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What is Freesurfer?
• Automatic segmentation
• Uses intensity gradients, surface constraints and 

registration to talairach atlases
• Generates:

• Surfaces at: WM/GM (white), GM/CSF (pial)
• Automatic Volume parcellations
• Automatic surface parcellations (and can import Lausanne et al. 

Atlases)
• Surface-based registrations

generated using from 7T PSIR from Notts



Getting started
• Only runs on Linux, and Mac (El capitan

users beware)

• Open software available from 
http://freesurfer.net/

• Which version to choose from?
• v5.3 Stable release well suited to 1mm isotropic 

MPRAGE
• beta version “v6” can work with high-resolution data

• Freesurfer wiki explains installation steps well

• Understanding shell operations helps! 

• - versions OS same



Freesurfer workflow
Autorecon Processing Stages (see -autorecon# flags above):
1. Motion Correction and Conform
2. NU (Non-Uniform intensity normalization)
3. Talairach transform computation
4. Intensity Normalization 1
5. Skull Strip

1. EM Register (linear volumetric registration)
2. CA Intensity Normalization
3. CA Non-linear Volumetric Registration
4. Remove Neck
5. LTA with Skull
6. CA Label (Volumetric Labeling, ie Aseg) and Statistics
7. Intensity Normalization 2 (start here for control points)
8. White matter segmentation
9. Edit WM With ASeg
10. Fill (start here for wm edits)
11. Tessellation (begins per-hemisphere operations)
12. Smooth1
13. Inflate1
14. QSphere
15. Automatic Topology Fixer
16. Final Surfs (start here for brain edits for pial surf)
17. Smooth2
18. Inflate2

19. Spherical Mapping
20. Spherical Registration
21. Spherical Registration, Contralateral hemisphere
22. Map average curvature to subject
23. Cortical Parcellation - Desikan_Killiany and Christophe 

(Labeling)
24. Cortical Parcellation Statistics
25. Cortical Ribbon Mask
26. Cortical Parcellation mapping to Aseg

autorecon1
Volume pre-processing

autorecon2
Segmentation, surface 
recontstruction, toplogical
fixes and inflation

autorecon3
Spherical registration, 
between-subject registration 
maps, cortical parcellations

recon-all
everything



Freesurfer Inputs
• MPRAGE/MP2RAGE T1-weighted data
• PSIR (Nottingham’s standard)

• Positive, mulitplied by 200 (from standard output)
• T2-weighted data
• Whole brains only!
• Formats:

• Nifti (.nii)
• Analyze (.hdr/.img)



Running freesurfer
• To run recon-all with all the stages (1,2,and 3) simply type:

recon-all –all –s SUBJECT –I INPUTIMAGE 

• Freesurfer will run displaying 
information in the terminal 
screen

• Can take up to~40 hours

WM Segmentation
Stage: 12
Part of auto-recon2



What does freesurfer output?

orig.mgz brain.mgz wm.mgz ribbon.mgz aparc+aseg.mgzaseg.mgz

Volumes

Outputs from freesurfer can be 
viewed in freeview
Load volume -> mri -> …

And spheres etc.



What does freesurfer output?
Surfaces

lh.white

lh.pial

lh.inflated

lh.sphere

White and pial surfaces follow boundaries of WM/GM and GM/CSF respectively
Inflated surface = smoothed and inflated to approach sphere, using fixed contraints
Sphere surface = surface inflated all the way to a sphere

All surfaces are generated from lh.white, and have the same number of 
vertices. Hence mapping of each vertex along the way.



What does freesurfer output?
Atlas registrations
- Deskilany atlas
- Destriux atlas
- Lausanne atlas (you can 

apply this)

From these outputs you can calculate properties such as:

• surface area
• Gaussian/intrinsic curvature
• Mean curvature
• cortical thickness
• local gyrification index 

(As described at the end of this talk)



Freesurfer logs

Logs stored in:

+ SUBJECTFOLDER
+ SUBJECT
+ scripts
+ recon-all.log



Diagnosing errors
• Freesurfer can crash for any number of reasons, the way 

to diagnose is to look at the log file (very important)

Open up recon-all.log (or 
look in the terminal screen) 
and search for the 1ST

instance of 
“exited with ERRORS”

This information is useful 
to report bugs!

In this case (as often with 
sub mm data) Topological 
correction hanging.



Diagnosing errors
• https://mail.nmr.mgh.harvard.edu/mailman/listinfo/freesurf

er



Checking segmentation quality
• Does the white surface follow the WM/GM boundary?
• Does the pial surface follow the GM/CSF boundary?
• Is the surface distorted?

• If these are not correct can impact:
• Thickness measurements
• Gyrification measures
• Surface area
• Cortical layering



Fixing bad segmentations



Fixing WM segmentations

• Open freeview, load brain.mgz, wm.gz, lh and rh surfaces
• Highlight wm -> Recon edit -> shift click to remove. Page up/down go through slices
• Remove unnecessary voxels



Fixing segmentations #2

• Open freeview, load brain.mgz, brainmask.mgz, lh and rh surfaces
• Highlight brainmask -> Recon edit -> shift click to remove. Page up/down go through 

slices
• Remove unnecessary voxels (dura)

Additional Dura



Fixing bad segmentations
• After you have fixed the segmentation run the following 

commands:
recon-all -autorecon2-wm -autorecon3 –subjid $SUBJECT
• This will run steps 15-23

(starting from fillling in WM),



Fixing bad segmentations

• Finished updated segmentation
• Inspect the surfaces again!



Finished result

• Segmentation can still be updated!
• Up to projects (in the absence of time restraints).

Bad sections



High resolution (<1mm Images)
• For <1mm isotropic resolution data Freesurfer’s toplogical

checks might fail
• Freesurfer V5.3

• Use HiResRecon-all script (can provide)
• Freesurfer V6 (beta)

• Works out of the box

• With either version, failure due to toplogical defects is a 
common occurrence. 



Toplogical errors (high res problems)

• If Freesurfer hangs at 
toplogical defects as 
shown here.

• Vertices in the order of 
200,000

• Large number means 
Freesurfer will hang

• Find defects
• Surface = lh.smoothwm.nofix
• Overlay = lh.defect_labels

• Continue as before



Personal experiences in freesurfer
Should you fix these defects?
• Whole brain analyses (possibly)
• Large group analyses (less likely)
• Only if it affects your brain region of interest



FREESURFER IN 
ACTION
Lauren Gascoyne



QDEC Query, Design, Estimate, Contrast

Group analysis of morphometry data 
thickness, area, volume, sulc, curv, jacobian_white

Steps:
• smooth the cortical surfaces for each individual

• recon-all –s <subjid> -qcache
• input subject demographics in a table format e.g. age, 

gender, other covariates
• open qdec and import the table
• choose a design and run the stats engine 



QDEC



Labels
Easy to draw

Use QDEC, 
tkmedit, tksurfer, 
freeview

Can do it using 
for a group 
(using 
fsaverage) or on 
an individual 
level



Local Gyrification Index



Local Gyrification Index
• Ratio of sulcal (buried) and gyral (visible) cortex across a 25mm area 

surrounding each vertex

recon-all  –s <subj>  -localGI
Takes about 3 hours per subject – measures 150,000 vertices per hemisphere



Local Gyrification Index
• 25mm area surrounding each vertex



Group-comparison
• Input to QDEC for statistical comparison between groups

• Vertex- vs Parcel-based analysis
• Parcel-based analysis – this can be useful for exploratory analysis, 

but the LGI incorporates some of the surrounding regions, so there 
may be some overlap with other parcels.

• Vertex-based analysis – allows examination of small areas of 
cortex, which would likely be more informative when examining 
pathological differences.



Thanks for listening!

• Questions?


