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Programme overview
The Craniofacial Research programme encompasses a diverse range of exciting
elds in luding the basi and ole ular s ien es relevant to ranio a ial
growth, the impact of malocclusions on oral health, jaw function, self-esteem,
psychological wellbeing, and the understanding of the peripheral and central
mechanisms of orofacial pain and jaw dysfunction with their clinical correlates.
Several research approaches are used to study topics relevant to craniofacial
research, including cell response to mechanical loading, animal models, and
clinical genetics. The latter focuses on identifying genetic markers for some
dentofacial anomalies which could potentially provide us with a clinically
important window of opportunity to predict abnormal growth patterns at an
early age and, possibly, to provide personalized orthodontic treatments.
An additional area of active research is focusing on the development of novel
treatment strategies for clinical problems such as craniofacial syndromes, jaw
discrepancies and misaligned teeth. Furthermore, the impacts of craniofacial
anomalies and smile problems are quantitatively and qualitatively assessed at
population and individual level using survey methods including social media.
Social media enables us to gather opinions from the public about the importance
of smiles for individuals themselves and also the perspective of their peers.
Craniofacial Research examines mastication and jaw kinematics, bruxism and
non-functional oral behaviours, sleep disordered breathing including snoring
and sleep apnea, intra-oral tongue pressure, dysphagia, tooth wear, eating
behaviour, and novel food products. We are currently using wired and wireless
sensors to monitor intraoral pH, temperature, and jaw activity for the purpose
of identifying and evaluating ways of overcoming orofacial pain, dental wear,
jaw dysfunction, jaw clicking sounds, snoring, and obstructive sleep apnea. We
also use monitoring equipment to improve the quality of sleep in New Zealand
children and adults.
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Current research
Smart-phone assisted monitoring of jaw muscle activity in freely

moving individuals with and without myogenous temporomandibular
pain

Investigators: Sabarinath Prasad, Divya Ramanan, Michael Paulin, Richard Cannon,
Mauro Farella
Aim: To: 1) collect objective data on masticatory muscle activity during waketime in the natural environment using a smart-phone assisted wireless
electromyographic (EMG) device; and 2) compare the features of masticatory
muscle activity between females with myogenous temporomandibular disorder
(TMD) and age-matched pain-free controls.
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Smart-phone assisted EMG device developed at the University of Otago for continuous monitoring
of jaw muscle contractions. The device provides a comprehensive analytical tool to estimate when,
how often, how long, and how strongly the jaw muscles contract.

EMG activity was detected unilaterally using a minimally invasive wireless EMG
device attached to the skin overlying the masseter muscle and connected to
a smart-phone serving as data logger. Study participants performed a series
of standardised tasks in a laboratory setting, wearing both the wireless device
and reference standard EMG equipment, and then wore the wireless device
for at least eight hours while performing their normal routine activities.For
Aim #2, EMG activity was collected in females with myogenous TMD and agematched pain-free controls while performing their normal routine activity over
two consecutive days. Contraction episodes were detected at three thresholds:
3, 5 and 10 per cent of maximum voluntary contraction (MVC). The frequency,
duration and amplitude of masseter contraction episodes were calculated and
o ared a ross grou s and onditions using intra lass orrelation oe ients
(ICC) and mixed model analysis.
The wireless device reliably detected masseter muscle contraction episodes
under both laboratory and natural environment conditions. Most masseter
contraction episodes during normal routine were of low amplitude (<10% of
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C and short duration
se onds .
signi ant
differen e in total aw ontra tion ti e
was ound
between groups, with longer contractions in the TMD pain
grou . o signi ant asso iation was ound between sel
reported parafunction and masticatory muscle activity.

Is posterior crossbite a risk
temporomandibular joint clicking?

Conclusions: Myogenous TMD patients contract the
masseter for longer than pain-free controls. Smart-phone
assisted monitoring of the jaw muscles represents a
promising tool to investigate oral behaviour patterns in
orthodontic patients.

Aim: The relationship between dental malocclusion
and temporomandibular disorders (TMDs) remains
controversial. The aim of this study was to investigate
the putative association between posterior cross-bite in
adolescence and self-reported temporomandibular joint
(TMJ) clicking later in life.

Three-dimensional analysis of lip changes
in response to simulated maxillary incisor
advancement

The Dunedin Multidisciplinary Health and Development
Study is a longitudinal study of a birth cohort of 1037
children born in Dunedin, New Zealand between April
1972 and March 1973. Health and development data
have been collected periodically since then. Posterior
cross-bite was clinically assessed when Study members
were aged 15 years, and self-reported TMJ clicking (at least
occasionally) was assessed at age 38. Cross-tabulations
and logistic regression modelling were used to assess
whether an association existed between posterior crossbite and subsequent TMJ clicking.

Investigators: Joanne Au, Li Mei, Florence Bennani, Austin
Kang, Mauro Farella

Aim: To assess three-dimensional (3D) lip changes in
response to simulated maxillary incisor advancement.
Incremental maxillary incisor advancement was simulated
by placing wax of increasing thickness (+2mm, +4mm,
+6mm) on the incisors of 20 participants, and the
induced lip changes were recorded using 3D stereophotogrammetry. The induced displacement of lip
land ar s was uanti ed using
i age analysis
software. Data was analysed using a repeated-measures
analysis of variance (ANOVA).
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A large inter-individual variation in lip response to
simulated incisor advancement was observed. A
signi ant overall effe t on
li
hanges was ound
for increasing values of simulated incisor advancement
as well as signi ant differen es between anato i al
landmarks of the lip. Most points moved outwards and
antero-superiorly, except the midpoint and corners of
the lip. Greatest movement was observed in the sagittal
plane, followed by vertical and transverse planes.
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Conclusions:
Maxillary
incisor
advan e ent
signi antly
affe ts u er li
hange in three
planes of space; particularly,
the anteroposterior plane, in
which the response to simulated
advancement appears to be nonlinear.
a les o olour oded s alar elds ro
our different e ale arti i ants
C
with + 6 mm of incisor advancement. Green
areas correspond to areas of little to no
change (-0.5 mm to 0.5 mm); yellow and red
correspond to increasingly positive values of
displacement. Note the large interindividual
differen e in so t tissue res onse.

factor

for

Investigators: Simon Olliver, Jonathan Broadbent, Murray
Thomson, Mauro Farella.

A total of 726 Study members (70% of the original cohort)
were dentally examined at age 15 and also participated
at age 38 years. One in three had received orthodontic
treatment by the age of 26 years. A total of 94 Study
members (13%) had a unilateral or bilateral posterior
cross-bite at age 15 years. Among those whohad no
osterior ross bite at
re orted
li ing at
least occasionally by age 38 years, while it was 34% among
those with a cross-bite at age 15. No association between
cross-bite and TMJ clicking was observed, and this held
after controlling for their history of orthodontic treatment.
Con lusions osterior ross bite in adoles en e is not a
risk factor for TMJ clicking by the late thirties.

Ecological momentary assessment of pain in
adolescents undergoing orthodontic treatment
using a smartphone app
Investigators: Will Sew Hoy, Joseph Antoun, Wei Lin, Nick
Chandler, Tony Merriman, Mauro Farella
The purpose of this study was to determine the feasibility
of a smartphone application (app) to assess pain levels
in real life, and to test their association with gender, age,
time in orthodontic treatment, and type of orthodontic
adjustment.
Eighty-two
participants
undergoing
orthodontic treatment were recruited. A newly developed
app was used to assess pain scores at regular intervals
in the three days after adjustment of braces. Resting and
chewing pain were assessed using sliding digital visual
analogue scales. The mean age of the sample was 15.2
± 1.6 years, the mean time in treatment was 12 ± 8.4
months, and the majority (56.1%) were females.
Resting pain and chewing pain at the teeth rose steadily
from baseline, peaked at approximately 20 hours, then
decreased gradually over the next two days. Details
of the orthodontic adjustments were associated with
the total pain experienced at the teeth, with new bondu s resulting in signi antly
ore ain than routine
orthodonti ad ust ents. ain levels were not signi antly
associated with age, gender, or time in treatment.
Conclusions: This smartphone app shows promise in
measuring orthodontic pain in the real world, and will
aid future research projects which investigate various

a tors that ould in uen e ain severity.

Funding highlights
Total research funding (external) obtained in the period
2017- 2018 amounted to $266,311.

Other Craniofacial Research projects include:
ffe t o orthodonti e tra tions on a e ro le.
he sy hologi al effe t o
life course.

alo lusion over the

• Development of an ovine model to investigate
orthodontic tooth movement
• Impact of psychological and genetic factors on
orthodontic pain
anage ent o bio l or ation with ir low in
atients with ed orthodonti a lian es
• A novel approach for monitoring eating behavior in
children
• Relationship between sugar sweetened drinks,
tooth wear and dental aries in
ori
• Jaw muscle overload as a possible cause of orofacial
pain
• Assessing three-dimensional tooth movements
during orthodontic activations using an E-typodont
he effe t o e hani al strain on the un olded
protein response of periodontal ligament cells in a
three-dimensional culture
• Predictive factors of orthodontic pain
a y o a andibular advan e ent a
Sleep Disordered Breathing in children

lian e on

• A new approach to engineering 3-dimensional
constructs of human bone matrix in a mechanicallyactive environment
• Genetic and environmental factors associated with
hypodontia
• A novel model for exploring the causes and
treatments of craniofacial birth defects
io l
anage ent with oral robioti s in
orthodontic patients: a triple-blind randomised
placebo-controlled trial
• Genetics aspects of the long face
• Growth factor expression in the rat condyle:
implications for craniofacial development
• Intra-oral monitoring of oral pH and bruxism

Funding highlights 2017-18:
Colgate SJWRI Research Grant. Development of novel bovine
derived hydroxyapatite toothpaste for caries prevention
(Cathro P, Ratnayake J, Mei L, Guan G, Dias GJ) $13,423
University of Otago Research Grant. I just want my teeth
straightened. (LF Page, JS Antoun, PW Fowler, HC Jack) $36,000
Ministry of Oral Health Research Fund. Reading between
the lines: how do young New Zealanders from lower socioeconomic backgrounds feel about not getting their teeth
straightened? (LF Page, JS Antoun, HC Jack) $29,000
inistry o
ral ealth esear h und.
a y o the oral
probiotic Streptococcus salivarius in managing bio lm
formation in patients wearing xed orthodontic appliances (Li
Mei, Gareth Benic, Mauro Farella, Nick Heng) $11,410
CureKids Innovation Seed. A novel approach for monitoring
eating behavior in children (Mauro Farella, Ghassan Idris,
Barbara Galland, Rachel Taylor, Claire Smith) $49,458

MedTech CoRE Grant-in-Aid. EMG-Guard: a smart-phone
assisted wireless
devi e or s all su er ial us les.
(Mauro Farella, Michael Paulin, Richard Cannon, Maggie-Lee
Huckabee) $25,000.
New Zealand Dental Research Foundation. Development of
an ovine odel or investigating effe ts o orthodonti tooth
movement (Rachel Farrar, Mauro Farella, Warwick Duncan,
Joseph Antoun, Birte Melsen) $15,000.
New Zealand Dental Research Foundation. Do orthodontic
extractions ruin faces? (Danielle Hodgkinson, Mauro Farella,
Joseph Antoun, Li Mei, Austin Kang) $11,654
ew ealand ental esear h oundation. ffe ts o different
adhesive removal methods on bacterial colonization on in vivo
orthodontic bracket model (Ana Low, Joseph Antoun, Li Mei,
eoffrey o
ins auro arella
.
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