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Abstract26

White matter disruption plays an important role in disorders of consciousness27

(DOC). The aim of this study was to analyze the connectometry between DOC28

patients and healthy controls and to explore the relationship between diffusion29

connectometry and levels of consciousness. Fourteen patients with DOC and 13 sex-30

and age-matched controls were included in this study. The participants underwent31

diffusion magnetic resonance imaging (MRI) and T1-weighted structural MRI at 732

Tesla. Diffusion MRI connectometry was performed to investigate the differences33

between groups, and to subsequently study the correlation between Coma Recovery34

Scale-Revised (CRS-R) scores and white matter integrity. In DOC patients, the35

quantitative anisotropy (QA) was significantly reduced in deep white matter tracts,36

whereas significantly higher QA values were found in the bilateral cerebellum37

compared with healthy controls. Moreover, the QA values in many tracts within the38

right hemisphere were higher in patients in a minimally conscious state compared to39

those in vegetative state/unresponsive wakefulness syndrome. In contrast, many tracts40

within the left hemisphere of the latter group showed higher QA than the former,41

which was reflected by the correlation between diffusion connectometry and CRS-R42

scores. These results indicate that the cerebellum may play an important role in DOC,43

and the lateralization of the cerebral hemisphere in affected patients may suggest44

neural compensation.45

46

Keywords: disorders of consciousness; ultra-high field (7T); Connectometry;47

cerebellum; Quantitative anisotropy48
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1. Introduction51

Disorders of consciousness (DOC), including vegetative state/unresponsive52

wakefulness syndrome (VS/UWS) (Laureys et al., 2010) and minimally conscious53

state (MCS) (Giacino et al., 2002), describe a pathological state usually caused by54

severe brain injury in which arousal and awareness are separated. Although in55

VS/UWS patients who have recovered from coma in the acute phase, autonomic56

functions, including the sleep-wake cycle, are retained, the ability to perceive57

themselves and the surrounding environment is completely lost (Jennett & Plum,58

1972); in contrast, patients in MCS have a weak but certain perceptual ability, whilst59

exhibiting inconsistent and non-reflexive behavior (Giacino et al., 2002). Accurate60

and reliable prognostic assessment is essential for the selection of treatment strategies61

and to guide end-of-life decisions by relatives of patients with DOC (Bernat, 2006).62

However, the current traditional behavioral scales, such as the Coma Recovery63

Scale-Revised (CRS-R) (Giacino, Kalmar, & Whyte, 2004) are not sufficient for the64

detection of residual consciousness and prognosis of patients with DOC.65

With the development of neuroimaging technology and the diversification of66

post-processing analysis methods, many researchers have turned to neuroimaging and67

neuroelectrophysiological techniques to assess brain function and disease prognosis in68

DOC patients. Functional magnetic resonance imaging (MRI), a statistical measure of69

correlation between neuronal activities (Z. Zhou, Wang, Zang, & Pan, 2017), has70

become a common tool for investigating functional connectivity and deepening our71

understanding of states of consciousness. A growing number of studies have reported72

reduced functional connectivity in the default mode network (DMN) (Boly et al.,73

2009), frontoparietal network (Long et al., 2016), and thalamocortical network (Crone74

et al., 2014) in patients with DOC.75
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Recently, white matter (WM) has drawn increasing attention in studies on DOC.76

Diffusion tensor imaging (DTI) is a non-invasive imaging technique implemented in77

MRI (Basser & Pierpaoli, 1996), which has dramatically improved our understanding78

of subcortical WM microstructure alterations. Many articles about WM79

microstructure and the severity of WM injury in DOC patients have been published80

(Galanaud et al., 2012; Luyt et al., 2012). In addition, researchers have applied DTI to81

distinguish between different states of consciousness or to correlate DTI findings with82

injury severity and clinical outcome (Fernandez-Espejo et al., 2011;83

Fernandez-Espejo et al., 2012; Newcombe et al., 2011; Perlbarg et al., 2009).84

Furthermore, widespread abnormalities in WM following severe brain injury have85

been reported. Weng et al. (2017) observed abnormal structural connectivity between86

the basal ganglia, thalamus, and frontal cortex in patients with DOC (Weng et al.,87

2017). Wang et al. (2018) found that the behavioral CRS-R assessment score was88

positively correlated with WM integrity in the fornix, uncinate fasciculus, pontine89

crossing tract, and posterior limb of the internal capsule (Wang et al., 2018). In our90

previous research, which consisted of 22 nodes mainly located in the frontal cortex,91

limbic system, occipital, and parietal lobes, network-based statistics analysis revealed92

significantly decreased structural connectivity in DOC patients compared with healthy93

controls (Tan et al., 2019). Consciousness may depend on key pathways that link94

distributed brain network regions (Wang et al., 2018). Meanwhile, other studies have95

attempted to distinguish different levels of consciousness based on diffusion96

characteristics (Fernandez-Espejo et al., 2011; Fernandez-Espejo et al., 2012; Zheng,97

Reggente, Lutkenhoff, Owen, & Monti, 2017). However, the structural reasons for98

impaired consciousness remain unclear.99

In the last decade, a novel method called connectometry was proposed to bypass100
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the limitation of fiber tracking by more accurately reflecting the structure and density101

of WM tracts, while accounting for crossing fibers and partial volume effects (Yeh,102

Badre, & Verstynen, 2016). Connectometry extracts the spin distribution function103

(SDF) in a given fiber orientation as a measure of the water density along that104

direction. There are numerous diffusion indices derived from SDFs, such as the105

quantitative anisotropy (QA) (Yeh, Tang, & Tseng, 2013). QA represents the peak106

density of water diffusion along the main direction of the WM fibers in each fiber107

tract. The use of QA in dMRI can provide further spatial resolution to identify tracts108

in regions with kissing or crossing tracts. Compared with traditional DTI measures,109

decreasing the rates of Type I errors, improving spatial resolution, and reducing110

sensitivity to partial volume effects are the main advantages of QA in dMRI111

connectometry (Mojtahed Zadeh, Ashraf-Ganjouei, Ghazi Sherbaf, Haghshomar, &112

Aarabi, 2018). This method has already been used to study Parkinson’s disease113

(Sobhani, Rahmani, Aarabi, & Sadr, 2019), mood disorders (Olvet et al., 2016),114

multiple sclerosis (Romascano et al., 2015), and amyotrophic lateral sclerosis115

(Abhinav et al., 2014), but not in patients with DOC.116

In the present study, we used multi-shell high angular resolution diffusion117

imaging (HARDI) data acquired on a 7-Tesla (7T) MRI scanner to analyze the118

connectometry between DOC patients and healthy controls. We further explored the119

relationship between diffusion connectometry and levels of consciousness.120

2. Methods121

2.1. Participants122

Thirty-three patients with severe brain injuries and 13 healthy volunteers were123

recruited in this study. All the patients were from the Department of Rehabilitation in124

the Hangzhou Hospital of Zhejiang CAPR, Hangzhou, China. The consciousness125
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level of the patients was estimated by two experienced medical doctors according to126

the Coma Recovery Scale-Revised (CRS-R) scale (Giacino et al., 2004) on the 3127

consecutive days before 7 T MRI scan. The inclusion criteria were: 1) a diagnosis of128

VS or MCS; 2) longer than 1 month but shorter than 1 year since onset; 3) no MRI129

contraindications; 4) no history of psychological disorders; 5) no epilepsy or frequent130

spontaneous movements; 6) no use of the benzodiazepine class of drugs, 7) no large131

brain lesion or severe hydrocephalus. Eleven patients with MRI contraindications and132

seven patients presented extensive focal brain damage were excluded. Additionally,133

one patient’s data were excluded from the analysis due to a diagnosis of locked-in134

syndrome. Finally, the data from 14 patients with severe brain injuries were included135

in the analysis. Besides, we also enrolled 13 healthy volunteers as controls.136

2.2 Image acquisition137

The MRI data were acquired on a Siemens Magnetom 7 T scanner equipped with138

a Nova 1Tx/32Rx head coil. Multi-shell DWI data were acquired with the following139

parameters: 112 slices for each shell, 1.25 mm isotropic voxels, acceleration factor =140

2, echo time (TE)/repetition time (TR) = 66.2/5100 ms, flip angle (FA) = 90  ,141

generalized autocalibrating partially parallel acquisitions (GRAPPA) = 3, multi-band142

(MB) = 2, b = 2000 s/mm2, 60 directions, acquisition time (TA) = 6’53”, performed143

twice with opposite phase encoding directions for each direction. Six interspersed b0144

images (b-value = 0 s/mm2) were also acquired. Whole brain scanning was performed145

with sagittal T1-weighted images were obtained using magnetization-prepared rapid146

gradient echo (MPRAGE) sequence with 0.75 mm isotropic resolution, 208 slices,147

TE/TR/inversion time (TI) =2.51/2590/1050 ms, FA=7, GRAPPA=2, TA =5’49”.148

2.3 Image preprocessing149

The preprocessing was conducted using FSL (Jenkinson, Beckmann, Behrens,150
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Woolrich, & Smith, 2012) (http://fsl.fmrib.ox.ac.uk/fsl). Briefly, diffusion151

preprocessing included correcting the motion, susceptibility, and eddy current152

distortion with the FSL’s eddy and topup tools (Andersson, Skare, & Ashburner,153

2003).154

2.4 Reconstruction and group connectometry analysis155

A total of 27 dMRI scans were included in the connectometry database and in the156

analysis. The b-table was checked using an automatic quality control routine to ensure157

accuracy (Schilling et al., 2019). The diffusion data were reconstructed based on the158

Montreal Neurological Institute (MNI) coordinate space using q-space diffeomorphic159

reconstruction (Yeh & Tseng, 2011) to obtain the SDF (Yeh, Wedeen, & Tseng,160

2010); the Human Connectome Project 1021 (HCP-1021) template was adopted as161

dMRI atlas (Yeh & Tseng, 2011). A detailed description was in the Supplementary162

materials.163

2.5 Statistical analysis164

IBM SPSS Statistics 22.0 statistical package (SPSS Inc., Chicago, IL) was used165

to compare demographic differences between DOC patients and healthy controls.166

Two sample t-test was used for age, and a p value <0.05 was regarded to indicate167

statistically significant association.168

For connectometry analysis, we used a multiple regression model to evaluate169

between-group differences and the correlation between the WM structure and the170

CRS-R score; the T-score threshold was set at 2.5. The permutation test (5000171

permutations) allowed the estimation and correction of the false discovery rate (FDR)172

of Type I error inflation due to multiple comparisons (Yeh et al., 2016). A173

nonparametric Spearman partial correlation was used to derive the correlation, and the174

effects of age and sex were removed using a multiple regression model. Group175
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connectometry in DSI Studio (http://dsi-studio.labsolver.org) was used for the176

connectometry analysis.177

3. Results178

3.1 Demographic and clinical information179

Fourteen patients with DOC (age range: 46.9 ± 16.4 years) were enrolled. Eight180

patients were diagnosed with VS, and six patients were diagnosed with MCS.181

Thirteen healthy controls were also assessed (12 males; age range: 40.7 ± 15.9 years).182

There was no significant difference in age between the two groups (two-sample t-test,183

p > 0.05). The clinical characteristics of the enrolled patients are shown in Table S1.184

All patients and controls included in the study were right-handed. Demographic data185

of the two groups are presented in Table 1.186

3.2 Connectometry analysis in DOC patients compared to healthy controls187

Patients with DOC and healthy controls were matched for age and sex. Healthy188

controls had significantly higher QA compared with DOC patients in the following189

WM fibers: corpus callosum, bilateral fornix, bilateral corticospinal tract, bilateral190

cingulum, right inferior fronto-occipital fasciculus, left corticopontine tract, right191

corticothalamic pathway, bilateral reticulospinal tract, and left dentato-rubro-thalamic192

tract (FDR = 0.000024) (Table 2; Figure 1). In contrast, compared with healthy193

controls, DOC patients had significantly higher QA in two of the WM fibers: bilateral194

cerebellum (FDR = 0.000094) (Table 2; Figure 2).195

3.3 Connectometry analysis between patients in MCS and VS/UWS196

The connectometry analysis between patients with MCS and VS/UWS revealed197

that the QA values of the corpus callosum, right corticopontine tract, right inferior198

fronto-occipital fasciculus, bilateral corticospinal tract, middle cerebellar peduncle,199

right uncinate fasciculus, right cingulum, right dentato-rubro-thalamic tract, right200
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inferior longitudinal fasciculus, right reticulospinal tract, right corticobulbar tract, and201

right cerebellum were higher in MCS patients (FDR = 0.011136) (Table S2; Figure202

S1). In contrast, the left arcuate fasciculus, left inferior fronto-occipital fasciculus, left203

inferior longitudinal fasciculus, anterior commissure, left optic radiation, left superior204

longitudinal fasciculus, left corticostriatal pathway, and left corticopontine tract205

showed higher QA in VS/UWS patients compared to those in MCS (FDR = 0.069474)206

(Table S2; Figure S2).207

3.4 Correlation between diffusion connectometry and CRS-R scores208

In patients with DOC, the connectometry analysis revealed that the QA values of209

the right inferior fronto-occipital fasciculus, right corticopontine tract, corpus210

callosum, bilateral corticospinal tract, uncinate fasciculus, middle cerebellar peduncle,211

right dentato-rubro-thalamic tract, right reticulospinal tract, right inferior longitudinal212

fasciculus, right cingulum, and right corticobulbar tract were positively correlated213

with the CRS-R score (FDR = 0.005977) (Table 3). In contrast, the QA values of the214

left arcuate fasciculus, left inferior longitudinal fasciculus, left inferior215

fronto-occipital fasciculus, left cingulum, anterior commissure, left cerebellum, left216

corticostriatal pathway, and left optic radiation were negatively associated with the217

CRS-R score (FDR = 0.002597) (Table 3).218

4. Discussion219

This study investigated the whole-brain WM group connectometry in patients220

with DOC and healthy controls. Firstly, we found that the QA was significantly221

reduced in the deep WM fibers of DOC patients; and interestingly, the patients had222

significantly higher QA in the bilateral cerebellum compared with healthy controls.223

Second, the connectometry analysis between patients with MCS and VS/UWS further224

revealed that the QA values in many tracts of the right hemisphere were higher in225
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individuals in MCS, and many tracts within the left hemisphere showed higher QA in226

VS/UWS patients. Finally, we observed that the QA of many tracts in the right227

hemisphere positively correlated with the CRS-R score; in contrast, many tracts228

within the left hemisphere showed a negative correlation between QA and CRS-R229

score, which was in line with the second result.230

Our findings demonstrate that the QA of the deep WM fibers was significantly231

reduced in patients with DOC compared with healthy controls. This is mostly in line232

with a previous study indicating multiple abnormal WM ROIs in DOC patients233

compared with normal controls (Wu et al., 2018). The authors identified 14 WM234

regions in which the fractional anisotropy differed across levels of consciousness235

using analysis of covariance. Consistent with their findings, the cingulum, corpus236

callosum, corticospinal tract, and fornix were disrupted in patients with DOC in the237

current study. In addition to these tracts, we found the QA of the right corticothalamic238

pathway to be lower in DOC patients than in controls. This observation is in line with239

a previous literature showing significant differences between WM tracts of the240

thalamus and DMN brain regions in VS and MCS patients (Fernandez-Espejo et al.,241

2012), which may provide anatomical substrates for the deficiencies in242

thalamocortical functional connectivity in DOCs. Moreover, the right inferior243

fronto-occipital fasciculus tract, which connects the right temporal lobe (medially)244

and frontal lobe (inferiorally), was found to be impaired in DOC patients. This tract245

and inferior longitudinal fasciculus share projections at the posterior temporal and246

occipital lobes and connect visual association areas of the occipital lobe, auditory and247

visual association areas, and prefrontal cortex (Catani, Dell'acqua, & Thiebaut de248

Schotten, 2013). The identification of these impairments in our study match well with249

the primary sensory deficit observed in patients with DOC. In addition, the left250



11

corticopontine tract and bilateral reticulospinal tracts located around the brainstem251

were associated with the impairment of consciousness in patients with DOC. This has252

been previously reported in a TBI study showing that impaired brainstem WM253

integrity is associated with loss of consciousness (Delano-Wood et al., 2015). Finally,254

the dentato-rubro-thalamic tract originates from the dentate nucleus in the cerebellum255

and terminates in the contralateral ventrolateral nucleus of the thalamus after256

decussating to the contralateral red nucleus, which is known to be involved in the257

control of movement (Kwon et al., 2011). The abnormalities we observed in the left258

dentato-rubro-thalamic tract in patients with DOC are consistent with abnormal motor259

skills in these individuals.260

The most striking result to emerge from our analyses was the finding that DOC261

patients had significantly higher QA in the bilateral cerebellum compared with262

healthy controls. It has been reported that cerebello-thalamic fibers appear to be263

relatively preserved across DOC patients, with only unilateral damage in one VS264

patient, whereas all other patients exhibited no differences compared with controls265

(Stafford, Owen, & Fernandez-Espejo, 2019). In addition, Zhou et al. (2011) also266

reported partial preservation of functional connectivity between the thalamus and267

cerebellum at rest in prolonged DOC (J. Zhou et al., 2011). The cerebellum has a268

well-established role in controlling motor functions, such as coordination, balance,269

posture, and skilled learning. However, the role of this brain region in non-motor270

learning is poorly understood (Sendhilnathan, Semework, Goldberg, & Ipata, 2020).271

Currently, an increasing number of researchers are beginning to study the role of the272

cerebellum in higher-order functions, such as emotion, language, and cognition273

(Adamaszek et al., 2017; Baumann et al., 2015; Koziol et al., 2014; Marien et al.,274

2014). Regarding the biological structure, it connects to multiple brain regions with275
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different functions, such as the reticular system, brainstem, hypothalamus, limbic276

system, paralimbic regions, and association and sensorimotor cortices (Schmahmann,277

2004). A two-stage feedforward and feedback system was identified from the278

cerebellar to the cortical areas. The feedforward system originates in the cerebellum,279

then passes through the deep cerebellar nuclei and projects to the thalamus and280

cortical regions. The backward system originates in the cortex and projects to the281

cerebellum through the pons (Stoodley & Schmahmann, 2010). In our study, why the282

QA values in the cerebellum of DOC patients were higher still needs to be explored in283

the future.284

The connectometry analysis also revealed that in MCS patients, the QA values285

were higher in many tracts of the right hemisphere, whereas in VS/UWS patients,286

many tracts in the left hemisphere showed higher QA. This is consistent with previous287

findings of left-lateralized thalamic (Fernandez-Espejo et al., 2010; Lutkenhoff et al.,288

2015) and global gray matter (Guldenmund et al., 2016) atrophy in prolonged DOC.289

Early studies have reported that left-hemispheric damage could lead to a more severe290

deficit in motor function compared with right-hemispheric damage in patients with291

focal brain injuries (Haaland & Harrington, 1989; Kimura, 1977; Wyke, 1966, 1967).292

On the other hand, left-lateralization might be related to defects in language293

processing, and clinical assessments (such as CRS-R) are more affected by language294

(Guldenmund et al., 2016; Lutkenhoff et al., 2015). Therefore, further studies are295

needed to better understand these associations.296

Two potential limitations of this study need to be considered. First, the sample297

size was relatively small. As no metal in any body part was permitted in patients with298

DOC undergoing 7T MRI scans, very few patients met the inclusion criteria. Patients299

with large focal lesions were also excluded from the study. Second, some of the300
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patients with DOC had TBI while others had hypoxic-ischemic encephalopathy; the301

different pathogenic backgrounds may have influenced our results. Additional studies302

need to be conducted with larger cohorts and stratification by etiology.303

5. Conclusions304

In this study, non-invasive ultra-high field (7 T) MRI and group connectometry305

analyses were used to reveal WM disruptions in DOC. We found that in DOC patients,306

the QA was significantly reduced primarily in deep WM tracts. Remarkably, we307

observed significantly higher QA in the bilateral cerebellum of patients with DOC308

compared with healthy controls. Moreover, the observed lateralization between MCS309

and VS/UWS patients was in line with the correlation between diffusion310

connectometry and CRS-R scores. Our findings emphasize the need for further311

research examining the unique roles of the cerebellum, particularly with regard to312

DOC patients, and unravel a lateralization of the cerebral hemisphere in the context of313

this disorder.314

315
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Figure legends344

Figure 1 Tracks with QA increased in healthy controls compared with DOC patients345

The connectometry analysis found corpus callosum, bilateral fornix, bilateral346

corticospinal tract, bilateral cingulum, right inferior fronto-occipital fasciculus, left347

corticopontine tract, right cortico-thalamic pathway, bilateral reticulospinal tract, left348

dentatorubro-thalamic tract showing QA increased in healthy controls compared with349

DOC patients (FDR = 0.000024). Axial (A) and Coronal (B) view (radiologic350
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orientation) of the fibers that showed increased QA in healthy controls compared with351

DOC patients (red color). (C) Brain regions that showed increased QA. The color of352

the tract depends on the direction of the fibers (red: left-right, green: anterior-posterior,353

blue: superior-inferior).354

355

Figure 2 Tracks with QA increased in DOC patients compared with healthy controls356

The connectometry analysis found left cerebellum and right cerebellum showing QA357

increased in DOC patients compared with healthy controls (FDR = 0.000094). Axial358

(A) and Coronal (B) view (radiologic orientation) of the fibers that showed increased359

QA in DOC patients compared with healthy controls (blue color). (C) Brain regions360

that showed increased QA. The color of the tract depends on the direction of the fibers361

(red: left-right, green: anterior-posterior, blue: superior-inferior).362

363
364

Tables365
Table 1 Demographic and clinical characteristics366

DOC HC p-value

Number 14 13 NA

Age/years, mean (±SD) 46.9 ± 16.4 40.7 ± 15.9 0.166

Sex, male (%) 85.71% 92.31% NA

Handedness, right (%) 100% 100% NA

Diagnosis (MCS/VS/UWS) 6/8 NA NA

Etiology (TBI /non-TBI) 6/8 NA NA

Abbreviations: MCS, Minimally Conscious State; VS/UWS, Vegetative State/Unresponsive367
Wakefulness Syndrome; HIE, Hypoxic Ischemic Encephalopathy; TBI, Traumatic Brain Injury;368
CRS-R, Coma Recovery Scale-Revised. N/A, not applicable. bp-value was obtained using the369
two-sample two-tailed t-test.370

371
372

Table 2 Regions with significantly different connectivity in between group comparing of DOC373
patients with healthy controls374
Healthy controls > DOC patients
(FDR = 0.000024)

Healthy controls < DOC patients
(FDR = 0.000094)

Corpus callosum Right cerebellum
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Bilateral fornix Left cerebellum
Bilateral corticospinal tract
Bilateral cingulum
Right inferior fronto-occipital fasciculus
Left corticopontine tract
Right cortico-thalamic pathway
Left dentatorubro-thalamic tract
Bilateral reticulospinal tract

375
376
377
378
379

Table 3 Fibers with significantly association with CRS-R in DOC patients380
Fibers with positive association with CRS-R
in DOC
(FDR= 0.005977)

Fibers with negative association with CRS-R
in DOC
(FDR = 0.002597)

Right inferior fronto-occipital fasciculus Left arcuate fasciculus
Right corticopontine tract Left inferior longitudinal fasciculus
Corpus callosum Left inferior fronto-occipital fasciculus
Bilateral corticospinal tract Left cingulum
Uncinated fasciculus Anterior commissure
Middle cerebellar peduncle Left cerebellum
Right dentatorubrothalamic tract Left corticostriatal pathway
Right reticulospinal tract Left optic radiation
Right inferior longitudinal fasciculus
Right cingulum
Right corticobulbar tract

381
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Figures572
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574

Figure 1 Tracks with QA increased in healthy controls compared with DOC patients575

The connectometry analysis found corpus callosum, bilateral fornix, bilateral corticospinal tract,576

bilateral cingulum, right inferior fronto-occipital fasciculus, left corticopontine tract, right577

cortico-thalamic pathway, bilateral reticulospinal tract, left dentatorubro-thalamic tract showing578

QA increased in healthy controls compared with DOC patients (FDR = 0.000024). Axial (A) and579

Coronal (B) view (radiologic orientation) of the fibers that showed increased QA in healthy580

controls compared with DOC patients (red color). (C) Brain regions that showed increased QA.581

The color of the tract depends on the direction of the fibers (red: left-right, green:582

anterior-posterior, blue: superior-inferior).583

584

585
586

Figure 2 Tracks with QA increased in DOC patients compared with healthy controls587

The connectometry analysis found left cerebellum and right cerebellum showing QA increased in588

DOC patients compared with healthy controls (FDR = 0.000094). Axial (A) and Coronal (B) view589

(radiologic orientation) of the fibers that showed increased QA in DOC patients compared with590

healthy controls (blue color). (C) Brain regions that showed increased QA. The color of the tract591

depends on the direction of the fibers (red: left-right, green: anterior-posterior, blue:592

superior-inferior).593



Figures

Figure 1

Tracks with QA increased in healthy controls compared with DOC patients The connectometry analysis
found corpus callosum, bilateral fornix, bilateral corticospinal tract, bilateral cingulum, right inferior
fronto-occipital fasciculus, left corticopontine tract, right cortico-thalamic pathway, bilateral reticulospinal
tract, left dentatorubro-thalamic tract showing QA increased in healthy controls compared with DOC
patients (FDR = 0.000024). Axial (A) and Coronal (B) view (radiologic orientation) of the �bers that
showed increased QA in healthy controls compared with DOC patients (red color). (C) Brain regions that
showed increased QA. The color of the tract depends on the direction of the �bers (red: left-right, green:
anterior-posterior, blue: superior-inferior).

Figure 2



Tracks with QA increased in DOC patients compared with healthy controls The connectometry analysis
found left cerebellum and right cerebellum showing QA increased in DOC patients compared with healthy
controls (FDR = 0.000094). Axial (A) and Coronal (B) view (radiologic orientation) of the �bers that
showed increased QA in DOC patients compared with healthy controls (blue color). (C) Brain regions that
showed increased QA. The color of the tract depends on the direction of the �bers (red: left-right, green:
anterior-posterior, blue: superior-inferior).
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