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Abstract 

Cognitive reappraisal (CR) is a mechanism for emotion regulation, and the prefrontal cortex 

(PFC) plays a central role in the regulation of emotions. We tested the hypothesis of an association 

between CR function and microstructural properties of forceps minor (a commissural bundle within 

the PFC) in healthy subjects (HS). 

We analyzed a population of 65 young HS of a public dataset. The diffusion tensor imaging 

(DTI) sequence of every subject was analyzed to extract the derived shape (diameter and volume) 

and DTI metrics in terms of fractional anisotropy (FA), mean diffusivity (MD), radial diffusivity 

(RD), and axial diffusivity (AD) of the forceps minor. The CR subscale of the german version of the 

emotion regulation questionnaire (ERQ) was used for CR assessment. The Shapiro-Wilk test was 

applied to test the assumption of normality in all these parameters, adopting a statistical threshold at 

p < 0.05. Whenever appropriate a non-parametric two-tailed partial correlation analysis was applied 

to test for correlations between the CR ERQ score and the derived shape and DTI metrics, including 

age and sex as confounders, adopting a statistical threshold at p < 0.05. 

The non-parametric two-tailed partial correlation analysis revealed a mildly significant 

correlation with FA ( = 0.303; p = 0.016), a weakly significant negative correlation with MD ( = -

0.269; p = 0.033), and a mildly significant negative correlation with RD ( = - 0.305; p = 0.015). 

These findings suggest a correlation between DTI microstructural properties of forceps minor 

and CR. 

 

Keywords: DTI; Cognitive reappraisal; Forceps minor. 
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List of abbreviations 

• ACC = Anterior cingulate cortex  

• AD = Axial diffusivity 

• ADHD = attention-deficit-hyperactivity disorder 

• CR = Cognitive reappraisal 

• CR ERQ score = Score of the cognitive reappraisal subscale of the german version of the emotion 

regulation questionnaire 

• DAN = Dorsal attention network 

• DMN = Default mode network 

• DTI = Diffusion tensor imaging 

• DWI = Diffusion weighted imaging 

• ERQ = Emotion regulation questionnaire 

• FLAIR = Fluid attenuated inversion recovery 

• FA = Fractional Anisotropy 

• fMRI = functional Magnetic Resonance Imaging 

• GE = Gradient echo 

• HS = Healthy subjects 

• LEMON = Leipzig study for mind-body-emotion interactions 

• MD = Mean diffusivity 

• MP2RAGE = Magnetization prepared 2 rapid acquisition 

• MRI = Magnetic resonance imaging 

• PFC = Prefrrontal cortex 

• ROA = Region of avoidance 

• RD = Radial diffusivity 

• rs-FC = resting-state functional connectivity 

• SWI = Susceptibility-weighted imaging 
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• W = W-value 

• WM = White matter 
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1. Introduction 

 Emotion regulation is a fundamental function for human adaptation [Ochser & Gross, 2005; McRae 

& Gross, 2020], and its dysregulation typically characterizes both mood and anxiety disorders [Amstadter, 

2008; Cutulli, 2014]. This regulatory system is based on various emotion-regulation strategies, included 

acceptance, avoidance, reappraisal, problem-solving, rumination, and suppression [Aldao et al., 2010]. Much 

of the existing research has primarily focused on cognitive reappraisal (CR), that can be defined as the attempt 

to reframe an emotion-eliciting situation in order to moderate one’s emotional response [Cutulli, 2014; McRae 

& Gross, 2020]. 

The understanding of the neural mechanisms underlying CR regulation can be critically important for 

individuals affected by a broad range of psychological and psychiatric disorders characterized by impairments 

in emotional response [Wang & Yin, 2023]. Several pharmacological and non-pharmacological therapies, 

including cognitive-behavioral therapies [Kazantis et al., 2018] and transcranial direct current stimulation 

[Feeser et al., 2014], have been developed and are currently employed to enhance cognitive control during 

emotion regulation. A comprehensive understanding of the neural mechanisms underlying cognitive 

reappraisal (CR) can aid researchers and clinicians in identifying potential biological marker to refine existing 

therapeutic techniques and identify potential new targets for therapy [Wang & Yin, 2023].  

Several functional magnetic resonance imaging (fMRI) studies have demonstrated that the prefrontal 

cortex (PFC) plays a central role in the generation and regulation of emotions [Dixon et al., 2017] Specifically 

regarding CR, meta-analytical findings have indicated an association between CR and increased activation in 

both PFC and the anterior cingulate cortex (ACC) [Ochsner et al., 2014]. Notably, CR appears to engage a 

network of cerebral regions involved in several important cognitive functions, in particular the dorsolateral 

PFC (attention allocation and working memory), the medial PFC (interpretation of internal and external 

emotional states), the ventrolateral PFC (response inhibition and selection information from memory), and the 

dorsal ACC (performance monitoring) [Nelson et al., 2015]. Additionally, it is known that CR tends to reduce 

activation in limbic regions, particularly the amygdala [Buhle et al., 2014; Nelson et al., 2015]. 
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Despite these findings, several aspects of the mechanisms underlying CR still require further 

clarification, such as for example the influence of white matter (WM) status. WM is crucial for human behavior 

by mediating the proper functioning of neural networks [Filley & Douglas Fields, 2016]. mong the non-

invasive imaging techniques used for in vivo analysis of WM fibers, Diffusion Tensor Imaging (DTI) 

tractography is widely employed [Assaf & Pasternak, 2008; Boucher et al., 2020]. This technique enables the 

virtual dissection of WM fibers and the assessment of WM microstructural integrity through the quantification 

of several DTI metrics [Catani & Thiebaut de Schotten, 2008; Boucher et al., 2020].  Recent DTI studies have 

demonstrated a positive correlation between the ability to regulate emotions through CR and the 

microstructural integrity of several association fiber bundles within the CR network. These bundles include 

the uncinate fasciculus, which connects the amygdala with the PFC [Wycoco et al., 2013]) [d’Arbeloff et al., 

2018], as well as of the superior longitudinal fasciculus which connects the PFC with the parietal, temporal, 

and occipital lobes [Wycoco et al., 2013]) [Vitolo et al., 2022]. 

Regarding commissural fiber bundles, a recent meta-analysis of voxel-based DTI studies by Jenkins 

et al. [Jenkins et al., 2016] revealed microstructural alterations in the forceps minor, an associative fiber bundle 

situated in the anterior part of the corpus callosum, in individuals with various emotional disorders. The forceps 

minor connects the bilateral medial and lateral prefrontal cortex (PFC) [Goldstein et al., 2022], and it plays a 

pivotal role in the control of attention skills [Mamiya et al., 2018]. In this context, we postulated that a similar 

association between CR and the WM status of the forceps minor could also be found in physiological 

conditions. To investigate this, we conducted a study aiming to examine the relationships between the 

microstructural and shape properties of WM, assessed through the DTI technique, and CR measured using the 

emotional regulation questionnaire (ERQ) [Gross & John, 2003]. We obtained data from a population of young 

healthy subjects (HS) extracted from the publicly available "Leipzig Study for Mind-Body-Emotion 

Interactions" (LEMON) dataset [Babayan et al., 2019]. 

 

2. Materials and methods 

2.1. Study population 
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The study population was extrapolated from the LEMON dataset [Babayan et al., 2019]. Since we 

utilized this freely available public dataset, ethical approval was not required. 

The original dataset consisted of 227 participants. To enhance the homogeneity of the study population 

and minimize confounding factors we implemented the following exclusion criteria for selection of individuals 

for the analysis: (a) patients > 55 years old (i.e. subjects from the elderly group of the LEMON dataset 

[Babayan et al., 2019]); given that age was reported as a categorical variable with 5-year intervals, we grouped 

the patients’ age into 16 progressive categories, from category 1  (0-5 years) to category 16 (75-80 years), so 

we excluded all the patients with age category > 12 (55-60 years); (b) non right-handed participants [McKay 

et al., 2017]; (c) diagnosis of previous or current psychiatric disease, including alcohol and drug addiction, and 

participants with positive urine test for drug presence; (d) individuals who reported smoking status [Hudkins 

et al., 2012]. 

 

2.2. Cognitive reappraisal and imaging assessment 

The CR assessment was codnucted using the CR subscale of the german version of the ERQ (CR ERQ 

score) [Gross & John, 2003; Abler & Kessler, 2009]. Briefly, the ERQ is a 10-items scale questionnaire 

designed for the evaluation of two emotion regulation strategies: CR and expressive suppression. Of the 10 

items, 6 are dedicated to CR evaluation, while 4 assess expressive suppression. Each item is rated on a seven-

point Likert-type scale ranging from 1 (strongly disagree) to 7 (strongly agree) [Gross & John, 2003; Li et al., 

2017]. Only participants who completed the CR ERQ subscale were included in this study. 

Regarding the MRI analysis, the diffusion-weighted imaging (DWI) sequence was extrapolated from 

the MRI protocol used in the LEMON dataset [Babayan et al., 2019]. This sequence was acquired with the 

following parameters: acquisition plane: axial; number of slices: 88; imaging matrix: 128 x 128; voxel size: 

1.7 mm, isotropic; diffusion-encoding gradient directions: 60 with maximum b-value = 1000 s/mm2, and 7 

non-diffusion-weighted with b-value = 0, distributed in the sequence; TR: 7000 ms; TE = 80 ms; FA = 90°. 

The other morphological sequences included in the MRI protocol were the T2-weightted sequence, the T1-

weighted magnetization prepared 2 rapid acquisition (MP2RAGE) gradient echoes (GE) sequence, the T2-
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weighted fluid-attenuated inversion recovery (FLAIR) sequence, and the GE susceptibility-weighted imaging 

(SWI) sequence. These morphological sequences were analyzed by an expert neuroradiologist (M.P., 9 years 

of radiological experience) to identify intracranial pathological findings such as brain tumors and/or congenital 

anomalies such as like partial or complete corpus callosum agenesia; subjects with at least one of these 

conditions were excluded from the final study population. 

For detailed information about the imaging protocol of the LEMON dataset, the reader is referred to 

check the LEMON paper [Babayan et al., 2019]. 

 

2.3. DTI reconstruction and metrics analysis 

The DTI analysis was made using the DSI studio software (2021.12.03 "Chen" Release - http://dsi-

studio.labsolver.org). An automatic quality control routine was employed to check the b-table of each DWI 

sequence for accuracy [Schilling et al., 2019]. Similarly to previous researches [Porcu et al., 2021; Porcu et 

al., 2022], subjects were excluded from the analysis if they met any of the following criteria: a) incomplete or 

low quality/defective scans (DWI count < 67; image dimension ≠ 128 x 128 x 88; image resolution ≠ 1.7 x 

1.7x 1.7 mm; max b-value < 1000); b) presence of ≥ 1 bad slices due to signal dropout; c) sequences with 

neighboring DWI correlation value <0.80. 

Subsequently, an automated analysis of shape and DTI metrics of forceps minor of every subject was 

then performed by using the AutoTrack tool of DSI Studio. The DTI metrics included fractional anisotropy 

(FA), mean diffusivity (MD), axial diffusivity (AD), radial diffusivity (RD), while the shape metrics 

encompassed the diameter and volume (in terms of number of voxels passed by all streamlines multiplied by 

the voxel size). This automatic deterministic fiber tracking algorithm [Yeh et al., 2013] aims to map a target 

pathway (the forceps minor in our case), by making a non-linear registration of subject data to Montreal 

Neurological Institute (MNI) space [Collins et al., 1994], and utilizing a tractography atlas-based pathway 

recognition algorithm [Yeh et al. 2018] to filter out false and unrelated tracks. Augmented tracking strategies 

[Yeh et al., 2020] were used to improve reproducibility. The forceps minor was mapped in each subject with a 

distance tolerance of 18 mm, by automatically placing a seeding region at the track region indicated by the 

http://dsi-studio.labsolver.org/
http://dsi-studio.labsolver.org/
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tractography atlas [Yeh et al. 2018]. A region of avoidance (ROA) was positioned at track tolerance region 

(+38, +41, +33 mm) in the MNI space, with a volume size of 3.2 mm3. The track-to-voxel ratio was set to 2. 

The anisotropy threshold was randomly selected. The angular threshold was randomly selected from 15° to 

90°. The step size was randomly selected from 0.5 to 1.5 voxels. Tracks with length shorter than 30 mm or 

longer than 300 mm were discarded. Topology-informed pruning [Yeh et al., 2019] was applied to the 

tractography with 32 iterations to remove false connections. Finally, shape analysis [Yeh et al., 2020] was 

performed to derive shape and DTI metrics. 

The accuracy of the results of the automated fiber tracking for the forceps minor of each subject 

included in the study population was checked by the same expert neuroradiologist who analyzed the 

morphological sequences. Subjects whose fiber tracking was deemed incomplete or incorrect were excluded 

from the study. A graphical example of the forceps minor track is reported in Figure 1. 

 

2.4. Statistical analysis 

The Shapiro-Wilk test was employed to test the normality assumption of the CR ERQ scores, DTI 

metrics (FA, MD, AD, and RD), and shape metrics (diameter and volume) of the forceps minor, adopting a 

statistical threshold of p < 0.05. When appropriate, a non-parametric two-tailed partial correlation analysis was 

conducted to examine correlations () between DTI and shape metrics of the forceps minor and CR ERQ 

scores. Age category and sex were included as confounders to account for the inhomogeneity of the study 

population. A statistical threshold of p < 0.05 as statistical threshold to reject the null hypothesis. All statistical 

analyses were made using SPSS 24 statistical package (SPSS Inc, Chicago, IL, USA).  

 

3. Results 

3.1. Study population, cognitive reappraisal assessment and DTI metrics analysis 

After applying all the exclusion criteria, the final study population consisted of 65 subjects;  the details 

of the population study selection process are reported in table 1.  
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Specifically, the final population study comprised 23 females and 42 males, with ages ranging from 

category 5 (20-25) to category 7 (30-35). The median overall age category was 5 (20-25). The details of the 

demographic statistics are presented in table 2. 

Regarding CR assessment, the mean CR ERQ score was 4.635 (minimum value = 1.333; maximum 

value = 7). The statistics of the reappraisal scores of the ERQ are reported in table 3. 

Analysis of the DTI metrics of the forceps minor revealed a mean FA value = 0.513, mean MD value 

= 0.835  10-3 mm2/s, mean AD value = 1.366  10-3 mm2/s, and mean RD value = 0,569  10-3 mm2/s. For 

what concern shape metrics, the analysis revealed a mean diameter value = 20.591 mm, and a mean volume 

value = 34.086 cm3. Complete results of the DTI analysis, including shape metrics, can be found in table 4. 

The comprehensive demographic and DTI data of each subject included in the study are provided in 

the supplementary table. 

 

3.2. Relationships between cognitive reappraisal and DTI metrics 

 The Shapiro-Wilk test revealed the non-normal distribution of MD (W = 0.988; p = 0.049), and the 

normal distribution of FA (p = 0.773), AD (p = 0.352), RD (p = 0.756), diameter (p = 0.157), volume (p = 

0.265), and CR ERQ (p = 0.075). All the results are reported in Table 5. 

 Although only MD was found to be not normally distributed, we chose to use the non-parametric two-

tailed partial correlation statistic to analyze the correlations between CR ERQ score and all DTI metrics. This 

decision was made to ensure a uniform statistical analysis considering the exploratory nature of the study and 

the relatively small study population [Fagerland, 2012]. The non-parametric two-tailed partial correlation 

analysis revealed the following statistically significant correlations between CR ERQ score and DTI metrics: 

a) mildly positive correlation with FA ( = 0.303; p = 0.016); b) weakly negative correlation with MD ( = -

0.269; p = 0.033); c) mildly negative correlation with RD ( = - 0.305; p = 0.015). Taken as a whole, these 

results indicate that as the value of CR ERQ score increases, FA tends to increase, while MD and RD tend to 

decrease. The results are reported in table 6 and figure 2. 
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4. Discussion 

Emotion regulation can be defined as the attempt to influence the processing and expression of 

emotions in ourselves and/or others, and it is considered a fundamental field of research in psychology and 

neuroscience [McRae & Gross, 2020]. CR is an important adaptive strategy for emotion regulation [Gross & 

John, 2003]. This mechanism operates by modifying emotional experiences at their early stages through 

cognitive processes that reinterpret emotional events [Gross et al., 1998; Cutuli, 2014]. Furthermore, the use 

of CR has been demonstrated to be associated with healthier patterns of affect, social functioning, and well-

being [Cutuli, 2014]. For example, emotion regulation results to be impaired in severe mood disorders such as 

bipolar disorder type 1 [Corbalán et al., 2015] and social anxiety disorder [Goldin et al., 2009]. The ERQ is a 

widely used tool recently developed and validated for evaluating CR and expressive suppression [Gross & 

John, 2003]. Studies utilizing the ERQ have demonstrated that the habitual use of CR remains stable over time 

and is scarcely related to personality traits, social desirability, and intelligence [Gross & John, 2003; John & 

Gross, 2004; Abler et al., 2010]. Additionally, it has been shown to have no effects on mnesic performances 

[Cutuli, 2014].  

In the last decades, several fMRI studies have aimed to uncover the neural mechanisms underlying 

CR. It is known that CR involves the activation of dorsolateral, ventrolateral, and medial PFC, as well as the 

dorsal ACC [Ochsner et al., 2014]. More recently, a tasking fMRI study by Sokolowski et al. [Sokolowski et 

al., 2022] demonstrated that the application of CR was associated with stronger activation of bilateral PFC 

during the regulation of positive emotions, particularly showing stronger activation of the left dorsolateral and 

ventrolateral PFC. Further, a study by McRae et al. [McRae et al., 2012], that examined CR in children, 

adolescents, and young adults, observed a linear age-related increase in neural activation of the ventrolateral 

PFC, as well as a quadratic linear age-related increase in neural activation in the medial PFC, posterior 

cingulate, and anterior temporal cortex in relation to CR. Collectively, these findings emphasize the central 

role of PFC in CR.  
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As we have seen in the introduction, DTI tractography is one of the most used non-invasive imaging 

techniques for analyzing WM microstructure thanks to its ability to virtually dissect the WM tracts and to 

quantify several DTI metrics [Assaf & Pasternak, 2008; Boucher et al., 2020; Catani & Thiebaut de Schotten, 

2008; Boucher et al., 2020].The DTI metrics analyzed in our research (FA, MD, RD and AD) reflect different 

aspects of WM properties [Winston, 2012; Winklewski wt al., 2018; Martinez-Heras et al., 2021; Figley et al., 

2022]. These metrics are among the most used in scientific literature for analyzing the WM microstructure 

both in normal [Krogsrud et al., 2016] and pathological conditions such as Parkinson’s disease [Zhang et al., 

2020] and Alzheimer’s disease [Xiao et al., 2022]. Traditionally, FA and MD have been considered markers of 

local cellularity, RD as a marker of local demyelination, and AD as a marker of axonal injury [Winston, 2012]. 

In the last years it has been evidenced that the interpretation of the DTI metrics is actually more complex, since 

each WM voxel contains multiple fiber populations with different trajectories, geometries, and microstructural 

properties [Figley et al., 2022]. For these reasons, it has been suggested that the DTI studies should be 

conducted by analyzing at the same time multiple DTI metrics, rather than focusing solely on a single metric 

[Figley et al., 2022]. Among the fibers that contribute to the interconnection and the proper functioning of 

PFC, the forceps minor plays a pivotal role. This WM tract mainly consists of homotopic fibers that 

interconnect the lateral and medial surfaces of the frontal lobes, including the medial and ventral PFC, by 

crossing the midline at the genu and rostrum of corpus callosum [Thomas et al., 2011; Gobbi et al., 2014; 

Mamiya et al., 2018]. Previous studies have demonstrated an association between the microstructural 

properties of forceps minor, measured with the DTI technique, and the control of attention skills [Mamiya et 

al., 2018]. For instance, Qiu et al. [Qiu et al., 2011] found lower FA values in the forceps minor of children 

with attention-deficit-hyperactivity disorder (ADHD) compared to HS. Similarly, lower FA values were also 

observed in the forceps minor of patients with frontotemporal dementia when compared to HS [Lillo et al., 

2012]. More recently, He et al. [He et al., 2018] demonstrated that altered integrity of the forceps minor may 

lead to poor interhemispheric communication across frontal cortices, potentially underlying some of the 

documented functional and structural abnormalities in patient affected by obsessive-compulsive disorder 

(OCD), a psychiatric disorder characterized by reduced cognitive regulation, included impairments in 

emotional responses [Ferreira et al., 2020]. This finding was further supported more recently by Dikmeer et al. 

[Dikmeer et al., 2021], who demonstrated that patients with OCD exhibited lower FA and higher RD values in 



. 

 
 

the anterior cingulum and forceps minor when compared to HS. Additionally, a study by Gobbi et al. [Gobbi 

et al., 2014] observed a reduction in FA of the forceps minor in patients with multiple sclerosis, which was 

associated with concurrent depression and fatigue, suggesting that the status of forceps minor could also be 

involved in the regulatory mechanisms of other neuropsychological functions. As for depression, a recent 

exploratory study by Vasavada et al. [Vasavada et al., 2016], which described the variation between responders 

and no-responders after medical treatment during an episode of major depression, found significant differences 

in tract-based diffusion metrics between the two groups. Specifically, non-responders showed reduced FA, 

increased RD, and reduced MD in the forceps minor. These results highlight how variations in FA and other 

diffusion metrics, including RD and MD, in fronto-limbic pathways linking brain regions associated with mood 

regulation and emotion may not only reflect an anatomical status but also may assist in predicting treatment 

response. 

In this study, we tested the hypothesis of the existence of a correlation between CR function (measured 

with the CR ERQ score) and the shape and microstructural properties of the forceps minor (analyzed usinmg 

the DTI technique). The results confirmed our initial hypothesis, revealing a mild statistically significant 

positive correlation between FA and CR ERQ score, a weak negative correlation between MD and CR ERQ 

score, and a mild negative correlation between RD  and CR ERQ score. However, no statistically significant 

correlations were found between CR ERQ score and AD, volume, and mean diameter. These findings suggest 

an association between CR ERQ scores and the microstructural status of the forceps minor WM. Specifically, 

although the exact interpretation of DTI metrics is still a matter of debate [Figley et al., 2022], it would appear 

that individuals with better emotion regulation abilities tend to exhibit a higher degree of myelination in the 

forceps minor, regardless of the shape metrics.  

The results of our study are consistent with those found in other recent DTI studies that have analyzed 

the association between CR and WM status of various association fiber bundles within the CR network in HS, 

particularly the uncinate fasciculus [d’Arbeloff et al., 2018], and the superior longitudinal fasciculus [Enrico 

et al., 2022]. Furthermore, these results do not seem to contradict previous studies that have examined the 

microstructural properties of forceps minor in several psychiatric conditions such as ADHD, OCD, and 

depression. All of these studies share a common finding, namely the demonstrated association between a 
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reduction in FA of the forceps minor and impaired control of emotion and attention skills. Based on the 

aforementioned evidence, we can speculate an "anatomical" hypothesis wherein individuals with a higher 

degree of myelination and integrity in the PFC WM tend to exhibit better emotion regulation through the CR 

process. In this context, a higher degree of myelination of forceps minor bundles would facilitate a more 

efficient communication between the cerebral regions of the PFC implied in CR mechanism and in attention 

control. At the same time, it is important to consider that CR is an adaptive skill that tends to develop through 

experience during growth and can be trained to modulate several aspects of emotional responding, including 

self-reported negative emotions [McRae et al., 2012]. Additionally, a growing body of literature suggests that  

WM microstructural development is a dynamic process that occurs not only during development and aging but 

also in response to phenomena such as experience and learning [Zatorre et al., 2012; Lebel et al., 2018; 

Williamson et al., 2018], with mechanisms partly mediated by neuronal activity [Lundgaard, 2013; Walhovd 

et al., 2014]. Considering these findings, it is reasonable to propose an additional, purely speculative "adaptive" 

hypothesis, according to which CR development through experience and/or pharmacological and non-

pharmacological therapies [Kazantis et al., 2018; Feeser et al., 2014] could influence PFC WM microstructure, 

including the forceps minor. However, due to the exploratory cross-sectional nature of the study and its 

exclusive focus on forceps minor, both the “anatomical” and “adaptive” hypotheses remain confined to the 

realm of pure speculation and require further investigation in future studies. 

We acknowledge several limitations in our study. The first limitation is related to the small size and 

composition of the study population. The study included only young HS of both sexes aged between 20 and 

35. This choice was made to prioritize the homogeneity of the study population based on the dataset's 

characteristics, specifically the absence of subjects in the age range of 35-59 [Babayan et al., 2019]. 

Additionally, the selection of study population was based on specific strict criteria to minimize confounding 

factors such as the presence of psychiatric disorders, severe systemic disorders, or other conditions known to 

influence WM properties, including smoking [Hudkins et al., 2012]. 

Furthermore, due to the exploratory nature of the study and the small study population, we decided not 

to apply any multiple test corrections in the statistical analysis to minimize type II statistical errors [Bender et 
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al., 2001]. Consequently, larger studies with a more extensive study population are needed to confirm these 

findings. 

Another limitation to note is that the frontal lobe can experience susceptibility distortion during the 

acquisition of diffusion-weighted imaging (DWI) sequences [Le Bihan et al., 2006]. As the forceps minor, 

located in the frontal lobe, is involved in the study, the quality of its tracking could be affected. However, two 

volumes with reversed phase encoding (AP and PA) were acquired after the DWI sequence in order to limit 

the geometric distortion in the LEMON dataset [Babayan et al., 2019]. Furthermore, an automated technique 

for standardizing the tracking method was used in the DTI analysis to minimize tracking bias, and the quality 

of the tracking of all the data was accurately checked by an expert neuroradiologist. 

Attention should also be given when interpreting the results. As mentioned at the beginning of this 

discussion, the interpretation of DTI metric results remains a subject of debate and ongoing research due to the 

inherent complexity of WM structure [Figley et al., 2022]. However, our study focused solely on the forceps 

minor, a WM region characterized by a relatively homogeneous composition and simple geometry, with very 

few crossing fibers [Figley et al., 2022; Fitsiori et al., 2011]. Consequently, the interpretation of the results can 

be reasonably considered more straightforward in this case [Figley et al., 2022].  

Lastly, we did not explore the association of our findings with cerebral activity, in particular the 

interhemispheric connectivity. 

All the aforementioned limitations affect the generalizability of the study. In particular, we focus our 

attention on a population of young HS, and we did not investigate the presence or absence of these correlations 

in pathological conditions and/or during aging and development. Furthermore, the DTI metrics are sensitive 

to the MRI scanner used for the analysis and the scanner acquisition parameters [Barrio-Arranz et al, 2015].  

However, this study could serve as a topic for consideration for further consideration in future studies aimed 

at understanding the impact of WM microstructure on CR mechanisms. 

 

5. Conclusions 
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This exploratory study confirmed the existence of a correlation between the CR, measured with the 

CR ERQ score, and the microstructural properties of forceps minor measured with the DTI technique in 

physiological conditions in a population of HS, similarly to what observed in other association fibers within 

the cerebral circuits involved in CR mechanism. While we are not allowed to draw firm conclusions at this 

stage and further confirmatory studies are needed, the findings of this research have the potential to provide 

valuable insight and serve as starting point for future research aimed at gaining a deeper understanding of the 

anatomical and physiological mechanisms underlying CR. Consequently, this research could help researchers 

identify therapeutic targets and/or biological markers of treatment response for psychological and psychiatric 

disorders characterized by impaired emotional responses. 
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Figure legends 

Figure 1: Example of Forceps Minor tracking; A) sagittal view; B) axial view.  

Figure 2: Graphs representing the relationships between the variables of the statistically significant 

correlations found in the two-tailed non-parametric partial correlation analysis: positive correlation between 

CR ERQ score and FA (on the left), and negative correlation between CR ERQ score and MD (in the center), 

and RD (on the right). MD and RD values are expressed in 10-3 mm2/s. 

 



. 

 
 

Table legends 

• Table 1: Details of the population study selection process. ERQ = Emotion Regulation Questionnaire; 

MP2RAGE = Magnetization Prepared 2 Rapid Acquisition; FLAIR = Fluid Attenuated Inversion 

Recovery; SWI = Susceptibility-Weighted Imaging; DWI = Diffusion Weighted Imaging. 

• Table 2: Demographic statistics of the study population. 

• Table 3: Statistics of the reappraisal scores of the ERQ test [Gross & John, 2003; Abler & Kessler, 

2009]. ERQ = Emotion Regulation Questionnaire. 

• Table 4: Statistics of the DTI metrics of forceps minor. 

• Table 5: Statistics of the Shapiro-Wilk test. 

• Table 6: Results of the non-parametric two-tailed partial correlation analysis.  = correlation 

coefficient; ERQ = Emotion Regulation Questionnaire; p = p-value; N = Number of subjects; FA = 

Fractional Anisotropy; MD = Mean Diffusivity; AD = Axial Diffusivity; RD = Radial Diffusivity.
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Supplementary table legend 

• Supplementary table: Complete demographic and DTI data (included shape metrics) of the 

population study. ID (identification number of the subject according to the LEMON dataset [Babayan 

et al., 2019]; FA = Fractional Anisotropy; MD = Mean Diffusivity; AD = Axial Diffusivity; RD = 

Radial Diffusivity; MD = Mean Diffusivity;  CR ERQ = score of the CR subscale of the german version 

of the Emotion Regulation Questionnaire. 

 



. 
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