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Resources

• Tutorial Slides:
• https://rcs.bu.edu/examples/imaging/tut_freesurfer/

• Using FreeSurfer on the SCC Documentation:
• https://rcs.bu.edu/examples/imaging/freesurfer/getstart/

• FreeSurfer Website
• https://surfer.nmr.mgh.harvard.edu

• Questions? Problems? Help?
• help@scc.bu.edu
• kkurkela@bu.edu
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Tutorial Feedback

Please open a tab in your web browser and have this page open:

http://scv.bu.edu/survey/tutorial_evaluation.html

Please fill it out at the end of todays tutorial!

http://scv.bu.edu/survey/tutorial_evaluation.html


Outline

• Tutorial Prep
• FreeSurfer Terminology/Intro
• Submitting recon-all to the SCC
• Freeview
• Review outputs
• Data troubleshooting



Open an OnDemand 
Session

1. Go to scc-ondemand.bu.edu

2. Go to Interactive Apps

3. Request a Desktop

Tutorial Accounts
1. Go to scc-ondemand-tutorial.bu.edu

2. Username and Password will be sent in 
Zoom chat

3. Go to Interactive Apps

4. Request a Desktop

http://scc-ondemand.bu.edu/
http://scc-ondemand.bu.edu/
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Use these basic 
options.

Pick one of your 
projects. Mine is “scv”.

Click “Launch”



Click “Connect 
to Desktop”



Tutorial Setup

> mkdir /path/to/a/directory/to/work/outof

> cd /path/to/a/directory/to/work/outof

> mkdir output

> cp -r /project/scv/examples/imaging/tut_freesurfer/* .

> ls

ds000174 freesurfer_reconall_array.qsub output scan_list.txt subject_list.txt



Outline
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• Submitting recon-all to the SCC
• Freeview
• Review outputs
• Data troubleshooting



What is FreeSufer?

• FreeSurfer is a suite of tools that provide an array of algorithms for 
the analysis of MRI data of the human brain.

• It is most well known for it’s routine for generating 3-D surface 
representations of the cerebral cortex.

• It is very popular.
• It is automated.
• Currently supported by the Laboratory for Computational 

Neuroimaging at the Martinos Center at MGH right here in Boston!

Fischl, B. (2012). FreeSurfer. NeuroImage, 62(2), 774–781. https://doi.org/10.1016/j.neuroimage.2012.01.021



Volumes vs Surfaces

Neuroimaging data is collected as a volume – 
a set of 3-D pixels arranged in a grid.

The cortex, however, is not a volume by a 2-D 
surface that is crammed into a 3-D volume.

In theory, the best way to analyze brain data 
should be to analyze it as a 2-D surface, not 
as a 3-D volume.

Volume

Surface

Image Sources: Andy’s Brain Book; FreeSurfer 2026 tutorial



Volumes vs Surfaces

Example: smoothing

Volume Based Smoothing

7mm FWHM

14mm FWHM

Image Source: FreeSurfer 2026 tutorial



Volumes vs Surfaces

Example: smoothing

Surface Based Smoothing

Image Source: FreeSurfer 2026 tutorial



Registration, Segmentation, and Parcellation

• Surface Based Registration – aligning two surfaces to match
• Volumetric Segmentation – what is what in a volume
• Surface Parcellation – what is what on a surface



Source: FreeSurfer 2026 tutorial

Surface Registration



Source: FreeSurfer 2026 tutorial

Surface Registration


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Caudate

Pallidum

Putamen

Amygdala

Hippocampus

Lateral Ventricle

Thalamus

White Matter

Cortex

Source: FreeSurfer 2026 tutorial

Automatic Volumetric Segmentation: “aseg”



Automatic Surface Parcellation:
Desikan/Killiany Atlas (35 ROI’s)

Precentral Gyrus Postcentral Gyrus

Superior Temporal Gyrus

An automated labeling system for subdividing the human cerebral cortex on MRI scans into gyral based regions of 
interest, Desikan, R.S., F. Segonne, B. Fischl, B.T. Quinn, B.C. Dickerson, D. Blacker, R.L. Buckner, A.M. Dale, R.P. 
Maguire, B.T. Hyman, M.S. Albert, and R.J. Killiany, (2006). NeuroImage 31(3):968-80. 

Source: FreeSurfer 2026 tutorial

https://surfer.nmr.mgh.harvard.edu/ftp/articles/desikan06-parcellation.pdf
https://surfer.nmr.mgh.harvard.edu/ftp/articles/desikan06-parcellation.pdf
https://surfer.nmr.mgh.harvard.edu/fswiki/NeuroImage
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Submitting a Cortical Reconstruction -- Basics



Submitting a Cortical Reconstruction -- Basics

- Before doing anything, you should 
ALWAYS redefine the environmental 
variable SUBJECTS_DIR.

- FreeSurfer writes all output files to this 
directory.



Submitting a Cortical Reconstruction -- Basics

- This is the most basic command 
necessary for creating a cortical 
reconstruction



Submitting a Cortical Reconstruction -- Basics

- recon-all is the powerhouse command 
in Freesurfer. It runs the entire 
reconstruction protocol end-to-end.



Submitting a Cortical Reconstruction -- Basics

• Every “-XXX” seen here is called a flag.
• Flags are one of the many different 

options available in recon-all.
• The flag ”-all” tells Freesurfer/recon-all 

to run the entire cortical reconstruction 
pipeline.



Submitting a Cortical Reconstruction -- Basics

• Every “-XXX” seen here is called a flag.
• Flags are one of the many different 

options available in recon-all.
• The “-subjid sub-001” flag sets this 

subject’s identifier to ‘sub-001’.
• These IDs are completely arbitrary – you 

can make them whatever you want.



Submitting a Cortical Reconstruction -- Basics

• Every “-XXX” seen here is called a flag.
• Flags are one of the many different 

options available in recon-all.
• The “-i” flag tells recon-all where the 

input high resolution anatomical MRI 
image is on this computer.

• recon-all will act on this image



Submitting a Cortical Reconstruction -- Basics

• Let’s take a look at recon-all’s extensive 
help page to see other options



Submitting a Cortical Reconstruction – Job Array

- Today we are going to submit 3 subjects 
through the recon-all processing routine.
- To do this, we are going submit a job array
- Let’s start by looking at the job array script 
I have already written for you…



Submitting a Cortical Reconstruction – Job Array

Change this to 
your SCC project Change this to 

“freesurfer_job”



Change these lines to be 
full path to your data.

Change these lines to be 
your desired subject ids. 
For this tutorial, we will 
use sub-101, sub-103, and 
sub-104.



What resources should I request?

See: for detailed benchmarking:
https://rcs.bu.edu/examples/imaging/
freesurfer/appendix/

https://rcs.bu.edu/examples/imaging/freesurfer/appendix/
https://rcs.bu.edu/examples/imaging/freesurfer/appendix/
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https://rcs.bu.edu/examples/imaging/freesurfer/appendix/


Submitting a Cortical Reconstruction – Job Array

- We will submit our job array to the SCC 
using qsub and our qsub script.



Submitting a Cortical Reconstruction – Job Array

- We can check on our jobs using the 
qstat command.

- They should take about 1.5 hours to run.



Submitting a Cortical Reconstruction – Job Array

- By default, the SCC will create job 
output files following the pattern 
“yourjobname.o#####.i”

- Where:
- ##### = your job number
- i = the index in the job array



Submitting a Cortical Reconstruction – Job Array

- As the job is running, these output files 
will be continually updated with the text 
output of recon-all.

- You can track these files using the “tail -
f” command



Submitting a Cortical Reconstruction – Job Array

You will get an email when your jobs have 
completed.

We recommend that you always check the 
final output files, looking at the last 4 lines.

You should (hopefully) see ”finished 
without errors”
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A Note on Using Freeview on the SCC

• Freeview is a 3-D rendering program that can take advantage of the 
Graphical Processing Units (GPUs) we have on the SCC

• Having a GPU available greatly increases the frame rate and the quality 
of life when working with surfaces within Freeview

• You can request a Desktop session with a GPU by using the “VirtualGL 
Desktop”

• Once in a VirtualGL Desktop session, start up freeview using:

This will ensure the freeview uses the GPU when rendering surfaces.

> module load freesurfer/8.0.0
> vglrun freeview



Freeview – Tour Around the User Interface

Main Viewport

Loaded Files

Options for 
highlighted file 
above “lh.pial” Information 

about the point 
where your 
cursor/mouse 
are

Change the Viewport View to Focus On 
(coronal, axial, etc.)



Freeview – adding fcheck to our .bashrc



Freeview – Let’s use fcheck



Freeview – Let’s use fcheck
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FreeSurfer’s Outputs
[username@scc ~] cd $SUBJECTS_DIR/bert
[username@scc bert] ls

label mri scripts stats surf tmp touch trash



[username@scc ~] cd $SUBJECTS_DIR/bert
[username@scc bert] ls

label mri scripts stats surf tmp touch trash

Desiken/Killiany Atlas Destrieux Atlas

lh.aparc.annot

rh.aparc.annot

lh.aparc.a2009s.annot

rh.aparc.a2009s.annot



[username@scc ~] cd $SUBJECTS_DIR/bert
[username@scc bert] ls

label mri scripts stats surf tmp touch trash

orig.mgz T1.mgz brainmask.mgz aseg.mgz filled.mgz



[username@scc ~] cd $SUBJECTS_DIR/bert
[username@scc bert] ls

label mri scripts stats surf tmp touch trash

recon-all.log

This is the most important log file.

If something goes wrong with your 
recon, the error will be recorded here.

Send this file to me if you run have 
problems.



[username@scc ~] cd $SUBJECTS_DIR/bert
[username@scc bert] ls

label mri scripts stats surf tmp touch trash

aseg.stats wmparc.stats lh/rh.aparc.stats lh/rh.aparc.a2009.stats



Let’s look at some of the stats files.

[username@scc ~] sublime stats/aseg.stats

[username@scc ~] sublime stats/wmparc.stats

[username@scc ~] sublime stats/lh.aparc.stats



How do we aggregate the stats for further 
analysis?

# command for aggregating the aseg.stats files:
> asegstats2table --subjects sub-101 sub-103 sub-104 -t my_seg_table.tsv

# command for aggregating the parc.stats files:
> aparcstats2table --subjects sub-101 sub-103 sub-104 -t my_parc_table.tsv





[username@scc ~] cd $SUBJECTS_DIR/bert
[username@scc bert] ls

label mri scripts stats surf tmp touch trash

lh/rh.orig lh/rh.white lh/rh.pial lh/rh.inflated lh/rh.sphere.reg

Image Source: FreeSurfer Tutorial 2022



[username@scc ~] cd $SUBJECTS_DIR/bert
[username@scc bert] ls

label mri scripts stats surf tmp touch trash

As the name implies, temporary files.
Used when setting control points (we 
will return to this).

These are files that keep track of which 
steps have been run

None of the files in these directories 
are very useful to monitor…
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What do “bad” recons look like? How do we 
fix them?
• Let’s go through our QA guide found here:

https://rcs.bu.edu/examples/imaging/freesurfer/qa/
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Example 1: Fixing a bad skull strip

• Copy the tutorial subject to your working space
> cp -r $TUTORIAL_DATA/skullstrip_before ./
> cp -r $TUTORIAL_DATA/skullstrip_after ./

We are going to follow the FreeSurfer Tutorial here:

https://surfer.nmr.mgh.harvard.edu/fswiki/FsTutorial/SkullStripFixV6.0
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Example 2: Correcting the Pial Surface

• Copy the tutorial subject to your working space
> cp -r $TUTORIAL_DATA/pial_edits_before ./
> cp -r $TUTORIAL_DATA/pial_edits_after ./

We are going to follow the FreeSurfer Tutorial here:

https://surfer.nmr.mgh.harvard.edu/fswiki/FsTutorial/PialEditsV6.0
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Example 3: Using Control Points

• Copy the tutorial subject to your working space
> cp -r $TUTORIAL_DATA/cp_before ./
> cp -r $TUTORIAL_DATA/cp_after ./

We are going to follow the FreeSurfer Tutorial here:

https://surfer.nmr.mgh.harvard.edu/fswiki/FsTutorial/ControlPoints
V6.0
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Questions? Comments? Concerns?



Please Give Tutorial Feedback!!

http://scv.bu.edu/survey/tutorial_evaluation.html

Please fill it out at the end of todays tutorial!

http://scv.bu.edu/survey/tutorial_evaluation.html
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