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ABSTRACT

Purpose: This retrospective study employs a quanti-
tative analysis of signal intensities derived from stand-
ard MRI pulse sequences to differentiate between low-
grade and high-grade brainstem gliomas (BSGs).

Material and Methods: Forty-three patients with
histopathologically confirmed BSGs underwent gado-
linium-enhanced brain MRI. Quantitative parameters,
including mean, median, standard deviation, maxi-
mum, minimum, and lesion-to-normal tissue ratios,
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were extracted from volumes of interest (VOIs) placed
on pre- and post-contrast T1-weighted, fluid-attenuat-
ed inversion recovery (FLAIR), and apparent diffusion
coefficient (ADC) maps. Receiver operating characteris-
tic curve analysis was performed to assess the diagnos-
tic performance of each parameter.

Results: Quantitative analysis of T1-weighted and
FLAIR sequences revealed that mean T1 signal inten-
sity (T1_mean), median T1 signal intensity (T1_medi-
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an), and minimum FLAIR signal intensity (FLAIR_min)
were significant discriminators between low-grade and
high-grade BSGs. Optimal cut-off values, sensitivities,
and specificities for these parameters were as follows:
559.5 (87.5%, 65.5%) for T1_mean, 576.5 (78.6%, 69%)
for T1_median, and 349 (79.3%, 64.3%) for FLAIR_min.
Analysis of the solid tumor component on ADC maps
identified minimum ADC (ADCs_min) and the ratio of
mean ADC to normal white matter ADC (rADCs_mean)
as significant discriminators, with optimal cut-off val-
ues, sensitivities, and specificities of 862.5 x 10° mm?/s
(42.9%, 93.1%) and 1.4785 (92.9%, 48.3%), respectively.

Conclusion: Quantitative signal intensity analysis of
conventional MRI sequences, particularly T1-weighted
and FLAIR, can effectively differentiate between low-
grade and high-grade brainstem gliomas (BSGs). Fur-
thermore, analysis of the solid tumor component on
ADC maps provides valuable discriminatory informa-
tion.

Introduction

In contrast to tentorial gliomas, brainstem gliomas
(BSGs) are relatively uncommon, with an incidence of
approximately 0.311 per 100,000 individuals. BSGs ex-
hibit a predilection for the pediatric population, ac-
counting for 10-20% of all intracranial tumors in chil-
dren, with a peak incidence between 5 and 9 years of
age. In adults, BSGs are less frequent, comprising only
1-2% of intracranial tumors [1-4]. Histopathological as-
sessment remains the gold standard for differentiating
gliomas from other brainstem lesions and for grading
tumor aggressiveness. The World Health Organization
(WHO) classifies gliomas into four grades, with grades
1 and 2 designated as low-grade and grades 3 and 4 as
high-grade [5,6]. However, obtaining tissue for histo-
pathological analysis necessitates invasive procedures,
such as biopsy or surgical resection, which carry inher-
ent risks, including a mortality rate of approximately
2.5-3.8% [9-13]. The prognosis and survival outcomes
for patients with BSGs vary significantly depending on
tumor grade and patient age. In children, high-grade
BSGs are associated with a dismal prognosis, with an av-
erage survival time of only 9-13 months, whereas low-
grade BSGs have an average survival exceeding 5 years
[7]. In adults, the disparity is less pronounced, with
average survival times of approximately 26 months for
low-grade BSGs and 10-13 months for high-grade BSGs
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[8]. Therefore, it is crucial to develop effective minimal-
ly or non-invasive methods for differential diagnosis,
which can assist in prognosis and guide the selection of
the appropriate treatment approach.

Magnetic resonance imaging (MRI), with its advan-
tageous characteristics of high spatial and tissue res-
olution, non-invasiveness, and absence of ionizing ra-
diation, has become the preferred imaging modality
for the diagnosis, surgical planning, and post-treat-
ment monitoring of BSGs [9]. While conventional MRI
sequences have demonstrated value in assessing BSG
grade, their diagnostic performance remains limited.
Previous studies have reported sensitivity and speci-
ficity values of 62.5% and 46.6%, respectively, for diag-
nosing low-grade BSGs, and 58.3% and 61.7%, respec-
tively, for diagnosing high-grade BSGs [10]. To enhance
diagnostic accuracy, advanced MRI techniques, such as
diffusion kurtosis imaging (DKI), diffusion tensor imag-
ing (DTI), perfusion-weighted imaging, and magnetic
resonance spectroscopy (MRS), have been employed.
However, these advanced sequences often prolong ac-
quisition time and require specialized expertise for im-
age processing and interpretation. Quantitative anal-
ysis of advanced diffusion metrics has shown promise
in differentiating BSG genotypes, with a combined DKI
and DTI histogram model achieving an area under the
curve (AUC) of 0.931 for predicting isocitrate dehy-
drogenase (IDH) mutation status [11]. Similarly, MRS
and perfusion-weighted imaging have demonstrated
high discriminatory value for BSG grading, with the
choline/N-acetylaspartate (Cho/NAA) ratio from MRS
yielding an AUC of 0.944 and relative cerebral blood
flow (rCBF) from perfusion-weighted imaging achiev-
ing an AUC of 0.917 [12].

Qualitative analyses of BSGs using standard MRI se-
quences have demonstrated limited utility in differen-
tiating tumor grade, as these tumors typically exhibit
similar signal characteristics, such as hyperintensity on
T2-weighted images and hypointensity on T1-weighted
images. Furthermore, features such as necrosis, hem-
orrhage, and brainstem invasion are not reliably dis-
tinctive between low-grade and high-grade BSGs. While
quantitative analyses of T1-weighted and T2-weighted
signal intensities have been explored in tentorial glio-
mas, their application to BSGs remains limited [13,14].
Quantitative analysis of the apparent diffusion coeffi-
cient (ADC) map, derived from diffusion-weighted im-
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aging, has gained traction due to its standardized na-
ture and quantitative metrics, such as mean, maximum,
minimum, and standard deviation, which provide a
more nuanced characterization of tumor heterogene-
ity [13,14]. Histogram analysis of ADC maps, which as-
sesses the distribution of ADC values within the tumor,
has further enhanced the ability to evaluate tumor
heterogeneity and infer underlying biological charac-
teristics [15]. However, challenges remain in defining
the optimal volume of interest (VOI) for ADC histogram
analysis. Encompassing the entire tumor volume may
introduce confounding effects from cystic or necrotic
regions, while restricting the VOI to the solid tumor
component may not fully capture the tumor's hetero-
geneity [14,16,17].

While these VOI placement strategies have been in-
vestigated in tentorial gliomas, their application to
BSGs remains unexplored. Therefore, this study aimed
to evaluate the utility of quantitative signal intensity
analysis, including histogram analysis of ADC maps,
in differentiating between low-grade and high-grade
BSGs using standard MRI sequences.

Table 1: Parameters of sequences
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Methods

Data collection

This retrospective cross-sectional study was conduct-
ed at the Imaging Diagnosis Center of Viet Duc Friend-
ship Hospital. Patient data were collected between
January 2021 and January 2025. The study included 43
patients with histopathologically confirmed brainstem
gliomas who underwent preoperative 3.0 Tesla MRI of
the brain with gadolinium contrast enhancement. Pa-
tients with a prior history of biopsy or treatment (ra-
diotherapy, chemotherapy, or tumor resection) were
excluded, as were those with MRI images degraded by
artifacts or inadequate imaging parameters. This study
was conducted in accordance with the Declaration of
Helsinki (2013).

Technique

All patients underwent MRI using a 3.0 Tesla scanner
(SIGNA Pioneer; GE Healthcare, USA) with gadolini-
um-based contrast enhancement. A standardized im-
aging protocol was employed for all examinations, as
detailed in Table 1.

P lide thick
arameters Plane TR (msec) TE (msec) sty i m FOV Matrix
Sequences (mm)
T1-FLAIR axial, sagittal 2000-2300 20-25 5 240-260 192x320
T2-FLAIR FS axial 7500-8500 110-120 5 230-240 200x320
axial, sagittal,
T2 TSE 3900-4700 100-105 4 210-220 256x384
coronal
T2 GRE axial 250-360 8-10 4 210-220 256x384
DWI/ADC axial 4000-4700 75-80 5 230-240 192x192
T13DCE+ axial, sagittal 5.3-6.3 2.0-2.5 1 240 240x300

TR: Repetition time; TE: Echo time; FOV: Field of view
T1-FLAIR: T1-weighted fluid-attenuated inversion recovery

T2-FLAIR FS: T2-weighted fluid-attenuated inversion recovery fat-saturated

T2 TSE : T2-weighted turbo spin-echo
T2 GRE: T2-weighted gradient-echo or T2*

T1 3D CE+: 3D IR-prepped fast SPGR high-resolution T1-weighted (“BRAVO”); CE+: a single dose of intravenous contrast agent injection (Gadolinium-DTPA

1ml/kg, the injection rate of 5mL/s)
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Image analysis

MRI images, stored in DICOM format, were analyzed
using the Medical Imaging Interaction Toolkit software
(MITK Workbench v2023.12; Division of Medical Image
Computing, German Cancer Research Center, Heidel-
berg, Germany) [18]. An experienced neuroradiologist
performed all image analyses.

Lesion characterization was conducted manually

based on the following criteria: [16]

* Whole Tumor: On T2W and FLAIR images, the
whole tumor was defined as the region encompass-
ing all abnormal signal intensity, including edema,
solid components (enhancing and non-enhancing),
and necrosis, demarcated by normal brain tissue or
cerebrospinal fluid.

* Tumor Core and Edema: The tumor core, compris-
ing the solid and necrotic portions, was identified as
the central area of heterogeneous signal intensity
on T2W and FLAIR images, surrounded by vasogenic
edema with homogenous high signal intensity. Ede-
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ma was defined as the region of high signal inten-
sity extending beyond the tumor core. (Fig. 1A-B)

Enhancing, Necrotic, and Non-Enhancing Solid
Components: On post-contrast TIW images, the en-
hancing solid component, necrotic areas, and hem-
orrhagic components were identified. Necrotic are-
as were defined as central regions without contrast
enhancement, surrounded by enhancing solid tu-
mor. Hemorrhagic components were identified by
signal increase on pre-contrast T1 images or signal
decrease on T2*-weighted gradient-echo (T2* GRE)
images. Homogenous cystic areas with cerebrospi-
nal fluid signal characteristics on T2W and FLAIR
images were also classified as necrotic. (Fig. 1C-H)
The non-enhancing solid component was defined as
the residual tumor volume after subtracting the en-
hancing and necrotic components. (Fig. 1H)

It is important to note that not all tumors exhibited
all of these components (e.g., enhancing component,
edema, necrosis).

Figure 1. (A-J) Lesion segmentation and volume of Interest (VOI) definition. A-B. Axial FLAIR images demonstrating the
delineation of the tumor core (blue VOI) and peritumoral edema (white VOI) within the whole tumor region (red outline).
C-D. Axial T2*-weighted gradient-echo (T2* GRE) images showing the hypointense hemorrhagic component included within
the necrotic region (orange VOI). E-F. Axial T1-weighted (T1W) and G-H. axial contrast-enhanced T1-weighted (T1 CE+)
images illustrating the identification of the enhancing tumor component (green VOI) and the central necrotic area (orange
VOI). L. Axial T1 CE+ image and J. corresponding axial apparent diffusion coefficient (ADC) map showing all segmented
tumor components. The pink ROI is placed in normal-appearing white matter to calculate the lesion-to-normal tissue signal

intensity ratio.
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From the identified sections, we proceed to place the
VOI measuring the entire tumor (red outlined VOI) on
the T1 and FLAIR sequences (Fig. 1B, 1F), and to place
the VOI of the entire enhancing region of the tumor
(green VOI) on the T1-weighted sequence after contrast
administration (Fig. 1H). With the ADC map, we place
the VOI using two methods: measuring the ADC value of
the entire tumor region (VOI 1 - corresponding to the
red outlined VOI) and measuring the ADC value of the
entire solid part of the tumor (VOI 2 - corresponding to
the total of the blue and green VOI). (Fig. 1J). We also
proceed to measure an additional ROI in normal white
matter to calculate the ratio of the tumor value to that
of the white matter. (Fig. 1B, 1F, 1H, 1J).

Histopathological Analysis

Histopathological diagnoses were obtained from ei-
ther surgical resection or biopsy specimens. All tumors
were classified as low-grade or high-grade BSGs accord-
ing to the 2021 WHO Classification of Tumors of the
Central Nervous System.

Statistical Analysis

Statistical analysis was performed using SPSS software
(version 20.0; IBM, Armonk, NY, USA). Descriptive statistics
for quantitative variables were presented as mean * stand-
ard deviation. The Chi-square test, Fisher's exact test, and
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Mann-Whitney U test were used to compare categorical
and quantitative variables between low-grade and high-
grade BSG groups. Receiver operating characteristic (ROC)
curve analysis was conducted to determine optimal cut-off
values, sensitivity, and specificity for each quantitative pa-
rameter in differentiating between the two tumor grades. A
p-value < 0.05 was considered statistically significant.

Results

Patient characteristics

This study included 43 patients with BSGs, consisting
of 22 males and 21 females. Twenty-five patients were
children (<18 years old), and 18 were adults. The cohort
comprised 14 patients with low-grade BSGs and 29 with
high-grade BSGs. The histopathological diagnoses in the
high-grade BSG group were as follows: 10 pilocytic as-
trocytomas, 1 ganglioglioma, 3 diffuse astrocytomas, 1
anaplastic ependymoma, 7 anaplastic astrocytomas, 20
diffuse midline gliomas, and 1 glioblastoma. There were
no statistically significant differences in age or sex dis-
tribution between the low-grade and high-grade BSG
groups, with p-values of 0.458 and 0.586, respectively.

Quantitative analysis of signal intensities on TIW and
FLAIR sequences was performed for the entire tumor
volume. Comparisons of these quantitative parameters
between the low-grade and high-grade BSG groups are
presented in Table 2.

Table 2: Comparison of signal values of the entire tumor on T1W and FLAIR pulse sequence

R Low grade BSG
(MeanzSD)
T1_mean 615.72 +83.00
T1_median 624.36 + 85.80
T1_SD 87.60 £ 40.15
T1_max 871.79+103.89
T1_min 322.64+£134.42
r_meanT1 0.7605 + 0.0927
FLAIR_mean 852.86 +120.62

FLAIR _median 874.42 +138.48

FLAIR_SD 160.98 + 83.29
FLAIR_max 1181.29 £239.84
FLAIR_min 298.50 + 218.40

r_meanFLAIR 1.5798 £0.1926

* Comparision were performed using the Independent Samples Test
** Comparision were performed using the Mann-Whitney U Test

ey 009
572.94+118.94 0.049**
569.31+122.88 0.036**

68.81+17.85 0.114**
836.69 £ 167.23 0.120**
338.69 £ 99.02 0.938**
0.7562 £ 0.0972 0.890*
829.92 +158.78 0.636*
823.78 +160.98 0.319*

97.95 + 68.20 0.078**

1191.00 + 345.25 0.925*%
444.83 £ 158.75 0.016*
1.6677 £0.2431 0.243*
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On T1-weighted (T1W) images, the mean (T1_mean)
and median (T1_median) signal intensities of the whole
tumor were significantly higher in the low-grade BSG
group compared to the high-grade BSG group (p = 0.049
and p = 0.036, respectively). However, the ratio of mean
tumor signal intensity to normal white matter signal
intensity (r_meanT1) did not differ significantly be-
tween the two groups.

On FLAIR images, the minimum signal intensity
(FLAIR _min) of the whole tumor was significantly lower
in the low-grade BSG group compared to the high-grade
BSG group (p = 0.016). Similar to the TIW findings, the
ratio of mean tumor signal intensity to normal white

matter signal intensity (r_meanFLAIR) did not show a
significant difference between the two groups.

Quantitative analysis of signal intensities within the
enhancing portion of the tumor on post-contrast TIW
images was performed. Comparisons of these quantita-
tive parameters between the low-grade and high-grade
BSG groups are presented in Table 3. In the low-grade
BSG group, 12 of 14 cases (85.7%) demonstrated con-
trast enhancement, whereas 18 of 29 cases (62.1%) in
the high-grade BSG group showed enhancement. How-
ever, there were no statistically significant differences
in any of the quantitative signal intensity parameters
between the two groups.

Table 3: Comparison of signal values of the tumor’s entire enhancing portion of on T1W post-contrast

Low grade BSG
Parameters (Mean+SD)
N=12
T1C+_mean 2248.36 £274.42
T1C+_max 4448.33 +573.33
T1C+_min 900.08 +138.12

r_meanT1C+

1.3118 +0.0494

High grade BSG
(Mean:SD) p (0.05)
N=18
2241.28 +125.04 0.982%
3823.56 + 297.49 0.347*
1188.94 +79.17 0.062*
1.2047 +0.0617 0.222%*

* Comparision were performed using the Independent Samples Test

Quantitative analysis of signal intensities on ADC
maps was performed using two different VOI place-
ment methods:

(1) encompassing the entire tumor volume and

(2) encompassing only the solid tumor component,
excluding cystic or necrotic areas. Comparisons of
these quantitative parameters between the low-grade
and high-grade BSGs groups are presented in Table 4.

Table 4: Comparison of the signal value of the tumor on the ADC map followed two methods of VOI

placement: the entire tumor and the entire tumor’s solid part

Parameters

ADCa_mean
ADCa_median
ADCa_SD
ADCa_max
ADCa_min

rADCa_mean

Low grade BSG High grade BSG

(Mean#SD) x10°m?/s (Mean+SD) x10°m?/s p (0.05)

Entire tumor

1358.14 £ 315.20 1277.86 + 337.96 0.460*
1286.40 £ 279.06 1243.85 £ 342.56 0.688*
324.54 + 188.54 296.46 + 180.06 0.586™*
2629.14 + 949.66 2425.76  756.94 0.452*
711.14 +159.43 583.59 + 241.59 0.133**
1.9662 £ 0.4024 1.7998 £ 0.4772 0.268*
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Table 4: Comparison of the signal value of the tumor on the ADC map followed two methods of VOI
placement: the entire tumor and the entire tumor’s solid part

Low grade BSG

High grade BSG

RS (MeantSD) x10°m?/s (Mean#SD) x10°m?/s p(0.05)
Entire tumor

ADCs_mean 1294.16 +288.79 1114.02 £272.93 0.053*
ADCs_median 1269.91 £ 307.28 1101.20 £ 281.70 0.081*
ADCs_SD 224.39+93.35 183.17 £90.14 0.172*
ADCs_max 2157.93 £589.32 1816.72 +585.16 0.081*
ADCs_min 800.64 +191.26 689.41 +136.17 0.034*
rADCs_mean 1.8749 £ 0.3746 1.5721+0.3970 0.022*

* Comparision were performed using the Independent Samples Test
** Comparision were performed using the Mann-Whitney U Test

When encompassing the entire tumor volume in the
VOI, there were no statistically significant differences
in any of the ADC parameters between the low-grade
and high-grade BSG groups. However, when restricting
the VOI to the solid tumor component, the minimum
ADC value (ADCs_min) was significantly higher in the
low-grade BSG group compared to the high-grade BSG
group (p = 0.034). Similarly, the ratio of mean ADC val-
ue within the solid tumor component to the mean ADC
value of normal white matter (rADCs_mean) was signif-
icantly higher in the low-grade BSG group (p = 0.022).

Table 5 summarizes the diagnostic performance of
quantitative MRI parameters that demonstrated sig-
nificant discriminatory ability between low-grade and
high-grade BSGs, based on ROC curve analysis (Figures

2 and 3). On T1W images, the median signal intensity
(T1_median) exhibited the highest diagnostic accuracy,
with an area under the curve (AUC) of 0.700, an opti-
mal cut-off value of 576.5, a sensitivity of 78.6%, and a
specificity of 69%. On FLAIR images, the minimum sig-
nal intensity (FLAIR_min) showed good diagnostic per-
formance, with an AUC of 0.719, a cut-off value of 349,
a sensitivity of 79.3%, and a specificity of 64.3%. On ap-
parent diffusion coefficient (ADC) maps, using the VOI
encompassing the solid tumor component, the ratio of
mean ADC value in the solid tumor to that of normal
white matter (rADCs_mean) demonstrated the highest
diagnostic accuracy, with an AUC of 0.714, a cut-off val-
ue of 1.4785, a sensitivity of 92.9%, and a specificity of
48.3%.

Table 5: Significant parameters for distinguishing low-grade and high-grade BSGs on conventional MRI

Parameters Cut-off Se (%)
T1_mean 559.50 87.5
T1_median 576.5 78.6
FLAIR_min* 349.0 79.3
ADCs_min 862.5 42.9
rADCs_mean 1.4785 92.9

Sp (%) PPV (%) NPV (%) AUC
65.5 54.5 90.5 0.687
69 55.0 87.0 0.700
64.3 82.1 60.0 0.719
93.1 75.0 77.1 0.655
48.3 46.4 93.3 0.714

* Positive correlation: values exceeding the cut-off point indicate high-grade BSGs, whi values below the cut-off suggest low-grade BSGs.

Discussion
Quantitative analysis of density on computed tomog-
raphy (CT) scans, measured in Hounsfield units (HU), is

54

widely employed in both research and clinical practice.

The absolute nature of HU values ensures consistency

across different CT scanners and manufacturers. In
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Figure 2: ROC curve with negative correlation indices significantly distinguishing low-grade BSGs and high-grade BSGs
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contrast, quantifying signal intensity on MRI is more
complex, as signal values are influenced by various fac-
tors, including pulse sequence parameters, magnetic
field strength, and tissue volume. Consequently, signal
intensities can vary depending on the scanner mod-
el, manufacturer, and acquisition parameters. Despite
these challenges, numerous studies have explored the
quantification of MRI signal intensity [19-21]. Stand-
ardization techniques are crucial for comparing sig-
nal values between different scanners, particularly in
large-scale multicenter studies or when compiling da-
tasets for deep learning and artificial intelligence ap-
plications. Foltyn et al. [21] demonstrated that stand-
ardized signal intensity approaches can effectively
minimize inter-scanner variability, even when using
identical imaging protocols.

Quantitative MRI studies commonly involve the place-
ment of ROIs or VOIs within tumor lesions, often coupled
with the calculation of signal intensity ratios relative
to normal brain parenchyma. A fundamental approach
entails placing an ROI within a solid tumor region based
on radiologist observation. However, this method is sus-
ceptible to interobserver variability, poses challenges
for automated analysis via artificial intelligence, and
may not fully represent the tumor's overall character-
istics. An alternative strategy involves delineating a VOI
encompassing the entire lesion, thereby capturing the
complete spectrum of tumor components. This method
facilitates automated processing and reduces observer
bias. Nevertheless, the inclusion of diverse tumor com-
ponents with varying signal properties within a single
VOI can influence the overall VOI value.

For instance, necrotic and cystic regions exhibit
similar MRI characteristics, including hypointensity
on T1W and FLAIR images, hyperintensity on T2W im-
ages (similar to cerebrospinal fluid), lack of contrast
enhancement, restricted diffusion on DWI, and elevat-
ed ADC values due to low cellularity. However, hem-
orrhagic components within necrotic areas can alter
ADC values depending on the stage of blood product
degradation [22]. Therefore, a more refined approach
involves segmenting distinct tumor components into
separate VOIs, preserving the unique characteristics of
each region. In this study, we employed two VOI place-
ment strategies, tailored to the specific pulse sequence:
(1) a vOI encompassing the entire tumor volume, and
(2) vOIs delineating individual tumor components.

56
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While previous studies have rarely employed quan-
titative analysis of signal intensities on T1W, FLAIR,
and post-contrast TIW sequences, our investigation
revealed several noteworthy findings. Quantitative as-
sessment of the entire tumor on TIW images demon-
strated that both the mean (T1_mean) and median (T1_
median) signal intensities were significantly higher in
low-grade BSGs compared to high-grade BSGs (p = 0.049
and p = 0.036, respectively). This highlights the poten-
tial value of quantitative signal analysis on TIW imag-
es, particularly in cases where qualitative assessment
is inconclusive. On FLAIR images, only the FLAIR_min
differed significantly between the two groups, being
lower in low-grade BSGs (p = 0.016). This contrasts with
qualitative FLAIR analysis, which did not demonstrate
discriminatory ability. Quantitative analysis of the en-
hancing portion of the tumor on post-contrast TIW im-
ages, including assessment of the lesion-to-normal tis-
sue signal intensity ratio, did not reveal any significant
differences between low-grade and high-grade BSGs.

Quantitative analysis of DWI, specifically using ADC
maps, has been widely employed in differentiating gli-
oma grades, both supratentorially and infratentorially
[11,13,14,17,23-28]. In our study, we investigated two
methods for ADC quantification: (1) encompassing the
entire tumor volume in the VOI, and (2) restricting the
VOI to the solid tumor component. When analyzing the
entire tumor volume, we did not observe any signifi-
cant differences in ADC parameters between low-grade
and high-grade BSGs, even when incorporating ratios to
normal white matter. This contrasts with the findings
of Kang et al., [26] who reported that the ADCmin was
significantly lower in high-grade gliomas compared to
low-grade gliomas (p < 0.001).

However, when restricting the VOI to the solid tumor
component, we found that the ADCs_min was signifi-
cantly higher in low-grade BSGs compared to high-
grade BSGs (p = 0.034), consistent with the observations
of Gihr et al. [23]. Furthermore, the rADCs_mean was
also significantly higher in low-grade BSGs (p = 0.022).
This finding differs from the study by Lee et al. [17],
which reported no significant difference in the mean
ADC ratio between glioma grades. It is important to
note that Lee et al. [17] only included the enhancing
solid component in their analysis, excluding non-en-
hancing solid regions. These findings suggest that
quantifying ADC parameters within the solid tumor
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component may be more valuable than analyzing the
entire tumor volume, particularly when assessing BSG
grade. Furthermore, incorporating the ratio of tumor
ADC to normal white matter ADC can enhance the dis-
criminatory ability of this approach.

This study has several limitations. First, the inclusion
of both pediatric and adult patients may have influenced
the results, as the epidemiological and imaging charac-
teristics of BSGs can differ significantly between these
two groups. Second, the relatively small sample size may
limit the generalizability of our findings. Finally, lesion
segmentation was performed manually by a single ob-
server, introducing potential subjectivity. While objec-
tive segmentation methods using advanced software or
artificial intelligence are desirable, they were not feasi-
ble in this study due to technical constraints.

Conclusion

Quantitative signal intensity analysis of convention-
al MRI sequences, particularly T1-weighted and FLAIR,
can effectively differentiate between low-grade and
high-grade BSGs. Furthermore, analysis of the solid
tumor component on ADC maps provides valuable dis-
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criminatory information compared to analyzing the
whole tumor volume. R
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