Stereological characterization of
individual acini using high-resolution
X-ray tomographic microscopy
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Results

Introduction
pulmonary acinus (gas-exchange area
which is ventilated by one purely conducting
airway) represents the functional unit of the lung
parenchyma. The difficulty to recognize the acini
on two-dimensional physical sections leads to a
limited knowledge about biological parameters like
volume and surface. By using high-resolution tomographic microscopic imaging we were able to
extract individual acini from rat lung samples to
stereologically assess their individual volume and
surface.
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Figure 2: Visualization of the work flow for the extraction
of the acinar volumes in a rat lung sample (postnatal day
60): (a): Three-dimensional visualization of the sample. To
increase the field of view a stack of three wide field scans
were taken. The borders between the three stacked scans
are indicated by a dashed green line. (b) Extracted airway
segment (green) superimposed on the sample. Using a
grey level threshold based region growing algorithm , we
extracted conducting airways inside the sample. The red
discs (nicknamed manhole covers) were semi-automatically
placed and used as segmentation stoppers for the region
growing during segmentation of individual acini. (c) Four
extracted acini are shown superimposed over the sample in
yellow.
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Table 1: Summary of results
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Animal 1 Animal 2 Animal 3 Mean

500 µm

Number of analyzed acini
Acinar volume [mm3 ]
Acinar surface [mm2 ]
Alveoli per acinus
Total number of acini (surface based)
Total number of acini (alveoli based)

24
0.693
45.8
6505
12145
6052

10
1.361
69.0
9330
6914
6066

9
1.389
106.9
12750
6865
4292

STD

1.148 0.322
73.9 25.2
8470 5979
8641 2478
5470 833

Figure 1: Sagittal slice of one tomographic dataset showing extracted conducting airways in green and several segmentation stoppers in red. The dashed yellow circles highlight some examples of alveoli which mark the change from
conducting to gas-exchanging regions. Changes in thickness and structure of the epithelium and of the wall itself
were also used to identify the entrances of the acini. Four
segmentation stoppers (red) are shown cut right through the
middle (1 to 4), two of them are only partially cut in this slice
and thus appear much smaller (5 & 6).

high-resolution (isotropic voxel size of
1.48 µm) tomographic datasets [1] of lung samples of three rats were recorded at the TOMCAT
beamline at the Swiss Light Source in Villigen,
Switzerland. In these tomographic datasets we
isolated single acini by semi-automatically closing
the transitory bronchioles at the transition from
conducting to gas-exchanging airways. 43 individual acini were stereologically analyzed. The
stereological characterization is explained in detail
in the accompanying publication [2]; briefly, we estimated the acinar surface by counting line probe
intersections, the acinar volume by point counting.
The number of alveoli was estimated by applying
the disector principle to count the new appearance
of alveolar entrance rings [7].
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acinar volume and mean acinar number
match data published for one rat. Rodriguez
et al. [5] estimated a mean volume of 1.98 mm3
and a mean number of acini per lung of 4023 as
compared to 1.148 mm3 and 5470 in our study.
Vasilescu et al. [8] performed a micro-tomographic
study of mice and found the mean volume of the
acini to be 0.36 mm3, i. e. a value approximately
3.2× smaller than the value we found for our rat
lung samples.
We found a mean number of alveoli per acinus in
rat of 8470, while [8] found 936, a value approximately 9× smaller.
The presented method allows for the nondestructive and semi-automatic extraction of individual
acini for stereological analysis of parameters like
volume, surface, and number of alveoli per acini,
as well as the total number of acini.
We conclude that our novel approach is well suited
for the fast and reliable characterization of individual acini in healthy, diseased, or transgenic lungs
of different species including humans.
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Figure 3: Views of two rat acini. Left: Location of the
acinus inside the sample. Middle and right: two different
views of each acinus. The red circles mark the approximate
position of the segmentation stopper, when visible.

Table 2: Overview of different parameters of rats vs. mice
Rat

Mouse

Age [d]
60
“old”, 46 to 69, 63, 84 [8, 3, 6, 4]
3
Lung volume [mm ] 10397
1398 [8]
3
Mean acinar volume [mm ] 1.148 0.36, 0.153 and 0.164 [8, 6, 4]
Acinar number 5470
3883 [8]
Mean alveolar number per acinus 8470
936 [8]
3
Mean alveolar volume [µm ] 88099
59500 [3]
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Relative Difference [×]
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