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THALAMUS is a subcortical brain structure which divided into smaller nuclei with specific 
functions that aid in neuronal signal transmission and regulation, it has been the subject of 

a lot of neurological studies and clinical therapies, traditional imaging modalities like T1 and T2-
weighted imaging provide weak contrast in the thalamus. The thalamus has been demonstrated 
to be a promising target for Susceptibility-weighted image (SWI). SWI is a T2* gradient echo 
sequence, which is extremely sensitive to compounds with magnetic characteristics. The phase 
and magnitude of SWI can aid in the diagnosis of a variety of diseases. Spatial differences in 
the primary magnetic field of the magnetic resonance imaging (MRI) scanner have a significant 
impact on phase data. When acquiring SWI in diagnostic imaging, the axial acquisition is the 
most common plane of alignment. Because of the relative heterogeneity in patient placement 
and anatomy, clinical requirements frequently lead to changes in alignment angles. The line of 
the anterior and posterior commissure AC-PC can change in direction regarding the transverse 
plane of the MRI system for many patients receiving brain MRI. We studied whether there are 
any major effects on SWI phase data due to oblique orientation. According to the resulting data, 
there were considerable changes in phase values between axial and anatomically aligned cases.
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Introduction                                                                          

SWI utilizes changes in tissue magnetic 
susceptibility, which defines the magnetic 
response of tissues placed in an external magnetic 
field, to improve image contrast in conventional 
MRI. A gradient-recalled echo (GRE) sequence 
with a comparatively lengthy echo time (TE) was 
used [1]. The magnetic susceptibility information 
is added to the brain structure using a SW image, 
which combines a phase image and a magnitude 
image. The static magnetic field inhomogeneities, 
which are influenced by a macroscopic and 
microscopic effect, are reflected in the image 
phase variations [2]. The macroscopic effect, 
also known as the geometry effect, occurs 
when the configuration of tissues disrupts the 
homogeneity of the local field, such as the white 
matter tract, capillary beds, and interstitial space 
[2]. The microscopic effect is defined as the local 
field’s homogeneity being altered by substances 
with varying magnetic susceptibilities [1, 3]. 

Variations in tissue magnetic susceptibility are 
thus generated from both the tissue’s geometry 
and the compounds’ sensitivity to the applied 
field. The compounds of relevance can be 
classified into paramagnetic or diamagnetic 
based on their response to the applied field. 
Ferritin, which contains ferric iron, deoxygenated 
hemoglobin, and ceruloplasmin are examples of 
paramagnetic compounds, while myelin, calcium, 
and oxygenated hemoglobin are examples of 
diamagnetic compounds.[2]. Because of the iron, 
grey matter structures such as the Thalamus are 
paramagnetic, but the white matter is diamagnetic 
due to myelination[4]. In comparison, the deep 
grey nuclei have the highest concentrations of iron, 
whereas the other components are rather minor. [5]. 
In the brains of patients with neurodegenerative 
disorders, abnormal iron deposition patterns were 
discovered [6]. Excess iron can harm neurons 
by causing free radicals to form. [7]. As a result, 
iron accumulation is assumed to be important in 
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the development of neurodegenerative disorders 
[8-10]. The aberrant iron deposition changes the 
iron distribution and concentration in the brain, 
affecting tissue magnetic susceptibility [1]. SWI 
can detect changes in susceptibility by recording 
phase variations produced by iron deposition and 
multiplying the processed phase image with the 
magnitude image several times, which allows for 
increased phase contrast and indirect iron content 
assessment [11]. The gray matter, particularly 
the thalamus, has been demonstrated to be a 
promising target for SWI [12]. This subcortical 
brain structure is divided into smaller nuclei 
with specific functions that aid in neuronal signal 
transmission and regulation [13, 14]. It has been 
the subject of a lot of neurological studies and 
clinical therapies. Neuronal abnormalities in the 
anterior and mediodorsal nuclei, as well as the 
pulvinar (Pu), for example, have been associated 
with psychotic diseases like schizophrenia and 
multiple sclerosis (MS) [15, 16]. To treat essential 
tremors, the ventral intermediate nucleus (Vim) 
is frequently targeted [17], this procedure can 
be performed non-invasively using radiosurgery 
[18] or focused ultrasound[19]. However, precise, 
non-invasive targeting is required. Unfortunately, 
traditional imaging modalities like T1 and T2-
weighted imaging provide weak contrast in the 
thalamus, and diffusion tensor imaging cannot 
resolve some of its particular nuclei, such as the 
Vim [20]. Indirect mapping methods based on 
conventional atlases can help with distinction, 
but they don’t account for individual anatomical 
differences. Despite the high-resolution potential 
of SWI, it presently faces a significant unsolved 
issue that could impair image quality and 
diagnostic utility. Because of the heterogeneity in 
patient anatomy and position in clinical imaging, 
constant anatomic alignment of the slab orientation 
often needs varied oblique angles. The sagittal 
angle of the anterior commissure and superior 
commissure (ACPC) line in patients, for example, 
can vary significantly relative to the transverse 
direction, with one study of 30 patients revealing 
a range of –33° to +30° with a standard deviation 
of 20° [21]. Therefore, there exists a significant 
variation in voxel orientation relative to the main 
magnetic field, as well as voxel encoding gradients 
played out on each physical gradient axis that 
can be predicted in patient studies using ACPC 
alignment [22]. Changes in voxel orientation may 
have an impact on techniques that are sensitive 
to magnetic dipole effects, which are highly 
dependent on the direction of the main magnetic 

field. [23-25]. Different summation effects may 
result from different voxel orientations, especially 
when anisotropic voxels are employed. [26-28]. 

We used statistical analysis of SW phase image 
data collected from 10 patients who had undergone 
an MRI brain routine that included two SWI in 
axial orientation, one on true transverse alignment, 
and a second SWI aligned with the anatomical 
position of the anterior-posterior commissure 
AC-PC line, by measuring phase values from 
the right and left thalamus. By drawing regions 
of interest (ROI) around the thalamus in both the 
left and right hemispheres of the brain, mean and 
standard deviation were taken into account to see 
if there were any significant effects on SWI phase 
data due to oblique orientation, and if there were 
any significant differences in phase value between 
true axial and anatomically axial alignment.

Materials and Methods                                                    

Patients
In this study, after approval by a research 

ethics committee, Faculty of Medicine, Suez 
Canal University, verbal consent was obtained 
from all patients involved in the study.  Ten 
patients (5 males and 5 females) with a mean age 
of 44.95 ±17.23 years were submitted for brain 
MRI as a routine checkup. The MRI in most cases 
was done for different clinical symptoms such as 
headache, tinnitus, seizures, and vertigo.

MRI data acquisition and analysis
All MRI scans were acquired at MR machine 

1.5 Tesla (Philips, Achieva DS, head and neck coil). 
Brain routine protocol included fluid-attenuated 
inversion recovery (FLAIR), T1-weighted image, 
Diffusion-weighted image, and Susceptibility-
weighted phase image (SWI). The SWI sequence 
parameters are field of view 232 × 200; the size of 
the matrix, 272 × 200; size of the voxel, 0.85 mm × 1 
mm × 2 mm; TE 40ms, TR 51 ms, and 20◦ flip angle 
with 1.5 SENSE to reduce scan time, 2 mm thickness 
and 130 slices. The scan time of SWI was 4 minutes. 
The SWI is the post-processed form of the phase and 
magnitude, the filtered phase ranges from -π to +π, 
where in the equipment used, diamagnetic products 
(calcifications) are hyperintense, while paramagnetic 
products (e.g. deoxy-hemoglobin) showing 
hypointense. The SWI is acquired two times for all 
subjects; the first time, when the slab selection was 
in the direction in which feet to head (FH) is parallel 
to the main magnetic field (zero-angle), another SWI 
was performed with AC-PC line (anatomy-angle) 
anatomical alignment.
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The regions of interest (ROI) were drawn 
manually and identified by using ImageJ software 
according to the anatomical structures[29]. 
The values were measured from the filtered 
phase images where the mean phase value of 
the structure was drawn. The phase values were 
measured from the left and right thalamus (Figure 
1), for each ROI at least four slices are cutting 
through the thalamus while having a well-defined 
border. Furthermore, when setting the ROIs, care 
was taken, to avoid hypointense rim around the 
basal ganglia and veins cutting through the region 
of interest. Four measurements were done for 
each structure corresponding to four ROIs, and 
the final values of phase in milliradians were 
derived from the mean values of the four images.

Statistical analysis
The measured phase values were statistically 

analyzed by the Statistical Package for Social 
Science (SPSS) version 26.0. All data are 
presented as the mean and standard deviation.

To test the effect of alignment on SWI phase 
value, a paired-samples t-test was applied to the 
phase values of bilateral hemispheres thalamus 
in zero-alignment and anatomical-alignment 
groups respectively, a t-test is used to compare all 
asymmetrical regions of both groups, and evaluate, 

Fig. 1. Display of the basal ganglia of a patient, 2 gray matter areas were drawn as representative 
regions of interest with a magnification factor of 4.0. 1, 2 = bilateral Thalamus.

whether there was phase difference between zero-
alignment and anatomical-alignment. For all 
results, statistical significance is set to be P-value   
< 0.05.

Results                                                                                           

The mean and standard deviation for the phase 
values of bilateral thalamus zero-alignment and 
anatomical alignment groups are summarized in 
(Table 1). 

In both zero-alignment and anatomical-
alignment, the filtered phase values in the 
anatomical alignment were significantly lower 
in negativity than those in the zero-alignment in 
bilateral thalamus (P < 0.05) (Table 2). 

The global mean of the zero-alignment group 
for the bilateral Thalamus was-10.6806 milli 
radians, versus -6.8246 milli radians for the 
anatomical-alignment group, the phase change is 
about -3.856 milli radians (56.5%) with P-value 
of =0.000.



62

Egypt. J. Biophys. Biomed. Eng., Vol. 23  (2022)

MAHMOUD REFAAT et al.

  Deep gray matter regions in different alignments Mean m. radians Std. Deviation

LT Thalamus
Anatomical-Alignment -3.39870 1.734905

zero-alignment -5.00940 2.486178

RT Thalamus
Anatomical-Alignment -3.26190 1.764525

zero-alignment -5.83520 3.890113

TABLE 1. Mean Phase values for each ROI of all patients.

Discussion                                                                                    

When applied to a high field MRI scanner, the 
SWI phase increases sensitivity to deoxygenated 
blood, iron, myelin, and other variations in 
susceptibility [30, 31]. However, the magnetic 
field orientation and slab alignment with respect 
to the main magnetic field have a big impact on 
phase image characterization [32, 33]. With pure 
transverse slab imaging, early investigations on 
SWI and phase in the brain tended to maintain 
the longer voxel dimension oriented in parallel 
to the main magnetic field. [1, 34]. Most recent 
investigations, typically use standard clinical brain 
alignment along the AC-PC line [35-37], to match 
anatomic features between subjects as well as 
between imaging methods. The voxel alignment 
angle with the main magnetic field varies amongst 
patients as a result of this AC-PC line alignment. 
According to the anatomical position of the 
AC-PC line, the SWI images were acquired at 
angles ranging from +15 to -15 degrees in this 
investigation. Several factors influence SWI 
phase measurements in the thalamus, including 
the ROI selection method, field strength, sample 
size, and composition properties[38]. In these 
measurements, we applied the same ROI method, 
the same field strength of 1.5 tesla, and the same 
subject per comparative measurement, so any 

Deep gray matter regions in different alignments Mean 
Difference

Std. 
Deviation t P-Value

LT Thalamus Zero alignment-anatomical alignment -1.610700 1.681588 -3.029 0.014

RT Thalamus Zero alignment-anatomical alignment -2.573300 2.647629 -3.074 0.013

TABLE 2. Comparison between the two alignment groups of phase values (x ± SD) with a significance value of 
p-value and the value of t-test.

phase change that has occurred will be the result 
of the change in imaging slab volume orientation.

As in the results, the global mean of the zero-
alignment group was (56.5%) more negative than 
the results of the anatomical-alignment group, 
which leads to a decrease in quantitative and 
qualitative measurements for subjects undergoing 
SWI in the anatomical orientation.

Our results showed that there was appreciable 
phase change for the thalamus in both 
hemispheres, between the two alignment groups. 
The mean phase values of the thalamus in the 
left and right hemispheres of the zero-alignment 
group were stronger (more negative) than those in 
the anatomical alignment group.

For bilateral hemispheres of the thalamus, 
there were significant differences between the two 
image groups (P < 0.05). Student T-test results of 
-3 signify the large relative difference between the 
two groups.

Our results coincide with Eissa and Walsh [27, 
39] respectively; where Eissa has measured the 
contrast to noise ratio (CNR) of SWI by comparing 
the pure axial and the oblique, at 45◦degrees with 
his technique. Three-dimensional MRI with 
independent slab excitation and encoding (ISEE), 
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the results showed that the pure axial of SWI and 
SWI of ISEE had higher CNR than that of the 
SWI oblique. 

Zero-alignment measurements give the 
best results to increase the sensitivity to phase 
variation due to paramagnetic depositions, 
owing to the strong reliance of phase images on 
voxel alignment with the main magnetic field. 
This could be arising from the fact that a dipole 
source has external and nonlocal field effects of 
variable signs that depend on the angle with the 
main magnetic field. Voxels aligned parallel to 
the main field lead to a different phase summation 
than that when voxels are not parallel [25, 28]. 
These effects will vary with voxel size, object 
shape, and voxel anisotropy[26].  By using 
small isotropic voxels, it can reduce the effects 
of voxel orientation, but would require a much 
longer acquisition time[26] in addition to having 
lower phase contrast.

Future work is warranted to increase the 
sample size and investigate the angle value effect 
on phase and contrast in a closer manner.

Conclusion                                                                           

Due to the substantial reliance of phase image 
on voxel alignment with the main magnetic 
field, acquiring SWI in a pure axial plan yields 
the best results in phase value, which enhances 
sensitivity to phase variation due to paramagnetic 
depositions. SWI images of the Thalamus gave 
higher contrast and phase effects due to iron 
content. By maintaining the imaging angle at 
pure axial, we may secure phase effects that are 
significantly (56.5%), P-value= 0.000 stronger 
than the standard anatomically based alignment. 
After being acquired in zero alignments, SWI 
pictures can be reconstructed in the desired 
anatomical alignment.

Data availability
The data that support the findings of this study 

are available on request from the corresponding 
author.
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المهاد هو بنية دماغية تحت القشرية تنقسم إلى نوى أصغر ذات وظائف محددة تساعد في نقل الإشارات العصبية 
وتنظيمها، وقد كان موضوعًا للعديد من الدراسات العصبية والعلاجات السريرية، كما أن طرق التصوير التقليدية 
المرجحة  للصورة  واعد  هدف  المهاد  يعتبر  المهاد.  في  تبايناً ضعيفاً  توفر   T2 T1و  الموزون  التصوير  مثل 
بالحساسية الذي هو عبارة عن صوره من تسلسل صدى متدرج، وهو حساس للغاية للمركبات ذات الخصائص 
من  متنوعة  مجموعة  تشخيص  في  بالحساسية  المرجحة  الصور  وقيمة  طور  تساعد  أن  يمكن  المغناطيسية. 
الأمراض. الاختلافات المكانية في المجال المغناطيسي الأساسي لجهاز التصوير بالرنين المغناطيسي لها تأثير 
كبير على البيانات الخاصة بالطور. عند الحصول على الصور المرجحة بالحساسية في التصوير التشخيصي، 
يكون المحاذاة المحورية هو المستوى الأكثر شيوعًا للمحاذاة. بسبب عدم التجانس النسبي في وضع المريض 
والوضع التشريحي للمخ، غالباً ما تؤدي المتطلبات السريرية إلى تغييرات في زوايا المحاذاة. يمكن أن يتغير خط 
الصوار الأمامي والخلفي في الاتجاه فيما يتعلق بالمستوى العرضي لنظام التصوير بالرنين المغناطيسي للعديد 
كبيرة  تأثيرات  أي  كانت هناك  إذا  ما  للدماغ. درسنا  المغناطيسي  بالرنين  التصوير  يتلقون  الذين  المرضى  من 
على بيانات الطور الخاصة بالصور المرجحة بالحساسية بسبب الاتجاه المائل. وفقاً للبيانات الناتجة، كانت هناك 

تغييرات كبيرة في قيم الطور بين الحالات المحورية والمحاذاة تشريحياً.


