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Abstract

Aims: Our aim was to evaluate the elasticity features of the optic nerve using strain (SE) and shear wave elastography
(SWE) in multiple sclerosis (MS) patients in comparison with healthy subjects. Material and methods: One hundred and
seven optic nerves from 54 MS patients and 118 optic nerves from 59 healthy subjects were examined prospectively by SE
and SWE. Optic nerves were divided into three types in accordance to the elasticity designs, as follows: type 1 predominantly
blue (hardest tissue); type 2 predominantly blue/green (hard tissue); and type 3 predominantly green (intermediate tissue).
Quantitative measurements of optic nerve hardness with SWE were analyzed in kilopascals. Results: Elastographic images
from healthy volunteers showed mostly type 3 optic nerves (61.9%); type 2 was also found (38.1%), but type 1 was not ob-
served. Elastographic examination of MS patients showed mostly type 2 optic nerves (88%), while some type 1 (4.6%) and
type 3 optic nerves (6.5%) were rarely observed. There was a statistically significant difference in terms of elasticity patterns
between patients and healthy volunteers (p<0.001). Statistically significant differences were observed between patients and
healthy volunteers in the analysis of SWE values (10.381+3.48 kPa and 33.87+11.64 p<0.001). The receiver operating char-
acteristic curve analysis was perfect (0.993; 95% confidence interval [CI]=0.971-0.999), and a cut-off value of 18.3 kPa shear
had very high sensitivity and specificity for the patient group. No significant differences were observed between patients with
and without previous optic neuritis. Conclusion: SE and SWE examination findings concerning the optic nerve in MS patients

demonstrated remarkable differences according to the healthy group.
Keywords: elastography; shear wave; optic nerve; multiple sclerosis.

Introduction

Multiple sclerosis (MS) is a chronic inflammatory
neurodegenerative disease that affects the central nerv-
ous system [1,2]. Demyelination and iron-related abnor-
malities are the accepted underlying pathological mecha-
nisms [3,4]. Impaired vision is one of the most common
symptoms of MS, and the visual system can be affected
in all anatomical sites. Of these sites, the optic nerve is
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the best described, because inflammatory demyelinating
optic neuritis may be the initial presenting feature in pa-
tients with MS [5,6]. Conventional and non-conventional
magnetic resonance imaging (MRI) techniques, such as
diffusion tensor imaging, diffusion-weighted imaging,
and magnetization transfer imaging are used for the di-
agnosis of optic neuritis [7-11]. However, MRI examina-
tions are time consuming, expensive, less available and
often require the use of gadolinium contrast.
Sonoelastography is a non-invasive ultrasound meth-
od for evaluating the elastic properties of tissues based on
static compression and cross-correlation methods quali-
tatively and/or quantitatively. The main elastographic
techniques include strain elastography (SE), which com-
presses the tissues axially, and shear wave elastography
(SWE), which uses waves that are generated by trans-
ducers and interact with the tissue. In some studies, it
has been reported that there is a connection between the
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tissue elasticity and histological features. Elastography
is used successfully in prostate, lymph node, breast, thy-
roid, testis, renal and liver disease examination [12-16].
However, to the best of our knowledge, there has been no
work in the previous literature that has investigated the
optic nerve with elastography in MS patients.

The purpose of this study is to describe the elastic-
ity features of the optic nerve using SE and SWE in MS
patients with or without optic neuritis and to compare the
results with those of healthy volunteers, in order to estab-
lish if these elasticity characteristics can be used to assist
in the diagnosis of optic nerve involvement in MS.

Material and methods

Participants

The study was approved by the hospital ethics com-
mittee and was conducted according to the Helsinki Dec-
laration. Voluntary informed consent was obtained from
all patients included in the study.

The patients were examined in the relevant depart-
ment in terms of neurological and ophthalmological
pathology. The MS diagnosis was established using the
revised McDonald criteria [17], and patients with relaps-
ing-remitting MS were included in the study. None of
our patients had acute optic neuritis. Previous optic neu-
ritis was diagnosed based on typical history and clinical
findings by an ophthalmologist.

Patients with systemic diseases affecting the eye, such
as diabetes mellitus, Behget’s disease, and systemic hy-
pertension were excluded. Patients with a history of oph-
thalmic surgical intervention, accompanying glaucoma, or
advanced retinal or macular disease were also excluded.

Equipment and scanning

Sonoelastography examinations of all subjects were
carried out by one of two radiologists (M.I. and S.T., 15-
10 years of experience with conventional sonography and
1-5 years of experience within elastography, respective-
ly) with the patient in the supine position using LOGIQ
E9 sonographic system (GE Healthcare) with elastogra-
phy software and a linear array probe of 6-9 MHz. The
optic nerve sheath caliber was measured 3 mm behind the
globe between the external hypoechogenic borders using
an axis perpendicular to the optic nerve with the eyes
keep in nearly a neutral state in supine position [18,19].

A coupling gel was applied to the eyelid to acquire
images, and subjects were instructed to keep their eyes
closed and refrain from moving during the investiga-
tion. The B-mode and elastographic images were shown
simultaneously side by side on a split-screen display.
Images in SE were performed by applying mild com-
pression of the transducer with the hand-held device. A

compression bar indicator of 1 to 7 was monitored in real
time on the screen, and images were analyzed when the
ideal compression was applied, which was in the 5—7 bar
range. Elastography images according to the different
levels of strain were displayed on the picture over a gray-
scale ground in a color diagram that included red (soft-
est component), green (intermediate stiffness) and blue
(hardest component) [14].

Each patient was examined without compression us-
ing SWE, and the images were saved in the transverse
plane from inside the equator of the eyeball. Both static
images and video clips (at least 5 seconds per case) were
saved digitally on the machine to analyze subsequently.

Data analysis

Each case used to assess the optic nerve elasticity
pattern in SE was reviewed by visual examination of the
movement video series, and the final interpretations were
determined by two radiologists through consensus. The
color mapping of the optic nerve strain was divided into
three main types (type 1: predominantly blue — hardest
tissue; type 2: predominantly blue/green — hard tissue;
type 3: predominantly green — intermediate tissue) (fig 1).

Quantitative analysis of optic nerve hardness with
SWE used kilopascal (kPa) measurement with a color

Fig 1. Grayscale (left) and color (right) sonograms represent-
ing different elastographic patterns of the optic nerve (arrows):
a) Type 1, in a 34-year-old woman with multiple sclerosis; b)
type 2, in a 53-year-old woman with multiple sclerosis; c) type
3, in a 37-year-old woman with multiple sclerosis.
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scale of 0—150 kPa with a circular region of interest
(ROI) area in the interval of 2—4 mm, as displayed in
figure 2. The quantitative value for each optic nerve was
obtained with at least three measurements and the mean
values were used for the statistical analysis.

Statistical analysis

We used the SPSS software package program (SPSS,
Chicago, IL, USA), version 20.0, for the statistical analy-
sis. Values are expressed as mean + standard deviation
(SD). The male-to-female ratio of the groups was com-
pared using the Chi-square test. We assessed the dissimi-
larities between genders and the dispersion of groups
using the one-way analysis of variance (ANOVA) test.
We classified p-values less than 0.05 as statistically sig-
nificant.

Elasticity designs were investigated using the Chi-
square test to assess the relationships between them, and
we classified primary color designs and color designs to
appraise the diagnostic ability of SE. Non-parametric
tests were used in the assessment of SWE values and the
optic nerve diameter. The independent Student’s t-test
(unpaired) was applied in the analysis of the SWE val-
ues and the relationship between age and the optic nerve
diameter. The Pearson correlation test was used to evalu-
ate the connection between disease duration and SWE
values. Confidence intervals (Cls) were used to clarify
the correctness of the diagnostic factors (sensitivity,
specificity, positive predictive value [PPV], and negative
predictive value [NPV]) for SWE values. To evaluate the
diagnostic importance of SWE values, receiver operating
characteristic (ROC) curve analysis was applied. Follow-
ing this, the cut-off value of SWE for discrimination be-

Fig 2. Elasticity measurement with shear-wave elastography
on the optic nerve: a) of a 40-year-old woman, a healthy vol-
unteer, showing a mean score of 9.92 kPa; b) of a 39-year-old
man with multiple sclerosis, showing a mean score of 54.1 kPa.

tween the groups was determined, and ROC curves were
employed to describe the diagnostic sensitivity, specific-
ity, PPV, and NPV

Results

In this study, we examined 54 MS patients (17 men;
38.87£10.5 years; range, 17-59 years), and 59 healthy
volunteers (25 men; 38.31+11.6 years; range, 20-57
years). Both groups were compatible for age and gen-
der (p=0.261, p=0.289, respectively). There were 14 MS
patients with previous optic neuritis (6 men; 38.7+10.3
years; range, 22—59 years) and 40 MS patients without
previous optic neuritis (11 men; 38.9+10.8 years; range,
17-56 years). These groups were also compatible for
age and gender (p=0.950, p=0.296, respectively).

The average duration of the disease was 7.56+5.83
(range, 1-24) years in all MS patients. Mean optic nerve
sheath diameter (ONSD) was 5.31+0.48 mm (range,
3.8-6.5) in all MS patients, 5.32+0.39 mm (range, 4.7—
6.1) in MS with previous optic neuritis, 5.31+0.51 mm
(range, 3.8-6.5) in MS without previous optic neuritis,
and 5.22+0.58 mm (range, 3.7-7) in the healthy volun-
teers. There was no statistically significant difference in
the mean thickness of the optic nerve between the MS pa-
tients with and without previous optic neuritis (p=0.920),
and there was no statistically significant difference in the
mean thickness of the optic nerve between all MS pa-
tients and healthy volunteers (p=0.205).

In the MS group, both eyes of one patient were ex-
cluded from the study because of glaucoma, and one pa-
tient’s left eye was excluded because of retinal detach-
ment surgery. One hundred and seven optic nerves were
investigated among the MS patients, while 118 optic
nerves were investigated in the healthy volunteers. Thus,
a total of 225 optic nerves were prospectively examined
with SE and SWE, and these were evaluated by compar-
ing the results of all three groups. There were 27 (25.2%)
eyes with optic neuritis in the MS group, while there
were 80 (74.8%) eyes without optic neuritis.

The elasticity types and SWE values of optic nerves
are summarized in Table .

There was no significant correlation between MS
disease duration and SWE values for all MS patients
(p=0.421), and there was not significant correlation be-
tween SWE values and optic nerve thickness or age in the
whole MS patient group (p=0.221, p=0.643). Similarly,
there was no significant correlation between SWE values
and optic nerve thickness or age in the healthy volunteers
(p=0.505, p=0.782, respectively).

ROC curve analysis gave a value of 0.993 (p<0.001;
95% CI=0.971-0.999). The shear value of 18.3 kPa had
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Table I. Elasticity types in strain elastography and shear wave elastography values of optic nerves in multiple sclerosis and healthy

volunteers.
Group Elasticity types (SE) SWE
Type 1 Type 2 Type 3 p values values (kPa) p values
MS with ON (n=27) 3(10.7%)  22(78.6%)  2(7.1%) (p=0.326) 33.87+11.6 (range, 13-71.5) (p=0.934)
MS without ON (n=80) 2(2.5%)  73(91.7%) 5(6.2%) P 33.88+11.33 (range, 16-55.3) P~
MS totally (n=107) 5(4.6%)  95(88%) 7(6.5%) 33.87+11.64 (range, 13-71.5)
Healthy volunteers (n=118)  0(0%) 45(38.1%)  73(61.9%) (p=0.001) 10.381+3.48 (range, 4.8-22) (p<0.001)

n — number of optic nerves, MS — multiple sclerosis, ON — optic nerve, SE — strain elastography, SWE — shear wave elastography

a very high sensitivity and specificity (95.3-97.5%) for
the patient group, and by the use of ROC curve analy-
sis, it was determined that the best cut off value for MS
was 18.3 kPa, which had a NPV of 95.8% and a PPV of
97.19%.

Discussions

In this prospective study, we assessed the clinical
usefulness of SE and SWE in evaluating the optic nerve
involvement in MS patients in comparison to healthy
volunteers. The results of this study showed that optic
nerve stiffness evaluated by SE and SWE is significantly
increased in patients with MS compared to healthy sub-
jects but no significant differences were found between
patient with and without previous optic neuritis. Accord-
ingly, it may be presumed that optic nerve involvement
in MS is associated with considerable hardening of the
nerve tissue. Our study represents the first elastographic
investigation of the optic nerve in patients with MS using
SE and SWE techniques, as described above.

Optic neuritis is widespread localized inflammatory
demyelination; it is an immune-mediated inflammatory
condition of the optic nerve. Optic neuritis is typically
seen in younger patients, often as the initial presenting
feature of the disease. Acute visual loss is frequently a
conclusion of acute demyelination of the optic nerve,
and almost one half of MS patients are exposed to it at
some point in the course of their disease. Vision loss sub-
stantially recovers after resolution of inflammation, but
a residual vision deficit may persist. Histopathological
research of the optic nerve in MS showed that prominent
axonal loss occurs and the optic nerve cross-sectional
area decreases after optic neuritis [6,20,21]. In recent
studies significant correlations between the histopatho-
logical aspect and the tissue stiffness determined by elas-
tography were established [12,13,22,23].

MS is an autoimmune disease that primarily includes
the white matter and is thought to be mediated by auto-
reactive lymphocytes that spread over the central nerv-
ous system, pathological changes involving oligodendro-
cyte, axonal and neuronal injury and glial scarring; these

changes cause demyelination, neuronal death, and brain
atrophy [4,8,24]. The visual pathways are commonly in-
volved in MS pathology, with the optic nerve particularly
sensitive to optic neuritis; optic nerve axons that survive
the acute insult remain largely demyelinated within the
lesion. In addition, it is believed that constant demyelina-
tion can make axons more undefended against damage
and may potentially cause axonal disruption [9,20]. A fi-
brotic scar can be described as a mark left by the healing
of the injured tissue as the consequence of failed tissue
regeneration in neurological disorders [25]. Mohan et al
suggested that the perivascular collagen network may
have anti-inflammatory features that participate in re-
stricting the spreading of MS lesions; they demonstrated
widespread network of perivascular fibrosis in MS le-
sions accumulating around veins and venules [26,27].
The demyelination, remyelination, axonal degeneration
in the optic nerve, and especially the perivascular fibro-
sis that occur in the optic nerve in MS disease are prob-
ably the causes for the optic nerve hardening. The rigid
elasticity patterns in patients with MS without previous
neuritis may be an early warning signs of optic nerve in-
volvement. This situation can be monitored using sonoe-
lastography. The results of our study, by demonstrating
the changes in tissue elasticity of the optic nerves in MS
patients using SE and SWE, offer an alternative, a non-
invasive diagnostic method for determining optic nerve
involvement in these patients.

Ultrasound is one of the safest known radiological
methods, and no significant side effects were reported
until today. Also, ocular ultrasound, including Doppler
ultrasound is recognized as being a safe, easy to perform
method, with no ionizing radiation, that can be used as
an imaging method in patients with MS disease and optic
neuritis [21,28]. Despite the concerning for the possible
biological and side effects of the ocular elastography,
there are studies that reported the techniques to be safe
and rapid for evaluating the retrobulbar fat tissue and the
optic nerve [12,29-31].

This research had some limitations. First, SE is a
highly operator dependent method, and strain values may
vary on the degree of compression, as well as with the
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composition and structure of the tissues. Secondly, we
appreciated the types of elasticity pattern qualitatively,
by visual analysis of the color map, this being a subjec-
tive method. Therefore, to reduce the effect of the subjec-
tive evaluation, we combined SE with the SWE elastog-
raphy procedure, which is quantitative and less operator
dependent. Finally, we did not evaluate the interobserver
variability in this study.

In conclusion, our prospective study demonstrated
that SE and SWE may be useful for optic nerve inves-
tigations. The results of SE and SWE elastography were
significantly meaningful in MS patients according to
healthy volunteers. Therefore, both methods may be
helpful in the early diagnosis of inflammatory diseases
involving optic nerve, as well as the investigation of op-
tic nerve and optic neuritis in MS patients. Both methods
have some advantages over other approaches; for in-
stance, they are low-cost imaging modalities, they do not
include ionizing radiation, they do not require contrast
agents and the methods are non-invasive. Nevertheless,
it is obvious that there is need for more research corrobo-
rating the diagnostic performance of SE and SWE in re-
lation to the optic nerve.
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