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Abstract

BACKGROUND: The calcaneus is located in the lower posterior part of the foot and is heavily stressed. Calcaneus is complex and irregular in shape, surrounded
by thin cortical bone and filled with a large number of trabeculae. The study of the microstructure, movement, and distribution of trabeculae is helpful to
improve the understanding of calcaneus fracture.

OBJECTIVE: The image data of calcaneus were obtained by scanning the calcaneus specimens with micro-computed tomography, and the structure of
trabecular bone in calcaneus was analyzed to explore the morphology, distribution and structural characteristics of trabecular bone in calcaneus.

METHODS: Dry adult calcaneus specimens were continuously scanned by micro-computed tomography, and the images were obtained after scanning and
stored in DICOM format. Image data were imported into Hiscan Analyzer software to display clear and complete images of the sagittal plane, coronal plane,
and the horizontal plane of the adult calcaneus. The trabecular movement of bone was observed layer by layer. According to the trabecular movement
characteristics, the sagittal plane of the calcaneus was divided into six parts. A 49-mm? region of interest was selected for each part at the same thickness as

7 mm. The three-dimensional microstructure of calcaneus and trabecular bone was obtained after three-dimensional reconstruction. After binarization, the
volume fraction, surface density, trabecular thickness, trabecular space, and trabecular number parameters of the trabecular bone in the region of interest
were calculated by software.

RESULTS AND CONCLUSION: (1) The cortical layer of the calcaneus was very thin and filled with a large amount of cancellous bone, and the cortical layer of the
horn of Gissane was obviously thickened. (2) The trabecular volume fraction in the upper part of the calcaneus was greater than that in the anterior part of the
lower part of the calcaneus, the central triangle, the posterior part of the lower part of the calcaneus, and the base of the calcaneus, and the trabecular volume
fraction in the tubercle of the calcaneus was greater than that in the anterior part of the lower part of the calcaneus, the central triangle, the posterior part of
the lower part of the calcaneus, and the base of the calcaneus. The surface density of the trabecular bone in the tubercle of the calcaneus was higher than that
in the front of the lower calcaneus, the middle triangle area, and the bottom of calcaneus, and the surface density of the trabecular bone in the upper part of
calcaneal bone, and the lower part of the calcaneus was higher than that in the middle triangle area. The thickness of the trabecular bone in the upper part of
the calcaneus was greater than that in the tubercle of the calcaneal bone. The bone trabecular space in the middle triangle was larger than that in the upper
part of the calcaneus and calcaneal tubercles. The number of bone trabeculae in the calcaneal tubercles was greater than that in the middle triangle area. (3)
These results indicate that the trabeculae of rod bone were mainly distributed in the middle triangle area. The surface density of trabeculae was the smallest,
the volume fraction was smaller, and the space between trabeculae was the largest. This part of the bone is relatively loose. The compression resistance is poor
when subjected to high impact. The trabecular bone fractures first occur, which is a prone site for fractures.
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1 | BRE Micro-CT 13 R AR E E& LRI 2 3B R B EBIX (ROI) #RiE
Figure 1 | Segmentation and region of interest labeling on sagittal images
of calcaneus Micro-CT scan

2 | MRS =HBFERE, BIIEIA (a>d) FTRKXKENER
Figure 2 | Images of different sagittal planes from outside to inside (a->d)
after three-dimensional reconstruction of the left calcaneus
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Figure 3 | Three-dimensional reconstruction of bone trabeculae in the
region of interest on the sagittal plane of the calcaneus
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Table 1 | Measurement data of trabecular microstructure parameters of
calcaneus

PR AR S BRINEE CE/NREE ENRREE SNREE
Srk (BV/TV, %) (BS/TV) (mm) (mm) (1/mm)

AX 0.69£0.16 3.15%0.50° 0.52+0.34° 0.51%0.25° 1.0620.32

B[X 0.370.19*  2.71#0.91° 0.39£0.21 0.81+0.72 1.1240.53
CIX 0.33:0.12°  2.45:0.62°  0.40£0.19 0.79+0.39° 1.010.48°
D[X 0.38:0.16°  3.22¢0.96 0.30£0.12 0.62+0.30 1.24+0.46

EX 0.54%0.19° 3.99+1.38° 0.30£0.19 0.50+0.20 1.380.43

FIX 0.44%0.16° 2.90+0.76 0.39£0.21 0.63+0.28 1.1620.48

FVE ADCONERE LEE, B XONERE T8I, C XA =4 X, D K ONERE TG #5,
E X ABRE 45130, FIXNIREEHES. 5 A XA, °P<0.05 5 CXAHL, °P<0.05
5 DXLk, P<0.05; 5EXHLL, P<0.05; 5 F XA, P<0.05

221 H/NEBV/TV SRS RN A KB/ NRE BY/TV AR
FB.C.D.E,FIX, EXKT B, C. DX, A, EIX#F1B. C.
D X ELHE, AXANE. FIXLEAL, 257 0H B IEE X (P<0.05),
FoR AL E NG BY/TV M BB 22 57t $ T0  E At  SL (P >
0.05), U.[& 4.
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Figure 4 | Measurement results and statistical comparison of trabecular
microstructure parameters of calcaneus
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