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Abstract 

The objective of this study was to compare different measures of brain atrophy in patients 

with relapsing multiple sclerosis (MS).  

We determined in a cross-sectional study in 33 patients with relapsing MS the bicaudate 

ratio (BCR), third ventricle width (TVW), corpus callosum area (CCA), brain parenchymal 

fraction (BPF), grey matter fraction (GMF), white matter fraction (WMF), and T2 lesion 

load. Correlations with the Expanded Disability Status Scale (EDSS) and Multiple 

Sclerosis Functional Composite (MSFC) were performed. 

Except for CCA, all atrophy measurements correlated with each other. Only TVW and 

BCR did not correlate with the T2 lesion load. The EDSS correlated with TVW (r=0.45). 

The MSFC correlated significantly with TVW, BPF, WMF and GMF (r= 0.46 to r= 0.53).  

We conclude that the BPF, WMF, GMF and TVW show a moderate correlation with 

clinical disability. BPF might be best to use in clinical trials. The TVW is of particular 

interest because it does not seem to be influenced by the T2 lesion load.  
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Introduction 

 

Brain atrophy, which is a normal process of aging, is accelerated in individuals with 

multiple sclerosis (MS).1,2,3,4,5 Progressive brain volume loss in relapsing MS can already 

be detected on magnetic resonance imaging (MRI) over a period of one year, and early in 

the disease course.3,6,7,8,9,10 Progressive atrophy seems to be caused by the typical focal 

lesions (plaques) and an apparently focal lesion-independent diffuse axonal degeneration.6  

Brain atrophy has been proposed as a surrogate marker to monitor disease progression and 

treatment efficacy in MS.11,12,13 In the many studies evaluating brain atrophy in MS 

different methods have been used.6,14,15  

It is unclear whether the measured degree of atrophy in patients with MS is dependent on 

the technique used and, if so, what technique is most suitable to use in clinical trials. 

Therefore we compared several techniques to quantify brain atrophy in MS on brain MRI: 

the bicaudate ratio (BCR), third ventricle width (TVW), corpus callosum area (CCA), brain 

parenchymal fraction (BPF), and grey and white matter fraction (GMF and WMF). We 

assessed the correlations of the different atrophy measurements with each other, clinical 

disability and T2 lesion load.  

 

Methods 

 

Subjects 

The study population consisted of 33 patients with clinically definite MS with relapses (28 

relapsing-remitting, 5 relapsing secondary progressive). None of the patients was using 

immunomodulating medication and all patients were relapse free for at least 8 weeks at the 

time of scanning. Disease duration was defined as the time from first symptoms 

attributable to the MS.  

 

Disability measurements 

Disability was measured with the Expanded Disability Status Scale (EDSS) and Multiple 

Sclerosis Functional Composite (MSFC).16,17 The EDSS ranges from 0 to 10, with higher 

scores indicating more severe disease. The MSFC is a multidimensional clinical outcome 

measure that includes quantitative tests of leg function/ambulation (timed 25-foot walk; 

T25W), arm function (9-hole peg test; 9HPT) and cognitive function (paced auditory serial 

addition test; PASAT). The score on each assessment is converted to a Z score and the 

composite score is computed according to a standardised formula.18 

 

MRI protocol 

MRI scans were performed on a 3.0-T unit (Philips Medical Systems, Best, The 

Netherlands). In the same session transaxial Dual TSE (repetition time, 3000 milliseconds; 
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echo times, 26.7 and 120 milliseconds), FLAIR (repetition time, 11000 milliseconds; echo 

time, 100 milliseconds) with 51 contiguous slices of 3mm, and high resolution 3D T1-

weighted (HR3D-T1; repetition time, 7.5 milliseconds; echo time, 3.4 milliseconds) with 

160 contiguous slices of 1 mm of the brain were obtained. 

 

MRI analysis 

T2 lesion load was quantified by fully automatic segmentation on axial dual fast spin echo 

sequences using fuzzy clustering. Details are described elsewhere.19  

 

Atrophy was determined by three manual linear or area measurements: BCR, TVW, CCA, 

and two semi-automated brain volume measurement: the BPF, and the GMF -WMF. The 

three manual measures were performed on the T1 weighted images; the dual echo scan was 

used to determine the anterior commissure (AC)-posterior commissure (PC) plane. 

 

  

Figure 1  
A) Calculation of BCR: length of grey line divided by 

length of white line.  
B) Determination of TVW.  
C) Assessment of CCA: by adjusting the grey scale 

the corpus callosum area is highlighted. 
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BCR is defined as the minimum intercaudate distance divided by brain width along the 

same line (Fig. 1A). Compared to other MS studies which use the slice where the heads of 

the caudate nuclei are most visible and closest to another,20 we measured the BCR on the 

slice 10 mm superior to the AC-PC plane.21 This way of determining the slice is also used 

in Huntington's disease studies and is more objective.  

 

TVW was measured by drawing a linear region of interest perpendicular to the long axis of 

the third ventricle parallel to the interhemispheric fissure in the section wherein the third 

ventricle was most visible (Fig. 1B).22 

 

CCA was determined by outlining the margins on the mid-sagittal slice (Fig. 1C).  

To determine intra-observer and inter-observer reproducibility of the three linear 

measurements, 17 scans were analysed twice by the same observer (IV) and 6 by a second 

observer (JM). 

 
Figure 2 Semi-automatic measurement of BPF: the parenchyma (yellow) volume is 

divided by the intracranial (yellow and blue) volume. The intracranial volume is manually 

edited when necessary. 
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BPF is a normalised measure, which is calculated as total brain volume divided by total 

intracranial volume (Fig. 2). Fully automated segmentation of whole brain and intracranial 

volume was performed on the dual T2 and FLAIR images, using fuzzy C-means with in-

house developed software (SNIPER: Software for Neuro Image Processing in 

Experimental Research, Laboratory for Clinical and Experimental Image Processing, 

Department of Radiology, LUMC). Brain and non-brain structures were manually edited or 

removed. Details are described elsewhere.19  

 

The GMF and WMF were determined using SPM2 software. The HR3D-T1 images were 

spatially normalized and segmented in native space into GM and WM images.23,24 The GM 

and WM segmentation maps were visually checked for misclassification and adjusted 

when necessary. 

 

Statistics 

Pearsons’ correlation coefficients were used to calculate correlations between different 

atrophy measurements.  

 

Relations between atrophy measurements and the MSFC were assessed with Pearsons’ 

correlation coefficients, the relationship between atrophy measurements and EDSS and T2 

lesions load were analysed with Spearman rank correlation coefficients.  

 

Inter-observer en intra-observer reproducibility of the three linear measurements was 

assessed with the coefficient of variation (COV = 100 * standard deviation of the mean 

difference / [√2 *pooled mean values]).25  

 

To correct for multiple testing, significance was taken at a p value < 0.01. All statistical 

analyses were done using SPSS statistical software package version 14.0 (SPSS Inc, 

Chicago, USA).  

 

 

Results 

 

Baseline characteristics 

Demographic, clinical and MRI characteristics of the MS patients are shown in Table 1.  
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Table 1 Characteristics of the patients. 

Number of patients 33 

Gender:  Male (%) 14 (42) 

Age (years): mean (SD) 39.4 (9.4) 

Disease duration (years): mean (SD) 11.5 (7.2) 

EDSS score: Mean (SD)/ median(range) 3.1 (1.5) / 3.0 (0 – 6.0) 

MSFC score: mean (SD) 0.154 (0.629) 

T2 lesion volume (cc): mean (SD) 5.4 (6.8) 

BCR: mean (SD) 0.114 (0.035) 

TVW (mm): mean (SD) 3.8 (2.2) 

CCA (mm2): mean (SD) 593 (131.2) 

BPF: mean (SD) 0.88 (0.02) 

WMF: mean (SD) 0.27 (0.021) 

GMF: mean (SD) 0.37 (0.027) 

EDSS = Expanded Disability Status Scale; MSFC = Multiple Sclerosis Functional Composite; BCR = bicaudate 

ratio; TVW = third ventricle width; CCA = corpus callosum area; BPF = brain parenchymal fraction; WMF = 

white matter fraction, GMF = grey matter fraction 

 

 

Table 2 Correlations among atrophy measurements. 

  r P 

BCR Vs. TVW 0.80 <0.001 

 Vs. CCA -0.17 0.33 

 Vs. BPF -0.51 0.003 

 Vs. GMF -0.55 0.001 

 Vs. WMF -0.49 0.004 

TVW Vs. CCA -0.38 0.03 

 Vs. BPF -0.47 0.006 

 Vs. GMF -0.46 0.007 

 Vs. WMF -0.61 < 0.001 

CCA Vs. BPF 0.48 0.005 

 Vs. nGMF 0.37 0.04 

 Vs. nWMF 0.61 < 0.001 

BPF Vs. GMF 0.76 < 0.001 

 Vs. WMF 0.76 < 0.001 

GMF Vs. WMF 0.47 0.005 

BCR = bicaudate ratio; TVW = third ventricle width; CCA = corpus callosum area; BPF = brain parenchymal 

fraction; WMF = white matter fraction, GMF = grey matter fraction. The level of significance was taken as a p 

value < 0.01. 
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Correlations between atrophy measurements 

Table 2 summarises correlations between different brain atrophy measures. CCA correlated 

well with WMF, moderately with BPF, but not with the other atrophy measures. All other 

atrophy values correlated significantly with each other. The strongest correlations were 

found between TVW and BCR, and between BPF and both GMF and WMF.  

 

 

Table 3 Correlations between atrophy measures and clinical scores, age, disease duration 

and T2 lesion load. 

  r P   r P 

BCR Vs. EDSS 0.27 0.13 BPF Vs. EDSS -0.37 0.032 

 Vs. MSFC -0.43 0.014  Vs. MSFC 0.53 0.001 

 Vs. age 0.47 0.006  Vs. age -0.36 0.037 

 Vs. disease 

duration 

0.41 0.017  Vs. disease 

duration 

-0.28 0.11 

 Vs. T2 lesion 

load 

0.23 0.20  Vs. T2 lesion 

load 

-0.47 0.005 

TVW Vs. EDSS 0.45 0.009 GMF Vs. EDSS -0.41 0.017 

 Vs. MSFC -0.51 0.003  Vs. MSFC 0.46 0.006 

 Vs. age 0.35 0.047  Vs. age -0.42 0.016 

 Vs. disease 

duration 

0.36 0.042  Vs. disease 

duration 

-0.49 0.004 

 Vs. T2 lesion 

load 

0.26 0.14  Vs. T2 lesion 

load 

-0.45 0.009 

CCA Vs. EDSS -0.41 0.019 WMF Vs. EDSS -0.34 0.056 

 Vs. MSFC 0.33 0.063  Vs. MSFC 0.47 0.006 

 Vs. age -0.31 0.079  Vs. age -0.23 0.20 

 Vs. disease 

duration 

-0.20 0.27  Vs. disease 

duration 

-0.15 0.41 

 Vs. T2 lesion 

load 

-0.61 < 

0.001 

 Vs. T2 lesion 

load 

-0.46 0.007 

BCR = bicaudate ratio; TVW = third ventricle width; CCA = corpus callosum area; BPF = brain parenchymal 

fraction; WMF = white matter fraction, GMF = grey matter fraction; EDSS = Expanded Disability Status Scale; 

MSFC = Multiple Sclerosis Functional Composite. 

The level of significance was taken as a p value < 0.01. 

 

 

Relation between clinical disability, T2 lesion load and atrophy measurements 

As shown in Table 3, correlations were found between T2 lesion volume and BPF, GMF, 

WMF and CCA, but not with TVW and BCR. The EDSS was only correlated to TVW. The 
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MSFC correlated with BPF, GMF, WMF and TVW, but not with the BCR and CCA. The 

strongest correlation was with the BPF (Fig. 3).  

 

 

Figure 3 Correlation of the BPF with the MSFC (P = 0.001). 

 

 

Reproducibility of linear brain atrophy measurements 

The coefficients of variation (COV) for intra-observer reliability of BCR, TVW and CCA 

were 4.4%, 5.3% and 2.5%. The COVs for inter-observer reliability of these linear 

measurements were 3.6%, 8.9% and 2.4%, respectively. 

 

Discussion 

 

Except for CCA, all atrophy measurements correlated to each other. This suggests that the 

process that leads to atrophy has global as well as local anatomical impact. It indicates that 

the measured degree of atrophy is more dependent on the amount of ‘true’ atrophy than on 

the technique used.  

The strong correlation between BCR and TVW might reflect degeneration of the axons in 

the internal capsule. These two measurements had no correlation with T2 lesion load, 

adding support to the hypothesis that the progressive central neurodegeneration in MS runs 

independently of the development of the focal lesions. In contrast BPF, GMF, WMF and 

CCA correlated with T2 lesion volume, supporting the idea that central and global brain 

atrophy may have a different pathophysiological background.14 CCA correlated best with 
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WMF and T2 lesion load, indicating that CCA is an appropriate measure of white matter 

disease burden. A comparable correlation between CCA and T2 lesion load was found 

previously.8 

 

In agreement with Kallmann and colleagues we found a significant correlation between 

TVW and the EDSS.26 The third ventricle divides the thalamic hemispheres and the 

adjacent posterior limbs of the internal capsule, and both thalamic and internal capsule 

atrophy may give rise to ex vacuo enlargement of the third ventricle. Other atrophy 

measurements did not correlate significantly with the EDSS, but there were trends toward 

weak and moderate correlations (Table 2). 

These correlations between EDSS and atrophy measurements are in agreement with 

previous observations,27,28,29 and may be explained by the fact that this functional score is 

heavily weighted towards assessment of leg function.30 Deterioration of ambulation is 

mainly caused by spinal cord involvement.  

The MSFC was developed to overcome the limitations of the EDSS and might thus 

represent better the overall clinical disability of MS patients. We found a significant 

correlation between the MSFC and TVW, BPF, GMF and WMF. A previous study 

reported also that  the MSFC correlated better to the BPF than the EDSS did, and a recent 

study in 117 subjects with secondary progressive MS found similar results.31,32 In this last 

study the normalized brain volume (NBV), a measure comparable to BPF, had the 

strongest correlation with the MSFC score, was a significant independent predictor of the 

MSFC, and was proposed as the atrophy measurement to use in clinical trials.32 Since in 

our study with relapsing MS patients the MSFC was best explained by BPF, we can 

support the recommendation of the use of techniques like BPF and NBV to measure 

atrophy in MS trials. 

 

Measurement of the CCA appeared to be the best reproducible manual measurement of 

brain atrophy in our as well as in previous studies.8,20,28 TVW measurement was least 

reproducible. This may be attributed to the way of selecting the slice. Although we agreed 

in advance to use the middle one of a serial of appropriate slices and in doubt the one with 

the widest ventricle, there wasn’t always consensus.  

 

Linear, manually determined atrophy measures are methodologically simple. 

Disadvantages are the observer's bias, low accuracy compared to automated techniques, 

and time consuming analysis. (Semi-) automated methods are faster, more accurate and 

better reproducible.14,27 

 

Main limitations of our study are the low number of patients and the absence of patients 

with an EDSS higher than 6.0, which may reduce the ability to find stronger correlations 

between atrophy measurements and clinical scores. 
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In conclusion, we show that all atrophy measurements except for CCA are correlated. CCA 

appears to be a good measure of white matter disease burden. The BPF, WMF, GMF and 

TVW correlate with clinical disability. BPF might be the best atrophy measurement to use 

in clinical trials. The TVW is of particular interest because there is no correlation with the 

T2 lesion load, and may represent a more pure surrogate of the diffuse axonal degeneration   
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