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Abstract

Magnetic Resonance Imaging (MRI) examinations require precise placement of the isocenter as it directly 
influences the quality of MRI images. In the context of nasopharyngeal MRI examinations, different opinions 
regarding the optimal placement of the isocenter exist.  Currently, two methods of isocenter placement are 
commonly applied, i.e., nasion and symphysis menti isocenter placement. This study aimed to analyze how 
these different isocenter placements affect the quality of MRI images in T2 Turbo Spin Echo sequences of 
the nasopharynx in the coronal plane. This study was conducted in June 2023 at the Radiology Installation 
of Dharmais Cancer Hospital, Jakarta, Indonesia. This study used the quantitative experimental approach. Six 
samples were purposively selected from nasopharyngeal cancer patients, and two treatments were conducted: 
isocenter placement at the nasion and isocenter placement at the symphysis menti. Data processing was 
performed using a statistical software. The results of the Wilcoxon test for image quality from the perspective 
of the signal-to-noise ratio (SNR) yielded a p-value of 0.173, which was greater than 0.05, indicating that there 
was no significant difference in image quality as measured by the SNR between the two isocenter placements. 
Similarly, the paired sample t-test for image quality in terms of the contrast-to-noise ratio (CNR) resulted in a 
p-value of 0.610, which was also greater than 0.05. This demonstrated no significant difference in the image 
quality between the two isocenter placements from the perspective of the CNR measures. Thus, both isocenter 
placements resulted in comparable image quality. 
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Introduction

Many cases of nasopharyngeal cancer are found 
in more advanced stages. The diagnosis of this 
cancer needs to be established early to determine 
the therapy and prognosis of the disease. The type 
of cancer most commonly observed in Indonesia, 
ranking fourth after cervical, breast, and skin 
cancer, is nasopharyngeal cancer.1 There were 
348,809 new cases and 207,210 deaths caused by 
nasopharyngeal cancer in Indonesia2. Quality of 
life assessed in cancer patients is often used as a 
reference for the success of therapy.3  The therapy 
given to patients with nasopharyngeal cancer is 
radiotherapy and followed by chemotherapy.4

Consideration of the impact of cancer 
treatment on the patient’s psychosocial and 
functional health is obtained from assessing 

the patient’s quality of life.5 MRI (Magnetic 
Resonance Imaging) is a body imaging technique 
based on the principle of magnetic resonance 
of the atomic nucleus and produces coronal, 
transverse, and axial cuts.6 MRI imaging has 
become the primary method for examining 
patients with suspected pathology in the 
nasopharynx because it can provide contrast 
resolution for soft tissue. Another advantage of 
MRI is that it can detect tumor grade, perineural 
spread, and intracranial tumor extension.7 MRI 
imaging can also show a better image of the 
tumor than examining nasopharyngeal cancer 
using endoscopy and endoscopic biopsy. 

Optimal MRI image results need to be 
achieved for maximum diagnosis, so a suitable 
examination protocol is also needed. IMR image 
results have four characteristics: high signal-to-
noise ratio (SNR), good contrast-to-noise ratio 
(CNR), high spatial resolution, and short imaging 
time.8–10SNR is the ratio between the amount of 
noise produced by the MR system and the amount 
of signal received from the tissue being imaged. 
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The difference in SNR between the two relevant 
types of networks is called CNR, a relationship 
between contrast and noise.11 The meaning of 
the signal is the voltage induced in the receiver 
coil by precise coherent magnetization in the 
transverse plane at, or around, the time of Time 
Echo (TE), and noise represents frequencies that 
exist randomly in space and time.8

The MRI examination procedure starts with 
positioning the patient or object correctly. The 
object’s center in an MRI examination is placed 
at the isocenter (B0) or the center point of the 
magnet. Each gradient in MRI will be centered 
at the midpoint of the isocenter.6 Inappropriate 
object placement will reduce the accuracy and 
precision of image measurements, and good 
placement will increase statistical power in 
research to understand a particular clinical 
issue.6 Also, incorrect isocenter placement will 
affect the quality of the resulting image, namely 
SNR and CNR.8 

There are differences in isocenter placement 
during nasopharyngeal MRI examinations for 
nasopharyngeal cancer patients in several major 
hospitals, particularly regarding the positioning 
of the isocenter at the nasion or symphysis 
menti. This research is important due to the 
lack of consensus on this issue, with no robust 
studies supporting either method. To date, no 
previous research has examined the impact of 
different isocenter placements on image quality 
in these two areas. Therefore, this study aims to 
statistically assess the differences in isocenter 
placement at the nasion and symphysis menti 
during nasopharyngeal MRI examinations in 
nasopharyngeal cancer patients, specifically 
in relation to image quality metrics such as 
the Signal-to-Noise Ratio (SNR) and Contrast-
to-Noise Ratio (CNR). The ultimate goal is to 
clarify the discrepancies in isocenter placement 
practices observed across different hospitals. 

Methods

This study employed an experimental design 
with purposive sampling and a quantitative 
approach. Data collection was conducted in June 
2023 at the Radiology Department of Dharmais 
Cancer Hospital. Practical considerations such as 
available resources, time constraints, and data 
accessibility resulted in a total sample size of six 
participants. Ethical approval for this research 
was granted by the Medical Research Ethics 
Committee of Dharmais Cancer Hospital under 
clearance number 124/KEPK/IV/2023. 

The inclusion criteria are patients diagnosed 
with nasopharyngeal cancer, who are willing 
to participate in the study, and who do not 
have a pacemaker. To maintain the integrity of 
the research results and ensure the safety of 
participants during the study, individuals who 
experience claustrophobia or have conditions 
that could cause discomfort or complications 
during the procedure are excluded from 
participation. Each sample underwent two 
treatments: placing the isocenter at nasion and 
at symphysis menti. The parameters used are 
Time Repetition (TR) 5200 ms, Time Echo (TE) 
110 ms, concatenations, and averages each with 
a value of 1. The only difference between the two 
procedures is the placement of the isocenter 
so that the results can be controlled. This 
research was conducted only on the T2 Turbo 
Spin Echo Fat Saturation coronal cut sequence. 
The samples chosen were patients with clinical 
nasopharyngeal cancer post-radiotherapy and 
post-chemotherapy at the request of the sending 
doctor for post-therapy evaluation images. 

The data obtained was processed using the 
ImageJ application, which is an application that 
can provide information in the form of numbers 
for the blackness value of an image in the form 
of mean to standard deviation.12Measurements 
were taken from ten distinct Regions of Interest 
(ROIs) as illustrated in Figure 1. ROIs 1–4 
were located in the nasopharyngeal area, ROI 
5 represented the brightest point in the image, 
ROIs 6–8 were selected from other anatomical 
areas including residual tumor regions (taken 
consistently across all samples), and ROIs 9–10 
were selected from the background or darkest 
areas of the image. The mean values obtained 
were then used to calculate Signal-to-Noise Ratio 
(SNR) and Contrast-to-Noise Ratio (CNR) using 
standard formulas. 

The resulting data—including mean 
intensity, standard deviation, SNR, and CNR—
were statistically analyzed using SPSS software. 
These analyses were conducted for both 
isocenter placement conditions to determine 
whether placement at the nasion or symphysis 
menti influenced image quality. A sample of data 
processed using ImageJ is shown in Figure 1.

Results

Data processing using the ImageJ application 
produces two data variations and is continued 
using statistical applications. The first test is 
the data normality test to determine the type of 
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statistical analysis that will be used in the next.13 
The first data processing is for image quality 
in the form of SNR and, after that, CNR. Table 1 
shows the result.

Based on Table 1, the Shapiro-Wilk normality 
test showed that the SNR values from images 
with isocenter placement at the nasion had a 
p-value of 0.001 (≤0.05), indicating that the data 
were not normally distributed. In contrast, the 
SNR values for images with isocenter placement 
at the symphysis menti yielded a p-value of 0.387 
(≥0.05), indicating normal distribution. Since 
one of the datasets did not meet the assumption 
of normality, a non-parametric statistical test 
was used. To determine whether there was a 

significant difference between the two isocenter 
placements, a Wilcoxon signed-rank test was 
conducted.

Table 2 presents the results of the Wilcoxon 
two-sample test, non-parametric test in assessing 
image quality in the form of SNR at the isocenter 
placement in nasion, obtaining a mean value of 
22.471, a minimum value of 9.082, a maximum 
value of 69.990, and standard deviation is 
23.614. In contrast, the isocenter placement at 
symphysis menti has a mean value of 11.228, 
a minimum value is 5.637, a maximum value is 
14.703, and a standard deviation is 3.516, and a 
p-value is (0.173) ≥0.05. Therefore, no significant 
difference exists between the image quality 

Tabel 2  Non-parametric Wilcoxon Test for Image Quality in SNR

Image Quality
(SNR)

Non-Parametric Wilcoxon Two-Sample Test

N Mean SD Min. Max. Asymp. Sig

SNR isocenter at Nasion 6 22.471 23.614 9.082 69.990
0.173SNR isocenter at

Symphysis Menti 6  11.228 3.561 5.637 14.703

N=number; SD=standard deviation; Min=minimum; Max=maximum; Asyimp. Sig=asymtotic significance

Figure 1 E xample of Data Processing using ImageJ Application
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Tabel 1 Normality Test Results for Image Quality Based on SNR

Image Quality (SNR)

Normality Test

Shapiro-wilk

Statistic df Sig. (p-value)

SNR isocenter at Nasion 0.636 6 0.001

SNR isocenter at Symphysis Menti 0.902 6 0.387
df=degree of freedom; Sig.=significance value
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(SNR) at the isocenter placement in nasion and 
symphysis menti on the coronal section T2 TSE 
nasopharyngeal sequence MRI examination.

Table 3 present the result of the normality test 
that was conducted on the isocenter positioning 
data at nasion and symphysis menti for assessing 
image quality in terms of CNR.  

Based on Table 3, information is obtained 
that image quality in the form of CNR at 
isocenter placement in nasion using the Shapiro 
Wilk method produces p-value (0.766) ≥0.05 
and at isocenter placement at symphysis menti 
produces a p-value (0.220) ≥0.05, so both data 
declared to be normally distributed. Therefore, 
the image quality assessment (CNR) data for the 
two isocenter locations at nasion and symphisis 
menti will be tested using parametric statistics 
to conduct statistical inference.14 The Parametric 
paired sample T-test is used for two groups of 
samples that differ in certain variables.

Table 4 presents the results of assessing 
image quality in CNR with different isocenter 
placements. For the isocenter placement at 
the nasion, the mean value is 89.357, with a 
standard deviation of 41.003. In contrast, for the 
isocenter placement at the symphysis menti, the 
mean value is 100.657, with a standard deviation 
of 75.588. The p-value obtained is 0.610, which 
is greater than 0.05. Based on this, we conclude 
that there is no significant difference in image 
quality between the isocenter placements at 
the nasion and symphysis menti in the coronal 

section MRI nasopharyngeal sequence T2 TSE 
examination.

Discussion

Radiotherapy and chemotherapy are two 
modalities that are generally used to treat 
nasopharyngeal cancer.4 Radiotherapy for 
nasopharyngeal cancer causes many changes in 
the patient. Changes that may occur are damage 
to brain tissue, necrosis of the nasopharynx 
exposed to radiation and the surrounding area, 
changes in the skull base, or the appearance of 
trismus symptoms in patients due to abnormal 
masticator muscles.15,16 An imaging examination 
with MRI is needed to evaluate the patient’s 
condition after therapy or to continue the 
patient’s treatment to the next stage.17

Post-radiotherapy MRI imaging examination 
is needed to assess the anatomical structure 
in the area of   nasopharyngeal cancer being 
treated and the surrounding area. Placement of 
the isocenter is important so that the resulting 
MRI imaging is optimal and helps radiologists 
or oncologists evaluate the patient’s condition 
correctly to adjust the dose for subsequent 
radiotherapy.17

Isocenter placement in the nasopharyngeal 
MRI examination with clinical nasopharyngeal 
cancer in nasion and symphysis menti shows no 
difference in the respective image quality in SNR 

Tabel 4 Parametric Paired Sample T-Test for Image Quality in CNR

Image Quality (CNR)
Parametric paired sample T-Test

Mean Std. 
Deviation Asymp. Sig

CNR isocenter at Nasion 6 89.357 41.003 0.610

CNR isocenter at
Symphysis Menti 6 100.657 75.588

N=number; SD=standard deviation; Min=minimum; Max=maximum; Asyimp. Sig=asymptotic significance

Tabel 3 Normality Test for Image Quality in CNR

Image Quality (SNR)

Normality Test

Shapiro-wilk

Statistic df Sig. (p-value)

SNR isocenter at Nasion 0.953 6 0.766

SNR isocenter at Symphysis Menti 0.868 6 0.220
df=degree of freedom; Sig.=significance value
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and CNR. According to statistical analysis using 
various test calculations, both the SNR and CNR 
display values of 0.173 and 0.610, respectively. 
Both values surpass the threshold of 0.05, 
indicating no noteworthy distinction between 
two isocenter positions at nasion and symphysis 
menti concerning image quality in both SNR and 
CNR.

This study presents the average for 
each experiment with isocenter placement, 
specifically at nasion and symphysis menti. The 
statistical findings indicate a greater SNR value 
for isocenter placement at nasion and a higher 
CNR value for isocenter placement at symphysis 
menti. Yet these variations lack significance, 
aligning with the outcomes of other statistical 
assessments conducted. 

Hence, MRI scans for nasopharyngeal cancer 
patients can employ two isocenter placement 
techniques at nasion and symphysis menti-since 
there’s no discernible distinction in the resulting 
image quality between the two methods. 

Further research can be carried out to assess 
isocenter placement with a higher level of validity 
through radiometric and dosimetric simulations 
using the model.18 Research into the influence of 
other factors that can improve the quality of MRI 
imaging is needed to assess minor brain damage 
through MRI imaging. In this way, it is hoped 
that damage to the anatomical structure of the 
brain due to the nasopharyngeal cancer therapy 
process can be assessed early and can improve 
therapy management in the future.17

Although this study only utilized two 
isocenter placement variations and had a limited 
sample size, the findings from this research can 
be used as a reference. Based on the results of 
this study, the placement of the isocenter in two 
different places, the nasion or symphysis menti, 
on the nasopharyngeal MRI imaging sequence 
T2 turbo spin echo fat saturation coronal section 
provides no different imaging picture. Both can 
be used as isocenter options in nasopharyngeal 
MRI imaging procedures. 

In conclusions, isocenter placement 
for nasopharyngeal MRI examinations for 
nasopharyngeal cancer patients can be carried 
out at Nasion and Symphysis. The results 
showed no significant difference in image 
quality between the two isocenter placements. It 
is hoped that these results can provide options 
for those responsible for implementing and 
overseeing the MRI examinations, and enable 
the selection of isocenter placement appropriate 
to each inspection location’s environmental 
conditions.
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