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Part 1. A pilot study assessing T1-weighted muscl®IRI in Amyotrophic

Lateral Sclerosis (ALS)

Introduction

Amyotrophic lateral sclerosis (ALS) is a chronicunedegenerative disease usually assumed
to target motor neurons (MNs). However, evidenceneblvement of other cells types [1-5],
also outside the central nervous system, has cigalte this “neurocentric” view of ALS,
which may thus be defined a “multi-systemic” dise§g]. Although muscle abnormalities in
ALS are habitually considered secondary to MN damn@}, muscle, too, can be a primary
target [8,9], with “dying back” degeneration of MNscurring subsequently. In recent years,
efforts to clarify the pathogenesis of ALS haveused on muscle tissue [10-14]. Muscle
magnetic resonance imaging (MRI), shown to be ugefdefine prognostic biomarkers of
ALS in the G93A-SOD1 mouse model [15], is an ess@leld diagnostic tool in inherited and
acquired neuromuscular disorders [16,17]. In paldr, T2-weighted (T2-w) images show
acute pathological processes (e.g. oedema) [18],Tarweighted (T1-w) sequences disclose
chronic alterations (atrophy, fatty substitutiodB]. However, literature data on the role of
muscle MRI in ALS are scarce and heterogeneousgitumtinal studies in small cohorts
[19,20] have evaluated, respectively, qualitativé-Ww/T2-w images of the legs and
volumetric T1-w images of the tongue, hands, agd.|®ther authors [21] used T1-w and T2-
w MRI to study nerve and muscle abnormalities ia tipper and lower limbs of multifocal
motor neuropathy (MMN) and ALS patients. Furthereydorachial plexus and limb-girdle
muscle MRI has been shown to play a pivotal rolthandifferential diagnosis between ALS
and inflammatory conditions [22]. Recently, Jenkietsal. investigated the role of T2-w

whole-body muscle MRI as a biomarker of denervaitiolN disease [23].



In this study we compared T1-w images of hand,gm@anal and lower limb muscles in newly
diagnosed ALS patients and in age-matched healthyrals (HCs) to look for evidence of
muscular atrophy and remodelling (i.e. fatty substin) and to relate the radiological

findings to clinical and electromyographic (EMG)}ala

Materials and Methods
Patients

In this cross-sectional pilot study, we enrolled tght-handed patients newly diagnosed with
probable or definite ALS, using the El Escoriakeria [24], between 1 January 2015 and 31
December 2015 at the C. Mondino National Neuraalginstitute. Exclusion criteria were
inability to give informed consent, a contraindioatto MRI, respiratory failure impairing
ability to lie flat in the scanner. We scored atai severity using the ALS Functional Rating
Scale revised (ALS-FRSr) [25], and upper MN (UMNyalvement using the UMN burden
score [26]. Nine age-matched healthy controls (HEs)e also recruited for MRI analysis.
The institute’s ethics committee approved the stadg all subjects gave their written

informed consent.

MRI data analysis

With subjects supine, a 1.5T MRI scanner (PhilipgdScan, Koninklijke, The Netherlands)
was used to obtain sequential axial T1-w imagdse(ghickness, 10 mm; interslice gap, 1
mm; repetition time (TR), 500 msec; echo time (TE}) msec; signal averages,1; voxel
size,1,19x0,95x10) from the femoral head to thdegnk order to study of the thigh and calf
muscles. Axial T1-w (slice thickness, 10 mm; inliess gap, 0.3 mm; TR, 500 ms; TE, 8
msec; signal averages,4; voxel size,0.8x1,01x10 rang coronal T1-w images (slice

thickness,5 mm; interslice gap, 1 mm; TR, 500 m3&g; 15 msec; signal averages,3; voxel



size, 0.9x1,2x5 mm) were also obtained to study plaravertebral muscles from the
intermeante dorsal to the sacral region. Finalljthwsubjects prone, hand muscles were
studied with axial (slice thickness,3 mm; intemslgap, 5 mm; TR, 300 msec; TE, 10 msec;
signal averages,4; voxel size, 1.19x1x3 mm) andr@rT1-w sequences (slice thickness,3
mm; interslice gap, 3 mm; TR, 300 msec; TE, 10 msggnal averages,4; voxel size,
1.19x1x3 mm). Sequence parameters varied betwebwvidoals to ensure full anatomical

coverage. Total scanning time was usually undeniites.

Scans were examined by expert neuroradiologisisgdd to clinical data. They looked for
normal and abnormal muscle bulk (atrophy — yes/aod normal and abnormal signal
intensity. Intrarater and inter-rater reproductigilivas first confirmed by the two independent
raters, who achieved coefficients of variation <tffeall regions of interest. Each muscle was
assessed on T1-w sequences and graded for degfadyo$ubstitution using the Mercuri

scale [27], i.e.:

. Normal: no traces of increased signal intensitihe muscle, graded O;

. Mild: only traces of increased signal intensity atherwise well preserved muscle,
graded 1,

. Moderate: increased signal intensity in less %@¥ of the muscle, graded 2;

. Severe: increased signal intensity in at lea%b 50 the muscle, graded 3.

EMG data analysis

We performed a semiautomatic quantitative analgdighe motor unit action potentials
(MUAPS) in the first dorsal interosseus, thoracargvertebral, and anterior tibial muscles,
using Medelec Synergy SYN5-C (©Viasys Healthcargndt Way, Old Woking, Surrey

UK). We recorded at least 10 MUAPs per muscle@nmsidered their mean duration (msec).



Mean MUAP duration was considered normal (<10 mset)d altered (10-12,5 msec),
moderate altered (12,5-15 msec), severe alterésl ifyskc) for the tibial anterior muscle, and
normal (<9 msec), mild altered (9-11,25 msec), maealtered (11,25-13,5 msec), severe

altered (>13,5 msec) for first dorsal interossansl, thoracic paravertebral muscles.

Statistical analysis

Data are reported as median, and IQR range fortigaiare variables and percentages for
categorical ones. A UMN burden score of 13 was utedstratify patients by UMN
involvement, and clinically considered suitable fistinguish patients with mild, and severe
UMN involvement; this cut-off was determined by tlenge and distribution of values, and
following a clinical decision. To compare differ&scin MRI data among groups, chi square
tests and non-parametric Mann-Whitney tests werdoeed. Spearman correlation
coefficient was used to evaluate the associatitwden MRI and ALSFRS-r items. P-values
<0,05 were considered significant (two-sided). Tta¢istical software STATA V.14 was used

for the analysis.

Results

Ten patients (males= 6 and females=4; median agé,y&ars, IQR 63,1-71,8) with definite
(n=3), probable (n=4) or probable laboratory-supgmbr(n=3) ALS, and nine age-matched
HCs (males=6 and females=3; median age, 69,6 y¢QR, 64,4-73,4) were recruited.

Clinical and demographic data are summarized irelab

Lower limb MRI was performed in all patients and $i@araspinal MRI in all patients and
8/9 HCs, right-hand MRI in 7/10 patients and 7/991@nd left-hand MRI in 6/10 patients
and 6/9 HCs (table 1 - supplementary data). Muatilephy was more frequent in patients

than HCs (22,46% vs 0,72%, p<0,0001). Median ratdatty substitution analysing muscles



by region and singly are reported in Table 2. Nfecence was found between right and left
side. There are no statistically significant diffleces between patients and HCs for hand
(p=0,142), thoracic paraspinal (p=0,100), gluteusximus (p=0,482), anterior thigh
(p=0,793), posterior thigh (p=0,664). We found istetally significant differences for
iliopsoas (p=0,046), anterior calf (p=0,020), pastecalf (p=0,047). The Figures 1 and 2

show sample MRI scans.

Median rates of fatty substitution between spineSApatients and HCs were not significant
for hand (p=0,081), thoracic paraspinal (p=0,07Bppsoas (p=0,117), gluteus maximus
(p=0,307), anterior thigh (p=0,462), posterior thigp=0,609). Hence, significant differences
were found for anterior calf (p=0,009), and postedalf (p=0,031). All the comparison of

median rates of fatty substitution between bulbb& Aatients and HCs were not statistically
significant except for iliopsoas (p<0,05). Mediates of fatty substitution between spinal and
bulbar ALS patients were all not statistically sfgrant. Same results were obtained after

stratifying patients for UMN involvement (p>0,05td not shown).

In all patients except one, mean duration of MUABBIG analysis) was calculated for the
first dorsal interosseus, thoracic paravertebrakrgor tibial muscles, and in all patients MRC
scale (clinical muscles strength) was registeradtiie first dorsal interosseus and tibial
anterior muscles (Table 3). ALS-FRSr items relatettand function, in particularly writing

and handling a knife, were summarized and an imvegsrelation with dominant hand MRI

data was obtained (r=-0,7217).



Table 1 Clinical and demographic data of ALS patients s&immary) and (B) for each

patient.
A)
Data
Gender, M/F 6/4
Age at onset, median in years (IQR) 66,5 (62-70)
Time from onset to diagnosis, median in months
7 (5-11)
(IQR)
UMN burden score, medigIQR) 13 (8-14)
B)
Patient | Gender Age at| Site of Type of UMN ALSFRSr
ID onset onset involvement score
(years)
1 M 58 Spinal UMN+LMN 16 40
right leg
2 M 86 Bulbar UMN+LMN 13 43
tongue
3 M 78 Bulbar UMN+LMN 2 44
tongue
4 F 63 Spinal | LMN right leg 13 34
5 M 69 Spinal LMN arms 14 48
6 M 67 Spinal LMN left arm 13 44
7 F 68 Spinal UMN right 16 33
leg
8 F 71 Spinal LMN left leg 1 38
9 M 66 Spinal LMN arms 8 39
10 F 57 Spinal LMN right 10 40
arm

Abbreviations: M= male; F=female; ALS-FRSr= Amyaqiloc Lateral Sclerosis Functional Rating Scale sedj UMN= upper motor

neuron; LMN= lower motor neuron



Table 2 MRI data (degree of fatty substitution using khercuri scale) for patients and HCs.

Muscle Patients (n=10) HCs (n=9) P value

Meann (IQR)

Right hand 0 (0-0,5) 0 (0-0) 0,142

Right paraspinals 1(1-2) 1 (0,5-0) 0,100
Right iliopsoas 1(0-1) 0 (0-0) 0,046

Right gluteus maximus 1(1-2) 1(1-2) 0,482
Right anterior thigh 0,88 (0,5-1) 1(0-1) 0,793
Right posterior thigh 1(0,86-1) 1(0-1) 0,664
Right anterior calf 0,875 (0,5-1) 0 (0-0,5) 0,020
Right posterior calf 1(1-1,3) 0,67 (0,33-1) 0,047
Left hand 0 (0-0,5) 0 (0-0) 0,142

Left paraspinals 1(1-2) 1(0,5-1) 0,100
Left iliopsoas 1(0-1) 0 (0-0) 0,046

Left gluteus maximus 1(1-2) 1(1-2) 0,482
Left anterior thigh 0,88 (0,5-1) 1(0-1) 0,793
Left posterior thigh 1(0,86-1) 1(0-1) 0,664
Left anterior calf 0,875 (0,5-1) 0 (0,5-1) 0,020
Left posterior calf 1(1-1,3) 0,67 (0,33-1) 0,047




Table 3.EMG (a) and clinical (b) data for patients.

a)

Patients Right Left tibial | Right Left Right first | Left first
tibial anterior thoracic thoracic dorsal dorsal

(mean anterior paraspinal | paraspinal | interosseus| interosseus

duration,

msec

1(58) Not done 15,02 (S) 12,8 (Mo Not doneg 99 ( | Not done

2 (86) 11,93 (Mi) | 15,84 (S) 10,52 (Mi) 11,72 (Mp) ,73 (N) 13,44 (Mo)

3(78) 13,75 (Mo)| 13,93 (Mo) 10,61 (Mi) 13,15 (Mp}L2,55 (Mo) | 12,3 (Mo)

4 (63) 12,37 (Mi) | Not done 15,04 (S) Not done 10080 | Not done

5 (69) 14,5 (Mo) | Not done Not done 12,94 (Mo) 1658 Not done

7 (68) >20 (S) >20 (S) 15,57 (S) 14,04 (S 10,7)(Mi| 11,06 (Mi)

8 (71) 14,63 (Mo)| 11,95 (Mi)| 15,8 (S) 16,01 (S a®(Mi) | 12,57 (Mo)

9 (66) 15,89 (S) 12,05 (Mi) 13,67 (S) 16,47 (S 8B3(S) >20 (S)

10 (57) 12,1 (Mi) 11,75 (Mi)| 8,98 (N) 9,12 (Mi) 2® (S) 12,26 (Mo)

Legends: N = normal, Mi = mild altered, Mo = moderaltered, S = severe altered

b)

Patients Right Left tibial | Right first | Left first
tibial anterior dorsal dorsal

(MRC) anterior interosseus | interosseus

1 (58) 3 5 3 4

2 (86) 5 5 5 5

3(78) 5 5 5 5

4 (63) 5 5 5 5

5 (69) 5 5 5 3

6 (67) 3 45 5 5

7 (68) 0 35 5 5

8 (71) 45 35 35 35

9 (66) 5 5 3 3,5

10 (57) 5 5 3 35
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Figure 1. MRI scans of healthy controls (a, c, €) and pasi€¢bt— patient #6, d — patient #9, f
— patient #8): left hand axial T1-w (a, b — pat#&), paraspinal axial T1-w (c, d — patient

#9), paraspinal coronal T1-w (e, f — patient #8).
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Figure 2. MRI scans of healthy controls (a, c, e, g) andgmasi (b — patient #10, d, f, h —
patient #8): iliopsoas axial T1-w (a, b — patiedD¥ gluteus maximus axial T1-w (c, d —

patient #8), thigh axial Tl-w (e, f — patient #&plf axial T1-w (g, h — patient #8).




14

Discussion and conclusions

Literature on muscle MRI in ALS is scarce and hegeneous in terms of study type
(longitudinal [19,20,23], cross-sectional [14,15Bgion scanned (upper limbs [20-22], lower
limbs [19-22], tongue [20], whole body [23]), typaf images obtained (volumetric
[19,20,22], qualitative T1-w/T2-w [19,22], quantitee T1-w/T2-w [19,21,22]), and use of
controls (age-matched HCs [22], no age-matched H8g0], other neurological controls
[21]). To date, authors have mainly performed lolimb MRI with T1-w sequences. Bryan
et al. [19] used T1-w and T2-w sequences to agegsmuscles over a longitudinal 4-month
follow-up in 11 ALS patients and eight HCs. Visuakpection revealed abnormalities
(“moth-eaten” appearance) on T1l-w images in sixepé&t, but mean muscle T1 time and
volume were not different between patients and H@stead, the ALS patients showed
increased muscle T2 time, evaluated using quangtanalysis. In a longitudinal study,
Jenkins et al. [20] evaluated possible atrophyefthenar eminence, first dorsal interosseous,
tibialis anterior and tongue using volumetric mes8 MRI in four ALS patients and 11
HCs. Progressive atrophy was found only in the dh@minence and tibial anterior, and only
in patients showing clinical progression. No datasabclinical atrophy were given. Clinical-
radiological discordance in other muscles was ssiggeto reflect a contribution of UMN
pathology. More recently, Staff et al. [21] studibeé role of nerve and muscle 3T/1.5T MRI
with T1-w and T2-w sequences in differential diagisobetween ALS and MMN. They
showed upper and lower limb muscle MRI alteratiams57% of ALS patients (n=60),
specifically atrophy in 35%, while MMN patients ha atrophy. Gerevini et al. [22]
suggested that muscle and nerve root/plexus MRhimagd differential diagnosis between
ALS and inflammatory neuropathies. They showed Thwd T2-w abnormalities in the
subscapular, supra- and infraspinatus musclesl &L&8 patients (n=23). In particular, the

supraspinatus was the most affected by T2-w ailterst while no difference in fatty
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substitution or atrophy was found. Very recentlgnkins et al. [23] proposed a very fast
protocol for T2-w whole-body muscle MRI in orderltmgitudinally study the denervation in
motor neuron disease. They did not focus on chramiscle alterations that are pivotal in

neurodegenerative disorders.

In our explorative study, we qualitatively asseskadd, paraspinal and lower limb muscles
with T1-w MRI in 10 newly-diagnosed ALS patientdamne age-matched HCs. We selected
that muscles because they belong to different nsgfoervical, thoracic, lumbosacral) that are
habitually evaluate in ALS patients in order togstathe disease using the El Escorial
classification [24]. We didn’t perform MRI for adlubjects because the requested position was
extremely uncomfortable during the exam (i.e. prgusition for hands). We detected
statistically significant differences between the tgroups for iliopsoas (p=0,046), anterior
calf (p=0,020), and posterior calf (p=0,047). Thea#i range of values is due to the selection
of patients with new diagnosis of ALS. No specifiattern of muscle involvement was
found, as well as no asymmetry was detected. Homveirgle muscle difference between left
and right side was evident but it not emerged fthestatistical analysis, probably due to a
low sample size. We demonstrated that UMN damagelependent of muscle abnormalities,

as no difference emerged on stratifying patientdJN burden score.

Muscle analysis considering spinal ALS patients Ei@ confirmed differences for anterior
calf (p=0,009), and posterior calf (p=0,031). Farthore, there is significant result for
iliopsoas (p<0,05) between bulbar ALS patients &€s. No difference emerged between
bulbar and spinal ALS patients. In this subgrouplysis the disequilibrium of bulbar (n=2)
and spinal (n=8) patients is pivotal to considertfe results, and it is necessary to increase
the power size and improve the balance of recruitrteeconfirm these data. At the moment,

it is possible to affirm that our spinal ALS patigrmoften present distal lower limbs clinical
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onset (i.e. Patrikios form). Moreover, iliopsodsattis a spinal muscle, could be studied to

support the diagnosis in bulbar patients.

Concerning the comparison of results between EM& MR, it is possible to underline a
trend towards agreement was appreciable for fiossal interosseus, paraspinal, and tibial
anterior muscles. The level of muscle alteratiengdiiferent between EMG and MRI, and the
discrepancy was likely due to the greater sensitvi EMG for the quantification of muscle
damage is evident. Indeed, many moderate and salterations were identified using the
EMG grading in muscles characterized by low gradatty substitution in MRI. MRI could,
instead, be more useful for studying deeper mugsblgsare difficult to assess using EMG.

Further data should be obtained increasing the leasige.

Finally, a trend towards agreement can be alsoeapgied for clinical aspects (MRC for first
dorsal interosseus and tibial anterior muscles) liRd. A concordance emerged between
clinical and MRI data for the dominant hand. Indded scores for specific ALSFRS-r items
correspond to high level of MRI alterations. Thegion was tested because muscles assessed

by MRI are selectively involved in writing and ugia knife (both ALS-FRSr items).

Limitations of our explorative study included them number of patients recruited, which
reflects the rarity of ALS. To be able to collegrsficant data, and also take into account the
clinical heterogeneity of ALS onset, we decided$sess numerous muscles in each patient.
The full protocol included the evaluation of 68 roles belonging to the cervical, thoracic and
lumbar segments. We excluded bulbar muscles bedheseeslevant literature data are not
homogeneous [28], mainly for technical reasonsalkinwe could not perform quantitative
assessment of muscle T1 time or volume becausetifime sequences require greater
technical resources, and time-consuming post-atguigrocessing [29]. The main technical

problems we encountered were related to the cauadisposal and to hand MRI: the prone
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position was poorly tolerated both by patients aodtrols. For this reason, and also because
since EMG data are sufficient to highlight abnoritred, we decided not to further analyse
this region. In future studies we will consideracquire more MRI data on specific regions,
where is possible to provide significant data bobrty amenable to clinical and EMG

assessment (e.g. the paraspinal muscles).

In conclusion, muscle T1-w MRI can distinguish Ap&tients from HCs for specific regions
(i.e. legs). MRI abnormalities could be found irupiasymptomatic spinal muscles in bulbar-
onset patients (i.e. iliopsoas). Paraspinal andriagcles MRI may be a useful diagnostic tool
in early ALS. From these preliminary results, warpto conduct a longitudinal study in order
to investigate more in deep the role of muscleughoMRI measurements as a prognostic or

predictive biomarker in ALS patients.
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SUPPLEMENTARY MATERIALS

T1-weighted muscle MRI findings

A relative degree of severity was assigned to eaescle in each region, using the scoring systemqs®d by Mercuri: 0 =
normal, 1 = mild, 2 = moderate, 3 = severe (seehblit section).

a atrophy, NA not available.

Hand: FDI first dorsal interosseus muscle, SDI sdatorsal interosseus muscle, TDI third dorsarosseus muscle, FoDI
fourth dorsal interosseus muscle, ADM abductortdiginimi muscle, FPI first palmar interosseus nies8P| second
palmar interosseus muscle, TPI third palmar intros muscle, FDB flexor digitorum brevis muscle ti@&ar eminence
Paraspinal/pelvis: IP iliopsoas muscle, LD longigs$ dorsi muscle, MF multifidus muscle, QL quadsdttmborum
muscle, LaD latissimus dorsi muscle, GMa gluteugimas muscle.

Thigh: anterior - VL vastus lateralis muscle, Vktas intermedius muscle, VM vastus meanlis mugtferectus femoris
muscle; posterior - SA Sartorius muscle, GR graailisscle, AM adductor magnus muscle, BL biceps fesriorig head
muscle, ST semitendinosus muscle, SM semimembramosscle, AL adductor longus muscle.

Leg: anterior - TA tibialis anterior muscle, TPigilis posterior muscle, PL peroneus longus mu$id, extensor digitorum
longus; posterior - SO soleus muscle, GM meankgasémius muscle, GL lateral gastrocnemius muscle.

Pati | Right hand Right paraspinal/pelvis

ent [F|s|T|Fo A FIS|T|F|[T]I L{M|Q|L |G

D 'p|p|D|D |D |P|P|P|D|E|P|D|F|L|a|M

(ea || |1 || M |1 |1 |1 |B D|a

rs)

1 0|0|O0]|O 0 o o of o of 11 1y 1y 1 1 2

(58)

2 0|0|0]|O 0 0| 0| 0Of O] Of 22 |2 |2 |1]|1

(86) a

3 0|0|O0]|O 0 o o of Of Of 112 |2 |21 |1|1

(78) a

4 0|0|O0]|O 0 o o of of of o 4y 3y 1 1 1

(63)

5 0|0|O0]|O 0 o o of of of o y§ 1y 11 1 1

(69)

6 1 1 1 1 1 ol O of O 0 1 1 1 1 1 1

(67)

7 N|N|[N/|N N N|[N|N|N|INI|O 2 2 2 2 2

68 |A|A A A A |A|JAJA]A A

8 N[N |N|N N N[{N|[N[N[N|J2 |2 |2 |2|2]3

7)) |A|A|A|A |A |A|A|A|A|A A

9 N|N|[N/|N N N|[N|N|N|IN/|[1]|2 2 2 2 3

66) |A|AJA A A |AJAJA]JA A |a

10 2|22 |2a|2a|] 2|2 |2|2|12 |01 |1|1]1]|1

(B57) |a |a | a a|a|ala|a|a

Patient | Right thigh Right leg

|(D ) VL | VI |VM |RF |SA |GR |AM |BL (ST |SM |AL |[TA [TP |PL [EDL SO |[GM GL

years

1 (58) 1 0 1 0 1 1 1 1 1 1 1 0 0 1 1 1 1 1

2(6) | 1 1|1 0 1] 1 1 1 1] 1 1 0 o o o 1 0 q

3(78) | 0 0] o 0 1] 1 1 1 1] 1 0 0 1 1 1 1 1

4 (63) lal 1 |1a | Oal 0a Oa 1la 1la 1a lJa O0a [la (la|la {laa| la la
a

5 (69) 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1

6 (67) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

7 (68) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

8 (71) 2al 1 |1a | la| 2a 1a 1ad4 2@ lda lYa 1l1la la |la |la [laa| la la
a

9 (66) lal 1 |1la | la|l 1a 1a 1la 1la 1a lJa 1la [la |(la|la {laa| 2a| 2a
a

10(57) | O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 d
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Pati | Left hand Left paraspinal/pelvis

ent 'F |sS|[T]|[Fo|A F|IS|T|F|T]|I LI{M|Q|L |G

D |p|p|(D|D |D |P|P|P|D|E|P|D|F|L |a|M

(ea || |1 |1 M |1 |1 |1 |B D|a

rs)

1 N |N|[N]J|N N N|N[N|N|[N|ZT |2 |21 |2]|] 1|2

G8) |A|A|A|A |A |A|A|A|A|A

2 oOo|0|O0}|O 0 O oOf o] Oof Of 2y1 (1 |1|1]|1

(86) a

3 o|o0|O0}|O 0 O Of o of Of 2y12 (1 |2|1/|1

(78) a

4 0 0| of of of of o 14 1y 1 1 1

(63)

5 o|jo0|o0}|O 0 o O of of of o 14 1y 1 1 1

(69)

6 2|12 |2 |2a|l2a| 2|2 |2 |2 |21 |1|1]1]|1]1

67) |a |a | a a|a|a|a]|a

7 N |N|[N]J|N N N|N[N|N[N|O|2|2]|2]| 2| 2

68) |A A A A A A|lA|A|A LA

8 N [N |[N/{[N N N|{N|N|IN[N]|]1 |2 2 2 2 3

7)) |A|A|A|A |A |A|A|A|A|A|a

9 N |N|[N]J|N N N|[N[N|N[N|1T |2 |2 ]|2]| 2|3

66) | AJA A A A A|lAJA|A A |a

10 oOo|0|0}|O 0 0| of of of of o 14 1y 1 1 1

(57)

Patient | Left thigh Left leg

|(D | VL [VvI [V |RF [SA |[GR |[AM [BL [ST [sM [AL [TA TP [PL [EDL SO [GM | GL

years

1(38) | 1 0] 1 0 1] 1 1 1 1 1 0 0 1 1

2 (86) 1 1 1 0 1 1 1 1 1 1 0 0 2 2

3(78) | 0 o] o 0 1] 1 1 1 1 0 0 1 1 1

4 (63) la| 1 |1a | Oa| Oal 0O0a 14 la a 1la Da [la |la |la [Qlha| la la
a

5 (69) 1 1 1 1 1 1 1 1 1 1 0 1 1 1

6 (67) 1 1 1 1 1 1 1 1 1 1 1 1 1 1

7 (68) 1 1 1 1 1 1 1 1 1 1 1 1 1 1

8 (71) 2al 1 |1a | l1a| 2a 1a 14 2@ a 3a la [la |la|la [laa| la la
a

9 (66) la| 1 |1la | la|l 1a 1la 1la 1@ a la 1la [la |la|la [laa| 2a| 2a
a

10(57)| O 0 0 0 0 0 0 0 0 0 0 0 0 d




20
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Part 2: MRI study of paraspinal muscles in patientswith Amyotrophic

Lateral Sclerosis (ALS)

Introduction

The paraspinal muscles are essential for the statdn of the spine, the conservation of the
correct posture and the fluency of the trunk moweing30]. Particularly, the multifidus
muscle is medial and pivotal for the spinal balandgle erector spinae muscle, composed of
longissimus dorsi and iliocostal, is lateral andoined in the other functions [30]. Paraspinal
muscles’ features habitually vary according to etéht variables (i.e. sex, body weight,
physical activity) [30], but their evaluation cae belpful for the diagnosis of pathological
conditions. Clinical evaluation globally helps tbe classification of specific pattern (i.e. Pisa
syndrome, camptocormia), while the electromyograpsiudy is useful for superficial
muscles at thoracic or lumbar level [31,32]. Thalgsis of single and profound muscles is
not possible using those instruments. In the laarg, MRI has become crucial for the study
of paraspinal muscles in heterogeneous patholog@ies inflammatory and congenital
myopathies, radiculopathies) [33]. The evaluatibparavertebral muscles is essential during
the diagnostic phase and follow up of patientscaéfé by ALS, in order to demonstrate the
involvement of thoracic domain and define the grafidisease [24]. In this context, the most
useful diagnostic tool is electromyography, witle timitations cited above. Few data are
available on muscle MRI of the paraspinal musaheAlLLS [23-34] and are heterogeneous in
terms of study typology, MRI scans, and resultskiies et al. demonstrated statistically
significant difference of T2-w images of paraspimalscles between healthy controls (n=22)
and ALS patients (n=29) at baseline, while no défeee during the longitudinal follow up (4

months) in ALS cohort [23]. In a recent pilot cressctional study our group evidenced no
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difference between T1-w paraspinal muscles imadeAL& patients (n=10) and healthy

controls (n=9) [34].

To study the role of paraspinal MRI in the diagsasi ALS, we compared T1-w images in
newly diagnosed ALS patients, age-matched healibnytrals, and patients affected by

inflammatory myopathy and lumbar radiculopathy.

Materials and Methods

Patients

In this cross-sectional study, we enrolled fourtpatients newly diagnosed with probable or
definite ALS, using the El Escorial criteria [4]etveen 1 January 2016 and 31 December
2018 at the C. Mondino National Neurological Ingg. Exclusion criteria were inability to
give informed consent, a contraindication to MRispiratory failure impairing ability to lie
flat in the scanner. We scored clinical severitygshe ALS Functional Rating Scale revised
(ALS-FRSr) [7]. We also recruited for MRI analysisage-matched healthy controls (HCs); -
patients with inflammatory myopathy; - patientseated by lumbar radiculopathy. The
institute’s ethics committee approved the study alhcgubjects gave their written informed

consent.

MRI data analysis

With subjects supine, a 1.5T MRI scanner (PhilipgdScan, Koninklijke, The Netherlands)
was used to obtain sequential axial T1-w (slicekiméss, 10 mm; interslice gap, 0.3 mm; TR,
500 ms; TE, 8 msec; signal averages,4; voxel Gizel,01x10 mm) and coronal T1-w
images (slice thickness,5 mm; interslice gap, 1 niiR; 500 msec; TE, 15 msec; signal

averages,3; voxel size, 0.9x1,2x5 mm) of the petabral muscles from the intermediate
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dorsal to the sacral region. Sequence parameteisdviaetween individuals to ensure full

anatomical coverage. Total scanning time was ugualiiler 30 minutes.

Scans were examined by expert neuroradiologisisgdd to clinical data. They looked for
normal and abnormal signal intensity. Each muscks assessed on T1-w sequences and

graded for degree of fatty substitution using therddri scale [8], i.e.:

. Stage 0: normal appearance,;

. Stage 1: early moth-eaten appearance, with sedtwmall areas of increased density

on the T1 MR sequence;

. Stage 2a: late moth-eaten appearance, with nweeddscrete areas of increased
density (MRI) with beginning confluence, comprisitegs than 30% of the volume of the

individual muscle;

. Stage 2b: late moth-eaten appearance, with nweediscrete areas of increased
density (MRI) with beginning confluence, comprisir8p—60% of the volume of the

individual muscle;

. Stage 3: washed-out appearance, fuzzy appeadalec® confluent areas of increased

density (MRI) with muscle still present at the péery;

. Stage 4. end-stage appearance, muscle replacedndigased density (MRI)
connective tissue and fat, with only a rim of fascand neurovascular structures

distinguishable.

Statistical analysis

Data are reported as mean, and range for quawditatariables and percentages for
categorical ones. To compare differences in MRadahong groups, chi square tests and

non-parametric Kruskall-Wallis tests were performetfio test intra and inter-rater
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reproducibility Cohen’s Kappa was performed. Thatistical software STATA V.14 was

used for the analysis.

Results

Fourteen patients (males=7 and females=7; mean6dge years, range 29-79) with definite
(n=2), or probable (n=12) ALS, and eleven age-ne&dddHCs (males=8 and females=3; mean
age, 66,3 years, range 48-76) were recruited. aéiemis (males=5 and females=5; mean age
46 years, range 26-62) with inflammatory myopatmny nineteen (males=13 and females=6;
mean age 61,4, range 44-75) with lumbar radiculgpatere also recruited as pathological

controls. Clinical and demographic data are sunmaadrin Table 1.

Table 1 Clinical and demographic data of ALS patients g&iqmmary) and (B) for each

patient.

A)

Data

Gender, M/F 717

Age at onset, mean in years (range) 61,3 (29-79)
Time from onset to diagnosis, mean in months (range 12 (3-26)
ALSFRSr at MRI, mean (range) 41,2 (33-47)
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B)
Patient Gender Age at Site of ALSFRSr at
ID onset onset MRI
(years)

1 M 29 Spinal 47
2 F 52 Spinal 45
3 F 39 Spinal 38
4 M 74 Spinal 44
5 F 65 Bulbar 40
6 M 64 Spinal 33
7 F 55 Spinal 39
8 F 76 Bulbar 42
9 M 73 Bulbar 44
10 F 64 Spinal 41
11 M 56 Spinal 32
12 M 69 Spinal 46
13 F 63 Bulbar 44
14 M 79 Spinal 42

Paraspinal MRI was performed in all patients anatrods, and each muscle was graded using
the Mercuri scale (Table 2). Intrarater and intger reproducibility was first confirmed by
the two independent raters, who achieved coeffisi@h variation <5% for all regions of
interest. To test intra and inter-rater reproduitybCohen’s Kappa was performed for each
muscle: multifidus (k=0,935; p<0,05), longissimusrg (k=0,919; p<0,05), iliocostal

(k=0,963; p<0,05), iliopsoas (k=0,957; p<0,05).
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Table 2. T1-weighted muscle MRI findings. A relative degieseverity was assigned to

each muscle in each region, using the scoring sygtposed by Mercuri (see Methods

section).
Patie Paraspinal/pelvis HC Paraspinal/pelvi
nt ID
M [ L ic [P ID ML c | IP
(year F D F D
s) (year
s)

129 [0 |0 |0 |oO

1(56 | 1 1 1 0

2062 | 1 0 0 0

269 |1 |1 |1 |oO

339 |2 |1 |1 |oO

3 (72 2¢ 2¢ 2¢ 0

4 (74, 1 1 2e 0

467 |1 |1 |1 |oO

565 | 2¢ | 2¢ | 26 | O

548 | 1 2 | 26 | 0

664 |0 |0 |0 |oO

6(76, |1 |1 |1 |oO

7G5 | 2¢ | 1 1 0
7(75 | 1 1 2z | 1

8(76, | 2o | 2b | 2& | O

86L |1 |1 |1 |oO

9(73 | 2¢ | 2¢ | 2¢ | 1

9 (76, 2z 2¢ 2z 1

10 2¢ 1 2¢ 0

(64) 10 2 | 1 2 | 0
(63)

11 2 |1 2 [ 0

(56) 11 2z 2¢ 2z 1
(67)

12 2 |1 1 0

(69)

13 2 |1 1 0

(63)

14 1 1 1 0

(79
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M Paraspinal/pelvis LR Paraspinal/pelvis
ID M L IC P ID M L IC P
F D F D
(year (year
s) s)
1(29; 0 0 0 0 1 (57, 2z 1 2¢ 0
2 (62 1 1 1 0 2 (51 1 0 1 0
3 (60 2b 1 2e 1 3 (44 2e 1 1 0
424 |1 1 1 0 4(63 | 2¢ | 2¢ | 2¢ | 1
5(49 | 2e 2e 2e 1 5 (71 2e 2e 2e 1
6 (39, 2¢ 1 2e 0 6 (66, 2k 2¢ 2e 1
7 (42 2e 2e 2e 0 7 (63 2e 1 1 0
8 (49 1 1 2e 0 8 (64, 2k 2e 2e 1
9 (53 3 3 3 0 9 (68 1 1 2e 1
10 2e 2z 2e 0 10 1 1 1 0
(53) (57)
11 1 1 2e 0
(64)
12 1 1 2e 0
(1)
13 1 1 2e 0
(60)
14 2k 2e 2k 1
(70)
15 2k 2b 2k 1
(75)
16 2e 1 1 1
(64)
17 2k 2¢ 2e 0
(67)
18 1 1 2e 0
(62)
19 2¢ 1 2¢ 1
(50)

HC=healthy control, IM=inflammatory myopathy, LR=luarradiculopathy

Paraspinal/pelvis: MF multifidus muscle, LD longisas dorsi muscle, IC iliocostal muscle, IP iliops@auscle.

No difference was found between right and left sitleere were no statistically significant
differences between groups for multifidus (p=0,1646longissimus dorsi (p=0,8958),
iliocostal (p=0,376), while there was a statisticasignificant difference for iliopsoas
(p=0,003) between ALS patients and patients withctdopathy, where the latter group had

more serious involvement. After stratification of# patients for spinal and bulbar onset, we
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considered five groups, and we found statisticsiliyificant differences between bulbar ALS
and spinal ALS for longissimus dorsi (p=0,0216)ile no difference between groups for

multifidus (p=0,1441), iliocostal (p=0,06553), aifidpsoas (p=0,08132). The Figures 1 and 2

show MRI scans.

Figure 1. MRI scans of a patient: paraspinal axial T1-w.
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Figure 2. MRI scans of a patient: paraspinal coronal T1-w.

Discussion and conclusions

Literature on paraspinal MRI in ALS is very scaer&l heterogeneous in terms of study type
(longitudinal [5], cross-sectional [6]), and typEimages obtained (qualitative T1-w [6] and
T2-w [5]). In the two cited studies, age-matchedltigy controls [5, 6] but no pathological

controls were used. Jenkins et al. [5] proposecry Vast protocol for T2-w whole-body



31

muscle MRI in order to longitudinally study the @evation in motor neuron disease. They
demonstrated statistically significant differencé T-w images of paraspinal muscles
between healthy controls (n=22) and ALS patients2®) at baseline, while no difference
during the longitudinal follow up (4 months) in Alc®hort [5]. They did not performed T1-w
scans for chronic muscle alterations. In our exgilee study [6], we evidenced no difference
between T1l-w paraspinal muscles images of newlgrdised ALS patients (n=10) and

healthy controls (n=9).

In the present study, we decided to study the rdiffee between T1-w paraspinal MRI
alterations of ALS patients and different groupscohtrols. We focused our attention on
paraspinal muscles because of their importancéatgesALS using El Escorial criteria. The
evaluation of paraspinal muscles is habitually mhgeEMG at thoracic level, but MRI
allows to perform a larger evaluation including forond muscles and different levels. We
also included the study of iliopsoas even though itot a proper paraspinal muscles but has
similar features and functions. For the study, we&gymed T1-w scans in order to compare
chronic alterations in ALS patients and patientshwahronic pathologies characterized by
different pathogenesis, such as inflammatory mygpand lumbar radiculopathy. We did not
detect statistically significant differences betwegroups for multifidus, longissimus dorsi
and iliocostal. Patients with radiculopathy havéeraltions of iliopsoas more than ALS
patients (p<0,05). lliopsoas muscle is innervatgdrotor fibres of lumbar plexus (L2-L4),
that are often involved in degenerative radicukthplogy. Interestingly, we previously found
significant difference for iliopsoas (p<0,05) beemebulbar ALS patients and HCs [6] but we
have not confirmed this data in the present stldy. those considerations, the study of
iliopsoas in a larger cohort of patients could ppealing in order to clarify its involvement.
We stratified ALS patients for different onset (gdi vs bulbar) and detected statistically

significant difference between spinal ALS and bulB&S for longissimus dorsi. This data
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confirms that the pathological process seems ttinbiéed to the specific region in bulbar
patients. In addition there is also a trend toificance between spinal ALS and other groups
for longissimus dorsi, that becomes a candidateb¢éoa diagnostic ALS biomarker.
Furthermore, we observed a trend to significanse fdr other muscles (multifidus p=0,1441,
iliocostal p=0,06553, and iliopsoas p=0,08132)radteatification of ALS patients. Paraspinal
MRI could help to distinguish spinal ALS patientsrii other pathologies in the diagnostic

phase. These data must be confirmed in a largertoh

We did not performed T2-w, that are crucial forkog at acute alterations in muscles, and
guantitative assessment of muscle T1 time or voJuhs need many technical resources and
are time-consuming. Those are limitations of thelgt and further studies should consider a
full comprehensive protocol with qualitative andaqtitative T1-w and T2-w images in order
to evaluate acute and chronic muscular alteratiOtiser limitation of our explorative study is

the low number of patients recruited, which refieitie rarity of ALS.

In conclusion, paraspinal T1-w MRI could help tcstdiguish spinal ALS patients from
healthy and pathological controls. In particulandy of longissimus dorsi can play the role of
diagnostic ALS biomarker. To confirm these preliary results, we plan to conduct a study
in a larger cohort of patients, adding a longitadiinfollow up in order to investigate the role

of paraspinal MRI as a prognostic biomarker in Adeients.
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Part 3: A longitudinal study of lower limb muscles in Amyotophic Lateral

Sclerosis (ALS) patients using quantitative MRI

Introduction

For many years qualitative analyses of MRI scan®werformed in order to study acute and
chronic muscle alterations. Principal limit of gtetive analysis is related to the intra and
inter-rater reproducibility, that is habitually domed by two independent evaluations by
different raters who achieved coefficients of vaoia <5% for the regions of interest. In the
last years different scans and automatic/semi-aationmprogrammes of post-processing
analysis have been improved in order to perfornaitbet quantitative evaluation and to
minimize operator-dependent factors. T2-w multigeatas frequently used to study acute
alterations of muscles in animal models [35]. RégekVater T2 substitutes T2 mapping and
Global T2 in humans [36-38], because of its adwgatia reducing interference caused by
fatty substitution. Literature on muscle MRI in Alp&tients is poor of quantitative [19,21,22]
studies, and only Bryan et. al [19] in 1999 perfedma longitudinal study assessing
quantitative evaluation of MRI scans. They follow&ldS patients and healthy controls from
the baseline MRI to the 4-month follow up MRI scdtigee-dimensional volume gradient-
echo) of lower limb muscles. Very recently, Klickowt al. [39] proposed a qualitative and
guantitative MRI analysis of bulbar and lower limmuscles in order to differentiate ALS and

spinal bulbar muscular atrophy (SBMA).

In the present study we compared quantitative imdgepoint Dixon GRE and multi-echo
TSE T2-w) of lower limb muscles in ALS patientsd#fferent timepoints to look for evidence

of disease progression and to relate the radiadgjidings to clinical data.
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Materials and methods

Patients

In this longitudinal study, we enrolled fifteen aits diagnosed with possible, probable or
definite ALS using the El Escorial Criteria [24]./¥ecruited patients who attended the motor
neuron disease clinic at the C. Mondino Nationalfdigical Institute. In addition, 7 healthy
controls were recruited. We scored clinical seyeusing the ALS Functional Rating Scale
revised (ALS-FRSr) [25]. For the clinical-radiologi correlation the sub-item of the score
indicating lower limbs motor function was used. AHrticipants underwent full assessment
including medical history and an evaluation of thiaical and neurologic conditions. Patients
were clinically evaluated at every time point (beme T1 after 6 months, and T2 after 12
months). Exclusion criteria for all participants reeconcomitant neuromuscular diseases,
inability to give informed consent, respiratory @@ impairing ability to lie flat in the
scanner and safety-related MRI contraindicatiorte ihstitute’s ethics committee approved

the study and all subjects gave their written infed consent.

MRI data acquisition

Magnetic resonance imaging was performed on a 3jfraSwhole-body scanner (Siemens
Healthcare, Erlangen, Germany), using a 32-chaspile coil. Quantitative fat fraction
mapping images were obtained with the 6-point Digoadient-echo technique (Voxel size:
1.0x1.0x5.0 mm, Slice thickness: 5.00 mm, TR: 389) TE: 1.73 ms). Multi-echo TSE T2-
weighted 17 echoes images were also acquired (Vekad: 1.2x1.2x10.0 mm, Slice
thickness: 10.0 mm, TR: 4100.0 ms, TE: 10.90 m&jgAs and calves axial images were
obtained bilaterally and Vit E capsules were usednarkers in order to obtain reproducible
longitudinal data as regards sequences positiofliol scanning time was usually under 60

minutes.
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MRI data analysis

After MRI acquisition, DICOM images were converiad\IfTI. A single operator blinded to
clinical data outlined the main thigh and calf meascusing the open-source software ITK-
SNAP. Each muscle was outlined as a ROI (regionntdrest). We evaluated 12 thigh
muscles (vastus lateralis (VL), vastus intermedi¥h, and vastus meanlis (VM) rectus
femoris (RF), adductor magnus (AM), adductor longAk), long head of biceps femoris
(BFL), short head of biceps femoris (BFS), semiieosus (ST), semimembranosus (SM),
sartorius (S), and gracilis (G)) and 6 calf musclgmastrocnemium lateralis (GL),
gastrocnemius medialis (GM), soleus (So), extemsgitorum longus (EDL) and peroneus
(Pe)), bilaterally (Figure 1). Muscle regions oterest were drawn by an expert operator
without including non-muscular tissue as fat tis§ascia or blood vessels; muscle perimeter
was outlined 2 mm within the borders of the perioular fascia. ROIs were initially outlined
on the Multi-echo images and in particular on tingt fecho, then registered on the gradient-
echo Dixon images using linear and non-linear fansations. The ROIs registered on the
gradient echo images were subsequently reviseddysame operator using ITK-SNAP in
order to correct errors that may have occurrech@énregistration process. These last regions
were used to calculate the mean fat fraction veduevery muscle bilaterally. Accordingly,
Global T2 value was calculated from the ROIs onNhuidti-echo images. The Water T2 value
for every ROI was extracted from the Global T2 eatbrough a specific algorithm taking

into account the fat fraction value previously cédted for the correspondent ROI.

Statistical analysis

Data are reported as mean, range and standardtideviar quantitative variables and
percentages for categorical ones. To compare diftays in MRI data among groups and

timepoints, Kruskall-Wallis and Wilcoxon tests weperformed. Spearman correlation
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coefficient was used to evaluate the associatitwden MRI and ALSFRS-r items. P-values
<0,05 were considered significant (two-sided). Tta¢istical software STATA V.14 was used

for the analysis.

igure 1. ROIs for thigh (a) and calf (b) muscles.

Results

Fifteen patients (males= 8 and females=7; mean &3jé314,10 ) with definite (n=3),
probable (n=4) or probable laboratory-supported3jn&LS, and seven HCs (males=4 and
females=3; mean age 54#7102) were recruited. All patients were affectedspgradic ALS.

Mean diagnostic delay was 12,6 month8,88), mean ALS-FRSr score at the diagnosis was
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43,4/482,41. Mean ALS-FRSr scored was 41,53481 with a lower limbs sub-score of
6,87k1,77 at baseline. Mean ALS-FRSr score decreasedtone reaching 36,08/4%5,55,
with a lower limbs sub-score of 5,5&B47 at the last time point. We have been able to
obtain data at three time points only from a liditeumber of patients (see supplementary).
We analysed patients with almost two evaluation #oe longitudinal study (73,34%).
Inability to come for the radiological and clinioaaluation was due to the worsening of the
clinical condition, or death caused by disease q@sgjon. The average time between two
sequential follow-ups was 209 days; specificall\8 2ays for patients and 192 days for

healthy controls. Clinical and demographic datasaramarized in Table 1.

Table 1 Clinical and demographic data.

Patients
Femal 47%
Male 53%
Age at onset (years) 62,20t14,12
Age at tO (years) 63,7314,10
ALSFRSr at diagnosis 43,4/482,41
ALSFRSr at t0 41,534,41
ALSFRSr at the last time point 36;£B55
Lower limbs ALSFRSr sub-score at t0 68777
Lower limbs ALSFRSr sub-score at last t.p. 5,58+2,47
Diagnostic delay 12,6+8,88
El Escorial categol Definite 6,67%
Probabli 80%
Possibl 13,33%
Treatment with Riluzol 100%
Type of onse Bulbai 26,67%
Spina 73,33%
Side of onset (if spinal onset) Left side 54,55%
Right side 27,27%
Bilatera 18,18%
Healthy controls
Age at t0 51,1312,05
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We obtained Water T2 and Fat Fraction values feryeleft and right muscle, and an average
value of the two sides. Data were extracted fromithages at baseline and at subsequent

time points.

At baseline, we found statistically significant fdiences between patients and healthy
controls in Water T2 values, with higher valuepatients than controls, in almost all the calf
muscles and VL, VI, AM, RF and BFS (p<0,05) bilater. Water T2 values were also
significantly higher in patients than controls &ftIVM and left BFL (p<0,05). There were no
statistically significant differences in the faadtion between patients and controls at baseline

in all the calf muscles and all thigh muscles besiL, BFS bilaterally and right S.

The same analysis performed at T1/T2 did not yagly statistical difference between patients
and controls in Water T2 values in all calf muscéesl most of thigh muscles with the
exception of VL, VI and VM when considering averagalues between the two sides
(p<0,05). With regards to fat fraction, we foundtistically significant differences with
higher values of fat fraction in patients than colstin right SO, GL, GM and left PE in the

calf, VL, VI, VM in the thigh (p<0,05). Tables 2show the results in a schematic view.

Clinical-radiological correlation analysis did reltow any statistically significant correlation
between lower limbs ALSFRSr sub-score and fat imactvalues. We found statistically
significant correlation between lower limbs ALSFR&Ib-score and Water T2 values a few

of the analysed muscles.
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Table 2 Statistical significance in Water T2 and fat frae of thigh muscles in patients vs

controls at baseline and at T1/T2

THIGH

Muscolo WaterT 2 tQ WaterT2 t1/t2 FF t0 FF tl/t2

Vastus lateralis R/L avera 0,00536! 0,04388! 0,02896! 0,00448!
Vastus lateraliL 0,008201 0,09084 0,10140! 0,00698!
Vastus lateralis 0,00536: 0,21150! 0,03436! 0,01057!
Vastusmeallis R/L averag 0,12960! 0,018791 0,06536! 0,04388!
Vastusmeailis L 0,03757! 0,09084! 0,07597! 0,07923!
Vastusmeailis R 0,41760! 0,05122( 0,07597! 0,03742!
Vastus intermedius R/L avere 0,00536! 0,04388! 0,11650! 0,03742!
Vastus intermedius 0,00430! 0,13350! 0,219201 0,09084(
Vastus intermedius 0,00536! 0,11790! 0,172201 0,03174t
Rectus femori R/L avera 0,01820! 0,44910! 0,15180! 0,06882!
Rectusfemori L 0,06176! 0,52540! 0,10140! 0,13350!
Rectus femori | 0,01233( 0,56580( 0,33930( 0,13350(
SartoriusR/L averag 0,27460( 0,34700( 0,15180t( 0,48650(
Sartorius | 0,37820( 0,60750( 0,41280( 0,52540(
Sartorius | 0,14840( 0,37930! 0,04778( 0,41340(
GracilisR/L averag 0,19220( 0,37930! 0,27480( 0,21150(
Gracilis L 0,54910( 0,26040( 0,73290( 0,26040(
Gracilis F 0,07225( 0,880101 0,13320( 0,26040(
Adductor magnus R/L avera 0,01820( 0,18960( 0,24590( 0,11790(
Adductor magnus 0,01233( 0,07923( 0,68220( 0,07923(
Adductor magnus 0,01820( 0,52540( 0,13320( 0,11790¢
SemimembranostR/L averag 0,05256( 0,69470( 0,07597( 0,44910(
Semimembranosus 0,08416! 0,88010t 0,06536! 0,26040!
Semimembranosus 0,05256( 0,449101 0,11650( 0,41340(
SemitendinosuR/L averag 0,09761!( 0,92790! 0,45280! 0,26040!
Semitendinosus 0,14840! 0,28750! 0,68220! 0,28750!
Semitendinosus 0,16930! 0,60750! 0,45280! 0,44910!
Long head of biceps femori R/L aver: 0,05256( 0,97590! 0,49490!( 0,23510!
Long head of biceps femor 0,01820! 0,69470! 0,682201 0,21150!
Long head of biceps femori 0,09761!( 0,83280! 0,33930! 0,26040!
Short head of biceps femori R/L aver 0,02639! 0,37930! 0,02430! 0,83280!
Short head of biceps femor 0,01502!( 0,28750! 0,01156! 0,97590!
Short head of biceps femor 0,09761!( 0,51800! 0,133201 0,880101
Adductor longus R/L avera 0,27460! 0,83280! 0,11650! 0,13350!
Adductor longus 0,16930( 0,880101 0,63280( 0,26040(
Adductor longus 0,34130( 0,78590( 0,08795( 0,21150(
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Table 3. Statistical significance in Water T2 and fat frac of calf muscles in patients vs

controls at baseline and at T1/T2.

CALF
Muscle WaterT2 t0 | WaterT2 t1/t2 | FF tO FF t1/t2
Soleus R/L average 0,001846 0,755300 0,192200 8aUb[1
Soleus L 0,001846 0,442800 0,192200 0,143p00
Soleus R 0,008123 0,977400 0,169300 0,020490
Gastrocnemium meanlis R/L average 0,023970 0,88740341300 0,012090
Gastrocnemium meanlis L 0,029270 0,442300 0,192200 0,038720
Gastrocnemium meanlis R 0,0195p0 0,712500 0,459200 0,044900
Gastrocnemium lateralis R/L average 0,005069 0,a0760,860100 0,03872D
Gastrocnemium lateralis L 0,003093 0,798700 0,90190 0,012090
Gastrocnemium lateralis R 0,035560 0,712500 0,88010 0,059660
Tibialis anterior R/L average 0,003093 0,842800 401H0 0,14320¢
Tibialis anterior L 0,002396 0,932300 0,860100 U8®
Tibialis anterior R 0,006435 0,9323(00 0,503100 8020
Extensor digitorum longus R/L
average 0,006435 0,842800 0,378200 0,143200
Extensor digitorum longus L 0,001414 0,842800 018 0,143200Q
Extensor digitorum longus R 0,019520 0,798700 BRY4 0,26570(Q
Peroneus R/L average 0,002306 0,670Y00 0,061760 51860
Peroneus L 0,003971 0,8428p0 0,097610 0,318600
Peroneus R 0,003971 0,4095p0 0,112¥00 0,020490

Discussion and conclusions

Precedent experience of quantitative muscle MRAL® patients is limited, in particular for
longitudinal study. Bryan et al. [19] used T1-w ah2lw sequences to assess leg muscles
over a longitudinal 4-month follow-up in eleven Alsatients and eight HCs. Visual
inspection revealed abnormalities (“moth-eaten”egppnce) on T1-w images in six patients,
but mean muscle T1 time and volume were not diffebetween patients and HCs. Instead,

the ALS patients showed increased muscle T2 tim&uated using quantitative analysis. In
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their conclusion, authors declared that T2 relaxatime was the best indicator of motor
neuron dysfunction. This study was very pioneeriagg the design should be replicated
assessing new radiological techniques. More regeflickovic et al. [39] studied bulbar and
lower limb muscles in ALS (n=21) patients, spinaldar muscular atrophy (SBMA) patients
(n=21) and healthy controls (n=16) using 3-poirtdd, semiquantitative T1-w and short tau
inversion recovery (STIR) scans. They demonstrdted quantitative imaging revealed
significant fat infiltration in bulbar and limb mciges in SBMA compared to controls,
identifying a characteristic pattern of muscle ilwement. In ALS, semiquantitative STIR
imaging detected marked hyperintensities in lovimbl muscles, distinguishing ALS from
SBMA and controls. The results of this study areyviatriguing, but lacks the longitudinal

follow up.

In our study, we quantitatively assessed lower limizscles with 6-point Dixon GRE and
multi-echo TSE T2 scans obtaining Water T2 andHfacttion values in 15 newly-diagnosed
ALS patients and seven HCs. We obtained scanssaiba and during the follow up, but
some patients were lost for the disease progressidntheir inability to perform MRI. We
detected statistically significant differences betw ALS patients and controls at baseline for
many muscles of thigh and calf using Water T2 vadhat shows acute muscular alterations.
The difference between ALS patients and controlsnitasignificant at the other timepoints,
likely due to the extinguishing of denervation. énsely, we didn’t find statistically
significant difference between patients and coastriol Fat Fraction of many muscles at
baseline but the difference was significant for gnah them at the other timepoints. These
data reflect the chronic process of fatty substitytthat is typical of ALS muscles. No
specific pattern of muscle involvement was founthjlevasymmetry was detected in many
muscles of the same patients (see supplementargriaigl. In the other paper [34] no

asymmetry was detected due to the use of quaktatimalysis. We didn’t perform a
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stratification for spinal and bulbar onset but #fterations cited above were present in bulbar
patients too. Muscle MRI using quantitative anaysan be very useful to show disease
activity in muscles that are clinically normal. $helement should be used to confirm the

diagnosis and allow patients to be early enroltedinical trials.

A concordance didn't emerge between clinical andIM&Ssults. In particular, specific
ALSFRS-r items for lower limbs did not correspondiigh level of Fat Fraction. These data
are likely due to the poor number of patients i study, and new analysis should be done in
a larger cohort. Indeed, Klickovic et al. foundarelation between clinical and radiological

data [39], using the same approach as we did.

Limitations of our explorative study included them number of patients recruited, which
reflects the rarity of ALS. Furthermore, patien@dhdifficulty to repeat MRI during the
follow up for the progression of the disease. Shditne between scans could be rethink but
it is likely that MRI doesn't significantly change less than 6 month. Moreover, it could be
interesting add a cohort of pathological contratsorder to clarify the specificity of the

analysis, and to discover specific pattern of mlasdavolvement.

In conclusion, quantitative muscle MRI analysi®a to distinguish ALS patients from HCs
for specific regions (i.e. legs) at baseline andrduthe follow up. MRI pattern traces the
pathological process of ALS, demonstrating den@man initial phase and fatty substitution
in chronic phase. Hence, muscle MRI can be usefulpeognostic biomarker. MRI

abnormalities could be found in pauci-symptomapmal muscles in bulbar-onset patients
From these preliminary results, we plan to con@ducingitudinal study with a larger cohort in
order to confirm muscle MRI measurements as a @stgnor predictive biomarker in ALS

patients.



SUPPLEMENTARY MATERIALS

Thigh: anterior - VL vastus lateralis muscle, Vistigs intermedius muscle, VM vastus meanlis mudtkerectus femoris
muscle; posterior - SA Sartorius muscle, GR gradilisscle, AM adductor magnus muscle, BFL/BFS bicepsofis long

and short head muscle, ST semitendinosus muscleseimembranosus muscle, AL adductor longus muscle.

Leg: anterior - TA tibialis anterior muscle, TPiglis posterior muscle, PE peroneus muscle, EDeresdr digitorum longus;
posterior - SO soleus muscle, GM meanl gastrocremiuscle, GL lateral gastrocnemius muscle.



Table 1. Calf FF patients

Time point SO mean SO left SO right GM mean GM left GM right GL mean GL left GL right
Patient 1 T0 0,078253 0,087722 0,069434 0,099480 0,105011 0,093851 0,106223 0,101039 0,118926
Patient 1 T1 0,104125 0,103531 0,104550 0,111805 0,119959 0,102703 0,121534 0,117255 0,137972
Patient 2 T0 0,045469 0,036073 0,054890 0,034666 0,031944 0,036954 0,026401 0,024111 0,028951
Patient 2 T2 0,112825 0,065746 0,163952 0,076365 0,059342 0,118119 0,096987 0,068611 0,135122
Patient 3 T0 0,140142 0,140712 0,139760 0,089711 0,071182 0,107776 0,055243 0,053788 0,058110
Patient 3 T1 0,147456 0,131315 0,162899 0,110596 0,090382 0,125063 0,071766 0,076967 0,065471
Patient 3 T2 0,191726 0,168193 0,215672 0,142308 0,094346 0,187413 0,115516 0,098480 0,133701
Patient 4 T0 0,121130 0,126629 0,115998 0,154584 0,144140 0,168762 0,130906 0,089546 0,220487
Patient 4 T1 0,104106 0,109024 0,100423 0,141314 0,120458 0,164764 0,094708 0,077522 0,153488
Patient 4 T2 0,186758 0,192976 0,180130 0,174291 0,126605 0,236109 0,194892 0,105776 0,359276
Patient 5 T0 0,077055 0,090188 0,067312 0,071974 0,084782 0,063558 0,066581 0,079584 0,053948
Patient 5 T1 0,101338 0,108633 0,093512 0,081306 0,095150 0,070532 0,070264 0,090812 0,049667
Patient 5 T2 0,147593 0,131380 0,163579 0,112349 0,119463 0,105757 0,097681 0,095264 0,099834
Patient 6 T0 0,068277 0,053243 0,078995 0,098511 0,057802 0,145442 0,158937 0,095540 0,225729
Patient 6 T1 0,066353 0,067863 0,065066 0,102074 0,075304 0,122979 0,104407 0,063580 0,142209
Patient 6 T2 0,077366 0,080395 0,074639 0,129284 0,129526 0,129027 0,118278 0,071168 0,166661
Patient 7 T0 0,091362 0,106115 0,077993 0,058367 0,088594 0,043332 0,085176 0,064199 0,095869
Patient 7 T2 0,140012 0,156946 0,128567 0,197675 0,286302 0,141487 0,307130 0,411297 0,241675
Patient 8 T0 0,196131 0,233270 0,162819 0,282203 0,207147 0,341535 0,171604 0,183645 0,161888
Patient 8 T1 0,205066 0,226413 0,184919 0,294629 0,274062 0,315700 0,330139 0,345169 0,316568
Patient 9 TO 0,134655 0,123533 0,143233 0,081610 0,087899 0,078801 0,060260 0,065104 0,054052
Patient 9 T2 0,147433 0,129535 0,164577 0,099619 0,099338 0,099852 0,088403 0,085353 0,092499
Patient 10 T0 0,255255 0,175112 0,339317 0,187276 0,143485 0,249799 0,278644 0,262225 0,295201
Patient 11 TO 0,137015 0,163456 0,123194 0,144707 0,192969 0,095391 0,075456 0,075457 0,075454
Patient 12 T0 0,067038 0,073774 0,059257 0,095391 0,100964 0,090311 0,060827 0,079282 0,039124
Patient 13 T0 0,156564 0,136200 0,175578 0,085969 0,076692 0,095877 0,068777 0,065082 0,071752
Patient 13 T1 0,280140 0,237096 0,319075 0,169587 0,160463 0,177760 0,147324 0,097293 0,189905
Patient 14 T0 0,102921 0,066358 0,135001 0,088708 0,060795 0,114534 0,127433 0,056981 0,168982




Patient 14 T1 0,082040 0,083416 0,080788 0,095610 0,096080 0,095142 0,086472 0,087294 0,085771
Patient 15 T0 0,112209 0,127652 0,095957 0,104528 0,204498 0,068911 0,057551 0,071643 0,049735
Patient 15 T1 0,161618 0,169510 0,153476 0,173045 0,234834 0,123223 0,141309 0,184313 0,110311
Time point TA mean TA left TAright EDL mean EDL left EDL right PE mean PE left PE right
Patient 1 T0 0,029920 0,037586 0,021360 0,026517 0,031056 0,023201 0,066944 0,086805 0,050617
Patient 1 T1 0,031913 0,038981 0,022812 0,034029 0,040869 0,027183 0,083653 0,092809 0,069860
Patient 2 T0 0,029324 0,025989 0,034153 0,044728 0,032525 0,053799 0,038426 0,033953 0,043285
Patient 2 T2 0,072387 0,051212 0,101242 0,112711 0,076815 0,151259 0,108105 0,078527 0,158261
Patient 3 T0 0,051705 0,057201 0,045467 0,091298 0,109070 0,068684 0,105736 0,106158 0,105264
Patient 3 T1 0,041364 0,038611 0,045500 0,087669 0,097866 0,080203 0,102818 0,095121 0,108459
Patient 3 T2 0,069811 0,080086 0,055757 0,120631 0,142285 0,103469 0,209453 0,164254 0,246531
Patient 4 T0 0,079270 0,069206 0,090154 0,100164 0,116514 0,081787 0,166980 0,163943 0,169349
Patient 4 T1 0,101826 0,104340 0,098491 0,103533 0,150981 0,093172 0,158995 0,183067 0,109138
Patient 4 T2 0,088427 0,073997 0,103079 0,113321 0,122553 0,105101 0,190728 0,159750 0,220659
Patient 5 T0 0,038671 0,042388 0,034763 0,090388 0,113765 0,063201 0,125058 0,143528 0,105510
Patient 5 Tl 0,037226 0,038481 0,036264 0,090422 0,096091 0,085330 0,141679 0,151149 0,129007
Patient 5 T2 0,054442 0,053493 0,055330 0,134780 0,132520 0,136533 0,168153 0,177510 0,155587
Patient 6 TO 0,055535 0,062250 0,048317 0,083937 0,096933 0,068894 0,142771 0,203947 0,096142
Patient 6 T1 0,057551 0,081975 0,032944 0,068557 0,097535 0,054921 0,087848 0,097130 0,079663
Patient 6 T2 0,090422 0,106231 0,069784 0,097058 0,127220 0,079076 0,143617 0,151274 0,137162
Patient 7 T0 0,103360 0,119615 0,091404 0,171243 0,187549 0,161352 0,154896 0,155116 0,154677
Patient 7 T2 0,168682 0,187842 0,146961 0,270282 0,314180 0,237863 0,213640 0,218467 0,208206
Patient 8 T0 0,077069 0,089159 0,064198 0,165704 0,169972 0,161599 0,168524 0,302454 0,100651
Patient 8 Tl 0,124361 0,160137 0,088629 0,194869 0,271875 0,135542 0,305044 0,437344 0,206565
Patient 9 T0 0,056048 0,056006 0,056101 0,116267 0,121237 0,108433 0,096815 0,086739 0,109877
Patient 9 T2 0,069185 0,066456 0,071911 0,115253 0,109058 0,120339 0,109797 0,105766 0,114361
Patient 10 T0 0,152457 0,115486 0,197847 0,210470 0,129148 0,303232 0,344108 0,218744 0,484949
Patient 11 T0 0,123946 0,141208 0,108253 0,237933 0,189133 0,300043 0,289202 0,332080 0,255260
Patient 12 T0 0,040090 0,033405 0,048673 0,062956 0,066002 0,060181 0,078966 0,081298 0,077443
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Patient 13 T0 0,099802 0,079774 0,127330 0,167625 0,159655 0,174427 0,129531 0,145665 0,115095
Patient 13 Tl 0,142963 0,113929 0,170238 0,238419 0,233252 0,242566 0,223458 0,227699 0,219784
Patient 14 T0 0,040530 0,039548 0,042064 0,079734 0,064184 0,123792 0,138227 0,109226 0,169677
Patient 14 T1 0,046840 0,045634 0,048376 0,106644 0,117545 0,093660 0,132819 0,135672 0,129307
Patient 15 T0 0,094756 0,112980 0,066663 0,120520 0,121876 0,118321 0,182656 0,187044 0,174910
Patient 15 T1 0,116275 0,129592 0,101257 0,154116 0,163379 0,144140 0,190043 0,218940 0,159504
Table 2. Calf FF controls

Time point SO mean SO left SO right GM mean GM left GM right GL mean GL left GL right
Control 1 T0 0,093797 0,102613 0,084774 0,093300 0,097786 0,089387 0,080096 0,069085 0,089670
Control 1 T2 0,108010 0,105936 0,110085 0,082538 0,088959 0,076390 0,135510 0,147907 0,125003
Control 2 T0 0,105755 0,108300 0,103788 0,483985 0,120744 0,742743 0,077159 0,091492 0,066861
Control 2 T2 0,113743 0,122942 0,104809 0,400902 0,191517 0,604584 0,144366 0,161099 0,129637
Control 3 T0 0,057318 0,062214 0,052968 0,055649 0,056965 0,054521 0,054590 0,050354 0,060456
Control 3 T2 0,064820 0,064564 0,065068 0,070026 0,067435 0,072408 0,116569 0,100364 0,130450
Control 4 T0 0,068316 0,069774 0,066732 0,055570 0,049984 0,062022 0,103643 0,074456 0,135000
Control 4 T1 0,068350 0,065067 0,072459 0,110675 0,109129 0,112196 0,102888 0,091676 0,113314
Control 4 T2 0,067198 0,058406 0,075480 0,057979 0,051092 0,066280 0,044954 0,037367 0,050421
Control 5 T0 0,110297 0,103216 0,117077 0,128143 0,131780 0,124361 0,127550 0,139997 0,109483
Control 5 T1 0,077067 0,083424 0,070955 0,118091 0,117504 0,118654 0,170500 0,182047 0,155095
Control 6 TO 0,104871 0,095109 0,112458 0,078424 0,069435 0,086306 0,141353 0,189047 0,083045
Control 6 Tl 0,107588 0,096442 0,116625 0,072103 0,068589 0,074639 0,051290 0,048836 0,053498
Control 7 T0 0,071107 0,074680 0,067473 0,056589 0,049971 0,061588 0,046770 0,043108 0,050178

Time point TA mean TA left TA right EDL mean EDL left EDLd PE mean PE left PE right
Control 1 TO 0,075285 0,070952 0,082515 0,077850 0,095320 0,061103 0,087292 0,087717 0,086708
Control 1 T2 0,066283 0,066778 0,065809 0,083308 0,086817 0,080563 0,094205 0,099587 0,089387
Control 2 T0 0,050466 0,056628 0,045015 0,125304 0,140835 0,109694 0,083686 0,088427 0,075569
Control 2 T2 0,065193 0,071319 0,058407 0,126546 0,145002 0,105985 0,091138 0,099673 0,079998
Control 3 TO 0,052531 0,062526 0,042868 0,069623 0,094768 0,051676 0,069541 0,072005 0,067494
Control 3 T2 0,059676 0,068379 0,050351 0,084976 0,103049 0,070130 0,080355 0,081844 0,078925
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Control 4 T0 0,036995 0,044041 0,027864 0,050579 0,081337 0,032232 0,092260 0,103228 0,080217
Control 4 Tl 0,037956 0,045242 0,029562 0,044149 0,049884 0,039169 0,077100 0,098151 0,057809
Control 4 T2 0,036584 0,040069 0,033006 0,042716 0,047291 0,038966 0,080956 0,082316 0,080094
Control 5 TO 0,083392 0,093877 0,072026 0,148276 0,156760 0,142948 0,142299 0,158467 0,125245
Control 5 T1 0,076801 0,083666 0,068773 0,157776 0,177254 0,145828 0,134414 0,159632 0,109988
Control 6 T0 0,095951 0,077660 0,117172 0,128818 0,077466 0,189917 0,073720 0,076367 0,070478
Control 6 T1 0,065530 0,050419 0,080578 0,106107 0,085256 0,136949 0,079598 0,083634 0,074861
Control 7 T0 0,032799 0,036731 0,028417 0,045077 0,059887 0,036411 0,123092 0,124119 0,121689
Table 3. Calf Water T2 patients
Time point SO mean SO left SO right GM mean GM left GM right GL mean GL left GL right

Patient 1 T0 44,627334 44,804460 44,417443 49,825004 48,550998 51,053699 50,591419 42,206686 54,097762
Patient 1 T1 46,318276 46,094072 46,566047 48,821437 48,722889 48,914671 48,313233 47,169651 49,058135
Patient 2 TO 48,131711 52,754134 41,955597 44,775557 49,575224 39,396363 42,874471 45,328989 38,685427
Patient 2 T2 50,466825 55,610230 46,086857 47,519375 47,620333 47,462950 49,048008 53,399709 46,489591
Patient 3 TO 52,205856 52,877130 51,282386 46,825624 48,111947 45,611944 57,425091 58,474984 56,316275
Patient 3 T1 48,637491 50,315236 46,956913 46,881438 47,062878 46,654395 46,732658 47,366243 46,066415
Patient 3 T2 47,290055 47,806414 46,757224 47,354543 47,338811 47,370646 46,216556 46,234112 46,201633
Patient 4 TO 47,842458 47,573137 48,112551 52,045412 54,474119 50,126600 52,745020 58,336683 50,485762
Patient 4 T1 45,620164 45,899690 45,233481 46,560558 48,163265 45,158189 46,095389 47,208456 45,868073
Patient 4 T2 46,203045 46,225610 46,181068 45,879317 46,001017 45,774204 47,835670 51,861229 46,076601
Patient 5 T0 47,035345 46,710171 47,400487 50,601328 50,897736 50,090619 49,100168 47,514994 51,686503
Patient 5 T1 46,566164 46,716599 46,420891 51,406790 51,369347 51,454824 45,657491 46,695215 44,582371
Patient 5 T2 46,951806 47,331244 46,579288 50,753024 50,901667 50,638783 49,544815 49,763101 49,354805
Patient 6 T0 43,095128 43,286321 42,884971 44,391262 46,557131 42,506611 48,613065 55,184255 43,944062
Patient 6 T1 44,197257 43,690277 44,787367 45,676574 46,317047 44,920193 46,766506 48,598215 45,314145
Patient 6 T2 42,503277 42,165623 42,843553 45,234108 46,247083 44,185047 45,551980 49,200787 41,714058
Patient 7 T0 53,822343 51,924473 55,987204 63,008383 61,832077 65,194035 61,663831 62,184979 60,266550
Patient 7 T2 51,972044 53,327964 50,522015 55,508950 56,790210 53,452189 47,954612 50,835537 44,130705
Patient 8 T0 46,717918 44,672405 48,703269 48,044122 48,403576 47,593341 48,961710 49,572185 48,297369
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Patient 8 T1 47,822183 46,512845 49,320892 49,963697 47,780335 52,384013 50,364128 48,370333 53,452557
Patient 9 TO 45,483518 45,879700 45,143136 44,902443 46,726116 42,205901 41,807545 41,873001 41,775544
Patient 9 T2 47,412784 47,836501 46,937695 44,759077 45,887360 43,107270 43,175594 44,567021 42,218291
Patient 10 TO 60,509916 65,233235 56,290003 57,513373 60,002248 55,705908 59,247457 64,746060 53,694945
Patient 11 T0 52,875898 51,096864 55,264417 59,424687 49,194544 69,722729 53,739810 53,352840 53,899866
Patient 12 TO 52,865895 53,381512 52,413046 55,621724 54,286137 57,044491 55,689596 54,246557 57,161303
Patient 13 T0 53,508359 55,834482 50,928476 57,412094 60,323339 54,453830 54,049843 57,395901 50,022596
Patient 13 T1 55,156339 56,374562 53,764948 60,127655 61,581285 58,353015 56,371794 54,765704 58,108108
Patient 14 T0 45,816234 45,103382 46,603069 47,235145 44,218443 50,488873 42,664322 43,725524 41,198851
Patient 14 T1 47,852987 45,915371 50,051946 49,039937 45,554942 52,607416 45,108507 44,585427 45,700673
Patient 15 T0 55,072231 53,314535 57,262484 62,963173 62,897822 63,207147 58,670274 54,111735 63,669963
Patient 15 T1 58,555877 57,225902 59,835977 64,207794 64,715403 63,325996 66,124372 65,047861 67,604098
Time point TA mean TA left TA right EDL mean EDL left EDLd PE mean PE left PE right
Patient 1 T0 38,986484 37,823734 40,095219 38,987369 38,372408 39,675093 42,671759 41,566077 43,988794
Patient 1 T1 38,497395 37,337106 39,401813 39,441754 38,936921 39,922690 42,497594 41,374589 43,650869
Patient 2 T0 43,919598 49,320262 39,979048 45,551759 48,169919 42,033606 49,917990 54,546683 45,713299
Patient 2 T2 50,154343 52,801559 48,263475 50,180905 51,001376 49,516360 50,412001 56,593494 46,381910
Patient 3 T0 39,778027 40,437811 39,171598 44,182678 44,190596 44,173039 46,668809 46,698777 46,637170
Patient 3 T1 39,474582 39,770524 39,268532 42,709449 41,584558 43,588013 44,152667 44,491984 43,753844
Patient 3 T2 43,408485 42,692197 43,938843 45,145397 45,998364 43,910461 42,602885 45,156032 40,395926
Patient 4 TO 48,595876 52,043004 44,954238 50,325767 50,889025 49,426236 54,777177 53,501913 56,347841
Patient 4 T1 44,405826 45,730927 43,397680 47,578077 48,000379 47,163596 47,519084 49,783354 46,530920
Patient 4 T2 44,231144 45,011455 43,500521 45,336215 45,172726 45,503914 49,373479 48,443914 50,268895
Patient 5 T0 44,320286 44,928535 43,739842 48,079719 47,437186 48,674212 51,970054 51,840806 52,079493
Patient 5 T1 40,629691 41,095749 40,102347 43,844032 45,597330 41,982003 47,400267 47,821502 47,061369
Patient 5 T2 41,037071 41,118406 40,957730 44,187273 44,605094 43,803829 49,417639 49,586249 49,299978
Patient 6 T0 43,666390 41,778492 44,948929 48,007760 46,038526 49,656422 47,802419 43,849246 50,550614
Patient 6 T1 41,543697 40,838977 42,212091 43,891748 42,398591 45,990824 44,589732 42,823514 46,510655
Patient 6 T2 40,825404 39,921950 41,427706 41,417192 40,558586 42,610510 42,852065 43,701666 41,682325
Patient 7 T0 58,203628 53,670520 64,107635 67,986456 66,650600 69,457399 56,615114 51,781635 62,153476
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Patient 7 T2 51,812253 50,019467 54,396659 53,184306 53,831452 52,511421 48,582329 49,463105 47,882619
Patient 8 TO 45,645116 42,139379 49,424280 46,156725 44,153840 48,427854 49,295457 45,967534 55,466654
Patient 8 T1 48,045069 44,742115 50,908799 49,546061 45,835619 54,032045 51,790838 49,295948 55,619731
Patient 9 TO 42,265662 43,086046 41,604971 42,922771 43,167375 42,764569 41,442254 41,542900 41,355986
Patient 9 T2 41,804847 41,325676 42,220276 43,422489 43,232615 43,659831 44,070102 44,241753 43,950489
Patient 10 TO 54,974389 55,954506 54,164351 50,813463 52,638191 49,650450 57,222157 60,436967 55,068547
Patient 11 T0 52,643598 50,593709 54,799974 57,712984 56,261052 58,946345 55,806089 52,614051 60,594147
Patient 12 T0 46,151186 46,036635 46,242827 48,785747 48,913278 48,661270 47,386083 47,157871 47,738693
Patient 13 T0 48,137225 51,113493 45,752086 48,319243 49,036787 47,561193 50,119708 52,036862 47,811751
Patient 13 T1 55,063331 56,876172 53,393773 48,407893 47,194903 49,868698 51,897801 49,058772 54,712355
Patient 14 T0 44,696537 42,421597 46,278601 46,664013 44,705345 47,614543 47,102968 46,433109 47,772826
Patient 14 T1 46,080402 46,623116 45,708902 47,497044 47,072203 48,035176 48,848559 48,958224 48,746510
Patient 15 TO 55,162194 50,293402 58,350909 50,183489 48,598397 51,344843 55,971446 50,690708 60,780689
Patient 15 T1 45,919308 50,507168 42,467385 50,630833 54,010050 46,731736 57,885964 56,770262 58,990123
Table 4. Calf Water T2 controls
Time point SO mean SO left SO right GM mean GM left GM right GL mean GL left GL right

Control 1 T0 43,237203 42,921110 43,508173 43,181281 42,881619 43,516488 42,658792 42,004568 43,371312
Control 1 T2 41,386964 41,273346 41,501407 41,863331 40,323376 43,667744 40,718050 39,362705 42,203938
Control 2 T0 45,381772 45,102368 45,726388 63,508284 73,326830 50,416889 53,118258 50,915040 56,078832
Control 2 T2 43,162958 42,916110 43,407931 45,848149 46,848386 44,801149 42,894733 42,669754 43,140533
Control 3 T0 44,061959 44,370382 43,710869 43,603638 44,764944 42,045200 37,928392 36,820947 38,930366
Control 3 T2 41,101386 40,747720 41,467481 40,531217 39,650148 41,539325 42,854271 43,702604 41,767088
Control 4 T0 41,081044 41,625220 40,517434 40,976941 41,749871 40,178176 38,737383 39,599832 38,094799
Control 4 T1 39,646152 40,139275 39,161163 38,829583 38,950103 38,700826 37,698690 37,499131 37,912103
Control 4 T2 40,155976 40,406836 39,880444 39,013300 38,923588 39,104361 38,089251 38,140274 38,044663
Control 5 T0 44,275165 43,914112 44,606852 44,706716 44,452580 45,004785 41,785293 41,608259 41,980116
Control 5 T1 43,421648 43,240421 43,611553 41,836901 41,737826 41,931814 39,591801 39,181308 39,973935
Control 6 T0 41,633885 41,933100 41,260673 38,551103 39,330839 37,604576 37,989102 38,282282 37,695095
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Control 6 T1 42,899539 43,332842 42,385861 40,441258 40,041383 40,955076 38,775557 37,895282 39,666172

Time point TA mean TA left TA right EDL mean EDL left EDLd PE mean PE left PE right
Control 1 TO 39,047074 38,901883 39,143424 39,353445 38,817119 40,093491 39,591126 38,834171 40,429083
Control 1 T2 38,022731 37,705803 38,367527 39,058516 39,424083 38,497724 39,009130 38,895816 39,097790
Control 2 T0 39,233869 38,443594 40,098150 44,468863 42,524767 46,015304 44,305570 42,967194 45,111638
Control 2 T2 40,544978 40,085304 40,903633 44,113381 43,121859 45,454031 42,098252 43,226221 41,198299
Control 3 T0 40,593835 39,923379 41,226694 43,208040 41,532663 45,340338 42,733837 42,145209 43,293517
Control 3 T2 36,194305 37,013893 35,538634 36,797462 39,219173 33,799155 36,255796 37,950912 34,769500
Control 4 T0 37,724786 36,928588 38,341975 38,966198 38,193342 40,026720 40,746722 39,813442 41,903750
Control 4 T1 37,410885 36,859758 37,929144 37,451508 37,126904 37,869804 38,786692 38,003012 39,688554
Control 4 T2 37,766625 37,043849 38,524003 37,912653 37,458032 38,555301 39,719957 38,969039 40,514361
Control 5 TO 42,583589 41,571267 43,447336 44,683789 42,896572 46,707623 46,639729 46,385320 46,848742
Control 5 T1 40,857401 39,263241 42,288503 42,380784 41,403435 43,224628 42,283609 41,096798 43,170261
Control 6 T0 38,899372 38,806533 38,986851 39,101253 37,892251 40,495796 39,194791 39,011725 39,342810
Control 6 T1 40,130055 39,382163 40,852816 41,429035 41,244756 41,629899 41,348836 42,195993 40,500612
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Table 5. Thigh FF patients

Time point VL mean VL left VL right VM mean VM left VM right VI mean VI left VI right
Patient 1 T0 0,095349 0,100442 0,090466 0,085009 0,093346 0,077840 0,073892 0,078294 0,070421
Patient 1 Tl 0,106633 0,098503 0,114347 0,072712 0,083833 0,062781 0,063346 0,066404 0,060915
Patient 2 T0 0,078826 0,045234 0,120592 0,051525 0,057634 0,039330 0,037904 0,037783 0,038078
Patient 2 T2 0,111325 0,083315 0,158659 0,070391 0,071450 0,068005 0,070283 0,065097 0,081018
Patient 3 T0 0,076819 0,076476 0,077123 0,139693 0,179106 0,103519 0,075357 0,082942 0,067641
Patient 3 T1 0,074511 0,076150 0,072925 0,136964 0,175191 0,104799 0,076235 0,080628 0,071767
Patient 3 T2 0,128998 0,123901 0,133753 0,170084 0,222912 0,124752 0,109368 0,113855 0,104607
Patient 4 T0 0,071701 0,075899 0,067868 0,051203 0,061969 0,039528 0,049533 0,057230 0,042457
Patient 4 T1 0,074061 0,073742 0,074381 0,049602 0,061610 0,038744 0,046883 0,054994 0,039288
Patient 4 T2 0,113936 0,101820 0,125715 0,064247 0,080492 0,051109 0,052365 0,056448 0,048852
Patient 5 TO 0,065945 0,076716 0,056721 0,076905 0,089327 0,065127 0,064451 0,082816 0,047172
Patient 5 T1 0,097302 0,091566 0,102143 0,081936 0,093899 0,070723 0,073258 0,081020 0,066609
Patient 5 T2 0,109912 0,118965 0,101713 0,121968 0,146157 0,098135 0,084550 0,087643 0,081782
Patient 6 T0 0,068564 0,084483 0,052660 0,052812 0,064799 0,041796 0,048200 0,062838 0,034517
Patient 6 T1 0,069774 0,072953 0,066989 0,050806 0,066525 0,035445 0,049088 0,063547 0,036798
Patient 6 T2 0,079268 0,086484 0,072810 0,060430 0,077227 0,046047 0,057750 0,071979 0,044216
Patient 7 T2 0,158239 0,186118 0,133882 0,101854 0,098766 0,105288 0,117251 0,122287 0,111765
Patient 8 T0 0,182331 0,157993 0,205912 0,096520 0,110076 0,084426 0,111064 0,098782 0,121857
Patient 8 Tl 0,219160 0,210530 0,227546 0,096855 0,109738 0,087749 0,124527 0,122416 0,126599
Patient 9 T0 0,070243 0,058346 0,083543 0,070102 0,070803 0,069194 0,059690 0,053249 0,066404
Patient 9 T2 0,099202 0,094796 0,104539 0,142950 0,149128 0,134348 0,079858 0,074350 0,085607
Patient 10 TO 0,160899 0,154911 0,167269 0,140949 0,143764 0,138395 0,099195 0,099385 0,098965
Patient 11 TO 0,115591 0,124944 0,106690 0,150026 0,188670 0,117077 0,120607 0,140982 0,097930
Patient 12 T0 0,109009 0,078504 0,137227 0,063370 0,061583 0,065209 0,109025 0,070308 0,140793
Patient 13 T0 0,083104 0,072683 0,094800 0,060244 0,064287 0,056038 0,068091 0,068491 0,067573
Patient 13 Tl 0,117108 0,114077 0,121398 0,116892 0,136912 0,093403 0,094421 0,086805 0,104266
Patient 14 T0 0,079966 0,083697 0,076396 0,085816 0,117080 0,054188 0,054206 0,057233 0,050980
Patient 14 T1 0,142834 0,129637 0,155307 0,099322 0,108183 0,090848 0,078565 0,077291 0,079587
Patient 15 TO 0,043201 0,037499 0,048220 0,063755 0,069880 0,058197 0,036303 0,037873 0,034834
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Patient 15 T1 0,068769 0,059494 0,076525 0,075548 0,078116 0,072819 0,055618 0,061879 0,050002
Time point RF mean RF left RF right SA mean SA left SA right GR mean GR left GRright
Patient 1 T0 0,093828 0,093826 0,093830 0,168887 0,146781 0,192948 0,113708 0,099969 0,127535
Patient 1 T1 0,049567 0,061129 0,037717 0,164542 0,157357 0,171108 0,090162 0,093338 0,086771
Patient 2 TO 0,081129 0,105249 0,053645 0,132545 0,130873 0,134284 0,065667 0,063048 0,068020
Patient 2 T2 0,115887 0,130813 0,096357 0,193787 0,226255 0,154217 0,100775 0,094423 0,108561
Patient 3 T0 0,129689 0,154548 0,103736 0,223935 0,300357 0,151492 0,143400 0,140385 0,145651
Patient 3 Tl 0,118335 0,119762 0,116863 0,236669 0,268635 0,210531 0,204342 0,237905 0,171535
Patient 3 T2 0,129277 0,128637 0,129890 0,273074 0,349993 0,205180 0,191374 0,218846 0,166744
Patient 4 T0 0,063528 0,062829 0,064259 0,172410 0,212325 0,124711 0,107502 0,112820 0,101089
Patient 4 T1 0,059745 0,060740 0,058522 0,157395 0,183943 0,121633 0,096273 0,101895 0,089873
Patient 4 T2 0,098789 0,126823 0,069530 0,146906 0,162652 0,130835 0,116784 0,108059 0,125527
Patient 5 T0 0,098605 0,081715 0,111210 0,139463 0,139767 0,139195 0,077501 0,089979 0,063550
Patient 5 Tl 0,170180 0,092233 0,259347 0,133069 0,159558 0,109240 0,084833 0,090593 0,077629
Patient 5 T2 0,124226 0,113479 0,132877 0,130950 0,139576 0,122487 0,065777 0,066455 0,065048
Patient 6 T0 0,077709 0,106041 0,045302 0,159705 0,141439 0,177212 0,060311 0,068126 0,052596
Patient 6 T1 0,113171 0,171622 0,054114 0,143711 0,121464 0,163414 0,058943 0,064455 0,053640
Patient 6 T2 0,106777 0,141433 0,066950 0,137322 0,142945 0,131745 0,089711 0,101927 0,077376
Patient 7 T2 0,106263 0,156614 0,063324 0,198450 0,202935 0,194295 0,112831 0,100150 0,122413
Patient 8 T0 0,112478 0,117974 0,105029 0,281870 0,350088 0,224617 0,170855 0,173134 0,168599
Patient 8 T1 0,121971 0,119103 0,124973 0,245784 0,298088 0,199243 0,168442 0,153005 0,184473
Patient 9 T0 0,050342 0,051792 0,048938 0,196931 0,220173 0,172994 0,176919 0,199571 0,150540
Patient 9 T2 0,139728 0,158074 0,119325 0,202603 0,211470 0,194684 0,195023 0,170325 0,223867
Patient 10 T0 0,118996 0,137435 0,100713 0,236647 0,281033 0,195043 0,142891 0,166465 0,122547
Patient 11 T0 0,086309 0,117020 0,061850 0,259260 0,299594 0,213570 0,116227 0,119136 0,113600
Patient 12 T0 0,117527 0,079974 0,148276 0,158906 0,156500 0,161576 0,163537 0,229835 0,134176
Patient 13 T0 0,108068 0,172302 0,048791 0,102927 0,098524 0,107713 0,100422 0,103394 0,097383
Patient 13 T1 0,125902 0,162475 0,085841 0,177414 0,172485 0,183398 0,145879 0,146598 0,145124
Patient 14 TO 0,113436 0,152888 0,075819 0,265936 0,299239 0,236457 0,132044 0,127453 0,136214
Patient 14 T1 0,162560 0,167869 0,158739 0,288301 0,292404 0,285276 0,296784 0,314598 0,279206




Patient 15 T0 0,057666 0,045701 0,070520 0,130128 0,136510 0,124524 0,112413 0,092575 0,130138
Patient 15 Tl 0,071158 0,061439 0,081049 0,157626 0,146358 0,172796 0,206430 0,246410 0,168997
Time point AM mean AM left AM right SM mean SM left SM right ST mean ST left ST right
Patient 1 T0 0,107063 0,104829 0,108858 0,171349 0,173756 0,167371 0,119098 0,115819 0,122472
Patient 1 T1 0,113222 0,121081 0,107219 0,165841 0,175739 0,152256 0,113111 0,109960 0,116289
Patient 2 T0 0,051115 0,052901 0,049215 0,094768 0,108014 0,084528 0,081023 0,079653 0,082462
Patient 2 T2 0,068791 0,064059 0,074884 0,111771 0,098360 0,122911 0,097016 0,087048 0,108963
Patient 3 T0 0,131608 0,134161 0,128864 0,120089 0,123724 0,116466 0,130885 0,121367 0,140196
Patient 3 T1 0,134105 0,131554 0,136728 0,116024 0,128893 0,101849 0,131915 0,128807 0,134735
Patient 3 T2 0,140517 0,134305 0,147047 0,164111 0,168572 0,159803 0,166504 0,149620 0,183719
Patient 4 TO 0,097986 0,112106 0,086328 0,131465 0,128251 0,133222 0,096406 0,092992 0,099479
Patient 4 T1 0,094334 0,103128 0,086463 0,126864 0,124872 0,127993 0,084332 0,076442 0,091520
Patient 4 T2 0,106501 0,113427 0,100814 0,144244 0,123973 0,155822 0,104497 0,098103 0,109869
Patient 5 T0 0,102294 0,106232 0,098010 0,119697 0,160630 0,090601 0,082506 0,100033 0,066592
Patient 5 T1 0,130606 0,129139 0,131949 0,269495 0,324432 0,217060 0,107950 0,107930 0,107967
Patient 5 T2 0,115158 0,114770 0,115537 0,147117 0,141461 0,151771 0,097563 0,101581 0,094146
Patient 6 TO 0,055392 0,063179 0,045145 0,087293 0,097000 0,077964 0,083747 0,090878 0,076502
Patient 6 T1 0,049308 0,050413 0,048027 0,087148 0,093207 0,080103 0,083394 0,088892 0,078132
Patient 6 T2 0,072383 0,077669 0,065614 0,122455 0,145351 0,102254 0,086158 0,088959 0,083361
Patient 7 T2 0,123479 0,117439 0,129554 0,175974 0,182055 0,170765 0,126663 0,141850 0,114995
Patient 8 T0 0,127432 0,150889 0,108707 0,210935 0,156874 0,345231 0,243692 0,247058 0,240561
Patient 8 T1 0,147601 0,167574 0,129120 0,417685 0,455869 0,388999 0,259107 0,282812 0,238007
Patient 9 TO 0,157089 0,125739 0,192178 0,218556 0,275362 0,167697 0,147058 0,135562 0,158909
Patient 9 T2 0,188579 0,143972 0,246129 0,191209 0,219536 0,172360 0,153406 0,146726 0,161422
Patient 10 T0 0,144720 0,146322 0,142834 0,374835 0,486635 0,312261 0,127147 0,123330 0,131826
Patient 11 T0 0,178768 0,194220 0,160748 0,264541 0,293974 0,241447 0,132246 0,151639 0,114994
Patient 12 T0 0,080478 0,078670 0,082387 0,125362 0,141716 0,107858 0,133429 0,132923 0,134016
Patient 13 T0 0,084612 0,072307 0,095848 0,178460 0,145665 0,246385 0,122932 0,125131 0,120697
Patient 13 T1 0,137166 0,137921 0,136417 0,175862 0,156264 0,219002 0,141694 0,160035 0,123709
Patient 14 TO 0,104771 0,107409 0,102571 0,234275 0,174893 0,319771 0,145522 0,134789 0,155140
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Patient 14 T1 0,155129 0,152907 0,156835 0,289217 0,298718 0,270316 0,204490 0,223821 0,185379
Patient 15 T0 0,052093 0,048440 0,056019 0,068028 0,076295 0,060982 0,062487 0,066044 0,058994
Patient 15 Tl 0,088041 0,094582 0,080300 0,100999 0,122012 0,086365 0,097476 0,105272 0,089680
Time point BFL mean BFL left BFL right BFS mean BFS left BFS right AL mean AL left AL right
Patient 1 T0 0,132972 0,138199 0,126021 0,110903 0,129501 0,091808 0,088491 0,092465 0,084292
Patient 1 T1 0,154340 0,166909 0,139827 0,166868 0,123656 0,233584 0,067283 0,071903 0,062953
Patient 2 T0 0,212394 0,176790 0,250380 0,644151 0,587258 0,710438 0,057470 0,061542 0,053932
Patient 2 T2 0,104276 0,080316 0,133126 0,246490 0,564276 0,176281 0,095742 0,113457 0,076725
Patient 3 T0 0,103292 0,090453 0,115566 0,226161 0,223703 0,230066 0,158480 0,167700 0,148144
Patient 3 Tl 0,127436 0,106799 0,146180 0,213818 0,193033 0,246630 0,172670 0,187713 0,154047
Patient 3 T2 0,158116 0,154555 0,161296 0,242731 0,273385 0,208793 0,242212 0,241231 0,243264
Patient 4 T0 0,101331 0,100518 0,102045 0,201589 0,227267 0,157749 0,074540 0,089640 0,059307
Patient 4 T1 0,101579 0,118311 0,086881 0,147430 0,207833 0,100663 0,081379 0,088667 0,073132
Patient 4 T2 0,100582 0,107477 0,094515 0,104527 0,145426 0,076534 0,097863 0,097714 0,098019
Patient 5 T0 0,096999 0,103783 0,090275 0,207552 0,300501 0,109103 0,158913 0,222979 0,105738
Patient 5 T1 0,111250 0,111508 0,111010 0,510776 0,534834 0,475937 0,095322 0,130632 0,066394
Patient 5 T2 0,105317 0,107980 0,102627 0,159431 0,178859 0,139383 0,181334 0,319858 0,094932
Patient 6 T0 0,079982 0,080232 0,079693 0,080264 0,092571 0,062141 0,050442 0,053199 0,047233
Patient 6 T1 0,081424 0,073181 0,090977 0,065860 0,073782 0,057080 0,057327 0,054796 0,060010
Patient 6 T2 0,090999 0,096016 0,085795 0,161407 0,190591 0,117950 0,059547 0,070536 0,046571
Patient 7 T2 0,181399 0,190452 0,168357 0,280606 0,283818 0,275225 0,123024 0,125084 0,120811
Patient 8 TO 0,288249 0,281373 0,292432 0,800525 0,809070 0,791739 0,156767 0,170711 0,140329
Patient 8 T1 0,241305 0,278518 0,209878 0,542855 0,653986 0,443331 0,190588 0,188474 0,192835
Patient 9 T0 0,082025 0,084260 0,079753 0,334246 0,371778 0,294863 0,138151 0,143080 0,133591
Patient 9 T2 0,098769 0,097972 0,099698 0,204885 0,235647 0,182746 0,260568 0,251130 0,267740
Patient 10 T0 0,125836 0,114156 0,146616 0,483505 0,538226 0,424194 0,134501 0,149707 0,122891
Patient 11 T0 0,152924 0,175818 0,127174 0,230068 0,268388 0,196444 0,242944 0,247247 0,238749
Patient 12 T0 0,246303 0,131076 0,326390 0,389833 0,374260 0,409812 0,085206 0,090285 0,078190
Patient 13 TO 0,123710 0,107473 0,143164 0,196797 0,172964 0,226737 0,084381 0,086657 0,082263
Patient 13 T1 0,141645 0,135860 0,148449 0,386862 0,468451 0,291504 0,134296 0,137416 0,130718
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Patient 14 T0 0,116321 0,126463 0,106317 0,672446 0,640170 0,727614 0,122187 0,122580 0,121757
Patient 14 T1 0,181372 0,165980 0,198047 0,189680 0,173413 0,198908 0,166147 0,179495 0,154752
Patient 15 T0 0,058598 0,046419 0,070473 0,060028 0,070596 0,046796 0,089719 0,089851 0,089564
Patient 15 Tl 0,131664 0,134193 0,129396 0,208229 0,289494 0,141555 0,112320 0,084661 0,142240
Table 6. Thigh FF controls
Time point VL mean VL left VL right VM mean VM left VM right VI mean VI left VI right

Control 1 T0 0,066322 0,073478 0,059024 0,061165 0,071546 0,049640 0,044987 0,050617 0,039932
Control 1 T2 0,084782 0,092487 0,076556 0,075141 0,089886 0,058226 0,059384 0,066843 0,051946
Control 2 T0 0,075964 0,075648 0,076234 0,068135 0,083702 0,053761 0,058332 0,059021 0,057548
Control 2 T2 0,106676 0,094258 0,118286 0,067819 0,075148 0,061051 0,066465 0,067857 0,065102
Control 3 TO 0,069018 0,074882 0,063764 0,050324 0,050081 0,050534 0,055813 0,058456 0,053247
Control 3 T2 0,114295 0,096847 0,129469 0,061698 0,068957 0,054889 0,071197 0,054869 0,088260
Control 4 TO 0,042856 0,042890 0,042820 0,037652 0,048830 0,030361 0,037412 0,043672 0,032284
Control 4 T1 0,040726 0,046666 0,036567 0,041966 0,047939 0,036184 0,033964 0,040951 0,029012
Control 4 T2 0,048518 0,049644 0,047539 0,047183 0,057642 0,037558 0,042985 0,052356 0,036457
Control 5 T0 0,112514 0,118693 0,106059 0,101246 0,123809 0,074212 0,090023 0,092407 0,087395
Control 5 T1 0,113372 0,115852 0,110655 0,097646 0,108895 0,083540 0,097612 0,110270 0,083907
Control 6 T0 0,051383 0,057906 0,045316 0,065628 0,065446 0,065755 0,049901 0,048035 0,051815
Control 6 T1 0,055308 0,061281 0,049762 0,060184 0,062504 0,058144 0,052857 0,051891 0,053766
Control 7 T0 0,062081 0,067102 0,057091 0,051824 0,056231 0,045264 0,063790 0,080635 0,048727

Time point RF mean RF left RF right SA mean SA left SA right GR mean GR left GR right
Control 1 T0 0,059238 0,066220 0,053268 0,135865 0,133522 0,137927 0,090813 0,097886 0,084801
Control 1 T2 0,063170 0,064774 0,061868 0,140255 0,131492 0,147962 0,109617 0,115544 0,104656
Control 2 T0 0,136990 0,099674 0,170695 0,173784 0,192163 0,156355 0,099543 0,104924 0,094622
Control 2 T2 0,070771 0,073681 0,068065 0,128650 0,146053 0,108210 0,094791 0,099762 0,090113
Control 3 T0 0,073694 0,101874 0,049847 0,145464 0,162864 0,129147 0,129973 0,170544 0,084000
Control 3 T2 0,077611 0,102064 0,055979 0,165546 0,150727 0,180306 0,169025 0,209019 0,129352
Control 4 T0 0,041659 0,048060 0,036486 0,083080 0,104211 0,068242 0,067642 0,068009 0,067311
Control 4 T1 0,047389 0,062000 0,034364 0,083987 0,087622 0,080567 0,059906 0,063183 0,056535
Control 4 T2 0,050661 0,053479 0,047745 0,095887 0,105922 0,086966 0,082952 0,098511 0,077333
Control 5 T0 0,113228 0,120996 0,106211 0,275363 0,324179 0,208209 0,204290 0,211774 0,195180

55



Control 5 Tl 0,127707 0,128150 0,127272 0,254110 0,273706 0,229767 0,185115 0,188869 0,181211
Control 6 T0 0,071782 0,069197 0,074083 0,134989 0,172393 0,093314 0,085408 0,086542 0,084272
Control 6 T1 0,069088 0,072306 0,066174 0,112236 0,112215 0,112256 0,081887 0,091259 0,072086
Control 7 T0 0,030963 0,031748 0,030368 0,091254 0,085638 0,095911 0,094752 0,104851 0,081108
Time point AM mean AM left AM right SM mean SM left SM right ST mean ST left ST right

Control 1 T0 0,097529 0,118619 0,076224 0,148676 0,168486 0,130060 0,137763 0,137352 0,138160
Control 1 T2 0,186483 0,198049 0,175332 0,131586 0,126418 0,137029 0,081416 0,089943 0,073107
Control 2 T0 0,074567 0,069383 0,079990 0,098427 0,087805 0,111247 0,088797 0,092819 0,084443
Control 2 T2 0,078493 0,068547 0,089531 0,102375 0,087139 0,121227 0,090678 0,090957 0,090392
Control 3 T0 0,086998 0,113065 0,061857 0,135976 0,146972 0,123609 0,131394 0,126032 0,136969
Control 3 T2 0,106380 0,140002 0,073564 0,162208 0,194697 0,130280 0,131067 0,135710 0,126373
Control 4 T0 0,053874 0,055881 0,052428 0,064423 0,053627 0,076613 0,082340 0,084187 0,079918
Control 4 Tl 0,056835 0,066915 0,047622 0,058658 0,057259 0,060050 0,071368 0,073738 0,068329
Control 4 T2 0,070152 0,083373 0,059329 0,076007 0,071601 0,080122 0,085054 0,078759 0,095518
Control 5 T0 0,178363 0,178244 0,178472 0,189011 0,164669 0,230342 0,197270 0,208079 0,187119
Control 5 T1 0,192957 0,193793 0,192182 0,142476 0,133314 0,154240 0,205249 0,205577 0,204937
Control 6 T0 0,087111 0,086895 0,087278 0,110150 0,099280 0,124015 0,096330 0,103343 0,089097
Control 6 Tl 0,086443 0,089942 0,083773 0,100707 0,095918 0,106752 0,095941 0,100260 0,090975
Control 7 T0 0,076863 0,087261 0,069547 0,064359 0,067878 0,060911 0,065152 0,067665 0,062872

Time point BFL mean BFL left BFL right BFS mean BFS left BFS right AL mean AL left AL right
Control 1 T0 0,098922 0,103706 0,094525 0,123822 0,124503 0,123001 0,087965 0,099560 0,076516
Control 1 T2 0,095878 0,089123 0,102281 0,117681 0,142021 0,096082 - - -
Control 2 T0 0,068139 0,069690 0,066518 0,070249 0,064561 0,076197 0,132364 0,127538 0,136624
Control 2 T2 0,077567 0,077703 0,077409 0,086367 0,074616 0,098359 0,136607 0,148398 0,124692
Control 3 T0 0,136380 0,158300 0,111985 0,175771 0,080161 0,295782 0,066853 0,088836 0,041137
Control 3 T2 0,140300 0,151417 0,128796 0,160726 0,115097 0,208533 0,071423 0,089797 0,051767
Control 4 T0 0,073876 0,067172 0,084076 0,079880 0,082248 0,076355 0,071535 0,104830 0,041956
Control 4 T1 0,073910 0,068617 0,080895 0,078827 0,083243 0,072686 0,051371 0,054793 0,047091
Control 4 T2 0,107963 0,092784 0,122234 0,039384 0,041272 0,038027 0,057312 0,067264 0,054240
Control 5 T0 0,149444 0,155593 0,142061 0,458283 0,447237 0,468820 0,144469 0,161665 0,126220
Control 5 Tl 0,145008 0,145867 0,144012 0,226990 0,235459 0,215935 0,125970 0,126585 0,125322
Control 6 T0 0,141036 0,138082 0,144077 0,096756 0,094241 0,097789 0,069489 0,056762 0,080217
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Control 6 T1 0,135625 0,139479 0,131619 0,129453 0,112596 0,146058 0,067463 0,065757 0,068919
Control 7 T0 0,078800 0,079732 0,077876 0,063410 0,083392 0,056911 0,059337 0,187408 0,037256
Table 7. Thigh Water T2 patients
Time point VL mean VL left VL right VM mean VM left VM right VI mean VI left VI right

Patient 1 T0 42,314349 42,833253 41,703733 41,016767 41,886458 39,996290 41,455564 41,427922 41,491955
Patient 1 T1 44,990343 44,420043 45,595941 43,087324 42,350146 44,275574 42,750024 42,035322 43,672532
Patient 2 T0 42,133630 42,525834 41,816746 39,279399 37,343114 40,203734 41,848397 42,917879 41,047603
Patient 2 T2 48,221992 53,007325 45,219333 44,199366 47,769328 42,586847 46,574153 49,611860 44,970011
Patient 3 T0 45,369637 45,030755 45,780708 45,035833 44,318198 45,627697 44,061796 42,322013 45,393467
Patient 3 T1 43,448342 42,638398 44,367198 40,999437 39,916186 42,057314 42,056338 41,872493 42,298590
Patient 3 T2 43,937989 44,517769 43,361115 42,420226 42,227038 42,765635 43,785253 45,084102 42,504556
Patient 4 TO 43,213622 42,977593 43,447257 41,501081 41,775484 41,131203 42,672780 42,157479 43,347718
Patient 4 T1 43,594343 41,675374 45,465956 38,001283 40,875872 35,372586 40,791290 40,023828 41,830264
Patient 4 T2 44,352043 43,708166 44,992842 42,782799 42,625352 42,976346 43,576100 42,913718 44,234128
Patient 5 TO 44,575368 44,163439 45,047460 42,956075 42,041065 45,081208 43,122515 42,801453 43,321527
Patient 5 T1 42,973057 42,525680 43,487225 43,830450 43,418869 44,112058 42,477839 41,947589 43,160817
Patient 5 T2 43,826553 42,615905 45,202400 44,008820 41,313522 46,936192 43,072168 41,879367 44,517210
Patient 6 T0 42,776465 41,592853 43,972652 41,174436 40,622535 41,795076 42,502699 41,513600 43,776284
Patient 6 T1 40,752333 40,115891 41,428846 42,687410 42,982902 42,157783 40,566594 38,812043 41,883060
Patient 6 T2 42,972133 43,254011 42,688930 43,626225 43,082427 44,386861 44,163018 45,012017 43,155046
Patient 7 TO 47,193926 46,499546 48,123312 47,167192 46,110143 48,913105 48,917558 49,140678 48,663355
Patient 7 T2 47,428158 46,829268 48,150349 47,362252 45,729600 48,771254 49,862933 49,815676 49,908863
Patient 8 T0 46,159845 44,533192 47,619990 43,720960 42,861948 44,656841 46,650143 45,505348 48,191154
Patient 8 T1 47,555136 45,761089 49,257279 45,204067 44,859195 45,781435 46,595149 45,767298 47,490000
Patient 9 T0 42,858144 44,164797 41,826943 42,691629 43,271566 42,118655 42,867830 43,698777 42,177003
Patient 9 T2 43,247912 44,500014 42,318148 43,244434 42,083877 44,190924 43,781908 43,320404 44,241663
Patient 10 T0 47,731380 45,129275 50,109167 43,390673 43,266952 43,536615 45,670748 45,320272 45,975566
Patient 11 TO 46,782576 46,415549 47,226679 44,734727 41,596587 48,989740 48,063049 45,997721 49,759381
Patient 12 TO 44,747201 44,020985 45,703756 41,744181 41,126497 42,359551 42,319792 39,595224 45,445876
Patient 13 TO 41,681755 44,164745 39,718226 38,880434 40,442606 37,411286 41,998211 44,437274 40,021529
Patient 14 TO 45,245344 44,858354 45,733530 42,668277 42,456982 42,944425 44,455980 44,550579 44,344019
Patient 14 T1 45,721919 46,186141 45,239322 43,605904 43,243633 44,001203 44,244481 44,263970 44,211952
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Patient 15 T0 42,551630 42,142910 43,027246 40,575329 40,148606 41,056164 42,525938 42,126549 42,999797
Patient 15 Tl 46,549460 45,149688 47,932622 45,691882 42,955875 48,319889 49,524929 48,107550 51,133314
Time point RF mean RF left RF right SA mean SA left SA right GR mean GR left GR right
Patient 1 T0 37,612929 38,036612 37,192168 43,022655 44,425846 41,611974 41,896694 40,728035 43,307046
Patient 1 T1 40,201559 39,510145 40,863129 50,774647 52,449169 48,889904 43,488113 43,838404 43,241206
Patient 2 T0 38,822807 37,183147 40,228849 34,772535 28,874561 39,982412 40,520786 39,461369 41,517884
Patient 2 T2 43,126118 45,315548 41,655686 45,955529 45,685268 46,141577 47,996974 49,849246 46,754732
Patient 3 T0 43,908474 43,239497 44,763601 49,111463 45,721099 54,380653 47,066289 47,396357 46,598015
Patient 3 T1 41,595219 42,073354 40,767884 43,367794 43,123618 43,985094 41,624921 46,398328 38,514508
Patient 3 T2 37,551959 37,114913 37,973333 42,195314 38,332380 44,796563 39,044556 38,748393 39,442525
Patient 4 T0 42,020246 42,655234 41,337515 49,094231 48,748899 49,490649 48,153431 50,691474 45,309883
Patient 4 T1 42,308955 41,459624 43,267519 45,414093 45,468342 45,357877 43,595229 43,475377 43,685344
Patient 4 T2 41,515517 41,432917 41,584891 49,858202 45,586394 54,391550 48,500000 51,836683 45,997487
Patient 5 T0 46,018021 47,352526 44,461099 47,197063 46,182699 48,017343 42,747886 42,458299 42,964253
Patient 5 T1 43,104859 43,590702 42,526920 43,139369 43,550459 42,551467 38,740420 38,245614 39,281070
Patient 5 T2 40,453693 40,489404 40,403102 43,358492 41,556443 44,789907 41,443550 42,065223 40,939982
Patient 6 T0 40,694560 39,376622 42,006780 49,757004 50,898679 48,120603 41,545944 42,071448 41,038879
Patient 6 T1 36,804848 35,773405 37,968277 40,650637 39,128156 42,021711 39,466971 39,981070 38,885123
Patient 6 T2 40,011515 39,610831 40,349448 44,546158 44,683322 44,429376 39,794807 39,280371 40,413075
Patient 7 TO 40,691127 38,819230 42,085727 50,916664 52,085427 49,823794 46,937673 46,976057 46,890808
Patient 7 T2 43,177563 42,235294 44,317674 55,226517 57,724176 52,529045 48,442695 50,267030 46,323807
Patient 8 TO 40,474050 41,435700 39,673146 46,629416 43,313341 49,484925 43,561158 41,923905 45,378110
Patient 8 T1 43,282195 39,940833 46,231156 55,085303 53,378769 58,375008 45,057068 46,501110 43,901835
Patient 9 T0 39,983196 39,892871 40,069174 45,094063 44,345609 45,857715 42,409459 42,903805 41,986351
Patient 9 T2 41,107351 40,723825 41,474235 46,853091 45,973798 48,003569 44,587702 44,527505 44,635946
Patient 10 TO 42,071140 41,539870 42,615059 46,579927 45,380025 47,874202 46,687437 48,485565 44,815916
Patient 11 T0 44,488786 43,858552 45,301668 43,658826 34,685403 54,842121 42,304263 40,936562 43,570024
Patient 12 T0 42,202890 40,784644 43,946321 49,962055 47,883990 52,049566 44,465013 45,746916 42,061444
Patient 13 T0 39,192919 39,913901 38,375633 41,295208 44,849505 38,323081 37,937633 32,430882 42,838464
Patient 14 TO 43,074098 42,449986 43,929562 47,167416 45,778894 48,379928 45,931443 45,579146 46,251713
Patient 14 T1 41,636258 41,781287 41,461890 50,027114 46,354500 53,347560 46,942479 47,571521 46,337401
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Patient 15 TO 39,114510 32,259966 40,550518 43,204788 39,117105 44,922485 40,920909 41,108281 40,201005
Patient 15 T1 43,703105 43,774587 43,637265 44,190545 40,066169 48,393232 44,834955 44,904781 44,754809
Time point AM mean AM left AM right SM mean SM left SM right ST mean ST left ST right

Patient 1 TO 45,405894 43,910381 47,295840 45,653775 45,473858 45,775484 40,999090 40,343202 41,688954
Patient 1 Tl 44,742240 45,125531 44,212909 49,419685 48,826227 49,889934 43,647646 42,983710 44,345891
Patient 2 T0 40,717836 41,306327 40,247429 41,550375 41,507538 41,612060 41,558048 43,024758 39,992516
Patient 2 T2 45,334965 47,693351 43,579663 45,432161 46,938452 42,442061 41,863320 43,051969 40,693186
Patient 3 T0 45,242554 46,025110 44,499149 47,047423 48,332672 45,831736 48,308985 48,475668 48,123300
Patient 3 T1 42,521574 43,448600 41,641243 42,014288 41,905130 42,146734 41,984142 42,268770 41,603381
Patient 3 T2 41,943882 43,168553 40,741923 41,949558 42,819842 41,185154 42,915628 44,341736 41,451085
Patient 4 TO 45,154757 44,202716 46,385392 45,040201 45,648543 43,832596 43,158769 42,578518 43,810279
Patient 4 T1 42,689659 42,240817 43,185082 40,356211 41,497931 38,818847 40,622109 41,767794 39,400451
Patient 4 T2 45,708560 46,114343 45,240607 43,610528 43,698900 43,385029 43,360249 43,617383 43,100061
Patient 5 TO 44,731402 44,274876 45,145832 47,490246 47,141649 48,077052 43,072357 41,797019 44,135643
Patient 5 Tl 43,107616 43,216482 43,004128 43,847274 42,255345 45,804020 40,798834 40,011589 42,072097
Patient 5 T2 45,432242 44,826896 45,990938 46,243102 47,274971 44,365979 41,176399 41,295221 41,031675
Patient 6 T0 44,278797 43,457336 44,915626 47,672532 46,974274 48,624232 45,601265 45,513397 45,691320
Patient 6 T1 42,297369 43,128926 41,599407 44,436537 43,892058 44,878729 42,038829 41,707894 42,391775
Patient 6 T2 43,283671 42,286278 44,057019 43,453956 42,820199 44,051291 42,165390 42,672356 41,685350
Patient 7 T0 47,963092 48,082585 47,815065 52,459509 53,515477 51,507538 44,749572 41,041987 47,701005
Patient 7 T2 46,116248 46,575014 45,633860 48,008934 46,831937 49,185930 44,831237 43,374273 46,775815
Patient 8 TO 42,950867 41,416457 44,911425 43,428141 40,659821 44,652590 43,529116 42,608090 44,269357
Patient 8 T1 44,583462 45,691139 43,384627 40,835058 42,343719 38,980147 43,676790 44,445434 42,852498
Patient 9 T0 44,049673 44,979179 43,303007 42,008277 41,678115 42,598237 40,834302 41,340367 40,388610
Patient 9 T2 45,436196 47,462760 43,890394 43,044469 43,776985 41,813292 41,355638 42,625333 40,228783
Patient 10 T0 44,596826 45,024314 44,198314 43,673423 46,446518 40,276382 41,977975 42,540803 41,482686
Patient 11 TO 44,997176 44,456767 45,528154 54,712709 54,916771 54,550137 43,160429 41,796634 44,146878
Patient 12 TO 46,046442 46,607611 45,453620 49,704316 49,617786 49,768244 46,073257 48,737304 44,736494
Patient 13 T0 41,113676 40,672111 41,602478 43,678435 46,496808 41,802899 41,680212 43,452480 39,956654
Patient 14 T0 44,027714 43,582609 44,582247 46,360874 43,107538 47,694209 45,083073 44,600782 45,539981
Patient 14 T1 43,009770 43,116510 42,877964 42,460435 43,108647 42,094237 43,778121 44,797517 42,660075
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Patient 15 T0 44,091963 42,229828 45,899209 42,136953 41,765885 42,488606 39,841629 40,091785 39,611437
Patient 15 T1 46,894020 45,337198 48,503528 47,180346 45,076150 50,361108 43,233498 42,923830 43,491179
Time point BFL mean BFL left BFL right BFS mean BFS left BFS right AL mean AL left AL right
Patient 1 T0 45,179320 44,066486 45,907720 42,219071 39,151178 45,402010 37,519061 35,867139 39,249829
Patient 1 Tl 47,293294 46,611074 47,841446 49,411055 47,614543 50,900846 42,568231 42,532570 42,605322
Patient 2 T0 47,649323 52,235581 43,787905 39,082077 43,434413 31,193467 40,477187 40,447103 40,542786
Patient 2 T2 43,701486 43,595902 43,761932 44,654853 43,259153 45,109267 44,357306 45,023924 43,795825
Patient 3 T0 48,395647 48,115846 48,637195 47,621106 50,988275 43,668342 51,244471 49,899682 53,627420
Patient 3 Tl 45,126726 45,850851 44,502324 43,046140 44,619650 41,291071 52,072993 53,277624 50,208433
Patient 3 T2 46,127729 46,901392 45,227090 41,416242 42,079629 40,762905 41,707692 44,063173 39,585865
Patient 4 T0 45,174733 43,766219 46,637840 48,786791 48,164737 49,539804 43,746648 42,930816 44,647401
Patient 4 Tl 42,821351 43,204872 42,473986 44,971632 42,667885 47,593138 43,408368 44,419394 42,088087
Patient 4 T2 44,986382 45,513210 44,429214 42,919040 42,780205 43,216080 45,175137 46,159237 44,034000
Patient 5 T0 44,805572 43,909332 45,944758 52,290193 50,825439 56,261307 50,718718 47,314259 54,989451
Patient 5 Tl 41,185116 41,970631 40,671719 44,041949 43,164977 44,965901 42,247037 41,693505 42,909623
Patient 5 T2 42,423645 42,342364 42,497977 43,364584 44,701284 41,321703 42,844691 41,136405 45,638538
Patient 6 T0 45,465271 45,901295 45,117728 45,228708 43,113568 46,807170 41,223686 41,791526 40,675946
Patient 6 Tl 44,018527 43,899934 44,099279 40,313385 40,877859 39,859956 40,433043 41,616981 39,195980
Patient 6 T2 43,650504 44,422111 42,939446 43,150126 41,293970 46,243719 40,917585 40,983642 40,861965
Patient 7 T0 52,909780 52,324032 54,001284 66,062571 72,548457 52,442211 50,148452 48,934010 51,369090
Patient 7 T2 50,279879 50,921079 49,902574 41,402324 41,457286 41,353828 48,742971 49,758583 47,590333
Patient 8 T0 44,366768 44,648570 44,079955 42,189982 42,264657 41,992315 45,352794 45,551486 45,144389
Patient 8 Tl 45,941016 46,645612 44,968432 49,778623 53,094886 44,534299 52,293902 53,364469 51,525984
Patient 9 T0 40,897872 41,242386 40,592640 49,196558 50,317486 43,668342 48,431837 49,328761 47,145150
Patient 9 T2 41,460278 41,018318 41,829292 45,644788 45,030980 46,698492 46,113494 46,345003 45,922420
Patient 10 T0 44,717738 46,539200 43,832205 45,625349 43,356316 47,126401 44,791186 43,122467 46,630486
Patient 11 T0 47,216734 47,601049 46,691324 48,290576 46,269442 53,949749 51,279513 50,876965 51,632692
Patient 12 T0 55,434508 62,712558 51,758539 44,954460 40,999113 49,437186 46,721734 48,632533 44,574198
Patient 13 T0 41,821346 43,520170 40,346715 47,838109 54,922572 39,857910 44,654101 39,040201 50,282812
Patient 14 T0 45,189103 45,061672 45,314633 46,103398 44,752609 56,137832 44,359521 45,121405 43,496052
Patient 14 Tl 44,853691 45,261767 44,515648 44,349333 46,371859 42,182340 45,611128 45,893673 45,263380
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Patient 15 TO 42,855832 42,325746 43,313267 43,474515 43,034136 44,248515 45,759442 46,404751 44,702235
Patient 15 T1 48,270892 47,085427 49,481942 47,794171 48,000442 47,242093 44,578000 43,168177 45,636604
Table 8. Thigh Water T2 controls
Time point VL mean VL left VL right VM mean VM left VM right VI mean VI left VI right

Control 1 T0 39,002536 38,509378 39,459938 41,755529 41,244290 42,400533 40,180038 39,853007 40,515067
Control 1 T2 39,486748 38,912563 39,956428 39,831303 39,444008 40,171400 40,111449 39,755420 40,445525
Control 2 T0 42,729433 42,509738 42,976130 42,040407 41,038448 43,173750 42,440240 41,953949 42,859025
Control 2 T2 44,653177 44,307659 44,995641 43,164875 41,520065 45,072287 44,518212 44,217280 44,852342
Control 3 T0 40,128994 40,048001 40,211381 41,545904 39,886683 43,600666 39,274180 38,742835 39,862883
Control 3 T2 39,733797 39,131352 40,367861 39,078111 39,016028 39,138100 39,437158 38,909512 39,942273
Control 4 T0 37,455085 37,171812 37,750550 38,224070 38,073755 38,418738 37,663125 37,565274 37,792794
Control 4 T1 36,548393 36,178868 37,022983 37,142970 37,098853 37,197896 36,653396 36,480694 36,871105
Control 4 T2 37,245567 37,047768 37,459953 37,948324 37,588532 38,378927 37,451044 37,199760 37,744758
Control 5 TO 44,995921 45,433803 44,599644 42,806331 42,661622 42,949465 43,387994 43,059338 43,686783
Control 5 T1 42,343967 42,847948 41,881870 41,295511 41,506688 41,108413 42,586577 42,913595 42,292883
Control 6 T0 39,577149 39,073184 40,127410 39,590814 38,809729 40,696573 39,696525 39,375953 40,032676
Control 6 T1 40,393568 40,218627 40,566223 40,892773 40,367164 41,590149 41,079534 40,522069 41,668912

Time point RF mean RF left RF right SA mean SA left SA right GR mean GR left GRright
Control 1 T0 38,089645 37,263264 39,097667 44,500874 43,912358 44,881393 42,935104 42,861499 43,014668
Control 1 T2 38,023451 38,053248 37,993107 42,860558 43,348780 42,390627 40,391455 43,004474 37,310433
Control 2 T0 38,862934 38,640861 39,119019 45,320682 43,566316 46,667056 41,610957 40,826113 42,453936
Control 2 T2 43,173564 41,633770 45,052306 46,695612 44,584384 48,965183 44,640742 43,930405 45,271901
Control 3 T0 39,249400 39,057552 39,490674 47,107049 46,843544 47,460218 41,413416 42,773049 39,949197
Control 3 T2 39,431374 39,654564 39,163190 44,790710 46,409718 42,793609 39,108131 39,137794 39,082858
Control 4 TO 35,221635 35,064790 35,403959 40,194188 40,217909 40,166237 40,705246 42,656552 38,446220
Control 4 T1 35,083072 34,655310 35,543097 39,098611 38,601059 39,653071 38,706262 38,871864 38,532571
Control 4 T2 35,963480 35,239225 36,707623 38,117547 37,969248 38,230697 37,558698 37,210543 37,934588
Control 5 T0 42,899228 43,021342 42,756869 50,933439 48,464125 52,795927 50,048394 48,638782 51,304119
Control 5 T1 41,262339 40,989696 41,559706 42,105796 41,697597 42,338503 40,882122 41,651267 40,192118
Control 6 T0 38,157771 38,208364 38,096424 40,986936 40,819231 41,146314 38,729955 37,895281 39,530819
Control 6 Tl 36,815838 36,079726 37,668726 40,201526 39,774458 40,795450 39,757667 39,177178 40,337170
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Time point AM mean AM left AM right SM mean SM left SM right ST mean ST left ST right

Control 1 T0 40,691230 40,478529 40,909758 42,641465 43,244391 41,905516 42,632870 42,735459 42,520041
Control 1 T2 44,306900 44,877150 43,711207 39,966561 40,425958 39,558208 37,211354 36,620387 37,848625
Control 2 TO 41,953665 42,281581 41,623651 43,411773 44,972158 42,031672 41,940261 42,603057 41,559943
Control 2 T2 43,263512 44,453979 42,170056 41,112646 41,411502 40,862828 42,420154 42,964667 42,118069
Control 3 T0 41,122803 40,545651 41,810519 45,323584 44,123889 46,361999 41,288075 40,950248 41,643986
Control 3 T2 40,387568 39,859725 40,958795 41,466026 41,163639 41,844537 39,626815 39,332005 39,928783
Control 4 T0 39,332991 39,024291 39,727272 39,293193 39,596737 38,977857 38,293057 38,263593 38,317972
Control 4 T1 38,348249 38,404612 38,285142 37,312967 37,414921 37,198349 36,704585 36,951997 36,469161
Control 4 T2 38,389371 38,366124 38,415451 39,362420 39,719187 38,972870 37,329577 37,125238 37,488279
Control 5 T0 46,126340 45,348683 46,899687 48,293224 48,898338 47,674378 49,027902 48,396566 49,787495
Control 5 T1 43,651562 43,225871 44,050362 42,123450 42,594337 41,638128 41,686262 41,477459 41,896936
Control 6 T0 40,875586 40,961253 40,763203 40,521049 40,661811 40,393926 39,161671 38,400068 39,970085
Control 6 T1 42,898394 42,672296 43,186054 42,639898 42,719934 42,575418 40,459633 39,966862 40,931921

Time point BFL mean BFL left BFL right BFS mean BFS left BFS right AL mean AL left AL right
Control 1 TO 41,917846 41,884991 41,951619 40,459440 38,639627 41,152702 45,049133 41,722458 46,505254
Control 1 T2 40,483398 40,922695 40,044101 39,955380 39,392217 40,767522 - - -
Control 2 TO 42,000671 42,422025 41,513995 38,557890 36,936244 39,778894 46,310619 47,928619 44,848084
Control 2 T2 42,078042 42,926384 41,117841 40,812318 40,731758 40,912811 47,081530 45,203289 49,275581
Control 3 T0 46,016416 44,518460 47,382642 42,321525 38,823664 44,320303 46,292099 45,446551 46,858659
Control 3 T2 40,837123 41,141636 40,537984 40,807886 38,370424 42,172864 40,638049 40,587146 40,681462
Control 4 T0 40,636777 41,519046 39,958796 40,793430 41,192362 40,367221 40,370656 39,774849 40,930342
Control 4 T1 39,118319 39,524263 38,784497 38,498414 37,536132 39,480245 38,438707 38,239946 38,612098
Control 4 T2 39,463094 39,016492 39,900463 37,130599 36,013675 38,606389 36,956747 36,436923 38,814177
Control 5 T0 46,295470 45,870897 46,690632 56,860653 55,010346 58,573561 45,282422 45,058090 45,546686
Control 5 T1 43,735236 42,164044 44,970985 42,454315 41,226625 43,584716 42,305060 42,068250 42,581280
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Control 6

T0

41,478278

42,197447

40,761496

39,491206

39,359121

39,761665

41,457945

41,743343

41,082841

Control 6

T1

43,663216

44,265415

43,124182

41,740727

41,287095

42,276839

43,192202

43,597057

42,736901
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