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Background: Frontal aslant tract (FAT) is a white matter bundle connecting the 
pre-supplementary motor area (pre-SMA) and the supplementary motor area 
(SMA) with the inferior frontal gyrus (IFG). The purpose of the present study was 
to evaluate the anatomical variability of FAT.
Materials and methods: Total number of fibres and the lateralisation index (LI) 
were calculated. We attempted to find factors contributing to the diversity of 
FAT regarding IFG terminations to the pars opercularis (IFG-Op) and to the pars 
triangularis (IFG-Tr). Magnetic resonance imaging of adult patients with diffusion 
tensor imaging (DTI) with total number of 98 hemispheres composed a cohort. 
V-shaped operculum was the most common (60.5%). 
Results: Total number of FAT fibres had widespread and unimodal distribution  
(6 to 1765; median: 160). Left lateralisation was noted in 64.3% of cases and was 
positively correlated with total number of FAT fibres and the bundle projecting 
to IFG-Op (p < 0.01). LI correlated with total number of FAT fibres (r = 0.43,  
p < 0.01). FAT projected predominantly to IFG-Op (88.9%; 88 of 99). Only in  
3 (3.1%) cases more fibres terminated in IFG-Tr than in IFG-Op. Total number of 
FAT fibres and number of fibres terminating at IFG-Op did not correlate with the 
ratio of fibre numbers: FAT/IFG-Op, FAT/IFG-Tr and IFG-Op/IFG-Tr (p > 0.05). The 
greater total number of fibres to IFG-Tr was, the higher were the ratios of IFG-Tr/ 
/FAT (r = 0.57, p < 0.01) and IFG-Tr/IFG-Op (r = 0.32, p = 0.04). 
Conclusions: Among the IFG, the major termination of FAT is IFG-Op. Whereas 
the IFG-Tr projection seems to be related to the expansion of the entire FAT bun-
dle regardless of side, domination and handedness. Nevertheless, FAT features 
a significant anatomical variability which cannot be explained in terms of DTI 
findings. (Folia Morphol 2017; 76, 4: 574–581)
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Introduction
Frontal aslant tract (FAT) is a recently described 

white matter pathway of the frontal lobe of the hu-
man brain [3–5, 9, 12, 15, 16, 19, 20]. FAT’s name is 
derived from its oblique shape and it consists of short 
association connections between the posterior part 
of the inferior frontal gyrus (IFG) and the posterior 
region of the superior frontal gyrus (SFG) [5]. Diffu-
sion tractography imaging (DTI) showed that FAT con-
nects pre-supplementary/supplementary motor area 
(pre-SMA/SMA) with Broca’s region, corresponding 
to the Brodmann areas 8.9 and 44.45, respectively 
[3–5, 17, 19]. Although FAT has been identified in 
both hemispheres, a left lateralisation has been not-
ed [4]. Moreover, most FAT fibres originate at pars 
opercularis (IFG-Op) of the IFG which can explain its 
functional role in the language model, supported by 
mapping techniques [4, 5]. In dominant hemisphere 
FAT is associated with the initiation of speech and 
the fluency [9, 12]. Speech arrest was observed in 
frontal lobe tumours infiltrating FAT as well as dur-
ing its intraoperative electrical stimulation in awake 
surgeries [11, 16]. FAT disconnection is attributed to 
stuttering, progressive aphasia or the development 
of Fox-Chavany-Marie syndrome [5, 13]. All of the 
above functions of FAT can be explained in terms of 
its connection to Broca’s area which predominantly 
occupies IFG-Op [18]. However, some projections of 
FAT may reach pars triangularis (IFG-Tr), pars orbitalis 
(IFG-Or) or pre-central gyrus (PrCG) [4]. To date, IFG 
projections of FAT has not been scrutinised.

The aim of our study is to more accurately de-
scribe the anatomical variability of FAT in terms of 
the number of fibres, lateralisation and projection 
to IFG. We attempt to find the factors contributing 
to the diversity of FAT. In the context of increasing 
knowledge of the functional role of FAT, the anatomi-
cal background should be provided beforehand. By 
demonstrating the irregularity of FAT we strengthen 
the view that FAT is not an isomorphic structure. 

Materials and methods
Participants

This study’s participants were 54 adult patients 
(24 males and 30 females) who qualified for surgery 
at the Neurosurgery Department, Medical Univer-
sity of Gdansk from 2010 to 2015. Patients with 
any pathological lesions potentially interfering with 
regions of interest (Broca’s and pre-SMA/SMA) and 
the track of FAT bundle were consecutively excluded; 

these lesions included tumour, oedema and previ-
ous frontal lobe surgery. The mean age of patients 
was 49.5 years (min–max: 21–80; standard deviation  
[SD] ± 49.5). Handedness was determined (right/left 
= 54/3). Patients with aphasia were excluded.

Informed consent was obtained from all partici-
pants and the study protocol was approved by the 
local Ethics Committee. The project was supported 
by grant no. 01-0056/08. 

Image acquisition

The magnetic resonance imaging (MRI) scans 
of the human brain (T1-, T2-weighed and DTI with 
single-shot echo-planar imaging) were acquired us-
ing a 20-chanel head/neck coil on a 1.5 T Siemens 
Magnetom Area scanner (Erlangen, Germany). We 
used three repetitions of 20 non-collinear diffusion 
gradient directions for contiguous slices. They were 
all acquired parallel to the anterior-posterior commis-
sure line. DTI acquisition parameters were: 5.0 mm  
slice thickness, 128 × 128 matrix, 240 mm × 240 mm 
field of view, b = 1000 s/m2, repetition time = 3500 ms,  
echo time = 83.0 ms and weak fat suppression. DTI 
output volumes were registered together with T1 
sequence for anatomical correspondence. The cal-
culation included fractional anisotropy (FA), mean 
diffusivity (MD), directionally encoded colours (DEC), 
apparent diffusion coefficient (ADC). 

Procedure

All measurements of FAT were performed, refined 
and depicted using StealthViz neuronavigation soft-
ware (Medtronic Inc., Minneapolis, USA) with the 
StealthDTI module. Using the option of segmenta-
tion, the regions of interest (SMA and pre-SMA, pars 
opercularis of the IFG [IFG-Op], pars triangularis of 
the IFG [IFG-Tr] and pars orbitalis of the IFG) were 
identified and manually marked (Fig. 1). 

Then, the ipsilateral neural bundles between 
particular parts of SFG and IFG were automatically 
plotted by the software. Seed density was set at 2.0, 
the maximal directional change at 50 degrees, and 
the minimal fibre length at 1 mm. All DTI tracking 
settings were consistent throughout the MRIs. Lat-
eralisation index was calculated by the established 
formula [4, 14].

The anatomical variability of IFG-Tr was evaluated 
in T1/T2-weighed MRI. Depending on the configura-
tion of the Sylvian fissure, the IFG-Tr can form a V-shape  
(two rami spread from one point right above the 
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Sylvian fissure that forms the apex of the triangle),  
a U-shape (mentioned rami spread from one point like 
in V-shape, but further apart), a Y-shape (rami spread 
from common stem) and a J-shape (an asymmetry in 
length of two rami) (Fig. 2) [7].

Statistical analyses

Mean values, standard deviation (SD) and ranges 
were analysed. Constant variables were compared 
by means of t-test (for independent means, normal 
distribution) or Mann-Whitney test (unless normal 
distribution of data, Shapiro-Wilk [S-W] test). Statis-
tica v.12.0 (StatSoft, Tulsa Inc., USA) and GraphPad 
Prism v.6.05 (GraphPad Company, La Jolla, CA) were 
used for statistical analyses; the statistical significance 
level (p) was set at 0.05.

Results
The shape of IFG

The V- (60.5%; n = 69) and Y- (17.5%; n = 20) 
shapes were the most common shapes of the oper-
culum. 8.7% (n = 10) and 1.7% (n = 2) were U- and 
J-shaped, respectively, whereas in 13 hemispheres 

the operculum could not be attributed to any of the 
pre-defined shapes.

Number of fibres

No connections between pre-SMA or SMA and 
pars orbicularis of IFG were identified in any of the 
patients. The following analysis of FAT focused on 
entire FAT bundle and its two subdivisions: fibres 
terminating at IFG-Op and IFG-Tr.

Non-normal distributions (S-W test, p < 0.05) 
were observed in the total number of fibres of the 
FAT bundle, fibres projecting to IFG-Op and IFG-Tr. 
The total number FAT fibres varied between 6 and 
1765 (median: 160). Mean number of FAT fibres was 
270.2 ± 299.9. Standard deviation greater than the 
mean as well as greater mean than median were also 
noted for the total number of fibres to either IFG-Op 
or IFG-Tr (Table 1).

Unimodal and asymmetrical distribution was dem-
onstrated while plotting total number of fibres (FAT 
and its subdivisions) (Fig. 3).

Skewness exceeding 1 (as a measure of strong 
asymmetrical distribution) was observed in the entire 

Figure 1. Method of tracking the frontal aslant tract (FAT); A. Region of interests of operculum of inferior frontal gyrus (IFG) were anatomically 
segmented: 1 — pars opercularis; 2 — pars triangularis; 3 — pars orbitalis; B. Pre-supplementary and supplementary motor area (pre-SMA/ 
/SMA) were segmented from the IFG and marked with an asterisk (*); C. FAT (blue bundle) was tracked from the SMA to the operculum.  
A narrow bundle of packed fibres was marked with an arrow. Curly bracket “{” is shown to emphasize the widespread propagation of FAT  
in IFG; D. FAT (blue bundle) ending in the superior frontal gyrus. Curly bracket “{” demonstrates a concentrated projection of FAT to the  
pre-SMA/SMA.
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Figure 3. Visual presentation of the number of fibres (A) and the lateralisation index (LI) (B) of the entire frontal aslant tract (FAT) pathway 
(blue dots), subdivision of FAT projecting to the pars opercularis (green dots) and to the pars triangularis (red dots). The black line (A) and 
the upper side of the rectangle (B) demonstrate the median value. The width between the whiskers (either A or B) denotes the interquartile 
range. Grey arrow (A) points to the left-sided concentration of the observations. The double-sided arrow (B) shows the direction of the left 
(positive values of LI) and the right (negative values of LI) lateralisation.

Figure 2. Anatomical variability of pars triangularis; U. U-shaped; V. V-shaped; Y. Y-shaped; J. J-shaped pars triangularis; d — diagonal  
sulcus; h — horizontal limb of the Sylvian fissure; i — inferior precentral sulcus; OP — pars opercularis; OR — pars orbitalis; t — sulcus  
triangularis; TR — pars triangularis; v — vertical (ascending) limb the of Sylvian fissure.
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FAT bundle distribution and its subdivisions. This 
means that most of the obtained number of fibres 
was low with some outliers and/or extreme values 
(Table 1).

Lateralisation index (LI)

Left lateralisation of FAT was observed in 64.3% 
of MRIs (27 of 42). LI of the entire FAT bundle and 
the subdivisions (to IFG-Op and IFG-Tr) varied across 
the cases (see the distribution of LI in Fig. 3) de-
spite that the mean LI was greater than 0 (left lat-
eralisation). Neither the patient’s handedness (p =  
= 0.55), sex (p = 0.08), age (p = 0.78) or the shape 
of the operculum (p = 0.65) influenced LI of the 
FAT bundle. The left lateralisation was related to 
the increased number of FAT fibres and its subdivi-
sions ending up in the IFG-Op (p < 0.01). The total 
number of FAT fibres correlated positively with the LI  
(r = 0.43, p < 0.01).

FAT projections

In most cases the FAT projected to the IFG-Op 
(88.9%; 88 of 99). More than 60% of FAT fibres ended 
up in the IFG-Tr only in 3 of the 98 hemispheres ana-

lysed (3.1%). A greater number of fibres terminated 
at the IFG-Tr than at the IFG-Op in only one case; 
a left-handed patient without any obvious speech 
disturbances (right hemisphere with a Y-shaped oper-
culum) (Table 2).

Factors influencing the variety of FAT projections 
to the IFG were analysed. Neither the total number 
of FAT fibres nor the number of fibres terminating 
at IFG-Op correlated with the ratio of fibres: FAT/ 
/IFG-Op, FAT/IFG-Tr and IFG-Op/IFG-Tr (p > 0.05). On 
the other hand, the total number of fibres projecting 
to the IFG-Tr was positively correlated with the ratios 
of IFG-Tr/FAT (r = 0.57, p < 0.01) and IFG-Tr/IFG-Op 
(r = 0.32, p = 0.04) (Table 3).

Discussion
Although little is known about the functional 

properties of the FAT, there is a growing interest 
in that novel tract [3, 9, 12, 15, 16, 19, 20]. The 
functional roles of FAT can be scrutinised to motor 
functions and language processing. Regarding mo-
tor control, loss of FAT integration can lead to a rare 
suprabulbar palsy (Foix-Chavany-Marie syndrome) 
affecting the orofacial muscles [13]. This syndrome 

Table 2. The ratio of number of fibres: ending in pars opercularis (IFG-Op) of the inferior frontal gyrus, pars triangularis (IFG-Tr) of the 
inferior frontal gyrus and the frontal aslant tract. Numbers in bold indicate the most frequent observations

Quotient of the number  
of fibres (1) to (2) 

N (% of column)

(1) IFG-Op / (2) entire FAT (1) IFG-Tr / (2) entire FAT (1) IFG-Tr / (2) IFG-Op

0.0–0.2 2 (2.0) 45 (45.5) 83 (85.6)

0.2–0.4 1 (1.0) 38 (38.4) 13 (13.4)

0.4–0.6 8 (8.1) 13 (13.1) 0 (0.0)

0.6–0.8 40 (40.4) 2 (2.0) 0 (0.0)

> 0.8 48 (48.5) 1 (1.0) 1 (1.0)

Table 1. The distribution of the number of frontal aslant tract (FAT) fibres and its subdivisions

Mean Standard deviation Min–max Median Skewness Deviation of skewness

No of fibres:

Entire FAT 270.2 299.9 6–1765 160.0 2.12 0.24

To IFG-Op 225.0 244.8 6–1458 129.0 2.08 0.24

To IFG-Tr 48.2 79.7 0–490 16.5 3.21 0.24

LI of FAT bundle 0.18 0.46 –0.84–0.93 0.24 NA NA

LI of IFG-Op 0.17 0.47 –0.79–0.93 0.24 NA NA

LI of IFG-Tr 0.22 0.62 –1.00–1.00 0.37 NA NA

IFG-Op — pars opercularis of the inferior frontal gyrus; IFG-Tr — pars triangularis of the inferior frontal gyrus; LI — lateralisation index; NA — not applicable
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might be attributed to a motor subdivision of the 
FAT ending in the Brodmann Area 6. According to 
the present understanding of language processing, 
the FAT is involved in specific functions as it connects 
the IFG-Op (Broca’s area) with the pre-SMA and the 
SMA [8, 11, 18]. Damage to the Broca’s area of the 
linguistically dominant (usually left) hemisphere, has 
been called “Broca’s aphasia” (or “non-fluent”, “ex-
pressive” aphasia) [18]. The symptoms include the 
inability to produce grammatically correct and flu-
ent speech with a preserved comprehension in most 
cases. On the other hand, damage to the pre-SMA 
causes a mild to severe speech impairment rang-
ing from affected fluency to complete speech arrest 
(mutism) [10–12, 20]. A recent study of patients 
suffering from primary progressive aphasia showed 
that pathological changes within the FAT affect verbal 
fluency with no influence on the overall language 
impairment, grammar deficits, repetition and single 
word comprehension [5]. The physiological roles of 
specific FAT subdivisions have not been fully revealed 
yet [16]. Lesions of the FAT bundle projecting to 

the pre-SMA resulted in loss of linguistic functions 
while the connections to the SMA were related to 
articulation and word production [1]. On the IFG side, 
FAT terminates at different parts of the operculum. 
Catani  et al. [4] reported that the predominant part 
of the tract ends (or starts) in the IFG-Op, but some 
may reach IFG-Tr and pars orbitalis [4, 8, 10]. This il-
lustrates the incompletely understood heterogeneity 
of the bundle. 

To date, no studies focused on how many fibres 
selectively reach the IFG-Tr and the IFG-Op, and what 
affects this type of heterogeneity. The shapes of the 
IFG-Tr are defined by two rami of Sylvian fissure — 
the anterior horizontal ramus and anterior ascending 
ramus. Superiorly, the triangle is limited by inferior 
frontal sulcus [2, 7]. However, the two rami of the 
Sylvian fissure can form a V-, U-, Y- or occasionally  
a J-shape [7]. According to volumetric magnetic reso-
nance methodologies, the volume of the IFG-Tr is gen-
erally greater in the left hemisphere of right-handed 
people, while the V-shape is the most common shape 
in both hemispheres and is associated with the largest 

Table 3. Number of fibres, lateralisation index and ratio of number of frontal aslant tract (FAT) fibres and its subdivisions between  
various factors: shape of operculum, sex, side, lateralisation and handedness

Neural bundle U, J or Y shape V shape p Female sex Male sex p

Whole FAT 202.9 ± 215.4 300.8 ± 328.2 0.13 315.2 ± 361.9 234.3 ± 236.5 0.18

IFG-Op 177.3 ± 191.5 246.4 ± 263.7 0.20 260.9 ± 298.3 196.4 ± 190.1 0.20

IFG-Tr 28.1 ± 44.7 56.6 ± 90.4 0.10 57.8 ± 93.1 39.6 ± 67.3 0.26

Lateralisation index

Whole FAT 0.21 ± 0.47 0.17 ± 0.47 0.75 0.32 ± 0.46 0.07 ± 0.44 0.08

IFG-Op 0.22 ± 0.52 0.15 ± 0.45 0.66 0.28 ± 0.48 0.09 ± 0.45 0.19

IFG-Tr 0.15 ± 0.57 0.26 ± 0.64 0.62 0.44 ± 0.56 0.06 ± 0.62 0.05

Ratio (expressed in %)

IGF-Op/FAT 83.5 ± 20.8 81.0 ± 18.0 0.54 79.7 ± 20.1 83.5 ± 17.9 0.32

IFG-Tr/FAT 13.4 ± 14.0 17.6 ± 15.1 0.19 18.1 ± 16.0 14.8 ± 13.8 0.26

IFG-Tr/IFG-Op 20.2 ± 28.7 29.1 ± 48.2 0.36 32.1 ± 57.2 21.8 ± 27.1 0.24

Neural bundle Left side Right side p Left  
lateralisation

Right  
lateralisation

p Right  
handedness 

Left  
handedness

p

Whole FAT 304.2 ± 336.0 225.9 ± 240.0 0.20 407.4 ± 321.7 147.1 ± 119.7 < 0.01 272.1 ± 302.8 209.7 ± 214.3 0.72

IFG-Op 251.4 ± 281.3 189.0 ± 180.9 0.22 338.8 ± 269.6 129.1 ± 113.3 < 0.01 227.7 ± 247.6 142.0 ± 121.8 0.55

IFG-Tr 52.8 ± 82.3 41.0 ± 77.1 0.47 68.6 ± 96.2 18.0 ± 27.4 0.05 47.1 ± 79.9 67.7 ± 94.0 0.66

Ratio (expressed in %)

IGF-Op/FAT 82.1 ± 15.4 81.5 ± 22.8 0.87 84.3 ± 11.6 85.7 ± 14.7 0.74 81.9 ± 19.1 76.8 ± 13.6 0.64

IFG-Tr/FAT 17.9 ± 15.4 14.1 ± 13.9 0.21 15.7 ± 11.5 14.3 ± 14.9 0.74 16.0 ± 14.9 23.2 ±13.6 0.41

IFG-Tr/IFG-Op 29.9 ± 51.6 21.4 ± 27.6 0.33 21.2 ± 19.7 21.1 ± 27.3 0.99 26.1 ± 43.6 33.3 ± 26.3 0.78

IFG-Op — pars opercularis of the inferior frontal gyrus, IFG-Tr — pars triangularis of the inferior frontal gyrus
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surface area [7]. However, in our data the shape of 
the IFG-Tr did not influence the number of FAT fibres, 
the extent of subdivisions or any other factor. 

On the other hand, the total number of fibres 
terminating at the IFG-Tr positively correlated with the 
ratio of number of the IFG-Tr fibres to the FAT fibres. 
In other words, if the FAT bundle was well-developed, 
the greater percentage of this bundle contributed 
the IFG-Tr projection. This may reflect that a more 
developed FAT has a different distribution of fibres 
than a smaller FAT bundle, regardless of hemisphere 
and handedness. The above novel observation remains 
unexplained and is difficult to discuss as not stated in 
the literature. Our study was the first to evaluate the 
number of FAT fibres dividing into subdivisions (to the 
IFG-Op and to the IFG-Tr). Furthermore, the next stage 
of FAT analysis should involve the size of the entire 
FAT and its distribution to the IFG-Op and the IFG-Tr.

One potent factor influencing FAT size is the lat-
eralisation of human brain [4]. FAT was regarded as 
strongly lateralised, with left domination in right-hand-
ed people [6]. In the present analysis, despite disperse 
LI values, left lateralisation was noted in most cases 
(64.3%). Mean LI was positive for the entire FAT, the 
IFG-Op and the IFG-Tr portions. Greater number of FAT 
fibres was observed for left lateralised brains and for 
higher LI values regardless of the side of the brain. One 
of the conclusions drawn from the above finding is that 
lateralisation plays a crucial role for the FAT develop-
ment, opposite to the hemisphere and handedness.

Considering various number of FAT fibres demon-
strated in our study, the puzzling irregularity of FAT 
underlie the inter-individual (a case differing from 
each other) or intra-individual variability (differences 
in DTI acquisition, processing and FAT tracking). Al-
though the DTI studies could be supported by the 
data from the functional MRIs, a handful of clinical 
studies with intraoperative stimulation and monitor-
ing confirm that reactions to FAT compromise might 
be different [3, 8, 10, 13, 15–17, 19]. 

CONCLUSIONS
The clinical significance of our study is that the 

FAT should be added to the list of ‘dangerous areas’ 
of the frontal lobe in modern neurosurgical DTI plan-
ning, parallel to Broca’s area.

This study was supported by the Ministry of Science 
and Higher Education of the Republic of Poland,  
a grant for young scientists (no. 01-0056/08).
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