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INTRODUCTION

Multiple sclerosis (MS) is an autoimmune inflammatory dis-
ease resulting in multifocal myelin degradation affecting the 

central nervous system producing a plethora of symptoms in-
cluding voiding dysfunction. MS remains one of the most com-
mon causes of neurodegeneration in young adults, with a slight 
female predominance [1,2]. Up to 14% of patients’ presenting 
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Purpose: This study evaluates the grey and white brain matter characteristics in women with multiple sclerosis (MS) and de-
trusor sphincter dyssynergia (DSD). Grey matter is assessed via the functional connectivity (FC) of brain regions activated 
during voiding, using functional magnetic resonance imaging (fMRI). Two white matter tracts involved in bladder function, 
the anterior thalamic radiation (ATR) and superior longitudinal fasciculus (SLF), were evaluated using diffusion tensor imag-
ing.
Methods: Twenty-seven women with MS (2 groups: no-DSD [n=23] or DSD [n=4]), and 8 healthy controls (HCs) under-
went concurrent urodynamic-fMRI evaluation with 4 cycles of bladder filling and emptying. A FC similarity measure (FC_
sim) was calculated for each subject to express the similarity of individual FC at voiding initiation compared to all FC patterns. 
ATR and SLF tracts were traced and their fractional anisotropy (FA) and mean diffusivity (MD) were recorded.
Results: Mean FC_sim values were significantly different among the 3 groups indicating distinct FC patterns; however, no sig-
nificant difference was found between DSD and no-DSD groups. DSD group showed trends of lower FA and higher MD—
indicating loss of coherence—in all tracts compared to HCs, and in the left and right ATR when compared to MS women 
with neither DSD nor voiding dysfunction (VD), suggesting more damage in these tracts for MS women with DSD.
Conclusions: Women with MS show distinctly different FC patterns compared to HCs. There are trends showing more dam-
age in the ATR in women with MS and DSD compared to those with neither DSD nor VD.
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symptoms will involve urinary complaints, with close to 90% of 
patients experiencing some degree of neurogenic lower urinary 
tract dysfunction (NLUTD) during their life [3,4]. Overall, the 
majority of lower urinary tract symptoms related to MS are ur-
gency and frequency found in up to 50% of patients; while a 
proportionally smaller number of patients (20%–25%) experi-
ence detrusor sphincter dyssynergia (DSD) [4,5].

MS is known to cause disruptions in both the storage and the 
voiding phase of micturition. DSD occurs when the external 
urethral sphincter is activated while the detrusor muscle is at-
tempting to contract, causing functional bladder outlet obstruc-
tion and voiding dysfunction (VD) [6]. Due to the demyelinat-
ing nature of MS, signal disruption and consequently the mis-
coordination between the external urethral sphincter and de-
trusor contraction leading to DSD is very common in MS pa-
tients [4]. An important distinction must be made between 
DSD and dysfunctional voiding. Many MS patients may have 
voiding phase abnormalities that lead to VD with or without 
DSD. DSD must occur in the setting of a proven neurologic 
condition. External urethral sphincter contraction during mic-
turition without specific neurologic pathology is considered 
dysfunctional voiding [7]. Nevertheless, the obstructive process 
caused by external urethral sphincter contraction can result in 
significant detriment to a patient’s quality of life, functional sta-
tus, and can even result in long-term complications such as re-
nal deterioration [8].

Even with a firm understanding of MS symptomatology and 
epidemiology, the presence or development of urinary symp-
toms does not predict disease severity, progression, or concor-
dance with urodynamic (UDS) findings [9,10]. Dynamic imag-
ing studies, such as positron emission tomography-computed 
tomography and functional magnetic resonance imaging (fMRI) 
modalities, have been implemented to better characterize this 
complex disease process [11-13]. Previously, our team found 
distinct functional connectivity (FC) patterns using fMRI [13] 
with more damage in the left anterior thalamic radiation (ATR) 
on diffusion tensor imaging (DTI) [14] in patients with VD 
compared to those without. In this study, we aim to assess the 
grey and white matter of female MS patients with DSD, specifi-
cally the FC of brain regions that are activated at the initiation 
of voiding, and the integrity of 2 white matter tracts; the ATR 
and the superior longitudinal fasciculus (SLF), via their frac-
tional anisotropy (FA) and mean diffusivity (MD) values. The 
ATR is a reciprocal axon tract between the thalamus, the frontal 
lobe and cingulate gyrus. The SLF is an axon bundle intercon-

necting the frontal lobe, superior, and middle gyri with the ipsi-
lateral parietal and occipital lobes. Both tracts have been found 
to be important in proper bladder function [15-17]. Grey and 
white matter footprints of women with MS and DSD were 
compared to cohorts of MS women without DSD, with and 
without VD, and healthy controls (HCs). We hypothesize that 
female MS patients with DSD have FC patterns that are distinct 
from HCs and female MS patients who do not have DSD, as 
demonstrated by lower FA and higher MD indicating increased 
damage in 2 a priori white matter tracts.

MATERIALS AND METHODS

Subjects
Adult female patients with clinically stable MS for ≥6 months 
and symptomatic NLUTD were referred to our neuro-urolo-
gists at our tertiary care center. Twenty-seven ambulatory fe-
male MS patients with NLUTD and 8 female HCs were recruit-
ed for this study and informed consent was obtained from all 
subjects. Subjects underwent 2 visits in total throughout the 
study: a screening visit and an fMRI/UDS visit. MS patients 
were divided into 2 groups: group 1, patients without DSD 
(n=23) and group 2, patients with DSD (n=4). Patients with 
prior slings (midurethral or pubovaginal), bladder/bladder 
neck suspensions, or previous bladder reconstruction proce-
dures such as augmentation cystoplasty were excluded. Outpa-
tient UDS with fluoroscopic imaging and clinical MRI images 
obtained from patients’ neurologists were reviewed prior to the 
study. Criteria for DSD required increased electromyographic 
activity above baseline with an involuntary detrusor contrac-
tion, and/or a dilated proximal urethra and a closed external 
urethral sphincter on fluoroscopic images. Criteria for VD in-
cluded performing self-catheterization or having a postvoid re-
sidual (PVR) volume of ≥40% of their maximum cystometric 
capacity (MCC). All subjects completed a detailed history, 
physical examination, and validated questionnaires including 
the Urogenital Distress Inventory-6 [18], Incontinence Impact 
Question-7 [18], Hamilton Anxiety Rating Scale [19], and MRI 
Safety Screening Questionnaire.

fMRI and DTI Examination
The detailed protocols of the fMRI-UDS examination in our 
MS and Healthy Control cohorts have been reported previously 
[11,20]. A U.S. Food and Drug Administration (FDA)-approved, 
research-dedicated 3-Tesla full body MRI scanner (Philips Inge-
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nia, Philips Healthcare, Amsterdam, Netherlands) with stan-
dard 12-channel head coil was used for the fMRI examinations.

Prior to the start of fMRI examination, subjects were asked to 
completely empty their bladder (spontaneously or via catheter-
ization). Dual lumen 7Fr MRI-compatible UDS bladder and 
rectal catheters were placed in the patients in the scanner and 
the tubing was extended out to the control room to record ab-
dominal, vesical and detrusor pressures via a Laborie UDS ma-
chine. Subjects were instructed to use hand signals to indicate 
time of “strong desire to void” at the time of full urgency and 
“voiding” when in the scanner. Anatomical, DTI, and fMRI im-
ages were obtained per our previous protocol [11,20].

During the concurrent fMRI/UDS, the bladder was gradually 
filled with room-temperature sterile saline at 50 mL/min until 
subjects signaled a “strong desire to void.” Next, subjects were 
instructed to hold for 30 seconds, after which they were given 
permission to start voiding. If subjects were unable to void, the 
bladder was drained passively. UDS was performed concur-
rently to monitor subjects’ filling and voiding cycle. After at-
tempts to void were complete, the cycle was repeated 3 to 4 
times depending on the patients’ tolerance for the procedure. 
Care was taken not to exceed 45 minutes for the total duration 
of the fMRI examination.

Data Acquisition and Statistical Analysis
A schematic of the FC and DTI analyses is detailed in Supple-
mentary Fig. 1. For FC (Fig. 1A), average blood-oxygen-level-
dependent (BOLD) activation maps of significantly activated 
voxels (P <0.05) were acquired from patients’ fMRI scans. A 
similarity measure called FC_sim was generated from the cor-
relation matrix of all individual BOLD activation maps to 
quantify the FC of each subject (Supplementary Fig. 1) [13]. 
Subjects with higher FC_sim values indicate more similar FC 
pattern compared to the FC averaged over all subjects. For DTI 
analysis, the 2 a priori tracts, ATR and SLF, were traced on 
TrackVis (Fig. 1B), and their FA and MD values were extracted 
(Supplementary Table 1) [17].

Shapiro-Wilk test was performed to confirm the normality of 
the data. Student t and chi-square test were used to compare 
continuous variables (lesion size, age, MS years, fMRI time) and 
categorical variables (presence of VD and detrusor overactivity, 
voiding patterns, lesion locations), respectively. Correlations 
between FC_sim and other continuous and categorical vari-
ables were found using Spearman and point-biserial correlation 
calculations, respectively.

One-way analysis of variance (ANOVA) was performed to 
detect significant differences in FC_sim, FA, and MD values of 
the 2 tracts on both sides in all 3 groups. Subsequently, Tukey 
post hoc test was performed to compare these values between 
each group, and Student t-test was used to compare subgroups 
of patients who had neither DSD nor VD and those with DSD, 
and between all MS patients and HCs.

RESULTS

Clinical data
Patient’s demographics with P-values from unpaired t-tests and 
chi-square tests are detailed in Table 1. There was a significant 
difference in age, questionnaire results, voiding patterns, use of 
overactive bladder medication, PVR and %PVR/MCC between 
MS patients and HCs.

Duration of MS and lesion burden were lower in group 2 

A

B

Fig. 1. (A) Functional connectivity (before FC_sim was gener-
ated) of a female MS patient who did not have DSD (subject 13, 
left), and a female MS patient who had DSD (subject 19, right). 
(B) The 2 a priori white matter tracts, ATR and SLF, showed on 
an axial slice of the anatomical scan of a female MS patient (sub-
ject 13). FC_sim, functional connectivity similarity measure; 
MS, multiple sclerosis; DSD, detrusor sphincter dyssynergia; 
ATR, anterior thalamic radiation; SLF, superior longitudinal 
fasciculus.
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than group 1 with no significant difference. Negative correla-
tions were found between FC_sim and MS duration (r=-0.37, 
P=0.06), brainstem/pons lesions (r=-0.35, P=0.07), enhanc-
ing lesions (r=-0.43, P=0.03).

Grey Matter Analysis: Functional Connectivity
Average FC_sim value of HCs was the lowest, followed by 
groups 1 and 2 (Fig. 2). One-way ANOVA showed FC_sim val-
ue of HCs was significantly different compared to that of DSD 
and non-DSD groups (P=0.007). T-test showed a statistically 

Table 1. Patients’ demographics

Demographic Group 1 
(No-DSD, n=23)

Group 2 
(DSD, n=4) 

P-value (group 1 
vs. group 2)

Overall MS 
(n=27)

HC 
(n=8)

P-value 
(MS vs. HC)

Age (yr) 48 (33–85) 42.5 (37.0–69.0) 0.691 48 (33–85) 31.5 (25–40) <0.001*
BMI (kg/m2) 28.1 (20–43.5) 26.5 (24.9–28.0) 0.123 28 (20–43.5) 22 (18.3–33) 0.064
Duration of MS (yr) 11 (2–47) 7 (2–34) 0.722 10 (2–47) N/A N/A
Previous hysterectomy 4 (17.4) 0 (0) 0.366 4 (14.8) 0 (0) 0.247
OAB medication use 19 (82.6) 4 (100) 0.366 23 (85.2) 0 (0) <0.001*
Questionnaires

Mean UDI-6 10 (2–22) 12.5 (6–24) 0.533 10 (2–24) 0 (0–0) <0.001*
Mean UDI-6, Q5 (voiding) 3 (0–4) 3.5 (0–4) 0.976 3 (0–4) 0 (0–0) <0.001*
Mean IIQ-7 6 (0–21) 15 (11–18) 0.004* 7 (0–21) 0 (0–0) <0.001*

Voiding patterns
Strictly voiding spontaneously 16 (69.6) 2 (50.0) 0.444 18 (66.7) 8 (100) 0.058
Strictly on self-catheterization 5 (21.7) 2 (50.0) 0.234 7 (25.9) 0 (0) 0.107
Voiding spontaneously and on 

self-catheterization
2 (8.7) 0 (0) 0.540 2 (7.4) 0 (0) 0.428

Voiding dysfunction 10 (43.5) 3 (75.0) 0.244 13 (41.8) 0 (0) 0.013*
Clinical urodynamic data

MCC (mL) 402 (139–680) 210 (191–400) 0.034* 400 (139–680) 375 (268–501) 0.773
PVR (mL) 58 (0–370) 80 (60–300) 0.882 75 (0–370) 2 (0–71) <0.001*
%PVR/MCC 25.7 (0–92.0) 39.0 (30.6–75.0) 0.236 30.6 (0–92.0) 0.4 (0–16.1) <0.001*

Concurrent fMRI/UDS data
fMRI scan time 16 (7–43) 19.5 (12–20) 0.937 16 (7–43) 26 (24–30) <0.001*
Voided during fMRI 9 (39.1) 1 (25.0) 0.589 10 (37.0) 7 (87.5) 0.012*
NDO during fMRI 8 (34.8) 2 (50.0) 0.561 10 (37.0) 0 (0) 0.042*

Clinical MRI findings–locations 
of lesions
Presence of general cortical atrophy 4 (17.4) 1 (25.0) 0.718 5 (18.5) N/A N/A
Presence of enhancing lesions 3 (13.0) 1 (25.0) 0.534 4 (14.8) N/A N/A
Cerebrum lesions 23 (100) 4 (100) 1.000 27 (100) N/A N/A
Cerebellum lesions 6 (26.1) 2 (50.0) 0.236 8 (29.6) N/A N/A
Brainstem lesions 10 (43.5) 1 (25.0) 0.488 11 (40.7) N/A N/A
Cervical spinal cord lesions 12 (52.2) 2 (50.0) 0.936 14 (51.9) N/A N/A
Other spinal cord lesions 6 (26.1) 1 (25.0) 0.964 7 (25.9) N/A N/A

Values are presented as median (range) or number (%).      
DSD, detrusor sphincter dyssynergia; MS, multiple sclerosis; HC, healthy control; BMI, body mass index; UDI-6, Urinary Distress Inventory; OAB, 
overactive bladder; IIQ-7, Incontinence Impact Questionnaire; MCC, maximum cystometric capacity; PVR, postvoid residual; MRI, magnetic reso-
nance imaging; fMRI, functional MRI; UDS, urodynamic study; NDO, neurogenic detrusor overactivity; N/A, not available.Unpaired t-test and chi-
square tests (α=0.05) were performed on continuous and binary variables, respectively, to compare DSD and no-DSD groups, and all MS and 
healthy control groups.
*P<0.05, significant difference between groups. 
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significant difference between HCs and group 1 (P=0.009) and 
between HCs and all MS patients (P=0.011).

White Matter Analysis: Fractional Anisotropy and Mean 
Diffusivity
Overall, MS patients showed lower FA and higher MD in all 
tracts with statistical significance (except for the FA value of the 
right ATR) compared to HCs (Fig. 3). Group 2 demonstrated a 
trend toward lower FA and higher MD in both tracts on both 
sides compared to group 1 (P>0.05). Subgroup analysis with 
VD also showed a trend of MS patients with both DSD and VD 
having lower FA and higher MD in the left and right ATR com-
pared to those with neither DSD nor VD (P>0.05).

DISCUSSION

MS lesions damage nervous system pathways critical for nor-
mal voiding function. The majority of MS patients have symp-
toms of urgency, frequency or urge incontinence secondary to 
neurogenic detrusor overactivity, with an important subset of 
patients having functional bladder outlet obstruction resulting 
from DSD. Although DSD is commonly found in neurogenic 
patients with spinal cord injury and MS, there is no clear rela-
tionship between the severity of the condition and the type of 
DSD, making it challenging to phenotype MS patients with 
DSD [6]. In this study, we used grey and white matter neuroim-
aging parameters, as well as clinical variables such as lesion 
burden, age, and duration of MS, in an attempt to evaluate their 
contribution to higher neural control in our cohort. Previous 
studies in DSD have focused more on the spinal cord than 
higher neural correlates. Oppenhiemer et al originally showed 
that up to 59%–80% of patients with DSD had cervical lesions, 
often with a strong preponderance for the reticulospinal tract, a 
known pathway for developing DSD with MS [21,22]. Further-
more, Araki found cervical lesions to be strongly associated 
with developing DSD in MS, although the type of DSD is poor-
ly categorized [23].

Presently, our data showed no significant difference in num-
ber or location of spinal cord lesions between the 2 groups (Ta-
ble 1). However, MS patients with DSD showed a trend of lower 
average age and shorter duration of MS than those without 
DSD. A study by Tsagkas’ group was able to correlate quicker 
progression of MS with greater number and size of spinal cord 
lesions [24], which could lead to quicker onset of DSD. Howev-
er, it is unknown whether different lesion sizes, lesion density 

and locations could be indicative of the presence or absence of 
DSD in MS [23]. A recent 7T fMRI study of the spine showed 
small changes in local connectivity around MS lesions with 
variance depending on location along the spinal column, possi-
bly indicating that changes to local connectivity patterns are of 
more clinical value than exact location along the spinal column 
[25].
We have previously shown a negative correlation between FC_
sim and lesion size (lesions smaller than 20 mm) in women 
with MS and VD, suggesting larger lesion size and enhance-
ment may correlate to VD [13]. In the present study, there is a 
significant difference in FC_sim between HCs and MS patients, 
indicating the difference in their brain FC at the initiation of 
voiding. HCs group demonstrated the lowest average FC_sim 
value among the 3 groups, indicating the least similar FC pat-
terns due to the lack of pathology and the plasticity to generate 
different connectivity patterns. Increased connectivity (with 
higher FC_sim value) in the presence of lesions observed in MS 
patients could reflect a compensatory mechanism within local 
grey matter circuits [26-28]. FC_sim is also negatively correlat-
ed with lesions located in the brainstem and pons, where the 
pontine micturition center (PMC) is located. Disruption of sig-
nal transduction to and from the PMC could result in high ure-
thral closing pressure during a detrusor contraction, causing 
DSD [6]. Previously, we have shown that MS patients with DSD 
exhibit a trend toward stronger brainstem activation in areas of 
executive function, emotional processing, and movement [11]. 
This could result from learned voiding behaviors, such as ab-

20
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FC_sim values of different groups

All MS DSD HC

*
*

No-DSD No-DSD
No-VD

Fig. 2. Box plot demonstrating FC_sim values of different 
groups. FC_sim, functional connectivity similarity measure; 
MS, multiple sclerosis; DSD, detrusor sphincter dyssynergia; 
VD, voiding dysfunction; HC, healthy control. *P<0.05, signifi-
cant difference between groups.
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Fig. 3. Box plots demonstrating fractional anisotropy (FA) (A) and mean diffusivity (MD) (B) values of the 2 WMT tracts of different 
groups. ATR, anterior thalamic radiation; SLF, superior longitudinal fasciculus; MS, multiple sclerosis; DSD, detrusor sphincter dys-
synergia; VD, voiding dysfunction; HC, healthy control; WMT, white matter tract. 
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dominal straining required to initiate voiding in the presence of 
bladder outlet resistance, ultimately affecting the similarity and 
synchronization of FC patterns in patients without DSD. This is 
consistent with a recent fMRI study by Seseke et al. [29] com-
paring the activation patterns of MS patients with DSD versus 
healthy individuals. They were able to elucidate differences in 
brain activation patterns between the 2 groups as seen in the 
brainstem, along with stronger activation of the L-region in the 
pons indicative of patients’ inability to voluntarily relax the ure-
thral sphincter.

With regards to white matter, FA and MD were generated 
from subjects’ DTI scans to evaluate the integrity of the 2 white 
matter tracts of interest. FA is proportional to the spatial in-ho-
mogeneity of water diffusion and therefore a measure for the 
coherence of a white matter tract bundle. Consequently, higher 
FA values indicate higher signal transduction along the main 
white matter tract [30]. MD, on the other hand, is proportional 
to the free diffusion of water in the brain’s tissues’ extracellular 
space independent of the main direction of the tract; thus, 
higher MD values infer an increase in signal dispersion [31]. 
Therefore, lower FA and higher MD values are indicative of 
deficits in white matter tracts. Our results verified the compro-
mised integrity of the white matter tracts characterized in MS 
by showing significantly lower FA and higher MD (P<0.05) in 
both the left and right ATR and SLF in all MS patients with 
NLUTDs compared to HCs. Within MS patients, there was no 
clear trend between those who have DSD and those who do 
not. However, subgroup analysis of patients with DSD versus 
those who have neither DSD nor VD revealed a trend of more 
damage in the ATR on both sides, though the difference was 
not significant (P>0.05). This finding suggests that the pres-
ence of VD might be an important variable in evaluating the 
damage of these tracts, which can aid the process of phenotyp-
ing DSD and monitoring MS progression in this patient popu-
lation.

Despite this trend, the lack of statistical significance in both FA 
and MD values may be due to the low number of DSD patients. 
These 2 tracts were chosen a priori based on previous studies sig-
nifying their importance in proper bladder function in nonneuro-
genic adults with urinary incontinence [15,16]. However, this 
does not preclude other white matter tracts where damage from 
MS lesions may also play an important role in classifying DSD. 
Investigating other tracts will require a more robust approach 
allowing for more efficient evaluation of all available tracts us-
ing a white matter atlas in combination with machine learning 

[32]. In addition, current MRI modalities for the spinal cord, 
whose lesions play an important role in the presence or absence 
of DSD, are limited due to its smaller and mobile structure [26]. 
As a result, white matter integrity in the spinal cord was not as-
sessed in this study. Future studies assessing white matter tracts 
in both the brain and spinal cord should be done to confirm 
this result.

Although the study included a large number of women with 
MS, it only evaluated 4 female MS patients with DSD. This 
prevalence closely resembles the pattern seen with DSD in MS 
patients in the literature (20%–25%) [4]. Given that there are 
multiple phenotypes and diverse methods of diagnosing DSD, 
the small sample size of MS patients could be a confounding 
factor in assessing the grey and white matter among different 
types of DSD. A larger and more balanced sample size would 
help detect the likely small functional changes due to the axonal 
loss or disruption of inhibitory signals [25]. The inherently un-
natural setting of lying supine for fMRI and UDS is a confound-
ing factor that may make it difficult to void for both healthy in-
dividuals and especially MS patients who already difficulties 
voiding. Supine positioning, UDS catheters, and supraphysio-
logic bladder filling might affect the activation map of different 
brain regions and subsequently the FC analysis, even though 
DTI signals in white matter in similar studies have not been 
found to be altered by these quick dynamic variations [33,34]. 
Additionally, DTI captures anatomical parameters of the brain, 
which are not thought to vary as much as FC does [35]. As pre-
viously mentioned, our study does not address spinal lesions 
and the major effects they may have on sensory and motor 
function. Although appropriate lower urinary tract function in-
volves both the brain and spinal cord, the initiation of voiding 
originates in the brain [11]. Therefore, we focused only on brain 
lesions in this study. We controlled for ambulatory status, dis-
ease stability, and disability status but did not control for total 
lesion burden or location. Finally, although previous studies 
have attempted to analyze brain activation of DSD in neuro-
genic patients, investigation of functional and anatomical con-
nectivity in this patient population is still minimal. The power 
of this preliminary study and clinical meaning of these results 
still need to be further analyzed and confirmed with future 
studies.

To our knowledge, this is the second study to examine the 
higher neural control in MS patients with DSD. While the study 
of Seseke et al. [29] focused on the activation patterns of DSD 
patients compared to healthy individuals, they did not include a 
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control group of MS patients without DSD. Our study offered 
the advantage of analyzing the FC in MS patients with and 
without DSD in addition to HC, which evaluates the synchrony 
of activation/deactivation patterns that is often compromised in 
MS patients [36], a coordination important in micturition cir-
cuits. As opposed to a non-voiding pelvic floor contraction 
model used in the study of Seseke et al. [29], a concurrent 
fMRI/UDS model was utilized in our study, which allowed for 
a real-time and more accurate FC pattern as subjects were per-
mitted to void during their fMRI examination.

Despite the prevalence of DSD in MS, this represents the first 
study to examine both the brain functional and anatomical 
connections in MS patients who have DSD. Our current study 
demonstrated distinct FC patterns between MS patients with 
and without DSD and HCs, showing trends of more damage to 
specific white matter tracts in patients with DSD compared to 
those with neither DSD nor VD. Future studies with larger 
sample sizes and more robust approaches should be done to ex-
plore the potential neuroimaging markers for identification of 
DSD in MS patients, which could lead to new prognostic and 
therapeutic interventions for NLUTD in MS patients.

SUPPLEMENTARY MATERIALS

Supplementary Table 1 and Fig. 1 can be found via https://doi.org/ 
10.5213/inj.2142012.006.
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