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Multi-site studies utilizing MRI-derived 
measures from multiple scanners present the 
opportunity to increase the power of 
statistical models by pooling data

potential confound introduced by scanner-
related variations may devalue the integrity 
of the results
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1) the respective contribution of scanner and 
diagnostic group factors on cortical thickness

confounding effect induced by scanner-related 
variations

2) the effects of scanner, age and their 
interaction

cortical areas with consistent age-related thinning

regions differentially affected by age across the 
different sub-samples 



 ABIDE is a data sharing initiative that involved 16 
international scanning sites, yielding 1112 datasets 
composed of both MRI and extensive array of 
phenotypic information for each subject

 only right-handed males
 balanced number of patients and controls with a minimum of 40 

subjects (20 ASD/20 CTRL) in order to ensure a similar power in 
sample-specific statistics

 mean age and age range must be matched between ASD and 
controls in each sample

 mean age and age range must be matched across scanners. 

159 subjects from 3 scanners
75 ASD and 84 controls, mean age: 18.4±5.3, [8.7~32]

http://fcon_1000.projects.nitrc.org/indi/abide
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Count

ctrl 29 27 28

asd 24 23 28

Tot 53 50 56

Age

ctrl 17.9 ± 5.9 19.1 ± 5.0 19.0 ± 5.9

asd 16.8 ± 6.0 18.1 ± 5.1 19.2 ± 4.1

Scanner
siemens magnetom

allegra syngo
philips intera

siemens magnetom

triotim syngo

Repet. Time 2530 ms ’shortest’ 2300 ms

Echo Time 3.25 ms 4.60 ms 2.91 ms

Flip Angle 7° 8° 9°

Voxel size 1.3x1.0x1.3 .98x.98x 1.2 1.0x1.0x1.2
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https://surfer.nmr.mgh.harvard.edu





In each sample:

interaction (A.G) non-significant in every cortical location

Pooled dataset:

interactions (A.G) and (G.S) non-significant in every cortical location

FDR correction for multiple comparisons:  surfstat

 Effect size using partial η² in the location where
 T for diagnostic 
 F for scanner

reaches its maximum value (10 mm disk)

http://www.math.mcgill.ca/keith/surfstat 

A = Age

G = diagnostic Group

S = Scanner

(.) = interaction term





Diagnostic group: η²=0.35, p<0.0001
scanner : η²=0.07, p=0.14
Age: η²=0.49, p<0.0001
age-by-scanner η²=0.08, p=0.12 

diagnostic group: η²=0.01, p=0.0284
Scanner: η²=0.77, p<0.0001 
Age: η²=0.15, p<0.0001
age-by-scanner: η²=0.05, p<0.0001





the slope of the linear regression had a higher 
absolute value in the sample NYU compared 
to the two others. 

diagnostic group: η²<0.001, p=0.71
Scanner: η²=0.48, p<0.0001
Age: η²=0.31, p<0.0001 
age-by-scanner: η²=0.19, p<0.0001

the linear decrease of thickness with age 
explains as much as 83% of the variance 

diagnostic group: η²=0.005, p=0.38
scanner: η²=0.05, p=0.01
Age: η²=0.83, p<0.0001
age-by-scanner: η²=0.10, p=0.0005



Contrary to the recent study involving 
Alzheimer patients (Stonnington et al., 2008),  in the 
context of ASD, pooling images from 
different scanners comes at the cost of an 
important confounding effect

The confounding effect of scanner might 
exceed the effect related to the disease on 
the cortical thickness



 The effect of scanner is distributed across the 
cortical surface

 reaches its peak in the frontal regions, where 
abnormalities related to ASD have also been 
previously reported in single site studies
with alternatively increased or reduced cortical 

thickness in patients compared to control subjects 
(Raznahan et al., 2013, Hadjikhani et al.,  2006) 

 This supports the idea that scanner-related 
variations contribute to the inconsistencies 
reported in the literature concerning abnormal 
cortical thickness in ASD



The effect of age is robust in most brain 
regions, but not everywhere

 Interaction between age and scanner factors 
is significant in the region corresponding to 
the insula

This region has been reported to be different 
between ASD and controls (Nordahl et al., 2007) 



methods to maximize consistency across 
scanners are needed

image quality

processing pipelines

Even more important in the context of 
neurodevelopmental pathologies such as ASD

 Improve the consistency across single-site 
studies in the literature



methods to maximize consistency across 
scanners are needed

Use of phantoms to calibrate different scanners 
 L. Fu, Vet al., “Automated analysis of multi site MRI phantom data for the 

NIHPD project.,” Med. Image Comput. Comput. Assist. Interv., vol. 9, no. Pt 
2, pp. 144–151, 2006. 

Scanning a small number of healthy subjects 
repeatedly on the different machines 
 S. C. L. Deoni, et al., “Standardized structural magnetic resonance imaging 

in multicentre studies using quantitative T1 and T2 imaging at 1.5 T,” 
Neuroimage, vol. 40, pp. 662–671, 2008

See ADNI, HCP, NIHPD projects 
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