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IMPORTANCE Clinical outcome in multiple sclerosis was suggested to be driven by not only
remyelination but also adaptive reorganization. This mechanism needs to be further
understood.

OBJECTIVE To explore anatomical and functional visual networks in patients with optic
neuritis (ON) to assess the relative weight of each connectivity modality to expedite visual
recovery.

DESIGN, SETTING, AND PARTICIPANTS Between March 11, 2011, and May 26, 2014, 39 patients
with either clinically isolated syndrome (CIS) ON (n = 18) or other CIS (non-ON) (n = 21) were
recruited 1 to 28 months following an initial clinical event. These patients enrolled in an
ongoing prospective cohort study (107 participants at the time of this present study) about
the disease course of CIS and multiple sclerosis. Inclusion criteria were an age of 18 to 65
years, the suggestive clinical and paraclinical diagnosis of CIS or multiple sclerosis after
relevant differential diagnoses have been ruled out, the existence of complete imaging data,
and no ocular comorbidities. Anatomical connectivity was evaluated by diffusion tensor
imaging, and functional connectivity was evaluated by resting-state functional magnetic
resonance imaging. The visual pathways, including optic tracts, optic radiations, and splenial
fibers, were delineated, and the resting-state visual networks were detected. Data analysis
took place from September 1, 2015, to December 1, 2015.

MAIN OUTCOMES AND MEASURES Connectivity changes were quantified and compared to
determine the association of ON with the visual network.

RESULTS This study included 18 patients with CIS ON, 11 (61%) of whom were women with a
mean (SD) age of 32.83 (8.53) years, and 21 patients with CIS non-ON (11 [52%] of whom
were women with a mean [SD] age of 30.86 [7.54] years). With the use of diffusion tensor
imaging, reduced diffusivity (mean [SD] fractional anisotropy, 0.35 [0.03] vs 0.38 [0.03];
P < .01) was evident along the optic tracts of patients with ON, suggesting the extension of
axonal injury from the damaged optic nerve. Neither the optic radiations nor the splenial
fibers showed evidence of loss of integrity. Yet, in the presence of an intact postgeniculate
anatomical network, the functional connectivity within the visual network was higher in the
ON cohort. Functional connectivity observed in cortical motion–related areas was inversely
correlated with the visual evoked potential–measured conduction velocity (r = −0.59;
P < .05).

CONCLUSIONS AND RELEVANCE In this cohort, local optic nerve demyelinating damage does
not affect distant wiring, but even in the presence of an intact anatomical network, functional
modification may occur. These functional network changes may be part of the recovery
process, but further research is needed to elucidate this process.
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T he term multiple sclerosis (MS) stems from the neuro-
pathological observation of numerous focal “plaques”
in the white matter1; thus, MS imaging research had ini-

tially concentrated on lesion localization and load. However,
the discrepancy between lesion load and clinical disability sug-
gested that damage by far exceeds areas of focal inflamma-
tion and that the brain should be evaluated as a whole.2-6

Local lesional damage to strategic white matter tracts may
exert remote consequences through anatomical connections.
Connectivity, however, can also be determined by the “common
interest” of different brain regions working together. In that case,
damage to one module will affect other network components.
Changes in functional connectivity were proposed to play a com-
pensatory role in MS, presumably contributing to the weak as-
sociation between lesion load and clinical manifestations.7

Optic neuritis (ON), with its characteristic clinical manifes-
tation, and the visual pathways, which are amenable to investi-
gation with various structural and functional visual and imaging
techniques, were recently proposed as in vivo models for study-
ing the pathophysiology of tissue damage and repair in MS.8

This study investigated both anatomical and functional vi-
sual networks in patients with a first ON attack and compared
them with the visual networks of patients presenting with
symptoms suggestive of demyelination in other functional sys-
tems. In particular, we examined how anatomical and func-
tional connectivity changes in the visual system following ON
intertwine and whether these changes are distinct from those
in patients with non-ON.

Methods
The study was approved by the Charité–Universitätsmedizin
Berlin ethics committee and was conducted in accordance with
the Declaration of Helsinki.9 All participants gave written in-
formed consent. Data analysis took place from September 1,
2015, to December 1, 2015.

Participants
Between March 11, 2011, and May 26, 2014, we prospectively re-
cruited 18 patients with a clinically isolated syndrome (CIS) ON
episode (eTable 1 in the Supplement) and 21 patients with a CIS
episode in other functional systems (non-ON) (eTable 2 in the
Supplement) 1 to 28 months (median, 3-4 months) following the
clinicalevent.Basedonradiologicalevidencefordiseasedissemi-
nation in space and time, 3 patients in each cohort met the 2010
revised McDonald criteria for MS.10 Participants in this present
study are enrolled in an ongoing prospective cohort study (107
at the time of this present study) about the disease course of CIS
and MS. Inclusion criteria were an age of 18 to 65 years, the sug-
gestive clinical and paraclinical diagnosis of CIS or MS after rel-
evant differential diagnoses have been ruled out, the existence
of complete imaging data, and no ocular comorbidities. (See
eAppendix in the Supplement for further details on the patients.)

Data Acquisition and Analysis
Visual acuity (VA) was measured with the Early Treatment
Diabetic Retinopathy Study (ETDRS) chart, and the results

were converted to decimal scale. Peripapillary retinal nerve
fiber layer (pRNFL) thickness was recorded using spectral-
domain optical coherence tomography (SPECTRALIS;
Heidelberg Engineering). The affected and fellow eyes of
each patient with ON were assessed separately. No signifi-
cant intereye differences were seen in patients with non-ON;
thus, the mean values of the data were calculated for each
patient.

Visual evoked potentials (VEPs) were recorded by a trained
technician on a VEP system (Dantec Keypoint; Natus). Abnor-
mal values were defined as above 111 milliseconds. The af-
fected and fellow eyes of each patient were assessed sepa-
rately. No significant intereye differences were found in
patients with non-ON; thus, the mean values of the data were
calculated for each patient.

Magnetic resonance imaging (MRI) data were acquired on
a 3-T MRI scanner (Magnetom Trio; Siemens) using a 12-
channel head coil. Anatomical MRI sequences included high-
resolution T1-weighted images and fluid-attenuated inver-
sion recovery (FLAIR)–weighted images. Diffusion tensor
imaging data were acquired using a diffusion-weighted imaging
sequence. All preprocessing and tractography were per-
formed using the mrVista software package (VISTA Lab, Stan-
ford University). The postchiasmal afferent visual pathways,
including optic tracts and optic radiations, were delineated
using a probabilistic fiber-tracking algorithm (ConTrack; VISTA
Lab, Stanford University).11 The callosal fibers were tracked
using a deterministic streamline-tracing technique algorithm
(according to mrVista defaults), and the 5 most posterior fi-
ber groups (occipital, posterior-parietal, superior-parietal,
superior-frontal, and temporal) were parceled as described
elsewhere.12,13 White matter integrity, including fractional
anisotropy (FA), and diffusion that is parallel (axial diffusiv-
ity [AD]) and perpendicular (radial diffusivity [RD]) to the pri-
mary fiber direction were extracted.

White matter lesions were manually segmented on
FLAIR images and intersected with the visual pathways (op-
tic tracts and radiations as well as splenial fibers) to calculate
lesion volume. Resting-state blood oxygenation level–
dependent functional MRI (fMRI) measurements were
obtained with an echo-planar imaging sequence. The fMRI

Key Points
Question How are anatomical connectivity and functional
connectivity associated with recovery after optic neuritis?

Findings In this study of 18 patients with optic neuritis as a
clinically isolated syndrome and 21 patients with clinically isolated
syndrome and damage elsewhere in the central nervous system,
intact postgeniculate visual pathways were found but functional
modification occurred as well, suggesting that functional network
changes may be part of the recovery process.

Meaning Potentially adaptive modifications in functional
connectivity may be important in explaining recovery following
demyelinating injury, with specific evidence provided from the
visual pathway.
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data analysis was performed using the BrainVoyager QX soft-
ware package, version 2.8 (Brain Innovation). Data were ana-
lyzed via independent component analysis.14 For each
patient, 3 regions of interest (ROIs) were defined in each
hemisphere. The calcarine sulcus was defined anatomically,
and the lateral occipital complex (LOC) and middle temporal
(MT) regions were defined functionally as regions selectively
activated by object (LOC) and motion (MT) processing.
These areas were selected as representative high-order
regions in the ventral (LOC) and dorsal (MT) streams. (See
eAppendix in the Supplement for further details on data
acquisition and analysis.)

Statistical Analysis
Mean values of FA, AD, and RD were compared between pa-
tients with ON and those with non-ON through unpaired
2-tailed t tests. Significance was assessed at the 2-sided P < .05
level. To assess significant differences along the fiber pro-
files, given the high degree of correlation between adjacent
points on the tract, we used a permutation-based multiple com-
parisons correction.15

Pearson correlation coefficients and linear regression analy-
sis were used to examine the associations between diffusiv-
ity measurements of the optic tracts, optic radiations and cal-
losal occipital fibers, and functional connectivity z scores;
between pRNFL thickness and z scores; between VEP P100 val-
ues and z scores; between pRNFL thickness and diffusivity
measurements of the fiber groups; and between VEP P100 val-
ues and diffusivity measurements. Significance was assessed
at the 2-sided P < .05 level.

To control for the effects of time elapsed from episode ow-
ing to a greater number of patients recruited 1 to 3 months fol-
lowing the acute ON attack, a linear regression model was built
with functional connectivity z scores as the dependent vari-
ables and time from episode as the independent variable. A sec-
ond model was built with lesion loads in the optic tracts and
radiations as the independent variables to control for effects
of disease load.

Results
Research Cohort Characteristics
Of the 39 patients included, 18 had CIS ON, 11 (61%) of whom
were women with a mean (SD) age of 32.83 (8.53) years. Of
the remaining 21 patients with other CIS episodes (non-ON),
11 (52%) were women with a mean (SD) age of 30.86 (7.54)
years. Visual acuity was within the normal range16 at greater
than 0.8 (Snellen 20/25) except for 1 patient with ON who
had 0.5 (Snellen 20/40). The mean (SD) VA values were 0.92
(0.34) for the affected eyes of patients with ON, 1.19 (0.36)
for the fellow eyes, and 1.08 (0.28) for the non-ON “aver-
aged” eyes (averaged eyes refer to the mean results of the
right and left eyes). A significant difference of P < .01 was
found between the affected and fellow eyes owing to the
higher VAs recorded for the fellow eyes.

The mean (SD) pRNFL thickness of the affected eyes was
reduced (83.2 [12.2] μm) compared with both fellow eyes and

non-ON averaged eyes (95.0 [11.8] μm vs 98.0 [12.3] μm;
P < .01). No difference was observed between the fellow eyes
and non-ON averaged eyes.

The mean (SD) VEP P100 latencies of the affected eyes of
patients with ON were prolonged compared with those of the
fellow eyes (120.6 [12.9] milliseconds vs 103.2 [7.5] millisec-
onds; P < .01). The mean (SD) VEP P100 latencies of the non-ON
averaged eyes (109.5 [20.5] milliseconds) were not signifi-
cantly different from either the affected eyes or the fellow eyes
of patients with ON. This result was driven by 3 patients with
non-ON who had binocular-prolonged P100 latencies; when
excluded, the averaged eyes’ mean (SD) latencies were 101.5
(5.7) milliseconds and were significantly shorter than those of
the ON-affected eyes at P < .01). Functional MRI data analy-
sis was performed with and without these 3 patients; how-
ever, because no difference in results was found, they were in-
cluded in all analyses. These 3 patients were not clinically
diagnosed as having ON, which is in line with the notion that,
in MS, prolonged latencies may occur without prior ON.17

Anatomical Connectivity
Afferent Visual Pathway—Optic Tracts
Optic tracts were delineated on a participant-by-participant ba-
sis (Figure 1A). Diffusivity measurements were analyzed along
30 resampling points along the fibers. Significantly reduced
FA was found in the right optic tract in patients with ON com-
pared with those with non-ON (mean (SD), 0.35 [0.03] vs 0.38
[0.03]; P < .01; Figure 1B). The difference is clearly seen
throughout the last two-thirds of the fiber, reaching signifi-
cance following a multiple comparison correction in points 13
to 20. This difference is derived from AD measurements of the
tract (Figure 1C) with no significant difference observed in RD
(Figure 1D). For correlation analysis, mean measurements of
the entire optic tract were also calculated. A difference be-
tween cohorts was found only for AD (patients with ON, 1.12
[0.09] μm2/ms vs patients with non-ON, 1.2 [0.08] μm2/ms;
P < .01). No differences were detected in the left optic tract (data
not shown).

To examine whether the optic tract measurements result
from the degeneration proceeding from the optic nerve, we cor-
related the pRNFL thickness to the fiber diffusivity measure-
ments. Because each optic tract transmits information from
the contralateral nasal hemiretina, we correlated pRNFL thick-
ness from the nasal hemiretina of the affected eyes with dif-
fusivity within the corresponding contralateral optic tracts, as
was done previously.18 Significant correlation (r = 0.68; P < .01)
was found between the nasal pRNFL thickness and the mean
FA measures in the last (posterior) third of the corresponding
optic tracts. No such results were found when the pRNFL thick-
ness was correlated with the entire optic tract or any of its other
thirds. No such correlations were found in the non-ON or the
ON fellow eyes.

Afferent Visual Pathway—Optic Radiations
Optic radiations were delineated on a participant-by-
participant basis (Figure 2A). No significant differences were
found between the 2 study cohorts in any fiber diffusivity data
(AD, RD, and FA; Figure 2B). Sixteen patients with ON (89%)
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and 18 patients with non-ON (86%) had lesions within their
optic radiations. The lesion volume range was 0 to 542 mm3

(mean [SD], 138.34 [139.16] mm3) for patients with ON and 0
to 604 mm3 (146.56 [168.47] mm3) for patients with non-ON,

and there was no difference between cohorts (Figure 2C).
Despite lesion volume heterogeneity in the 2 cohorts, FA was
not different, which may indicate that lesion volume has very
little association with tract integrity. No correlations were found

Figure 2. Absence of Transsynaptic Degeneration in the Optic Radiation (OR)
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Figure 1. Optic Tract (OT) Integrity Impairment Following Damage to the Optic Nerve
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between pRNFL thickness and any of the diffusivity data of
the optic radiations.

Occipito-Occipital Pathway
Five fiber groups crossing the corpus callosum, the largest
white matter structure in the brain that facilitates interhemi-
spheric communication, were segmented and compared be-
tween the study cohorts (Figure 3A). These fiber groups were
used to parcel the corpus callosum (Figure 3A inset). A com-
parison of the relative callosal volume taken by each of the 5
groups revealed no differences between the study cohorts
(ie, the internal organization of the corpus callosum did not
differ between patients with ON and those with non-ON)
(Figure 3B, occipital group). Furthermore, no differences
were observed in any of the fiber diffusivity measurements
between the 2 cohorts (statistics shown in Figure 3C for the oc-
cipital group; similar analyses performed for the other fiber
groups are not shown).

Functional Connectivity
Visual Resting-State Network Connectivity
For each patient, the visual network was selected. t Maps for
those with ON and those with non-ON were created and were
based on individual maps (Figure 4A). A group t test was con-
ducted, and areas of significant differences were identified.
Stronger in-network connectivity in the ON map was found in
both low-order (calcarine sulcus) and high-order (LOC and MT)

visual regions (Figure 4B). For correlation analysis purposes,
z scores were extracted from an intersection of previously18

and externally defined, localizer-based ROIs and significant
voxels. The z score comparison of the 3 selected ROIs did not
detect between-group differences.

To investigate whether the functional connectivity is in-
fluenced by the quality of the visual input, we correlated
z scores extracted from the 3 predefined visual ROIs with VEP
P100 latencies (Figure 5) and pRNFL. An inverse correlation
was found between the ON intereye latency difference (ΔVEP,
defined as affected eye P100 − fellow eye P100) and func-
tional connectivity of the right MT to the rest of the visual rest-
ing-state network (Figure 5A; n = 13; r = –0.59; P < .05). A simi-
lar, although nonsignificant (r = –0.41; P = .16), trend was found
between the ON affected eye VEP latencies and the right MT
connectivity. Nonsignificance was caused by a single outlier
(when removed, r = –0.74; P < .01), suggesting the observa-
tion regarding ΔVEP is derived from the affected eye. No such
correlation was found for the left MT or for the other ROIs.

Correlation was also found between the averaged non-ON
VEP P100 latencies and the left MT connectivity (Figure 5B;
n = 10; r = –0.72; P < .05). It is important to note that this cor-
relation was mainly driven by the 3 patients with prolonged
latencies. No other correlation was found for the non-ON
cohort’s ROIs.

No correlations were found between the pRNFL thick-
ness and the visual resting-state network z scores. When

Figure 3. Absence of Changes in the Callosal Fibers Following Damage to the Afferent Visual Pathway
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applying the regression models, we found that none of the
independent variables predicted the dependent variables with

P < .05, implying that neither time from episode nor lesion load
in the optic tracts or radiations affected connectivity.

Figure 4. Stronger Functional Connectivity of the Visual Resting-State Network (V-RSN) in Patients With Optic Neuritis (ON) vs Patients With Non-ON
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Discussion

Axonal injury was evident in the optic tracts of patients with
ON, suggesting the local extension of the optic nerve damage
as in wallerian degeneration. However, neither the optic ra-
diations nor the occipital callosal fibers exhibited differences
in tract integrity, which are specific to the ON cohort. Yet, in
the presence of an intact postgeniculate anatomical network,
the functional connectivity within the visual network was
higher in patients with ON than in those with non-ON. The
functional connectivity observed in the MT region, which is
believed to play a major role in motion perception,19 corre-
lated with the conduction velocity along the afferent visual
pathways of the ON cohort.

Similar to a previous report,18 in which the visual path-
ways of patients with ON were compared with those of normal-
sighted controls, our study shows that long-term axonal loss
developed distally to the diseased optic nerve but did not pro-
ceed to the postsynaptic optic radiation. The fact that re-
duced optic tract integrity following ON was evident in com-
parison with both healthy controls and patients with non-ON
supports the notion that the damage is an extension of the lo-
cal optic nerve damage and not a part of a generalized demy-
elination or neuroaxonal damage. Differences in RD along the
optic radiations were reported to be associated with intra-
bundle lesion volume.18 Because the control group in the
present study included patients with non-ON but with simi-
lar lesion loads within their optic radiations, no such differ-
ences were detected.

Data regarding the involvement of the optic radiation fol-
lowing ON are contradictory. Several reports suggest that dam-
age to the optic radiation is independent from the proximal
damage,20,21 but others report transsynaptic anterograde de-
generation effects.22,23 This contradiction can be explained by
the use of different tractography methods or by differences in

scan time from the acute event. Recently, a thorough study fo-
cusing on the diffusivity dynamics of optic radiation re-
ported that, within a longitudinally studied ON cohort, trans-
synaptic degeneration was observed over time.24 Neither our
study nor any other has referred to the visual pathway in its
entirety, thus precluding inferences regarding the temporal
evolution of visual pathway damage. However, in our study,
the intactness of the optic radiations did not differ between
cohorts, which is important in light of the functional connec-
tivity results.

The corpus callosum was also evaluated to investigate
the more distant effects of local demyelinating damage. Our
in vivo approach to parcel the corpus callosum to its subdivi-
sions enabled us to shed light on the specific morphology
and functional relationships connected to the visual
network.12,13 Previous studies on the effect of congenital or
early-age damage to the afferent visual system showed small
callosal space taken by the occipital fiber group, probably
resulting from arrested development of the posterior callo-
sum. During development, there may be competition for
synaptic space between different types of systems and, in
the absence of a powerful visual input, visual fibers may
acquire less synaptic space.25,26 Unlike developmental con-
ditions, any changes in the callosal fibers of either cohort
were not observed. All fiber groups were similar between
study cohorts, and no parametric or structural changes sug-
gesting atrophy or compensatory plasticity were noted.

These functional connectivity results suggest that, fol-
lowing an ON episode, the spontaneous signals recorded in
the entire visual network become more closely correlated in
patients with ON compared with those with non-ON. Areas
of stronger connectivity were found in all 3 selected regions
(ie, lower [calcarine] and higher [object (LOC) and motion
(MT)] visual cortical regions). These results are partially in
agreement with Gallo et al,27 who reported an area of stron-
ger connectivity in the extrastriate cortex. In contrast, we

Figure 5. Correlation of Stronger Functional Connectivity of the Middle Temporal (MT) to the Visual Resting-State Network (V-RSN)
With the Projection Rates Along the Visual Pathways
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A, Functional connectivity of the right MT region to the V-RSN in patients with
optic neuritis (ON) as a function of the ON intereye latency difference (ie, the
change in visual evoked potential (ΔVEP, defined as affected eye P100 − fellow

eye P100). B, Functional connectivity of the left MT region to the V-RSN in
patients with non-ON as a function of mean VEP P100 of the 2 eyes.
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found no reduction of connectivity in the lateral middle
occipital gyrus. These differences may be explained by the
selection criteria. We included only patients with a single ON
episode, whereas Gallo and colleagues included participants
with multiple ON episodes, demonstrating an association
between a higher number of recurrences and reduced func-
tional connectivity. Two assumptions may be inferred from
these reports. First, even a single ON episode, as in our
cohort, is sufficient to induce functional connectivity
changes despite only slightly, if any, reduced VA. Second, the
increase in connectivity suggesting a compensatory mecha-
nism is limited to a certain amount of damage, which is in
line with studies in neurodegenerative diseases. In patients
with minimal cognitive impairment, increased hippocampal
fMRI activation can be found, suggesting the recruitment of
activated neurons to compensate for the damage incurred,
but in patients with Alzheimer disease, decreased functional
activity in the same vicinity is displayed, suggesting a
threshold for the compensational ability.28

Wu et al29 reported generally reduced functional connec-
tivity within the visual system of patients with ON compared
with that in healthy controls. However, their cohort was com-
posed of only patients with acute-stage ON (mean [SD] num-
ber of days after onset, 50 [25]). Because these patients were
at their nadir of VA and damage status, it is not surprising that
our results are in disagreement with theirs.

Functional connectivity between the MT region and the
entire visual network was specifically correlated with the con-
duction velocity along the afferent visual pathways.

This was evident in the affected eyes of not only patients
with ON but also those without ON, the cohort in which this
result was mainly driven by 3 patients with prolonged laten-
cies. The visual area MT is believed to play a major role in mo-
tion perception.19 The sustained motion perception deficit in
ON has been previously reported.30-32 Furthermore, electro-
physiological results suggested that demyelination was prob-
ably the cause for these deficits.33 Conduction velocity in the
visual pathways (measured by VEP) correlated closely with
dynamic visual functions, implicating the need for rapid trans-
mission of visual input to perceive motion. Our present re-
sults highlight and reemphasize this link between myelina-
tion and the temporal aspects of perception.

Of note, there was no correlation between conduction ve-
locity in the fellow eyes and the MT connectivity. This find-
ing may support the hypothesis that the prolonged latencies
in the affected and fellow eyes stem from different patho-
physiological mechanisms.34 In brief, we previously sug-
gested that prolonged latencies along the affected eye reflect
demyelination, but visual projection via the clinically unaf-

fected fellow eyes reflects an adaptive process that contrib-
utes to the temporal synchronization of binocular visual in-
formation in the cortex. This suggestion indicates that the
cortical modulatory process in the fellow eye improves bin-
ocular functions following ON and thus emphasizes the inter-
play between the 2 eyes.35

Limitations
This study is limited by its cross-sectional design and the vari-
ability in time lapse from the acute episode. However, both co-
horts are equally heterogeneous in this aspect. We cannot fully
rule out the possibility that the time lapse from ON was too
short in some patients to allow for a full evolution of visual
pathway damage. On a more general perspective, resolution
and accuracy of diffusion tensor imaging is not very high; for
this reason, minor differences can still be present between co-
horts. Regarding the resting-state fMRI, connectivity might be
influenced by changed activity in 1 nodule within the net-
work. A previous study demonstrated that cortical activation
in response to a stimulus presented to the affected eye was im-
paired for motion perception: the worse the motion percep-
tion, the lower the activity in the MT region.32 Therefore, the
observed increased connectivity in the present study further
emphasizes the possibility of adaptive reorganization. It is note-
worthy that the changes observed are limited to the right side
of the brain. This result may be due to this specific ON cohort
or its limited sample size, but another possible explanation is
functional lateralization or a preference of the brain’s recov-
ery mechanisms to this particular side. Similar lateralization
was previously found in visual pathways of glaucoma
cohorts,36,37 which was proposed to result from asymmetry in
the average locations of the specific defects or from an asso-
ciation with hemispheric functional asymmetry in visual in-
formation processing.

Conclusions
This study shows no anatomical differences between the vi-
sual pathways of patients with ON and those with non-ON past
the first synapse of the afferent visual pathway. However, func-
tional changes are observed with stronger connectivity in the
visual network of the patients with ON, raising the possibility
that, along with its recovery abilities, the brain also has modi-
fication abilities that act together to overcome an insult. Our
findings highlight the importance of using a broader ap-
proach, combining the 2 complementary modalities of diffu-
sion tensor imaging and resting-state fMRI to better define
study cohorts and take potential confounders into account.
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