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Summary 27 

The frontal aslant tract (FAT) is a crucial neural pathway of language and speech, but little is 28 

known about its connectivity and segmentation differences across populations. In this study, we 29 

utilized diffusion MRI automatic tractography to investigate the probabilistic coverage of the FAT 30 

in a large sample of 1065 young adults. Our primary goal was to reveal individual variability and 31 

lateralization of FAT and its structure-function correlations in language processing. Our results 32 

showed that the left anterior FAT exhibited the most substantial individual differences, 33 

particularly in the superior and middle frontal gyrus, with greater variability in the superior than 34 

the inferior region. Furthermore, we found significant left lateralization in FAT, with a greater 35 

difference in innervation coverage in the inferior and posterior portions. Additionally, our analysis 36 

revealed a significant correlation between the size of left FAT inferior innervation areas and 37 

Picture Vocabulary function, highlighting the structural and functional importance of the left FAT 38 

in language processing. In comparison, the anisotropy of FAT did not show significant correlation. 39 

Overall, our study provides valuable insights into individual and population differences in FAT 40 

connectivity and segmentation and sheds light on its critical role in language functions. 41 

Keywords: frontal aslant tract, tractography, population differences  42 
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Introduction 43 

The frontal aslant tract (FAT) is described as related to language function recently and has drawn 44 

a lot of attentions 1,2. Studies have been conducted to identify and reveal the structure of FAT. 45 

Catani et al. 3 used tractography to first describe the trajectories of FAT. The oblique geometry 46 

of FAT accounts for its name aslant. Its white matter routes run from the superior frontal gyrus 47 

(SFG) at the pre-supplementary (pre-SMA) and supplementary motor area (SMA), curves 48 

gradually for about 90 degrees 4, and connects the inferior frontal gyrus (IFG), precisely, the 49 

pars opercularis and pars triangularis. The connections between the FAT and the surrounding 50 

pathways have been investigated 5, such as the arcuate fasciculus (AF), and superior 51 

longitudinal fasciculus (SLF). Briggs, Khan et al. 4 pointed out that the FAT goes into the AF and 52 

SLF complex while they are orthogonal to the FAT in the anterior–posterior plane. The FAT, joint 53 

with other associated pathways, facilitates language related and motor planning functions. 54 

Although previous studies have shed light on the structure and function of the FAT, a population-55 

based investigation of individual differences in FAT remains to be conducted. While several 56 

studies have suggested that the pars opercularis is the primary source of connectivity in the FAT 57 

3,6 , other studies have shown that in some cases, the pars triangularis may be the primary 58 

contributor of fibers 7. These discrepancies suggest that there could be substantial individual 59 

variation in the distribution of FAT fibers. Given that individual variability is a critical factor in 60 

determining the distribution and segmentation of the pathway, it is important to investigate 61 

individual differences in FAT. Furthermore, there is a need for a study to explore the relationship 62 

between language function and the structural morphology of the FAT. Such a study would 63 

require advanced white matter mapping and associated shape analysis on a large cohort. 64 

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted June 4, 2023. ; https://doi.org/10.1101/2023.06.03.543491doi: bioRxiv preprint 

https://doi.org/10.1101/2023.06.03.543491
http://creativecommons.org/licenses/by/4.0/


5 

 

In this study, we conducted an extensive investigation into the individual variability of the FAT 65 

using automatic tractography. Our cohort consisted of 1065 young adults from the Human 66 

Connectome Project (HCP), providing a robust sample size for our analyses. To accurately map 67 

the FAT bundles, we employed a state-of-the-art automated tractography pipeline 8. We took 68 

special care to validate the accuracy of our automated fiber tracking pipeline by comparing the 69 

results with cadaveric dissection data, ensuring the reliability of our findings. In order to capture 70 

the distribution patterns of the FAT within the population, we aggregated the tractography data, 71 

allowing us to calculate the population probability of the FAT connections. By quantifying the 72 

likelihood of FAT presence and its connectivity patterns, we gained valuable insights into the 73 

prevalence and variations of this important neural pathway among individuals. 74 

To delve deeper into the relationship between FAT morphology and language processing, we 75 

employed advanced shape analysis techniques 9. By applying these techniques to our 76 

tractography data, we were able to explore potential structure-function correlations between the 77 

shape characteristics of the FAT and performance on two standardized language tests in the 78 

NIH toolbox. The first test evaluated reading decoding, namely the Oral Reading Recognition 79 

test, whereas the second test evaluated vocabulary comprehension, namely the Picture 80 

Vocabulary test. This novel approach allowed us to investigate whether specific structural 81 

features of the FAT were associated with variations in language abilities, providing valuable 82 

clues about the neural mechanisms underlying language processing. 83 

Our comprehensive study design, combining population-based tractography, validation through 84 

cadaveric dissection, and shape analysis, aimed to provide a thorough understanding of the 85 

individual variability of the FAT and its potential implications for language processing. By 86 

elucidating the intricate relationship between FAT morphology and language abilities, we 87 
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contribute to the growing body of knowledge on the neuroanatomical basis of language, paving 88 

the way for future research and potential clinical applications. 89 

 90 

Results 91 

Anatomy 92 

We first examined the population-averaged atlas of the FAT 10 and its relationship with 93 

surrounding pathways. As shown in Fig. 1a, FAT is situated in the frontal lobe, anterior to central 94 

sulcus, posterior to anterior ascending ramus (AAR), superior to lateral sulcus and anterior 95 

horizontal ramus (AHR). The FAT pathways connect the superior frontal regions, premotor 96 

cortex, and pars opercularis. The right FAT has similar geometry and the population-average 97 

atlas demonstrates lateralization, which was later examined. The FAT is depicted in orange in 98 

the white matter cortex specimen in Fig. 1b, innervating pars opercularis (yellow), pars 99 

triangularis (green), and premotor cortex (white). In Fig. 1c, an anatomy dissection image from 100 

another subject demonstrates the relationship of FAT and its surrounding white matter fiber 101 

pathways. FAT is positioned more medially to the SLF II (green), SLF III (red) and AF (yellow), 102 

while the SLF I (pink) is medial to the FAT. The SLF I, SLF II, and SLF III runs in the orthogonal 103 

direction to the FAT. The anterior part of the AF also runs in the orthogonal direction to the FAT, 104 

but its posterior part has a curve of approximately 90 degrees and becomes parallel to the 105 

orientation of the FAT.  106 

 107 
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Population probabilities 108 

We conducted a probabilistic analysis of individual differences in the coverage of the FAT among 109 

1065 young adults. Fig. 2 displays the population probabilities of FAT coverage at the 1st, 2nd, 110 

and 3rd quantiles (Q1, Q2, Q3), where darker colors indicate higher coverage percentages. Our 111 

findings reveal a significant variability in FAT coverage, particularly in the superior frontal and 112 

middle frontal gyrus, with larger differences observed in the superior portion. Additionally, we 113 

observed relatively minor variations in the FAT regions proximal to the central sulcus. We 114 

quantified the volume of Q3, Q2, and Q1, with volumes of 8932 m3, 19608 m3, and 32740 m3, 115 

respectively. Q3 represents FAT coverage that were shared between more than 75% of the 116 

population, whereas Q2 and Q1 represent those shared between 50% and 25% population, 117 

respectively. Q2 has 119.53% more coverage volume than Q3, while Q1 has 66.97% more 118 

coverage volume than Q2, suggesting that there are substantial individual differences, mostly at 119 

the anterior portion of the FAT. 120 

 121 

We further used the HCP-MMP atlas to identify cortical regions. As shown in Fig. 2b and 2c, our 122 

results show that Q3 innervates regions 6ma, 44, 6r, and 6v. This suggests that the majority of 123 

population has these regions innervated by FAT. We roughly segment the FAT into anterior and 124 

posterior parts based on the innervated areas. Both parts innervate 6ma, whereas only the 125 

posterior FAT innervates 6r and 6v, and only the anterior FAT innervates 44. Furthermore, Q2 126 

innervates s6-8, SFL, and 43, with SFL innervating both posterior and anterior FAT, while 43 127 

innervates only the posterior FAT, and s6-8 innervates only the anterior FAT. Additionally, Q1 128 

innervates 8BL and 45, in addition to the regions innervated by Q3 and Q2. Both regions are 129 
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innervated by the anterior FAT, suggesting that most individual differences are located at 130 

anterior FAT around 45 and 8BL. 131 

 132 

Fig. 3a illustrates the lateralization of the frontal aslant tract (FAT) coverage based on population 133 

probability. The first two rows demonstrate that the left FAT has a larger volume in all three 134 

quantiles, while the third row presents a mirrored image of the left FAT on the right side for ease 135 

of comparison. Our findings indicate that the left FAT exhibits a greater degree of individual 136 

variability than its right counterpart. Furthermore, more individual differences have emerged in 137 

the inferior and posterior innervation area, highlighting significant disparities between the left 138 

and right FAT. 139 

 140 

Fig. 3b further compares shape and diffusion metrics between the left and right FAT in 1,065 141 

young adults. The superior innervation area did not display a significant difference (p=0.21), 142 

along with a small effect size (d=0.054), while all remaining metrics showed strong significant 143 

differences (p<0.001) with medium effect sizes (Cohen's d ranged from 0.4 to 0.7). All metrics 144 

demonstrated left dominance, with the exception of curl, which exhibited a more curved structure 145 

in the right FAT. Notably, there were distinct differences in the inferior innervated areas, 146 

consistent with the findings in Fig. 3a. Among all the statistics, QA exhibited the most significant 147 

difference with a Cohen's d value of 0.72, suggesting that the left FAT is a more compact fiber 148 

bundle. Overall, FAT exhibits significant left lateralization in both macroscopic shape measures 149 

and microscopic diffusion metrics. 150 

 151 
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We presented the population probabilities of the FAT’s innervation with various cortical regions 152 

and specified its coverage area in Fig. 4. These probabilities were calculated based on a tract-153 

to-region connectome using the HCP-MMP parcellations 8. The cortical regions were color-154 

coded to indicate different innervation compartments of the FAT bundles and regions. 155 

Specifically, green represented superior innervation, blue represented inferior innervation, and 156 

purple represented frontoparietal innervation. Fig. 4b, 4c, and 4d showed brain areas of the left 157 

hemisphere, and the probability of innervation for each area was quantified.  Area 44 had a 158 

higher probability of innervation in the inferior region over area 45, but both had a high population 159 

probability of over 90% in innervation with the FAT, indicating that most people have FAT 160 

connections in both areas. Fig. 4e showed the population probability difference of the FAT 161 

coverage between left and right, with the circle's surface area proportional to the average volume 162 

of the area. The colors are coded in the same way. A majority of the regions, thirty-one in total, 163 

were left-biased in percentage, while the most biased ones including areas FEF, 45, 55b, and 4. 164 

These areas are located in the anterior and posterior parts of the FAT, further supporting the 165 

conclusion drawn in Fig. 3 that there is a greater degree of individual variability in this region, 166 

thereby underscoring the notable disparities between the left and right FAT. 167 

 168 

Tract-to-region connections 169 

The findings pertaining to the connectivity of the FAT are presented in Fig. 5, a Sankey flow 170 

diagram that portrays the probabilities of the same source population, as previously 171 

demonstrated in Fig. 4. Fig. 5a and 5b illustrate the connections in the left and right hemispheres, 172 

respectively.  The saturation of each region's color in the diagram corresponds to its population 173 
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probability.  The colors used in Fig. 5 are also utilized to represent the superior, inferior, and 174 

frontoparietal innervation with the FAT, in green, blue, and purple, respectively. The diagram 175 

reveals that the inferior areas exhibit greater innervation with the FAT than the superior regions. 176 

 177 

Structure-function correlation 178 

In Fig. 6, we presented the relationship between the frontal aslant tract (FAT) and language-179 

related functions, specifically the Oral Reading Recognition test and Picture Vocabulary test 180 

designed by the NIH toolbox. To examine the relationship, we used a linear mixed-effects model 181 

to regress participants' covariates on the functions. Sex was treated as a random effect term, 182 

and other covariates as fix effect terms, as conducted in many language performance studies. 183 

Our results showed no significant correlation in the Oral Reading Recognition test. While not 184 

statistically significant, we also noted a near significant p-value in the inferior innervation area of 185 

the right FAT (p=0.066) in the Oral Reading Recognition test. The fractional anisotropy (FA) 186 

does not show correlation. 187 

 188 

On the other hand, the Picture Vocabulary test showed a highly significant correlation with the 189 

size of left FAT’s inferior innervation area (p=0.0077). It is noteworthy that there is also a less 190 

significant correlation with the mean length of the left FAT (p=0.028), but likely owing to the 191 

confounding effect of the innervation area (a larger innervation area will lead to longer mean 192 

length). We observed that the inferior innervation area of the right FAT had a borderline p-value 193 

close to significance (p=0.051). There is also a lower p-value observed between FA of the right 194 

FAT and Picture Vocabulary (p=0.14), but the correlation is not statistically significant. Our 195 
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overall result suggests that the function of FAT is related to language function examined by 196 

Picture Vocabulary test. 197 

 198 

Segmentation 199 

Following our previous analysis, the FAT could be segmented into the anterior (blue) and 200 

posterior FAT (red) based on their respective connecting regions, as shown in Fig. 7a. The 201 

segmentation was based on the inferior frontal counterparts' connecting regions, since the 202 

superior area of the both bundles connect with SFG, lacking an obvious segmentation. Fig. 7b 203 

anatomically depicts the curved shape of the FAT and its surrounding brain regions. Similar to 204 

the 3D model we created, the anterior FAT primarily innervates pars opercularis and partly 205 

innervates pars triangularis, while the posterior FAT innervates premotor cortex. Fig. 7c shows 206 

the white matter fiber pathways surrounding the FAT tracked using MRI data from an HCP young 207 

adult subject (#161731). The posterior FAT displayed more innervation with its surrounding white 208 

matter pathways comparing to the anterior FAT, particularly with the SLF II and SLF III. The CST, 209 

shown in purple, is located posterior and runs parallel to the FAT, while the AF, SLF II, SLF III 210 

run in the perpendicular direction and are more peripheral than the FAT. 211 

 212 

Discussion 213 

In this study, we analyzed the individual differences of the frontal aslant tract (FAT) coverage in 214 

young adults using population probabilities and HCP-MMP atlas to define the cortical regions. 215 

The findings indicated that there are large individual differences in the anterior FAT in the 216 
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superior and middle frontal gyrus, and the superior part of the FAT has larger individual 217 

differences compared to the inferior part. The left FAT has more coverage than the right, and 218 

the distinction between the left and right is greater in the superior and posterior side of the FAT 219 

coverage. The population probability of innervation with cortical regions was also analyzed, 220 

revealing that the size of inferior innervation areas is significantly correlated with Picture 221 

Vocabulary function. Furthermore, the left FAT inferior innervation areas have a significant 222 

correlation with Picture Vocabulary function, indicating the structural and functional importance 223 

of the left FAT in language processing. On the other hand, FA, representing the anisotropy of 224 

FAT, shows no significant correlation with the functioning of FAT.  225 

 226 

Individual differences 227 

Our study is unique in that it is the first to analyze differences in FAT across a large cohort of 228 

1065 subjects from the Human Connectome Project. White matter tracts are known to have 229 

individual differences, and these differences may be attributed to genetic or environmental 230 

factors 11. The structure of the FAT, which runs from the superior frontal gyrus to the inferior 231 

frontal gyrus, has been previously identified by Catani et al. 3. The original studies did not study 232 

its individual differences; however, our study found substantial individual differences in the FAT, 233 

which are not equally distributed. First, fewer individual differences are found in the inferior 234 

portion of the FAT. This could be related to the fact that FAT is funnel-shaped and has less 235 

dispersion of the white matter tracts in the inferior innervation area. Previous studies have 236 

revealed that the FAT innervate pars opercularis or pars triangularis 3,6. What we found is 237 

consistent: over 90% of the subjects had FAT connections in both pars opercularis and pars 238 
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triangularis, indicating that most individuals have FAT connections in both areas. Furthermore, 239 

our study revealed additional information: the population-averaged FAT overlaps more with area 240 

pars opercularis than area pars triangularis. This finding has important implications for our 241 

understanding of language processing in the brain. The pars opercularis and pars triangularis 242 

are two regions of the frontal cortex that have been implicated in different aspects of language 243 

processing. An fMRI research revealed that the pars opercularis has been linked to syntactic 244 

processing, while the pars triangularis has been linked to semantic processing 12. The fact that 245 

the FAT overlaps more with the pars opercularis suggests that it may play a greater role in 246 

syntactic processing than semantic processing. This is consistent with previous research 247 

suggesting that the FAT is involved in the production and comprehension of semantic aspects 248 

of language 1,13,14. On the other hand, the fact that the overlap with the pars triangularis is lower 249 

suggests that the FAT may play a lesser role in syntactic processing. Understanding the specific 250 

neural circuits involved in different aspects of language processing may help to develop more 251 

targeted interventions for individuals with language disorders. Additionally, these findings may 252 

contribute to our understanding of the relationship between brain structure and function, and 253 

how individual differences in brain structure may relate to individual differences in language 254 

processing abilities. 255 

 256 

Another key observation is our study is that the posterior FAT, which has less variability, 257 

connects the premotor cortex, whereas the anterior FAT, with greater variability, connects the 258 

inferior frontal gyrus. This is an interesting finding and has potential implications for our 259 

understanding of the functional organization of the brain. The premotor cortex is involved in 260 

planning and executing motor movements, while the inferior frontal gyrus is known to play a role 261 
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in language processing and executive function 15. One possible explanation for the difference in 262 

variability between the anterior and posterior FAT is that the premotor cortex may be more 263 

genetically and developmentally constrained than the inferior frontal gyrus. This could mean that 264 

there is less room for individual variability in the connections between the premotor cortex and 265 

posterior FAT.  266 

 267 

Another possible explanation is that the anterior and posterior FAT play different roles in the 268 

functional organization of the brain. For instance, the anterior FAT may be more involved in 269 

language processing and executive function as well as inhibitory control, while the posterior FAT 270 

may be more involved in motor planning. Overall, different mechanisms underlying the 271 

development and organization of different regions of the brain may have implications for our 272 

understanding of individual differences in brain structure and function. Further research is 273 

needed to better understand the functional implications of the variability in the connections 274 

between the FAT and different regions of the brain, and how this variability relates to individual 275 

differences in cognitive and motor function. 276 

 277 

Structural lateralization 278 

In our study, our analysis showed significant left-lateralization of the FAT. Our population 279 

analysis showed that the left FAT is in average larger than the right side, and it also has larger 280 

individual differences, specifically at the inferior part of the FAT. The structural lateralization has 281 

implications for our understanding of brain asymmetry and its relationship to cognitive function. 282 

Asymmetry in brain structure and function has been recognized as an important aspect of human 283 
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cognition 16, and understanding the neural mechanisms underlying this asymmetry can help us 284 

better understand how the brain works. The fact that the left FAT is larger and has more 285 

individual differences, particularly in the inferior part, may suggest that it is more involved in 286 

language-related processes, such as semantic processing or word retrieval, than the right FAT. 287 

However, it is important to note that the superior portion of the FAT, which stems from the pre-288 

SMA and SMA, did not show as much left-right difference as the inferior portion. This suggests 289 

that the role of the superior portion of the FAT may not be as strongly lateralized as the inferior 290 

portion. Further research is needed to determine the specific functional roles of the superior and 291 

inferior portions of the FAT, and how these roles relate to lateralization and individual differences.  292 

 293 

Structure-function correlation 294 

One explanation for the structural lateralization of the FAT is that it reflects functional 295 

specialization in the brain. Previous research has shown that the FAT in the left hemisphere is 296 

more involved in language processing, while in the right hemisphere it is more involved in 297 

inhibitory control 1,2. Our structure-function analysis also showed that the inferior innervation 298 

area of the left FAT is significantly correlated with the performance of the Picture Vocabulary 299 

test. This result is consistent with previous studies that have shown that the left FAT is 300 

associated with initiating speech and language fluency, while the right FAT is involved in 301 

supporting inhibitory control 1,2. In overall, the left FAT may play a particularly important role in 302 

language processing, while the right FAT may be more involved in cognitive control processes. 303 

Interestingly, another study showed that the right laterality in the FAT was demonstrated with 304 

connections of the pars opercularis to the pre-SMA in 5-8 year-old children 17. This suggests that 305 
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the functional lateralization of the FAT may change over the course of development, with the 306 

right side becoming more involved in certain cognitive processes as children mature. 307 

  308 

FAT in dual stream models  309 

Our comprehensive structure-function analysis revealed compelling correlations between FAT 310 

morphology and language function, providing robust support for the role of FAT in language 311 

processing. However, when examining two specific language functions, namely the Oral 312 

Reading Recognition and Picture Vocabulary tests, intriguing distinctions emerged. Only the 313 

Picture Vocabulary test demonstrated a highly significant correlation with the surface area of the 314 

left FAT's inferior innervation region. Additionally, the right FAT's inferior innervation area 315 

exhibited a borderline significance. These findings prompt a deeper exploration into the intricate 316 

dynamics between FAT morphology and language tasks.  317 

To shed light on these results, we turn to the influential dual stream model proposed by Hickok 318 

and Poeppel 18. According to this model, speech processing involves two distinct neural 319 

pathways: the ventral stream, responsible for speech comprehension, and the dorsal stream, 320 

facilitating the transmission of signals to articulatory networks. Delving into the specifics, the 321 

Picture Vocabulary test predominantly engages the ventral stream by requiring individuals to 322 

recognize and associate visual representations with their corresponding verbal labels or 323 

meanings. Consequently, the significant correlation observed between the surface area of the 324 

left FAT's inferior innervation region and the Picture Vocabulary test suggests that the 325 

connectivity of FAT within the ventral stream contributes significantly to tasks reliant on 326 

comprehension processing. While the study conducted by Saur, Kreher et al. 19, primarily 327 
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examined activations within the two streams using functional MRI (fMRI) and traced white matter 328 

fibers associated with them using diffusion tensor imaging (DTI), the specific involvement of FAT 329 

in the ventral stream was not explicitly mentioned. However, given its close neuroanatomical 330 

proximity, it is highly plausible that FAT plays a vital role within the ventral stream, aligning with 331 

its function in semantic processing tasks like the Picture Vocabulary test. On the other hand, the 332 

dorsal stream projects towards the inferior parietal and posterior frontal lobes through the 333 

arcuate fasciculus (AL) and superior longitudinal fasciculus (SLF), predominantly engaging in 334 

phonological and orthographic processing. The lack of a significant correlation between FAT 335 

morphology and the Oral Reading Recognition test suggests a less pronounced association of 336 

FAT with the dorsal stream. 337 

 338 

The contrasting correlations between FAT and different language tasks can be elucidated by 339 

considering the specialization of the ventral and dorsal streams within the dual stream model. 340 

The prominent connectivity of FAT within the ventral stream likely contributes to tasks involving 341 

semantic processing, such as the Picture Vocabulary test. In contrast, the influence of FAT on 342 

reading tasks may be comparatively diminished due to the dominant involvement of the dorsal 343 

stream in those specific processes. These nuanced findings underscore the complexity of FAT's 344 

role in language processing and emphasize the importance of considering distinct neural 345 

pathways when studying its functional implications. 346 

Role in neurosurgery 347 

Our study has significant implications for the field of neurosurgery, particularly in the context of 348 

low-grade gliomas located in the superior frontal gyrus, including the supplementary motor area 349 
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(SMA) and pre-supplementary motor area (preSMA). These types of tumors are commonly 350 

found in young patients, underscoring the importance of considering the frontal aslant tract (FAT) 351 

during presurgical planning and intraoperative procedures when removing brain lesions in this 352 

area. A thorough understanding of the FAT's fiber predominance, orientation, and volume is 353 

crucial in the intraoperative setting to ensure a safe surgical approach and minimize the potential 354 

for unnecessary damage to the brain, thereby reducing the risk of long-term complications. 355 

Previous research has shed light on the significance of the left FAT in various conditions. For 356 

instance, a study employing direct axonal stimulation and postoperative tractography 357 

investigated the role of white matter tracts, specifically the left FAT, in stuttering 20. The findings 358 

revealed that the left frontal aslant tract plays a pivotal role in stuttering and may be involved in 359 

a cortico-subcortical circuit responsible for speech motor control. Another study reported that a 360 

unilateral lesion encompassing the insular and the FAT resulted in bilateral paralysis of the facial-361 

lip-pharyngeal-laryngeal musculature 5. Additionally, disruption of the fronto-parietal and frontal 362 

cortico-subcortical connectivity, including the FAT, was found to be correlated with long-lasting 363 

impairments of executive functions. These insights are invaluable for surgical planning and 364 

predicting neuropsychological disorders in brain tumor surgery 21. 365 

 366 

There is a general consensus among researchers that the left FAT is intimately involved in 367 

speech initiation. This aligns with the role of the posterior segment of the FAT, which connects 368 

the SMA and preSMA to the facial-lip motor cortex, contributing to the initiation of speech. 369 

However, it is worth noting that our study did not specifically examine language initiation due to 370 

the specific language tests employed. Nonetheless, our correlational evidence suggests that 371 
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FAT may play a role in the semantic/ventral stream of language processing. This seems to match 372 

the role of the anterior segment of FAT that connects the superior frontal lobe to the inferior 373 

frontal regions, including Broca's area, which is known for its involvement in language production 374 

and comprehension. Further research is warranted to explore and elucidate the distinct functions 375 

of the anterior and posterior segments of the FAT more comprehensively. 376 

 377 

Importantly, our study revealed substantial individual differences in the left anterior FAT, 378 

highlighting the potential risk for language deficits following surgery in this region. Therefore, for 379 

lesions located in the left inferior frontal lobe, employing an individualized mapping of the FAT 380 

could prove beneficial in reducing post-surgical functional deficits and optimizing patient 381 

outcomes. 382 

 383 

Limitation 384 

However, several limitations still exist in our study. We cannot conduct a population-based study 385 

using cadavers. The population studies only used imaging data from the human connectome 386 

project. Furthermore, tractography has errors, and the indistinct boundaries between white 387 

matter pathways in specific individuals would lead to an inferior distinction. False continuations 388 

could occur with SLF and other nearby pathways. Lastly, we haven't conducted a functional 389 

mapping in this study to examine our functional claim about anterior and posterior FAT. This 390 

could be done by fMRI or intraoperative functional mapping. 391 

 392 
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Although language-related functions have been analyzed in this study, motor planning functions 393 

are still to be analyzed in the future. Language fluency is said to be associated with the FAT in 394 

former studies 1,2, which is also not performed in this study and needs further analyzation. For 395 

future clinical applications, the FAT segmentation could inform possible eloquent area, 396 

especially the anterior FAT. 397 

 398 

In addition to examining individual differences in the topological distribution of the FAT, future 399 

studies could focus on investigating how these differences develop over time. Research could 400 

explore whether there are developmental differences in the FAT between children and adults, 401 

as well as the environmental and genetic factors that may contribute to these differences. Further 402 

studies could also investigate how the FAT varies in individuals with neurodevelopmental 403 

disorders, such as autism or schizophrenia. Another potential area of investigation is the 404 

functional significance of the variations in the FAT, including how they relate to individual 405 

differences in cognitive and behavioral functions. Finally, studies could explore how the 406 

variations in the FAT relate to the structural and functional connectivity of other neural networks 407 

in the brain, and how these networks are affected in neurological and psychiatric disorders. 408 
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Materials and Methods 430 

MRI Acquisition 431 

We utilized a dataset consisting of 1065 subjects, which was obtained from the Human 432 

Connectome Project and made available by the WashU consortium 22. The diffusion data were 433 
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acquired using a multishell scheme, incorporating three b-values (1000, 2000, and 3000 s/mm2), 434 

with 90 directions in each shell. The spatial resolution of the acquired images was 1.25 mm 435 

isotropic. The ac-pc line of the ICBM152 space is the standard of alignment. The diffusion data 436 

and b-table were linearly rotated and interpolated with cubic spline interpolation at 1mm. Q-437 

sampling imaging with a diffusion sampling length ratio of 1.7 is used to reconstruct the rotated 438 

data, which were later used in automated tractography 23. To ensure the accuracy and orientation 439 

of the b-table, an automatic quality control routine 24 was employed. 440 

 441 

Automated tractography 442 

The automated tractography pipeline in DSI studio (http://dsi-studio.labsolver.org) is used to map 443 

the 52 white matter bundles of each subject. This pipeline is a combination of deterministic fiber 444 

tracking algorithm 25, topology-informed pruning 26, and randomized parameter saturation 9, with 445 

trajectory-based tract recognition 9 being an integrated interface, as detailed in a recent study 8. 446 

Following the mapping process, the white matter bundles of the 1065 subjects were exported to 447 

the ICBM152 2009 nonlinear space to examine the population variation of the FAT.  The analysis 448 

was conducted in DSI Studio package, which is publicly available at http://dsi-449 

studio.labsolver.org.  450 

Dissections 451 

The human brain of 5 neurological healthy subjects were studied and compared with the results 452 

of the fiber tracking done by not only the manual processing but the automatic processing as 453 

well. Dissections were performed by expert neurosurgeons (TJ, MN, RG, and YA). Human brains 454 

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted June 4, 2023. ; https://doi.org/10.1101/2023.06.03.543491doi: bioRxiv preprint 

http://dsi-studio.labsolver.org/
http://dsi-studio.labsolver.org/
http://dsi-studio.labsolver.org/
https://doi.org/10.1101/2023.06.03.543491
http://creativecommons.org/licenses/by/4.0/


23 

 

were fixed in 10% formalin for 28 days and frozen for 14 days. Dissections were carefully 455 

performed from superficial to deep, starting at the grey matter until white matter fibers were 456 

encountered. The anatomical dissections of the FAT were placed in a high degree of difficulty. 457 

This is because the fibers of this tract are highly anatomically related to the fibers of the SLF 458 

tract, which crosses the bundle and merges in a complex way. The separation of the fibers was 459 

done in a way to preserve the integrity of the FAT without destroying the underlying or 460 

overlapping tissue. 461 

 462 

Tract-to-region connectome 463 

The tract-to-region connectome, based on the HCP-MMP parcellations from a previous study 8 , 464 

was utilized in our analysis. The HCP-MMP in ICBM152 space was obtained from an 465 

asymmetrical and improved reconstruction version of MMP 1.0 MNI projections from NeuroVault 466 

(https://identifiers.org/neurovault.collection:1549). The file is further edited with DSI Studio and 467 

shared on DSI Studio website: http://dsi-studio.labsolver.org. By mapping the intersection 468 

between the white matter bundles and cortical regions at the voxel level, a binary tract-to-region 469 

connection matrix was generated. The aggregation of binary matrices across the 1065 subjects 470 

results for the population probability of the tract-to-region connection, which is the tract-to-region 471 

connectome (available at http://brain.labsolver.org). 472 

  473 
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 Figures 549 

 550 
Figure 1. Population-averaged FAT and its spatial relations to cortical regions, sulci, and surrounding white matter fiber pathways. 551 
(a) The location of FAT is in the frontal lobe, anterior to central sulcus, posterior to anterior ascending ramus (AAR), superior to lateral sulcus, 552 
anterior horizontal ramus (AHR), and pars orbitalis, innervating the premotor cortex and pars opercularis. (b) FAT can be visualized in the 553 
white matter cortex specimen (medial frontal gyrus has been removed to facilitate visualization). The coronal view of the FAT shows the white 554 
matter fibers running from the SFG to the IFG. Lateral view of the FAT visualizes the fiber tract connecting the pre-supplementary and 555 
supplementary motor cortex areas to the inferior frontal gyrus. (c) FAT and other tracts are color coded and visualized in the white matter 556 
cortex specimen. The location of FAT runs more medial to other surrounding structures, such as SLF II, SLF III and AF, whereas SLF I is 557 
medial to the FAT. 558 
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 559 
Figure 2. Population probabilities of FAT coverage at 1st, 2nd, and 3rd quantiles (Q1, Q2, Q3) of the human young adults. (a) Q2 has 560 
119.53% more coverage in volume than Q3, whereas Q1 has 66.97% more coverage volume than Q2. There are substantial individual 561 
differences in FAT coverage in the young adult population, particularly at the anterior portion of FAT. (b) Q3 mainly innervates area 6ma, 44, 562 
6r, and 6v in HCP-MMP atlas. Besides the areas that Q1 innervates, Q2 also innervates s6-8, SFL, and 43. In addition to the areas that Q3 563 
and Q2 innervates, Q1 innervates 8BL and 45 as well. (c) Among all the areas Q3 innervates, 6ma innervates both posterior and anterior FAT, 564 
while 6r and 6v innervates the posterior FAT, 44 innervates the anterior FAT. For the Q2 innervated areas, SFL innervates both posterior and 565 
anterior FAT, while 43 innervates the posterior FAT, s6-8 innervates the anterior FAT. Within the areas Q1 mainly innervates, both 8BL and 45 566 
innervates the anterior FAT. 567 

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted June 4, 2023. ; https://doi.org/10.1101/2023.06.03.543491doi: bioRxiv preprint 

https://doi.org/10.1101/2023.06.03.543491
http://creativecommons.org/licenses/by/4.0/


28 

 

 568 
Figure 3. Comparison between the left and right FAT. (a) The population probabilities of FAT coverage shows that the left FAT has a larger 569 
individual difference compared with the right FAT. The first two rows show that the left FAT has a larger volume in all three quantiles, while the 570 
third row mirrors the left FAT to the right side to facilitate comparison. The results shows that the left side exhibits a greater degree of 571 
individual variability. More prominent disparities in individual differences between the left and right FAT arise in the inferior and posterior 572 
innervation area. (b) The statistics comparisons of the left and right FAT and their Cohen’s d showing lateralization. Although most of the 573 
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covariates are left biased, the curl of the FAT is right biased. The superior innervation area has the least lateralization, while the QA of the FAT 574 
has the most lateralization. 575 

 576 
Figure 4. Population probabilities of the innervation of cortical regions and the FAT. (a) Green regions innervate the superior part of the 577 
FAT, while purple regions innervate the frontoparietal part, and blue regions innervate the inferior part. The darker color represents higher 578 
population probability. (b) The orange area is the FAT with the different shades representing Q1, Q2, and Q3. The FAT shows substantially 579 
connection with the areas in the superior frontal gyrus. (c) Other than area 4, other cortical regions have low population probabilities. (d) The 580 
areas with high population probabilities are mainly in the inferior frontal gyrus, including the pars opercularis and pars triangularis. (e) The 581 
population probability difference shows that the individual difference of most of the innervated areas are left biased. The surface area of the 582 
circle indicates the volume of the area. 583 
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 584 
Figure 5. Sankey flow diagram showing the innervated cortical regions of the FAT. (a) The color saturation represents the population 585 
probability of cortical regions. This figure is showing the left FAT and the cortical regions it innervates. (b) This figure is showing the right FAT 586 
and the cortical regions it innervates. 587 
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 588 
Figure 6. Results of the correlation analysis between the frontal aslant tract (FAT) and language-related functions. The Oral Reading 589 
Recognition test showed no significant correlation, while the Picture Vocabulary test exhibited a highly significant correlation with the size of 590 
the left FAT's inferior innervation area (p=0.0077). Other correlations, including the mean length of the left FAT and FA values, were not 591 
statistically significant. 592 
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 593 
Figure 7. Segmentation of population-averaged FAT. (a) FAT can be segmented into the anterior FAT (blue) and posterior FAT (red). The 594 
posterior FAT innervates to the inferior frontal gyrus (IFG), specifically to the pars opercularis. (b) Posterior FAT innervates the premotor 595 
cortex (white), whereas the anterior FAT innervates the pars opercularis (yellow), pars triangularis (green), and their anterior structures. (c) 596 
Compared to the anterior FAT, the posterior FAT has more areas innervated with the surrounding pathways. The location of FAT runs more 597 
medial to other surrounding structures, such as SLF II (green), SLF III (red) and AF (yellow), whereas SLF I (pink) is medial to the FAT, and 598 
CST (purple) is positioned at the posterior side of the FAT. 599 

 600 
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