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Outline

• What is Freesurfer?

• Recap Freesurfer terms

• Recon-all
oComponents of each step in recon-all and it's output

• Exploring ROI-based summary of cortical thickness or gray matter 
volumes

• Statistical comparisons between CN vs AD



What is Freesurfer?

Curvature

Inflation
Surface mesh

Surface ROI

Thickness

Volume ROI

Group template

Sphere

Statistical analysis Group analysis

Thickness 
group space

P < 0.01
Copyright: Freesurfer https://surfer.nmr.mgh.harvard.edu/fswiki



Cortex

• Gyri and Sulci of the Brain



Reconstructs cortical surface from a 3D volume

https://andysbrainbook.readthedocs.io/

recon-all



Reconstructs cortical surface from a 3D volume

https://andysbrainbook.readthedocs.io/

recon-all



Inflated brain for better visualization

Gyrus – Green
Sulcus - Red

Grey Matter 
differences – Blue

https://andysbrainbook.readthedocs.io/

freeview



The output files of recon-all

https://andysbrainbook.readthedocs.io/

T1 weighted Input Skull stripping

brainmask.mgz
Unique to
Freesurfer



The Output of Recon-all

https://andysbrainbook.readthedocs.io/

Skull stripping

aseg.mgz

Volume labelling



Surface and thickness estimates

https://andysbrainbook.readthedocs.io/



The output of recon-all

Inflated (lh and rh)



Spherical registration

Lh.sphere
Rh.sphere

Lh.sphere.reg
Rh.sphere.reg

$SUBJECTS_DIR/fsaverage; 40 subjects



Cortical Surface Segmentation
$SUBJECTS_DIR/label/
{lh,rh}.aparc.annot



Surface parcellations and Segmentations

Desikan RS, …, Killiany RJ. An automated labeling 
system for subdividing the human cerebral cortex 
on MRI scans into gyral based regions of interest. 
Neuroimage. 2006



Individual 
Processing 

Stream 
Overview

Copyright: Freesurfer https://surfer.nmr.mgh.harvard.edu/fswiki/FreeSurferMethodsCitation



Freesurfer anatomical processing command

Then try "recon-all"

Set path to freesurfer installation



Fully Automated Reconstruction

"file.nii" is a single 
NiFTI file pointing to 
the T1 MRI image

Copyright: Freesurfer https://surfer.nmr.mgh.harvard.edu/fswiki/FreeSurferMethodsCitation



Freesurfer output variable

"$SUBJECTS_DIR"



Fully Automated Reconstruction

"bert" is the "name" 
of the subject

Creates a folder in 
$SUBJECTS_DIR

Copyright: Freesurfer https://surfer.nmr.mgh.harvard.edu/fswiki/FreeSurferMethodsCitation



Fully Automated Reconstruction

"-all" means do 
everything

5-10 hours on single 
CPU

Copyright: Freesurfer https://surfer.nmr.mgh.harvard.edu/fswiki/FreeSurferMethodsCitation



Fully-Automated Directive



Upon successful completion of recon-all

recon-all.log



Upon successful completion of recon-all

Copyright: Freesurfer https://surfer.nmr.mgh.harvard.edu/fswiki/FreeSurferMethodsCitation



Viewing volumes with Freeview

set $SUBJECTS_DIR"
freeview -v \
011_S_4075_tp0/mri/T1.mgz \
011_S_4075_tp0/mri/wm.mgz \
011_S_4075_tp0/mri/brainmask.mgz \
011_S_4075_tp0/mri/aseg.mgz:colormap=lut:opacity=0.2 \
-f 011_S_4075_tp0/surf/lh.white:edgecolor=blue \
011_S_4075_tp0/surf/lh.pial:edgecolor=red \
011_S_4075_tp0/surf/rh.white:edgecolor=blue \
011_S_4075_tp0/surf/rh.pial:edgecolor=red

https://surfer.nmr.mgh.ha
rvard.edu/fswiki/FsTutori
al/OutputData_freeview



Upon successful completion of recon-all



Upon successful completion of recon-all



Viewing surface atlases with freeview

set $SUBJECTS_DIR"
freeview -f 
011_S_4075_tp0/surf/lh.pial:annot=aparc.annot:name=pial_a
parc:visible=0 \
011_S_4075_tp0/surf/lh.pial:annot=aparc.a2009s.annot:nam
e=pial_aparc_des:visible=0 \
011_S_4075_tp0/surf/lh.inflated:overlay=lh.thickness:overlay
_threshold=0.1,3::name=inflated_thickness:visible=0 \
011_S_4075_tp0/surf/lh.inflated:visible=0 \
011_S_4075_tp0/surf/lh.white:visible=0 \
011_S_4075_tp0/surf/lh.pial \
--viewport 3d

https://surfer.nmr.mgh.ha
rvard.edu/fswiki/FsTutori
al/OutputData_freeview



Upon successful completion of recon-all

- aseg.stats -- subcortical volumetric stats
- wmparc.stats -- white matter segmentation volumetric 

stats
- lh/rh.aparc.stats -- left/right hemi Desikan Killiany 

surface atlas
- lh/rh.aparc.a2009.stats -- left/right hemi Destrieux



ROI summaries – stats folder



Alzheimer's Disease Neuroimaging Initiative

• ADNI

Petersen RC, ..,Toga AW, Trojanowski JQ, Weiner MW. Alzheimer's Disease Neuroimaging Initiative (ADNI): clinical 
characterization. Neurology. 2010 Jan 19;74(3):201-9.

Ø2000 subjects
➢8000 scans



This session

• ADNI
oBaseline visit
oNumber of subjects: 98
oAge matched: 75/73 (CN/AD)
oGender: M/F (45/53)
oCognitively Normal : 51 --  M/F (21/30)
oAlzheimer's Disease : 47 – M/F (24/23)
oMMSE : 19-30 

▪ Severe cognitive impairment: 0-17
▪ Mild cognitive impairment: 18-23
▪ No cognitive impairment: 24-30

MMSE
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