
Figure 1. Top row: The average chondron volumes grouped by the OARSI
histological grades (0e1.0 & 3.0e3.5) in three AC zones (0e10%, 10e40%,
40e100% from the AC surface). All the well segmented chondrons,
chondrons containing a single cell, and chondrons containing a cluster
were studied separately. *: p value 0.01 to 0.05, **: p value 0.001 to 0.01.
Bottom row: Left; AeD: Example images of three orthogonal views from
the manual segmentation verification. A ¼ a well segmented cluster, B ¼ a
poorly segmented cluster, C ¼ a well segmented single cell, D ¼ a poorly
segmented single cell. Right; 3D models of the segmented chondrons
from representative OARSI 0 and OARSI 3 samples.
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ossification and maturation of osteoblasts, in dwarfism in mice, and
affects the skeleton of the embryos and especially the cervical verte-
brae.
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AUTOMATIC 3D SELECTION, SEGMENTATION, AND ANALYSIS OF
HUMAN ARTICULAR CARTILAGE CHONDRONS FROM MICRO-
COMPUTED TOMOGRAPHY IN VITRO
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Purpose: Imaging the articular cartilage (AC) chondrons in 3D has
shown to be feasible using a hexamethyldisilazane-based (HMDS)
sample dehydration followed by micro-computed tomography (mCT).
However, manual selection and segmentation of chondrons is chal-
lenging, highly user-dependent and time-consuming. In this study, we
present an automatic algorithm to select and volumetrically segment
chondrons from HMDS mCT image stacks. Using the developed method,
we further compared chondrons in intact (OARSI 0e1.0) and degen-
erated (OARSI 3.0e3.5) human AC at different depths. According to
previous literature, it was hypothesized that chondron volumes are
larger in the degenerated AC due to chondrocyte hypertrophy in
osteoarthritis (OA).
Methods: Osteochondral samples from three human cadaver tibiae and
seven tibiae from patients who underwent total knee replacement
surgery (n ¼ 12, Ø ¼ 4 mm) were prepared and cut in half; one part for
histology and the other for mCT. After preparation, samples were fixed in
4% saline-buffered formaldehyde, dehydrated in ascending ethanol
series, treated with HMDS and dried in room temperature overnight.
The samples were then imagedwith desktop mCT (SkyScan 1272, Bruker
microCT, Kontich, Belgium; scanning parameters: 40 kV, 250 mA, 1.6 mm
voxel side length, 1815 ms, no additional filtration) and reconstructed
using NRecon software (v1.6.10.4). Subsequently, volumes of interest
(VOIs) with the size of 300 � 300 � Z (Z ¼ the height of the AC) voxels
were chosen for analysis. A custom-made algorithm developed in
Matlab (v8.5) was then applied to automatically select and segment the
chondrons. A second algorithmwas used for manual verification by the
superposition of the original image and the segmented mask in three
orthogonal views from the center of chondron. Finally, the user vali-
dated the accuracy of segmentation and differentiated chondrons
containing a single cell from the ones containing a cluster (Fig. 1, bottom
left). For all correctly segmented chondrons, their volume (mm3) and
depth (%) from the AC surface were calculated. The average chondron
volumes were divided into three AC depth zones (zone 1: 0e10%; zone
2: 10e40%; zone 3: 40e100%) and grouped by the OARSI histological
grades (OARSI 0e1.0, n ¼ 6; OARSI 3.0e3.5, n ¼ 6). The groups were
statistically compared with Mann-Whitney U-test.
Results: A total of approximately 6 000 chondrons were automatically
segmented from all the 12 samples, and 25% of themwere approved and
further analyzed. The user input time with this new algorithm was
roughly 48 hours, decreasing significantly the estimated time of 600
hours required by the previous manual method. The average chondron
volumes in the zones 2 and 3 were significantly larger (zone 2: p ¼
0.004; zone 3: p ¼ 0.004) in the OARSI 3.0e3.5 group compared to
OARSI 0e1.0 group (Fig. 1, top left). Similar results were observed for
chondrons containing only a single cell (zone 2: p ¼ 0.028; zone 3: p ¼
0.016) and the ones with clusters only (zone 2: p ¼ 0.004; zone 3: p ¼
0.006) (Fig. 1, top middle-right). Volumetric models of the segmented
chondrons for representative samples from both OARSI groups can be
seen in Fig. 1 (bottom right).
Conclusions: In this study, we present an automated 3D selection and
segmentation algorithm for AC chondrons imaged with HMDS mCT. The
main advantage of this method is that it allows fast 3D analyses for
multiple chondrons. Furthermore, results obtained with this approach
concur with the previous studies; the chondrons in OA samples were
significantly larger in the zones 2 and 3 than in the respective zones of
intact samples. The observed hypertrophic morphological changes
could be explained by their upregulated metabolism induced by OA
activity. In zone 1, statistically significant differences were not observed
either due to a lack of segmented chondrons or simply because
hypertrophy is less common in the AC superficial layer. The superficial
layer still remains challenging for chondron segmentation, mainly due
to the shrinkage of the cartilage surface during sample processing.
Verification could be further improved with an evaluation from the full
3D volume instead of the current approach from three orthogonal 2D
views. Consequently, with the current approach some details may not
be detected during the verification process. However, the presented
protocol for imaging and segmenting chondrons in 3D volumes pro-
vides a new approach to spatially evaluate chondron/chondrocyte
properties during different phases of OA.
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NEXT-GENERATION SEQUENCING IDENTIFIES ARTICULAR CARTILAGE
AND SUBCHONDRAL BONE MIRNAS AFTER ESWT ON EARLY
OSTEOARTHRITIS KNEE
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Purpose: Extracorporeal shockwave therapy (ESWT) has shown chon-
droprotective effects on the initiation of the osteoarthritis (OA) changes
of the rat knee. We try to elucidate the profile of miRNA expression and
predicted target gene in early OA knee treatment after ESWT.
Methods: Total RNA from cartilage and subchondral bone of sham (4
rats), OA (4 rats) and OA with ESWT (4 rats) were used for next gen-
eration sequencing and the profile of differentially expression of miRNA
underwent pathway enrichment analysis with Partek from Partek
Incorporated. The relationships of miRNA and target gene were analysis
by principal component analysis (PCA) and Global functional
annotation.
Results: This study evaluated 69 significant expressed profiles of
microRNA (mirRNA) in the articular cartilage and subchondral bone
after ESWT. There were 118 target genes identified for miRNAs of
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