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Outside 
looking in

What role do advanced imaging techniques play in biomaterials 
development? Ian Wimpenny and Jonny Blaker at the Henry Royce 
Institute at The University of Manchester, UK, hone in on the 
investigations to characterise and test these materials. 

Above: Custom-designed 
µCT scanner optimised 
for high throughput 3D 
X-ray histology 
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Improvements in the diagnosis of diseasees lead to demands 
on more aff ordable, bespoke treatments to prolong and sustain 
the health of the population. Th e presence of materials in 
healthcare has never been more prominent, and the role of 
imaging and characterisation is central to driving innovation 
in drug therapies, regenerative medicine and medical devices.

Materials development inherently requires tools to 
characterise and test materials in a range of applied 
environments – it is necessary to measure a material’s 
performance before its properties can be improved. Techniques 
including X-ray computed tomography (XCT), magnetic 
resonance imaging (MRI) and ultrasound are frequently used 
to characterise biological changes in si e, shape, tissue damage, 
functionality or failure. Th e outputs from these inform 
clinicians regarding the necessity and type of intervention 
required and they also provide post-intervention assessment. 

Fabrication and assessment of materials for 
directing tissue repair and regeneration
Light-sheet microscopy (LSM) permits micrometre-scale 
resolution and 3D analysis over several millimetres. It has 
been used in the development of biomedical materials for 
the treatment of nerve injuries. Peripheral nerve injuries are 
common in the UK – there are in excess of ,  cases per 
year. Repair and regeneration of peripheral nerves is oft en 
poor. Biomedical devices, such as a nerve guidance conduits, 
can be used to support functional recovery of nerve tissue. 
At the University of She   eld, UK, Dr Mehri Behbehani has 
assessed the performance of a nerve guidance conduit based 

on aligned polycaprolactone sub-micron fi bres, fabricated 
by electrospinning and incorporated in a polyethylene 
glycol tubular construct. Th eir suitability as nerve guidance 
conduits can be examined over clinically relevant distances – 
up to a few millimetres.

Exploring functional biomedical materials and 
devices using optical coherence tomography 
Optical coherence tomography (OCT) is a non-destructive 
imaging technique that relies on the use of low-coherence light 
to obtain D and 3D images from diff erent optical scattering 
materials such as biological tissues. Th is technique off ers 
lower penetration than conventional ultrasound imaging, 
but it has higher resolution (micrometre range) and is used 
in ophthalmology for retina imaging, dermatology for skin 
lesions diagnosis, for monitoring peripheral nerve repair, or 
for cardiology to evaluate the lumen of coronary arteries. In 
addition to diagnostic purposes, it has been used to create 
biomaterials and medical devices and allows their degradation 
to be monitored and predicted in vivo.

Dr neko Larra eta, at ueen’s University Belfast, UK, 
comments that OCT has been extensively used for imaging 
cardiovascular stents placed in coronary arteries. Th e 
information obtained optimises stent design and placement. 
It is also used to evaluate drug distribution in drug-loaded 
stents and in the development of microarray patches for 
transdermal drug delivery. Th ese patches contain arrays of 
micro-projections capable of piercing the outermost layer of 
the skin to enhance drug permeation.
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Left: Indication of the use of two-photon imaging to reduce 
the background scattering and improve the clarity of images, 
demonstrating the depth of imaging that can be achieved. 
Data collected in one-month-old transgenic Thy1-YFP-H line 
mouse through a glass-covered cranial window (left) 

Imaging in neurophysiology and interfacing 
devices with biology
Th e use of multiphoton imaging off ers some unique advantages as 
a biological imaging modality. Femtosecond pulsed infrared light 
with two or more photons absorbed for multiphoton excitation 
means background excitation and scattering are reduced leading 
to increased imaging depths in live biological samples. Spatial 
light modulation (SLM) can be incorporated for highly targeted 
3D stimulation or photoconversion while imaging simultaneously. 

Advances in the technique, using three photons, has also 
proved a viable tool for imaging through highly scattering 
tissue, with researchers starting to image through the skull 
rather than creating a cranial window. Th is opens the potential 
to image through brain-machine interfaces to better explore 
the interactions between biomaterials, for example, hydrogels 
and electrically conductive materials, cells in culture including 
spheroids and organoids, and native tissues. 

Th is technology is now enabling exploration of 
electrophysiology in 3D at material and cell interfaces, and their 
photostimulation, sensing and actuation in vitro and in vivo.

A major advantage of electrical transducers is the continuous, 
label-free, data generation, which can characterise tissues while 
they grow and diff erentiate, highlighting the importance of 
seamless biological and electrical interfacing from the start.

Data-centric imaging for development of 
biomedical materials and devices
Digital imaging technologies can be used to generate computer 
design models that form the structural blueprints for 
biological tissues and materials. Th ese impact healthcare by 
improving teaching, training, fabrication and assessment of 
transformational healthcare devices. 

X-ray computed tomography can be used broadly across 
multiple anatomical levels, e.g. at nanoscale for sub-cellular 
imaging of mineralised tissue prospective bone-tissue scaff olds, 
to macroscale features for full-body scans. Diamond Light 
Source Synchrotron Facility at Harwell, in Oxford, UK, the 
National X-ray Computed Tomography Facility led by Dr Tim 
Burnett at Th e University of Manchester, UK, and the Imaging 
BioPro network led by Professor Peter Lee at University College 
London (UCL), UK, off er the means to drive forward materials 
innovations including those in the healthcare sector. 

Professor Alister Hart, Royal National Orthopaedic Hospital 
NHS Trust and Action Medical Research Chair of Orthopaedics 
at UCL, uses XCT techniques to conduct quantitative 
musculoskeletal imaging to generate patient-specifi c, bespoke 
implant design for reconstruction of non-reconstructable ailments, 
required for hip replacement surgery. Improvements can then be 
implemented into the next generation of the design to ensure that 
the patient’s health and mobility can be sustained for longer. 

Method to measuring
Data-centric materials engineering can be deployed across a 
huge application base. More frequently, we are now seeing the 
use of artifi cial intelligence (AI) to recognise scenarios and 
situations, for example in cancer diagnosis. 

Techniques like XCT, MRI and Time of Flight-Secondary 
Ion Mass Spectrometry with OrbiTrap (Orbi-SIMS) are able 
to provide both chronological assessment and input to validate 
subsequent redesign of (bio)materials. 

Th e management thinker Peter Drucker is oft en quoted 
as saying that “you can’t manage what you can’t measure”. It 
has resonance with this approach – we cannot know if we are 
successful unless success is defi ned, measured and monitored, and 
indeed predicted. Th ese techniques both quantify progress and 
allow us to adjust materials to produce the desired outcome and, 
in turn, meet the grand challenge of ensuring a healthy society. 

Continued progress in the fi eld of imaging and characterisation 
will be required by the clinical community and shows much 
commercial promise. It forms part of an ever-growing trend that 
sees diff erent disciplines and specialists coming together to drive 
innovation and improve healthcare outcomes.  
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Figure adapted from Burnett, T.L., 
Withers, P.J. Completing the picture 
through correlative characterization. 
Nat. Mater. 18, 1041–1049 (2019). https://
doi.org/10.1038/s41563-019-0402-8

Below: An indication of the cycle for materials innovation and improvement. 
Imaging techniques form part of an integrated computational materials 
engineering (ICME) approach using high-throughput experimentation and 
data collection, followed by performance assessment and the creation of 
digital models to assess and predict the behaviour of materials in-service
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