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Overview

1. What is MT? The phenomenon.

2. MTR

1. Measurement

2. Multicentre

3. Clinical applications

3. qMT

1. Model

2. Sampling schemes

3. Clinical applications
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Multi-centre studies

1. Initial studies showed large inter-centre 

differences

2. MAGNIMS

 MAGNetic resonance in Multiple Sclerosis

 Subjective element reduced 

 define rules for reporting

 Imaging procedures standardised
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MTR value at 6 European centres
Berry JMRI 1999
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EuroMT pulse sequence

6 Sites

2 manufacturers

Some subjects scanned 

at two sites

Mean MTR value in 

WM closer 

Inter-manufacturer 

difference = 3.8pu

Barker Magma 2005
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MTR histograms – 4 centres
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Six factors that must be controlled in a 

multicentre MTR histogram study

1. Transmitter coil (body or head)

2. Imager stability and setup procedure

3. MT pulse (shape, duration, offset, FA)

4. MT pulse sequence (TR’, TR, imaging FA, voxel 

dimensions)

5. Image registration and segmentation

6. Histogram generation (bin width and labelling, 

normalisation)
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Six factors that must be controlled in a 

multicentre MTR histogram study

1. Transmitter coil (body or head)

 Head coil gives non-uniform transmit field B1

 Broadens histogram

 Different for each manufacturer

 Body coil gives almost-uniform B1

 Receive coil is non-uniform 

 especially 8 channel multi-array

 Does not matter (MTR is a ratio)  

 Head gives its own NU

 Especially at 3T

 Same for all manufacturers
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Six factors that must be controlled in a 

multicentre MTR histogram study

2. Imager stability and setup procedure

 Same receive gain for both MTR images

 Accurate FA setting

 Pre-scan procedure varies with manufacturer

 Speed vs accuracy

 Maximum at sin(90) only if TR>> T1

 Ratio of multiple echoes

 Which tissue location is being optimised?

 Finding 180 is accurate and fast (but powerful)

 Differences of ? 5-10% ? Still a fuzzy area
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Six factors that must be controlled in a 

multicentre MTR histogram study

3. MT pulse (shape, duration, offset, FA)

 Shape – usually gaussian (sinc is too powerful)

 Some manufacturers have very little choice

 Others allow new pulse to be programmed in

 Most pulses defined by their FA (e.g. 620o)

 EuroMT pulse is a good starting point
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Six factors that must be controlled in a 

multicentre MTR histogram study

4. MT pulse sequence (TR’, TR, imaging FA, voxel 

dimensions)

 3D sequences attractive

 Spatial registration of M0 and Ms possible

 Better voxel dimensions than for 2D

 Imaging time 3 min (2 image datasets; TR=31ms)1

 Beware T1-w; compromise with SNR

1Cercignani Neuroimage 2005
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Six factors that must be controlled in a 

multicentre MTR histogram study

5. Image registration and segmentation

 CSF gives LH tails in MTR histograms

 Usually histograms come down to zero on LHS

 If necessary, this could be done at a single centre
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6. Histogram generation (bin width and labelling, 

normalisation)
 bin labelling: ? is a 31 pu bin 

 30.01 – 31.00 centre at 30.5

 30.50 – 31.49 centre at 31.0 central labelling

 31.00 – 31.99 centre at 31.5

 Can give 1 pu discrepancy between centres

 Bin width

 1 pu often used, but can obscure peak structure

 0.1 pu preferred, with some smoothing

 Full normalisation

 Divide by number of voxels

 Divide by bin width

 Gives absolute peak height %vol / pu
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MTR histograms – 2 centres
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•Using body coil transmission

2 centres A=Queen Square, 

B=Leiden (different 

manufacturers) agree closely

•Peak Location (PL) differs by 

only 1.3pu 

(could be taken up in stats)

•Peak Height (PH) – ns  (p=0.32)

•Birdcage head-coil shows 

significantly worse B1

uniformity
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MTR histograms – 2 centres

 Remaining 1.3 pu difference between centres

 ? Caused by B1 difference from pre-scan 

procedure

 Adjust FA to compensate

 Leiden 620o

 QS, London 652o
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MTR histograms – 2 centres
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MTR histograms – 2 centres
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(p=0.6)

•PH varies a little

? Symmetric artefact 

reduces PH, does 

not affect PL
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MTR in MS

 In lesions, much reduced MTR

 Demyelination 

 (changes fraction of restricted protons)

 Oedema

 Increases T1 (see later)

 Potential to see remyelination
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MTR in MS

normal-appearing brain tissue

Davies et al  J Neurol 2005; 252:1037

MTR (pu)

mean (sd)

MS control p

WM 37.8 (0.5) 38.3 (0.4) <0.001

GM 32.0 (0.7) 32.4 (0.5) 0.004
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MTR histograms in MS

Histogram depends on MS subtype

Dehmeshki et al MRM 2001

Current clinical score can be predicted from histogram

(using principle components analysis - PCA)
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Overview

1. What is MT? The phenomenon.

2. MTR

1. Measurement

2. Multicentre

3. Clinical applications

3. qMT

1. Model

2. Sampling schemes

3. Clinical applications

4. MTR proportional to T1 (oh dear!)
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qMT

1. Measure signal reduction with 

range of  MT pulse offset 

frequencies and amplitude

2. Fit complex model to these 

data

3. Extract parameters such as:

fb = bound fraction of  protons

(residing in macromolecules)
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qMT - theory





gMo
A = PD; f=bound fraction


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qMT in MS

Davies et al  Mult Scler 2004; 10:607

Frontal WM fb p

Control 9.8

NAWM 8.6 <0.01

Lesion 4.6 <0.01
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Alzheimer’s disease 

Hippocampal qMT parameter (~ fb) vs clinical score   
Ridha, Fox, Tofts. Quantitative magnetization transfer imaging in Alzheimer disease  Radiology 2007; 244:832
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qMT - optimisation

Samson et al  ESMRMB 2005; ISMRM 2006

1. Measure fb only (not other qMT parameters e.g. T2b)

2. Adjust (optimise) values of  MT pulse offset and 

amplitude

3. Noise in fb map reduced by 30% (compared to standard protocol)

4. Or exam time reduced by 50%

5. Generic problem – optimise acquisition parameters for given task
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Correlation of Apparent Myelin Measures Obtained in Multiple Sclerosis Patients 

and Controls From Magnetization Transfer and Multicompartmental T2 Analysis
D.J. Tozer, G.R. Davies, D.R. Altmann, D.H. Miller, and P.S. Tofts   Magnetic Resonance in Medicine 53:1415–1422 (2005)

Q: do myelin estimates from qMT and multiple-T2 agree?

A: Positive correlations were seen for 
MS lesions (r ~ 0.2) and in 

WM in patients (r ~ 0.6)

Low correlations;  2 parameters give independent information

Is this expected / unexpected …….???
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MT in PM tissue
Klaus Schmirer

MTR T1 fb

Fresh NAWM 33.9 667 7.1

Fresh lesion 24.5 1195 3.0

Fixed NAWM 30.0 377 10.8

Fixed lesion 22.5 747 4.3

Fixing WM (%) -11 -43 53

Fixing lesion (%) -8 -37 43

Demyelination fresh (%) -28 79 -58

Demyelination fixed (%) -25 98 -61



SIMON Linkoping May 2010 38

MTR depends on T1

MTR T1 fb Rrfb
1

Fresh WM 33.9 667 7.1 7.2

Fresh lesion 24.5 1195 3.0 6.9

Fixed WM 30.0 377 10.8 7.4

Fixed lesion 22.5 747 4.3 7.1

Fixing WM (%) -11 -43 53

Fixing lesion (%) -8 -37 43

Demyelination fresh (%) -28 79 -58

Demyelination fixed (%) -25 98 -61

1  MTR ~= Rrfb T1  fb

Lee and Dacher JMRI 1997  and  Tofts QMRI of the brain 2003
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The future
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1. qMT for ‘bound fraction’ fb

• more specific than MTR

• Harder to implement; ?needs T1

• International consensus on terms, modelling, implementation

2. Multi-echo – ‘myelin water’

• specific?

• restricted coverage and hard to implement


