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Abstract

Duchenne muscular dystrophy (DMD) is characterized by in increased muscle damage and 

progressive replacement of muscle by noncontractile tissue. Both of these pathological changes 

can lengthen the MRI transverse proton relaxation time (T2). The current study measured 

longitudinal changes in T2 and its distribution in the lower leg of 16 boys with DMD (5–13 years, 

15 ambulatory), 15 healthy controls (5–13 years). These muscles were chosen to allow extended 

longitudinal monitoring, due to their slow progression compared with proximal muscles in DMD. 

In the soleus muscle of boys with DMD, T2 and the percentage of pixels with an elevated T2 (≥2 

SD above control mean T2) increased significantly over one year and two years, while the width of 

the T2 histogram increased over two years. Changes in soleus T2 variables were significantly 

greater in 9–13 year old compared with 5–8 year old boys with DMD. Significant correlations 

between the change in all soleus T2 variables over two years and the change in functional 

measures over two years were found. MRI measurement of muscle T2 in boys with DMD is 

sensitive to disease progression and shows promise as a clinical outcome measure.
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INTRODUCTION

Duchenne muscular dystrophy (DMD) is an X-linked neuromuscular disease characterized 

by progressive muscle weakness and caused by a defect in the gene that codes the 

dystrophin protein. Boys with DMD experience progressive disability, with loss of 

ambulation occurring at approximately 8–12 years [1] and death usually occurring early in 

the third decade of life [2]. No cure for DMD is available, although several potential 

treatments have entered clinical trials [3]. Current clinical outcome measures include muscle 

biopsies and functional testing. Muscle biopsies provide direct information about muscle 

integrity, but are invasive and give an incomplete picture of disease progression across 

muscles due to the limited tissue sampling. Functional tests, such as the six minute walk test, 

depend on a number of factors, including growth and maturation, biomechanics, and subject 

motivation. Hence, there is a need for sensitive, reliable, noninvasive methods to track 

physiological changes with disease and treatment.

Increased muscle damage and inflammation [4] and infiltration with fatty and fibrotic tissue 

have been described in dystrophic muscle [5]. Magnetic resonance imaging (MRI) and 

spectroscopy (MRS) have been used to measure fat infiltration in DMD, both using 

qualitative grading [6–10] and using quantitative methods [8–16]. These investigations have 

demonstrated that MRI and MRS are sensitive to disease progression in muscular dystrophy. 

The transverse relaxation time of muscle (T2), measured using MRI, is increased by muscle 

damage, inflammation, edema, and fat infiltration, offering a potential method to monitor 

muscle pathophysiology in a wide spectrum of boys with DMD. Previous investigations 

have examined T2 in boys with DMD [9, 14, 15, 17, 18]. In a cross-sectional study, T2 was 

demonstrated to be elevated in boys with DMD compared with controls, and higher in older 

boys compared with younger boys with DMD [18]. No longitudinal studies in the lower leg 

muscles have been performed except for in the oculopharyngeal muscular dystrophies [19]. 

Longitudinal measurement of T2 in the lower extremity muscles of boys with DMD will 

allow the impact of disease progression to be documented over an extended time frame. We 

chose to focus on the lower leg as the disease progresses more slowly in these muscles and 

thus they may provide a wider age window for inclusion in clinical trials.

The aims of the study were threefold: 1) To measure longitudinal changes in T2 of 3 distinct 

lower leg muscles over a two year time period in boys with DMD; 2) To compare the rate of 

change in T2 with respect to time in younger and older boys with DMD; and 3) To examine 

the relationship between changes in T2 and changes in muscle function in boys with DMD.

METHODS

Participants

Seventeen boys with DMD, all of whom were taking glucocorticoid corticosteroids, took 

part in a longitudinal MRI study, while 15 control boys participated at one time point. 

Control subjects were frequency matched by age to the DMD sample at the end of the two 

year observation period. Boys were included in the DMD group if they had a confirmed 

diagnosis of DMD based on clinical history, physical examination, serum creatine kinase 

level, or absence of dystrophin expression as determined by immunostaining or western blot 
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and/or DNA sequencing. 10 boys had deletion mutations, 2 had duplication mutations, 2 had 

point mutations, and 2 did not provide genetic information. Boys were ambulatory at the 

time of recruitment and were age 5–13 years old. One of the boys was initially identified as 

DMD, but subsequent detailed genetic analysis revealed that he possessed a mutation 

consistent with BMD (deletion of exons 47–52). Thus, data from this boy was excluded. 

Demographic information is presented in Table 1. A cross sectional investigation of T2 in 

some of these boys has been previously published [18]. The study was approved by the 

Institutional Review Board at the University of Florida. Informed consent was obtained from 

the parent or guardian of each subject, and boys provided written assent. Boys with DMD 

visited the lab annually for MR and functional data collection. Each visit took approximately 

5–6 hours. Prior to each visit, subjects were asked to avoid any physical activity that 

exceeded their normal activity for 2 days.

MR Data Collection

MR data was collected on a 3T Philips Achieva Quasar scanner, using a SENSE 8 channel 

knee volume coil (FOV of 12–14 cm2) positioned around the maximum cross sectional area 

of right lower leg. Total scan time was approximately 1.5 hours, and the boys were provided 

with audiovisual entertainment during the scans, with both a researcher and a parent present 

in the scan room. T2 weighted MR images were acquired with the following parameters: 12 

to 18 axial slices, slice thickness=7 mm, repetition time (TR)=3 s, 5 echo train (echo time 

(TE)=20, 40, 60, 80, and 100 ms.), with the vendor default refocusing angle=120°. Fat 

suppressed (FS) T2 weighted images were collected in a subset of boys with DMD (n=8) 

and control boys (n=10) (spectral presaturation with inversion recovery (SPIR), all other 

parameters as above)

MR Data Analysis

T2 maps were generated using custom-written IDL software. This software applied a 

monoexponential decay model to four echo times (40, 60, 80, and 100 ms) to determine the 

T2 for each pixel in the image. Stimulated echoes have previously been reported to affect T2 

measurement [20]. Thus, the signal intensity from the first TE image (20 ms) was excluded 

from the fit to improve consistency in the T2 values obtained. The observed T2 represents a 

composite of all MR-visible protons in the pixel, including water and fat signals, which is 

typically fitted with a monoexponential curve [9, 14, 15, 17, 18], although more complex 

models are possible [21]. The soleus, tibialis anterior, and peroneal muscles were manually 

circled on three slices and values from the three slices were averaged. To ensure that data 

were analyzed at the same anatomical level regardless of body size, we used an internal 

landmark to select slices. Specifically, analyzers used the most proximal slice in which the 

flexor digitorum longus muscle was visible and the next two slices distally. Regions of 

interest were traced immediately inside of the muscle boundaries, with care taken to avoid 

intermuscular as well as intramuscular fascia. Analyzers worked from a manual of operating 

procedures that detailed the boundaries of the muscles and fasciae, and each analyzer was 

required to analyze 3–5 subjects with acceptable reliability compared with an experienced 

investigator prior to beginning data analysis. Analysis of the soleus, peroneal, and tibialis 

anterior muscles takes approximately 20 minutes per subject, and has excellent inter-rater 

reliability, with a mean % coefficient of variation of 1.2% [22]. Three variables were 
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calculated from the pixel-by- pixel T2 maps in these slices (Figure 1). First, the mean T2 was 

calculated across all pixels in the region of interest. Second, the distribution of T2 values 

was determined as a histogram, and the full width at half maximum (FWHM) and full width 

at quarter maximum (FWQM) of this histogram was measured. Finally, T2 histograms for 

the 15 control boys were averaged, and the T2 value at the 95th percentile of this histogram 

was identified (dashed line in Figure 1; soleus: 48.0 ms, peroneals: 49.0 ms; tibialis anterior: 

44.0 ms). Pixels with a T2 greater than this threshold were defined to have an elevated T2, 

and the number of pixels with an elevated T2 was expressed as a percentage of total pixels in 

each boy with DMD.

Functional Data Collection

Subjects were timed as they walked 30 feet (30 ft walk), climbed 4 stairs (4 stairs), and got 

up from the floor (supine to stand). Subjects were instructed to complete each task as 

quickly as possible, and three attempts at each task were completed. The fastest attempt of 

these three trials was recorded.

Statistical Methods

Subjects were divided into three groups on the basis of their age at baseline: 5.0–6.9 years, 

7.0–8.9 years, and 9.0–13.0 years. Tests for changes over time and/or the interaction of 

changes over time with age group were constructed as chi-squared tests derived from a 

multivariate normal regression model for the longitudinal vector of measures for each 

individual. The model included fixed effects for time, age, and their interaction. Wilcoxon 

signed rank tests were used to examine the two-year change in functional variables. The 

change in T2 over two years in the tibialis anterior, peroneal, and soleus muscle groups was 

compared using a Kronecker covariance structure. Spearman correlations were used to 

examine relationships between the change in functional measures over two years and the 

change in soleus T2 variables over two years. The two boys who were unable to ambulate at 

the final time point were included in this analysis after being assigned functional test 

rankings higher than the most rapidly progressing ambulatory boy (the exact value does not 

matter since Spearman’s (rank) correlations were computed). A p-value of 0.05 was 

considered statistically signficant for all statistical analyses.

RESULTS

Change in soleus T2 values over 1 and 2 years

Mean T2 in the soleus muscle increased over both a one year period (p=0.0041) and a two 

year period (p=0.0001) in boys with DMD. Individual mean T2 data for the soleus are 

presented in Figure 2, while data averaged by age group can be seen in Figure 3a. The 

relative change in soleus T2 was 5.5 ± 6.6 % (5–6 yrs: 3.5 ± 5.9 %; 7–8 yrs: 3.5 ± 4.3 %; 9–

13 yrs: 11.4 ± 8.5 %) over one year and 9.5 ± 7.4 % (5–6 yrs: 6.9 ± 7.1 %; 7–8 yrs: 7.2 ± 

4.3%; 9–13 yrs: 16.9 ± 7.1 %) over two years. The number of elevated pixels also increased 

significantly over one year (p=0.007) and two years (p=0.0001). FWHM and FWQM 

increased significantly over two years (FWHM: p=0.02; FWQM: p=0.03), but not over one 

year.
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Age differences in soleus muscle T2 progression

Soleus muscle T2 increased more rapidly over 2 years in 9–13 year old boys than 5–6 year 

old boys (p=0.017) or 7–8 year old boys (p=0.031). FWHM also increased more rapidly in 

9–13 year old boys compared with 5–6 year old boys (p=0.03) but not compared with 7–8 

year old boys (p=0.16). Neither percent elevated pixels nor FWQM increased more rapidly 

in 9–13 year old boys compared with 5–6 year old boys (elevated pixels: p=0.33, FWQM: 

p=0.10) or in 9–13 year old boys compared with 7–8 year old boys (elevated pixels: p=0.42, 

FWQM: p=0.44).

Fat saturation in the soleus

Soleus FS T2 was lower than NFS T2 in all DMD subjects. A small but significant increase 

in FS T2 (2.9 ± 2.2 ms, p<0.001) was seen over two years (baseline: 43.5 ± 1.7 ms; year 1: 

45.6 ± 3.4 ms; year 2: 46.4 ± 2.3 ms).

Differences among lower leg muscles

Muscle NFS T2 increased significantly in the soleus (4.5 ± 3.6 ms, p=0.002, 10%) and 

peroneal muscles (3.8 ± 4.8 ms, p<0.0001, 8%, Figure 4). NFS T2 in the tibialis anterior 

muscle did not significantly increase over two years (1.9 ± 4.9 ms, p=0.12, 4%). The 

difference in the two year change in NFS T2 between these three muscles did not achieve 

statistical significance (p=0.08).

Relationships between T2 and function

The 2-year increase in time to complete the supine to stand test was significantly greater 

than 0 in boys with DMD (Table 3, p=0.003). A non-significant trend toward increased time 

to complete the 30 ft walk over 2 years (p=0.058) was present. The increase in time to climb 

4 stairs over two years was not significantly different from 0 (p=0.17). Correlations between 

the change in functional tests times and the change in soleus T2 measures were all 

statistically significant (Table 4, Figure 5), as well as the correlation between the change in 

peroneal mean T2 and the change in function. Correlations between the change in tibialis 

anterior mean T2 and the change in function were not significant. The strongest correlations 

were found between soleus mean T2 and the three functional measures.

DISCUSSION

In boys with DMD, soleus mean T2 and percentage elevated pixels increased significantly 

over one year and two years. FWHM and FWQM also showed increases over two years in 

boys with DMD. This increase was more rapid in 9–13 year old boys with DMD, but was 

similar in 5–6 and 7–8 year old boys with DMD, possibly reflecting more rapid progression 

in fatty infiltration in older boys with DMD. In support of this, the increase in soleus FS T2 

was less pronounced than the increase in NFS T2 in all age groups. Soleus T2 variables 

correlated moderately or strongly with functional measures, indicating that these measures 

meaningfully reflect disease progression in DMD.
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Longitudinal changes in T2 variables

NFS T2 in the soleus increased by 2.6 ± 3.0 ms (5.4 ± 6.6%) over one year in boys with 

DMD. There is evidence from animal models that muscle damage and possibly 

inflammation are important aspects of early disease pathology in dystrophin-null muscle, 

and these changes can be measured using MRI [23]. A recent abstract suggests that muscle 

damage, edema, and/or inflammation are probably key contributors to the elevation in T2 in 

boys with DMD, especially at younger ages, but that these changes might not be expected to 

systematically increase over time [24]. Thus, the progressive increase in soleus T2 seen in 

the current study is likely reflective of the increasing fat infiltration in this population. The 

relative area of affected tissue (% elevated pixels) increased from 29.4 ± 19.0 to 46.9 ± 27.5 

% but neither FWHM nor FWQM increased significantly over one year. Over two years, all 

soleus T2 variables increased significantly. Previously, Kim et al. [14] showed a 

heterogeneous pattern in the gluteus maximus muscle of boys with DMD following the 

initiation of corticosteroid therapy. Specifically, over 12–18 months, 5 subjects showed an 

increase in T2, 4 subjects showed a decrease in T2, and 2 subjects remained stable. 

Furthermore, the sample in that study did not show any change in clinical function. The 

current study covered a greater time period (24 months), and included a number of boys who 

showed decreases in clinical function. Several factors, including difference in musculature 

examined (the calf musculature examined in the current study had an overall mean T2 of ~50 

ms, while the study by Kim et al. reported a mean T2 of 79 ms in the gluteus maximus 

muscle), the shorter observation period, smaller and less clinically diverse sample, and the 

effects of the initiation of corticosteroid therapy likely explain the different findings of these 

two studies. A recent study by Fischmann et al. [19] found that T2 increased over one year in 

adults with oculopharyngeal muscular dystrophy, and that T2 increased even in the absence 

of changes in clinical function. Our study demonstrates a similar finding. The results of the 

current study further demonstrate that the rate of T2 increase depends on age, with older 

boys showing more dramatic increases.

T2 heterogeneity

Longitudinal changes in the T2 histogram were also examined. Specifically, the percentage 

elevated pixels, FWHM, and FWQM in the soleus muscle were investigated in this group of 

boys. Although each of these variables increased over two years, the percentage elevated 

pixels was more sensitive than FWHM or FWQM to one-year changes in T2. These 

measures are valuable in capturing the diverse tissue changes in DMD. Signal within the 

muscle comes from healthy muscle, fat, fibrosis, and muscle damage, edema, and 

inflammation. As the disease progresses, the distribution of these components changes: more 

fat and fibrosis is present, muscle damage may increase or decrease, and the amount of 

healthy muscle decreases. The percentage of elevated pixels captures an increase in fat 

and/or inflammation, while the FWHM and FWQM capture the overall heterogeneity of the 

tissue. Previous investigators have described a broadening and/or rightward shift of the T2 

histogram when comparing boys with DMD to controls [15, 18, 25, 26], and the current 

work demonstrates that a further shift occurs with disease progression in DMD.
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Differences between muscles

While a significant increase in soleus and peroneal NFS T2 was seen over two years in these 

boys, NFS T2 in the tibialis anterior did not increase significantly. Previous cross-sectional 

investigations in boys with DMD have reported that T2 is lower in the tibialis anterior 

compared with other muscles of the lower leg [18] and fat infiltration is higher in the 

peroneals and lower in the tibialis anterior [8, 10]. Longitudinal analysis showed that in 5–

13 year old boys, a trend toward a different rate of change in these three muscles was seen, 

but the trend did not achieve statistical significance. Future investigations with a longer 

duration or greater sample size might help to increase our understanding of the rate of 

progression in different muscles, particularly if these investigations also investigate the 

interaction between age and disease progression in different muscles. DMD is known to 

affect more proximal muscles first, with more distal muscles spared until later in the disease 

course. Thus, it is likely that more proximal muscles, such as the adductor magnus, would be 

more sensitive to changes in young boys with DMD, but these muscles might be less 

sensitive in older boys with DMD due to near-complete replacement with noncontractile 

tissue [11]. The current study focused on the muscles of the lower leg to permit longitudinal 

investigation of young and older boys with DMD.

Age differences

Boys were divided into three age groups for analysis, with the hypothesis that older boys 

would show a more rapid rate of change in T2, elevated pixels, FWHM, and FWQM than 

younger boys. This hypothesis was confirmed. All soleus T2 variables increased more 

rapidly in boys who were 9–13 at baseline, compared with boys who were 5–6 or 7–8 years 

of age at baseline. These data provide some evidence for the hypothesis that the progressive 

increase in T2 over time is driven by fat infiltration rather than muscle damage, edema, or 

inflammation, since fat infiltration is greater in older boys with DMD [10]. Importantly, 

however, soleus T2 was elevated at baseline and increased over time in even the youngest 

boys with DMD, suggesting that this measure captures disease progression across a broad 

age range. This is an important consideration in the use of T2 as a clinical outcome measure.

The effect of fat suppression

Further evidence that the increase in T2 is driven primarily by fat comes from the soleus FS 

T2 values, which are lower than the NFS T2 values and which do not increase significantly 

over one year. A significant increase in soleus FS T2 was found over two years, although 

this increase was approximately half of the increase in NFS T2. Weber et al. [10] described 

increased fatty infiltration and decreased edema in older boys with DMD compared with 

younger boys with DMD. Thus, although the increase in soleus FS T2 might be driven by 

increases in muscle damage, edema, or inflammation, it is more likely that a small amount 

of unsuppressed fat signal is responsible for this increase. A SPIR sequence was used to 

carry out fat suppression, but this technique does not entirely eliminate the contribution of 

fat to the elevated T2 signal. To fully separate the relative contributions of fat and muscle 

water changes, other quantitative MR techniques are required, such as Dixon imaging or MR 

spectroscopy. Dixon imaging, in particular, is increasingly used in the muscular dystrophies, 

because it permits a high spatial resolution measurement of muscle fat fraction [13, 19, 27, 
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28]. In addition to Dixon imaging, muscle fat content and muscle water T2 can be 

independently measured using 1H-MRS, although spatial resolution is limited with this 

technique. Finally, sophisticated techniques such as the IDEAL-CPMG sequence proposed 

by Janiczek et al. [29] or fat corrected T2 measurement [30] can allow separation of water 

and fat T2. However, T2 weighted imaging has an advantage of being a standard clinical 

sequence, unlike some of the techniques discussed above, so it could be used in multisite 

research or by groups that do not specialize in MR techniques. Moreover, we believe since 

the T2 mapping measure reflects overall changes in both water T2 and fat content this may 

be particularly valuable in following boys with DMD over extended periods, evident by the 

early elevation and progressive increases seen in the current study.”

Functional tests

The relationship between the change in T2 variables and the change in functional measures 

was examined using Spearman’s correlation analysis. All soleus T2 variables and peroneal 

mean T2 were significantly correlated with function, and the strongest correlation was found 

between the increase in soleus mean T2 and the increase in 30 foot walk time. These results 

are important because they confirm that T2 captures meaningful changes in function in boys 

with DMD. A key benefit to MRI compared with functional measures in monitoring disease 

progression is that it can be used in nonambulatory as well as ambulatory boys. For 

example, changes in T2 were large in the boys who lost ambulation during this study (6.5 

and 10.8 ms, respectively). If ambulation-based functional measures alone were used in a 

clinical trial setting, data from these boys would have been lost.

Conclusions

This longitudinal investigation has revealed that T2 and related variables increase over two 

years in 5–13 year old boys with DMD, and that mean T2 and elevated pixels increase 

significantly in just a year. These changes are more rapid in 9–13 year old compared with 5–

6 or 7–8 year old boys with DMD, a difference that might be attributable to increases in 

intramuscular fat content in older boys with DMD. T2 is elevated in boys with DMD 

compared with controls at all ages. Changes in T2 are strongly correlated with changes in 

functional performance, suggesting that these measures are sensitive to meaningful changes 

in disease progression. Based on the results of this study, T2 measures might offer an 

opportunity to noninvasively investigate the response of the muscle to therapeutic strategies 

that aim to alter the disease course in DMD.
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Figure 1. 
Top: T2-weighted images acquired in a boy with DMD (aged 9.9 years at baseline) over two 

years, showing increasing areas of hyperintensity over time. Bottom left: T2-weighted image 

from a 10 year old control boy, with homogeneous signal intensity in muscle. Bottom right: 

Longitudinal changes in the soleus T2 histogram in the above subject, illustrating changes in 

the histogram with disease progression. The rightward shift is captured by the mean T2 

value, while the broadening of the histogram is captured by the FWHM and FWQM (dashed 

lines). The upper boundary of the T2 of healthy muscle (defined as the 95th percentile of the 

control T2 histogram) is represented by the vertical dotted line.
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Figure 2. 
Individual mean soleus T2 data plotted against age. For clarity, only baseline and 2 year 

points are shown. T2 increased with time in boys with DMD at all ages, but changes were 

considerably more pronounced after approximately 9 years old. The boy diagnosed with 

BMD is shown in grey. Solid and dashed lines across the bottom of the plot represent the 

control mean and 95% confidence intervals.
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Figure 3. 
Longitudinal changes in mean T2 (A), elevated pixels (B), FWHM (C), and FWQM (D) in 

the soleus muscle. Solid horizontal line represents the control mean, while the dashed 

horizontal line represents the 95% confidence intervals around the control mean.
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Figure 4. 
Longitudinal changes in mean T2 in the peroneal, soleus, and tibialis anterior muscles.
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Figure 5. 
Correlation between the change in T2 variables in the soleus (over two years) and the change 

in 30 ft walk time (over two years). Two boys lost ambulation before or during the study, 

and were assigned an arbitrary maximum value to permit analysis using Spearman rank 

correlations. The two nonambulatory boys are represented by open circles.
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Table 1

Demographics of boys with DMD and control boys

Time point

DMD (n=16) Control (n=15)

Baseline 1 year 2 years Single visit

Age (y) 7.8 ± 2.0 8.8 ± 2.0 9.9 ± 2.0 9.7 ± 2.7

Body mass (kg) 28.6 ± 11.8 31.4 ± 13.3 35.1 ± 14.7 32.8 ± 10.4

Height (cm) 121.9 ± 13.4 125.6 ± 13.4 129.9 ± 12.6 139.7 ± 15.7

BMI (kg/m2) 18.5 ± 3.5 19.2 ± 4.3 20.1 ± 4.5 18.2 ± 7.1

Nonambulatory (n) 1 1 2 0
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Table 2

Non fat suppressed T2 variables in the soleus muscle of boys with DMD and controls

Baseline Year 1 Year 2 Controls

Mean T2 (ms) 47.4 ± 2.9 49.9 ± 3.9** 51.9 ± 5.0** 40.3 ± 1.1†

Elevated pixels (%) 29.4 ± 19.0 46.9 ± 27.5** 57.0 ± 26.2** 6.5 ± 2.8†

FWHM (ms) 9.2 ± 2.1 9.3 ± 2.0 10.7 ± 2.3** 9.1 ± 1.3

FWQM (ms) 13.8 ± 3.2 13.8 ± 2.7 15.6 ± 3.2* 13.8 ± 2.1

*
significantly different from baseline (p<0.05)

**
significantly different from baseline (p<0.01)

†
significantly different from DMD (p<0.01)
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Table 3

Functional test times in boys with DMD

Baseline (n=15) Year 1 (30 ft: n=15, Supine to stand&4 stairs: n=14) Year 2 (n=14)

30 ft walk (s) 6.13 ± 0.97 6.87 ± 2.84 6.86 ± 1.42

4 stairs (s) 3.74 ± 1.03 4.65 ± 2.88 5.53 ± 4.35

Supine to stand (s) 4.43 ± 3.03 4.64 ± 2.34 6.43 ± 4.17*

*
significantly different from baseline (p<0.05)
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Table 4

Correlations between the change in T2 variables and the change in functional test times over two years

Δ 30 ft walk (s) Δ Supine to stand (s) Δ 4 stairs (s)

Δ Soleus Mean T2 (ms) 0.87** 0.73** 0.66**

Δ Soleus Elevated pixels (%) 0.72** 0.60** 0.51*

Δ Soleus FWHM (ms) 0.59* 0.53* 0.57*

Δ Soleus FWQM (ms) 0.54* 0.54* 0.51*

Δ Peroneal Mean T2 (ms) 0.75** 0.65** 0.52*

Δ Tibialis Anterior 0.49 0.46 0.27

 Mean T2 (ms)

*
significant (p<0.05),

**
significant (p<0.01)
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