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1. Introduction

Ultra-high field Magnetic Resonance Imaging (MRI), defined
as systems with main magnetic field strengths exceeding 3T,
offers significant advantages over conventional clinical
magnets. With comparable imaging parameters, ultra-high
field MRI can deliver a higher signal-to-noise ratio (SNR),
enabling higher spatial resolution and diminished partial
volume effects, thereby enhancing the depiction of
intracranial pathologies (1). Research comparing 7T with 3T
MRI has highlighted the superiority of the former in
visualizing cerebral small vessel diseases, multiple sclerosis,
subtle anatomical abnormalities, and lesions associated with
temporal lobe epilepsy (2). Furthermore, by optimizing the
parameters of the relevant scanning sequence, such as the
T2*-weighted gradient echo sequence, the contrast-to-noise
ratio (CNR) is also observed to increase with an augmentation
in field strength (1). Notably, ultra-high field MRI facilitates
clearer visualization of anatomical structures like the
amygdala, hippocampus, and substantia nigra, along with
their subregions, as CNR improves (3, 4). Functional MRI (fMRI)
at these field strengths can even resolve signals from distinct
neuronal columns and layers (5). Consequently, ultra-high
field MRI
functional, metabolic, and biochemical information about
the brain (2, 6-11), attributable to its superior spatial and
contrast resolutions.

provides an abundance of morphological,

Theoretically, both 5T and 7T MRI should produce images
with higher SNR and CNR compared to 3T MRI (12, 13). In
particular, studies have demonstrated that 5T time-of-flight
magnetic resonance angiography (TOF MRA) outperforms 3T
in subjective and objective assessments of distal large and
image quality
comparable to 7T (14). Additionally, the use of a 48-channel
orthogonal head coil at 5T mitigates radiofrequency (RF)

small vessel branch visualization, with

pulse non-uniformity compared to 7T, facilitating the
acquisition of high-quality brain images; this holds significant
3

clinical potential. Currently, 5T clinical research is limited. This
study aims to compare quantitative and qualitative
parameters (SNR, CNR, artifacts, gray/white matter clarity,
image quality) of routine cranial sequences at 3T and 5T,
using similar scanning sequences and duration, based on
previous ultra-high field MRI studies.

2. Materials and Methods

2.1 Study Population

This prospective study was approved by the Institutional
Review Board of Shandong Provincial Third Hospital
(Approval No. KKLL-2023078), and written signed consents
were obtained from all participants
examination. Between July and December 2023, a total of 17
participants (7 males, 10 females; age: 31.94+15.34 years;
range: 20-69 years) were recruited through advertisements.
The participant pool comprised healthy volunteers and

prior to each

asymptomatic
cerebrovascular events. The exclusion criteria encompassed
those with a history of intracranial aneurysm surgery,
intracranial vascular stent placement, heart/respiratory

individuals with a history of ischemic

failure, consciousness intracranial
hemorrhage, MRI contraindications, or significant motion

artifacts in images.

severe impairment,

2.2 MRI examinations

All participants underwent both the 3.0T and 5.0T MRI
examinations. The 5.0T MRI examinations were conducted
using a prototype whole-body MRI scanner (UMR Jupiter®,
United Imaging Healthcare) with a 48-channel orthogonal
head coil, whereas the corresponding 3T data were acquired
utilizing a 3T MRI scanner (Philips “Ingenia”CX, Best, The
Netherlands) with a 24-channel receive head coil. Each
participant completed clinical routine sequence imaging at
both 5T and 3T within a 48-hour period, encompassing T2WI
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(T2 Weighted Imaging), T1WI (T1 Weighted Imaging), T2_FLAIR
(T2 fluid attenuated inversion recovery), and DWI (Diffusion
Weighted Imaging) (Table 1).

2.3 Image Analysis
231 Quantitative Assessment

After completion of all data collection, images were
transmitted to the PACS system (FABRIC2.0 & SYNAPSE4.1).
Quantitative measurements were conducted twice, with a
time interval of 14 days. All the qualitative analyses were
performed by two experienced radiologists with more than
15 years' experience. Two observers were blinded to both the
MRI protocols and field strength, and independent
measurements within predefined regions of interest (ROIs)
were conducted to calculate SNR and CNR, ensuring
unbiased quantitative outcomes.

The predefined ROIs encompassed the gray matter of the
bilateral frontal lobes at the level of the semioval centers,
along with their adjacent subcortical white matter; the
bilateral putamen; and the central pons, bilateral
cerebellums, and at the level of the middle cerebellar

peduncles. SNR and CNR were calculated as follows:

SNR = SI/SD

CNRwwsm= (5w - Slam/SDywm

Where SI is the average signal intensity of brain white/gray
matter, and SD is the standard deviation of these intensities
within the tissue.

2.3.2 Subjective Assessment

Subjective evaluations were conducted by the same two
radiologists, and were also repeated twice within a 14-day
interval to ensure consistency. The assessments focused on
three MR image index scores: artifacts (5 = no artifacts, 4 =
minimal artifacts, 3 = slight artifacts, 2 = moderate artifacts,
and 1 = very severe artifacts and non-diagnostic), gray-white
matter definition (3 = Clear, 2 = boundary vague, 1 = non-
distinguishable), overall image quality (4 = excellent quality, 3
= mild impact on diagnosis, 2 = substantial impact on
diagnosis, 1 = non-diagnostic).

2.4 Statistical Analysis

Statistical analyses were performed using SPSS version 27.

4

Qualitative assessment indices (image artifacts, gray-white
matter definition, overall image quality) scores of each
sequence image of 3.0T and 5.0T were compared by Wilcoxon
rank sum tests. P values < 0.05 were considered to be
statistically significant for differences between the two
groups.

The interobserver agreement of subjective SNR and CNR
quantified by
coefficients (ICCs). The interobserver agreement was
considered to be poor for ICCs = 0.0-0.2, fair for ICCs = 0.2-
0.4, moderate for ICCs = 0.4-0.6, substantial for ICCs = 0.6-
0.8, and excellent for ICCs = 0.8-1.0. Subjective assessment
indicator scores of interobserver agreement were statistically
compared by Kappa consistency analysis (0-0.2, slight
agreement; 0.21-0.4, fair agreement; 0.41-0.60, moderate
agreement; 0.61-0.8, substantial agreement; > 0.8, excellent
agreement).

evaluations was intraclass correlation

3. Results

In the T2WI and T1WI sequences, the SNR of frontal lobe gray
matter at the level of the semioval center, frontal lobe white
matter at the level of the semioval center, putamen, pons,
and middle cerebellar peduncles all demonstrated the
superiority of 5T over 3T (P<0.001). In quantitative
measurements of T2_FLAIR, there was a statistically
significant difference in SNR of the putamen between the two
field strengths (P<0.001), with a lower value in 5T.

There were no significant differences in SNR between 5T and
3T for frontal lobe gray matter at the level of the semioval
center, frontal lobe white matter at the level of the semioval
center, pons, and middle cerebellar peduncles, although SNR
in the pons was slightly lower in 5T. In the T1WI sequence,
there was no significant difference in CNR between gray and
white matter at the level of the semioval center, with a slightly
lower value in 5T (P=0.197). In both T2WI and T2_FLAIR, 5T
exhibited higher CNR for gray and white matter at the level
of the semioval center compared to 3T. (P<0.001) (Table 2).

Regarding the overall image quality scores, 5T demonstrated
superior performance compared to 3T in the T1WI(P=0.006),
T2WI (P=0.007), DWI (P=0.041), and T2_FLAIR (P=0.008)
sequences (Table 4). For image artifacts, the 3T images in the
DWI sequence exhibited significantly more artifacts than the
5T images (P=0.014), particularly in the regions adjacent to
the frontal sinus and temporal bone (Figure 2, Table 4). There
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were no significant differences in the degree of image
artifacts between the two field strengths in the T2WI
(P=0.382), T1WI (P=0.104), and T2_FLAIR (P=0.668) sequences
(Table 4). The clarity of gray and white matter scores indicated
that 5T images were significantly better than 3T images in the
DWI (P<0.001) and T2_FLAIR (P=0.007) sequences. However,
there were no significant differences between 5T and 3T
images in the TTWI (P=0.332) and T2WI (P=0.332) sequences
(Table 4).

Intraclass correlation coefficient (ICC) analysis demonstrated
moderate to high levels of consistency in the SNR and CNR
values of the 5T image sequences and 3T image sequences
of intraobserver (Table 3). Kappa consistency analysis
revealed moderate to high levels of consistency in the mean
scores of interobserver qualitative assessment indicators
(image artifacts, gray-white matter definition, overall image
quality) for both the 5T and corresponding 3T image
sequences (Table 5).

4. Discussions

High-resolution MRI of the central nervous system enables
more precise localization of lesions (15) and depiction of their
characteristics. This is particularly crucial for a variety of
craniocerebral diseases such as multiple sclerosis (MS),
temporal lobe epilepsy, cerebrovascular diseases, and
tumors. In the case of MS, high-resolution MRI provides
detailed insights into the relationship between plaques and
blood vessels, iron deposition, and the dynamic evolution of
pathological changes over time (16-18). Furthermore, it offers
valuable information about microvascular structures in
gliomas (19). By generating more detailed images, high-
MRI
understanding the nature and location of lesions, thereby
facilitating more precise diagnoses and the development of
personalized treatment plans. Studies have shown that the
central nervous system exhibits exceptional resolution on

resolution assists doctors in more accurately

ultra-high field MRI (3). In certain applications, its spatial
resolution can attain 100-200um, enabling the observation of
microstructures, functions, and molecular metabolism within
the human body (20).

This study compares the quantitative and qualitative
parameters (SNR, CNR, overall image quality, image artifacts,
and gray-white matter clarity) of routine cranial sequences

between 5T and 3T MRI, using similar scanning sequences
and approximately the same scanning duration. The results
demonstrate that without increasing scanning time and while
enhancing spatial resolution (see Table 1), the SNR of the
frontal lobe gray matter, frontal lobe white matter, putamen,
pons, and middle cerebellar peduncle in the 5T T2WI and
T1WI sequences is superior to that of 3T (P<0.001). This
finding is consistent with a recent study on 5T-MRI (14).
Numerous high-field MRI studies have also shown varying
degrees of increased SNR compared to 3T (4, 21). SNR is a

crucial metric for evaluating MRI images. Traditional theory,

based on the Boltzmann distribution, suggests that as the
magnetic field strength (BO) increases, the difference in the
number of protons in low and high energy states increases
(w0)
increases with B0, resulting in an increase in the dipole
magnetic moment and thus the signal intensity (SI) collected

proportionally. Moreover, the Larmor frequency

by the coil, which is proportional to B0? (S « B0?). Considering

that noise (N) is also proportional to B0, it was initially derived

that SNR is proportional to BO (SNR o« B0) (22). However, the
currently accepted relationship between SNR and BO in ultra-
high field strengths indicates a more exponential than linear
relationship, with SNR o B01.65 (23). In this study, the
greatest SNR improvement was observed in the frontal lobe
gray matter of the T1WI sequence, whereas the smallest
increase was noted in the middle cerebellar peduncle of the
same sequence, with 5T SNR values approximately 1.9 times
and 1.2 times those of 3T, respectively. These results do not
entirely align with previous perspectives. Studies indicate

that BO uniformity significantly impacts SNR in high field
strengths, and this uniformity diminishes as field strength

increases (23), resulting in variations in radiofrequency (RF)
excitation intensity across distinct regions and consequently

influencing SNR. Additionally, the uniformity of the RF field

decreases with increasing BO (24). When BO significantly

exceeds 1.5T, wavelength effects in the RF field distribution

complicate MR performance, leading to SNR losses (23, 25).
Studies have shown that SNR is relatively uniform in the

cranium at lower field strengths (e.g., 3.0T), but as field

strength increases (e.g., 7.0T), wavelength effects lead to a

reduction in SNR uniformity, which becomes

pronounced with increasing field strength. This is manifested

as higher SNR at the periphery and lower SNR at the center

of cranial images (23).
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T2W Tiw T2W_FLAIR DWI
5 Tesla
Repetition time (TR) 4200ms 2300ms 9000ms 3284ms
Echo time (TE) 105.12ms 16ms 140.4ms 61.4ms
Field of view (FOV) 230mmx=200mm 230mmx=200mm 230mmx200mm 230mmx=230mm
Image matrix 544x100 384x100 352x100 256x100
Slice thickness 5mm 5mm 5mm 5mm
Number of slices 19 19 19 19
Flip angle (FA) 90° 90° 90° 90°
Acquisition time 2:02min 3:04min 3:18min 2:11min
Pixel resolution in plane 0.42mmx0.42mm 0.65mmx=0.65mm 0.65mmx0.65mm 0.9mmx0.9mm
3 Tesla
Repetition time (TR) 4200ms 2000ms 9000ms 3000ms
Echo time (TE) 105ms 20ms 120ms 86ms
Field of view (FOV) 230mmx200mm 230mmx199mm 230mmx199mm 230mmx230mm
Image matrix 384x313 304%250 308x209 162x162
Slice thickness 5mm 5mm 5mm 5mm
Number of slices 19 19 19 19
Flip angle (FA) 90° 90° 90° 90°
Acquisition time 2:14min 3:04min 3:09min 2:04min
Pixel resolution in plane 0.64mmx0.64mm 0.76mmx=0.80mm 0.76mmx0.95mm 1.42mmx1.42mm
5T 3T t P
T2WI
Gray matter SNR (centrum semiovale level) 33.961+5.60 25.16+4.04 4.845 <0.001
White matter SNR (centrum semiovale level) 37.53+5.62 26.55+4.72 6.013 <0.001
Gray-white matter CNR (centrum semiovale level) 14.81+3.46 8.53+294 9.220 <0.001
Putamen SNR 27.67+£4.83 19.26+4.55 7.590 <0.001
Pons SNR 22.19+364 1543+297 7.428 <0.001
Cerebellar peduncle SNR 30.06+4.73 22.05+4.06 7.029 <0.001
Tiwi
Gray matter SNR (centrum semiovale level) 35.93+6.11 18.95+3.39 9.639 <0.001
White matter SNR (centrum semiovale level) 65.20+9.49 49.29+7.7.38 6.408 <0.001
Gray-white matter CNR (centrum semiovale level) 19.31+3.84 21.30+4.08 -1.346 0.197
Putamen SNR 37.28+£5.17 27.03%+5.10 8.528 <0.001
Pons SNR 32.03£5.33 23.651+4.99 4.793 <0.001
Cerebellar peduncle SNR 40.21+545 31.54+5.83 5.769 <0.001
T2 _FLAIR
Gray matter SNR (centrum semiovale level) 41.69+8.01 39.87+6.21 0.711 0.487
White matter SNR (centrum semiovale level) 40.33+6.43 38.81+10.38 0.462 0.650
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Gray-white matter CNR (centrum semiovale level) 11.24+3.48 5521242 9.181 <0.001
Putamen SNR 24.8914.85 29.8416.36 -4.596 <0.001
Pons SNR 20.42+3.85 22.371£4.90 -1471 0.161
Cerebellar peduncle SNR 31.73+5.86 29.62+4.35 1.178 0.256
5T (Mean = SD) 3T (Mean = SD) P
Overall image quality
T1W_FLAIR 3.82+0.85 3.47£0.37 0.006
T2WI 3.94£0.16 3.50£0.58 0.007
DWI 4.00+0.00 3.76+043 0.041
T2W_FLAIR 3.82£0.35 341£0.30 0.008
Artifacts
T1W_FLAIR 3.70+0.46 347+051 0.104
T2wWI 4411044 432%0.35 0.382
DWI 3.88+0.21 3.38+0.33 0.014
T2W_FLAIR 4171024 411£054 0.668
Gray-white matter clarity
T1W_FLAIR 3.00£0.00 297+0.12 0.332
T2wWI 3.00+0.00 2941024 0.332
DWI 3.00+0.00 2.32+0.30 <0.001
T2W_FLAIR 3.00£0.00 2.76+0.31 0.007
ICC 95% CI P
5T-MRI 3T-MRI 5T-MRI 3T-MRI 5T-MRI 3T-MRI
T2WI
Gray matter SNR (centrum semiovale level) 0.950 0.803 0.867,0.982 0.536,0.924 <0.001 <0.001
White matter SNR (centrum semiovale level) 0.877 0.892 0.693,0.954 0.728,0.960 <0.001 <0.001
Gray-white matter CNR (centrum semiovale
lovel) 0.919 0.892 0.790,0.970 0.729,0.960 <0.001 <0.001
Putamen SNR 0.574 0.899 0.144,0.821 0.745,0.962 0.006 <0.001
Pons SNR 0.900 0.873 0.747,0.963 0.686,0.952 <0.001 <0.001
Cerebellar peduncle SNR 0.906 0.845 0.760,0.965 0.622,0.941 <0.001 <0.001
TiWI
Gray matter SNR (centrum semiovale level) 0.764 0.665 0.460,0.908 0.285,0.264 <0.001 0.001
White matter SNR (centrum semiovale level) 0.847 0.817 0.629,0.942 0.564,0.930 <0.001 <0.001
Gray-white matter CNR (centrum semiovale
lovel) 0.523 0.752 0.072,0.796 0.432,0.903 0.013 <0.001
Putamen SNR 0.888 0.819 0.718,0.958 0.568,0.930 <0.001 <0.001
Pons SNR 0.906 0.858 0.760,0.965 0.651,0.946 <0.001 <0.001
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Cerebellar peduncle SNR
T2WI_FLAIR
Gray matter SNR (centrum semiovale level)
White matter SNR (centrum semiovale level)
Gray-white matter CNR (centrum semiovale
level)
Putamen SNR
Pons SNR

Cerebellar peduncle SNR

0.932

0.777

0.815

0.881

0.909
0.748
0.917

0.924

0.673

0.890

0.878

0.926
0.798
0.754

0.823,0.975

0.485,0.913

0.560,0.929

0.702,0.955

0.769,0.966
0.430,0.901
0.787,0.969

0.803,0.972

0.300,0.868

0.722,0.959

0.695,0.954

0.808,0.972
0.527,0.922
0.442,0.903

<0.001

<0.001

<0.001

<0.001

<0.001
<0.001
<0.001

<0.001

0.001

<0.001

<0.001

<0.001
<0.001
<0.001
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Furthermore, SNR is also influenced by factors such as
scanning sequences and tissue relaxation characteristics.
Studies have shown that as magnetic field strength increases,
tissue T1 values increase and T2 values decrease, SNR
continues to elevate with magnetic field strength, albeit at a
rate lower than linear, while tissue T1 contrast decreases and
T2 contrast increases (26). Therefore, in high-field imaging,
imaging sequence TR and TE need to be optimized (e.g.,
moderately extended) to achieve the best T1/T2 contrast. In
this study, to enhance T1 contrast, the TR time of the high-
field TIWI sequence was extended by 300 ms compared to
3T. In addition, SNR is closely tied to the coil type (23), where
multi-channel surface coils facilitate super-linear SNR
enhancements, whereas volume coils exhibit marginally sub-
linear SNR gains. Regarding the T2_FLAIR sequence, no
significant differences in SNR were observed between the
two field strengths in frontal lobe gray matter, frontal lobe
white matter, pons, and middle cerebellar peduncle.
Intriguingly, SNR in the putamen was notably lower at 5T
compared to 3T (P<0.001), a finding congruent with a recent
study contrasting various field strengths (5T vs 7T) (14). Apart
from the previously mentioned factors, this discrepancy
might stem from the elevation of tissue T1 values

accompanying the increase in B0 (23), as well as reduction in
the transverse magnetization vector (Mxy) during the TR
interval. Besides, considerations should be given to: (1) the
shortened T2 relaxation time and subsequent faster signal
attenuation due to age-related physiological iron deposition
in the putamen; and (2) the higher spatial resolution at 5T.
Consequently, in clinical practice, changes in the SNR of MRI
images are anticipated to be more intricate than theoretically
predicted (24).

Both T2WI and T2_FLAIR sequences showed superior CNR in
the frontal lobe gray and white matter at 5T compared to 3T
(P<0.001). These results are consistent with numerous ultra-
high field MRI studies, which indicate that both 5T and 7T
provide higher CNR than 3T (12-14). This superiority may be
related to the following factors: 1) the augmentation of
magnetic field strength BO enhances the intensity of
magnetic resonance signals. Consequently, when the signal
intensities of two different tissues both increase, the
difference in signal intensity between them also increases,
while the increase in noise is relatively smaller; 2) as BO
increases, T2 values decrease (23), and increasing TE can
enhance T2 contrast. Conversely, in the TTWI sequence, there
was no significant difference in CNR between the two field
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strengths for frontal lobe gray and white matter (P=0.197),
with a marginally lower value observed at 5T. This
observation is in accordance with a recent study investigating
CNR at varying field strengths (Zhang S hi et al., 2023). This
outcome may be attributed to the moderate prolongation of
TR in ultra-high field strengths, which leads to elevated T1

values and diminished differences among various tissues (23).

The overall image quality scores indicated that 5T was
superior to 3T, suggesting that the higher spatial resolution
and good SNR and CNR achievable at ultra-high field 5T,
without increasing scanning time, can provide more detailed
intracranial anatomical and pathological information and
enable the detection of small lesions that are undetectable
by lower field MRI. In this study, one participant showed
significantly more white matter high signal intensity at 5T
than at 3T (see Figure 2), with clearer lesion boundaries. This
observation may be attributed to the enhanced image spatial
resolution and improved tissue contrast at 5T. Nevertheless,
as field strength escalates, magnetic susceptibility effects and
chemical shift phenomena become more sensitive.
Additionally, the diminished uniformity of the BO and RF
fields owing to the heightened field strength can significantly
compromise image quality at tissue interfaces. For example,
brain tissue proximal to the frontal sinus and temporal bone
exhibits distortion and warping (see Figure 3). To address this
issue, the present study employed a 48-channel orthogonal
5T, which significantly mitigated RF
inhomogeneity, thereby substantially enhancing central

head coil at

nervous system imaging quality and reduced artifact (27-29).
Secondly, the application of the multi-shot EPI sequence, with
multiple RF excitations, shorter TE, and segmented multiple
filling of K-space, contributed to the amelioration of magnetic
susceptibility artifacts. Furthermore, this might also be
related to the higher stability of the 5T magnetic field
uniformity, gradient system, and RF system. Based on these
factors, magnetic susceptibility artifacts in the DWI sequence
were significantly reduced at 5T compared to 3T. In the
assessment of gray-white matter clarity, 5T images from the
T1WI and T2WI sequences were not significantly different
from those of 3T, while the T2-FLAIR and DWI sequences
showed significantly better performance at 5T.

This is consistent with the increased CNR values in the T2-
FLAIR sequence at 5T, which enhances gray-white matter
contrast. It should be noted that in conventional 3T MRI, the

10

depiction of small lesions is hindered by several factors in the
DWI sequence, including spatial resolution,
convoluted K-space filling patterns, the absence of corrective
measures during image acquisition, and prominent magnetic
susceptibility artifacts. For instance, it is prone to missed
of MS
structural

limited

diagnoses or misdiagnoses cortical lesions,
epileptogenic  foci, and
hippocampus in patients with dementia and Parkinson's

disease.

changes in the

Therefore, in this study, the voxel size within the 5T layer was
set smaller than that of the 3T layer (5T vs 3T:
0.90mmx0.90mm vs 1.42mmx1.42mm) to evaluate the
image quality of the 5T MRI. The scoring results indicated that
the overall image quality and the clarity of gray and white
matter in the 5T images were superior to those in the 3T
images (P=0.041; P<0.001). These findings can be attributed
not only to the smaller pixel size and consequently higher
spatial resolution in the 5T images, but also to factors such
as the use of a multi-shot EPI sequence with multiple RF
excitations, shorter TE, and segmented multi-filling of the K-
space. Furthermore, the use of a 48-channel orthogonal head
coil, along with the higher stability of the gradient and
radiofrequency systems in the 5T MRI, contributed to these
outcomes. Consequently, the results of this study suggest
that in ultra-high field DWI sequences, it is feasible to achieve
higher spatial resolution while maintaining a certain level of
SNR.

This study demonstrates moderate to high consistency in the
ICC values of SNR and CNR across various sequences
(excluding DWI) at 5T and 3T, as well as in the Kappa values
for qualitative assessment metrics (image artifacts, gray-
white matter definition, overall image quality) at both field
strengths (see Tables 4-6, 8-10). These findings indicate the
robustness and reproducibility of the study results. However,
the study cohort comprised solely healthy volunteers or
asymptomatic individuals with a history of ischemic
cerebrovascular events, thus limiting the generalizability of
5T's efficacy in specific intracranial pathologies. Future
research should validate these findings in relevant cranial
lesion populations.

The results suggest that within similar scan times, 5T MRI
provides higher spatial resolution and improved tissue
contrast, thereby laying a solid technological foundation for
precise localization and detailed information acquisition in
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cranial diseases. Further clinical applications require
optimization of sequences to obtain better image data. It is
worth mentioning that participants did not experience
significant discomfort after the examination, contrasting with
previous reports of vertigo in 7T studies (2). This discrepancy
may be attributed to the study population.

The study recruited 17 participants for data collection, which
constitutes a relatively small sample size for a cross-sectional
study. Therefore, the results are presented as preliminary
conclusions. Future research should expand the sample size
to validate the study's findings. Additionally, as participants
were asymptomatic, with only some older individuals
showing ischemic infarcts on cranial MRI, the study does not
fully demonstrate 5T-MRI's sensitivity to pathological
changes. Thus, the focus of future research should be on
assessing the lesion detection capabilities of ultra-high field
5T-MRI. Furthermore, the use of MR scanners from different
manufacturers, different head coils, and varying sequence
acquisition parameters may have influenced image SNR, CNR,
and subjective assessment metrics. Moreover, the absence
of acceleration techniques to isolate field strength effects
resulted in longer overall scan times.

In conclusion, this study demonstrates that, within a
comparable scanning duration, 5T MRI offers superior spatial
resolution, along with enhanced SNR and CNR, conferring
advantages in terms of overall image quality and definition of
brain gray matter. Nonetheless, the escalation in field
strength also results in an increase in T1 values, intensified
inhomogeneity of the RF field, and heightened sensitivity to
the chemical shift phenomenon. Consequently, optimizing
scanning parameters in clinical settings is imperative to
balance SNR, CNR, spatial resolution, and acquisition time,
thereby ensuring optimal image quality and enhancing
diagnostic accuracy.
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