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Abstract 

Background Multiple sclerosis (MS) is widely known to cause brain atrophy due to neurodegeneration. Neuroimag-
ing investigations revealed a direct link between brain atrophy detected by MRI and impairment. Transcranial sonog-
raphy is a safe, feasible and cost-effective imaging technique. In this study, we aimed to validate B-mode transcranial 
sonography (TCS) as a marker of neurodegeneration in MS. This study is the first study directed to set cut-off point 
for brain parenchyma measurement in Egyptian population. An observational, case–control study, conducted on 125 
subjects; divided into 2 groups: first group, 71 healthy volunteers and patients’ group (54 patients) with relapsing–
remitting multiple sclerosis (RRMS). All studied subjects were assessed using B-mode TCS. Transcranial sonography 
findings were categorized into: first, assessment of brain atrophy parameters by measuring diameter (cm) of third 
ventricle and both frontal horns of lateral ventricles. Then, the echogenicity of thalamus and brainstem structures 
(substantia nigra (SN), red nucleus) planimetric surface area  (cm2) were assessed along with their abnormal echo-
genicity  (cm2), while brainstem raphe was assessed semi-quantitatively for its echogenicity (intact or interrupted).

Results Quantitative measures of brain atrophy: in normal control group the third ventricle diameter mean 
was 0.2 cm (± 0.08), right and left frontal horn diameter were 0.3 cm (± 0.13) and 0.28 cm (± 0.1), respectively, brain 
atrophy parameters could differentiate between MS patients and normal control group as a statistically significant 
(p< 0.001) larger ventricular diameter was found in MS patients. On the other hand, assessment of brain stem struc-
tures and thalamus showed no statistical significance between MS patients and normal control except in surface area 
of both red nuclei.

Conclusions Brain parenchymal sonography may be used as a tool in assessment of neurodegeneration in MS 
patients.

Keywords Transcranial sonography, Ventricles, Neurodegeneration, Brain stem, Echogenicity, Multiple sclerosis, 
Atrophy, Egyptian

Background
Transcranial sonography (TCS) has long been regarded 
as a tool used exclusively to monitor hemodynamics 
of cerebral circulation [1]. That is why its application 
in displaying brain parenchyma was met with a degree 
of doubt, until it was proven and reproduced by many 
investigators in different neurodegenerative disorders, 
especially Parkinson disease (PD) and other atypical 
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Parkinsonian syndromes [2]. The first consensus guide-
lines on the standardized procedure for B-mode TCS of 
the brain parenchyma were documented by the European 
Society of Neuro-sonology and Cerebral Hemodynamics 
(ESNCH) during their 9th Meeting in Wetzlar, Germany 
[3].

Using B-mode TCS of brain parenchyma, the ventricu-
lar system can be displayed, and its diameters measured, 
in addition to monitoring echogenicity and the sur-
face area of basal ganglia (caudate, lentiform, putamen 
and thalamus), midbrain structures (substantia nigra, 
red nucleus, brainstem raphe) and the dentate nucleus 
of the cerebellum [3, 4]. This can be done in a reliable, 
cost-effective, and non-invasive way, allowing for fre-
quent follow-ups without the fear of repeated radiologi-
cal exposures [5].

In this study, we aim to validate B-mode transcranial 
sonography (TCS) of the brain parenchyma as a marker 
of brain atrophy, and to establish the cut-off point of the 
ventricular diameter and parenchymal echogenicity (sub-
stantia nigra, red nucleus and thalami) in the Egyptian 
population.

Methods
The current study is an observational, case–control study 
conducted on 125 subjects; age range from 18 to 50 
with both males and females being included. The study 
population was divided into 2 groups: the first (patients) 
group represents (54 adult Egyptian patients with relaps-
ing–remitting multiple sclerosis (RRMS), according to 
the Revised-McDonald’s criteria 2010 [6], recruited from 
the MS unit of the Neurology Department at Kasr AlAiny 
Hospital, Cairo University. Their ages ranged from 18 to 
50  years (29.22 ± 8.15 SD) and included both sexes. The 
second group included 71 patients aged between 19 and 
50 years (30.7 ± 7.6 SD), sex-matched healthy volunteers, 

enrolled from family members or friends of the probands, 
the hospital staff or patients admitted at other Hospital 
Departments, as Ophthalmology Department; meet-
ing the selection criteria as a control group. The study 
took place from April 2015 to November 2015. All the 
participants gave their informed written consent to par-
ticipate in the study and the research was approved by 
research ethics committee of Faculty of Medicine, Cairo 
University. The MS group included patients with a diag-
nosis of MS of the relapsing–remitting subtype (RRMS) 
[6]. Patients included should be in remission for at least 
one month prior to evaluation. Patients with progressive 
forms of MS, either primary or secondary progressive 
subtypes, were excluded from this study.

Participants were subjected to: clinical assessment, 
including neuro-status evaluation, using modified 
Expanded Disability Status Scale (EDSS) (for the MS 
patients’ group) done by a certified EDSS rater. Radiolog-
ical assessment: using B-mode transcranial sonography 
(TCS) for brain parenchyma. Subjects enrolled were 125, 
those who completed study to the end were  105 partici-
pants (Fig. 1).

The TCS studies took place in the Neurosonology Unit 
in the Neurology Department, Cairo University and were 
performed by a single experienced certified neurosonog-
rapher (European Society of Neuro-sonology and Cer-
ebral Hemodynamics “ENSCH”), who was blind to the 
subjects’ clinical data throughout the entire study. The 
studies were carried out using a high-resolution ultra-
sonography instrument (PHILIPS IU22 x MATRIX, Cali-
fornia, US, L 1-5 transducer, equipped with a 2.5  MHz 
Phased array transducer). It should be stressed that sys-
tem-specific image-processing technologies influence 
distinct measurements such as the assessment of echo-
genic areas of small brain structures. That is why normal 
ranges, especially for substantia nigra (SN) echogenic 

Fig. 1 Algorithm for enrollment of participants in the study. TCS = transcranial sonography
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areas, need to be obtained separately for each ultrasound 
system.

The system was adjusted according to the ultrasound 
system settings for brain parenchyma assessment using 
TCS recommended in Walter and Školoudík [4]. We 
applied tissue harmonic imaging (THI), rather than the 
conventional imaging mode, to increase the tissue con-
trast and therefore enable an easier delineation of small 
echogenic structures—the SN. Via the transtemporal 
window, the sonographic assessment was carried out in 2 
planes: the mesencephalic brainstem plane and ventricu-
lar plane (plane of the thalamus) [4]. The mesencephalic 
brainstem plane which is the quality criterion of adequate 
midbrain visualization is the butterfly-shaped, midbrain 
transection surrounded by the highly echogenic basal 
cisterns and is completely displayed, as shown in (Fig. 2). 
Here the following structures are visible: brainstem raphe 
(BR), substantia nigra (SN), and red nucleus (RN) (Figs. 2, 
3 and 4), while in the ventricular plane (plane of the thal-
amus) landmark structure is represented by the highly 
echogenic pineal gland, due to its calcification (Fig.  5), 
and structures assessed are the bilateral thalami, the third 
ventricle and bilateral frontal horns.

Transcranial sonography findings were categorized 
into: i. assessment of brain atrophy parameters by meas-
urement of diameter (cm) including third ventricle and 
both frontal horns of lateral ventricles. ii. assessment 
of the echogenicity for brainstem structures (SN, red 
nucleus) and thalamus (TH), which were assessed for 
their planimetric surface area  (cm2) [3, 4] along with their 
abnormal echogenicity  (cm2). In addition, brainstem 
raphe was assessed semi-quantitatively for its echogenic-
ity (intact or interrupted).

Rating of echogenicity (normal or hyperechogenic): 
to rate SN echogenicity the 75th and 90th percentile of 
measures in healthy control volunteers were used as a 
reference, the larger of bilaterally measured SN echo-
genic sizes was used for classification according to the 
consensus guidelines as follows: normal echogenic: 
measured area is < the 75th percentile. Moderately hyper-
echogenic  (H1): measured area is between the 75th and 
the 90th percentile. And markedly hyperechogenic  (H2): 
measured area is ≥ the 90th percentile [3].

On the other hand, to mark SN echogenicity as reduced 
(SN hypoechogenicity), we used the 10th percentile of 
bilateral sum of SN surface area healthy control volunteer 
as a cut-off point. Values below this cut-off point were 
regarded as SN hypoechogenicity [7–9]. The reason for 

Fig. 2 Transcranial sonography (TCS) image at axial plane, 
mesencephalic level of healthy control, showing the butterfly 
midbrain, surrounded by the highly echogenic basal cisterns, 
with intact raphe (continuous) (two arrows), both red nucleus (RN) 
also seen (white box)

Fig. 3 Transcranial sonography (TCS), axial plane at mesencephalic 
level (butterfly), of a healthy control subject showing right substantia 
nigra (SN) (encircled), displaying normal echogenic surface area

Fig. 4 TCS image, axial plane at level of midbrain (butterfly) 
in a healthy control subject without RLS. The echo signals of the RN 
are encircled for measurement of its area (increased)
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using the sum of bilateral measurement (SNsA) in cases 
of SN hypoechogenicity was attributed to limitation of 
image resolution, when very small echogenic signals of 
SN were present. The value for both RN and thalamic 
hyperechogenicity were set in the same way as that used 
with SN hyperechogenicity, using the 75th and 90th per-
centiles [3].

Rating the echogenicity of brainstem raphe (semi-
quantitatively) was done according to the consensus 
guideline that recommends the discrimination of only 
of two grades (normal and reduced echogenicity) [3], as 
follows: normal (intact: visualized as a highly echogenic 
continuous line with an echogenicity identical to that of 
the adjacent red nucleus) and reduced: the echogenic line 
of the brainstem raphe is either interrupted or not visible 
at bilateral insonation.

Statistical analysis: according to Walter and col-
leagues study (2009), the mean difference between the 
two groups was 1.7 and SD for the third ventricle width 
was 2.8 and 2.4  mm for patients and controls, respec-
tively. Considering a level of significance of 95% and 
power of 90%, the minimum sample size required is 104 
patients. A drop out of 20% was considered to give the 
final required sample size of 125. Statistical Package for 
Social Sciences (SPSS), version 22.0, was used for data 
management and data analysis. Mean ± standard devia-
tion described quantitative variables (numbers were 
approximated to next 2 decimals) and median with range 
when appropriate (distribution did not follow normality). 
Number and percentages described qualitative data using 
the Chi-square or Fisher exact tested proportion inde-
pendence. For comparing mean values of 2 independ-
ent groups, parametric and non-parametric T test were 
used. P value is always 2-tailed and significant at 0.05 

level. Correlation analysis was used to show magnitude 
of association between numerical variables (TCS meas-
ures and different cognitive and disability measures). One 
way to summarize the validity of a continuous numerical 
data (TCS dimensions) to discriminate MS cases from 
healthy control is to plot sensitivity against 1—specificity 
for different cut-off values. The resulting curve is called 
the receiver operating characteristic (ROC) curve; ROC 
analysis was done to obtain cut-off points for ventricular 
diameters, radiologically discriminating between patients 
with MS and healthy control in order to use it for predic-
tion of physical disability in patients with MS as a vari-
able in the logistic regression equation.

Results
Quantitative measures of brain atrophy in normal con-
trol group: third ventricle diameter mean was 0.2 cm (SD 
0.08), right frontal horn (FH) diameter was 0.3  cm (SD 
0.13) and left frontal horn (FH) diameter was 0.28  cm 
(SD 0.1).

Surface area of deep grey matter (DGM) (assessed 
using planimetric method) in normal control group: tha-
lamic measures; right thalamus surface area mean was 
4.4   cm2 (SD 0.97) and left thalamus surface area mean 
was 4.7   cm2 (SD 1.24); substantia nigra measures: right 
substantia nigra surface area mean was 0.15   cm2 (SD 
0.05) and left substantia nigra surface area mean was 
0.15   cm2 (SD 0.06); and red nucleus measures: right red 
nucleus surface area mean was 0.05   cm2 (SD 0.03) and 
left red nucleus surface area mean was 0.06   cm2 (SD 
0.03).

It is worth mentioning that within the normal control 
group, there was inter-side significant positive correlation 
between different parameters, either for right and left FH 
diameters (r = 0.6, p < 0.0001) or for DGM echogenic sizes 
(Rt and Lt SN: r = 0.63, p < 0.0001, Rt and Lt RN: r = 0.56, 
p < 0.0001, Rt. and Lt. Th.: r = 0.45, p < 0.0001) suggesting 
reliability of the measurement. Age at onset of MS symp-
toms; in patients included in this study; ranged from 12 
to 46 with median 21.5 and mean 23.3 (SD 7.37), disease 
duration ranged from 0.25 to 22 with median 4.74 and 
mean 5.94 (SD 4.47); the total number of attacks ranged 
from 1 to 415 with median 3 and mean 4.17 (SD 2.89), 
mean EDSS was 2.34 (SD 1.12).

The MS patients’ group demonstrated larger ventricu-
lar diameter than the control group across the measure-
ment of the 3 ventricular diameters, indicating more 
occurrence of brain atrophy. The inter-group difference 
was statistically significant. However, assessment of 
brainstem structures (SN, red nucleus) and thalamus, by 
planimetric surface area  (cm2) showed only the surface 
area of both red nuclei and Right SN differed significantly 
between MS patients’ group and control group, with MS 

Fig. 5 TCS axial scan through the brain at thalamus level of a subject 
with normal findings of the third ventricle, T thalamus, * =  3rd 
ventricle, ** = frontal horn of lateral ventricle and arrow = pineal gland 
(hyperechogenic landmark)
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patients displaying a larger surface area of these struc-
tures (Table 1).

Diameter of the left FH showed significant positive cor-
relation with the disease duration and total EDSS. Oth-
erwise, neither age, age at onset, disease duration nor 
total EDSS showed any significant correlation with other 
parameters of brain atrophy (Table 2). Significant positive 
correlation was found between the cerebral functional 
system (FS) and the diameter of the third ventricle, while 
the pyramidal and bowel, and bladder functional steps 
were positively correlated to the diameter of the Left FH 
(Table 3).

ROC curve analysis: ROC analysis for the third ven-
tricular diameter showed an Area Under Curve (AUC) 
of 0.81 [95% confidence interval (CI) 0.72–0.89] and it 
was set at above a cut-off point of 0.23 cm; the third ven-
tricular diameter was capable of discriminating between 
RRMS and healthy control with a sensitivity of 81.6%, 
specificity of 71.4%, with a positive predictive value 
(PPV) of 71.4% and a negative predictive value (NPV) of 
81.6% (p < 0.001*).

ROC analysis for the diameter of the right FH 
showed an AUC of 0.87 [95% confidence interval (CI) 
0.80–0.94] and it was set that above a cut-off point of 
0.36 cm; the diameter of the Right FH can discriminate 
between RRMS and healthy control subjects with a sen-
sitivity of 93.8%, specificity of 71.4%, PPV of 73.8% and 
a NPV of 93.0% (p < 0.001*).

ROC analysis for the diameter of the left FH showed 
an area under curve (AUC) of 0.85 [95% confidence 
interval (CI) 0.77–0.92] and it was set that above a cut-
off point of 0.37  cm, the diameter of left FH can dis-
criminate between RRMS and healthy control subjects 
with a sensitivity of 72.9%, specificity of 80.4%, PPV of 
76.1% and NPV of 77.6% (p < 0.001*).

Echogenicity of the grey matter: the cut-off values 
for echogenicity of the 3 DGM structures (SN, RN and 
thalamus) were defined first in the control subjects. 
This was done at 2 levels; > 75th percentile and > 90th 
percentile per the larger side of bilateral measurement, 
to classify the structure as moderately hyperechogenic 

Table 1 Comparison of measures of brain atrophy between multiple sclerosis (MS) patients’ and control groups

TCS transcranial sonography, MS multiple sclerosis, n number, 3rd third, cm centimeters, Rt. right, Lt. left, FH frontal horn, SA surface area, DGM deep grey matter, cm2 
centimeter square, Th thalamus, SN substantia nigra, RN red nucleus

MS group
(n = 48)

Control group
(n = 57)

p- value

Range Mean ± SD Range Mean ± SD

Ventricular
diameter (cm)

3rd ventricle 0.12–0.76 0.34 ± 0.15 0.07–0.45 0.2 ± 0.08 < 0.001*
Rt. FH 0.3–0.87 0.49 ± 0.14 0.12–0.85 0.30 ± 0.13 < 0.001*
Lt. FH 0.23–0.92 0.45 ± 0.15 0.02–0.54 0.28 ± 0.1 < 0.001*

SA of DGM  (cm2) Rt. Th 2.11–7.78 4.18 ± 1.1 2.59–6.88 4.43 ± 0.97 0.22

Lt. Th 1.87–7.8 4.29 ± 1.27 2.48–8.55 4.67 ± 1.24 0.12

Rt. SN 0.02–0.95 0.19 ± 0.13 0.03–0.26 0.15 ± 0.05 0.04*
Lt. SN 0.05–0.34 0.17 ± 0.07 0.05–0.26 0.15 ± 0.06 0.17

Rt. RN 0.04–0.46 0.08 ± 0.07 0.02–0.17 0.05 ± 0.03 0.01*
Lt. RN 0.02–0.6 0.09 ± 0.08 0.01–0.16 0.06 ± 0.03 0.04*

Table 2 Relation of clinical data to TCS parameters of brain atrophy in the MS patients’ group (n = 48)

TCS  transcranial sonography, MS  multiple sclerosis, n  number, 3rd  third, cm  centimeters, Rt.  right, Lt.  left, FH  frontal horn, r  correlation coefficient, ys  years, 
ms  months, EDSS  Expanded Disability Status Scale
* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)

Clinical parameter 3rd ventricle (cm) Rt. FH (cm) Lt. FH (cm)

r p- value r p- value r p- value

Age (ys) 0.15 0.3 0.19 0.21 0.26 0.08

Age at onset (ys) 0.02 0.88 0.15 0.31 0.08 0.61

Disease duration
(ms)

0.29 0.1 0.1 0.51 0.32* 0.03*

Total EDSS 0.48**  < 0.0001** 0.24 0.11 0.39 0.007
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 (H1 = 75–90th percentiles) or markedly hyperechogenic 
 (H2 ≥  90th percentile) (Table 4).

Then, upon comparison of these values between 
patients and control subjects, the only significant dif-
ference was for the RN, at both > 75th and 90th per-
centile, indicating that patients with MS displayed a 
greater occurrence of both moderate and marked RN 
hyperechogenicity than the control group (Table 5).

The cut-off value of SN hypoechogenicity was set in 
the healthy control subjects at a value < 10th percentile of 
sum of bilateral SN surface area, which was 0.15  cm2. Val-
ues below this cut-off point are considered to represent 
SN hypoechogenicity. Within the group of MS patients, 
only 2 displayed SN hypoechogenicity (4.17%), whereas 6 
control subjects displayed this echo-feature (10.53%).

As for echogenicity of brain stem raphe, the inter-
group difference was statistically significant, with 7 MS 
patients showing interrupted raphe (14.6%), with none 
of the control subjects displaying the same echo-feature 
(p = 0.002).

Discussion
The application of TCS in displaying brain parenchyma 
has been verified in several neurodegenerative diseases 
[2–4]. Furthermore, the application of B-mode TCS of 
the brain parenchyma has been established. The reli-
ability of the TCS measurements was confirmed by 
the presence of significant inter-side positive correla-
tion between the paired structures in the control group. 

Table 3 Correlation between ventricular diameter, as assessed by TCS and EDSS functional steps in subjects with MS (n = 48)

TCS transcranial sonography, EDSS Expanded Disability Status Score, EDSS FS Expanded Disability Status Scale Functional Step, MS multiple sclerosis, 3rd third, cm 
centimeters, Rt. right, Lt. left, FH frontal horn, r correlation coefficient
* Correlation is significant at the 0.05 level (2-tailed)

EDSS FS 3rd ventricle (cm) Rt. FH (cm) Lt. FH (cm)

r p- value r p- value r p- value

Visual − 0.14 0.34 − 0.13 0.4 − 0.08 0.59

Brainstem 0.23 0.11 − 0.07 0.63 0.03 0.83

Pyramidal 0.15 0.33 0.25 0.1 0.35* 0.02*
Cerebellar 0.23 0.05 0.165 0.266 0.165 0.268

Sensory 0.015 0.919 − 0.086 0.564 − 0.052 0.728

Bowel and blabber 0.123 0.404 0.262 0.075 0.356* 0.014*
Ambulation 0.166 0.428 0.190 0.364 0.365 0.073

cerebral 0.028 0.848 0.051 0.732 0.093 0.533

Table 4 Cut-off values for hyperechogenicity of the 3 DGM 
structures, as established in the healthy control group

DGM deep grey matter, n number, RLS restless leg syndrome, cm2 centimeter 
square, SN substantia nigra, RN red nucleus, Th. thalamus

DGM structure ≥ 75th percentile  (cm2) ≥ 90th 
percentile 
 (cm2)

SN 0.19 0.22

RN 0.08 0.09

Th 5.31 6.12

Table 5 Comparison of frequency of DGM hyperechogenicity between the MS patients’ and control groups

DGM deep grey matter, RRMS relapsing–remitting multiple sclerosis, n number, cm2 centimeters square, SN substantia nigra, RN red nucleus, Th. thalamus, H1 
moderate hyperechogenicity (75th–90th percentile of the larger of bilaterally measured echogenic sizes), H2 marked hyperechogenicity (> 90th percentile of the 
larger of bilaterally measured echogenic sizes), total = values > 75th percentiles

DGM hyperechogenicity
(cm2)

RRMS group
(n = 48)

Control group
(n = 57)

p-value

Count Frequency% Count Frequency %

SN  ≥ 75th percentile 17 35.4 14 24.56 0.25

 ≥ 90th percentile 11 22.9 6 10.53 0.09

RN  ≥ 75th percentile 25 52.1 14 24.56 0.004*

 ≥ 90th percentile 18 37.5 6 10.5 0.001*

Th  ≥ 75th percentile 8 16.67 14 24.56 0.45

 ≥ 90th percentile 5 10.42 6 10.50 1.0
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The transtemporal window was sufficient in all subjects 
assessed, owing to their age. This is in favor of the use 
of TCS in patients with MS, thus permit evaluation of 
parameters of brain atrophy and neurodegeneration.

Significant brain atrophy was found in patients with 
MS, even early in the disease course and with relatively 
mild physical disability emphasizing the hidden neurode-
generative component of MS pathology reported to occur 
as early as in the first clinical event (CIS) [10]. These find-
ings are in concordance with other several studies which 
documented ventricular enlargement in early MS, using 
either MRI or TCS [11–13].

Affection of the DGM during early MS has been 
described in literature [10, 14–17]. The apparent WM 
affection seen with conventional magnetic resonance 
imaging (MRI) could only partially explain the degree 
of disability (both motor and non-motor). However, 
the pathology affecting normal appearing grey matter 
(NAGM) and normal appearing white matter (NAWM) 
was unmasked by more sophisticated MRI sequences [18, 
19] TCS [20] and by histopathology [21].

In the present study, patients with MS displayed sig-
nificantly increased echogenicity of right and left RN 
and right SN. Likewise, Haider and Colleagues [21] have 
denoted that hypothalamus was the most prominent 
DGM to be affected by focal demyelination and that 
thalamus was more prominently affected by neurode-
generation, whereas caudate nucleus suffered both pro-
cesses. Similarly, the affection of other DGM as SN and 
RN, which was only marginally addressed in few studies 
in MS, could be interpreted [22].

The pathological processes involving SN and RN, in 
terms of increase of their planimetric size and conse-
quently hyperechogenicity, reflect excess iron deposition 
[23, 24]. This supports the idea of iron having a role in 
neurodegeneration in MS and may explain our findings of 
significant RN hyperechogenicity in MS patients in com-
parison to the control group. This may represent a useful 
application of TCS in monitoring early and even pre-
clinical conversion of clinical isolated syndrome (CIS) 
to clinical definite multiple sclerosis (CDMS), before the 
occurrence of a second clinical event, which may warrant 
early introduction of disease modifying therapy. Another 
possible hypothesis includes a compensatory trial to 
overcome the affection of pyramidal tract through adap-
tive reorganization of the red nucleus connections [25].

In this study, the lack of significant apparent thalamic 
atrophy in MS patients, in comparison to the control, is 
somewhat misleading, as indirect evidence for the pres-
ence of thalamic atrophy is the significant third ventric-
ular enlargement in MS patients relative to the healthy 
controls. Although thalamic atrophy was reported in 
different studies, even since the early phases of MS, this 

was assessed using MRI [26, 27]. This may suggest that 
the assessment of thalamus using TCS is not the best 
option for detecting its atrophy and that MRI-based 
assessment may be more informative.

Since visually based semi-quantitative measure-
ment may be subjective to a large degree of variability 
and that planimetric method is much more objective, 
we aimed to define our own cut-off points. Our results 
calculated a cut-off of SN moderate and marked hyper-
echogenicity ≥ 0.19 and 0.22   cm2, respectively. This is 
close to other research group cut-off values using simi-
lar Phillips system, who reported ≥ 0.20 and ≥ 0.27  cm2 
for moderate and marked hyperechogenicity, respec-
tively [28–30].

Because hyperechogenicity of RN and thalamus were 
not assessed by planimetric method before with no cut-
off values found for them in literature, we calculated a 
cut-off value for moderate and marked hyperechogenic-
ity of both RN and thalamus. This highlights that the cur-
rent work not only represents the first TCS study of brain 
parenchyma in the Egyptian population, but also the first 
planimetric assessment of echogenicity of RN and thala-
mus with cut-off values.

Brainstem raphe consists of multiple nuclei (mainly 
serotonergic, which are part of the infra-tentorial GM; 
our results showed that interrupted raphe was found in 
14.6% of MS patients. The TCS finding of interrupted 
raphe was described in 50–70% of patients with depres-
sive disorders as a reflection of central serotonergic sys-
tem alteration [31]. However, in our study, depression 
was an exclusion criterion. Hence, loss of serotonergic 
neurons in the rostral nuclear complex of the raphe is 
believed to be secondary to pathological changes taking 
place in the target areas of these projections [32, 33].

Diameter of the left FH showed significant positive cor-
relation to the disease duration, total EDSS, pyramidal 
and bowel and bladder functional steps; whereas diam-
eter of 3rd ventricle showed significant positive correla-
tion to the cerebral functional system score. This denotes 
the relation between brain atrophy and physical dis-
ability even in the relapsing–remitting stage. Also, Sailer 
and colleagues [33] noted the presence of focal atrophy 
in the bilateral frontal and temporal cortices early in 
the disease course and additionally in the motor cortex 
in patients with more advanced disease [34], which is in 
concordance with our results of significant correlation 
of FH width to the disease duration. Correlation of ven-
tricular diameters to physical disability was reported in 
different studies, either using TCS [13, 20, 35, 36] or MRI 
[37, 38]. Some of these studies have correlated ventricu-
lar diameters as assessed by TCS to that assessed by MRI 
and found strong significant correlation between both 
methods.
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Abnormalities in the WM may precede clinical onset 
by several years, while those in the GM appear to coin-
cide more closely with first symptom occurrence. They 
may explain the correlation of the FH to the disease 
duration and not the 3rd ventricle based on more prox-
imity of the frontal horn to the corpus callosum, which 
is commonly and early affected in MS [39]. However, 
the exact pattern of atrophy evolution in MS is not 
exactly clear, with conflicting results among different 
research groups, mostly due to different patient popula-
tions, sample sizes and the techniques used [11].

In conclusion, TCS can help in early detection of 
structural brain changes in MS patients, allowing for 
better assessment and management plan. It may be 
used as a quick and easy tool for frequent routine fol-
low-up in this type of chronic patients.
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