and their contribution to changes and/or characteristics that could benefit
the orthodontic treatment is not fully appreciated. Thus, the assessment not only of
anatomical but also physiological variations in the masseter muscles is important in
the management of different facial patterns. The above tools provide a means to
evaluate muscle functions which would be of particular interest in growing children
and where functional orthopaedic appliances utilize forces from the muscles of
mastication. Furthermore, periodic evaluation of such cases is generally desirable

and needs to be safe, radiation free and cost-effective.
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