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Rat models have significant application value in the study of
neurodegenerative diseases, cerebrovascular disorders, and brain
injury. Noninvasive MRI is a crucial tool for exploring the brain
structure and function of rats. However, when using clinical 3 T
MRI scanners for rat neuroimaging, limitations such as low
signaltonoise ratio (SNR) and insufficient image resolution are
commonly encountered. Although the 5.0 T ultrahighfield clinical
MRI system offers substantial SNR advantages over 3.0 T, the
mismatch between the humansize bore and the small body size of
rats continues to constrain further improvements in image quality.

In recent years, metamaterial technology has emerged as a
promising solution. By modulating the radiofrequency nearfield,
metamaterials can markedly enhance local MRI signals without
requiring any hardware modifications to the scanner. In this study,
using a 5.0 T clinical MRI system and healthy male SpragueDawley
rats, we systematically compared the image quality and scanning
efficiency of two imaging setups for the first time: a metamaterial
combined with a 48channel head coil versus a dedicated rat coil.
Under identical scan time and spatial resolution, the metamaterial
setup significantly improved SNR across TIWI, T2WI, TIWI-fluid
attenuated inversion recovery (FLAIR), and T2WI-FLAIR sequences
by 26%, 53%, 64%, and 68%, respectively (all P < 0.05). When the
scan parameters were adjusted to achieve equivalent SNR, the
metamaterial setup reduced scan time for T2WI, TIWI-FLAIR,
and T2WI-FLAIR sequences by 55%, 53%, and 61%, respectively.

These findings demonstrate that metamaterials can substantially
enhance both the SNR and acquisition efficiency of rat brain imaging
on clinical MRI systems, thereby helping to reduce animal anesthesia
time and experimental risks. This approach provides a lowcost,
highperformance, and readily generalizable solution for conducting
highquality smallanimal imaging studies on clinical scanners.
Please see text page 133.





