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Background: The aim of this retrospective study was to assess the lesion burden in pediatric patients with multiple

sclerosis (pMS) using a computer-assisted algorithm, specifically the VolBrain program. The study aimed to com- Dr. Gulnihal DENIZ

pare the performance of this automated tool with traditional detection methods performed by neuroimaging Department of Physiotherapy and Reha-
analysts, providing valuable insights into the potential of automated tools for lesion quantification in pMS.
Materials and Methods: The study cohort consisted of 20 PMS patients, aged 10-18 years, registered at Atatiirk
University Research Hospital. Lesion assessment was performed using the VolBrain program (by an anatomist) and
standard detection methods (by a neuroradiologist) using T2 SPACE dark matter sequences. Statistical analysis
included Wilcoxon and Pearson correlation tests, and the study adhered to ethical considerations and standardised

bilitation, Faculty of Health Sciences,
Erzurum Technical University, 25055,
Erzurum, TURKIYE

magnetic resonance imaging (MRI) protocols. E-mail: gulnihal.deniz@erzurum.edu.tr
Results: In this study, pMS patients aged 10-18 years, the cohort consisted of 60% females (n=12) and 40% males

(n=8). The mean age for females was 15.67+1.969 and for males 14.50+2.20 years (p=0.24). Plague count analysis Received / Gelis tarihi: 25.03.2024
showed a statistically significant difference between radiologist and VolBrain assessment in all pMS patients

(p=0.021). Significant differences were also observed in female pMS patients (p=0.034) but not in males (p=0.362). Accepted / Kabul tarihi: 26.04.2024

Correlations between radiologist and VolBrain assessments showed significant associations in both female and

male patients, with strong correlations observed for plague number, lesion burden and Expanded Disability Status

Scale (EDSS) scores (p<0.01). DOI: 10.35440/hutfd.1455339
Conclusions: This study demonstrates the potential of the VolBrain programme in assessing lesion burden in pMS

patients. The observed correlations with traditional methods and clinical parameters support the concurrent vali-

dity of VolBrain and emphasise its potential clinical relevance. Incorporating automated tools into routine clinical

practice could improve the accuracy of lesion quantification and thus contribute to improved monitoring and ma-

nagement of pMS.
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Amag: Bu retrospektif galismanin amaci, bilgisayar destekli bir algoritma olan VolBrain programini kullanarak pe-
diatrik Multiple Skleroz’lu (pMS) hastalarda lezyon yiikiini degerlendirmektir. Calisma, bu otomatik aracin perfor-
mansini nérogorintileme analistleri tarafindan gergeklestirilen geleneksel tespit yontemleriyle karsilagtirarak
pMS'de lezyon 6lglimui igin otomatik araglarin potansiyeline iliskin 6nemli bilgiler sunmayi hedeflemistir.
Materyal ve Metod: Calisma grubu Atatiirk Universitesi Arastirma Hastanesi'ne kayith 10-18 yas arasi 20 pMS has-
tasindan olugsmustur. Lezyon degerlendirmesi VolBrain programi (anatomist tarafindan) ve standart tespit yontem-
leri (bir néroradyolog tarafindan) kullanilarak T2 SPACE dark matter sekanslari kullanilarak yapildi. istatistiksel ana-
liz Wilcoxon ve Pearson korelasyon testlerini igeriyordu ve galisma etik hususlara ve standartlagtiriimis manyetik
rezonans goérinttleme (MRI) protokollerine bagh kaldi.

Bulgular: Bu ¢alismada 10-18 yas arasi pMS hastalarinin %60'i kiz (n=12) ve %40"i erkeklerden (n=8) olusmaktadir.
Yas ortalamasi kizlarda 15,67+1,969, erkeklerde ise 14,50+2,20 yildi (p=0,24). Plak sayimi analizi, tim pMS hasta-
larinda radyolog ve VolBrain degerlendirmesi arasinda istatistiksel olarak anlamli bir fark oldugunu gosterdi
(p=0,021). Kiz pMS hastalarinda da anlamli farkhiliklar gozlenirken (p=0,034), erkeklerde ise bu fark gérilmedi
(p=0,362). Radyolog ve VolBrain degerlendirmeleri arasindaki korelasyonlar, hem kiz hem de erkek hastalarda plak
sayisl, lezyon yiikii ve Genisletilmis Engellilik Durum Olgegi (EDSS) skorlari igin giiclii korelasyonlar oldugunu gés-
termistir (p<0,01).

Sonug: Bu ¢alisma, VolBrain programinin pMS hastalarinda lezyon yukini degerlendirmedeki potansiyelini ortaya
koymaktadir. Geleneksel yontemler ve klinik parametrelerle gézlemlenen korelasyonlar VolBrain'in eszamanl ge-
cerliligini desteklemekte ve potansiyel klinik uygunlugunu vurgulamaktadir. Otomatik araglarin rutin klinik uygula-
maya dahil edilmesi, lezyon miktarinin dogrulugunu artirabilir ve bdylece pMS'nin daha iyi izlenmesine ve yoneti-
mine katkida bulunabilir.

Anahtar Kelimeler: Pediatrik MS, VolBrain, Lezyon Plak Sayisi, Lezyon Yk, EDSS
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory and dege-
nerative disease of the central nervous system with a wide
range of neurological findings reflecting both focal and
widespread damage to the brain and spinal cord (1). MS pa-
tients (diagnosed at <18 years of age) constitute 3.5-5% of
all MS patients and their incidence varies between 0.2-
0.64/100000 (2). The fact that some signs and symptoms
are observed in these children from an early age and that
these findings are not specific to MS disease are seen as
precursors of uncertainties about the disease. To address
these uncertainties, MRI sensitively detects lesions associ-
ated with MS. MRI serves as a crucial tool for the objective
monitoring of disease progression and the evaluation of
treatment effectiveness. Precise and accurate lesion mea-
surements, including number, volume, and type, obtained
from MRI are essential endpoints for assessing the impact
of the disease (3). Therefore, the segmentation and quan-
tification of MS lesions necessitate high precision and accu-
racy to provide reliable clinical insights. Alternatively, the
detection of MS lesions is often performed by radiologists
or trained neuroimaging analysts. These professionals ma-
nually annotate and measure lesions using semi-automatic
annotation tools in both clinical trials and imaging studies.
While manual segmentation remains a necessary practice,
its broader clinical application must be improved due to its
inherent time-consuming and labor-intensive nature and
its susceptibility to inter/intra-observer biases and errors.
Consequently, there is a growing demand for fully automa-
ted tools that facilitate rapid, accurate, and precise seg-
mentation of MS lesions from MRI scans (4). Numerous au-
tomatic segmentation methods have been proposed, and
the recent integration of deep learning techniques has
expedited the development of more accurate intuitive le-
sion segmentation tools. Nonetheless, challenges persist,
and current state-of-the-art techniques need to achieve the
precision of radiologist manual segmentation (3, 4).

In light of this information, our study was aimed to retros-
pectively evaluate the lesion burden in patients with pMS
using a computer-aided algorithm and compare its perfor-
mance with standard detection methods.

Materials and Methods

Study Design

This retrospective study examined pediatric patients diag-
nosed with MS registered at Atatlirk University Research
Hospital. pMS cases were assessed using the VolBrain prog-
ram, employing a computer-aided algorithm. Concurrently,
the same cohort of patients with pMS underwent evalua-
tion by neuroimaging analysts using traditional detection
methods.

By the 2010 McDonald criteria, this study encompassed in
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dividuals within the age range of 10 to 18 years who recei-
ved a diagnosis of MS. EDSS scores of all MS patients were
evaluated. Exclusion criteria were applied to eliminate
children with other neurodegenerative diseases from the
study cohort.

Evaluation of Plaque Number and Lesion Burden by the
Radiologist

In this study, measurements of plague number and lesion
burden in the traditional detection method were conduc-
ted by a neuroradiologist employing T2 Space dark fluid
sequences. The number of lesions was determined as the
total number, and lesion burdens are classified as mild-mo-
derate and advanced by the neuroradiologist.

Evaluation of Plaque Number and Lesion Burden by VolB-
rain

In this study, measurements of plaque number and lesion
burdenin the VolBrain program were conducted by an ana-
tomist employing T2 SPACE dark fluid sequences. The VolIB-
rain program computed lesion numbers as discrete nume-
rical data, delineating counts for Total lesions, Periventricu-
lar, Deepwhite, Juxtacortical, and Infratentorial categories.
Furthermore, the VolBrain program determined lesion bur-
den as percentages, separately delineating proportions for
Total lesions, Periventricular, Deepwhite, Juxtacortical, and
Infratentorial lesions (Figure 1.).

A cohort of 28 pediatric patients diagnosed with MS and
registered at Atatlirk University Research Hospital, Depart-
ment of Radiology, was examined. Eight patients were exc-
luded from the study due to the unavailability of MRI scans
in the specified sequence, resulting in a final evaluation of
20 pMS. A priori power analysis, conducted using the G-
Power 3.1.9.4 software, determined that the sample size
was adequate. The calculated effect size was 0.88, with a
power of 0.95 at a 95% confidence interval and a signifi-
cance level of 0.05 (5). These parameters affirm that the
sample size meets the desired criteria.

The Clinical Research Ethics Committee of Ataturk Univer-
sity Faculty of Medicine, by the Helsinki Declaration, rende-
red a decision with the assigned ethics committee refe-
rence B.30.2.ATA.0.01.00/808 on October26, 2023.

MR protocol

The MRI protocol used in the study is as follows. Anatomical
structures were visualized using high-resolution T2 SPACE
dark fluid sequences. The imaging sequence was sagittal,
with a repeat time of 1900 ms/2.84s, a flip angle of 15 deg-
rees, an echo time of 2.67 ms, a field of view (FOV) of 256
mm?, a matrix size of 256x256, and a total of 160 slices. The
slice thickness was 1 mm, and the imaging resolution was
1x1x1 mm?3 isotropic (6).
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Figure 1. Lesion brain measurement in Volbrain program
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VolBrain Method

The VolBrain method, accessible at https://volbrain.net/,
serves as an open-access platform for automated segmen-
tation of diverse brain structures. In our study, Total Lession,
Periventricular, Deepwhite, Juxtacortical, Infratentorial, Ce-
rebellar and Medular lesion numbers were calculated using
the VolBrain lesion-brain program. Additionally, the
Mricloud method, a web-based software developed by
Johns Hopkins University, was utilized for lesion calculation
coupled with brain parcellation in MRI—the initial step in
the calculation process involved converting MR images to
"gz or rar" format. Subsequently, a file with the "DICOMDIR"
extension was opened through a DICOM viewer software
program. High-resolution T2 SPACE dark fluid sequences
were accessed using Mricron to exhibit anatomical structu-
res, and a gz extension file in compressed FSL format was
generated. The ensuing stage comprised uploading the con-
verted images in "gz" format to the VolBrain webpage and
registering and submitting gz extension files to the system.
After an approximate duration of 5-10 minutes, volumetric
and lesion datas for all brain regions were acquired, with the
outcomes being saved as PDF files. The images were further
documented in native and MNI formats, facilitating a three-
dimensional visual evaluation using itksnap (6, 7).

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) version
22.0 for Windows was used to analyze all study parameters.
The normality of data was verified using Skewness and Kur-
tosis values, which should fall between -2 and +2 for nor-
mally distributed data (1). However, it was determined that
the data did not adhere to a normal distribution. The Wil-
coxon test was employed to evaluate the significance of bi-
nary parameters relative to each other. The median of the
25-75 percentile was used to present continuous variables,
while frequencies (n) and percentages (%) were used for ca-
tegorical variables (8). Pearson Correlation test was used to
examine the relationships between parameters. Statistical
values with p<0.05 were considered significant.

Results

In this study, an investigation was conducted on pediatric
patients diagnosed with multiple sclerosis within the age
range of 10 to 18 years. The cohort comprised 12 female in-
dividuals, constituting 60% of the sample, and 8 male indivi-
duals, representing 40% of the cohort. The mean age of pMS
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females was determined to be 15.67+1.969. Similarly, the
mean age of pMS males was calculated as 14.50+2.20
(p=0.24).

In the analysis of plaque counts among all pMS patients, a
statistically significant disparity was observed between as-
sessments conducted by radiologists and those performed
by the VolBrain (p=0.021). In scrutinizing the plaque counts
among female pMS patients, a statistically significant dispa-
rity emerged between assessments conducted by radiolo-
gist and those undertaken by VolBrain (p=0.034). Conver-
sely, in the analysis of plaque counts among male pMS pati-
ents, no statistically significant difference was discerned
between evaluations carried out by radiologist and those fa-
cilitated by VolBrain (p=0.362). Table 1 displays the means
of plague numbers and lesion burdens assessed by the radi-
ologist, the averages of plague numbers and lesion burdens
evaluated by VolBrain, and the average EDSS scores across
all patients.

The relationship between the plaque numbers, lesion bur-
den and expanded disability status scale in volbrain and ra-
diologist evaluations of pMS Patients was evaluated separa-
tely in the total patient (Table 2.), female patients and male
patients.

Significant correlations were observed in female patients
with pMS between the number of lesions assessed by the
radiologist, the number of lesions evaluated by the VolBrain
program, and the EDSS scores (r=0.647, p=0.023; r=0.850,
p=0.001, respectively). Also significant correlations were ob-
served in female patients with pMS between the number of
lesions assessed by the VolBrain program with the number
of lesions evaluated by the radiologist, VolBrain assessed le-
sion burden, and the EDSS scores (r=0.647, p=0.023;
r=0.665, p=0.018; r=0.871, p=0.001, respectively). Signifi-
cant correlations were observed in female patients with
pMS between the lesion burden assessed by the VolBrain
program with the lesion burden evaluated by the radiologist
and the number of lesions evaluated by the VolBrain prog-
ram (r=0.822, p=0.001; r=0.665, p=0.018, respectively).
Significant correlations were observed in male patients with
pMS between the number of lesions assessed by the VolB-
rain program with the EDSS scores (r=0.945, p=0.001). Signi-
ficant correlations were observed in male patients with pMS
between the lesion burden assessed by the VolBrain prog-
ram with the lesion burden evaluated by the radiologist
(r=0.877, p=0.004).

Table 1. Mdian and Percentage Values of Expanded Disability Status Scale Scores, Plaque Counts, and Lesion Burdens

Female pMS Male pMS Total pMS
Median %25 %75 Median %25 %75 Median %25 %75
Number of Plaques Assessed by the Radiologist 36 17.25 45 22.50 12.75 30.25 28 16.50 44
Number of Plaques Assessed by VolBrain 44 38 48.50 28 11.50 38.25 39 27 46.75
Lesion Burden Assessed by the Radiologist 15 1 2 15 1 2 15 1 2
Lesion Burden Assessed by VolBrain 0.62 0.35 1.06 0,53 0,42 1,80 0.55 0.40 1.15
Expanded Disability Status Scale 3 2 3,87 2 15 2,75 2.5 2 3

pMS: pediatric multiple sclerosis
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Table 2. Relationship Between Plague Numbers, Lesion Burden, and Expanded Disability Status Scale in Volbrain and

Radiologist Assessments of pMS Patients.

Number of Number of Lesion Burden | Lesion Burden ;:;r::::ted
Plaques Assessed | Plaques Assessed | Assessed by the| Assessed by Statusy
by the Radiologist by VolBrain Radiologist VolBrain Scale
Number of Plaques Assessed by the r 1 0.663 0.108 -0.002 0.832
Radiologist p 0.001** 0.651 0.994 0.001**
Number of Plaques Assessed by r 0.663 1 0.108 -.0155 0.899
\VolBrain p 0.001** 0.651 0.515 0.001**
Lesion Burden Assessed by the Radi- r 0.108 0.108 1 0.766 0.166
ologist p 0.651 0.651 0.001** 0.484
-0.002 -0.155 0.766 1 -0.028
Lesion Burden Assessed by VolBrain ; 0.994 0.515 0.001** 0.905
N r 0.832 0.899 0.166 -0.028 1
Expanded Disability Status Scale 0 0.001** 0.001** 0.484 0.905

*:p<0.05, **:p<0.01

Discussion

This study sought to retrospectively assess the lesion burden
and number in pediatric patients with MS using a computer-
aided algorithm and to compare its performance with stan-
dard detection methods. The findings from this investigation
offer valuable insights into the potential of automated tools,
such as the VolBrain program, for accurately quantifying MS
lesions and assessing disease burden in the pediatric popu-
lation and as far as we know, it is among the first studies in
the literature on patients with pMS.

MRI has an important role in the diagnosis of MS, as it shows
the spread in time and space and reveals the findings of ot-
her demyelinating diseases in the differential diagnosis (9).
pMS presents distinctive challenges attributable to the he-
terogeneous nature of symptoms and the intricacies invol-
ved in diagnosing children. MRI emerges as a pivotal moda-
lity for discerning lesions associated with MS in this pediatric
cohort, offering indispensable data for ongoing disease mo-
nitoring and treatment assessment (10). Nonetheless, the
manual segmentation of these lesions, conventionally
executed by radiologists, is riddled with challenges, prima-
rily stemming from the dual burdens of labor-intensive tem-
poral demands and vulnerability to inherent biases. In res-
ponse to these challenges, the integration of automated to-
ols propelled by deep learning methodologies stands as a
promising avenue (11). Nevertheless, the judicious conside-
ration of the precision of such automated tools remains pa-
ramount in ensuring their clinical utility and reliability in the
pMS context (12).

The quantitative evaluation of plague numbers assumes pa-
ramount importance in the realm of MS as it functions as a
pivotal metric for assessing the severity and progression of
the disease. Plaques, indicative of demyelination and axonal
damage within the central nervous system, stand as distinc-
tive pathological hallmarks of MS. The vigilant monitoring of
the dynamic evolution of plaque numbers through imaging
modalities, such as MRI, offers critical insights into the tra-
jectory of the disease. A heightened plaque burden frequ

ently correlates with augmented disability and a more agg-
ressive clinical course (13, 14).

In this study, the number of plaques was measured by both
radiologists and the Volbrain program. The observed dispa-
rities in plaque counts among pMS patients, as assessed by
both radiologists and VolBrain, give rise to crucial conside-
rations regarding the reliability and consistency of evalua-
tion methods in clinical settings. The statistically significant
difference noted in the total pMS patient group suggests po-
tential variations in the interpretation of plaque counts
between traditional radiological assessments and those con-
ducted using VolBrain. Notably, when specifically scrutini-
zing female pMS patients, a similar statistically significant
disparity was observed, reinforcing the notion that the eva-
luation methods might have a differential impact based on
gender. On the contrary, in the analysis of plaque counts
among male pMS patients, no statistically significant diffe-
rence was discerned between assessments conducted by ra-
diologists and those facilitated by VolBrain. This finding un-
derscores the importance of considering gender-specific
factors in the assessment of multiple sclerosis lesions, as the
disease may manifest differently in male and female pati-
ents (15).

Lesion burden assumes paramount significance in the comp-
rehensive comprehension and management of MS. Lesions,
characterized by areas of demyelination and inflammation
in the central nervous system, serve as crucial indicators of
the disease's progression and its impact on neurological
function. The extent and distribution of these lesions contri-
bute directly to the clinical manifestations and levels of di-
sability experienced by individuals with MS. Assessing lesion
burden and lession plague numbers not only facilitates the
diagnosis and monitoring of the disease but also informs tre-
atment decisions and aids in prognosis estimation. A high le-
sion burden often correlates with increased neurological im-
pairment and a heightened likelihood of disability progres-
sion (16). Monitoring changes in lesion burden over time
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through advanced imaging techniques provides valuable in-
sights into disease activity and the response to therapeutic
interventions. Consequently, understanding and quantifying
lesion burden in MS patients play a pivotal role in tailoring
personalized treatment plans, optimizing patient care, and
advancing research efforts aimed at developing more effec-
tive therapies for this intricate neurological disorder (17).
The findings of this study highlight a significant correlation
between lesion burden measurements obtained by radiolo-
gists and those generated by VolBrain, reinforcing the relia-
bility of both methods in assessing lesion burden. The ove-
rall strong correlation in the total patient cohort (r=0.766,
p=0.001) suggests a consistent and robust relationship
between the two measurement techniques. This alignment
is particularly noteworthy as the lesion burden was quanti-
fied using different units—percentage for VolBrain and a qu-
alitative scale (mild-moderate-severe) for radiologists.

The observed high correlation within specific patient subg-
roups, such as female and male patients with pMS, further
strengthens the validity of the lesion burden assessments. In
female pMS patients, the correlation coefficient was notably
strong (r=0.822, p=0.001), indicating a reliable association
between the two measurement methods. Similarly, male
pMS patients exhibited a remarkably high correlation
(r=0.877, p=0.004), emphasizing the consistency of lesion
burden measurements across diverse patient demograp-
hics. These findings have important implications for clinical
practice and research, as they suggest that VolBrain, a tool
that employs percentage-based measurements, aligns clo-
sely with the assessments made by experienced radiologists
using a different scale. The high correlation coefficients not
only support the concurrent validity of VolBrain in measu-
ring lesion burden but also underscore its potential as a va-
luable and efficient tool for lesion quantification, offering a
guantitative perspective that complements traditional qua-
litative assessments. In conclusion, the strong correlation
observed between lesion burden measurements by VolBrain
and radiologists across the total patient cohort, as well as
within gender-specific subgroups, supports the concurrent
validity of VolBrain in assessing lesion burden in pMS. These
findings contribute to the growing body of literature on au-
tomated image analysis tools, showcasing their potential to
enhance and streamline the diagnostic process in neuroima-
ging studies (18).

Similar outcomes to the present study have been reported
in existing literature. Koc et al (11). documented a no-
teworthy correlation between VolBrain and radiologists in
quantifying lesion numbers. In a related investigation, Ya-
mamoto et al (19). posited that a computer-aided algorithm,
such as VolBrain, holds utility in the determination of lesion
burden. Their study emphasized the potential benefits of
employing computational tools for lesion burden assess-
ment. The findings from these studies above align with the
results presented in our investigation, collectively undersco-
ring the robustness and reliability of automated methods,
particularly VolBrain, in the realm of lesion quantification.

Lesion Analysis in Pediatric Multiple Sclerosis

These consistent observations across various studies contri-
bute to the growing body of evidence supporting the effec-
tiveness of computer-aided algorithms in enhancing the pre-
cision and efficiency of lesion assessments, thereby offering
valuable insights into neuroimaging research and clinical
applications (18, 19).

The observed significant correlations among various para-
meters in female patients with pMS provide valuable in-
sights into the relationship between lesion assessment, bur-
den, and clinical disability. The study reveals compelling con-
nections between the number of lesions assessed by both
the radiologist and the VolBrain program, emphasizing the
consistency in lesion identification between traditional ima-
ging analysis and automated software.

The robust correlation between the number of lesions eva-
luated by VolBrain and the EDSS scores underscores the cli-
nical relevance of these imaging findings. This suggests that
the extent of lesions, as identified by the automated prog-
ram, is closely linked to the overall disability level in female
patients with pMS. The strong correlation coefficients
(r=0.850 and r=0.871) highlight the potential of automated
lesion assessment in predicting and understanding the seve-
rity of clinical manifestations. Furthermore, the interplay
between different assessment methods is highlighted by the
significant correlations observed between the number of le-
sions assessed by VolBrain and the lesion burden evaluated
by the radiologist. This emphasizes the consistency in lesion
burden determination, whether through manual or automa-
ted processes. The positive correlation with the number of
lesions evaluated by VolBrain further supports the reliability
of this software in capturing the comprehensive lesion pro-
file in pMS (19). The significant correlations observed in this
study provide a strong foundation for the integration of au-
tomated lesion assessment tools, such as VolBrain, in the
comprehensive evaluation of female patients with pMS.
These findings not only validate the reliability of such tools
in lesion detection and burden assessment but also empha-
size their potential clinical utility in predicting and unders-
tanding the severity of disability in pMS. Further research
and validation studies may be warranted to solidify the role
of automated tools in enhancing the precision and efficiency
of clinical decision-making in the management of pMS (11,
18).

Limitations and Future Directions

While promising, our study has limitations, including a rela-
tively small sample size and a single-center setting, which
may impact the generalizability of the findings. Future stu-
dies with larger, more diverse cohorts and multi-center col-
laborations are needed to ensure we validate our results'
external validity. Additionally, the study focuses on a specific
automated tool, and comparisons with other existing algo-
rithms could provide a more comprehensive understanding
of their relative merits.
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Conclusion

In conclusion, our study contributes valuable insights into
the evaluation of lesion burden in pediatric MS patients
using the VolBrain program. The observed correlations with
traditional methods and clinical parameters support the po-
tential clinical relevance of this automated algorithm. As
technology advances, incorporating such tools into routine
clinical practice could enhance the efficiency and precision
of lesion parameters, contributing to improved monitoring
and management of pediatric multiple sclerosis.
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