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Introduction: Asymmetry

Investigations of symmetry and asymmetry are commonly performed in structural and functional MRI to help identify the differences between right and left-brain
properties. These may be useful to help characterize disease, development and evolution. Here, we describe a new program in AFNI [Cox 1996] to quickly compute
a number of useful quantities that include morphological differences in volume, surface area of regions and the surface area of the regions projected onto a common
surface (e.g., cortex).

Methods: Looking for asymmetry in volumes and surface areas

The new program, asymm_report.csh, computes the various shape-related quantities and outputs a clear report with the columns of values. To run the analysis, the
user provides the program with lists of both right and left-side region indices, along with a volumetric dataset containing the regions. Optionally, surfaces can be
provided for left-right queries, such as those generated with FreeSurfer [Fischl 2012] and SUMA [Saad 2012]. Alternatively, the surfaces can be automatically
generated from the volumetric data as isosurfaces via the IsoSurface program in AFNI.

Figure 1 shows visualizations of the three types of asymmetries that are computed for a pair of regions, using the AFNI and SUMA GUIs. The purely volumetric
differences are the most straightforward to evaluate, counting voxels for each of the left regions and the right regions with multiplication by the voxel size for the
volume using 3dBrickStat. The ratio of right to left volumes are included in the output by default with options for laterality index (left-right)/(left+right). The surfaces of
each region can be generated using an isosurface rendering of the labeled volume, and the surface areas are estimated from these for each region using SUMA's
SurfaceMetrics; the ratios between right and left areas are then computed and output analogously to the volumetric measures. A typical way to compute surface area
IS to project volumetric parcellations onto a common surface like the cortex surface from FreeSurfer; the surface area is then computed as the area of the patch of
surface the labelled parcellation covers with SUMA's SurfMeasures.

We present an example here to evaluate the asymmetries of the cerebellar structures across three species - marmoset (MBMv 3.0) [Liu, 2018], macaque (NMTv2.1) [Jung
2021] and human (MNI_2009c_asymmetric) [Fonov 2011] using the atlases we have recently developed for the cerebellum [Saleem 2021].

Results: Asymmetry of cerebellums across primate species

Asymmetry was measured for the cerebellum across recently introduced atlases for different species with reports shown for each. An example report is shown in Fig. 1
for the macaque cerebellum in the NMT 2.1 template space, and the Sim_p (Posterior part of the simple lobule) region is highlighted. Here we can see the regions are

nearly symmetric in terms of volumetric and region isosurface areas (i.e., the R/L ratios are near 1), but they have much less symmetric patch surface areas, with a
R/L ratio of 0.58.

In Figure 2, the comparison of the volumetric asymmetry ratio shows the marmoset and macaque with relatively symmetric cerebellums compared with the human MNI
template. Each of these were parcellated with our recently introduced atlases for each of the species. Extending the analysis over an available group of 134 subjects
from 6 different sites, scanners and age ranges shows similar asymmetries in select regions (Figure 3).
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Figure 2. Asymmetry of the cerebellum across three primate

species - marmoset, macagque and human

Conclusions

Quantifying anatomical asymmetry is fundamental to studies of brain organization, development, evolution, and disease, yet few tools provide a straightforward
framework for comprehensive asymmetry analysis. The new AFNI program, asymm_report.csh, addresses this need by offering an automated and flexible
approach for measuring volumetric, isosurface, and surface-projected asymmetries from labeled neuroanatomical regions.

By integrating automatic surface generation with multiple asymmetry metrics, the program enables rapid and reproducible characterization of left-right differences
across species and populations. While surface-based measures can provide complementary information, their interpretation depends on regional geometry,
proximity to the reference surface, and the accuracy of surface generation and label projection. Consequently, volumetric and surface-derived metrics should be
considered together to obtain a more complete picture of anatomical asymmetry.

Our cross-species analyses demonstrate that marmoset and macaque
cerebellums are relatively symmetric, whereas the human cerebellum
exhibits pronounced asymmetries in several regions. Similar patterns were
observed across a diverse cohort of 134 human subjects, highlighting the

robustness of these findings.
By providing a simple, scalable, and comprehensive framewo

rk for

asymmetry assessment, asymm_report.csh has the potential to facilitate

Acknowledgments and References

This work utilized the computational resources of the NIH HPC Biowulf cluster (http://hpc.nih.gov).
1. Taylor PA, Glen DR, Reynolds RC, Basavaraj A, Moraczewski D, Etzel JA (2023). Front. Neurosci. 17:1205928.
2. Cox RW (1996). Comput Biomed Res 29:162-173.

3. Fischl B. FreeSurfer. Neuroimage. 2012;62(2):774-781.
4. Jung B, Taylor PA, Seidlitz J, et al. A comprehensive macaque fMRI pipeline and hierarchical atlas. Neuroimage. 2021;235:117997.

5. Kerestes R, Han S, Balachander S, et al. A Standardized Pipeline for Examining Human Cerebellar Grey Matter Morphometry using Structural

Magnetic Resonance Imaging. J Vis Exp. 2022;(180):10.3791/63340. Published 2022 Feb 4.
6. Liu C, Ye FQ, Yen CC, et al. A digital 3D atlas of the marmoset brain based on multi-modal MRI. Neuroimage. 2018;169:106-116.
7. Nettekoven, C., & Diedrichsen, J. (2025). Cerebellar asymmetries. Handbook of Clinical Neurology, 208, 369-378.
8. Saad ZS, Reynolds RC. SUMA. Neuroimage. 2012;62(2):768-773.
9. Saleem KS, Avram AV, Glen D, et al. High-resolution mapping and digital atlas of subcortical regions in the macaque monkey based on
matched MAP-MRI and histology. Neuroimage. 2021;245:1187509.

RR, DG, and PT were supported by the NIMH Intramural Research Program (ZICMH002888) of the NIH/HHS, USA. KS was supported by the NICHD Intramural Research Program (IRP) and the NIH BRAIN Initiative 1U01EB026996-01.The contributions of the
NIH authors were made as part of their official duties as NIH federal employees, are in compliance with agency policy requirements, and are considered Works of the United States Government; however, the findings and conclusions presented in this paper are
those of the authors and do not necessarily reflect the views of the NIH or the U.S. Department of Health and Human Services.

large-scale studies of nhormative brain organization and to identify structural
phenotypes associated with neurological and neurodevelopmental disorders.


http://hpc.nih.gov/

	Slide 1

