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Above: fMRI studies on the pale spear-nosed bat revealed that ultrasonic noise deactivates the forebrain. Example BOLD activation maps for ultrasonic 
noise > rest in low and high anesthesia groups, registered to anatomic MR image, and compared to atlas for a related Phyllostomid (Scalia et al, 2013). 
Image courtesy of Dr Stuart Washington and Prof Annemie Van Der Linden, University of Antwerp. 
Image relates to Dr Kirk Feindel's 'international job shadowing program' article inside newsletter on page 8.  
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CEO's Message 

RESEARCH PROJECT
•  Analysing flow in rocks using combined PET & CT imaging  
•  Using fMRI to understand more of the human brain 
 
INTERNATIONAL COLLABORATIONS
• An ontologically consistent MRI-based atlas of the mouse 

diencephalon  

INDUSTRY ENGAGEMENT 
• NIF Fellow participates in job shadowing program 
• An award winning NIF Platform Technology Officer 
• e-Research conference 
• Ausbiotech conference 

IN THIS ISSUE 

Welcome message from the CEO  

As you read this newsletter, hopefully you will see how 
NIF is making a difference. Whether it is industrial 
processes, understanding human neural responses, or 
visualising brain structure and function in laboratory or 
native animals, imaging is an important tool. Our Facility 
and Informatics Fellows are key to the success of NIF, and 
are working to build engagement with our international 
partners in Global BioImaging (Kirk Feindel visits 
Belguim), and improve the processes within our facilities 
(Gary Perkins wins an award). These are activities that 
turn a hardware facility into an infrastructure capability.

As we close the year, it is worth reviewing where we want 
to go, how we went, and what we should be thinking 
about for next year. Anyone in the research community 
is aware that there has been an marked emphasis on 
impact. Research needs new discovery, as the driver of 
future development, but we also need to look for ways 
to reach out to the community and find out how that 

discovery can make a difference, be it economic, better 
health, environmental protection, or better quality of life; 
the NIF team is looking at what is needed to drive impact.

In this newsletter, you will read about our engagement 
through national conferences, which offers a path for 
outreach; helping us to plan. But, we need to do more, 
we need to better engage with you. We have changed 
our structure, with the implementation of thematic teams, 
in which academic and industry users will play a critical 
role. We want you, our researchers, to join us, to plan 
the future. If you have some ideas, we would love to hear 
from you.

The NIF team wishes all our readers and their families 
a great Christmas holiday season, a time of reflection, 
relaxation and renewal. We look forward to 2018, and the 
opportunity to work with you and to achieve your goals.

We at NIF wish all our readers a 
festive and fruitful Christmas season, 

and a Happy New Year! 

Professor Graham Galloway 
Company Executive Officer 
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has enabled researchers to probe the neural substrates 
of many human cognitive phenomena in vivo in a non-

invasive manner. Critically, given an appropriately designed 
cognitive activation paradigm, fMRI can easily image the 
functioning of both cortical and subcortical brain structures, the 
latter residing deep within the brain. Indeed probing the function 
of these deep brain structures is not possible with other non-
invasive imaging techniques such as electroencephalography 
(EEG), magnetoencephalography (MEG), Optical Imaging or 
Near Infrared Spectroscopy (NIRs) that are limited to probing 
the cortex. Additionally, while fMRI signals are not resolvable 
with the temporal resolution of EEG/MEG (in the order of 
milliseconds), it is resolvable over the order of hundreds of 
milliseconds to seconds, making it more amenable to probing 
many brain functions compared to over other whole-brain 
techniques such as positron emission tomography (PET) that 
measures signals that are resolvable over the order of tens of 
seconds to minutes but requires administration of radioactive 
tracers. The unique combination of non-invasive imaging 
capability and spatial utility of fMRI has led to an explosion 
of research activity across the globe, greatly accelerating 
our understanding of human cognition in the process. 

Recent work at the Swinburne node of the National Imaging 
Facility (NIF) exploited these capabilities of fMRI to great 
effect using Swinburne’s 3 Tesla Seimens Trio® MRI scanner. 
In a study just published in the Journal of Neuroscience 
(Byrne, Hughes, Rossell, Johnson & Murray. Time of day 
differences in neural reward functioning in healthy young 
men. Journal of Neuroscience, 2017: 37: pp8895-8900), 

a research team led by Prof. Greg Murray in collaboration 
with NIF members Prof. Susan Rossell and Dr Matthew 
Hughes tested  the  hypothesis  that  reward function 
in the striatum is modulated by the circadian system. 

Previous studies had indicated that the neural reward response 
may be different in the afternoon, but the direction of the effect 
was contentious. Some studies using self-reported positive 
affect measures suggested that daily reward responses follow 
the diurnal rhythm, peaking in the early afternoon.  Others 
contended that this reward response represents a type of 
prediction error, with reward responses higher at times of day 
when rewards are unexpected (i.e., early and late in the day). 

In the study at the Swinburne NIF node, fMRI was used to 
assess neural reward responses in the context of a validated 
reward task at 10.00h, 14.00h, and 19.00h in healthy young 
men.  A region of interest approach was used to investigate 
the diurnal waveform of activation in the striatum. A multi-
level modelling revealed a quadratic time-of-day effect 
focusing in the left putamen (p <.001), and consistent with 
the ‘prediction error’ hypothesis, left putamen activation was 
significantly higher at 10.00h and 19.00h compared to 14.00h.  
This was interpreted as indicating that the putamen may be 
important for endogenous priming of reward motivation at 
different times of day, with the pattern of being consistent 
with circadian-modulated reward expectancies in neural 
pathways.  This work highlights the utility of fMRI to probe deep 
brain structures that are inaccessible to other neuroimaging 
techniques to answer significant research questions.

Figure. The contrast of Reward > Baseline with a repeated-
measures ‘Time of Day’ model factor. (a) Time of Day effect 
in the left putamen (p < .001). (b) Activation of left putamen 
significantly decreased at 14.00h, compared to 10.00h or 19.00h.

Using fMRI to understand more 
of the human brainAnalysing Flow in Rocks by Combined Positron Emission Tomography and 

Computed Tomography Imaging  

 Yibing Hu, Ryan. T. Armstrong, Tzong-tyng Hung, Brendan Lee, Igor Shikhov, and Peyman Mostaghimi  

Background 
 Micro-CT is a powerful tool for visualising dynamic flow but it’s limited by temporal 

resolution. 
 PET combined with micro-CT describes the fluid distribution. 
 This work investigates fluid movement labelled by the radioactive tracer 18F-FDG.  
 Micro-scale numerical simulation for flow distribution and permeability estimation. 

Methodology 
 The Inveon MicroPET-CT scanner (Siemens) 

 
 
 
 
 
 
 
 

 
 Samples: Sigma-Aldrich borosilicate glass beads, Bentheimer sandstone with a 

horizontal fracture, Bentheimer sandstone 
 
 
 
 
 
 
 
 

 
 Flow cell: polycarbonate tubes, araldite sealing, polyether ether ketone tubing 
 Image processing: Denoising and Segmentation 
 Finite Element Method (FEM) numerical simulation 

 
 J - Leverett function derivation 

 
 
 

Figure 1. Inveon microPET-CT imaging scanner. 

Figure 3. Schematic of the imaging set-up.   
Figure 2. A: glass beads pack; B: fractured 

sandstone; C: Bentheimer sandstone.  

Imaging Results 
 

 Gravity dominated flow in large pores.  
 The fluid fills the sample from bottom to top.  
 The radioactivity may exaggerate the saturation of fluid. 

 
 
 

 
 
 
 
 
 
 
 
 

 
 A low porosity region in the middle : micro-pore  below the resolution. 
 Gravity affected flow.  
 The fluid propagates below the fracture. 
 Filling the bottom half of the sample in a capillary dominated flow 

pattern.  
 
 
 
 
 
 
 
 
 
 

 
 
 A diffusion flow phenomenon at the front.  
 The flow is dominated by capillary force.  
 After 0.51 PV, individual boluses at the rear, showing a higher flow rate 

than the uniform front. 

Simulation Results 
 The velocity and pressure field of sample B is simulated with GeoDict. 
 Figure 5 is generated by resampling the micro-CT image to the 

resolution of the PET image. 

Figure 4. (left) velocity field of artificial fracture;  
(right) pressure field of fractured sandstone.  

A                    B                  C 

Figure 5. (left) voxel porosity map; 
(middle) voxel saturation map; (right) 

voxel permeability map (mD). 

CONCLUSION AND FUTURE WORKS 
 

 Potential in studying porous media flow by PET-CT. 
 PET imaging: saturation process, 3D spatial fluid distribution,  

dominating flow displacement pattern. 
 Voxel-averaged maps exhibit the structural heterogeneity. 
 Simulation of the front progression, vertical set, larger samples. 

Figure 8. micro-CT and PET image of sample C 

Figure 7. micro-CT and PET image of sample B 

Figure 6. micro-CT and PET image of sample A 

(Left): The contrast 
of Reward > 
Baseline with 
a repeated-
measures ‘Time 
of Day’ model 
factor. (a) Time of 
Day effect in the 
left putamen (p < 
.001). (b) Activation 
of left putamen 
significantly 
decreased at 
14.00h, compared 
to 10.00h or 
19.00h.

For more details on the study, please contact Professor Greg Murray, Centre for Mental Health, Faculty Health, Arts and 
Design, Swinburne University of Technology. Email: gwm@swin.edu.au.

Combined Positron Emission Tomography (PET) and 
micro-Computed Tomography (micro-CT) provides an 
unprecedented imaging method to visualise and study 

fluid flow in porous media by continuous monitoring of tracer 
labelled fluid distribution in the pore space. We employ this 
method for understanding complex displacement processes in 
core samples to evaluate and visualise fluid flow. A flow cell to 
hold core samples and distribute the fluid has been designed 
and mounted within the PET-CT scanner. Each sample is 
imaged with micro-CT scanner and then moved into the PET 
chamber. Reservoir fluid labelled by radioisotope, [18F]-
FluoroDeoxyGlucose (18F-FDG) is injected by a syringe pump 
with pre-set rate and then continuous imaging is conducted 

by PET. The 18F-FDG decays and emits positrons whose 
annihilation produces gamma rays. Image reconstruction and 
segmentation is applied for visualisation and simulation. The 
spatial fluid saturation is displayed by processing normalized 
radiation intensity values and the detection of the labelled flow 
phase. The tracer distribution illustrates the fluid pathways. 
The 3D flow displacement procedure is displayed, and the 
flow mechanisms are studied by analysing flow and core 
structure data acquired from the PET and CT scanners. The 
developed imaging method provides a unique opportunity 
to determine the pathway of fluid flow in porous media and 
offers detailed information on the fluid transport processes.

For more information 
on this study, please 
contact Dr Tzong 
Hung at t.hung@
unsw.edu.au. 

Below: Dr Tzong 
Hung - NIF Facility 
Fellow 

Right: Poster that 
was presented 
to International 
Symposium of the 
Society of Core 
analysts, Vienna, 
Austria, August-
September 2017
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The traditional concept of the diencephalon included the thalamus, hypothalamus, subthalamus, and epithalamus; 
however, recent studies of developmental gene expression have challenged this assembly (Puelles et al., 2013; 

Watson et al., 2017), and the revised view of the diencephalon excludes the hypothalamus and the subthalamic nucleus.

An ontologically consistent MRI-based atlas of the mouse diencephalon

This paper is the fifth of a series of studies describing the detailed anatomy of major brain regions as seen in MR images 
based upon the Australian Mouse Brain Mapping Consortium (AMBMC) template brain. The previous papers in the series 
dealt with the hippocampus (Richards et al., 2011), the cerebellum (Ullmann et al., 2012), the basal ganglia (Ullmann et al., 
2014), and the cerebral cortex (Ullmann et al., 2013). 

The present paper offers a detailed description of the major parts of the mouse diencephalon in high-resolution MR images. 
However, segmentation of T2*-weighted MR images of the diencephalon is challenging; in comparison to the hippocampus, 
which has clear boundaries between layers, and the cerebellum, which has clear structural boundaries, many parts of 
the diencephalon possess relatively subtle variations in contrast. The images used in this atlas have benefited from a 
combination of enhanced contrast obtained by perfusion with a gadolinium contrast agent, and improved signal to noise ratio 
produced by the average of MR scans from many animals. These factors allowed us to identify subtle differences in contrast 
that define adjacent structures. 

Using high resolution data in studies that employ lower resolution images; this study is based on the analysis of high-
resolution images of the diencephalon and we acknowledge that the vast majority of mouse MRI studies are based on much 
lower resolution images. The use of lower resolution images may be dictated by functional considerations, such as the need 
for a low-resolution time series or large-scale functional connectivity mapping. However, the major landmarks we have used 
(particularly the large fiber bundles) are well seen in lower resolution images, and we believe that users will be able to match 
a particular image in their own data with one of our illustrations. Once a match is identified, the user will be able to reliably 
interpolate details of individual nuclei as required. Is the segmentation based on the Paxinos and Franklin atlas consistent 
with that seen in the Allen Reference Atlas of the mouse brain?

The Allen Reference Atlas (Dong, 2008) provides an important competing version of mouse brain segmentation, and it is 
freely available on the Allen website. We have found that the detailed segmentation of the thalamus and related areas in the 
Dong atlas is very similar to that offered by the Paxinos and Franklin (2013) atlas. We believe that either atlas will provide 
a reliable guide to segmentation of the diencephalon. The only major difference is that the Dong atlas uses the traditional 
ontology as a basis for subdivisions instead of the new developmentally based ontology (which incidentally is used in the 
Allen developing mouse brain atlases).

Collaborators 
Charles Watsona,c,d, Andrew L. Janke, a,b, Carlo Hamalainenb, Shahrzad M. Bagherib,

George Paxinosd, David C. Reutensa,b, Jeremy F.P. Ullmanna,b,e
a The Australian Mouse Brain Mapping Consortium, The University of Queensland, 

Brisbane, Australia
b Centre for Advanced Imaging, The University of Queensland, Brisbane, Australia

c Health Sciences, Curtin University, Perth, Western Australia, Australia
d Neuroscience Research Australia and The University of New South Wales, Sydney, 

Australia
e Department of Neurology, Boston Children's Hospital, Boston, MA, USA

Acknowledgements
We thank the Queensland NMR Network (QNN) and the National Imaging Facility (NIF) for instrument  
access and technical support. This work was supported by the National Health and Medical Research
Council (NHMRC) of Australia (#43667 and #1086643) and the Australian National Data Service 
(ANDS) through the National Collaborative Research Infrastructure Strategy Program (#dc0).

Above (left): Images of a coronal slice through an MR scan based on an average of eighteen mouse brains. 

Above (right): Three dimensional renderings of fiber-bundles used as landmarks to navigate the mouse diencephalon. 
(B) Three dimensional renderings of major ventral tier thalamic nuclei - the dorsal lateral geniculate nucleus, medial 
geniculate nucleus, and ventral thalamic nucleus.

Left: Dr Andrew Janke, NIF Informatics Fellow, who collaborated on this project.
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In late 2016, Euro-Bioimaging initiated the Global BioImaging 
(GBI) International Job Shadowing Program. This program 
gives the opportunity for imaging facility staff within the 

GBI Project Network (Euro-BioImaging, Australian National 
Imaging Facility (NIF), Australian Microscopy & Microanalysis 
Research Facility, India-BioImaging) to visit a participating 
facility to exchange experiences and ideas, support 
networking, and prepare future collaborations. UWA & NIF 
Facility Fellow Dr Kirk Feindel was awarded a travel grant in 
the inaugural round of the program.

In May 2017, Dr Feindel travelled to Antwerp, Belgium to 
visit the BioImaging Lab at the University of Antwerp, lead by 
Professor Annemie Van Der Linden.  This lab was of particular 
interest to visit as they have an established record of successful 
engagement with major industry partners such as Johnson 
& Johnson. The BioImaging Lab is part of the Expert Group 
Antwerp Molecular Imaging (EGAMI) consortium that enables 
joint application to a diverse range of major funding programs 
to support research from electron and optical microscopy 
through to human CT, MR, and PET imaging.  The NIF network 
has existing links to EGAMI via contributions made by the 
Vision Lab to the MRtrix software package.  The Vision Lab 
is the primary IP generator in EGAMI and supports 30 to 40 
staff developing solutions for industrial CT, 3D modelling, virtual 
reality, and image segmentation, including a spin-off company 
Icometrix.

During the two week visit Dr Feindel was able to meet 
with the academic and management staff to discuss topics 
including capital and operational funding sources, staffing, and 
successful execution and management of contract research 
for commercial partners. The BioImaging Lab houses four 
preclinical MRI scanners including a Bruker BioSpec 9.4 T, 
2 x Bruker ClinScan 7.0 T, and an MR Solutions 4.7 T. While 
the lab is considered a Core Facility for the university, the 

instruments were obtained independently by the CI or through 
industry partnerships. Operations are supported in the lab 
by two engineers, and in the office by a Lab Manager and a 
Research Innovation Manager (RIM) employed by EGAMI 
though a federal industry engagement program. The role 
undertaken by the RIM was demonstrably critical for successful 
industry engagement, being the primary networking contact, 
initiating and coordinating linkage projects, in addition to writing 
of grants. 

Dr Feindel was also able to spend a significant amount of time in 
the MRI facility to discuss operation, maintenance, and support 
of the four MRI scanners, and observe ongoing MSc, PhD, 
and post-doctoral research projects.  The academic research 
focuses primarily on neuroplasticity, neurodegeneration, and 
optogenetics, studied using both fMRI and diffusion weighted 
imaging, in addition to investigation of non-Gaussian diffusion 
metrics.  Of particular interest during the visit were on-going 
fMRI projects on atypical species such as song birds and bats. 
Shown in the figure on the front cover is an example of fMRI 
results from a study involving echo-locating pale spear-nosed 
bats (Phyllostomus discolor).

Overall, the GBI International Job Shadowing Program proved 
to be a valuable opportunity to gain insight into the management, 
operation, and support of a imaging facility with strong academic 
research and successful industry engagement.

Above: Stadhuis of Antwerp (City Hall) in Grote Market was completed in 1565.

In every nuclear medicine department, both in the clinical and 
pre-clinical settings, there are radiochemists working away 
to synthesize the radiotracers that are used to produce the 

vital images that form the basis for diagnosis and research. 
These radiotracers are most commonly produced using 
automated radiochemistry modules that are housed within 
lead lined hotcells to allow the radiochemist to work safely. 

However once the important radiotracer has been produced, 
little thought is given to what happens next, which for the 
radiochemist is clean-up. This waste, which still contaminants 
the module, has long been overlooked but forms the greatest 
chance of personal contamination to the radiochemist. Up until 
now none of the large radiochemistry module manufacturers 
have developed a solution to this problem despite cleaning 
being a common talking point amongst production staff.

This every day problem inspired the Camperdown staff members, 
Gary Perkins and Nikolas Paneras (who is now with the Centre 
for Accelerator Science) to work on a technical solution. The 
key to the solution was to integrate a simple, small and reliable 
system into the already existing radiochemistry module. With 
Gary’s skills in radiochemistry and Nikolas’ skills in electronics, 
the two colleagues combined to start their own group RADSET 
(Research and Development of Scientific Equipment Team) to 
overcome this issue. The team had to think outside the box to 
develop a custom solution. This started with investigating the 
control system of the current radiochemistry module, a Synthra 
produced in Germany. After a lot of discussion between the group 
and some hard decisions to be made, the beginnings of what 
became affectionately known as “Multi Squirt” began. Using 
a custom designed control board and commercially available 

parts, that are common within the field, the first prototype was 
successfully integrated into the Synthra system. This prototype 
has undergone further review and a full production model has 
been produced and integrated across all the Synthra systems 
that are currently used at ANSTO Camperdown. This system 
now forms an integral part of the radiotracer production process 
for both 18F and 11C isotopes.

Given the utility of the system, it was presented by Gary at 
the Synthra User Group meeting in Hamburg Germany. The 
system received an extremely positive review by all the users 
with several groups wanting to further beta test the system. It 
was given a special acknowledgement by the Synthra CEO 
Bruno Nedeling. Nedeling commented that ANSTO “presented 
the advantages of an automated cleaning system”, which 
has now resulted in a breakthrough in the radiochemistry 
synthesis module production process. Synthra is now the only 
manufacturer in the market that builds synthesis modules with 
“integrated self-cleaning systems”.

This small idea now reduces the risk of contamination to  
the radiochemist by allowing the hands free cleaning of the 
radiochemistry module as well as a 100% increase in production 
at the same time.

Dr Gary Perkins receives the George 
Collins award for Innovation 

UWA NIF Facility Fellow Participates 
in Global BioImaging International Job 

Shadowing Program

Left: Dr Kirk Feindel (NIF 
Facility Fellow) who attended 
the program in Antwerp, 
Belgium. 

Clockwise: 
a) Dr Gary Perkins (on the right) (NIF Platform 
Technology Officer) at award ceremony, b) the award 
in Nuclear Science & Technology 2017 won by Dr Gary 
Perkins, c) the "Multi Squirt" apparatus.   

Right: fMRI studies on the pale spear-nosed bat revealed that 
ultrasonic noise deactivates the forebrain. Example BOLD 
activation maps for ultrasonic noise > rest in low and high 
anesthesia groups, registered to anatomic MR image, and 
compared to atlas for related Phyllostomid (Scalia et al, (2013) 
Forebrain atlas of the Short-tailed fruit bat, Carollia perspicillata. 
Springer Science+Business, New York, New York). Image 
courtesy of Dr Stuart Washington and Prof Annemie Van Der 
Linden, University of Antwerp. As on cover. 
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INDUSTRY ENGAGEMENT

The AusBiotech 2017 annual national meeting held in Adelaide attracted 
over 1000 attendees from 18 countries, the largest delegations from 
China, Japan, NZ, Singapore and South Korea, UK and the USA – to 

network, collaborate and discuss sector successes and issues. The buoyant 
sector heard from world-class speakers, received new sector statistics 
showing a significant sector, congratulated the 2017 J&J Award winners and 
welcomed a new round of Federal grants. Delegates heard from over 90 
speakers and facilitated 1117 individual meetings.

Conferences 

To read more about these NCRIS  
collaborations, please visit our website 

http://anif.org.au/symposia-events/

Follow NIF on Twitter for updates, 
news and events: 
twitter.com/NIFAus 

The e-Research Conference offered delegates the opportunity to engage and share their ideas concerning new information 
centric research capabilities, as well as an opportunity to witness how information and communication technologies help 
researchers to collaborate and re-use information. 

Two other NCRIS capabilities, AMMRF & ANSTO, teamed up with NIF to produce a 2 page impact case study on "Beating 
Diabetes" which featured at the conference. The next eResearch will be held at the Pullman, Melbourne Albert Park, 15 – 19 
October. To view these case studies in greater detail, please see the NCRIS website https://www.ncris-network.org.au/.

APN (Australian Phenomics 
Network)  and NIF teamed 
up at Ausbiotech to illustrate 
our combined strengths in 
biomedicine in this 2 page 
leaflet above.    




