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ABSTRACT 

Context: Brain Magnetic Resonance 

Imaging (MRI) has relatively more 

sequences and a longer image acquisition 

time which are challenging factors that 

affect image quality, and require 

evaluation for optimisation.  

Aim: The study established baseline scan 

acquisition time and image quality of the 

adult brain MRI on a 1.5T scanner to 

determine whether there is a need for 

optimisation. 

Methods: The study prospectively 

evaluated male and female adult brain 

MRI images of consenting patients at a 

local MRI centre in Nigeria. It focused on 

axial T1 and T2 weighted, and Fluid 

Attenuation Inversion Recovery (FLAIR) 

sequences. Image quality was 

quantitatively assessed using the signal-

to-noise ratio (SNR) and contrast-to-

noise ratio (CNR), and qualitatively using 

Visual Grading Analysis (VGA) by four 

observers with over 5 years of 

experience. The image acquisition time 

for each patient was recorded and data 

were analyzed using VGA and SPSS 

version 25. 

Results: Images of 100 adult patients for 

brain MRI were evaluated. The result 

showed that quantitatively T1W had the 

highest SNR for grey matter (51.58) and 

white matter (40.16) whilst, T2W had the 
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highest CNR (9.23). Qualitatively, T2W 

had the highest VGA score of 4.75. The 

FLAIR sequence had the lowest image 

quality both qualitatively and 

quantitatively. The T1W sequence had the 

longest scan time of 5:38 mins, whilst 

T2W had the least acquisition time of 

2:43 mins.  

Conclusion: The result showed that T2W 

had better CNR and VGA scores than 

T1W and FLAIR. The T1W sequence had 

better SNR over T2W and FLAIR, with a 

relatively longer acquisition time 

requiring optimisation.  

Keywords: Acquisition time, Brain, 

CNR, Image quality, MRI 

INTRODUCTION
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Magnetic Resonance Imaging (MRI) is a 

noninvasive imaging system that 

provides excellent brain soft tissue 

contrast images with high-resolution 

anatomical details for medical diagnosis 

and clinical research.[1,2]. Advances in 

MRI technologies have resulted in 

detecting brain abnormalities, such as 

tumours, aneurysms, and subclinical 

vascular pathologic changes. [2] 

Compared to Computed Tomography 

(CT) imaging, MRI involves no ionising 

radiation and better image quality with 

increased tissue contrast [3], especially for 

the brain due to the presence of the 

surrounding cerebrospinal fluid.[4]. The 

MRI sequences such as T1 and T2 

weighted and Fluid Attenuation Inverted 

Recovery (FLAIR) are commonly 

performed in routine brain imaging [5], 

and axial sequences allow for 

reproducible image acquisition and 

comparison.[2,6]An MRI sequence is a 

series of radio-frequency pulses used to 

obtain a signal from the patient, to 

produce an image of the examined area 

with a particular appearance known as 

weighting that determines image 

quality.[6]  

The image quality of the MRI scanner is 

described by many key performance 

parameters such as spatial resolution, 

contrast resolution, and noise.[6] In 

addition, image quality is affected by the 

image acquisition time, storage, 

transmission, processing, and analysis [6]. 

These factors adversely affect the image's 

quality and the perceptibility of its 

details, which could lead to 

misdiagnosis.[7] The image acquisition 

time is the most challenging factor 

limiting MRI effectiveness in all patients 

who are likely to move and require 

sedation.[8] Most often, the routine 

practice requires a reduction in the scan 

time, especially for motion-inclined 

patients or patients with time-critical 

diseases such as dementia, multiple 

sclerosis, and Parkinsonism.[9] 

Our facility which is equipped with a 

1.5T MRI scanner has brain examinations 

as one of the most commonly performed 

procedures. However, to our knowledge, 

no study evaluated image quality and 

acquisition time for the adult brain MRI 

examination to determine the scanner 

performance. Therefore, this study 

evaluated image quality and acquisition 

time of adult brain MRI based on the axial 

T1, T2 and FLAIR sequences to establish 

the baseline practice for possible 

optimisation. 
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Materials and methods 

This was a prospective study conducted 

on consented adult patients who 

presented for brain MRI at NSIA Kano  

Diagnostic Centre  (NKDC) located at 

Aminu  Kano Teaching Hospital Kano 

State in Nigeria from April 2020 to July 

2023. Ethical approval was sought and 

obtained from the research and ethics 

committee with reference number 

NHREC/28/01/2020/AKTH/EC/3293. 

The procedure was performed using a 

Siemens 1.5T MAGNETOM-ESSENZA 

equipped with a 16-channel head coil. 

The scanner had a Syngo MR E11 

software version and was manufactured 

in Shenyang, China in the year 2016, and 

installed in December 2019 at the study 

centre. 

Following consent and filling of the MRI 

questionnaire, patients were asked to lie 

supine on the scanner table with head first 

into the scanner. The patient`s head was 

positioned in a dedicated 16-channel head 

coil. The head was adjusted using form 

pads and positioned with the aid of the 

positioning laser lights within the iso-

centre of the scanner. The axial light was 

centred at the inter-pupillary line, coronal 

light was centred at the external auditory 

canal and sagittal light aligned with the 

mid-sagittal plane. The patient was 

strapped for safety and immobilization.  

The localizer images were acquired in 

three different planes axial, coronal, and 

sagittal. The local routine MRI protocols 

for the brain were T1-weighted (T1W) 

image, T2-weighted (T2W) image, and 

T2-FLAIR. The brain images were 

acquired in different planes axial, sagittal 

and coronal. However, only axial images 

for T1W, T2W and FLAIR were 

considered in this study for reproducible 

image acquisition and comparison. For 

each patient, the following demographic 

information such as age, weight and 

gender was recorded. For each axial 

sequence, the following information echo 

time (TE), repetition time (TR), phase 

matrix, slice thickness,  net acquisition 

time, and number of signal averages 

(NSA) were recorded. 

Qualitative Image Quality 

Evaluation

  

The MRI images obtained were 

independently and blindly graded 

qualitatively by four observers: two 

board-certified radiologists and two 

qualified radiographers with > 5 years 

post-qualification experience. The 
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images were evaluated based on the 

visibility of the established anatomical 

criteria for brain images by the European 

guidelines on image quality criteria 

presented in Table 1 [10]. Each anatomical 

criterion was evaluated using a 5-point 

rating scale as presented in Table 1. 

 

Table 1: Established brain Anatomical criteria graded on a 5-point Likert-type scale by 

allocating a score of 1 to 5. 

S/N Anatomical criteria 

1 Visually sharp reproduction of the border between white and grey matter. 

2 Visually sharp reproduction of the basal ganglia. 

3 Visually sharp reproduction of the ventricular system. 

4 Visually sharp reproduction of the cerebrospinal fluid around the 

mesencephalon. 

5 Visually sharp reproduction of the cerebrospinal fluid over the brain. 

Grading scale score 

1 Poor Confident that the criterion is not fulfilled. 

2 Restricted Somewhat confident that the criterion is not fulfilled. 

3 Sufficient Indecisive whether the criterion is fulfilled or not 

4 Good Somewhat confident that the criterion is fulfilled 

5 Excellent Confident that the criterion is fulfilled. 

 

Quantitative Image Quality Evaluation 

The quantitative image quality evaluation 

was performed by the researcher based on 

the measurement of signal-to-noise ratio 

(SNR) and contrast-to-noise ratio (CNR). 

The SNR was calculated to quantify the 

signal in an image to the background 

noise [11]. Furthermore, CNR was 

calculated to evaluate physical image 

quality characteristics based on the 

contrast of relevant structures. From the 

axial T1W, T2W, and FLAIR, images 

were selected at the level of the caudate 

nucleus[11,12] as presented in Figure 1. The 

caudate nucleus was selected for easy 

location and consistency of measurement 

between the different scan protocols. 

Also, the caudate nucleus is located in the 

cerebrum which is the largest portion of 

the brain and contains areas of both grey 

and white matter [6]. Image quality for the 

brain parenchyma is based on grey and 

white matter differentiation [13,14]. Region 

of interest (ROI) measurement for the 
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grey matter was performed at the caudate 

nucleus which is adjacent to the anterior 

horn of the lateral ventricles. ROI 

measurement for the white matter was 

performed at the posterior internal 

capsule which is located adjacent to the 

thalamus. At each location, three 

different measurements were taken to 

ensure accuracy and consistency. ROI of 

10 mm2 was used for the measurement of 

both grey and white matter to fit the 

selected structural area to ensure 

consistency during analysis [6]. The ROI 

was carefully positioned on the area of 

interest to avoid including adjacent 

tissues that would cause partial volume 

artifact [6]. The mean and standard 

deviation (SD) of each ROI were 

recorded. The noise was considered as the 

SD of each ROI [15]. SNR was calculated 

for each ROI as follows: /𝜎, 𝑆 is the mean 

ROI and 𝜎 is SD. Meanwhile, CNR for 

each of the sequences T1W, T2W, and 

FLAIR was calculated as 

𝑊𝐻𝐼𝑇𝐸 𝑀𝐴𝑇𝑇𝐸𝑅𝑆𝐷−𝐺𝑅𝐸𝑌 𝑀𝐴𝑇𝑇𝐸𝑅𝑆𝐷

𝐺𝑅𝐸𝑌 𝑀𝐴𝑇𝑇𝐸𝑅 𝑆𝐷
 [15]

. 

 

   

T1W T2W  FLAIR 

Figure 1: ROI placement at the level of the caudate nucleus and internal capsule 

 

 

Data analysis  

The data were analysed using the 

Statistical Package for Social Science 

(SPSS) version 22.0 software 

manufactured by the international 

business machine corporation company 
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(IBM) in 2015 in New York, USA. For 

the single observer, intra-rater reliability 

was assessed using the intra-class 

correlation coefficient (ICC) and was 

noted to be 0.981 which indicated a 

perfect consistency. For the multiple 

observers, inter-rater reliability was 

calculated using the statistical kappa (κ). 

A value of 0.66 was obtained which 

indicated a moderate consistency. The 

data were checked for normality and were 

found to be normally distributed. 

Therefore, mean and standard deviation 

(S.D) were calculated for the acquisition 

time, SNR and CNR. In addition, a One-

way Analysis of Variance (ANOVA) was 

performed to compare scan time, SNR 

and CNR between sequences. Rating 

scores from the four observers were 

analysed using the Visual Grading 

Analysis (VGA) [12] method and were 

compared between observers and 

sequences using Kruskal Wallis as the 

scores were in an ordinal scale and 

required a non-parametric tool.
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Results 

A total of 100 patients were included in 

this study with a mean age and Standard 

Deviation (SD) of 35.41±14.16 years. 

Similarly, the patients had a weight range 

of 44-98 kg with a mean of 67.92 ± 12.36 

kg. The gender distribution was 43% and 

57% for males and females respectively.  

Scanning parameters related to T1W, 

T2W, and FLAIR are presented in Table 

2. All the sequences had the same slice 

thickness and matrix size. However, the 

number of signal average (NSA), echo 

time (TE), and repetition time (TR) 

differed between sequences. 

Table 2: Scan parameters for axial T1W, T2W and FLAIR sequences  

Scan parameter T1W T2W FLAIR 

Slice thickness (mm) 5.0 5.0 5.0 

NSA 1.0 4.0 1.0 

TE 8.9 70 78 

TR 448 3240 3390 

Phase Matrix 81.25 81.25 81.25 

 

Quantitative image quality analysis 

The images were evaluated quantitatively 

based on SNR for both the grey matter 

(GM) and white matter (WM). The CNR 

value was also calculated and presented 

in Table 3. The result showed SNR for 

GM and WM for axial T1W, T2W, and 

FLAIR sequences. The T1W had the 

highest value of SNR for GM, followed 

by T2W and FLAIR. Significant 

differences (p<0.05) in SNR for GM were 

noted between the three sequences. 

Similarly, T1W had the highest SNR for 

WM followed by T2W and FLAIR. 

However, the difference was not 

significant (p>0.05) between T2W and 

FLAIR (Table 3). In terms of CNR, T2W 

had the highest value followed by T1W 

and FLAIR. There was no significant 

difference between T1W and FLAIR. 

However, there were significant 

differences (p<0.05) between T2W and 

T1W, and also T2W and FLAIR (Table 

3). 
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Table 3: Quantitative image quality comparison for SNR and CNR in T1W, T2W and 

FLAIR using ANOVA 

Image quality 

parameter 

Sequences (mean of image quality 

assessment) 
P-Value 

SNRg 

T1W (51.58) 
T2W (28.37) 0.001 

FLAIR (19.99) 0.001 

T2W (28.37) 
T1W (51.58) 0.001 

FLAIR (19.99) 0.001 

FLAIR (19.99) 
T1W (51.58) 0.001 

T2W (28.37) 0.001 

SNRw 

T1W (40.16) 
T2W (28.36) 0.001 

FLAIR (27.31) 0.001 

T2W (28.36) 
T1W (40.16) 0.001 

FLAIR (27.31) 0.670 

FLAIR (27.31) 
T1W (40.16) 0.001 

T2W (28.36) 0.670 

CNR 

T1W (3.83) 
T2W (9.23) 0.001 

FLAIR (4.63) 0.590 

T2W (9.23) 
T1W (3.83) 0.001 

FLAIR (4.63) 0.001 

FLAIR (4.63) 
T1W (3.83) 0.590 

T2W (9.23) 0.001 

 

Qualitative image quality analysis 

using VGA 

Four observers independently evaluated 

the images as presented in Table 4. 

Observer 1 had the highest score for T1W 

and T2W, whilst observer-2 had the 

lowest score for all the sequences. All 

sequences had a score > 4 except T1W 

and FLAIR for observer 2. Observer 1 

recorded the highest score of 5 in T2W. 

 

 

 



Yahaya et al. Brain MRI Image Quality and Acquisition Time 

 

NIGERIAN JOURNAL OF BASIC AND CLINICAL SCIENCES / JAN-APR 2025/ VOL 22 | ISSUE N 1 
 1

0 

 

 

 

Table 4: Average VGA scores for each observer for T1W, T2W and FLAIR 

Observers 
VGA score of sequences 

T1W T2W FLAIR 

Observer 1 4.952 5 4.9 

Observer 2 3.824 4.49 3.928 

Observer 3 4.894 4.946 4.936 

Observer 4 4.294 4.546 3.98 

Total Observer 4.491 4.746 4.436 

 

Table 5 shows the VGA scores of the different criteria. All criteria had a rating score of > 

4 except criterion 2 in FLAIR with a score of < 4.  

Table 5: Average VGA scores for each criterion for T1W, T2W and FLAIR 

Criteria 
VGA scores of sequences 

T1W T2W FLAIR 

Criterion1 4.50 

4.05 

4.63 4.06 

Criterion 2 4.58 3.84 

Criterion 3 4.61 4.84 4.72 

Criterion 4 4.60 4.78 4.77 

Criterion 5 4.69 4.91 4.81 

Overall Criterion 4.49 4.75 4.44 

 

Table 6 shows the VGA scores comparison between T1W, T2W, and FLAIR based on 

Kruskal Wallis. The T2W sequence had the highest image quality score and, it was 

significantly different from the score of other sequences. However, there was no significant 

difference in VGA scores between T1W and FLAIR. 
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Table 6: Comparison of mean VGA scores between T1W, T2W  and FLAIR using Kruskal 

Wallis 

VGA comparison between sequences P-Value 

T1W (4.49) 
T2W (4.75) 0.001 

FLAIR (4.44) 0.211 

T2W (4.75) 
T1W (4.49) 0.001 

FLAIR (4.44) 0.001 

FLAIR (4.44) 
T1W (4.49) 0.211 

T2W (4.75) 0.001 

 

Table 7 shows the acquisition time for TW1, TW2 & FLAIR. The acquisition time is 

presented in minutes and seconds. The T1W image had a relatively longer scan time 

compared to T2W and FLAIR. 

Table 7: Acquisition time for T1W, T2W and FLAIR. 

SEQUENCE Acquisition time in minutes and seconds 

T1W 5:38 

T2W 2:44 

FLAIR 2:43 

Table 8 shows comparisons of acquisition time using ANOVA between T1W, T2W, and 

FLAIR. A significant difference in scan time between T2W and FLAIR was noted. 

However, T1W had the longest acquisition time and significantly differed from other 

sequences. 

Table 8: Acquisition time comparison between TIW, T2W, and FLAIR using ANOVA 

Sequences (acquisition time) P-Value 

T1W 

(5.38) 

T2W (2.44) 0.004 

FLAIR (2.43) 0.004 

T2W 

(2.44) 

T1W (5.38) 0.004 

FLAIR (2.43) 0.988 
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FLAIR 

(2.43) 

T1W (5.38) 0.004 

T2W (2.44) 0.988 
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Discussion 

The study evaluated image quality and 

acquisition time in adult brain MRI using 

a 1.5T scanner. Quantitative image 

quality evaluation based on SNR and 

CNR showed that T1W images had 

higher SNR for both grey and white 

matter compared to T2W and FLAIR 

images (Table 3). The finding was 

consistent with the results obtained from 

a study on image quality assessment in 

brain MRI taken with 1.5T and 3T 

scanners conducted by Borg et al.[6]. The 

authors reported that SNR for both grey 

and white matters was significantly 

higher in the T1W technique. However, 

the difference in SNR between grey and 

white matters in the remaining sequences 

T2W and FLAIR was not significant in 

the present study. Similarly, in a study on 

MRI and techniques by Westbrook et al. 

[16] it was reported that SNR for both the 

grey and white matter was significantly 

better in T1W compared to FLAIR and 

T2W. The reason for higher SNR in T1W 

may likely be due to a longer acquisition 

time compared to other sequences in the 

current study (Table 6). The longer the 

scan time the better the image quality, 

however, with a longer scan time, there 

could be a possibility of motion that 

affects image quality [17]. It is therefore 

important to trade off between scan time 

and image quality to produce images of 

diagnostic quality. 

Although SNR for the grey and white 

matter was higher in T1W in the present 

study, TW2 had the highest CNR and 

showed superior image quality (Table 3). 

The result aligns with that of Springer et 

al. [18] who conducted a study that 

compared brain images using 3T and 7T. 

The authors also reported higher CNR in 

TW2. Similar to this study, Borg et al. [6] 

also reported lower CNR in TW1 

compared to TW2 and FLAIR. As 

reported by Borg et al. [6], the likely 

reason for lower CNR in TW1 could be 

due to GM appearing hypointense and 

therefore given a negative CNR value for 

TW1. A possible reason for correcting 

this limitation could be by increasing 

NEX, however, this may come at the 

expense of an increase in scan time. [16] 

Visual grading analysis is a scientific 

method of analysing observers’ scores 

based on the visibility of the anatomical 

criteria graded using a Likert scale [19]. 

Overall results from the four observers 

showed superior image quality for T2W 
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as the anatomical structures were more 

appreciated compared to TW1 and 

FLAIR (Table 6). The most visible 

criterion was criterion 5 which is the 

visualization of the sharp reproduction of 

CSF over the brain, whereas, criterion 2 

which is the reproduction of the basal 

ganglia was the least visible (Table 6). 

The results of the present study differed 

somewhat from those described by Borg 

et al. [6] who reported criterion 1 as the 

most visible. The possible reason for 

these differences is likely due to the 

differences in scanner type.  

In the present study, all the anatomical 

criteria were more visible in T2W 

sequences. The FLAIR sequence had 

lower VGA scores compared to T1W and 

T2W (Tables 5 and 6). Similarly, a study 

by Burmeister et al. [13] also stated that 

T2W tends to have high tissue contrast 

compared to other sequences T1W and 

FLAIR. This is due to the surrounding 

cerebrospinal fluid around the brain 

tissue which produces a high signal.  

Similar studies have reported the use of 

one or two observers in image quality 

assessment [21-24]. Borg et al. [6] reported 

that part of their study limitations was the 

use of two raters due to limited resources. 

Further, a study by Wardlaw et al. [24], had 

reported that the more the raters the 

stronger the assessment as bias could be 

reduced. The present study had four 

observers who independently assessed 

image quality. This could be a plus as an 

increase in the number of raters could 

improve the credibility of the image 

quality assessment and should be 

encouraged. 

In the present study, T1W sequences 

recorded longer acquisition time, 

followed by T2W and FLAIR 

respectively (Table 7). This finding is in 

agreement with the study conducted by 

Mellerior et al. [25]  who studied image 

quality in patients using both 1.5T and 3T 

MRI scanners. The authors reported that 

3DT1W had the highest scan time. 

However, in a study by Prakkamakul et 

al. [26]  it was reported that the FLAIR 

sequence had a longer scan time followed 

by T1W and the least was T2W. This 

finding was contrary to the findings of the 

current study that reported T1W as 

having a longer scan time. Prakkamakul 

et al. [26] reported that the increase in scan 

time in FLAIR is related to the use of 

higher reputation time and a wider field 

of view (FOV) compared to other 
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sequences. The likely reason for the 

difference in findings of this study and 

that of Prakkamakul et al. [26]  could be 

attributed to the scanner model and type, 

type of coil used, and MR scanning 

parameters selection. 

In the current study, both the quantitative 

and qualitative image quality assessment 

methods showed T2W having superior 

image quality. This fact is supported by 

Burmeister et al. [13] who reported that the 

T2W technique is preferred due to its 

ability to generate high contrast as a result 

of the presence of fluid around the brain 

and capability to produce an improved 

appearance of the enhancing structures. 

Limitations of the study 

The study used anatomical criteria 

developed for CT images. The ideal study 

design would have been anatomical 

criteria for MRI, however, these criteria 

do not exist. The MRI criteria could 

possess greater image quality involving 

soft tissue details, therefore providing 

more anatomical criteria that could be 

visualised and contribute to image 

quality. The study is specific to the brain. 

Findings can only be applied to the brain 

MRI using 1.5T. There is a need to 

establish image quality and acquisition 

time for other procedures such as 

paediatric brain, and spine. The image 

quality evaluation was based on normal 

anatomical structures. The observers 

were not asked to evaluate or comment on 

any form of artefact or pathology present. 

There is a need to include pathological 

images, as the procedure performed 

includes patients having both normal and 

pathologic conditions. Only three (3)  

sequences TW1, T2W and FLAIR were 

evaluated. The brain protocol has more 

than three sequences, all sequences need 

to be evaluated for complete and robust 

image quality evaluation. The study 

involved a single centre with 1.5T, There 

is a need for more centres including those 

equipped with low-field strength MRI 

scanners such as 0.3T. The study 

involved subjective image quality 

evaluations based on VGA. The VGA 

analysis made several assumptions such 

as considering the ordered qualitative 

variable (ordinal scale) as an interval 

scale [14]. For this reason, the 

mathematical and statistical validity of 

the VGA score may not be appropriate as 

reported by Burmeister et al. [13]. It is 

recommended, that VGC and VGR[12,20] 
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should be further employed to 

complement the VGA analysis in 

subsequent research. The result of this 

study can only be generalised and limited 

to brain MRI protocols using a Siemens 

1.5T MRI scanner because different 

manufacturers have different inherent 

image quality factors. 

Conclusion 

It is concluded that the T2W sequence 

had superior CNR and the highest VGA 

score over T1W and FLAIR. The T1W 

sequence had superior SNR over T2W 

and FLAIR, also with relatively longer 

acquisition time which requires 

optimisation, especially for unstable 

patients.
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