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Curvature	  analysis	  to	  automa4ze	  alveoli	  shape	  analysis	  (recruitment?)	  



Time	  resolved	  alveoli	  structure	  in	  vivo	  
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Ven4la4on	  and	  ECG	  
●  Heterogeneous	  distenPon	  or	  homogeneous	  cyclic	  opening-‐collapse	  of	  alveoli?	  
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7.5. Discussion

7.4.2 Ventilation patterns at different pressures

Analyzing the inflation patterns at the micrometer scale poses a great challenge. Since the
signal-to-noise ratio of our data was too low for an automated segmentation, we were manually
registering same lung regions. This is shown for the 2.9 µm-pixel-size optics in Fig. 7.7. By
closely looking at the images, we discover an extremely heterogeneous distension pattern,
where e. g. a strongly inflating are is indicated by the orange line while other regions of the
lung did not stretch that much. Again, the green arrows indicate alveolar sacs that can be
matched almost completely at the different pressures. However, the red arrow indicates a
region that would let suspect that additional alveoli are recruited when comparing the 5 cm
H2O pressure to the 15cmH2O. However, the reason for this is that alveoli being located deeper
in the volume are just moved into this region upon intubation.

For this reason we focused on very small regions and tried to match alveoli at different pres-
sures. This is shown in Fig. 7.7 for the 2.9 µm-pixel-size optics and animal A and in Fig. 7.9
for the 1.1 µm-pixel-size optics and animal B. The ROIs were taken at different deepnesses
of the volume and at different regions and similar behaviour was observed everywhere. No
evidence for alveolar recruitment was found.

Another interesting finding is the fact, that the same amount of information is visible with
both optics, despite the three-fold difference in spatial resolution.

(a) (b) (c)

Figure 7.7. Tomographic slices of rats lungs at different breath-hold peak-inspiratory pres-
sures: (a) 5 cmH2O; (b) 10 cmH2O; (c) 15 cmH2O. The marked area indicates the region
of biggest stretching (approximate change in diameter from 350µm to 450µm, the green ar-
rows indicate regions that are very little changed upon intubation, while the red arrows show
a region where new alveolar structures appear, which however originate from “deeper” slices.

7.5 DISCUSSION

We observe an extremely heterogeneous distension pattern that makes it impossible to match
all lung regions within one slice. This mismatch is caused by different distension depend on
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The Fly
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The	  classical	  approach	  to	  4me-‐resolved	  tomography	  

Mokso	  et	  al,	  J/	  Phys.	  D.	  2013	  

Dynamic studies in 3D are possible if the rate of 
structural changes in the sample {VEVOL} < spatial 
resolution {δR}/scan time {tSCAN}) 
   

tSCAN < δR/VEVOL 
 
 

	   10μm/s	  5	  μm	  0.5	  s	  
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In	  vivo	  fly	  imaging	  setup	  
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PRINCIPLES	   FOAMS	   THE	  FLY	  
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Schwyn	  et	  al.	  Synch.	  Rad.	  News	  2012	  	  



PRINCIPLES	   FOAMS	   THE	  FLY	  

  The	  usual	  way	  of	  gated	  tomography	  is	  to	  use	  a	  gaPng	  signal	  to	  trigger	  acquisiPon	  

  In	  our	  case:	  no	  external	  gaPng	  signal;	  Group	  radiographs	  according	  to	  wing	  beat	  phase	  
(e.g.	  upstroke	  /	  )	  using	  cross	  correlaPon.	  

. 

. 

. 

OpPcal	  flow	  guided	  retrospecPve	  gaPng	  

Image-‐based	  grouping	  of	  radiographs	  

phase	  1	  

phase	  2	  

	  3	  kHz	  effecPve	  temporal	  
resoluPon	  	  
	  	  in	  3D	  with	  3	  um	  voxel	  size	  
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The	  flight	  of	  insects	  
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3 kHz effective temporal 
resolution 

10-20 µm spatial 
resolution	  

Survival ~ 3 s	  
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flight muscles of a fly fast tomography 
30%	  of	  detector	  dynamic	  range	  

absorption & edge phase map 

Mokso	  et	  al.,	  J.	  Phys.	  D,	  2013	  

Phase	  tomography	  vs.	  edge	  enhancement	  

Phase tomography Phase contrast  tomography 
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Liquid Foams
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Food	  foaming	  in	  3D	  at	  20	  Hz	  
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Concentrated glucose sirup 

20 HZ tomo 
E= 20 keV, scan time = 50 ms, pix. size = 3 um 

4mm	  

1	  mm	  

constriction (4:1:4) 4D Computed Tomography setup to quantify flow properties of die entrance regions 11

Fig. 4: 3D image of 7 time-steps of 4:1 contraction die entrance flow of a highly
concentrated glucose syrup shaving gel model foam. Applied pressure 5 bar. Dashed
lines indicate a dead zone. 7 color marked bubbles to see the flow.
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•  OpPmize	  extrusion	  processing	  and	  extrudor	  design	  
•  QuanPfy	  the	  stability	  of	  foam	  lamellae	  in	  food	  producPon	  
•  ElongaPon	  contracPon	  flow	  of	  non-‐Newtonian	  fluids	  

Birbaum et al. Experiments in Fluids 2016

4D Computed Tomography setup to quantify flow properties of die entrance regions 15

Fig. 7: 3D visualisation of one time-step from the low concentrated flow experiment
with the 4:1 contraction 26mm die (figure 6). Colour markings correspond to the
colouring in figure 8. The black stripes indicate two bubbles which are connected
and presented in figure 9.

The biggest bubble, red, shows the same slope than for the previous die geometry.
The angle increases towards the contraction. The purple has at the beginning
of the track the same slope but about 1mm before the contraction the angle
decreases again. This abrupt orientation change is based on an increased streamline
orientation towards the contraction. In contrast to the bigger bubbles the smaller
ones are more oriented towards the contraction. They more or less follow with their
orientation the stream lines of the flow. As closer the bubble get to the center line
as smaller the orientation angle gets, indicating orientation in center line direction.
The orientation di↵erences between the bigger, red and purple, bubbles and the
smaller ones can be explained by an inertia e↵ect of the bigger bubbles. It is
less likely for a bigger bubble to orient in a given time frame than for smaller
ones. The velocity is increasing exponential towards the contraction and has a
maximum just before the contraction. Within the contracted zone the velocity
decreases slightly. A small di↵erence is observed according to the radial position

Raufaste et al. COLSUA 2015
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