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Abstract 

Findings of previous functional magnetic resonance imaging (MRI) and 

neuropsychological  studies have suggested that specific aspects of the 

basal  ganglia, particularly the putamen, are involved in the recognition of 

emotional facial  expressions.  However, it  remains unknown whether 

variations in  putamen structure reflect individual differences in  the 

abili ty to recognize facial  expressions.  Thus, the present study assessed  

the putamen volumes and shapes of 50 healthy Japanese adults using 

structural  MRI scans and evaluated the ability of participants to recognize 

facial expressions associated with six basic emotions: anger, disgust , fear, 

happiness, sadness,  and surprise. The volume of the bilateral  putamen was 

negatively associated with the recognition of fearful faces , and the local  

shapes of both the anterior and posterior subregions of the bilateral  

putamen, which are thought to support  cognitive/affective and motor 

processing, respectively, exhibited similar negative relationships with the 

recognition of fearful expressions. These results suggest that individual 

differences in putamen structure can predict the ability to recognize  

fearful facial  expressions in others. Additionally,  these findings  indicate 

that  cognitive/affective and motor processing  underlie this process.  

 

Keywords:  Basal ganglia; Emotion recognition; Fearful face;  Structural 

magnetic resonance imaging; Putamen 
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1. Introduction  

The basal ganglia represent a group of deep brain structures that  

consists  of the putamen, caudate,  nucleus accumbens, and globus pallidus 

(Arsalidou et  al .  2013).  It  is well-known that  the basal  ganglia serve as a 

point  of communication between the frontal cortex and the thalamus 

during motor functioning (DeLong & Wichmann 2007), and that these 

deep structures, particular ly the putamen and caudate, have somatotopic 

representations of faces and bodies  (Gerardin et al.  2003). Degeneration 

within these regions is consistently associated with  motor deficit diseases 

such as Huntington’s disease and Parkinson’s disease (Pitcher et al . 2012; 

Walker 2007), but recent research has shown that the basal ganglia also 

play important roles  in cognitive and emotional functions (Arsalidou et  al.  

2013),  including executive function (van den Heuvel et al.  2005) and 

mood changes (George et  al .  1995).   

We investigated the contribution of the basal ganglia to the 

recognition of other’s facial expressions .  The understanding of others’ 

facial expressions is  supported by the neurobiological  orchestration of 

cognitive,  emotional and motor processes,  which may be mediated by the 

basal  ganglia . For example,  behavioral  studies have demonstrated that the 

recognition of facial emotions is related to executive functions (Circelli  

et al.  2013), while other studies have revealed that aroused emotional 

states facilitate the understanding of mood congruent facial expressions 

in others (Lee et  al .  2008; Richards et al .  2002). Furthermore, a growing 

body of evidence has demonstrated the contribut ion of motor function to 

emotion recognition.  The occurrence and restriction of facial mimicry 

facili tate and suppress the recognition of others ’  facial  expressions, 

respectively (Niedenthal  2007; Oberman et al.  2007). Similarly,  a recent 

study revealed that the congruent facial muscle activities of an individual 

following observation of another’s  facial  movements elicit  emotional 

experiences and that the experienced emotion enhances emotion 

recognition (Sato, Fujimura,  et al.  2013). Although the potential link 

between the psychological  mechanisms  underlying emotion recognition 

and basal ganglia function raises the possibility that the basal  ganglia  

play a significant role in  the neurocognitive processes involved in the 

understanding of others’ facial expressions, no studies have investigated 

the relationship between individual  basal  ganglia structures and emotion 
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recognition. 

Among the structures within  the basal  ganglia, the putamen 

represents a candidate for the neural  correlate  that  underlies  the 

recognition of emotion. A recent investigation of the regional 

specialization of basal ganglia structures  associated with various 

psychological functions l inked the putamen to social  function s such as 

empathy (Pauli et al . ,  2016).  A meta-analysis of  functional magnetic 

resonance imaging (MRI) studies has demonstrated that the visual,  limbic,  

temporo-parietal,  and prefrontal  brain regions, as well  as the putamen, are 

activated during the observation of emotional facial expressions, happy 

facial expressions in particular (Fusar-Poli et  al. 2009). For example, an 

early functional MRI study found that  fearful and disgusted faces elicited 

a greater response in the putamen relative to neutral  expressions  (Phillips 

et al. 1998). Moreover, a task that  required the inference of emotional and 

mental states in others based on observation of the eye region  elicited an 

activation of the bilateral putamen in normal adults but not in adults with 

autism spectrum disorder (ASD) (Baron-Cohen et al.  1999). Although 

these findings suggest that the putamen is involved in the recognition of 

emotional facial  expressions,  the authors did not actively discuss the role 

of the putamen in emotion recognition.   

Furthermore, a growing body of neuropsychological evidence has 

suggested that the putamen is involved in the recognition of facial 

emotions. For example,  a lesion that included the putamen impaired a 

patient’s recognition of emotional facial expressions specifically related 

to anger and disgust  (Calder et  al.  2000, 2004).  Additionally,  patients 

with Huntington’s disease consistently show  an inabil ity to recognize  

anger, disgust  and fear in facial expressions (Henley et al.  2012).  

Similarly,  a meta-analysis found that patients with Parkinson’s disease 

have marked impairments in the recognition of negative emotions (e.g., 

anger and fear) relative to positive emotions (e.g. , happiness and 

surprise) (Gray & Tickle-Degnen 2010).  Although the neural  correlates 

underlying impaired emotion recognition in these patients  remain unclear,  

a striking loss of volume in the putamen and caudate nucleus  has been 

observed in patients with these disorders (Pitcher et  al. 2012; Walker  

2007).  

On the other hand,  the abovementioned evidence suggesting that the 
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putamen is involved in the recognition of  others’  facial  expressions  has 

some limitations . First, there has yet to be a functional MRI study 

investigating the relationship between the ability to recognize facial 

expressions and brain activation  in the basal ganglia.  Second, the 

inability of patients with brain damage and/or neurodegenerative diseases 

to identify facial expressions could also be explained by abnormalities 

outside the putamen, because this type of damage  is not necessarily 

restricted to a specific brain area (e.g. , Calder et al.  2000) and may 

indirectly influence the function of other brain regions. Finally,  these 

neuropsychological  studies have included relatively small numbers of  

patients. As a result,  i t  remains unknown whether individual differences 

in putamen structure reflect changes in  the abili ty to recognize facial 

expressions, particularly in healthy participants.  

Thus, the present study examined the relationship between putamen 

volume and the ability to recognize emotional facial expressions in 

normal young adults.  The volume of the putamen was calculated in both 

hemispheres for each participant using a structural MRI scan. For the 

facial expression recognition task, photographs of facial expressions 

depicting six basic emotions (anger, disgust, fear, hap piness, sadness, and 

surprise) were presented to the participants; they were then asked to 

choose the label that  best described the emotion expressed in each 

photograph. The correlational  relationships between the volume of the 

bilateral putamen and the percent accuracy for each emotion condition 

(i.e. out of 100) were analyzed with a general linear model  using the 

percent accuracy for emotion recognition as the effect  of interest.  The 

effects of hemisphere (left  or right),  sex (male or female), age, full -scale 

intelligence quotient (IQ) , and total cerebral volume (TCV) were included 

as effects of no interest and  were covaried out.  

Based on previous findings, it  was hypothesized that putamen volume 

would be associated with the abili ty to recognize emotional facial 

expressions. No hypotheses were made regarding the correlation between 

putamen volume and the ability to recognize specific facial expressions , 

because previous functional MRI and lesion studies have suggested that 

the putamen is involved  in the processing of several emotion cat egories.  

Additionally,  no specific hypotheses were made regarding the positive or 

negative direction of the correlations  due to previous findings showing an 
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increased putamen volume in individuals with ASD (Sato et al .  2014) and 

psychopaths (Yang et al .  2015),  who exhibit  deficits in emotion 

recognition (Dawel et al .  2012; Uono et al.  2011, 2013), and decreased 

putamen volumes in patients with  Huntington’s disease (Walker 2007) 

and Parkinson’s disease (Pitcher et  al.  2012), who exhibit impairments in 

the ability to recognize emotion based on facial expressions (Gray & 

Tickle-Degnen 2010; Henley et  al .  2012).  For exploratory purposes,  the 

present study also assessed the relationships between the abili ty to 

recognize facial expressions and the volumes of other basal  ganglia 

structures, including the caudate, globus pallidus and nucleus accumbens,  

and other subcortical  regions,  including the hippocampus, amygdala and 

thalamus. Finally,  as a complementary analysis, the present study 

investigated whether the abil ity to recognize emotion in facial  

expressions is associated with the local  shapes of the putamen to 

determine which parts of the putamen (e.g., anterior and posterior) were 

associated with emotion recognition .   

 

2. Material and Methods  

2.1 Participants  

The present study analyzed 50 healthy Japanese young adults (see 

Table 1.).  All  participants were right-handed, as assessed by the 

Edinburgh Handedness Inventory (Oldfield 1971), and had normal or 

corrected-to-normal visual acuity.  None of the participants had any 

neurological or psychiatric symptoms that were of  clinical significance, 

as determined by a psychiatrist using the Japanese version of the Mini 

International Neuropsychiatric Interview (M.I.N.I. ) (Otsubo et  al .  2005).  

Trait anxiety and depression levels of the participants were assessed with 

the Japanese versions of the State-Trait Anxiety Inventory (STAI) 

(Hidano et  al .  2000) and the Beck Depression Inventory-II (BDI-II) 

(Kojima & Furukawa 2003), respectively.   

Following an explanation of the experimental procedures, all 

participants provided written informed consent . This study was part  of a 

broad research project investigating mind-brain relationships and was 

approved by the local ethics committee of the Primate Research Institute 

at Kyoto University.  All procedures were conducted in accordance with 

the guidelines of the Declaration of Helsinki.  
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2.2 Emotion recognition task  

Using standardized photograph sets (Ekman & Friesen 1976; 

Matsumoto & Ekman 1988), a total  of 48 photographs of fac ial 

expressions depicting six basic emotions (anger, disgust, fear,  happiness, 

sadness,  and surprise) were selected as the experimental stimuli. Half of 

these pictures were of Caucasian models  and the other half were pictures 

of Japanese models. All experimental events were controlled by 

Presentation software (version 14.9,  Neurobehavioral System), 

implemented on a Windows computer  (HPZ200SFF, Hewlett -Packard 

Company),  and the st imuli were individually presented on a 19 -inch CRT 

monitor (HM903D-A, Iiyama) in random order in each block. Written 

labels  identifying the six basic emotions were presented on both sides of 

each photograph.  

The participants were asked to choose and orally answer which of the 

labels best described the emotion expressed in each photograph after 

being instructed to carefully consider all six alternatives prior to the ir 

response. No time limits were set  and no feedback was provided regarding 

the responses. The participants viewed facial expressions associated with 

each of the six basic emotions eight times. The experiment consisted of 

four blocks (two Caucasian and two Japanese face blocks) of 12 trials.  

The position of the labels was counterbalanced across blocks , and the 

order of the blocks was counterbalanced across participants.  It  was 

confirmed that all participants understood the meaning s of the labels as 

well as the instructions and, additionally,  each participant  performed two 

training trials to familiar ize them with the procedure.  After ensuring that 

the participants understood the task requirements,  the experimental trials 

were initiated. Previous studies using this paradigm found differences in 

the ability to recognize facial expressions between normal  and clinical  

populations (e.g.,  Okada et al.  2015; Sato et al.  2002; Uono et  al.  2011, 

2013).  

2.3 MRI acquisition  

The behavioral  task and MRI acquisition procedure were conducted 

on separate days. Image scanning was performed on a 3 -T scanning 

system (MAGNETOM Trio,  A Tim System, Siemens) at the ATR Brain 

Activity Imaging Center using a 12-channel array coil . T1-weighted 

high-resolution anatomical images were obtained using a 
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magnetization-prepared rapid gradient -echo sequence (repetition time = 

2250 ms, echo time = 3.06 ms, flip angle  = 9°,  inversion t ime = 1000 ms, 

field of view = 256 × 256 mm, matrix size = 256 × 256, voxel size = 1 × 1 

× 1 mm).  

2.4 Data analysis  

2.4.1 Emotion recognition task  

The percent accuracy (out of 100) for each emotion category and for 

all emotion categories combined were calculated. A repeated-measures 

analysis of variance was performed with emotion as an effect of interest  

and sex as an effect of no interest . The significance level (α) was set at 

0.05. Although we had no specific predictions for the effect of sex, this 

factor was included in the model and assessed for descriptive purposes. 

Although some previous studies have shown a female advantage in 

emotional processing, others have failed to detect  this (for a review, see 

Kret and de Gelder 2012). If  the sphericity assumption was violated  (p  < 

0.05),  probability values were evaluated using the Greenhouse–Geisser 

adjustment of degrees of freedom. When a main effect  for emotion was 

found, we used t-tests with Bonferroni correction for multiple 

comparisons (α = 0.003) to assess differences in percent accuracy among 

emotion conditions.   

We used one-sample t-tests with Bonferroni correction  (α = 0.008)  to 

test  whether the percent accuracy under each emotion condition was 

significantly greater than that by chance (16.7%).  

2.4.2 Segmentation  

Using MRI scans, volume and local shape analyses of the brain 

structures were performed with the Integrated Registration and 

Segmentation Tool (FIRST) in the FMRIB Software Library (FSL) ,  ver. 5 

(Patenaude 2007).  FIRST is a semi-automated subcortical segmentation 

tool used for efficient modeling of the brain shape and appearance within 

a Bayesian framework (Patenaude, Smith,  Kennedy, & Jenkinson  2011).  

This method has been validated (Patenaude et  al . 2011) and applied to a 

wide range of volumetric analyses (e.g.,  Pardini  et  al. 2014).  

All analyses were conducted using standard FIRST procedures. First , 

the images were registered to a common space based on the standard 

Montreal  Neurological Institute  (MNI)-152 template using the affine 

registration of the entire head and a subcortical  mask to exclude voxels 



9 

 

outside of the subcortical regions. Then, the inversion transformation was 

applied to bring the images back into the original space. Finally,  the brain 

structures were segmented based on a Bayesian shape and appearance 

model, which is part  of the FSL package and was originally constructed 

from manually segmented images provided by the Ce ntre for 

Morphometric Analysis (Boston, MA). One of the present researchers 

(T.K.) visually inspected the quali ty of the segmentation and validated 

the success of the automated segmentation procedure using FSL -provided 

script  to generate summary images in a well -organized webpage format 

(first_roi_slicesdir).   

2.4.3 Volume analysis  

Volumes of the subcortical regions in both hemispheres, including 

those of the putamen, caudate, globus pallidus, nucleus accumbens, 

amygdala, hippocampus, and thalamus,  were extracted for each 

participant . To control for TCV, modulated gray and white matter images  

were obtained using VBM8 software (http://dbm.neuro.uni -jena.de/vbm/), 

and the sum of gray and white matter volumes was calculated by 

integrating voxel intensities over the whole segmented image and then 

multiplying by voxel size.  

The correlational  relationships between putamen volume and 

percent accuracy for facial emotion recognition within each emotion 

condition (anger, disgust,  fear, sad , surprise,  and the combined  average) 

were analyzed using IBM SPSS statistics 22 software (IBM Corporation). 

A general  linear model was performed using putamen volume as the 

dependent variable and emotion recognition (percent accuracy) as the 

effect of interest  independent variable. Hemisphere,  sex, age, full -scale 

IQ, and TCV, and their interactions with emotion recognition,  were 

included as effects of no interest .  Because an effect of sex and/or 

hemisphere on putamen volume has been reported previously (e.g., 

Ruigrok et  al. 2014),  although these findings are controversial  (e.g., Sato 

et al.  2014), the effects of hemisphere and sex were assessed for 

descriptive purposes and reported when the effect of emotion recognition  

was significant . The effects of emotion recognition were assessed in both 

positive and negative directions  using F-statistics. A p  value < 0.008 

(0.05/6) was considered to indicate statist ical significance  because the 

analysis included performance under each of six basic emotion conditions 
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(with the exclusion of  happiness) and their averaged performance . Happy 

face recognition was excluded from the analysis because all  but one 

participant recognized happy faces at  the ceiling level (100%).  For 

exploratory purposes, the same analysis was applied to the other 

subcortical  structures (caudate,  globus pallidus, nucleus accumbens, 

hippocampus, amygdala, and thalamus).  

To complement the accuracy analysis, we investigated whether the 

significant relationship between putamen volume and fearful  face 

recognition could be explained by a response bias toward reporting fear in 

general. We used the same general linear model described above except 

that  the percentage of misinterpreting surprised faces as fearful face s 

(mean ± SD:  4.75 ± 9.41 %) was used as the independent variable,  

because the misinterpretation of  other emotional (i .e., angr y, disgusted, 

happy, and sad) faces as fearful faces at  last count was low (mean ± SD:  

0.56 ± 1.37%). P-values < 0.05 were considered to indicate statistical  

significance.  

2.4.4 Local shape analysis  

Putamen shape was analyzed by performing a surface morphometric 

analysis (Patenaude et al.  2011) implemented in the FSL software 

package. Because the FSL shape analysis is more sensitive to localized 

changes in the subcortical  regions than is  the volume analysis  (Nemmi et  

al. ,  2015),  it  is  suitable for investigating the neural  substrates underly ing 

a specific cognitive function in a small complex structure such as the 

putamen. Based on the results of the volume analyses, only the putamen 

and percent accuracy for the recognition of fearful faces were analyzed. 

Surface meshes were created on the le ft and right putamen using a 

deformable mesh model with each mesh comprised of a set of triangles;  

the apexes connecting the triangles were called as vertices. The number of 

vertices were held constant so that  the corresponding vertices were 

comparable across participants . The vertex locations in each participant  

at corresponding anatomical points were projected onto the normal 

surface of the average shape of the present  participants.  The projections 

were scalar values that represented the vertex displacement from the 

average surface to each individual surface and served as the dependent 

variable in the multiple regression analyses.  All  meshes were 

reconstructed in the MNI space to normalize brain size.  This process 
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allowed us to control  for the effect  of TCV. 

To identify changes in the vertices that  are associated with the 

abili ty to recognize fearful  facial expressions,  a vertex -wise multiple 

regression analysi s was conducted using the percent accuracy for fearful 

face recognition as the effect of interest  and sex, age and full -scale IQ as 

the effects of no interest . To assess the spatial extent of significant 

clusters, a shape analysis was performed separately in each hemisphere.  

The relationship between vertex change and percent accuracy for fearful 

face recognition was assessed using a non-parametric permutation-based 

inference (Winkler,  Ridgway, Webster, Smith, & Nichols  2014).  A total 

of 5,000 permutations of the data were generated to test against when 

building up the null distribution. A p  value < 0.05 (cluster-level 

family-wise error (FWE) corrected) was considered to indicate statistical  

significance based on the threshold-free cluster enhancement method 

(Smith & Nichols  2009).  

 

3. Results  

3.1 Emotion recognition task  

The percent accuracy in the emotion recognition task is shown in 

Table 2.  The analysis revealed a significant main effect for emotion (F (5 ,  

2 4 0 )  = 44.457, p  < 0.001, ηp
2  = 0.481).  Follow-up t-tests with  Bonferroni 

correction (α = 0.003) revealed that the performance accuracy for happy 

faces was significantly higher than that  for the other emotions (t (4 9 )  > 

3.239, p  < 0.002). The performance accuracies for sad and surprised faces 

were significantly higher than those for angry, disgusted,  and fearful 

faces (t (4 9 )  > 5.071, p  < 0.001).  We found no significant differences in 

percent accuracy between sad and surprised faces  ( t (4 9 )  = 1.864, p  = 

0.068) or among angry, disgusted, and fearful  faces  (t (4 9 )  < 1.603, p  > 

0.115). We found a significant main effect for sex (F (1 ,  4 8 )  = 6.231, p  = 

0.016, ηp
2  = 0.115),  indicating that emotion recognition performance was 

better in females  than in males. However,  the effect  of sex was not 

significant for every emotion  (t (4 8 )  < 1.619, p  > 0.112).  No significant  

interaction was found between emotion and sex (F (5 ,  2 4 0 )  = 0.557, p  = 

0.680, ηp
2  = 0.011).  

One-sample t-tests with Bonferroni correction (α = 0.008) were 

performed to test for differences significantly greater than chance 
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(16.7%; 100/6). Performances were significantly greater than chance 

under all emotion conditions (t (4 9 )  >13.543, p  < 0.001).  

3.2 Volume analysis  

In terms of the relationship between putamen volume and the 

accuracy of emotion recognition, an analysis of fearful expressions 

revealed a significant main effect  of emotion recognition ( F (1 ,  4 4 )  = 9.978, 

p  = 0.003, ηp
2  = 0.185).  This indicates that the putamen volumes of the 

participants were negatively related with  the recognition of fearful  faces 

(Fig.  1).  For exploratory descriptive purposes,  we investigated the effects 

of sex and hemisphere. We found no significant main effect  for sex (F (1 ,  

4 4 )  = 1.254, p  = 0.269, ηp
2  = 0.028) or hemisphere (F (1 ,  4 4 )  = 0.666, p  = 

0.419, ηp
2  = 0.015). Furthermore, the interactions of hemisphere with 

emotion recognition and sex did not reach statistical  significance 

(hemisphere and fearful face recognition, F (1 ,  4 4 )  = 1.635, p  = 0.208, ηp
2  = 

0.036; hemisphere and sex, F (1 ,  4 4 )  = 1.514, p  = 0.225, ηp
2  = 0.033).   

When this  analysis was conducted for the other emotion conditions,  

the main effects and interactions for the emotion recognition factor  did 

not reach the threshold for significance (F  (1 ,  4 4 )  < 5.685, p  > 0.021).  

Likewise, analyses of the other subcortical structures did not reveal 

any main effects or interactions for emotion recognition in any of the 

emotion conditions at the threshold  for significance; these results are 

provided for descriptive purposes in the Supplementary materials.  

To demonstrate that the significant relationship between putamen 

volume and fearful face recognition  was not due to a response bias toward 

reporting fear in general , we investigated whether the tendency to 

misinterpret  surprised faces as fearful  faces was correlated with putamen 

volume.  We found no significant main effect of fear misinterpretation on 

putamen volume (F (1 ,  4 4 )  = 1.803, p  = 0.186, ηp
2  = 0.039), indicating that 

individuals  with a small  putamen accurately recognized fearful faces with 

no response bias.  

3.3 Local shape analysis  

Local shape analyses revealed significant negative associations 

between the percent accuracy for fearful face recognition and the anterior 

and posterior aspects  of the left putamen and overall right putamen (all p  

< 0.05, cluster-level FWE corrected; Fig. 2).  
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4. Discussion 

The present study explored the relationship between the volume of 

putamen and other subcortical  structures and the ability to recognize 

faces expressing the six basic emotions.  We found a significant negative 

relationship between  putamen volume and percent accuracy for  fearful 

face recognition  without an interaction effect of hemisphere after 

controlling for the effects of TCV, age, sex, and full-scale IQ. Our 

findings could not be fully explained by a response bias toward reporting 

fear, because the misinterpretation of surprised faces as fearful faces was 

not associated with putamen volume. Several  lines of evidence have 

provided partial  support  for the involvement of the putamen in the 

processing of emotional facial expressions. A meta-analysis of functional 

MRI studies identified activation in the putamen during observation of 

emotional facial  expressions (i.e. , 

anger/disgust/fear/happiness/neutral/sadness  > baseline)  (Fusar-Poli et al.  

2009).  An early functional MRI study found that  compared with neutral 

expressions,  facial expressions of fear and disgust differentially activated 

the putamen (Phillips et  al . 1998). A recent study demonstrated that 

fearful and surprised faces elicited activation in the putamen (Zhao et al . 

2017).  Another study found that task instructions modulated the putamen 

response to fearful faces (Lange et al .  2003). Additionally,  

neuroanatomical studies have determined that individuals with 

high-functioning ASD (Sato et al.  2014) and psychopaths (Yang et al.  

2015),  who both exhibit  impairments in the recognition of  negative facial 

emotions, fearful faces in particular (Dawel et  al . 2012; Uono et al.  2013),  

have enlarged putamen structures. Together with previous findings,  the 

present study suggested that an increased bilateral putamen volume is 

related to difficulties recognizing fearful  faces.   

Local shape analyses revealed that  deformities with in the anterior 

and posterior aspects  of the bilateral putamen are also negatively 

correlated with the percent accuracy for fearful  face recognition. Given 

that  changes in the boundaries of structures (in a vertex-based manner) 

are indicative of  local volume changes,  the results of this analysis also 

suggest  that increased local volumes of both the anterior and posterior 

putamen were correlated with difficulties  recognizing fearful  faces.  A 

recent meta-analysis of functional MRI studies found that the more 
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anterior aspect of the putamen is involved in cognitive (executive 

function/working memory) and affective (reward/emotion ) processing, 

while the more posterior aspect of the putamen contributes to motor 

function (body/eye movements) (Arsalidou et al.  2013). Consistent with 

these findings,  anatomical studies have indicated that the anterior and 

posterior putamen are associated with cognitive/affective processing and 

motor function, respectively,  because the former receive s inputs from the 

dorsolateral and medial prefrontal cortex while the latter receives inputs 

from the motor cortex (Draganski et al. 2008; Grahn et  al .  2008).  These 

anatomical connections might allow the putamen to an important role 

during emotion recognition  in terms of orchestrating cognitive, affective 

and motor functions.  

Although the specific cognitive, emotional and/or motor functions of 

the putamen during the recognition of fearful expressions  remain to be 

fully characterized, neurological evidence has provided insight into its 

motor functions.  The putamen has somatotopic representations of facial 

structures  (Gerardin et al.  2003),  and damage to or the enlargement of this 

region can induce various types of focal dystonia , such as blepharospasm; 

an apraxia of eyelid opening that  is caused by spasms of the orbicularis 

oculi muscles  (Black et al.  1998; Etgen et  al.  2006; Verghese et al.  1999),  

which are involved in expression of fear  (Ekman & Friesen 1978). 

Furthermore, functional imaging studies have observed activation in  the 

putamen and motor cortex associated with  spasms and during a blinking 

task in patients with blepharospasm (Baker et al.  2003; Schmidt et  al .  

2003).  These findings suggest that an increased putamen volume might 

interfere with the smooth response of facial muscles around the eyes,  

even in healthy adults. It has been proposed that automatic and 

intentional facial mimicry modulate the recognition of others’ facial  

expressions (Niedenthal 2007; Oberman et al.  2007; Sato, Fujimura, et al.  

2013), and that  information from the eye region plays a critical role when 

discriminating fearful faces from other facial expressions (Adolphs et al.  

2005).  Taken together, the previous and present findings suggest that an 

increased putamen volume may restrict  automatic facial mimicry,  

particularly in the eye region, and induce difficulties  when recognizing 

fearful faces. Structural  MRI studies have demonstrated that  

high-functioning individuals with ASD exhibit increased volumes in the 
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putamen (Sato et al.  2014),  while behavioral  studies have shown that this 

population has impaired facial mimicry (Yoshimura et al.  2015) and 

difficulties in recognizing negative facial emotions, fearful faces in 

particular  (Uono et  al.  2013).  Based on such findings ,  there may be a link 

between increased putamen volume and impaired recognition and 

expression of emotional faces. However,  to directly confirm this link , 

further studies are necessary to investigate the relationships among the 

function and structure of the putamen, facial mimicry and emotion 

recognition in healthy participants and patients with restricted putamen 

damage.  

Given that the putamen is involved in emotion processing, i t  is 

possible to  argue that there was a significant  relationship between 

putamen volume and emotion recognition in the present study, because 

the stable emotional characteristics of the participants,  namely their 

levels of anxiety and depression, as well  as their brain volumes, may have 

influenced their abili ty to recognize emotion . Previous studies have 

demonstrated that  high trait anxiety enhances the recognition of fearful 

faces (Richards et  al.  2002; Surcinelli  et al.  2006), while a meta-analysis 

found that clinical depression impaired recognition of all basic emotions 

except sadness  (Dalili et  al. 2015). However, a meta-analysis of 

voxel-based studies did not find changes in putamen volume, even in 

patients with anxiety disorders (Shang et al.  2014) or major depression 

(Bora et al.  2012). Our analysis, which controlled for the effects of trait 

anxiety and depression revealed a significant  effect on the ability to 

recognize fearful faces (see Supplementary material). Based on this  

evidence, the stable emotional characteristics of the participants cannot 

explain the positive correlation between an increased volume in the 

bilateral putamen and difficulties recognizing fearful faces.  It  is possible 

that  the cognitive/affective subregion of the putamen may contribute to 

the recognition of emotions via changes in the transient emotional state 

(e.g. , emotional changes induced by facial  mimicry).  Further study is 

needed to determine whether addit ional variables  moderate the 

relationship between putamen volume and emotion recognition.  

The present study did not find  a significant relationship between the 

volumes of the other subcortical regions and the ability to recognize 

emotion in facial  expressions .  In contrast ,  previous studies have observed 



16 

 

correlations between impaired recognition of specific emotions and 

structural and/or functional abnormalit ies in various subcortical regions,  

including fear and the amygdala (Adolphs et  al .  2005),  and disgust and 

the basal ganglia (Calder et  al.  2000). Additionally,  it  was recently shown  

that  the volume of the amygdala is  correlated with the accurate 

recognition of fearful , but not other emotional , faces, although this 

particular  study utilized a different experimental  paradigm and different 

segmentation methods, and did not control for age, sex or IQ of the 

participants (Zhao et  al .  2013).  There may be some explanations 

regarding the discrepancies among the present study and previous lesion 

and functional imaging studies.  First,  the present study measured 

individual differences in subcortical volume in healthy adults ,  and the 

volume loss that was induced by neurological disease  may have had a 

more striking effect  on the ability to recognize emotions compared to 

volume changes across development. Second, the task in the present study 

required the participants to  carefully consider all  six alternatives prior to 

responding and no time limits were set . A task requiring a rapid response 

under t ime pressure might have altered the relationship between amygdala 

volume and the ability to recognize fearful faces (Zhao et  al.  2013), 

because the amygdala is involved in the rapid and unconscious processing 

of emotional stimuli (Sato, Kochiyama, et  al .  2013).  

It  should be noted that  the present  study has several  limitations. First,  

the recognition of emotion involves several  stages of processing 

including perceptual processing, motor and affective response s, and the 

interpretation of emotional meanings  (e.g. , Sato et al.  2013). Although 

the present study speculated on the involvement of the putamen in facial 

mimicry, further studies are necessary to specify the particular functional 

role of the putamen via the use of a task that  focuses on the specific 

components of emotion recognition. Second, all  but one participants 

showed a clear ceiling effect  for the recognition of happy faces. The 

percent accuracy scores for the sad and surprised faces were significantly 

higher than those for the other negative fac ial  emotions (anger, disgust ,  

and fear).  The high mean percent accuracy for these conditions (> 85%) 

may be explained by the fact  that several  participants had 100% accuracy, 

which may have confounded the volume analysis .  Furthermore, 

differences in difficulty across the emotion categories may have affected 
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the participant’s labeling strategy, such that when they found i t  difficult 

to identify an emotional expression, participants may have selected a 

complex emotion category (e.g.,  fear).  Although we did not find a 

response bias toward reporting fear,  a behavioral task in which the 

difficulty level is consistent  across all emotion categories  should be 

applied to avoid these potential confounding factors in future studies. The 

use of subtle emotional expressions created by a computer morphing 

technique (e.g. , Uono et al.,  2014) may help achieve a consistent level of 

difficulty across emotion categori es.  Furthermore, the presentation of 

dynamic facial  expressions that  reliably recruit multiple brain regions and 

elicit  several psychological  processes (Arsalidou et  al.,  2011; Sato et  al .,  

2017) would prevent a floor effect .  

 

5. Conclusion  

The present study found that  individual differences in putamen 

volume predicted the ability of healthy adults to recognize fearful facial 

expressions after controlling for age, sex,  full-scale IQ, and emotional 

traits.  However, it  could not predict the abili ty to recogn ize other 

emotional facial  expressions.  These findings indicate that an increased 

volume in the bilateral putamen may be correlated with difficulties 

recognizing fearful faces , and that the anterior and posterior regions of 

the putamen, which support  cognitive/affective and motor processing, 

respectively,  are involved. This  evidence provides insights into the role 

of the putamen during emotion recognition. Because neurological 

findings have shown that  an increased putamen volume is associated with 

spasms of the orbicularis oculi muscles, i t  is possible to  speculate that  

this increase may restrict automatic facial  mimicry,  particularly in the eye 

region, and induce specific difficulties  when recognizing fearful faces. 

The relationships among the brain,  facial  muscles, and the recognition of 

emotion offer promising avenues for future research in social  cognition.  
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Tables 

 

Table 1. 

Participant characteristics 

Sex (male:female) 26:24 

 
  

 
Mean (SD) 

Age (y) 22.4 (4.4) 

Verbal IQ 121.5 (9.3) 

Performance IQ 116.7 (10.4) 

Full IQ 121.4 (8.6) 

STAI (trait anxiety) 46.4 (8.6) 

BDI-II 9.4 (6.8) 

IQ: intelligence quotient; STAI: State and Trait Anxiety 

inventory; BDI: Beck depression inventory 
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Table 2. 

Emotion recognition performance for each condition 

Emotion category Anger Disgust Fear Happiness Sadness Surprise ALL 

Mean 57.8 63.8 64.0 99.8 86.0 92.0 77.2 

SD 20.0 22.1 24.7 1.8 15.1 16.7 7.1 

 



26 

 

 

Figure 1.  Relationship between the accurate recognition of fearful  faces 

and adjusted putamen volume in the left and right  hemispheres. The 

effects of sex, age, full -scale intelligence quotient, and total cerebral 

volume were covaried out.   
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Figure 2.  Local shape analyses showing significant negative associatio ns 

with percent accuracy for fearful  face recognition in the left  and right 
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putamen. The effects of sex, age, and full -scale IQ were covaried out. (a) 

Surface maps showing significant clusters. The lateral and medial 

surfaces (z–y planes) are shown.  Yellow-red color indicates the p -value 

after cluster-level family-wise error (FWE) corrections for multiple 

comparisons.  (b) Axial sections in the MNI space showing the mean 

normalized putamen shape (blue), localization of statistically significant 

correlations with vertex displacements , and percent accuracy for fearful 

face recognition. The green lines indicate peaks  at the anterior (x  = −17, y  

= 17, z  = −8) and posterior (x  = 32, y  = −2, z  = 3) putamen in the left and 

right hemispheres, respectively.  R, right. Scatter plots with regression 

lines indicate the perpendicular distance from the average surface as a 

function of the percent accuracy of fe arful face recognition at  the left  and 

right putamen foci, respectively.   
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Supplementary Materials  

1. Exploratory analysis at  a liberal threshold  

The analyses in the present study were also conducted using a more 

liberal threshold (p  < 0.05) for exploratory purposes. Of the basal  ganglia 

structures,  there was a main effect of em otion recognition only in the 

nucleus accumbens for fearful (F (1 ,  4 4 )  = 5.091, p  = 0.029, ηp
2  = 0.104) and 

sad (F (1 ,  4 4 )  = 4.875, p  = 0.033, ηp
2  = 0.100) expressions. These findings 

indicate that the nucleus accumbens volume was positively and negatively 

correlated with the recognition of sad and fearful faces, respectively.  In 

terms of the volumes of the putamen, caudate and globus pallidum, 

although there was an interaction between hemisphere and emotion 

recognition (putamen-surprise:  F (1 ,  4 4 )  = 5.685, p  = 0.021, ηp
2  = 0.114; 

caudate-surprise: F (1 ,  4 4 )  = 6.245, p  = 0.016, ηp
2  = 0.124; globus 

pallidus-anger: F (1 ,  4 4 )  = 5.681, p  = 0.022, ηp
2  = 0.114), the main effect of 

emotion recognition did not reach even the liberal threshold for either 

hemisphere (F (1 ,  4 4 )  < 1.887, p  > 0.176). Additionally,  there were no 

significant effects of emotion recogn ition in the other subcortical regions 

including the thalamus, amygdala and hippocampus ( F (1 ,  4 4 )  < 3.847, p  > 

0.056).  

 

2. Effects of  stable emotional characteristics of the participants on the 

relationship between putamen volume and fearful  face recogniti on 

To exclude the possibility that the stable emotional characteristics of 

the participants may have influenced the relationship between the ability 

to recognize emotion and putamen volume, additional analyses were 

conducted using a repeated-measures general  linear model. Percent 

accuracy for fearful face recognition  was used as an independent variable  

(effect  of interest) . Hemisphere (left or right), sex (male or female), age, 

full-scale IQ, TCV, and trait anxiety or depression were included  as 

covariates (effect  of no interest) . The levels of trait  anxiety and 

depression were measured with the Japanese version of the STAI and the 

BDI-II, respectively.  The effects of recognition of fearful  faces remained 

significant when the level of trait anxiety (F (1 ,  4 3 )  = 10.375, p = 0.002,  ηp
2  

= 0.194) or depression (F (1 ,  4 3 )  = 11.393, p = 0.002,  ηp
2  = 0.209) were 

included as additional factors. The stable emotional characteristics of the 

participants could not explain the negative correlation between the 
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increased volume of the bilateral putamen and he percent accuracy for 

fearful face recognition. For the local shape analysis, multiple regression 

analyses were conducted using the percent accuracy for fearful face 

recognition as the independent variable and sex, age, fu ll-scale IQ, and 

trait anxiety or depression as covariates (effects of no interest). There 

were significantly spread clusters that exhibited negative associations 

with the percent accuracy for fearful face recognition in the bilateral 

putamen after controlling for trait anxiety or depression (all  p  < 0.05, 

cluster-level FWE corrected; Supplementary Fig. 1) .  

 

  

 

Supplementary Figure 1.  

 

 

 


