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Comparative study on the cavitary structure at the base of the axis in multiple species using micro-computed
tomography

XU Yao', QIN Yu-bo’, CHEN Lian-xiang’, MA Zhi-hao*, DONG Teng-hao', WANG Yi-ting’, WANG Wei® (1. Baotou
Medical College, Inner Mongolia University of Science and Technology, Baotou Inner Mongolia 014040, China;2. Department of Gastrointestinal
Surgery, Inner Mongolia People’s Hospital , Hohhot Inner Mongolia 010017, China; 3. Medical Simulation Center, Affiliated Hospital of Inner
Mongolia Medical University, Hohhot Inner Mongolia 010059, China; 4. Department of Emergency Surgery, Inner Mongolia People’s
Hospital, Hohhot Inner Mongolia 010017, China; 5.Inner Mongolia Clinical Medical College, Inner Mongolia Medical University, Hohhot
Inner Mongolia 010030, China; 6. Department of Off-site Outpatient, Inner Mongolia People’s Hospital , Hohhot Inner Mongolia 010017,
China)

Abstract: Objective To quantitatively compare the bone microstructure between the cavitary region and the normal region at the base
of the odontoid process of the axis across different species using micro-computed tomography (MicroCT) , and to explore the cross-species
presence of the cavitary region and its potential significance as a mechanically weak region. Methods MicroCT was used to scan the cavitary
region and the adjacent normal region of the same axis vertebra in specimens from 15 humans, 35 white-feathered broilers, and 27 Huai goat
axis. The imaging characteristics were observed, and bone microstructural parameters were measured. Spearman correlation analysis was
used to explore the intrinsic relationships between bone microstructural parameters in the cavitary region and normal region. Results
MicroCT images revealed a low-density area with significantly sparse and disorganized trabecular bone at the base of the odontoid process in
all three species, and three-dimensional reconstruction showed the presence of a grossly visible low-density cavitary region at the base of the
axis in all three species. The cavitary region of all three species showed significantly lower bone volume fraction (BV/TV) , bone mineral
density (BMD) and trabecular thickness (Th. Th) ,fewer trabecular number (Th. N), and greater trabecular separation (Th. Sp) than those in

the normal region(P<0. 05). The structure model index (SMI) in the cavitary region of white-feathered broilers was significantly greater than
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that in the normal region (P<0.001) , while no significant difference was found in SMI between the cavitary region and normal region of
humans or Huai goats (P>0. 05). Connectivity density (Conn. Dn) in the cavitary region of humans and white-feathered broilers was significantly
lower than that in the normal region (P<0.05) , while no significant difference was observed in Conn. Dn between the cavitary region and
normal region of Huai goats (P>0.05). The relative reduction ratios of BV/TV, Th. Sp, SMI, and Th. N in the cavitary region showed
significant differences among three species (P<0.05). The absolute value of the relative reduction ratio of Th. Sp in the cavitary region of
Huai goats was significantly higher than that in white-feathered broilers and humans (P<0. 05). The absolute value of the relative reduction
ratio of Th. N in the cavitary region of Huai goats was significantly higher than that in humans and white-feathered broilers (P<0.05).
Correlation analysis showed that the intrinsic correlation patterns among bone microstructural parameters were disrupted in the cavitary
region. Conclusion The cavitary region at the base of the odontoid process is commonly observed in humans, Huai goats, and white-
feathered broilers, and manifests as an congenitally weak mechanics region characterized by bone loss, structural disorganization, making it
prone to fracture and structural instability. The Huai goat model shows great potential for simulating human degenerative bone structural
changes, and appears to be an ideal animal model for studying the biomechanics and bone remodeling mechanisms of the odontoid process.

Keywords: axis; odontoid process; cavitary region; micro-computed tomography; bone microstructure ; animal model ; Huai goat
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