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ABSTRACT
Aim of the study. To present differences in frontal aslant tract (FAT) tractography among patients diagnosed with primary brain 
tumours and metastatic brain tumours.

Material and methods. The analysis included 38 patients diagnosed with a frontal brain tumour. A control group of 30 healthy 
patients was also considered. The FAT was delineated, taking into account ROI 1 — the superior frontal gyrus, and ROI 2 — SMA. 
Endpoints were determined on the pars opercularis and pars triangularis of the inferior frontal gyrus. FAT was delineated in four 
different ways for each patient.

Results. In the group of patients with a brain tumour, a lower volume of FAT and a reduced quantity of fibres were observed 
compared to the control group. Comparison of the examined parameters between patients with glioblastoma and metastasis 
revealed statistically significant differences for MD (p < 0.001) regardless of the selected projection.

Conclusions. The difference in MD (mean diffusivity) among patients with metastatic tumours may be related to an increased 
oedema zone.
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Introduction

The frontal aslant tract (FAT) is a short fibre tract predom-
inantly located in the left hemisphere, first described by Catani 
in 2012. It connects the superior frontal gyrus (SFG) with the 
inferior frontal gyrus (IFG) and supplementary motor area 
(SMA). Extensive analysis of the fibre course, fMRI findings, 
and direct cortical stimulation have demonstrated a significant 
role played by the FAT in speech processing [1].

The role of the FAT extends beyond mere connectivity, 
as it serves as a critical connection between motor planning, 
initiation, and language control. FAT is involved in various 

language functions, particularly speech production and lan-
guage control. The pre-SMA, connected to the IFG through 
the FAT, plays a role in several aspects of language processing, 
such as articulatory planning and control. Conversely, the IFG 
plays a vital role in language production, speech fluency, and 
language control processes [2].

The FAT facilitates the transformation of linguistic inten-
tions into motor plans, ensuring the seamless execution of 
speech production [3].

Despite the growing interest and an increase in publi-
cations on the FAT, there remains limited knowledge about 
this white matter bundle in clinical practice. FAT exhibits 
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connections to the upper frontal lobe, lower frontal lobe, SMA, 
and pre-SMA. Damage to these white matter connections can 
have more significant clinical effects compared to damage 
to the cerebral cortex. This is because the consequences of 
cortical damage can be mitigated over time due to the high 
plasticity of the cortex [4].

Therefore, and due to the numerous functions performed 
by the FAT, there is a need to share knowledge about the anat-
omy of the SMA region and related white matter pathways. 
This subject should be particularly well understood, especially 
in the case of frontal lobe tumour surgery [5].

The aim of this study was to present the anatomical varia-
bility of the FAT, with a particular emphasis on demonstrating 
the length and volume of the pathway based on the chosen 
region of interest (ROI). 

Material and methods

Patients treated for frontal lobe tumours at a single in-
stitution were retrospectively reviewed. A total of 38 adult 
patients (20 males, 18 females) who underwent resection 
surgery at the Neurosurgery and Neurology Department of 
Jan Biziel University Hospital in Bydgoszcz, Poland (blind-
ed for peer review purposes) between 2020 and 2022 were 
included in the study. The mean age in the treated group was 
56.93 ± 15.46 years. The mean standard volume of the tumour 
was 3.517cc ± 2.227cc.

The study focused on patients diagnosed with a brain tu-
mour involving the frontal lobe. Among them, 17 patients had 
a tumour affecting the right frontal lobe, while 21 patients had 
a tumour affecting the left frontal lobe. All patients underwent 
surgical treatment.

MRI and DTI acquisition
In this study, MRI and DTI acquisition parameters sim-

ilar to those previously developed by the authors in other 
publications were used. This is because all investigations in 
this study, as well as in the authors’ previous publications, 
were conducted using the same MRI scanner, and tractog-
raphy was generated using the same software (DSI studio). 
Therefore, the methodology section in the article has already 
been published.

All patients underwent imaging at 3.0 T using a Philips 
Ingenia scanner manufactured in 2015 and a 32-channel head 
coil. The head was scanned without any angulation, with an 
angle of 0° in all directions (AP, RL, FH).

A deterministic fibre tracking method was used with a DTI 
diffusion scheme and a total of 60 diffusion sampling direc-
tions. The in-plane resolution was 1.87514 mm, and the slice 
thickness was 2 mm. The angular threshold for fibre tracking 
was set at 60 degrees. Regions of interest were automatically 
defined based on an anatomical atlas loaded into the DSI 
Studio program (http://dsi-studio.labsolver.org) [6–8].

Statistical analysis
The statistical analysis was performed using Statistica 

13 software. The Shapiro-Wilk test was used to assess the 
normal distribution of qualitative data. Parametric tests, such 
as Student’s t-test for dependent and independent variables, 
and Pearson’s rank correlation test, were employed if the data 
exhibited normal distribution.

For data that did not follow a normal distribution, 
non-parametric tests were used. The Mann-Whitney test was 
used for group comparisons, the Wilcoxon test for dependent 
variables, and the Spearman’s rank correlation test for analys-
ing correlations. A significance level of p < 0.05 was considered 
for all analyses.

DTI analysis
All analysis of images was provided using DSI Studio 

software (dsistudio.labsolver.org, BSD License.). The anisot-
ropy threshold was determined automatically by the software. 
A total of 15,000 tracts were calculated. When reconstructing 
the FAT, we obtained tract statistics, including the number of 
tracks, the mean length, and the volume of the FAT [8].

Fibre tracking
We reconstructed the FAT based on ROIs: ROI 1 - gyrus 

frontalis superior (SFG) and ROI 2 - SMA. End points were 
based on pars opercularis of gyrus frontalis inferior (IFG-op) 
and pars triangularis of gyrus frontalis inferior (IFG-tri).

Start points were designated as: SFG and SMA. The end 
points were based on: gyrus frontalis inferior pars triangularis 
(IFG-tri) and gyrus frontalis inferior pars opercularis (IFG-
op). By mixing and matching start and end points, we obtained 
FAT for analysis by four different types in each patient (Fig. 1).

Results

The FAT was reconstructed using four different algorithms 
for each patient in the study.

Among the 38 patients, 14 were diagnosed with primary 
tumours, specifically glioblastoma multiforme WHO IV 
(eight patients IDH-mutant, and six patients IDH wildtype), 
and five patients had astrocytoma anaplasticum WHO III. 
Additionally, 19 patients had metastatic tumours, including 
10 with lung cancer metastasis, six with colorectal cancer, and 
three with melanoma.

Comparisons of fractional anisotropy (FA) and mean 
diffusivity (MD) in both groups are set out in Table 1.

In the study group, the number of fibres and volume of 
FAT were lower than in the control group, regardless of the 
chosen method for FAT plotting. Additionally, a significant 
statistical difference (p < 0.05) in the number of fibres was 
identified between patients in the control and study groups, in 
each of the selected projections. Regarding the volume of the 
tract, statistical significance was achieved in the SMA-IFG 
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tri projection (p < 0.001; 464.8 ± 92.5 vs. 632.3 ± 89.6; study 
group vs. control group), SMA-IFG op projection (p < 0.001; 
2,738.3 ± 1,374.7 vs. 5,028.3 ± 1,238.1; study group vs. 
control group), and SFG-IFG op projection (p < 0.001; 
40,806.7 ± 9,284.5 vs. 52,831.7 ± 2,399.0; study group vs. 
control group). However, in terms of fibre length, the threshold 
of statistical significance was reached only in the SMA-IFG 
projection (p = 0.045; 81.8 ± 6.4 vs. 86.5 ± 5.7; study group 
vs. control group).

Comparison of the examined parameters between patients 
with glioblastoma and metastasis revealed statistically signifi-
cant differences for MD (p < 0.001) regardless of the selected 
projection. The specific values are set out in Table 2. However, 
no statistically significant differences were found for the 
remaining parameters in the projections used, except for the 
SMA-IFG op projection. In this projection, statistically signif-
icant differences were also identified in the number of fibres 
(p = 0.028; 179.6 ± 90.0 vs. 304.6 ± 106.5; glioblastoma vs. 

Table 1. Comparison of FA and MD values in study and control groups depending on region of interest and endpoints

MD study group MD control group
p-value

FA study group FA control group p-va-
lueSD Me SD Me SD Me SD Me

SFG–IFGop 0.77 0.13 0.72 0.49 0.06 0.50 < 0.001 0.42 0.05 0.42 0.69 0.09 0.69 < 0.001 

SFG–IFG tra 0.78 0.09 0.77 0.48 0.07 0.49 < 0.001 0.42 0.04 0.42 0.74 0.06 0.74 < 0.001 

SMA–IFGop 0.75 0.09 0.72 0.48 0.07 0.49 < 0.001 0.44 0.05 0.46 0.76 0.07 0.78 < 0.001 

SMA–IFG tra 0.77 0.06 0.79 0.47 0.08 0.49 < 0.001 0.46 0.06 0.46 0.76 0.07 0.79 < 0.001 

MD — mean diffusivity; FA — fractional anisotropy; SD — standard deviation; Me — median; SFG — superior frontal gyrus; IFG — inferior frontal gyrus; SMA — supplementary motor area

Figure 1. F rontal aslant tract (FAT); A. ROI 1 — gyrus frontalis superior with end point-pars opercularis of gyrus frontalis inferior (IPG-op),  
B. ROI 1 with end point-pars triangularis of gyrus frontalis inferior (IPG-tri), C. ROI 2 — SMA with IPG-op, D. ROI 2 with IPG-tri
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metastasis) and tract volume (p = 0.032; 2,040.8 ± 1,042.0 vs. 
3,535.4 ± 1,323.9; glioblastoma vs. metastasis).

Based on analysis of the results obtained in the group of 
cancer patients, statistically significant differences (p < 0.05) 
were observed between the results recorded in the SFG-IFG op 
and SMA-IFG op ROIs for the parameters related to the num-
ber of fibres (p < 0.001; 1,548.5 ± 397.1 vs. 237.9 ± 114.3; SFG 
vs. SMA) and the tract volume (p < 0.001; 40,806.7 ± 9,284.5 vs. 
2,738.3 ± 1,374.7; SFG vs. SMA). However, the parameters 
MD, FA, and fibre length did not reach the level of statistical 
significance. A strong positive correlation was identified for 
MD using Pearson’s rank correlation test (0.9 < R < 1.0), and 
this reached statistical significance (p < 0.001).

In the same group, when analysing data obtained in the 
SFG-IFG tra vs. SMA-IFG tra ROIs, statistical significance 
(p < 0.05) was observed for the number of fibres (p < 0.001; 
470.1 ± 106.8 vs. 24.8 ± 11.0; SFG vs. SMA) and the tract 
volume (p = 0.001; 6,288.5 ± 3,790.3 vs. 464.8 ± 92.5; SFG vs. 
SMA), as well as for fibre length (p = 0.008; 91.41 ± 3.92 vs. 
87.18 ± 6.544; SFG vs. SMA) and FA (p = 0.037; 0.42 ± 0.004 vs. 
0.46 ± 0.006; SFG vs. SMA). However, MD and fibre length 
analysis results in the above ROIs did not reach statistical sig-
nificance. Additionally, two statistically significant (p < 0.05) 
positive correlations were identified for fibre length (p = 0.022) 
and MD (p < 0.001).

Discussion

In this study, we employed DTI diffusion tractography as 
a valuable non-invasive technique for mapping white matter 
fibres in patients with brain tumours [9, 10]. This method 
plays a critical role in surgical planning, allowing for a balance 
between radical tumour resection and the preservation of neu-
ronal functions [11, 12]. However, DTI has limitations that can 
impact the quality of white matter fibre visualisation. Factors 
such as reduced fractional anisotropy (FA), mass effect, tumour 
infiltration, neoplastic vascular oedema, and destruction of 
white matter tracts can disrupt the spatial orientation of fibres 
and alter the direction of water diffusion, thereby affecting the 
effectiveness of the technique [13–16].

DTI has shown promise in the differential diagnosis of 
glioblastoma and metastatic tumours, but consistent data from 
independent studies is lacking [17]. Our results comparing 
glioblastoma and metastatic tumours demonstrated a statisti-
cally significant difference in the MD parameter across all four 
projections, with higher average diffusivity values observed in 
metastatic tumours [17].

These findings differ from the existing literature, high-
lighting the lack of consensus regarding DTI metrics when 
comparing glioblastoma and metastatic tumours [18–20]. 
Byrnes et al. [21] reported higher MD values in the glioblas-
toma area, with even higher values in the tissue surrounding 
the metastasis compared to the peri-glioblastoma region.

In our study, we did not find statistically significant 
differences in the FA parameter between patients with glio-
blastoma and metastases. Moreover, the values obtained were 
practically identical, regardless of the defined fibre assignment 
by continuous tracking (FAT) projections. This result may be 
attributable to the small sample size in our study. However, 
existing literature suggests higher FA values in glioblastoma 
compared to metastatic tumours [22–24]. The FA parameter 
reflects water diffusion direction for each voxel, determining 
the degree of anisotropy in the studied structure [25]. Several 
variables, such as fibre structural integrity, packing density, 
myelination degree, and fibre diameter, significantly influence 
this parameter [26–28]. Wang et al. [29] proposed that the in-
crease in fractional anisotropy in glioblastoma might be related 
to the spatial orientation of the tumour-overproduced extra-
cellular matrix infiltrating adjacent healthy tissue, suggesting 
a relationship between scalar values and cell orientation in the 
imaged voxel. These authors also reported significantly higher 
FA values in glioblastoma compared to metastatic tumours, 
and did not find statistically significant differences in the 
MD parameter between the two. However, there is a lack of 
consistency in the available literature regarding FA and MD 
parameters. For instance, Wang et al. [29] and Reiche et al. 
[30] reported lower fractional anisotropy in gliomas compared 
to brain metastases.

The heterogeneity of results obtained in subsequent studies 
may be attributed to differences in the choice of techniques for 

Table 2. Comparison of FA and MD values depending on regions of interest and endpoints in group of patients with primary tumours and metastases

MD GBM group MD metastasis group p-va-
lue

FA GBM group FA metastasis group p-va-
lueSD Me SD Me SD Me SD Me

SFG–IFGop 0.66 0.04 0.67 0.89 0.05 0.89 < 0.001 0.42 0.06 0.41 0.42 0.03 0.42 0.985

SFG–IFG tra 0.70 0.03 0.70 0.86 0.05 0.84 < 0.001 0.42 0.04 0.43 0.42 0.03 0.41 0.874

SMA–IFGop 0.68 0.04 0.69 0.84 0.04 0.82 < 0.001 0.44 0.06 0.43 0.45 0.03 0.46 0.862

SMA–IFG tra 0.72 0.04 0.71 0.82 0.03 0.82 < 0.001 0.46 0.08 0.45 0.46 0.03 0.46 0.875

MD — mean diffusivity; FA — fractional anisotropy; SD — standard deviation; Me — median; SFG — superior frontal gyrus; GBM — glioblastoma; IFG — inferior frontal gyrus; SMA — supplementary motor area
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defining the ROI, and the small size of patient groups. Various 
hypotheses have been proposed to explain the inconsistency 
of results. Reiche et al. [30] suggested that discrepancies arise 
from the inclusion of different tumour areas in the study. The 
solid part of the tumour, which corresponds to the enhanced 
area, contains fibres that have been damaged or displaced by 
tumour expansion. On the other hand, the non-enhanced 
area consists of both solid tumour tissue and remnants of 
white matter fibres, which can result in increased FA values 
[30–32]. On the other hand, Wang et al. [29] suggested that 
higher FA values result from increased cellularity in glio-
blastoma compared to metastasis, leading to a reduction in 
extracellular space volume and an increase in water diffusion 
directivity [31].

Higher FA values have also been associated with highly 
differentiated brain tumours, along with lower MD values com-
pared to intracranial metastases, probably due to differences 
in tumour structure organisation [32]. However, even in this 
case, the data on DTI metrics for differentiating high-grade 
gliomas from metastases is inconsistent [33].

It is important to consider that developing tumours im-
pact upon surrounding tissues, resulting in changes such as 
vascular oedema and fibre infiltration, sometimes leading to 
damage [14–16]. These changes are reflected in FA and MD 
values. Byrnes et al. [21] demonstrated significant differences 
in these parameters in the oedema area surrounding glio-
blastoma and metastases. MD was significantly higher, and 
FA was significantly reduced, in the oedema surrounding 
metastases compared to oedema around glioblastoma multi-
forme. Additionally, the glioblastoma area showed significantly 
higher MD. Based on these findings, the authors concluded 
that simultaneous determination of DTI metrics in both the 
tumour area and adjacent peritumoural tissue could serve as 
a reliable tool for differentiating glioblastoma from intracranial 
metastasis. Lu et al. [34] suggested that lower FA values in 
the tissue around glioblastoma are a consequence of the de-
structive effect of tumour-derived cells on white matter fibres.

Furthermore, it should be considered whether the histo-
logical type of intratumoural metastasis may influence DTI 
parameters in the surrounding tissue.

During our analysis, we observed a statistically significant 
difference in the MD parameter between metastatic tumours 
and primary lesions, consistently observed in each selected 
projection.

Another proposed explanation for the differences in FA 
and MD between primary tumours and metastases is the 
dissimilarity in the nature of oedema surrounding the lesions. 
Peritumoural oedema predominantly forms around metastatic 
tumours, leading to an increase in MD. In contrast, tumour 
infiltration oedema, characteristic of glioblastoma, results in 
lower MD values. Additionally, the FA value around the tu-
mour does not show a significant difference for both types of 
lesions due to the overlapping effects of both types of oedema 

to varying degrees [35]. This theory partly explains our MD 
results for metastatic tumours.

Conclusions

The presence of a brain tumour affects the parameters 
of FAT tractography, leading to a reduction in the volume 
of the pathway and the number of fibres within the bundle. 
Furthermore, we observed differences in MD depending 
on the type of brain tumour. The difference in tractography 
parameters in the study group may be associated with the 
tumour infiltration into the FAT and the oedematous zone 
around the tumour.
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