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Abstract 
Recent developments in near-infrared spectroscopy (NIRS) have enabled 
non-invasive clarification of brain functions in psychiatric disorders. 
Functional neuroimaging studies of patients with obsessive-compulsive 
disorder (OCD) have suggested that the frontal cortex and subcortical 
structures may play a role in the pathophysiology of the disorder. Twelve 
treatment-naïve children with OCD and 12 age- and sex-matched healthy 
control subjects participated in the present study after giving consent. The 
relative concentrations of oxyhemoglobin (oxy-Hb) were measured with 
prefrontal probes every 0.1 sec during the Stroop color-word task, using 
24-channel NIRS machines. During the Stroop color-word task, the oxy-Hb 
changes in the OCD group were significantly smaller than those in the 
control group in the prefrontal cortex, especially in the frontopolar cortex. 
The present study suggests that children with OCD have reduced prefrontal 
hemodynamic response as measured by NIRS. 
 
Keywords: pediatric obsessive-compulsive disorder, near-infrared 
spectroscopy, functional neuroimaging study, prefrontal hemodynamic 
response 
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Introduction 
Recent functional neuroimaging studies of patients with 
obsessive-compulsive disorder (OCD) have suggested that the frontal cortex 
and subcortical structures may play a role in the pathophysiology of the 
disorder. Studies of OCD patients using single photon emission computed 
tomography (SPECT) have suggested dysfunction of the orbitofrontal cortex 
and the caudate nucleus [1, 2]. Each study reported increased and/or 
decreased activity in local regions such as the anterior cingulate cortex, the 
orbitofrontal cortex and the caudate nucleus. Several studies of OCD 
patients using positron emission tomography (PET) have identified 
abnormally high functional activity in local regions such as the orbitofrontal 
cortex, the anterior cingulate cortex, and the caudate nucleus [3, 4]. Menzies 
et al. [5] performed a meta-analysis of functional magnetic resonance 
imaging (fMRI) findings and reported consistent abnormalities in 
orbitofronto-striatal and other additional areas in OCD patients. It has been 
postulated that the cortico-striato-thalamo-cortical circuit mediates the 
symptomatic expression of OCD [6]. Thus, it is possible that OCD patients 
have differential prefrontal hemodynamic response. 

However, functional brain imaging methodologies, such as PET, SPECT 
and fMRI, have the disadvantage of requiring large apparatuses, which 
prevents their use in a bedside setting for diagnostic and treatment purposes. 
Furthermore, these functional brain imaging methodologies do not offer high 
time resolution. By contrast, multi-channel near-infrared spectroscopy 
(NIRS) systems have recently been developed to allow non-invasive and 
bedside functional mapping of the cerebral cortex, with high time resolution 
[7-9]. Additionally, functional studies of pediatric OCD populations with 
SPECT and PET are rare owing to restrictions in the use of radioactive 
material in young subjects. Recently, results of several fMRI studies that do 
not entail the use of radioactive materials have become available [10-12]. 

NIRS is a method that enables functional imaging of brain activity [13]. It 
measures changes in the concentration of oxy-hemoglobin (oxy-Hb) and 
deoxy-hemoglobin (deoxy-Hb), as well as the changes in the redox atate of 
cytochrome-c-oxidase by their different specific spectra in the near-infrared 
range between 700–1,000 nm. Due to neurovascular coupling [14, 15], brain 
activation leads to an increase in cerebral blood flow without a proportionate 
increase in oxygen consumption, and, consequently, to an increase in the 

 3 



Reduced Prefrontal 

concentration of oxy-Hb and a decrease in the concentration of deoxy-Hb [13]. 
NIRS is a neuroimaging modality that, for the following reasons is especially 
suitable for psychiatric patients [16]. First, because NIRS is relatively 
insensitive to motion artifact, it can be applied to experiments that might 
cause some motion of the subjects such as vocalization. Second, the subject 
can be examined in a natural sitting position, without any surrounding 
distraction. Third, the cost is much lower than other neuroimaging 
modalities and the set-up is very easy. Fourth, the high temporal resolution 
of NIRS is useful in characterizing the time course of prefrontal activity of 
psychiatric disorders [17, 18]. Accordingly, NIRS has been used to assess 
brain functions in many psychiatric disorders, including schizophrenia, 
bipolar disorder, depression, dementia, post traumatic stress disorder, and 
pervasive developmental disorders [16-23]. 

Recent developments in NIRS have enabled non-invasive clarification of 
brain functions in pediatric psychiatric disorders. For example, in pediatric 
attention-deficit/hyperactivity disorder (ADHD), reduced prefrontal 
hemodynamic response has been reported as measured by NIRS. Negoro et 
al. [24] examined reduced prefrontal hemodynamic response in ADHD 
children as measured by NIRS and determined cerebral hemodynamic 
changes in response to the Stroop color-word task in 20 children with ADHD 
and 20 healthy age- and sex-matched controls. They found that the oxy-Hb 
changes in the control group were significantly larger than those in the 
ADHD group in the inferior prefrontal cortex during the Stroop color-word 
task. Schroeter et al. [25] examined hemodynamic responses during 
incongruent, congruent, and neutral trials of the Stroop task using NIRS in 
14 adult healthy controls and reported that the hemodynamic response was 
stronger during incongruent trials compared with congruent and neutral 
trials of the Stroop task in the lateral prefrontal cortex bilaterally. Thus, the 
stronger hemodynamic response was interpreted as stronger brain activation 
during incongruent trials of the Stroop task because of interference. 

To our knowledge, however, there are no reports on prefrontal 
hemodynamic response in pediatric OCD patients as measured by NIRS. 
Based on previous studies using other neuroimaging techniques that showed 
dysfunction of the prefrontal cortex, we hypothesized that children with 
OCD have reduced prefrontal hemodynamic response as measured by NIRS. 
Thus, in the present study, we used multi-channel NIRS machines to 
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examine the characteristics of prefrontal cerebral blood volume changes 
during the Stroop color-word task in pediatric OCD patients and in age- and 
sex-matched control subjects. 
 
Methods 
Subjects 
Twelve subjects (6 boys and 6 girls), aged 9-14 years and diagnosed with 
OCD according to DSM-IV-TR [26], were compared with 12 age-, sex-, and 
intelligence quotient (IQ)-matched healthy control subjects (6 boys and 6 
girls), aged 10-14 years (Table 1). 

The subjects with OCD, who had no history of previous psychiatric 
disorder treatment, consulted one of the experienced pediatric psychiatrists 
at the Department of Psychiatry of Nara Medical University. The subjects 
with OCD underwent a standard clinical assessment comprising a 
psychiatric evaluation, a semi-structured diagnostic interview (the Kiddie 
Schedule for Affective Disorders and Schizophrenia for School-Age 
Children-Present and Lifetime version (K-SADS-PL) [27], and a medical 
history by the experienced pediatric psychiatrist. Two experienced pediatric 
psychiatrists confirmed the diagnosis of OCD according to DSM-IV-TR [26]. 
Intellectual level was assessed with the Wechsler Intelligence Scale for 
Children–Third Edition by the psychologist, and patients whose full scale IQ 
(FIQ) scores were below 70 were excluded. Patients who presented a 
comorbid Axis Ⅰ diagnosis, a neurological disorder, a head injury, a serious 
medical condition or a history of substance abuse/dependence were excluded; 
two patients with chronic tic disorder and two patients with 
attention-deficit/hyperactivity disorder were excluded. Finally, 12 subjects 
with OCD who had no previous medication were enrolled in the present 
study. 

Healthy control subjects were recruited from local elementary schools and 
junior high schools. They also underwent a standard clinical assessment 
comprising a psychiatric evaluation, a semi-structured diagnostic interview 
(K-SADS-PL), and a medical history by the experienced pediatric 
psychiatrist. Intellectual level was assessed with the Wechsler Intelligence 
Scale for Children–Third Edition by the psychologist. Finally, 12 healthy 
control subjects, who did not have confirmed OCD and who had no current or 
past history of psychiatric or neurological disorder, were enrolled in the 
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present study as well. 
All subjects were right-handed and Japanese. Ethical approval for the 

present study was obtained through the Nara Medical University. Written 
informed consent was obtained from all subjects and/or their parents before 
the study. 
 
Assessment of OCD symptoms 
The Children’s Yale-Brown Obsessive-Compulsive Scale (CY-BOCS) [28] was 
used to evaluate OCD symptoms in OCD children. The CY-BOCS is a 
well-known 10-item semi-structured clinician-rated instrument and is 
designed to assess current OCD symptoms and severity. Obsessions and 
compulsions are each rated using a five-point scale (score ranging from 0 to 
4) assessing multiple domains related to OCD symptom severity, including 
time, interference, distress, resistance, and control. Consequently, the 
CY-BOCS yields a total obsession score (0-20), a total compulsion score (0-20), 
and a combined total score (0-40), with higher scores indicating increasing 
symptom severity. The CY-BOCS has adequate convergent and divergent 
validity [29, 30]. 

OCD subjects underwent assessment for CY-BOCS (Table 1) at the same 
day that they were measured by NIRS. As shown in Table 1, the mean 
CY-BOCS score was 22.08 (SD, 4.87), ranging from 13 to 28. The factor 
analysis by Leckman et al. [31] is utilized; the individual symptom subtype 
were contamination and cleaning (50.0%, n=6), obsessions and checking 
(41.7%, n=5), symmetry and ordering (8.3%, n=1), with none exhibiting 
hoarding. 
 
The Stroop Color-Word Task 
The traditional Stroop task was combined with the word reading task, 
incongruent color naming task and the color naming task. However, we 
reproduced the Stroop task according to the method previously described [32]. 
The Stroop task consisted of two pages stapled together; each page had 100 
items in five columns of 20 items. Items on the first page were the color 
words RED, GREEN and BLUE in black ink. Items on the second page were 
the words RED, GREEN and BLUE printed in red, green or blue ink, with 
the limitation that the word and ink could not match. On the two pages, the 
items were randomly distributed, except that no item within a column could 
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follow itself. 
Before the task, examiners instructed subjects as follows: “These are tests 

of how quickly you can read the words on the first page, and say the colors of 
the words on the second page. After we say ‘begin,’ you are to read down the 
columns, starting with the first one, saying the words/colors to yourself as 
quickly as you can. After you finish the first column, go on to the next and so 
on. After you have read the paper for 45 seconds, we will turn the page. Then 
you will read the turned paper again. And we will repeat this process with 
you.” 

We combined these two pages and made the Stroop color-word task simple 
and easy because the subjects were school-age children. The Stroop 
color-word task consisted of the first page (p1) and the second page (p2). The 
entire Stroop color-word task sequence consisted of a 45-sec p1 task, a 45-sec 
p2 task (the color-word task first time), a 45-sec p1 task, a 45-sec p2 task (the 
color-word task second time), a 45-sec p1 task, a 45-sec p2 task (the 
color-word task third time) , and a 45-sec p1 task. We designated the 45-sec 
p1 task as the baseline task. We also counted the number of correct answers 
each time. We named them as follows: Stroop color-word task number of 
correct answers first time (SCWC-1), second time (SCWC-2) and third time 
(SCWC-3). Examiners who were blind to diagnoses measured the Stroop 
color-word task. As shown in Table 1, there were no significant differences in 
the SCWC-1, SCWC-2 and SCWC-3 scores of the two groups. 

The Stroop task designed for this study was not the traditional Stroop task. 
We made the Stroop color-word task simple and easy because the subjects 
were school-age children. Furthermore, the word reading task and 
incongruent color naming task were adopted with the exception of the color 
naming task because the NIRS study required two tasks (baseline task and 
activation task). Negoro et al. [24] suggested that suitable brain activation in 
healthy children was obtained by using the word reading task and 
incongruent color naming task. 

The Stroop color-word task was utilized by the following reasons. First, the 
inferior frontal gyrus has been described as one of the regions most strongly 
related to Stroop interference [33]. Second, in the NIRS study that the same 
task was used, Negoro et al. [24] concluded that suitable prefrontal brain 
activation in healthy children was recognized by using the Stroop color-word 
task. 
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NIRS Measurements 
The oxy-Hb increase and deoxy-Hb decrease in NIRS have been shown to 
reflect cortical activation. In animal studies, oxy-Hb is the most sensitive 
indicator of regional cerebral blood flow because the direction of change in 
deoxy-Hb is determined by the degree of changs in venous blood oxygenation 
and volume [34]. Therefore, we decided to focus on changes in oxy-Hb. In this 
study, oxy-Hb was measured with a 24-channel NIRS machine (Hitachi 
ETG-100, Hitachi Medical Corporation, Tokyo, Japan) at two wavelengths of 
near-infrared light (760 and 840 nm), the absorption of which was measured. 
Oxy-Hb was calculated as previously described [35]. The inter-probe 
intervals of the machine were 3.0 cm, and it was determined that the 
machine measures points 2-3 cm beneath the scalp, i.e., the surface of the 
cerebral cortices [20, 36]. 

In a natural sitting position, the subjects were measured by NIRS. The 
NIRS probes were placed on the subject’s prefrontal regions, and arranged to 
measure the relative concentrations of Hb changes at 24 measurement 
points in an 8 × 8 cm area, with the lowest probes positioned along the 
Fp1-Fp2 line according to the international 10/20 system used in 
electroencephalography. The correspondence of the probe positions and the 
measurement points on the cerebral cortex were confirmed by 
superimposition of the probe positions on an MRI of a three-dimensionally 
reconstructed cerebral cortex of a representative subject in the control group 
(Fig. 1). The absorption of near-infrared light was measured with a time 
resolution of 0.1 sec. The data obtained were analyzed with the “integral 
mode”: the pre-task baseline was determined as the mean across 10 sec just 
before the task period; the post-task baseline was determined as the mean 
across 25 sec after the task period; and linear fitting was performed on the 
data between the two baselines. Moving average methods were used to 
exclude short-term motion artifact in the analyzed data (moving average 
window, 5 sec). 

We tried to exclude motion artifacts by closely monitoring artifact-evoking 
body movements, such as neck movements, strong biting, and blinking 
(identified as most influential in the preliminary artifact-evoking study), and 
by instructing the subjects to avoid these movements during the NIRS 
measurements. Examiners who were blind to diagnoses measured NIRS. 
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Statistical Analyses 
Oxy-Hb changes were compared between each of the two groups with 
Student’s t-tests using the grand average waveforms every 0.1 sec in each 
channel. This analysis enabled more detailed comparison of oxy-Hb changes 
along the time course of the task. Data analyses were conducted using 
MATLAB 6.5.2 (Mathworks, Natick, MA, USA) and Topo Signal Processing 
type-G version 2.05 (Hitachi Medical Corporation, Tokyo, Japan). OT-A4 
version 1.63 K (Hitachi Medical Corporation, Tokyo, Japan) was used for the 
overlap display of the grand average waveforms in both groups in Fig. 2 and 
was also used to calculate mean oxy-Hb measurements in Table 3. Since we 
performed 24 paired t-tests, the correction for multiple comparisons was 
made using the false discovery rate (FDR) (two-tailed; we set the value of q 
specifying the maximum FDR to 0.05, so that there are no more than 5% 
false positives on average [37]). PASW Statistics 18.0 J for Windows (SPSS, 
Tokyo, Japan) was used for statistical analysis. 
 
Results 
Correlation Between the Stroop Task and Characteristics of the Subjects 
Spearman’s ρ correlations between the scores of SCWC and age, FIQ, and the 
scores of CY-BOCS can be seen in Table 2. In both groups, there are positive 
correlations between the scores of SCWC and age and and no correlations 
between the scores of SCWC and FIQ. In the OCD group, there are no 
correlations between the scores of SCWC and the scores of CY-BOCS. 
 
NIRS Data of the Subjects During the Stroop Color-Word Task 
The grand average waveforms of oxy-Hb concentration changes during the 
Stroop color-word task in both groups can be seen in Fig. 2. The grand 
average waveforms of oxy-Hb concentration change in the control group 
increased during the task period. On the other hand, those of the OCD group 
did not change much. The difference of mean oxy-Hb measurements between 
task and post-task periods in the 24 channels can be seen in Table 3. 
Between task and post-task periods, the mean oxy-Hb difference of the OCD 
group was significantly smaller than that of the control group in channels 13, 
15, 16, and 17 (FDR-corrected P: 0.0021 to 0.0083). Topographic presentation 
of the t-value of oxy-Hb comparison between the control group and the OCD 
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group during the Stroop color task can be seen in Fig. 3. The oxy-Hb changes 
in the control group were significantly greater than those in the OCD group 
during the task period in the prefrontal cortex. 
 
Discussion 
To our knowledge, this is the first NIRS study that examined prefrontal 
hemodynamic response in pediatric OCD. In the present study, it was shown 
that oxy-Hb changes in 12 treatment-naïve OCD children during the Stroop 
color-word task were significantly smaller than those in 12 healthy children 
in the prefrontal cortex. Therefore, the present study supported our 
hypothesis sufficiently; the present findings are consistent with the proposed 
prefrontal dysfunction in pediatric OCD identified by other imaging 
modalities, such as fMRI and SPECT. The first fMRI study in pediatric OCD 
[10] studied 10 boys with OCD after treatment and nine healthy controls. 
Event-related fMRI was used to compare brain activation patterns during 
three different tasks of inhibitory control, i.e., a stop task, a motor Stroop 
task, and a switch task. No significant behavioral differences were found 
between OCD patients and healthy controls in any of the tasks. The fMRI 
date revealed that in pediatric OCD subjects compared with healthy controls 
fronto-striatal regions were hypoactive during the stop task, whereas the 
Stroop and switch task data revealed not only frontal but also 
temporoparietal and cerebellar regions of hypoactivity. Furthermore, it is 
interesting to note that task-specific abnormalities in pediatric OCD are not 
limited to fronto-striatal structures but extend to frontotemporoparietal and 
frontocerebellar circuits. Lazaro et al. [11] reported that drug-naïve pediatric 
OCD patients had increased activity in bilateral middle frontal gyri 
compared with controls in the fMRI study. In another fMRI study, Britton et 
al. [12] reported that the pediatric OCD group exhibited less left inferior 
frontal gyrus/BA47 activation in the set-shifting contrast compared with the 
healthy comparison group. In a resting state SPECT study, increased 
regional cerebral blood flow in bilateral dorsolateral prefrontal cortex, 
anterior cingulate cortex, and caudate nucleus was reported in pediatric 
OCD patients versus healthy controls [38]. 

At four channels (Ch 13, Ch 15, Ch 16, Ch 17), OCD children were 
associated with significantly smaller oxy-Hb changes than healthy children 
in the present study. Those channels were nearly localized in the frontopolar 
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regions (also known as the anterior prefrontal cortex) (BA 10), which has 
been relatively less recognized in functional neuroimaging studies. 
Frontopolar regions might provide higher levels of control to coordinate 
ventrolateral and dorsolateral functions in order to maximize task 
performance or to achieve goals [39-41]. Burgess et al. [42] noted that rostral 
prefrontal cortex is identified as subserving a system that biases the relative 
influence of stimulus-oriented and stimulus-independent thought. This 
cognitive control function is used in a wide range of situations critical to 
competent human behavior in everyday life. Additionally, it was suggested 
that dysfunction of this cognitive control system might induce the symptoms 
linked to unwanted (intrusive) thoughts and be associated with psychiatric 
disorders [42]. Because OCD is a disorder marked by intrusive 
thoughts/images and/or compulsions, the frontopolar cortex might be 
associated with the pathophysiology of OCD. 

In the present study, we used the Stroop color-word task because the 
inferior frontal gyrus has been described as one of the regions most strongly 
related to Stroop interference [33]. Negoro et al. [24] examined the brain 
activation in 20 healthy children during the Stroop color-word task as 
measured by NIRS. In that study, oxy-Hb changes indicated specific 
activation in the inferior prefrontal cortex, and there were positive 
correlations between the Stroop color-word task number of correct answers 
(SCWC) and age. They concluded that prefrontal brain activation in healthy 
children during the Stroop color-word task is similar to healthy adults as 
measured by NIRS [25]. Similar results were obtained in the present study. 
In both groups, there were positive correlations between the scores of SCWC 
and age, and there were no correlations between the scores of SCWC and 
FIQ. These data suggest that our Stroop color-word task may be a useful 
task for children. 

In the present study, there were no significant differences in the SCWC-1, 
SCWC-2 and SCWC-3 of the two groups. It was shown that oxy-Hb changes 
in 12 treatment-naïve OCD children during the Stroop color-word task were 
significantly smaller than those in 12 healthy children in the prefrontal 
cortex. In the previous fMRI study, it was reported that OCD patients had 
different activation patterns in the dorsolateral prefrontal cortex, the 
anterior cingulate cortex, and the caudate nucleus during the Stroop task 
compared with the healthy controls despite similar task performance [43]. 
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Woolley et al. [10] suggested that there was a discrepancy between the 
activation and task performance in pediatric OCD subjects compared with 
healthy controls. 

Potential limitations of the present study should also be taken into 
consideration. First, NIRS has disadvantages compared with other 
methodologies [8], the main one being that it enables measurement of Hb 
concentration changes only as relative values, not as absolute values. We 
made a Stroop task that had the first page as the baseline task to overcome 
these potential problems. Furthermore, we measured Hb concentration 
changes from the activation task to the baseline task and performed the task 
three times to average potential accidental changes and prevent the subjects 
from becoming tired. The grand average waveforms of oxy-Hb concentration 
changes in the OCD group do not show a regional cerebral blood flow 
decrease during the activation task or a difference between the blood flows 
during the baseline and activation tasks. Second, spatial resolution for 
detecting hemodynamic responses from the scalp surface using NIRS is 
lower than those for fMRI, SPECT and PET. Although it has been suggested 
that children with OCD may have specific reduced hemodynamic response at 
the frontopolar cortex, the present findings indicate that children with OCD 
have reduced hemodynamic response at the broader prefrontal cortex 
includig dorsolateral prefrontal and orbitofrontal cortex as measured by 
NIRS. However, it is certainly significant that reduced prefrontal 
hemodynamic response in pediatric OCD can be shown by NIRS. Third, the 
sample size was small, although the 12 OCD children were treatment-naïve 
and none of them had comorbid psychiatric or neurological disorder. Future 
study is needed with a larger sample size. 

In conclusion, to our knowledge this is the first NIRS study that examined 
reduced prefrontal hemodynamic response in pediatric OCD. The 
multi-channel NIRS systems may be a very useful measurement tool for 
assessing brain function, especially in children, because multi-channel NIRS 
systems can provide handy, non-invasive functional mapping of the cerebral 
cortex at the bedside with much shorter measurement times (about 5 min) 
than other functional brain imaging methodologies. 
 
Summary 
The purpose of the present study was to examine the prefrontal 
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hemodynamic response in healthy children and in OCD children as 
measured by NIRS using the Stroop task. Twelve treatment-naïve children 
with OCD and 12 age- and sex-matched healthy control subjects participated 
in the study. The relative concentrations of oxy-Hb were measured with 
prefrontal probes every 0.1 sec during the Stroop color-word task, using 
24-channel NIRS machines. During the Stroop color-word task, the oxy-Hb 
changes in the OCD group were significantly smaller than those in the 
control group in the prefrontal cortex, especially in the frontopolar cortex, 
dysfunction of which might induce the symptoms linked to unwanted 
(intrusive) thoughts and be associated with psychiatric disorders. The Stroop 
color-word task during NIRS may be a useful method for assessing 
prefrontal brain differential hemodynamic response in OCD children. Finally, 
multi-channel NIRS systems are attractive for assessing brain function, 
especially for children, because they can provide handy, non-invasive 
functional mapping of the cerebral cortex at the bedside with much shorter 
measurement times (about 5 min) than other functional brain imaging 
methodologies. 
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Fig. 1. Cortical projection of near-infrared spectroscopy (NIRS) measurement 

points. The points were mapped onto anatomical frontal lobes using MRIcro 

software (MRIcro: developed by Dr. Chris Rorden, available at 

http://www.mricro.com). Numbers denote channel numbers for points of 

measurement. 

http://www.mricro.com/


Fig. 2. Grand average waveforms of oxyhemoglobin (oxy-Hb) concentration 
changes during the Stroop color-word task in both groups. The grand 
average waveforms of oxy-Hb in the obsessive-compulsive disorder (OCD) 
group are the red lines, and the grand average waveforms of oxy-Hb in the 
control group are the blue lines. The task is being performed between the 
yellow lines. 



Fig. 3. Topographic presentation of the t value of the oxyhemoglobin (oxy-Hb) 
comparison between the control group and the obsessive-compulsive disorder 
(OCD) group during the Stroop color-word task. The t values of oxy-Hb for 
the control and OCD groups are presented as a topographic map along the 
time course of the task (from top to bottom). The red, green, and blue areas 
in the topographs indicate positive, zero, and negative t values, with ±2.8 
and ±2.1 for 1% and 5% statistical significance levels, respectively. 



Table 1. Characteristics of the subjects 

Group differences tested with t-test
 
OCD, Obsessive-compulsive disorder; M, male; F, female; FIQ (WISC-III), 
Full scale IQ score of the Wechsler Intelligence Scale for Children-Third 
Edition; CY-BOCS, Children’s Yale-Brown obsessive-compulsive scale; 
SCWC-1, Stroop color-word task number of correct answers first time; 
SCWC-2, Stroop color-word task number of correct answers second time; 
SCWC-3, Stroop color-word task number of correct answers third time 



Table 2. Correlations between Stroop task and characteristics of the subjects 

P<0.05; P<0.02; P<0.01 

Correlations between the Stroop task and characteristics of the subjects 
tested with Spearman’s correlation test 
 
OCD, Obsessive-compulsive disorder; FIQ (WISC-III), Full IQ score of the 
Wechsler Intelligence Scale for Children-Third Edition; CY-BOCS, Children’s 
Yale-Brown obsessive-compulsive scale; SCWC-1, Stroop color-word task 
number of correct answers first time; SCWC-2, Stroop color-word task 
number of correct answers second time; SCWC-3, Stroop color-word task 
number of correct answers third time 



Table 3. Difference of mean oxyhemoglobin (oxy-Hb) measurements between 

task and post-task periods in 24 channels 

P<0.1 P<0.05; P<0.01; P<FDR-corrected P 

Group differences tested with t-test and false discovery rate (FDR) correction 


