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Abstract 
Summary: We introduce fsbrain, an R package for the visualization of neuroimaging data. The pack-

age can be used to visualize vertex-wise and region-wise morphometry data, parcellations, labels and 

statistical results on brain surfaces in three dimensions (3D). Voxel data can be displayed in lightbox 

mode. The fsbrain package offers various customization options and produces publication quality plots 

which can be displayed interactively, saved as bitmap images, or integrated into R notebooks. 

Availability and Implementation: The software, source code and documentation are available under the 

MIT license at https://github.com/dfsp-spirit/fsbrain. Releases can be installed directly from the Com-

prehensive R Archive Network (CRAN). 
Contact: tim.schaefer@kgu.de  

 

 

 

1 Introduction  

In surface-based structural neuroimaging, raw data and statistical results 

are typically presented on brain surface meshes. Standard software pack-

ages like FreeSurfer [Fischl(2012)] can be used to reconstruct the human 

cortex from three-dimensional magnetic resonance imaging (MRI) data 

and compute vertex-wise measures like cortical thickness based on the re-

sulting cortical meshes. The measures from different individuals can then 

be mapped to a common or standard space template for group comparisons 

and other statistical analyses. While standard approaches like the general 

linear model are available in most neuroimaging software packages, these 

packages do not offer the flexibility and functionality of dedicated statis-

tical software environments such as R [R Core Team(2017)]. R provides 

seamless access to a wide range of state-of-the-art statistical methods via 

a package system. However, visualization options for neuroimaging data 

in R remain limited, and due to the spatial (i.e. 3D) nature of surface-based 

data, their representation with standard 2D visualization tools is not feasi-

ble.  

The cerebroViz package [Bahl, Koomar, and Michaelson(2017)] can be 

used to plot spatiotemporal gene expression or other data in certain pre-

defined brain regions. The output is a 2D scalable vector graphics (SVG) 

object, in which the expression level is color-coded. The ggseg package 

for brain segmentations [Mowinckel and Vidal-Piñeiro(2019)] provides 

an application programming interface (API) inspired by ggplot2. It can be 

used to visualize pre-defined brain parcellations from different atlases, or 

region-based data on an inflated mesh. However, to the best of our 

knowledge, no specialized R package yet exists that supports visualiza-

tions of vertex-wise data such as derived by FreeSurfer. Here, we present 

the fsbrain package for R, which provides publication quality visualization 

of structural neuroimaging data in R. For surface-based workflows, both 

vertex-wise and region-based data are supported, and high-level functions 

exist to plot raw morphometry data in native and standard space, surface 

labels, brain surface parcellations, and results like statistical maps or clus-

ters. Volume-based data (voxels) can be displayed in 3D and in lightbox 

view. 

 

2 Implementation 

The fsbrain package reads neuroimaging data and cortical meshes in dif-

ferent file formats used by popular neuroimaging software packages using 

the R packages freesurferformats [Schäfer(2020)], oro.nifti [Whitcher, 

Schmid, and Thornton(2011)] and gifti [Muschelli(2019)]. Data computed 

in R can also be plotted directly. The visualization works by (1) transform-

ing region- or vertex-wise numerical data into vertex colors using a color-

map or a lookup table, (2) rendering the vertex-colored meshes in rgl 

[Adler, Murdoch, and others(2020)] from different viewing angles, (3) 

creating a color legend, and (4) combining it with the individually ren-

dered views into an output image. The result can be displayed interac-

tively, saved as a bitmap image, or integrated into an R notebook. 

The API of fsbrain is split into low-level functions, high-level functions, 

and export functions. The low-level functions allow full control over the 

rendering process, while the high-level functions support rendering most 

types of neuroimaging data in a single line of R code. Both are suitable for 

the live inspection of data before and during the analysis, which is crucial 

for evaluating analysis progress and interpreting results. The export func-

tions serve to render publication-ready high-quality images in a tight lay-

out. They can also be used to combine several types of figures, e.g. plots 

from different view angles, participants, surfaces, or features into a single 

final image. 
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The plots produced by fsbrain can be customized with different colormaps 

(divergent and sequential), view angles, and rendering settings like mate-

rial properties.  

3 Application 

In this section, we showcase different visualization options. Figure 1a 

shows vertex-wise morphometry data for a single subject in standard 

space. Here, sulcal depth values computed in FreeSurfer were mapped to 

colors using the viridis colormap. In Figure 1b, the regions from the Desi-

kan-Killiany atlas [Desikan, Ségonne, Fischl, Quinn, Dickerson, Blacker, 

Buckner, Dale, Maguire, Hyman, Albert, and Killiany(2006)] were loaded 

for an individual in native space. The average cortical thickness per region 

was computed and visualized on the native space surface of the partici-

pant. Figure 1c shows a t statistical map. The medial wall is displayed in 

white. Figure 1d shows clusters of significant t values as they are typically 

visualized in neuroimaging studies. A divergent colormap is used to 

clearly separate positive and negative t-values on an inflated brain surface. 

The curvature of the original surface is displayed in the background to 

indicate the positions of the clusters in relation to the gyri and sulci of the 

brain, which makes orientation on the inflated surface easier. An example 

lightbox visualization of a brain volume can be found in Figure S1 in the 

supplement, along with the source code used to create all figures in this 

article. 

4 Conclusion 

The fsbrain package provides easy-to-use functions to visualize volume-

based and surface-based neuroimaging data directly in R. The package has 

extensively been tested, and detailed tutorials in form of R notebooks are 

available at the project website. It can be installed from GitHub or directly 

from CRAN. In combination with the statistical methods available in R 

and markdown notebooks, fsbrain fills the gap between analyzing and vis-

ualizing surface-based data and allows accessing the full analytical work-

flow: everything from data loading to the visualization of results can be 

carried out in the R environment. We hope this helps researchers, and fa-

cilitates reproducible analyses of neuroimaging data in R.  
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Figure 1 (a) Sulcal depth for a single subject. (b) Mean cortical 
thickness for the regions of the Desikan atlas. (c) A t value map 
on the fsaverage white surface. (d) Clusters on the inflated fsav-
erage surface. The positions of gyri and sulci are displayed in 
grayscale. 
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