ges
IMA

ABI Biomechanics for breast
cancer imaging team: From
back left - Duane Malcolm,
Prasad Babarenda Gamage,
Barbara Curteis; front Sally Malcolm,
Poul Nielsen,
Martyn Nash,
Gill Nash,
Jessica Jor
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Professor Martyn Nash, Associate Director of Research at the University of Auckland
Bioengineering Institute (ABI) and Deputy Head of the Department of Engineering Science,
is working with teams of mathematicians to build models of the human breast and the
beating human heart to help detect and prevent cancer and heart failure.

‘‘T

here is a wealth of information
about the breast from medical
imaging,” says Nash; “magnetic
resonance imaging (MRI), computer
topography (CT) scans, x-ray
mammography, and ultrasound, as
well as new modalities like breast
tomosynthesis and thermal
imaging, which haven’t
been clinically validated
yet. We are developing
integrated mathematical and
computational models to
bring all of that information
together.” He co-leads this
project with Professor Poul
Nielsen.

Hospital staff also want to be able
to tell more accurately whether tiny
suspicious points in an image taken
when a woman is lying face down are
the same as those found in a standing
mammogram when her breast is
compressed at two different angles.

The radiologists and
surgeons who they work
with want accurate ways
of finding suspicious lumps,
A personalised biomechanical
micro-calcifications and new
computer model of a woman’s breast.
localised blood vessels, which
can be early indicators of
cancer. “ An MRI might show new
“It can be really hard to find the
blood vessels forming in a specific
same feature in an ultrasound image
part of the breast, but they don’t
that you see in a mammogram,
show up on mammograms; if we
and sonographers can sometimes
can co-locate that with microspend half an hour looking for it. We
calcifications, which are generally
want to help make that quicker and
visible in
more reliable. Our mathematical
mammograms modelling tools can also provide
but not MRI, it a way to validate new imaging
provides extra technologies.”
diagnostic
“We apply the laws of physics
information,”
to soft tissue using calculus says Nash.
derivatives and integrals. We use 2
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1 triangulating geometry to compare and we use
statistics to check a model’s validity and accuracy in
clinical trials.” The team uses images from patients
at Auckland Hospital to create a three-dimensional
computer model of each individual woman’s breast.
Clinical software tools written by Dr Duane Malcolm
are about to be delivered to the hospital. “We will
provide a 3-D view and enable doctors to click a
point on one 2-D image and see where it appears on
another image, “ says Nash. “We have to solve highly
non-linear equations to extract transformations that
will allow them to point and click in real time.”
Many
mathematicians
with music. Mathematics
departments invariably
have little trouble
assembling an orchestra
from the ranks of
their members.
Marcus de Sautoy,
Music of the Primes

The models need to be accurate to within 5mm.
“We can get to within 10-15mm now, without taking
different types of tissue into account,” says Nash. PhD
student Prasad Babarenda Gamage is estimating the
mechanical properties of different tissue types to
make the model more accurate.
Nash is using similar mathematics on another new
project to model heart failure. “To look at the passive
elastic properties of the heart we use the same
partial differential equations we use for the breast and
any other soft organs. For the active contraction of
heart muscle we use ordinary differential equations.”
Nash has been working in this area since his PhD 20
years ago.
“Imaging gives us loads of information – you can
get many different types of image data from an MRI
scanner, more than our maths techniques can handle.”
The project will use motion imaging from MRI tagging;
cine-anatomical imaging; diffusion tensor imaging; and
histological images from the heart to validate the
techniques.
Nash is working with Associate Professors Alistair
Young and Ian LeGrice, and Dr Vicky Wang who will
model abnormal heart function during heart failure.
“Hearts get bigger, their fibre structure changes,
and the ability of the heart muscle to contract is
compromised by changes to sub-cellular processes
such as calcium cycling and signal transduction.”
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“In systolic heart failure, the heart loses its ability
to contract; in diastolic heart failure it has trouble
relaxing and filling with blood”, says Nash. There are
good drug therapies for systolic but not for diastolic
failure, which is sometimes difficult to diagnose and
still poorly understood.
“We want to use mathematical models to merge the
different types of imaging of individual people’s hearts
to categorise them more accurately and earlier, and
to find out why their hearts start to fail.”

Normal heart structure

Structure in heart failure
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statistics of
wellbeing

Canterbury University PhD student Lisa Henley wants to picture
which enable them to do that.

‘‘G

ross domestic product (GDP) was
developed in the USA to help
production planning during World War II,”
says Henley, “and was never intended as a
measure of national welfare. But GDP misses
crucial parts of a country’s wellbeing – those
outside of monetary exchange.”

When her data is graphed, she will look for “a
happy people, happy planet ‘sweet spot’, and
associate these with the values of countries.
She will use data from the World Values
survey to find “an ideal combination of values
that lead to a flourishing life on a flourishing
planet”.

Henley used free online global datasets
about human wellbeing, flourishing and life
satisfaction, which include up to 300 variables.
She used a genetic algorithm and linear
regression to select the most descriptive.

Henley says that much of the research into
human flourishing “appears to be top-down,
with variables being pre-defined. But statistics
offers a wealth of methodologies for letting
the data express the essence of a concept.”

“These algorithms model natural selection
and are a great way to find the best solution
to a problem,” says Henley. “You start with
a population that represents your problem
– various subsets of the 300 variables constructed as binary elements. “

Henley attributes her interest in human
flourishing to her time working in London
as a research and development manager
for Loyalty, the Sainsbury supermarket chain
reward card, during the global bank crisis.
There was a lot of discussion about whether

“A binary tournament compares one set
of variables to another and the fittest one
progresses to the next level. All the winners
are then resampled, swapping a length of their
chromosome. The new chromosomes are
tested for fitness, recombined with their parents,
and winners proceed to the next level.”
The algorithm repeats itself, calculating
the average fitness of the result after each
iteration. “Once it’s been stable for 20 runs, it
stops. I ended up with just over 100 variables,
which is still a huge amount. The average
years of secondary schooling for girls is
coming through as really important.”
The next step is to use genetic and clustering
algorithms to find groups of countries according
to levels of flourishing. “I’m using a multicomponent fitness function, including some
fairly cool non-parametric statistics to test the
differences between the cluster populations.”
Henley wants to represent the results
visually, and may develop something similar
to Gapminder software, which converts up
to three variables over time into animated
and interactive graphics. “Unfortunately, data
available around inequality is still minimal.”

Notable maths problems
ERDÖS–FABER–LOVÁSZ CONJECTURE
If a graph (network) is made up of k complete
subgraphs, each with k vertices, and having at
most one vertex in common between any two
of them, then the vertices of the graph can
be coloured with k colours, such that adjacent
vertices have different colours.
Simply: Suppose that an organisation has
k committees (corresponding to complete
subgraphs), each consisting of k members
(corresponding to graph vertices), with any two
committees having at most one member in
common. All committees meet in the same room,
which has k chairs (corresponding to vertex
colours). Is it possible to assign the members
to chairs so that each member sits in the
same chair for all their meetings?
Discipline: Combinatorics,
discrete mathematics
Originators: Hungarian
mathematicians Paul

buying more consumer goods was all there
was to happiness, she says. “We think that
increasing our wealth will increase our
wellbeing, but the research shows that once
we can meet our basic needs, there is a
threshold after which further wealth doesn’t
increase our life satisfaction substantially.”
See also
www.gapminder.org/
www.happyplanetindex.org/data/
www.prosperity.com/
www.tableausoftware.com/products/public

mathematician Vance Faber formulated this
innocent-sounding conjecture at a party in
1972, thinking it was trivial.
Incentive: When the authors realised the
offered US$50 for a proof that it was true,
later raising this to US$500.
Progress: In 1988, W.I. Chiang and Eugene
number of the graphs in the conjecture is
Kahn improved this to k + o(k). In 2008,
of an equivalent version of the conjecture
for dense hypergraphs.
Pictured
made up of four cliques of four
vertices each, any two of which
intersect in a single vertex, can
be four-coloured.

