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The study of lung mechanics is important to futureproof resilience against potential novel threats to lung health.
Medical imaging provides insight to lung function. High-resolution, high-speed synchrotron radiation micro-CT
imaging at SPring-8 (Japan) and in situ mechanics were used to characterize healthy and diseased airways.
Synchrotron radiation was important to maximize speed and spatial resolution to map the lung architecture
clearly. Links between global lung mechanical measurements (pressure-volume) and regional tissue strains were

made. Tissue strains were computed from a sequence of tomograms during a respiratory cycle, demonstrating
clear differences for the surfactant-free lungs compared to the controls. Poorly ventilated areas were identified
within three-dimensional strain maps computed via digital volume correlation. Occluded pathways at low
pressures were seen to be opened at higher pressures, augmenting the deformation pathways. The results will aid
correlations between microscale and macroscale measurements and the potential impact on patient management
guidelines for mechanical ventilation.

1. Intro

Improving the sensitivity of lung health diagnostics is crucial, given
many people suffer from undiagnosed respiratory illnesses, which re-
mains a major cause of death worldwide. In the UK, 10,000 people are
diagnosed each week and approximately one in five people develop
asthma, COPD or other long-term respiratory illnesses [1]. Globally,
specific diseases such as asthma and COPD resulted in almost 4 million
deaths in 2019 [2]. Understanding distinct alterations in lung mechan-
ical behaviour for various diseases presents an opportunity to improve
quality-adjusted life years through more prompt and accurate diagnosis.

Environmental factors (e.g. exposure to pollutants/toxins), illness (e.
g. pneumonia/COVID-19) and social habits (e.g. smoking) compound
the degradative effects seen in the population’s lung health. Therefore,
higher resolution solutions that map the biomechanical impact of a
given disease mechanism will help bridge the gaps in knowledge, which
were further revealed in the spotlight of the recent pandemic. There
remains a distinct need to study fundamental lung mechanical alter-
ations on a local scale to comprehend their impact on global, organ-level
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performance. This study focuses on the impact caused by alterations to
the airway fluid lining on the added mechanical tissue burden experi-
enced during mechanical ventilation.

Surfactant is a complex mixture of lipids and proteins that lines the
inner surface of the lungs. Its primary role is to reduce surface tension
within the alveoli, preventing collapse during exhalation and promoting
ease of airway opening (increasing lung compliance). Surfactant defi-
ciency can be observed in premature infants as well as other respiratory
disorders in adults. In very unwell patients in intensive care, invasive
mechanical ventilation may be performed, which has multiple side ef-
fects including amongst others, alteration to fluid balance in the airways
and overdistension of delicate airways. Advanced clinical imaging
methods can visualize changes in lung structure and mechanics. Im-
provements in magnetic resonance imaging (MRI) technology, for
instance, have led to enhanced temporal resolution, allowing re-
searchers to capture dynamic processes. However, clinical imaging still
cannot provide detailed information linking the microscale to the
macroscale mechanics nor capture the dynamics in the smallest airways
during respiration.
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Advances in micro-CT technology have facilitated high-resolution
imaging of lung structures, enabling the visualization with exceptional
detail [3-12]. Synchrotron micro-CT enables improved phase contrast
with no need for complex sample preparation, which lends itself ideally
towards imaging and providing a wide range of quantitative measure-
ments [13-15]. Various biomaterials have been explored including both
hard [16-24] and soft tissues [3-7,10-12,25-28]. Quantitative analysis
of airway dynamics and alveolar mechanics has been demonstrated [4,5,
28-31] including in vivo [3,6,12,27,32]. Synchrotron micro-CT is
continuously evolving across beamlines, which can provide exception-
ally high-resolution images to the sub-micron level [33]. Best practice
and guidelines on how to perform in situ mechanics are also continually
being reported within the wider biomaterials community [34].

Synchrotron micro-CT imaging of the lung enables detailed visuali-
zations down to the alveolar level. This project focuses on the links
between local tissue strains and the impact on global mechanical mea-
sures. Other classic histological methods can highlight structural and
functional changes in lung tissue. Discerning between disease or injury
types, the pathology severity, as well as therapeutic efficacy can be
achieved through histological studies [35-39]. These methods require
fixed samples and are destructive. However, the advancements of syn-
chrotron micro-CT have enabled comparable spatial resolution of im-
aging to be achieved in non-fixed samples [5]. Beam properties, optics
and the targeted field of view dictate the spatial resolution. Whilst the
viscoelastic, or time-dependent, nature of target materials needs to be
understood and imaging speed optimised to mitigate motion blur in
non-fixed samples.

The unique capabilities of synchrotron sources enable dynamic im-
aging with high temporal resolution, capturing physiologically relevant
information about breathing dynamics, airflow patterns, and lung me-
chanics in health [31,40,41] and disease/injury [5,42-44]. The use of
digital volume correlation (DVC) in combination with high-resolution
imaging and in situ mechanics can be used to quantify the mechanical
behaviour of various materials and structures [45-49]. DVC measure-
ments will be advanced to capture biomechanical changes observed in
diseased lungs monitored using high-speed synchrotron radiation based
micro-CT.

Biomaterials, in particular soft tissues like the lung, exhibit time-
dependent behaviour. Therefore, the use of synchrotron radiation at
SPring-8, Japan, was important to maximize imaging speed, and spatial
resolution, to capture the whole lung architecture [50]. The study of
lung mechanics to improve the understanding of disease is important to
futureproof resilience against potential novel threats to lung health. In
this work, the disease model involved a surfactant-free lung. Although
an idealised model of surfactant deficiency is used, it will provide insight
to cases where fluid balance adaptations are expected, which alter the
fluid lining composition of the airways (e.g. due to oedema). The results
obtained from this experiment will be of fundamental significance for
correlating relationships between microscale and macroscale measure-
ments of lung function. The potential to impact patient management
guidelines for mechanical ventilation is significant, highlighting how
much harder the tissue is worked during each cycle.

2. Materials and experimental methods
2.1. Ethics

All experimental protocols were approved (2019A1310) by the
SPring-8 (Saitama, Japan) Experimental Animals Care and Use
Committee.
2.2. Sample preparation

Intact lungs of six healthy male A/J mice (9 wk, 27.0 + 1.8 g) were

examined. After the mice were euthanized with overdose of anaesthetic,
a tracheotomy was performed via a midline incision on the throat and a
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custom catheter was inserted. The catheter was fastened using a suture,
and the junction was fixed in place using cyanoacrylate instant adhesive
to prevent any air leaks. This procedure ensured that the thoracic cavity
was still intact and closed providing physiologically relevant boundary
conditions during mechanical ventilation.

The lung was connected via the tracheal catheter to a custom-made
mechanical ventilator device, called a Controlled inflation Tester (CiT)
[31]. The global lung pressure-volume relationship was measured and
recorded during mechanical ventilation. The lung airway pressure was
monitored throughout the experiment. The samples were cycled be-
tween 0 cmHp0 and 30 cmH»O to prevent small airway/alveolar
collapse and to evaluate lung compliance prior to and after imaging. The
lungs underwent at least 10 cycles of ventilation until the compliance
stabilized, indicated by the residual error between cycles dropping
below 1%. During ventilation, any collapsed airways reopen and the
inactive tissue adapts to movement again, substantially changing the
compliance initially. The pressure-volume (P-V) relationship was
monitored throughout the test and the characteristic hysteresis loop
formed during inflation/deflation was recorded. Note that compliance
corrections for the connections between the lung and ventilator were
made. As a secondary check on the volume delivered to the lung during
each test, the raw images were analysed to quantify the relative volume
change via image segmentation. The segmented volume was used to
confirm the volume measurements recorded by CiT. These P-V loops are
of clinical significance as abnormalities in the curves can be represen-
tative of respiratory issues. They are also of interest to engineers as
mechanical (primarily elastic) properties of the lung parenchyma can be
determined from such curves.

Ventilation prior to imaging ensured all samples had the same
baseline mechanical performance and to check that any degradative
effects due to time postmortem or beam induced damage were captured.
These risks alongside imaging settings have previously been explored
[31] and mitigated for within this study. Before imaging, 2-3 cycles
were performed and stopped at a set pressure, either 0, 10, 20 or 30
c¢cmH50 on the inflation phase or deflation phase of a cycle. After a 30s
delay to allow air reorganization and a degree of tissue relaxation, a
tomogram was acquired. This delay minimized risk of motion blur. The
target and actual pressures during imaging were recorded to capture the
true loading state. Pressures continued to be recorded during imaging to
provide context on the mechanical conditions. All studies here involved
eight iterations of ventilation and imaging to occur from the moment of
euthanasia. The total time from start to finish was recorded in the range
of 33.5-35 minutes for all samples.

One parameter of interest is the compliance of the curve, defined as
change in volume divided by change in pressure (the gradient). There
are several methods for calculating compliance of a P-V loop but it
should be noted that the compliance will vary throughout the curve due
to the nonlinear viscoelastic nature of lung tissue. The chord compliance
was calculated using two specific volumes assuming a linear P-V rela-
tionship. The volume at a cycle’s maximum and minimum pressure were
used to calculate the compliance. Any regional overdistension of alveoli
at high pressures can typically artificially reduce the compliance. Here,
regional tissue strains are quantified to enable oversight of such local
variations during the quasistatic ventilation procedure. Equally alter-
ations to the fluid lining via alveolar lavage will act to increase surface
tension and also lower compliance. Alveolar lavage was performed on
three test samples (labelled T1-3) and compared to the three control
samples (C1-3).

2.3. Imaging procedure

Tomography was performed at the Biomedical Imaging Beamline
BL20B2 [50] of the SPring-8 synchrotron (Japan). Radiation from the
bending magnet source is monochromatized and the beam tuned to 25
keV. Test samples were mounted in the beamline, suspended vertically,
connected to the controlled inflation tester (CiT) [31]. The sample
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support was mounted on orthogonal Sigma Koki crossed roller bearing
linear stages [Sigma Koki Co., Ltd., Tokyo, Japan] on top of a Kohzu
Precision rotation stage [Kohzu Precision Co., Ltd., Kawasaki, Japan].
An overview of this setup is shown in Fig. 1. Various sample-detector
distances were evaluated, with 150 mm chosen to provide adequate
phase contrast. Projections were acquired over 180° of continuous
rotation at equally spaced 0.2° angular increments.

A high-resolution detector (AA60, Hamamatsu Photonics) was used
with a CMOS camera (ORCA-flash 4.0, Hamamatsu Photonics) which
has 2048 x 2048 pixels (each pixel is 6.5 pm x 6.5 pm). The focal lengths
of the lens were 105 mm in the X-ray detector and 85 mm with the
camera. This resulted in an effective pixel size of 8.0 pm x 8.0 pm and the
field of view of 25 mm x 25 mm on the phosphor. The phosphor in the X-
ray detector was 15 micron-thick P43 (Gd202S:Tb). Prior work indi-
cated scan times under 30 s were needed for stability [5,31]. A 25 ms
exposure time gave 22.5 s scans, capturing features without motion blur.
Before each scan, specimens were cycled on CiT then held at the desired
pressure. This ventilation, stabilization, and imaging was repeated to
capture deformed geometries along the P-V curve.

2.4. Image preprocessing

Firstly, a segmentation mask needed to be created to remove any
background information and regions of the scan that were not relating to
the lung tissue of interest. Images were loaded into Matlab and down-
sized for ease of manipulation to generate a mask. These images were
processed to filter out the hard tissue (rib cage) before undergoing
texture analysis for segmentation of the lung tissue from the surrounding
soft tissues. After this, a manual check is initiated through an interface to
inspect and adjust any unsatisfactory slices. Once complete this mask
was resized to its original size and overlayed onto the original raw image
data. Each stack of segmented images were then saved in a 16-bit *.
raww format ready for DVC analysis.

2.5. Digital volume correlation (DVC)

DVC analysis was carried out using DaVis v10.2.1, LaVision, Ger-
many. For each sample, a series of images were processed in DaVis to
compute the incremental strain profile from one level of airway pressure
to the next. Full-field 3D strains for each lung sample were computed,
with sub-volume sizes limited to 32 voxels to generate each strain vec-
tor. Each strain stage computed for a given image pair corresponds to a
point on the P-V loading curve. Due to potential slight movements of the
sample during total test duration (from first scan to last), rigid body
motion may have occurred. DaVis software was employed to eliminate
any detected rigid body motion before strain computation.

Zero-strain tests were performed to gauge the baseline uncertainty in
the strain measurements. Strains from repeat scans obtained at 0 cm HyO
were calculated. As the lung, situated on the stage, interacts with its own
weight, elasticity, and its support, the zero-strain test serves as a means
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to gauge confidence in the strain measurements obtained during the
loading cycles. Prior research [31] in highly deformable lung samples
revealed strains <5% throughout the volume for this zero-strain test and
served as a benchmark here.

3. Results

Images were acquired of the entire lung volume for each sample.
Raw images from each control (C) and test (T) sample are shown in
Fig. 2. The segmentations are shown side by side with the raw data to
illustrate that the segmentation phase did not influence the appearance
of the lung itself prior to subsequent strain analysis. There is a distinct
difference in appearance between the control samples and those that
underwent alveolar lavage. The increased surface tension, arising due to
washing away of airway surfactant, has constricted the airways in
samples T1-3. All samples were ventilated and scanned at set target
pressures. Therefore, it is understandable that the airways of T1-3 would
narrow for the same equivalent pressure (due to the elevated surface
tension effect). In all samples the respiratory airways are visible.

The integrity of the lungs after exposure to each round of radiation
was characterised. Each sample had an established converged compli-
ance reference value prior to the start of each scan. The P-V curve in
Fig. 3 illustrates the repeated cycling performed prior to each image
being recorded. The classical sigmoidal form of the curve is observed.
P-V measurements were monitored prior to each scan to assess any
stiffening or damage sustained by the sample either due to degradation
(given that these are cadaveric samples) or due to beam damage (radi-
ation/heating). Past work demonstrated that rat lungs could sustain up
to 20 exposures prior to degradation becoming significant [31]. All
samples here were exposed to eight doses and the repeatability of each
P-V curve and stability of compliance illustrates that there is not ex-
pected to be any beam damage present. Therefore, all subsequent strain
analysis and interpretation of results can focus on lung mechanical
phenomena.

To check the volume of air delivered to each lung was as recorded by
the ventilator, a secondary assessment of lung volume was performed
through segmentation and analysis of the raw lung images. The seg-
mentations for each point on the loading cycle were analysed to quantify
the change in volume from the reference zero state to each loading point
thereafter. The central plot in Fig. 3 shows the volume extracted from
image segmentation for the pressure reading at the point of imaging.
There is a reasonable correlation between this secondary volume check
and the continuous recordings of the P-V relationship. The final plot
shown in Fig. 3 presents the range of P-V curves recorded throughout
the experiment, with the range illustrated as the shadow, alongside the
first and last recording. This format of curve is then used in subsequent
figures for all samples.

Fig. 4 shows raw images for each loading stage for each sample
alongside the P-V curves. The raw images confirm that the integrity of
each lung sample was maintained from the start to the end of test. The

Fig. 1. Overview of experimental setup including a schematic diagram (left) and a photograph of the imaging arrangement taken within the BL20B2 beamline hutch
(right). The intact specimen is connected to a mechanical ventilation device, CiT [31], to enable various P-V states to be imaged and for continuous monitoring

during the entirety of each test.
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Segmented Projection

Fig. 2. Raw reference images from samples C1-3 (controls) and T1-3 (alveolar lavage samples), alongside their segmentations and three-dimensional projections at
0 cmH,0. The length of each edge on the raw and segmented square images is 16.4 mm.
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Fig. 3. A characteristic P-V curve for one of the samples focusing on: (left) the repeatability of each cycle and the stability of compliance throughout the experiment;
(centre) a comparison of the measured volume changes extracted from the images. Discrete points of volume calculated from the images are overlaid at its corre-
sponding pressure; and (right) a shadow rendering of the repeat cycles highlighting the first and last test cycle.
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Fig. 4. Lung integrity overview throughout experiment for the control samples (left) and lavage test samples (right). A collation of all P-V curves and their respective
segmented images are shown for each sample. The repeatability of each cycle, stability of compliance and consistency of image characteristics throughout the
experiment for each sample is highlighted. The length of each edge on the raw and segmented square images is 16.4 mm.

appearance seems fairly consistent, confirming no major changes due to
test duration or beam damage, as indicated by the relatively stable and
repeatable P-V curves. The apparent difference in C1 compared to the
other control samples is revealed in the strain analysis.

Further reinforcement of the experimental procedure can be studied
via the quality of the correlation coefficients recorded from the first
scans to the last. The majority of each lung volume maintained >95%
score throughout with some regions lowering to 90%. Given these
samples are highly viscoelastic tissues being imaged, it is an indicator
that image clarity (minimized blur) is sufficient to ensure correlations
were performed near as well as feasible for these intervals of loading
(steps of 10 cmH,0). Further incremental steps in pressure loading could
be added to obtain refined information between phases of loading but
the focus here was to ensure minimal risk of radiation interference on
the local strain behaviour, particularly when differentiating between
controls and lavage test samples.

It is interesting to note from Fig. 5, within the 0 cmH20 column of
strain data, that streaks of higher strain are observed aligning with

boundaries separating lung lobes. To produce this 0 cmH20 dataset the
lungs were ventilated then imaged once, and then cycled and imaged
again at the same 0 cmH3O point. The bulk of the volume remains at
near zero strain (<0.3%) as desired. Small movements over a period of 5
minutes between scans sees some movement of the large structures with
respect to each other. These subtle movements give rise to an apparent
2-10% strain being observed in the joining lines between lobes. How-
ever, these recorded strains in the zero-strain test are more of an indi-
cator of macroscale motion within the thoracic cavity as the lung settles
in its position rather than deformation of the lung tissue itself. Although
an artefact of the DVC computation, which could be avoided through
additional masked sub-volumes to some extent, it does highlight the
overarching layout of each lung. Moreover, these erroneously recorded
larger strains make up a small portion of the total volume. The key in-
dicator is that the bulk tissue demonstrates a low baseline level of strain
recorded for this zero-strain test, providing confidence in regional tissue
strain analyses during the loading phases at pressures above 0 cmH>O.

General upward trends in tissue strains are observed for samples T1-3
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Fig. 5. A lung mechanical overview of each test sample showing the characteristic P-V curve (global measure) and the strain distribution for a sample cross-section
of each 3D volume (local measure). Maximum principal 3D strain plots are shown for each pressure interval recorded during an inflation and deflation between 0 and

30 cmH50.

during the respiratory cycle when compared to C1-3. There are clear
differences in maximum strains observed in localised regions of the
parenchyma for samples T1-3 compared to C1-3. Significant volumes of
tissue observed upward of 150% strain compared to control samples
which showed less than 100% strain across most of each lung volume.
The prevalence of highly strained tissue was much more frequent
throughout the volumes in the lavage samples, due to this constriction of
airways causing redistribution of flow through the easiest path, natu-
rally causing some regions of tissue to take the added burden.

4. Discussion

Studying the raw tomographic images from Fig. 2 further, it is
feasible to extract total lung volume change. There are potential ques-
tions regarding the volume delivered and volume change within the
lung, given a pressure-controlled system is driving the ventilation and
the lung is housed within the bounds of the thoracic cavity (finite space
of a given chest wall compliance). Fig. 3 highlighted a P-V curve with
the calculated volume taken from each segmented image for that test.
Here, all the segmented (i.e. non-zero) voxels are added up from each
image stack and the differences in volume computed with respect to the
zero-pressure stage. This calculated volume change further supports the
interpretation of a P-V curve in this context, since the whole lung could
be imaged to confirm the global deformation (volume change) are
sensible. The remotely controlled ventilator device (CiT), therefore,
delivered deformations as desired.

The mean tissue strains in the lavage samples rise significantly

compared to samples C1-3. However, there are some interesting details
to observe in the strain fields with regards to air trapping and redistri-
bution of tissue strain. Despite numerous ventilation cycles there
remained some pathways that were fully or partially occluded, meaning
regions of parenchyma downstream remain at relatively low strain.
These scenarios of airway blockages can occur in practice and so
represent realistic scenarios worth deeper investigation as to their
impact on regional tissue strain. All samples except C2 and T1 exhibit
some regions, particularly early, on which appear to have trapped air.
This gave rise to near bimodal or skewed strain distributions for these
lung volumes compared to C2 and T1 which had singly dominant pro-
files in strain distribution within the bulk tissue.

The value of DVC analysis in showcasing local vs global observations
is clear. In C3 for instance, the redistribution of strain once a pathway of
ventilation opens is apparent. Focusing on the transition in strain field
from 10 cmH>0 to 20 cmH30, on the left side of the lung (as it appears in
Fig. 5), there is a distinct strain relief observed as the occluded airspace
is opened. Having circumstances where regions of airways are being
overloaded can lead to redistribution of airflow which overloads other
regions of the lung. Even after any blocked pathways are reopened, signs
of damage remain visible in the strain patterns. Such strain maps may be
used to extend computational methods for inferring material parame-
ters. For example, inverse finite element methods are now using rich
strain measurement datasets to generate insight to material properties
and structural conditions [51]. Multiscale approaches to image localised
tissue strain coupled with computational approaches may help isolate
mechanisms in play within complex pathologies (e.g. fluid versus solid
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mechanics contributions). Such strain maps can also been used to vali-
date physical surrogate development [52].

Fig. 6 presents the strain distribution overview for control and test
samples, comparing C2 and T1 which had minimal signs of air trapping
and another pair C1 and T3. Aside from global differences spatially
within a given lung, there are trends observed across the different phases
of respiration. For instance, both samples will require more pressure to
get inflated initially. However, the control samples (with surfactant) can
experience an easier and more uniform increase in volume intake
earlier. The test sample however shows a more broad distribution due to
redistribution of air through paths of least resistance causing regions of
higher and lower strains to form across the lung. Studying Fig. 5 for the
two samples that have fairly open airways (no obvious signs of block-
ages), the low-pressure loading produces fairly even strain profiles. At
20 cmH,0, however, C2 inflates more smoothly, extending its strain
distribution with a mean around 75%. T1 displays spikes in its strain
distribution, indicative of unstable pathways of variable resistance, and
continued broad strain distribution above the bulk of the tissue seen in
C2. The airways of C2 fully expand. However, the micromotion of the
airways in the ribcage forge a bimodal distribution to appear part way
through the test. The bulk of those high strains are apparent to the
motion of the upper airways visible in Fig. 5, which smear the control
strain data. This artefact in strain calculation occurs around compara-
tively poor feature contrast regions of the upper airways, given imaging
was optimised for capturing the contrast of air and solid. Potential errors
for relatively low feature regions of the large airways could be removed
by applying a mask and further restraint on the sample head during the
test. Further advancements in imaging resolution and speed will also
provide opportunities for measurement refinement [33]. However, it is
important to demonstrate the interpretation of DVC results and identify
mechanisms behind the computed results. The true deformation of in-
terest, lies within the bulk tissue, as this is the area most at risk of po-
tential over pressurisation during ventilation.

The bulk tissue strain of C2 sits in that first part of the distribution,
fully expanded, with a mean strain around 75%. For the lavage sample,
T1, even at high pressure the bulk of the tissue remains relatively low
strains with the frequency of strain spikes increasing throughout the
volume. This raise to very high strain gradients, due to redistribution of
flow through low-resistance pathways, leads to more significant poten-
tial for damage in the bulk tissue. It is important to refer to the regional
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strain profiles in Fig. 5 as well as these global summaries in strain dis-
tribution or P-V to gauge the true nature of deformation in each sample.
This observation in local strain gradients is an indicator why prolonged
exposure to forced mechanical ventilation always results in a degree of
tissue degradation. There will be optimised profiles of loading and
pressure parameter bounds to mitigate this level of degradative strain,
but this is the trade-off between ventilation (oxygenation) and over-
distension (ventilator induced lung injury).

C1 and T3 are two samples which had some degree of air trapping or
airway blockages. It is interesting here in Fig. 6 for the bottom traces
that C1 has minimal deformation at 10 cmH5O. There are some clear
signs of skewness resulting from this non-ideal loading against blocked
pathways. By the 20 cmH,0 loading phase parts of the control sample
that had been blocked are opening. This results in C1 showing higher
strains approaching the magnitudes of those studied in C2. However,
there remains a tail of low strain which is due to some regions remaining
blocked causing small spikes in strain in their surrounding pathways to
compensate. Despite clearing blockages and redistributing airflow more
uniformly, signs remain of the altered deformation profile within the
lung. With these pairs of samples it is only at 30 cmH,0 where T3 starts
to open up excessively and overshoots again to regions of very high and
potentially injurious levels of tissue strain. Such visualisations provide
insights towards lung airway management in clinical settings. Many
manipulations occur through practiced hands to free blockages early,
interpreting global measures of lung health. Here, detailed localised
information enables a picture to be painted of lung management under
mechanical ventilation. The risks are reinforced regarding potential for
ventilator induced lung injury when attempting to maintain and open
diseased airways. Having the full lung overview at this resolution will
lend itself well to exploring a range of management options and their
impact on both the local and global lung performance.

5. Conclusion

Synchrotron radiation micro-CT imaging of murine lungs was suc-
cessfully performed recording a sequence of images to enable whole
organ digital volume correlation (DVC) measurements. Control and
alveolar lavage samples were imaged during in situ mechanical venti-
lation. Local and global observations in strain fields helped identify
complications in mechanical ventilation. It is clear that even momentary
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Fig. 6. Normalised strain distributions for the inflation phase from 10 cmH,0 to 30 cmH-O from left to right for Control and Test samples: (top) C2 and T1; and

(bottom) C1 and T3.
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loss of airway integrity can lead to excessive redistributions in tissue
burden across this delicate organ. This strain redistribution during a
mechanical ventilation highlights the multiple pathways for ventilator
induced lung injury to occur. It also highlighted the additional compli-
cations provided by disease (in the case of a lack of surfactant) giving
rise to some very high and injurious deformations. The next phase of
work aims to develop efficient links to computational modelling
methods to enable distinct mechanisms of lung strain to be identified.
Fluid mechanical and solid mechanical contributions to distension plots
in the context of ventilation pathways will be important to help discern
between effects of different disease types and for individual case by case
complications. This dataset will provide very rich validation for a wide
range of modelling approaches and this test framework is highly ver-
satile for study across all pathologies.
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