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Figure 4. White matter is 
linked to cytoarchitecture 
when controlling for distance. 
(A) Average distance between 
functional ROIs located within 
the same and different 
cytoarchitectonic area. Gray 
bars: children, white bars: 
adults. Error bars: standard 
error of the mean. Left: average 
distance between functional 
ROIs; Right: average distance 
between control ROIs. LMM 
ANOVA on distances of the 
control ROI revealed no main 
effect of cytoarchitecture 
(F(1,106) = 2.56, p = 0.11), no 
main effect of age group 
(F(1,106) = 0.05, p = 0.82) and 
no interaction (F(1,106) = 0.19, 
p = 0.66)). Significance: *** p < 
.001. (B) Inflated fsaverage 
cortical surface depicting control 
ROIs. Colors indicate 
cytoarchitectonic area: cyan: 
FG2, magenta: FG4.  

Acronyms: FG4-mid: control region in mid FG4. FG4-ant: control region in anterior FG4, FG2-mid: control 
region in mid FG2. Lines indicate cytoarchitectonic area: cyan: FG2; magenta: FG4. (C) Fascicle 
connectivity profiles for each of the equally spaced disk ROIs in children (top) and adults (bottom); Error 
bars: standard error of the mean; Dots: individual participant data. Acronyms: IFOF: inferior fronto-occipital 
fasciculus; ILF:  inferior longitudinal fasciculus; AF: arcuate fasciculus; pAF: posterior arcuate fasciculus; 
VOF: vertical occipital fasciculus. (D) Correlation matrices depicting the average within-subject correlation 
between fascicle connectivity profiles of equally spaced ROIs in children (top) and adults (bottom).  

 

Results in Fig 4C reveal that in both children and adults, connectivity profiles of 

ROIs that are equally spaced apart and located in the same cytoarchitectonic area (FG4-

mid and FG4-ant) are more similar than those across cytoarchitectonic areas (FG4-mid 

and FG2-mid). FG4-mid and FG4-ant are connected primarily to the pAF whereas FG2-

mid connects to both the VOF and pAF. Indeed, pairwise correlations between 

connectivity profiles are significantly higher among equally spaced ROIs within the same 

cytoarchitectonic area than across cytoarchitectonic areas (Fig 4D, significant main effect 

of cytoarchitecture (F(1,53) = 75.84, p = 8.41x10-12),  no significant differences across 

age groups (F(1,53) = 0.77, p = 0.38), and no group by cytoarchitecture interaction 

(F(1,53) = 0.78, p = 0.38, LMM ANOVA on the pairwise Fisher transformed correlations)). 
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These results indicate that connectivity profiles are linked to cytoarchitecture independent 

of the distance between the ROIs. 

 

Do fascicle connectivity profiles of VTC ROIs predict cytoarchitecture or category-

selectivity?   

We further hypothesized that if there is a consistent relationship between fascicle 

connectivity profiles and cytoarchitecture or between fascicle connectivity profiles and 

category, it should be possible to predict the cytoarchitectonic area or category-selectivity, 

respectively, from an unlabeled fascicle connectivity profile. We tested these hypotheses 

using a leave-one-out maximum correlation classification approach. That is, in each 

iteration, we calculated the average connectivity profile of each cytoarchitectonic area 

(FG2/FG4) and category (faces/words) using data from n-1 subjects. Then, we performed 

two separate two-way classifications of the left-out subject’s connectivity profiles: (i) the 

cytoarchitectonic area (FG2 or FG4), and (ii) the category-selectivity (face or word).   

 For children (Fig 5, light colors), the classifier successfully predicted the 

cytoarchitectonic area, but not category selectivity above chance (chance level: 50%; 

cytoarchitecture: mean classification accuracy±sd = 82%±38%; t(78) = 7.47, p = 1.01x10-

10; category-selectivity: mean classification accuracy±sd = 49%±50%; t(78) = -0.11, p = 

0.91). For adults (Fig 5, dark colors), the classifier successfully predicted both 

cytoarchitectonic area and category-selectivity above chance (cytoarchitecture: mean 

classification accuracy±sd = 87%±34%; t(96) = 10.53, p = 2.2x10-16; category: mean 

classification accuracy±sd = 66%±48%; t(96) = 3.31, p = 0.001).  Correct classification 

was significantly higher for cytoarchitecture vs. category (odds ratio = 3.32, 95% CI [1.62, 

6.84], binominal logistic regression with factors of classification type and age group) and 

significantly lower for children vs. adults (odds ratio = .50, 95% CI [0.27,0.92]), but there 

was no significant interaction (odds ratio: 1.43, 95% CI [0.51, 3.97]). Together, these 

analyses provide strong evidence supporting the hypothesis that fascicle connectivity 

profiles better predict cytoarchitecture rather than category-selectivity across age groups. 

Next, we examined the patterns of misclassification on a four-way ROI 

classification to see whether ROIs were more often misclassified as ROIs located within 

the same cytoarchitectonic area or selective for the same category. Confusion matrices 
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in Fig 5B confirm that for both children and adults, ROIs were more often misclassified 

as ROIs located within the same cytoarchitectonic area. This result confirms that 

connectivity profiles were more similar for ROIs located within the same cytoarchitectonic 

area. For three out of the four ROIs, classification (on-diagonal values in confusion 

matrices) improved from childhood to adulthood, suggesting that connectivity profiles of 

specific ROIs become more distinguishable over development.  

 
Figure 5. Fascicle connectivity profiles predict 
cytoarchitecture more than category.  (A) 
Average classification across participants of 
either the cytoarchitectonic area or category-
selectivity from the fascicle connectivity profiles. 
Light blue: Children, dark blue: adults; Error bars: 
standard error of the mean. Dashed line: chance 
level. Significance vs. chance: * p < .05, ** p < .01, 
*** p < .001. n.s.: not significant.  (B) Confusion 
matrices for the average classification and 
misclassification of functionals ROI across 
participants. Each cell depicts the percentage of 
times each actual functional ROI (x-axis) was 
predicted (y-axis), see colorbar. On-diagonals: % 
successful classification; off-diagonals: % miss-
classification. Each column sums to 100%. 
Acronyms: mFus-faces: mid fusiform face-
selective region. pFus-faces: posterior fusiform 
face-selective region. mOTS-words: mid 
occipitotemporal sulcus word-selective region. 

pOTS-words: posterior occipitotemporal sulcus word-selective region. Cytoarchitectonic areas: cyan: FG2, 
magenta: FG4.  
 

Endpoint connectivity profiles of VTC functional ROIs are organized by cytoarchitecture  

While the fascicle connectivity profile reveals which fascicles connect to each 

functional ROI, it is also important to understand the endpoint connectivity profiles of the 

white matter connections of each functional ROI. The endpoint connectivity profile 

provides complementary data to the fascicle connectivity profile for three reasons: (i) Not 

all fibers in the whole brain connectome are part of major fascicles, e.g., many fibers 

connecting VTC to early visual cortex are not classified as part of the major fascicles in 

common atlases (Catani et al., 2002; Wakana et al., 2004). (ii) Endpoint profiles provide 

additional information as to which cortical regions VTC functional ROIs connect to, and 

(iii) Functional ROIs may share fascicles but have different endpoints, e.g., mOTS-words 
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and mFus-faces may both connect to the arcuate fasciculus, but only mOTS-words may 

have endpoints in Broca’s area.  

Therefore, we next examined the endpoint connectivity profiles of the VTC 

functional ROIs. To do so, we intersected each of the face- and word-selective functional 

ROIs with the whole brain connectome of each subject. To determine the cortical regions 

to which these white matter tracts connect, we projected the tract endpoints to the cortical 

surface, and then used the Glasser Atlas (Glasser et al., 2016) to quantify the distribution 

of the endpoints across the brain. 

 
Figure 6. Endpoint connectivity profile of face- and word-selective regions across the entire brain.  
Average endpoint connectivity profile of mFus-face, pFus-faces, mOTS-words, pOTS-words in children (A) 
and adults (B). Data are shown on the fsaverage inflated cortical surface. Color map: endpoint proportion 
at each vertex (each map sums to one). Threshold value of maps: chance level if all endpoints were evenly 
distributed across the brain. Gray outlines: Glasser ROIs. Cyan outline: ventral temporal cortex. White 
outlines: PGi and FFC as a visual reference to aid comparison across panels.  

 

Fig 6 shows the average spatial distribution across cortex of white matter 

endpoints for each of the VTC face and word-selective functional ROIs in children (Fig 
6A) and adults (Fig 6B). Qualitatively, the spatial distribution of endpoints is similar 

between anterior functional ROIs (mFus-faces and mOTS-words) as well as similar 

between posterior functional ROIs (pFus-faces and pOTS-words). The anterior functional 

ROIs (mFus-faces and mOTS-words) show a distinct spatial distribution of endpoints with 
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the highest endpoint density in ventral occipital and anterior temporal cortex, followed by 

endpoints in parietal cortex and inferior frontal cortex. In contrast, the posterior functional 

ROIs (pFus-faces and pOTS-words) illustrate the highest endpoint density in ventral 

temporal and occipital cortex, followed by the posterior parietal cortex and anterior 

temporal cortex. In other words, the endpoint density for posterior face- and word-

selective regions appears to be shifted more posteriorly compared to that of anterior face- 

and word-selective regions.    

 
Figure 7. Quantification of endpoint connectivity 
profile of face- and word-selective regions in 
children and adults. (A,B) Mean endpoint 
proportion across 180 Glasser ROIs for each of the 
VTC word and face-selective regions in children (A) 
and adults (B). Line color indicates the functional 
ROI; red: pFus-faces; blue: pOTS-words; light red: 
mFus-faces; light blue: mOTS-words. Shaded area: 
standard error of the mean. X-axis: Glasser Atlas 
ROI number arranged by lobe: red: frontal (f); 
orange: parietal (p); magenta: temporal (t); green: 
occipital (o). Vertical dashed lines: lobe boundaries. 
(C,D) Correlation matrices depicting the average 
within-subject pairwise correlation between endpoint 
connectivity profiles of ventral face and word-
selective ROIs in children (C) and adults (D).  

 

 

 

 

 

We next quantified the endpoint distributions of each of the functional ROIs across 

the brain using the Glasser Atlas parcellation in children (Fig 7A) and adults (Fig 7B). 

Right hemisphere data is in Supplemental Fig 15. Consistent with the qualitative 

analysis, the endpoint distributions for ROIs located in the same cytoarchitectonic area 

are similar. That is, pFus-faces and pOTS-words have similar endpoint distributions, with 

the highest endpoint densities within the occipital lobe, and mFus-faces and mOTS-words 

have similar endpoint distributions, with higher endpoint proportions in the temporal and 

occipital lobes than the parietal and frontal lobes. Interestingly, mFus-faces and mOTS-
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words appear to have more distinct endpoint distributions in adults (Fig 7B) compared to 

children (Fig 7A), especially in the occipital lobe. 

To quantitatively test our hypotheses (Fig 2B), we calculated the correlation 

between the endpoint density profiles of all pairs of functional ROIs, and then tested if 

correlations between endpoint profiles were higher among functional ROIs within the 

same cytoarchitectonic area or among functional ROIs selective for the same category. 

The correlation matrix in Fig 7C demonstrates that for children, functional ROIs within the 

same cytoarchitectonic area had higher correlations among endpoint profiles compared 

to functional ROIs selective for the same category (mean correlation±sd, same 

cytoarchitectonic area: mOTS-words/mFus-faces: 0.68±0.24; pOTS-words/pFus-faces: 

0.71±0.20; same category: mFus-faces/pFus-faces: 0.48±0.19; mOTS-words/pOTS-

words: 0.38±0.16). For adults (Fig 7D), however, this pattern was less clear (same 

cytoarchitectonic area: mFus-faces/mOTS-words 0.49±0.24, pFus-faces/pOTS-words 

0.60±0.24; same category: mFus-faces/pFus-faces: 0.54±0.22, mOTS-words/pOTS-

words: 0.44±0.21).  

A 2-way repeated-measures LMM ANOVA on Fisher transformed correlations 

between connectivity profiles with factors of shared feature (cytoarchitecture/category-

selectivity) and age group (children/adults), with distance as an independent factor, 

revealed that even as distance contributes to the correlations among endpoint 

connectivity profiles (F(1,138.91) = 36.78, p = 1.18x10-8 ), endpoint connectivity profiles 

are overall more correlated in children than adults (main effect of age group: F(1, 36.41) 

= 5.54, p = 0.02). Additionally, endpoint connectivity profiles are significantly more 

correlated among functional ROIs within the same cytoarchitectonic area than functional 

ROIs with the same category-selectivity in children compared to adults (feature by age 

group interaction F(1,98.43) = 5.24, p = 0.02; post-hoc t-test, cyto vs. category, children: 

t(39.93) = 4.70, p = 3.08x10-5; adults: t(78.72) = 1.23, p = 0.22).  In other words, we find 

evidence for significant developmental differences in endpoint connectivity profiles. In 

children, but not adults, the endpoint connectivity profiles are more correlated among 

functional ROIs within the same cytoarchitectonic area compared to functional ROIs 

selective for the same category.  
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 As we found a feature by age interaction and prior literature suggests that the 

spatial extent of face and word-selective functional ROIs increases from childhood to 

adulthood (Turkeltaub et al. 2003; Scherf et al. 2007; Golarai et al. 2010; Nordt et al. 

2021), we asked if these age group differences were due to developmental changes to 

the functional ROIs. Thus, we repeated endpoint profile analyses in two ways (i) 

controlling for functional ROI size (Supplemental Fig 16C), and (ii) excluding 

connections to the Glasser ROIs in VTC (Supplemental Figs 16E, 17).  We reasoned 

that if group differences are eliminated under these controls, it would suggest that 

developmental changes in VTC are driving age group differences in connectivity profiles. 

Alternatively, finding a similar pattern of results in the control analyses would provide 

strong evidence for development differences in endpoint connectivity profiles that 

supersede local changes in the VTC. Both control analyses replicate the findings in Fig 
7. That is, we find significantly higher correlations among endpoint connectivity profiles of 

functional ROIs within the same cytoarchitectonic areas than among functional ROIs of 

the same category preference and significantly more so in children than adults 

(Supplemental Fig 16A,C,E,G,I). Additional controls of matching motion across children 

and adults (Supplemental Fig 16G) and analysis of a subset of children in a more 

restricted age range (Supplemental Fig 16I) also replicate these findings.  

 

Endpoint connectivity profiles better predict cytoarchitecture than category in children, but 

not adults 

To further examine the predictive nature of the endpoint connectivity profiles, we 

used a leave-one-out maximum correlation classification approach to test whether we can 

predict cytoarchitectonic area (FG2/FG4) or category-selectivity (faces/words) from an 

unlabeled endpoint connectivity profile. The classifier successfully predicted 

cytoarchitecture above chance for both children (Fig 8A-light colors, mean classification 

accuracy±sd: 90%±30%; t(78) = 11.67, p = 2.2x10-16) and adults (Fig 8A-dark colors, 

mean accuracy±sd: 84%±37%; t(96) = 8.84, p = 4.49x10-14). Additionally, the classifier 

predicted category-selectivity significantly above chance for both children (mean 

accuracy±sd: 70%±46%; t(78) = 3.77, p = 0.0003) and adults (mean accuracy±sd:   

80%±40%; t(96) = 7.51, p = 3.07x10-11). There were no significant differences in the odds 
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of correct classification of cytoarchitecture compared to category (odds ratio = 1.23, 95% 

CI [0.59, 2.57], binominal logistic regression), or for children compared to adults (odds 

ratio = 0.56, 95% CI [0.28,1.12], binominal logistic regression). There was, however, a 

significant interactive effect of classification type by age group (odds ratio: 3.14, 95% CI 

[1.00, 9.83], binominal logistic regression), reflecting higher classification accuracy of 

cytoarchitecture than category in children but not adults.  Results were largely similar 

when controlling for functional ROI size, excluding Glasser ROIs in VTC, matching for 

motion, and using a restricted age range for the child subjects (Supplemental Fig 
16B,D,F,H,J). These data suggest that in childhood, endpoint connectivity profiles predict 

cytoarchitecture better than category-selectivity, but by adulthood, this is no longer the 

case. 

 
Figure 8. Endpoint connectivity 
profiles better predict 
cytoarchitecture than category in 
children, but not adults. (A) Bar 
graphs showing classification accuracy 
of either the cytoarchitectonic area or 
category-selectivity from the endpoint 
connectivity profiles. Light blue: 
Children, dark blue: adults; Error bars: 
standard error of the mean. Dashed 
line: chance level. Significantly different 
than chance: * p < .05, ** p < .01, *** p 
< .001. Acronyms: mFus-faces: mid 
fusiform face-selective region. pFus-
faces: posterior fusiform face-selective 
region. mOTS-words: mid 
occipitotemporal sulcus word-selective 
region. pOTS-words: posterior 
occipitotemporal sulcus word-selective 
region. (B) Average classification and 
misclassification of functional ROI 
across participants. Each cell depicts 
the percentage of times each actual 
functional ROI (x-axis) was predicted 

(y-axis), see colorbar. On-diagonals: % successful classification; off-diagonals: % misclassification. 
Acronyms: mFus-faces: mid fusiform face-selective region. pFus-faces: posterior fusiform face-selective 
region. mOTS-words: mid occipitotemporal sulcus word-selective region. pOTS-words: posterior 
occipitotemporal sulcus word-selective region. Cytoarchitectonic areas: cyan: FG2, magenta: FG4. 
 

To understand which ROIs drive the increased category classification for adults 

compared to children, we implemented a four-way classifier that predicts the functional 

ROI associated with an unlabeled connectivity profile in left out subjects, and then 

.CC-BY-NC-ND 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 May 13, 2022. ; https://doi.org/10.1101/2022.01.21.477131doi: bioRxiv preprint 

https://doi.org/10.1101/2022.01.21.477131
http://creativecommons.org/licenses/by-nc-nd/4.0/


33 
 

examined the pattern of errors. The classification confusion matrix (Fig 8B) indicates that 

anterior functional ROIs (mFus-faces and mOTS-words) were better classified in adults 

than children, but the opposite was true for posterior functional ROIs (pFus-faces and 

pOTS-words). Interestingly, the largest developmental increase in accuracy was 

observed for mOTS-words, as classification of mOTS-words from endpoint connectivity 

profiles almost doubled from children to adults, resulting from more distinct connectivity 

profiles for mOTS-words and mFus-faces in adults compared to children.  

Overall, the endpoint connectivity profile analysis of ventral functional ROIs 

suggests that initially in childhood there is a tight link between endpoint connectivity 

profiles and cytoarchitecture, as endpoint connectivity predicts cytoarchitecture better 

than category-selectivity and confusability is largely among functional ROIs within the 

same cytoarchitectonic area. However, development from childhood to adulthood in the 

endpoint connectivity of anterior functional ROIs, and particularly mOTS-words, results in 

more distinct endpoint connectivity profiles for the functional ROIs within FG4, suggesting 

that in adulthood both cytoarchitecture and category-selectivity contribute to connectivity 

profiles. 

 

Distinguishing cytoarchitecture from a posterior-to-anterior gradient  

Here, we find converging evidence that connectivity profiles are organized by 

cytoarchitecture rather than category-selectivity in childhood. However, the multiple word 

and face selective regions are organized along a posterior-to-anterior anatomical axis that 

is thought to be linked to a hierarchical processing axis. This observation raises the 

question of whether the connectivity profiles of the face and word ROIs reflect the 

posterior-anterior hierarchical axis of these functional ROIs or is specific to their 

cytoarchitecture.  

To address this possibility, we leveraged the other category-selective regions in 

VTC. OTS-bodies is a region that is selective for bodies and located in cytoarchitectonic 

area FG4 (together with mFus-faces and mOTS-words), whereas CoS-places is a region 

selective for scenes and is located in cytoarchitectonic area FG3 in both children and 

adults (Weiner et al., 2017; Supplementary Fig 18). Additionally, along this posterior-to-

anterior axis, CoS-places and OTS-bodies are similarly anterior as mFus-faces and 
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mOTS-words. Considering the connectivity profiles for these additional functional ROIs 

would therefore allow us to dissociate the two hypotheses. We reasoned that if the 

connectivity profiles are organized by cytoarchitecture, then we would expect that OTS-

bodies would have a similar connectivity profile to mFus-faces and mOTS-words and that 

CoS-places would have a distinct connectivity profile from all the other ROIs (Fig 9A). 

However, if connectivity profiles reflect differences along a posterior-to-anterior axis, then 

we would expect that CoS-places and OTS-bodies would both have similar connectivity 

profiles to mFus-faces and mOTS-words as they are all more anterior ROIs (Fig 9B). 

Note that both hypotheses would still predict that the connectivity profiles of these four 

anterior functional ROIs would be different than the posterior ones (pFus-faces, pOTS-

words).  

 

 
Figure 9. Distinguishing 
cytoarchitecture from a 

posterior-to-anterior 
gradient. (A) Schematic 
illustration of the predicted 
fascicle connectivity 
profile of anterior 
category-selective ROIs 
according to the 
cytoarchitectonic (left) and 

posterior-to-anterior 
hypotheses). Each panel 
shows the predicted 
distributions of 
connections across white 
matter fascicles for a 
given functional ROI. Bar 
Colors: fascicles. CoS-
places: collateral sulcus 
place-selective region; 
mFus-faces: mid fusiform 

face-selective 
region;  mOTS-words: mid 
occipito-temporal sulcus 
word-selective region. 
OTS-bodies: occipito-
temporal body selective 
region. (B) Left: fascicle 
connectivity profile of 
these functional ROIs in 
children and adults. Error 
bars: standard error of the 
mean; Dots: individual 
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participant data. Right: Correlation matrices depicting the average pairwise within-subject correlation 
between connectivity profiles of these four functional ROIs for children (top) and adults (bottom). Lines 
depict cytoarchitectonic area; green: FG3, magenta: FG4. (C) Left: endpoint connectivity profile of these 
functional ROIs across 180 Glasser ROIs in children (left) and adults (right). Line color indicates the 
functional ROI: green: CoS-places; yellow: OTS-bodies; light red: mFus-faces; light blue: mOTS-words; 
Shaded area: standard error of the mean. X-axis: Glasser Atlas ROI number arranged by lobe: red: frontal 
(f); orange: parietal (p); magenta: temporal (t); green: occipital (o). Vertical lines: lobe boundaries. Right: 
Correlation matrices depicting the average pairwise within-subject correlation between endpoint 
connectivity profiles for children (top) and adults (bottom). Lines depict cytoarchitectonic area; green: FG3, 
magenta: FG4. 

 

Fig 9B-left shows the fascicle connectivity profiles for these four category-

selective regions in children and adults. In both age groups, the majority of the fascicle 

connections of OTS-bodies are to the pAF followed by the AF and ILF. This fascicle 

connectivity profile is similar to that of mFus-faces and mOTS-words. In contrast, CoS-

places has a distinct connectivity profile with the majority of its fascicle connections going 

to the ILF followed by the pAF and VOF. Quantitative analyses of the pairwise correlations 

between endpoint fascicle connectivity profiles (Fig 9B-right) show that the connectivity 

profile of the CoS-places is dissimilar from that of the other three category-selective 

regions (main effect of cytoarchitecture, F(1,467.17) = 463.72, p < 2x10-16, LMM ANOVA 

on Fisher transformed correlation values). Additionally, fascicle connectivity profiles were 

more similar in children than adults (main effect of age group: F(1,46.79) = 5.05, p = 0.03; 

no significant interaction F(1,467.17) = 1.86, p = 0.17). 

Similar results are found for the endpoint connectivity profiles, where mFus-faces, 

mOTS-words, and OTS-bodies have similar connectivity profiles and CoS-place has a 

distinct connectivity profile with many more connections to the occipital lobe as compared 

to the other three ROIs (Fig 9C-left). Quantitative analyses of the pairwise correlations 

among endpoint connectivity profiles (Fig 9C-right) show a significant effect of 

cytoarchitecture (F(1,474.89) = 369.81, p < 2x10-16), as well a significant main effect of 

age group (F(1,47.35) = 4.28, p = 0.04 but no group by cytoarchitecture interaction 

(F(1,474.89) = 0.27, p = 0.60). Overall, these results suggest that connectivity profiles are 

linked to cytoarchitecture rather than a posterior-to-anterior gradient along VTC. 

 

Discussion  
Here, we tested whether white matter connections of category-selective functional 

ROIs in the ventral stream are linked to category-selectivity or cytoarchitecture. We find 
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that in both children and adults, fascicle connectivity profiles better predict 

cytoarchitecture than category-selectivity. In adulthood, however, endpoint connectivity 

profiles for functional ROIs located within the same cytoarchitectonic region became more 

distinct, particularly in FG4. These results suggest that in childhood, cytoarchitecture and 

white matter largely co-vary together. However, over development connectivity profiles 

may become more specialized to support category-specific processing, resulting in 

connectivity profiles linked both to cytoarchitecture and category-selectivity.  

 

The relationship between functional regions and cytoarchitecture is consistent across 

children and adults 

First, we measured the relationship between cytoarchitecture and functional ROIs 

in children and adults. Importantly, we replicate Weiner et al., (2017) and find that both in 

children and adults there is a consistent relationship between cytoarchitecture and 

category-selective regions, where mFus-faces and mOTS-words are located in 

cytoarchitectonic area FG4, and pFus-faces and pOTS-words are located in 

cytoarchitectonic area FG2. These results suggest that functional ROIs in VTC have a 

consistent organization across development. It is important to note that the 

cytoarchitectonic areas were estimated from adult brains (Amunts et al. 2000; Rottschy 

et al. 2007; Caspers et al. 2013; Lorenz et al. 2017), and due to the paucity of pediatric 

postmortem tissue, no histological study to date has compared the cytoarchitecture of 

VTC in children and adults. Future histological research can test whether cytoarchitecture 

is consistent over childhood development, though several lines of evidence suggest that 

childhood development of VTC tissue likely involves increases in myelination and 

dendritic arborization rather than changes in cell density (Gomez et al. 2017; Natu et al. 

2019).  

 

Rethinking the relationship between white matter and category-selectivity 

After establishing the relationship between cytoarchitectonic areas and category 

selective regions, we were able to test whether white matter is linked to cytoarchitectonic 

area or category selectivity. Prior work has suggested that category-selective regions 

have specific white matter tracts to support category-selective processing (Mahon and 
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Caramazza 2011; Bouhali et al. 2014;  Li et al. 2020). Some of the most compelling work 

demonstrating the relationship between category-selectivity and white matter connectivity 

are fingerprinting studies that have shown that it is possible to predict category-selective 

responses from the endpoint connectivity profile across the brain (Saygin et al. 2011; 

Osher et al. 2016; Grotheer, Yeatman, et al. 2021), and further that it is possible to predict 

from endpoint connectivity at age five where word-selective activations will emerge in 

VTC at age eight (Saygin et al. 2016). In this study, Saygin et al., (2016) found that the 

correlation between the predicted word-selectivity and actual word selectivity from the 

white matter fingerprint is 0.47 ± 0.036 (mean across subjects, Fisher z). It is interesting 

that we find that the correlation between connectivity profiles of functional ROIs selective 

for the same category is comparable (children: 0.49 ± 0.04, adults: 0.59±0.05, mean 

Fisher z). Strikingly, however, the correlation between connectivity profiles for functional 

ROIs located in the same cytoarchitectonic area is much higher (children:1.03±0.11, 

adults:0.69±0.06, mean Fisher z). We also predict category-selectivity from white matter 

connectivity above chance for both children and adults. However, by testing predictivity 

of white matter for multiple attributes including ones that have not been tested before, we 

find that connectivity profiles better predict cytoarchitecture than category-selectivity.  

It is important to note that some category-selective regions that were tested in prior 

studies are also located in different cytoarchitectonic areas. For example, face-selective 

and place-selective regions have both unique cytoarchitecture (Weiner et al. 2017) and 

unique white matter connectivity (Saygin et al. 2011; Gomez et al. 2015). Therefore, 

comparing the white matter connectivity profiles of face- and place-selective regions may 

lead to the inaccurate conclusion that category-selectivity, cytoarchitecture, and white-

matter are all linked. Instead, our study shows that this is not the general case, and it is 

necessary to examine cases where category-selective and cytoarchitecture are 

orthogonal to reveal the broader principle that white matter is linked to cytoarchitecture 

above category-selectivity. 

 

Developmental Implications 

The theory that white matter connections are linked to category-selectivity also has 

developmental implications. For example, it has been proposed that white matter early in 
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childhood provides scaffolding for category-selectivity and that innate white matter 

connections may explain similarities in the functional organization of visual cortex 

between blind and sighted subjects (Mahon and Caramazza 2011; Bi et al. 2016; van den 

Hurk et al. 2017; Murty et al. 2020).   

Here, we find that early in childhood white matter is better tied to cytoarchitecture 

than category, and for the fascicle connectivity profiles the link between cytoarchitecture 

and white matter is consistent over development. In contrast, the endpoint connectivity 

profiles better predict cytoarchitecture than category in childhood, but not in adulthood. 

These findings suggest a rethinking of the view that white matter tracts provide an innate 

scaffold for category-selective function. Instead, it seems that white matter and 

cytoarchitecture are closely linked early in development, and that category-specific 

connections can emerge over development. Recent findings reveal that white matter 

fascicles can be reliably identified in individual newborns (Grotheer et al. 2022) paving 

the way for future research to examine whether the relationship between cytoarchitecture 

and white matter connections is present at birth. 

An interesting direction for future research is understanding the mechanisms that 

enable tuning of white matter connections during childhood development as well as 

developmental changes to the properties of the white matter  itself (Yeatman, Dougherty, 

Ben-Shachar, et al. 2012; Yeatman, Wandell, et al. 2014; Moulton et al. 2019; Vinci-

Booher et al. 2022). Importantly, we measure the white matter connections that connect 

to category-selective regions. Therefore, differences in white matter connections could 

reflect changes in the white matter or changes in functional selectivity over development. 

If the white matter is changing, a mechanism underlying development may be the pruning 

or growth of connections to support the more specific connections needed for brain 

networks to better support specific behaviors. On the other hand, as functional regions in 

VTC develop and grow (Turkeltaub et al. 2003; Scherf et al. 2007; Golarai et al. 2010; 

Nordt et al. 2021), they may shift to the edges of cytoarchitectonic areas, thus, forming 

unique connections that span multiple networks. For example, examination of the 

probabilistic maps of mOTS-words in children and adults suggest that while it is located 

lateral to the mid fusiform sulcus in both children and adults, its location is more variable 

in children compared to adults (Fig 1B). Therefore, more distinct connectivity profiles for 
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mOTS-words in adults could be associated the mOTS-words shifting laterally from 

childhood to adulthood, potentially becoming more aligned with the endpoints of the 

arcuate fasciculus. Since our data suggest that white matter connections are domain 

general early in development, one implication from this study is that interventions 

targeting certain skills (e.g., reading) may be more successful before white matter 

connections gain category-specificity.  

 

What is the utility of shared connectivity? 

 While prior work has argued for the utility of specific white matter connections to 

support domain specific processing, there are also reasons why it might be useful to have 

white matter connections that are domain general. Similar white matter connections of 

functional regions within a cytoarchitectonic area suggest that regions within the same 

cytoarchitectonic may perform similar computations. An example of such a shared 

computation across the domains of reading and face recognition is the processing of 

foveal information which requires high visual acuity (Levy et al. 2001; Hasson et al. 2002).  

An additional benefit of shared white matter connections for functional regions 

selective for different categories may be flexibility. A large body of research has revealed 

that learning can lead to the development of new category-selectivity in VTC. For 

example, illiterate children and adults do not have word-selective regions in VTC; 

however, both groups develop word-selectivity after learning to read (Brem et al. 2010; 

Dehaene et al. 2010; Saygin et al. 2016). A flexible and domain-general system may 

enable new selectivity to emerge as it becomes relevant, as well as older selectivity (e.g., 

selectivity to limbs) to be recycled (Nordt et al. 2021). Since it is not possible to predict 

which categories will be behaviorally relevant (e.g., children can learn artificial categories 

such as Pokémon (Gomez et al. 2019)), a domain-general architecture provides flexibility 

to develop many category representations.  

 In addition to shared computational demands for regions selective for different 

categories, regions in different cytoarchitectonic areas may be performing different 

computations on the same stimulus. For example, classic studies suggested that unique 

cytoarchitecture and white matter connections enable parallel processing of different 

attributes of a stimulus (such as its motion and color) (Zeki and Shipp 1988; Van Essen 
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et al. 1992). In the context of VTC, prior research has demonstrated that word-selective 

regions located within different cytoarchitectonic regions perform different computations 

on the same stimuli (Lerma-Usabiaga et al. 2018; White et al. 2019; Caffarra et al. 2021). 

These studies have shown that (i) pOTS-words can process two words in parallel, 

whereas mOTS-words can only process one word at a time (White et al. 2019) and (ii) 

pOTS-words is involved in extracting visual features, whereas mOTS-words is involved 

in processing lexical features (Lerma-Usabiaga et al. 2018). Therefore, we propose that 

multiple regions that are selective for the same category but located in different 

cytoarchitectonic regions and have different white matter connections may perform 

different computations towards a shared visual behavior.  

 

Beyond VTC 

In addition to elucidating the pattern of white matter connections of the human 

visual system, this work has broader implications for the rest of the brain. Specifically, we 

hypothesize that across the brain, there are tight links between white matter connections 

and cytoarchitecture. Other evidence supporting this idea comes from past work showing 

that supplementary motor area (SMA) and pre-SMA which are in distinct cytoarchitectonic 

regions also have distinct connectivity profiles (Johansen-Berg et al. 2004; Klein et al. 

2007), as well as studies that showed that Broca’s area spans multiple cytoarchitectonic 

regions (Amunts et al. 2010) with distinct connectivity profiles (Klein et al. 2007). Future 

research can examine this hypothesis in other sensory-motor (Shipp 2003; Heil et al. 

2005; Morosan et al. 2005) and cognitive systems (Sporns et al. 2005; Siegel et al. 2012) 

across the brain. In addition, future research can examine how white matter connectivity 

profiles and cytoarchitecture relate to other features of cortex such as gene expression, 

neurotransmitter receptor distribution (Markello et al. 2022) and cortical folding (Kaneko 

et al. 2020). 

 

Summary  

  In school-aged children and adults the white matter connections of ventral 

functional ROIs are linked to cytoarchitecture. Over development, white matter 

connectivity profiles become more distinct for functional ROIs with different category 
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selectivity located within the same cytoarchitectonic region. These findings suggest that 

cytoarchitecture and white matter are linked early in childhood and become more specific 

during development. Together our data propose a rethinking of the view that category-

selective regions have innate and specific white matter connections to support category-

specific processing.  
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