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1. Fantini (2013). Dynamic model for the tissue concentration and oxygen saturation of 

hemoglobin in relation to blood volume, flow velocity, and oxygen consumption: Implications 

for functional neuroimaging and coherent hemodynamics spectroscopy (CHS) 

 

Abstract: This article presents a dynamic model that quantifies the temporal evolution of the concentration and 

oxygen saturation of hemoglobin in tissue, as determined by time-varying hemodynamic and metabolic 

parameters: blood volume, flow velocity, and oxygen consumption. This multi-compartment model determines 

separate contributions from arterioles, capillaries, and venules that comprise the tissue microvasculature, and 

treats them as a complete network, without making assumptions on the details of the architecture and 

morphology of the microvascular bed. A key parameter in the model is the effective blood transit time through 

the capillaries and its associated probability of oxygen release from hemoglobin to tissue, as described by a rate 

constant for oxygen diffusion. The solution of the model in the time domain predicts the signals measured by 

hemodynamic-based neuroimaging techniques such as functional near-infrared spectroscopy (fNIRS) and 

functional magnetic resonance imaging (fMRI) in response to brain activation. In the frequency domain, the 

model yields an analytical solution based on a phasor representation that provides a framework for quantitative 

spectroscopy of coherent hemodynamic oscillations. I term this novel technique coherent hemodynamics 

spectroscopy (CHS), and this article describes how it can be used for the assessment of cerebral autoregulation 

and the study of hemodynamic oscillations resulting from a variety of periodic physiological challenges, brain 

activation protocols, or physical maneuvers. 

 

 

2. Oussaidene et al. (2013). Cerebral oxygenation during hyperoxia-induced increase in exercise 

tolerance for untrained men 

 

Abstract: This study aimed to investigate the involvement of cerebral oxygenation in limitation of maximal 

exercise. We hypothesized that O2 supplementation improves physical performance in relation to its effect on 

cerebral oxygenation during exercise. Eight untrained men (age 27 ± 6 years; V ˙   O2max 45 ± 8 ml min−1 kg−1) 

performed two randomized exhaustive ramp exercises on a cycle ergometer (1 W/3 s) under normoxia and 

hyperoxia (FIO2 = 0.3). Cerebral (ΔCOx) and muscular (ΔMOx) oxygenation responses to exercise were 

monitored using near-infrared spectroscopy. Power outputs corresponding to maximal exercise intensity, to 

threshold of ΔCOx decline (ThCOx) and to the respiratory compensation point (RCP) were determined. Power 

output ( W ˙  max = 302 ± 20 vs. 319 ± 28 W) and arterial O2 saturation estimated by pulse oximetry (SpO2 = 

95.7 ± 0.9 vs. 97.0 ± 0.5 %) at maximal exercise were increased by hyperoxia (P < 0.05). However, the ΔMOx 

response during exercise was not significantly modified with hyperoxia. RCP (259 ± 17 vs. 281 ± 25 W) and 

ThCOx (259 ± 23 vs. 288 ± 30 W) were, however, improved (P < 0.05) with hyperoxia and the ThCOx shift was 

related to the W ˙   max improvement with hyperoxia (r = 0.71, P < 0.05). The relationship between the change in 

cerebral oxygenation response to exercise and the performance improvement with hyperoxia supports that 

cerebral oxygenation is limiting the exercise performance in healthy young subjects. 

 

  

http://www.sciencedirect.com/science/article/pii/S1053811913003157
http://www.sciencedirect.com/science/article/pii/S1053811913003157
http://www.sciencedirect.com/science/article/pii/S1053811913003157
http://link.springer.com/article/10.1007/s00421-013-2637-4
http://link.springer.com/article/10.1007/s00421-013-2637-4
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3. Li et al. (2013). Assessment of cerebral oxygenation oscillations in subjects with hypertension 

 

Abstract: Purpose: The objective of this study was to assess the spontaneous oscillations in subjects with 

hypertension based on the wavelet transform of cerebral oxygenation signal measured with near-infrared 

spectroscopy (NIRS). Methods: Continuous recordings of NIRS and arterial blood pressure (ABP) signals were 

obtained from simultaneous measurements in 20 healthy subjects (age: 70.8 ± 5.2 years) and 22 subjects with 

hypertension (age: 72.5 ± 6.8 years). Results: Using spectral analysis based on wavelet transform, five frequency 

intervals were identified (I, 0.4-2 Hz; II, 0.15-0.4 Hz; III, 0.06-0.15 Hz; IV, 0.02-0.06 Hz and V, 0.005-0.02 Hz). 

The amplitudes of Δ[Hb] and Δ[HbO2] in interval I, II and III were significantly higher in hypertensive patients,  

who have increased mean flow velocity in middle cerebral artery (MCA), compared to that in the healthy subjects 

(p<0.01). The amplitudes of the ABP in frequency intervals III and V were significantly higher in hypertensive 

patients than in the healthy subjects (p<0.01). Conclusions: The present findings revealed that hypertension and 

increased mean flow velocity in MCA have significant effect on the cerebral oscillations. The higher cerebral 

oscillations might be related to the intracerebral atherosclerosis in response to systemic hypertension. In 

addition, the higher spontaneous oscillations in interval III and V in ABP indicate a metabolic regulation and 

myogenic response to hypertension. 

 

 

4. Ehlis et al. (2013). Application of functional near-infrared spectroscopy in psychiatry 

 

Abstract: Two decades ago, the introduction of functional near-infrared spectroscopy (fNIRS) into the field of 

neuroscience created new opportunities for investigating neural processes within the human cerebral cortex. 

Since then, fNIRS has been increasingly used to conduct functional activation studies in different 

neuropsychiatric disorders, most prominently schizophrenic illnesses, affective disorders and developmental 

syndromes, such as attention-deficit/hyperactivity disorder as well as normal and pathological aging. This review 

article provides a comprehensive overview of state of the art fNIRS research in psychiatry covering a wide range 

of applications, including studies on the phenomenological characterization of psychiatric disorders, descriptions 

of life-time developmental aspects, treatment effects, and genetic influences on neuroimaging data. Finally, 

methodological shortcomings as well as current research perspectives and promising future applications of 

fNIRS in psychiatry are discussed. We conclude that fNIRS is a valid addition to the range of neuroscientific 

methods available to assess neural mechanisms underlying neuropsychiatric disorders. Future research should 

particularly focus on expanding the presently used activation paradigms and cortical regions of interest, while 

additionally fostering technical and methodological advances particularly concerning the identification and 

removal of extracranial influences on fNIRS data as well as systematic artifact correction. Eventually, fNIRS 

might be a useful tool in practical psychiatric settings involving both diagnostics and the complementary 

treatment of psychological disorders using, for example, neurofeedback applications. 

 

 

5. Furguson et al. (2013). Shoulder Muscle Fatigue During Repetitive Tasks as Measured by 

Electromyography and Near-Infrared Spectroscopy 

 

Abstract: Objective: The objective of this study was to quantify shoulder muscle fatigue during repetitive 

exertions similar to motions found in automobile assembly tasks. Background: Shoulder musculoskeletal 

disorders (MSDs) are a common and costly problem in automotive manufacturing. Method: Ten subjects 

participated in the study. There were three independent variables: shoulder angle, frequency, and force. There 

were two types of dependent measures: percentage change in near-infrared spectroscopy (NIRS) measures and 

change in electromyography (EMG) median frequency. The anterior deltoid and trapezius muscles were 

measured for both NIRS and EMG. Also, EMG was collected on the middle deltoid and biceps muscles. Results: 

The results showed that oxygenated hemoglobin decreased significantly due to the main effects (shoulder angle, 

frequency, and force). The percentage change in oxygenated hemoglobin had a significant interaction 

attributable to force and repetition for the anterior deltoid muscle, indicating that as repetition increased, the 

magnitude of the differences between the forces increased. The interaction of repetition and shoulder angle was 

http://www.sciencedirect.com/science/article/pii/S0026286213000629
http://www.sciencedirect.com/science/article/pii/S1053811913003200
http://hfs.sagepub.com/content/early/2013/04/04/0018720813482328.abstract
http://hfs.sagepub.com/content/early/2013/04/04/0018720813482328.abstract
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also significant for the percentage change in oxygenated hemoglobin. The median frequency decreased 

significantly for the main effects; however, no interactions were statistically significant. Conclusions: There was 

significant shoulder muscle fatigue as a function of shoulder angle, task frequency, and force level. Furthermore, 

percentage change in oxygenated hemoglobin had two statistically significant interactions, enhancing our 

understanding of these risk factors. Application: Ergonomists should examine interactions of force and repetition 

as well as shoulder angle and repetition when evaluating the risk of shoulder MSDs. 

 

 

6. Pierro et al. (2013). Validation of a novel hemodynamic model for coherent hemodynamics 

spectroscopy (CHS) and functional brain studies with fNIRS and fMRI 

 

Abstract: We report an experimental validation and applications of the new hemodynamic model presented in 

the companion article (Fantini, this issue) both in the frequency domain and in the time domain. In the 

frequency domain, we have performed diffuse optical measurements for coherent hemodynamics spectroscopy 

(CHS) on the brain and calf muscle of human subjects, showing that the hemodynamic model predictions (both in 

terms of spectral shapes and absolute spectral values) are confirmed experimentally. We show how the 

quantitative analysis based on the new model allows for autoregulation measurements from brain data, and 

provides an analytical description of near-infrared spiroximetry from muscle data. In the time domain, we have 

used data from the literature to perform a comparison between brain activation signals measured with 

functional near-infrared spectroscopy (fNIRS) or with blood oxygenation level dependent (BOLD) fMRI, and the 

corresponding signals predicted by the new model. This comparison shows an excellent agreement between the 

model predictions and the reported fNIRS and BOLD fMRI signals. This new hemodynamic model provides a 

valuable tool for brain studies with hemodynamic-based techniques.  

 

 

7. Umeyama & Yamada (2013). Detection of an unstable and/or a weak probe contact in a 

multichannel functional near-infrared spectroscopy measurement 

 

Abstract: Multichannel functional near-infrared spectroscopy measurements involve the placement of many 

probes on a subject's head. A stable close contact between the probe and head surface is essential. We propose a 

way to detect two types of problematic probe contacts from the measurement data: an unstable contact whose 

light transmission easily fluctuates with body motion, and a weak contact whose light transmission is constantly 

small. An unstable contact causes large baseline fluctuation, whereas a weak contact causes large noise. Because 

absorbance changes caused by body motion and noise show different spectroscopic properties from the tissue 

hemoglobin absorption, they have a component orthogonal to the plane spanned by hemoglobin molar extinction 

coefficient vectors. We use this information to detect unstable and/or weak contacts. Probes are shared by 

different channels, and this sharing configuration is determined by the probe arrangement. Thus, the baseline 

fluctuation and noise of the channels are related to contact instability and weakness of the probe according to 

the probe arrangement. Unstable and/or weak probes are determined by solving an inverse problem of this 

relation. Problematic probes can be effectively determined using the proposed method. 

 

 

8. Heinzel et al. (2013). Variability of (functional) hemodynamics as measured with simultaneous 

fNIRS and fMRI during intertemporal choice 

 

Abstract: Neural processing inferred from hemodynamic responses measured with functional near infrared 

spectroscopy (fNIRS) may be confounded with individual anatomical or systemic physiological sources of 

variance. This may hamper the validity of fNIRS signal interpretations and associations between individual 

traits and brain activation, such as the link between impulsivity-related personality traits and decreased 

prefrontal cognitive control during reward-based decision making. Hemodynamic responses elicited by an 

intertemporal choice reward task in 20 healthy subjects were investigated for multimodal correlations of 

simultaneous fNIRS–fMRI and for an impact of anatomy and scalp fMRI signal fluctuations on fNIRS signals. 

http://www.sciencedirect.com/science/article/pii/S1053811913002863
http://www.sciencedirect.com/science/article/pii/S1053811913002863
http://biomedicaloptics.spiedigitallibrary.org/article.aspx?doi=10.1117/1.JBO.18.4.047003
http://biomedicaloptics.spiedigitallibrary.org/article.aspx?doi=10.1117/1.JBO.18.4.047003
http://www.sciencedirect.com/science/article/pii/S105381191300013X
http://www.sciencedirect.com/science/article/pii/S105381191300013X
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Moreover, correlations of prefrontal activation with trait “sensitivity to reward” (SR) were investigated for 

differences between methods. While showing substantial individual variability, temporal fNIRS–fMRI 

correlations increased with the activation, which both methods consistently detected within right inferior/middle 

frontal gyrus. Here, up to 41% of fNIRS channel activation variance was explained by individual gray matter 

volume simulated to be reached by near-infrared light, and up to 20% by scalp-cortex distance. Extracranial 

fMRI and fNIRS time series showed significant temporal correlations in the temple region. SR was negatively 

correlated with fMRI but not fNIRS activation elicited by immediate rewards of choice within right 

inferior/middle frontal gyrus. Higher SR increased the correlation between extracranial fMRI and fNIRS signals 

and decreased fNIRS–fMRI correlations. Task-related fNIRS signals might be impacted by regionally and 

individually weighted sources of anatomical and systemic physiological error variance. Trait-activation 

correlations might be affected or biased by systemic physiological responses, which should be accounted for in 

future fNIRS studies of interindividual differences. 

 

 

9. Koseki et al. (2013). The relationship between positive and negative automatic thought and 

activity in the prefrontal and temporal cortices: A multi-channel near-infrared spectroscopy 

(NIRS) study 

 

Abstract: BACKGROUND: Recently, neurobiological studies of the cognitive model of depression have become 

vastly more important, and a growing number of such studies are being reported. However, the relationship 

between the proportion of positive and negative automatic thought and activity in the prefrontal and temporal 

cortices has not yet been explored. We examined the relationship between brain activity and the proportion of 

positive and negative automatic thought in patients with major depressive disorder (MDD), using multi-channel 

near-infrared spectroscopy (NIRS). METHODS: We recruited 75 individuals with MDD (36 females; mean 

age=39.23±12.49). They completed the Hamilton Rating Scale for Depression, Automatic Thoughts 

Questionnaire-Revised, Japanese version of the National Adult Reading Test, and the State-Trait Anxiety 

Inventory. Brain activation was measured by 52-channel NIRS. RESULTS: We found that activation in the 

vicinity of the right superior temporal gyrus is related to a deviation to negative of the proportion of positive and 

negative thoughts in individuals with MDD. Left dorsolateral prefrontal cortex activity was higher in the group 

with comparatively frequent positive thought. LIMITATIONS: Our participants were patients taking 

antidepressant medication, which is known to influence brain activity. Second, the poor spatial resolution of 

NIRS increases the difficulty of identifying the measurement position. CONCLUSIONS: We found that 

activation of the prefrontal and temporal cortices is related to the proportion of automatic thoughts in the 

cognitive model of depression. 

 

 

10. Hani (2013). Time-resolved near-infrared spectroscopic imaging systems 

 

Abstract: Time-resolved near-infrared light measurements have been used for about two decades to non-

invasively provide functional images of the brain. After its first introduction in the late 1970's, near-infrared 

spectroscopy, and subsequently, time-resolved near-infrared imaging, in parallel with photon propagation in 

living tissues, have been increasingly studied for various medical applications. In addition, there has been 

continuous research and technology development of more improved light transport models in tissues, practical 

simplifying assumptions to aid in analysis, more efficient imaging algorithms, and more reliable 

instrumentation. In this paper, we review time-resolved near-infrared spectroscopy and imaging from an 

engineering perspective and describe some of the key results of progress in the field. We discuss various 

techniques and hardware components of near-infrared spectroscopy and imaging systems, highlighting their 

advantages and limitations. 

 

  

http://www.ncbi.nlm.nih.gov/pubmed/23829998
http://www.ncbi.nlm.nih.gov/pubmed/23829998
http://www.ncbi.nlm.nih.gov/pubmed/23829998
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=6550768
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11. Scarcella et al. (2013). 32 channels SPAD array for single photon timing applications 

 

Abstract:  Many applications require photodetectors with single-photon sensitivity and high timing resolution. 

We present a module based on a linear array of 32 Single-Photon Avalanche Diodes (SPADs) for multi-channel 

Time-Correlated Single-Photon Counting (TCSPC) applications. Each pixel includes a 30 µm active area 

diameter SPAD and quenching and counting electronics. We measured a timing resolution of about 110 ps, a 

photon detection efficiency of 40 % at λ = 420 nm and a very low dark count rate of about 150 cps at room 

temperature. 

 

 

12. Ishii et al. (2013). Comparison of changes in cerebral and systemic perfusion between 

appropriate- and small-for-gestational-age infants during the first three days after birth 

 

Abstract:  The aims of the current study were to compare changes in cerebral and systemic perfusion in 

appropriate-for-gestational-age (AGA) and small-for-gestational-age (SGA) infants immediately after birth. 

Methods: Cerebral blood volume (CBV), cerebral Hb oxygen saturation (cSO2) and cerebral fractional tissue 

oxygen extraction (cFTOE) among 57 AGA infants and 30 SGA infants were monitored using a newly developed 

time-resolved spectroscopy system during the first 3 days of life. The left ventricular ejection fraction (LVEF), 

left ventricular cardiac output (LVCO) and E/e′ values were determined by three-dimensional echocardiography 

and tissue Doppler imaging performed simultaneously. Results: There were significant differences between the 

body weights of both the AGA and SGA infants, but not between the gestational age and head circumferences in 

both groups. Although CBV showed no significant difference between the groups, cSO2 was significantly higher 

and cFTOE was lower in SGA infants than in AGA infants. Hematocrit (Ht) levels were significantly higher and 

LVEF and LVCO were lower in SGA infants than in AGA infants. Negative correlation was observed between 

CBV and Ht levels in AGA infants, but not in SGA infants. Conclusions: The high Ht levels and vasoreactivity in 

SGA infants might be a compensatory mechanism in order to maintain oxygen delivery to the brain, which 

reflects the condition of chronic hypoxia during the fetal period and also reflects the weak contraction and low 

cardiac output of the left ventricle sustaining the relatively large brain from the fetal period to after birth. 

 

 

13. Fabiani et al. (2013). Neurovascular coupling in normal aging: A combined optical, ERP and 

fMRI study 

 

Abstract:  Brain aging is characterized by changes in both hemodynamic and neuronal responses, which may be 

influenced by the cardiorespiratory fitness of the individual. To investigate the relationship between neuronal 

and hemodynamic changes, we studied the brain activity elicited by visual stimulation (checkerboard reversals 

at different frequencies) in younger adults and in older adults varying in physical fitness. Four functional brain 

measures were used to compare neuronal and hemodynamic responses obtained from BA17: two reflecting 

neuronal activity (the event-related optical signal, EROS, and the C1 response of the ERP), and two reflecting 

functional hemodynamic changes (functional magnetic resonance imaging, fMRI, and near-infrared spectroscopy, 

NIRS). The results indicated that both younger and older adults exhibited a quadratic relationship between 

neuronal and hemodynamic effects, with reduced increases of the hemodynamic response at high levels of 

neuronal activity. Although older adults showed reduced activation, similar neurovascular coupling functions 

were observed in the two age groups when fMRI and deoxy-hemoglobin measures were used. However, the 

coupling between oxy- and deoxy-hemoglobin changes decreased with age and increased with increasing fitness. 

These data indicate that departures from linearity in neurovascular coupling may be present when using 

hemodynamic measures to study neuronal function. 

 

  

http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=6551354
http://www.sciencedirect.com/science/article/pii/S0387760413001976
http://www.sciencedirect.com/science/article/pii/S0387760413001976
http://www.ncbi.nlm.nih.gov/pubmed/23664952
http://www.ncbi.nlm.nih.gov/pubmed/23664952
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14. Jean-Pierre (2013). Integrating functional near-infrared spectroscopy in the characterization, 

assessment, and monitoring of cancer and treatment-related neurocognitive dysfunction 

 

Abstract:  Cancer and cancer treatment-related neurocognitive dysfunction (CRND) (e.g., impairments in key 

cognitive domains of attention, memory, processing speed, and executive function), commonly referred to as 

“chemobrain” or “chemo-fog”, can negatively impact patients' psychosocial functioning and quality of life. CRND 

is a debilitating and enduring adverse effect experienced by 17% to 75% of patients during and after completion 

of treatment. However, few studies have systematically characterized and tested interventions to treat CRND. 

This paucity of data is due, at least partly, to difficulties understanding its etiology and a lack of consensus 

studies on best methods for assessing the presence and severity of CRND. This paper presents a comprehensive 

model for characterizing, assessing and monitoring cancer and treatment-related neurocognitive dysfunction, 

with functional near-infrared spectroscopy (fNIRS) as an important component of this model. The benefits of 

fNIRS to the characterization and longitudinal assessment and monitoring of CRND are discussed. Strategies 

for integrating optical imaging spectroscopy in biobehavioral oncology research, strength and limitations, and 

directions for future CRND studies using fNIRS are examined. 

 

 

15. Köchel et al. (2013). Cortical activation during auditory elicitation of fear and disgust: A near-

infrared spectroscopy (NIRS) study 

 

Abstract:  This near infrared spectroscopy study investigated whether nonverbal human sounds representing 

different basic emotions are able to specifically modulate temporo-parietal cortices, involved in auditory 

processing and attention. Forty-three adults (19 females and 24 males) were presented with sounds from the 

categories fear, disgust, and neutral. The stimuli were able to elicit the target emotions with sufficient 

specificity. The listening to fear-relevant sounds (e.g., screams of fear and pain) led to increased activation of the 

right superior temporal gyrus and the bilateral supramarginal gyrus. The hemodynamic responses to disgusting 

sounds (e.g., sniffing, diarrhea) were smaller. Our findings point to a differential neuronal sensitivity of the 

human brain to two basic emotion elicitors in the auditory domain. 

 

 

16. Fukada et al. (2013). Measurement of Near-Surface Signal Changes Using Functional Near-

Infrared Spectroscopy 

 

Abstract:  In order to qualitatively evaluate the influence of disturbances on the measurement results of 

functional near-infrared spectroscopy (fNIRS), we propose a method for the selective detection of near-surface 

signals caused by cutaneous blood flow. In addition, to monitor the psychological state while measuring the brain 

activity, we proposed a heart rate monitoring method using the near-surface signal. Using the task that involves 

the game Othello, experimental results show that this method is effective for estimating psychological states 

while measuring brain activity. 

 

 

17. Rizzo-Sierra et al. (2013). Resting state functional near infrared spectroscopy 

 

Abstract:  The present study investigated the spatial-temporal variation of oxygenated hemoglobin (HbO) 

deoxygenated hemoglobin (Hb), blood volume (BV) and blood oxygenation (BO) concentration changes in the 

prefrontal cortex, measured with functional near-infrared spectroscopy (fNIRS) during resting state. We 

examined 36 healthy right handed subjects seating with their minds and body quiet and still, as well as their 

eyes closed for 5 minutes. The spatial mean concentration change of the four estimated parameters across 

subjects was found near zero; Moreover, the mean concentration changes across subjects for HbO and Hb were 

found to be more reduced than those of BV and BO. In addition, there were no statistically voxelwise significant 

differences for the mean concentration changes related to HbO, Hb, BV, neither BO; This finding strongly 

suggests for a spatial stability in the mean concentration changes during resting state. 

http://www.sciencedirect.com/science/article/pii/S1053811913007180
http://www.sciencedirect.com/science/article/pii/S1053811913007180
file:///F:/13_Diverses_BORL/5_NIRS-Newsletter/Cortical%20activation%20during%20auditory%20elicitation%20of%20fear%20and%20disgust:%20A%20near-infrared%20spectroscopy%20(NIRS)%20study
file:///F:/13_Diverses_BORL/5_NIRS-Newsletter/Cortical%20activation%20during%20auditory%20elicitation%20of%20fear%20and%20disgust:%20A%20near-infrared%20spectroscopy%20(NIRS)%20study
http://embc.embs.org/files/2013/3144_FI.pdf
http://embc.embs.org/files/2013/3144_FI.pdf
http://www.researchgate.net/publication/236164465_Resting_state_functional_near_infrared_spectroscopy
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18. Fuchino et al. (2013). Effects of Preterm Birth on Intrinsic Fluctuations in Neonatal Cerebral 

Activity Examined Using Optical Imaging 

 

Abstract:  Medical advancements in neonatology have significantly increased the number of high-risk preterm 

survivors. However, recent long-term follow-up studies have suggested that preterm infants are at risk for 

behavioral, educational, and emotional problems. Although clear relationships have been demonstrated between 

preterm infants and developmental problems during childhood and adolescence, less is known about the early 

indications of these problems. Recently, numerous studies on resting-state functional connectivity (RSFC) have 

demonstrated temporal correlations of activity between spatially remote cortical regions not only in healthy 

adults but also in neuropathological disorders and early childhood development. In order to compare RSFC of the 

cerebral cortex between preterm infants at term-equivalent ages and full-term neonates without any anatomical 

abnormality risk during natural sleep, we used an optical topography system, which is a recently developed 

extension of near-infrared spectroscopy. We clarified the presence of RSFC in both preterm infants and full-term 

neonates and showed differences between these groups. The principal differences were that on comparison of 

RSFC between the bilateral temporal regions, and bilateral parietal regions, RSFC was enhanced in preterm 

infants compared with full-term neonates; whereas on comparison of RSFC between the left temporal and left 

parietal regions, RSFC was enhanced in full-term neonates compared with preterm infants. We also 

demonstrated a difference between the groups in developmental changes of RSFC related to postmenstrual age. 

Most importantly, these findings suggested that preterm infants and full-term neonates follow different 

developmental trajectories during the perinatal period because of differences in perinatal experiences and 

physiological and structural development. 

 

 

19. Ong et al. (2013). Frontal cerebral oxygen response as an indicator of initial attention effort 

during perceptual learning 

 

Abstract:  Perceptual learning is critical in many settings. In the present study, we investigated the role of 

individual differences in attention effort in perceptual learning by having participants learn to detect rare 

cryptic figures. We employed both functional near-infrared spectroscopy measures of frontal cortical activity and 

self-reports of pre-task motivation in order to assess individual differences in attention effort. We also 

manipulated performance feedback and the amount of background information provided to the participants 

regarding the task. Twelve men and 28 women participated in the experiment. Performance metrics were 

indicative of perceptual learning occurring. Overall performance on the task was correlated significantly with 

pre-task levels of self-reported motivation and the rate of learning was correlated with initial oxygen response in 

the frontal cortex. The initial spike in frontal oxygen response declined with time on task, perhaps due to shifts 

towards automaticity. The results suggest perceptual learning is influenced by individual differences in 

attention effort. 

 

 

20. Piper et al. (2013). A wearable multi-channel fNIRS system for brain imaging in freely moving 

subjects 

 

Abstract:  Functional near infrared spectroscopy (fNIRS) is a versatile neuroimaging tool with an increasing 

acceptance in the neuroimaging community. While often lauded for its portability, most of the fNIRS setups 

employed in neuroscientific research still impose usage in a laboratory environment. We present a wearable, 

multi-channel fNIRS imaging system for functional brain imaging in unrestrained settings. The system operates 

without optical fiber bundles, using eight dual wavelength light emitting diodes and eight electro-optical sensors, 

which can be placed freely on the subject's head for direct illumination and detection. Its performance is tested 

on N = 8 subjects in a motor execution paradigm performed under three different exercising conditions: (i) during 

outdoor bicycle riding, (ii) while pedaling on a stationary training bicycle, and (iii) sitting still on the training 

bicycle. Following left hand gripping, we observe a significant decrease in the deoxyhemoglobin concentration 

over the contralateral motor cortex in all three conditions. A significant task-related ΔHbO2 increase was seen 

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0067432
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0067432
http://link.springer.com/article/10.1007/s00221-013-3619-9
http://link.springer.com/article/10.1007/s00221-013-3619-9
http://www.sciencedirect.com/science/article/pii/S1053811913007003
http://www.sciencedirect.com/science/article/pii/S1053811913007003
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for the non-pedaling condition. Although the gross movements involved in pedaling and steering a bike induced 

more motion artifacts than carrying out the same task while sitting still, we found no significant differences in 

the shape or amplitude of the HbR time courses for outdoor or indoor cycling and sitting still. We demonstrate 

the general feasibility of using wearable multi-channel NIRS during strenuous exercise in natural, unrestrained 

settings and discuss the origins and effects of data artifacts. We provide quantitative guidelines for taking 

condition-dependent signal quality into account to allow the comparison of data across various levels of physical 

exercise. To the best of our knowledge, this is the first demonstration of functional NIRS brain imaging during 

an outdoor activity in a real life situation in humans. 

 

 

21. Yücel et al. (2013). Reducing motion artifacts for long-term clinical NIRS monitoring using 

collodion-fixed prism-based optical fibers 

 

Abstract:  As the applications of near-infrared spectroscopy (NIRS) continue to broaden and long-term clinical 

monitoring becomes more common, minimizing signal artifacts due to patient movement becomes more pressing. 

This is particularly true in applications where clinically and physiologically interesting events are intrinsically 

linked to patient movement, as is the case in the study of epileptic seizures. In this study, we apply an approach 

common in the application of EEG electrodes to the application of specialized NIRS optical fibers. The method 

provides improved optode-scalp coupling through the use of miniaturized optical fiber tips fixed to the scalp 

using collodion, a clinical adhesive. We investigate and quantify the performance of this new method in 

minimizing motion artifacts in healthy subjects, and apply the technique to allow continuous NIRS monitoring 

throughout epileptic seizures in two epileptic in-patients. Using collodion-fixed fibers reduces the percent signal 

change of motion artifacts by 90% and increases the SNR by 6 and 3 fold at 690 and 830 nm wavelengths 

respectively when compared to a standard Velcro-based array of optical fibers. The change in both HbO and HbR 

during motion artifacts is found to be statistically lower for the collodion-fixed fiber probe. The collodion-fixed 

optical fiber approach has also allowed us to obtain good quality NIRS recording of three epileptic seizures in two 

patients despite excessive motion in each case. 

 

 

22. Re et al. (2013). Multichannel time domain fNIRS mapping of cortical activation and superficial 

systemic responses during neuromuscular electrical stimulation 

 

Abstract:  We recorded maps of cortical and systemic hemodynamic responses (oxy-hemoglobin, O2Hb and 

deoxy-hemoglobin, HHb) during incremental neuromuscular electrical stimulation (NMES) of the right forearm 

in nine subjects by a 32- channel time domain fNIRS (TD-fNIRS) instrument. Statistical parametric maps (SPM) 

relative to the different current stimulations (under and over the maximal tolerated intensity-MTI) versus the 

10%MTI were generated. Exploiting the temporal information contained in the TD-fNIRS signal it was possible 

to create different maps referring to the deeper (cortical activations) and the more superficial (systemic changes) 

head layers. The increasing of the stimulation current on the right forearm muscle produced a significantly 

larger bilateral sensorimotor and prefrontal cortical activations (i.e. increase in the O2Hb and decrease in HHb) 

than the systemic changes. Physiological parameters (heart rate, breathing rate and skin conductance) were also 

monitored. 

 

 

23. Mandrick et al. (2013). Utilizing slope method as an alternative data analysis for functional near-

infrared spectroscopy-derived cerebral hemodynamic responses 

 

Abstract:  The purpose was to propose an alternative data analysis for functional near-infrared spectroscopy 

(fNIRS)-derived hemodynamics as a function of cortical activation changes. We evaluated hemodynamic 

responses from the prefrontal cortex region while 38 participants performed a cognitive task. The task consisted 

of an arithmetic calculation with three levels of complexity (i.e., easy, medium and difficult). These task-

dependent hemodynamic responses were analyzed by the slope method (i.e. using a linear regression through the 

http://www.sciencedirect.com/science/article/pii/S1053811913006915
http://www.sciencedirect.com/science/article/pii/S1053811913006915
http://proceedings.spiedigitallibrary.org/proceeding.aspx?articleid=1700582
http://proceedings.spiedigitallibrary.org/proceeding.aspx?articleid=1700582
http://www.sciencedirect.com/science/article/pii/S016981411300070X
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cognitive task) and were compared with the corresponding responses obtained with a traditional approach of the 

amplitude method. Subjective scales of task loading (assessed by DP15 and NASA-TLX) and behavioral 

outcomes (performance and reaction time) were also recorded in response to the task complexity. Results 

revealed that the proposed slope method allowed a better discrimination in terms of cortical activation among all 

levels of mental workload. There was no significant increase in cortical activation between the medium and 

difficult levels (p = .30; d = 0.09) with the amplitude method while the slope coefficient was sensitive to the 

different levels (p < .01; d = 0.32). These preliminary results from a large sample size demonstrated that the 

slope method appears suitable for discriminating the changes in cortical activation with respect to the mental 

workload. 

 

 

24. Suzuki & Ando (2013). Genetic and Environmental Etiology of Infant Hemodynamic Response to 

Speech Stimuli: A Near-Infrared Spectroscopy Study of Twins 

 

Abstract:  For adults and children, genetic and environmental factors are known to affect brain structure and 

neural activity necessary for conducting various cognitive tasks. However, little is known regarding genetic and 

environmental contributions to individual differences in neural activity during the first two years of life. 

Concentrations of oxygenated and deoxygenated hemoglobin were measured bilaterally over temporal areas of 7 

monozygotic and 17 dizygotic twin pairs using near-infrared spectroscopy. Results showed that environmental 

influences on the concentration of hemoglobin were larger than for genetic influences. Significant genetic and 

environmental influences were detected in different temporal areas. We discuss the genetic and environmental 

influences on the hemodynamic response to speech stimuli during the first two years of life. 

 

 

25. Kusaka et al. (2013). Evaluation of cerebral circulation and oxygen metabolism in infants using 

near-infrared light 

 

Abstract:  Bedside monitoring of cerebral circulation or oxygen metabolism in infants to appropriately manage 

circulation and establish the oxygen dose, aiming at improving the neurological prognosis, is needed in general 

clinical practice. Near-infrared spectroscopy is used for measurements of neonatal cerebral Hb oxygen 

saturation, cerebral blood volume, cerebral blood flow and cerebral metabolic rate of oxygen. Near-infrared time-

resolved spectroscopy is particularly useful for bedside evaluation of cerebral circulation and oxygen metabolism 

because of its simple measurement procedure. Combined evaluation of cerebral blood volume and cerebral Hb 

oxygen saturation is expected to contribute to treatment centering on the brain in neonatal medical care. 

 

 

26. Di Sieno et al. (2013). Functional near-infrared spectroscopy at small source-detector distance by 

means of high dynamic-range fast-gated SPAD acquisitions: first in-vivo measurements 

 

Abstract:  In this article, we show experimental results of time-resolved optical spectroscopy performed with 

small distance between launching and detecting fibers. It was already demonstrated that depth discrimination is 

independent of source-detector separation and that measurements at small source detector distance provide 

better contrast and spatial resolution. The main disadvantage is represent by the huge increase in early photons 

(scarcely diffused by tissue) peak that can saturate the dynamic range of most detectors, hiding information 

carried by late photons. Thanks to a fast-gated Single- Photon Avalanche Diode (SPAD) module, we are able to 

reject the peak of early photons and to obtain high-dynamic range acquisitions. We exploit fast-gated SPAD 

module to perform for the first time functional near-infrared spectroscopy (fNIRS) at small source-detector 

distance for in vivo measurements and we demonstrate the possibility to detect non-invasively the dynamics of 

oxygenated and deoxygenated haemoglobin occurring in the motor cortex during a motor task. We also show the 

improvement in terms of signal amplitude and Signal-to-Noise Ratio (SNR) obtained exploiting fast-gated SPAD 

performances with respect to “non-gated” measurements. 

 

http://scholar.google.ch/scholar_url?hl=en&q=http://www.scirp.org/journal/PaperDownload.aspx%3FpaperID%3D33515&sa=X&scisig=AAGBfm1V-_UmavUuoYkLFCzuvxDFjQDBmQ&oi=scholaralrt
http://scholar.google.ch/scholar_url?hl=en&q=http://www.scirp.org/journal/PaperDownload.aspx%3FpaperID%3D33515&sa=X&scisig=AAGBfm1V-_UmavUuoYkLFCzuvxDFjQDBmQ&oi=scholaralrt
http://www.sciencedirect.com/science/article/pii/S0387760413001757
http://www.sciencedirect.com/science/article/pii/S0387760413001757
http://proceedings.spiedigitallibrary.org/proceeding.aspx?articleid=1700580
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27. Zucchelli et al. (2013). A method for discriminating systemic and cortical hemodynamic changes 

by time domain fNIRS 

 

Abstract:  Functional near-infrared spectroscopy (fNIRS) is a non-invasive optical technique able to measure 

hemodynamic response in the brain cortex. Among the different approaches the fNIRS can be based on, the time 

resolved one allows a straightforward relationship between the photon detection time and its path within the 

medium, improving the discrimination of the information content relative to the different layers the tissues are 

composed of. Thus absorption and scattering properties of the probed tissue can be estimated, and from them the 

oxy- and deoxy-hemoglobin concentration. However, an open issue in the optical imaging studies is still the 

accuracy in separating the superficial hemodynamic changes from those happening in deeper regions of the head 

and more likely involving the cerebral cortex. In fact a crucial point is the precise estimate of the time dependent 

pathlength spent by photons within the perturbed medium. A novel method for the calculus of the absorption 

properties in time domain fNIRS, based on a refined computation of photon pathlength in multilayered media, is 

proposed. The method takes into account the non-ideality of the measurement system (its instrument response 

function) and the heterogeneous structure of the head. The better accuracy in computing the optical pathlength 

can improve the NIRS data analysis, especially for the deeper layer. Simulations and preliminary analysis on in 

vivo data have been performed to validate the method and are here presented. 

 

 

28. Farina et al. (2013). Multi-laboratory investigation of the optical properties of the human head 

 

Abstract:  The optical properties of the human head in the range from 600 nm to 1100 nm have been non-

invasively in-vivo investigated by various research groups using different diffuse optics techniques and data 

analysis methods. 

 

 

29. Dan et al. (2013). Language-specific cortical activation patterns for verbal fluency tasks in 

Japanese as assessed by multichannel functional near-infrared spectroscopy 

 

Abstract:  In Japan, verbal fluency tasks are commonly utilized as a standard paradigm for neuropsychological 

testing of cognitive and linguistic abilities. The Japanese “letter fluency task” is a mora/letter fluency task based 

on the phonological and orthographical characteristics of the Japanese language. Whether there are similar 

activation patterns across languages or a Japanese-specific mora/letter fluency pattern is not certain. We 

investigated the neural correlates of overt mora/letter and category fluency tasks in healthy Japanese. The 

category fluency task activated the bilateral fronto-temporal language-related regions with left-superior 

lateralization, while the mora/letter fluency task led to wider activation including the inferior parietal regions 

(left and right supramarginal gyrus). Specific bilateral supramarginal activation during the mora/letter fluency 

task in Japanese was distinct from that of similar letter fluency tasks in syllable-alphabet-based languages: this 

might be due to the requirement of additional phonological processing and working memory, or due to increased 

cognitive load in general. 

 

 

30. Yoo & Lee (2013). Articulation-based sound perception in verbal repetition: A functional NIRS 

study 

 

Abstract:  Verbal repetition is a fundamental language capacity where listening and speaking are inextricably 

coupled with each other. We have recently reported that the left inferior frontal gyrus (IFG) harbors articulation-

based codes, as evidenced by activation during repetition of meaningless speech sounds, i.e., pseudowords. In 

this study, we aimed at confirming this finding and further investigating the possibility that sound perception as 

well as articulation is subserved by neural circuits in this region. Using functional near-infrared spectroscopy 

(fNIRS), we monitored changes of hemoglobin (Hb) concentration at IFG bilaterally, while subjects verbally 

http://proceedings.spiedigitallibrary.org/proceeding.aspx?articleid=1700589
http://proceedings.spiedigitallibrary.org/proceeding.aspx?articleid=1700589
http://proceedings.spiedigitallibrary.org/proceeding.aspx?articleid=1700586
http://www.sciencedirect.com/science/article/pii/S0093934X13001053
http://www.sciencedirect.com/science/article/pii/S0093934X13001053
http://www.frontiersin.org/Journal/Abstract.aspx?name=Human_Neuroscience&ARTICLEID=56123
http://www.frontiersin.org/Journal/Abstract.aspx?name=Human_Neuroscience&ARTICLEID=56123
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repeated pseudowords and words. The results revealed that the proportion of oxygenated hemoglobin (O2Hb) 

over total Hb was significantly higher at the left IFG during repetition of pseudowords than that of words, 

replicating the observation by functional MRI and indicating that the region processes articulatory codes for 

verbal repetition. More importantly for this study, hemodynamic modulations were observed at both IFG during 

passive listening without repetition to various sounds, including natural environmental sounds, animal 

vocalizations, and human emotional sounds. Furthermore, the O2Hb concentration increased at the left IFG but 

decreased at the right IFG for both speech and non-speech sounds. These findings suggest that both speech and 

non-speech sounds may be processed and maintained by a neural mechanism for sensorimotor integration using 

articulatory codes at the left IFG. 

 

 

31. Sato et al. (2013). A NIRS–fMRI investigation of prefrontal cortex activity during a working 

memory task 

 

Abstract:  Near-infrared spectroscopy (NIRS) is commonly used for studying human brain function. However, 

several studies have shown that superficial hemodynamic changes such as skin blood flow can affect the 

prefrontal NIRS hemoglobin (Hb) signals. To examine the criterion-related validity of prefrontal NIRS-Hb 

signals, we focused on the functional signals during a working memory (WM) task and investigated their 

similarity with blood-oxygen-level-dependent (BOLD) signals simultaneously measured by functional magnetic 

resonance imaging (fMRI). We also measured the skin blood flow with a laser Doppler flowmeter (LDF) at the 

same time to examine the effect of superficial hemodynamic changes on the NIRS-Hb signals. Correlation 

analysis demonstrated that temporal changes in the prefrontal NIRS-Hb signals in the activation area were 

significantly correlated with the BOLD signals in the gray matter rather than those in the soft tissue or the LDF 

signals. While care must be taken when comparing the NIRS-Hb signal with the extracranial BOLD or LDF 

signals, these results suggest that the NIRS-Hb signal mainly reflects hemodynamic changes in the gray matter. 

Moreover, the amplitudes of the task-related responses of the NIRS-Hb signals were significantly correlated with 

the BOLD signals in the gray matter across participants, which means participants with a stronger NIRS-Hb 

response showed a stronger BOLD response. These results thus provide supportive evidence that NIRS can be 

used to measure hemodynamic signals originating from prefrontal cortex activation. 

 

 

32. Hasegawa et al. (2013). Flavor-Enhanced Modulation of Cerebral Blood Flow during Gum 

Chewing 

 

Abstract:  Background: Flavor perception, the integration of taste and odor, is a critical factor in eating 

behavior. It remains unclear how such sensory signals influence the human brain systems that execute the 

eating behavior. Methods: We tested cerebral blood flow (CBF) in the frontal lobes bilaterally while subjects 

chewed three types of gum with different combinations of taste and odor: no taste/no odor gum (C-gum), sweet 

taste/no odor gum (T-gum), and sweet taste/lemon odor gum (TO-gum). Simultaneous recordings of transcranial 

Doppler ultrasound (TCD) and near infrared spectrometer (NIRS) were used to measure CBF during gum 

chewing in 25 healthy volunteers. Bilateral masseter muscle activity was also monitored. Results: We found that 

subjects could discriminate the type of gum without prior information. Subjects rated the TO-gum as the most 

flavorful gum and the C-gum as the least flavorful. Analysis of masseter muscle activity indicated that 

masticatory motor output during gum chewing was not affected by taste and odor. The TCD/NIRS 

measurements revealed significantly higher hemodynamic signals when subjects chewed the TO-gum compared 

to when they chewed the C-gum and T-gum. Conclusions: These data suggest that taste and odor can influence 

brain activation during chewing in sensory, cognitive, and motivational processes rather than in motor control. 
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33. Cortes et al. (2013). Effects of rapid repetition of a vascular occlusion test on near-infrared 

spectroscopy-derived variables in healthy subjects and in critically ill patients 

 

Abstract:  Introduction: Transient ischemia modifies cellular metabolism and microvascular physiology in order 

to limit damage from future hypoxic episodes, a phenomenon called preconditioning. Near-infrared spectroscopy 

(NIRS) is a non-invasive technique that, when coupled to a vascular occlusion test (VOT), provides an indirect 

measurement of muscle oxygen consumption (VO2) and microvascular reactivity. We hypothesized that: rapid 

repetition of a VOT may alter VOTinduced NIRS-derived variables and these changes could reflect 

preconditioning; and these alterations would be different in healthy volunteers and critically ill patients. 

Methods: Continuous non-invasive measurements of thenar tissue oxygen saturation (StO2) were performed 

using NIRS technology (InSpectra 650; Hutchinson, USA). VOTs were performed by inflating a cuff to 50 mmHg 

above the systolic pressure for 3 minutes. In a group of healthy volunteers, the VOT was repeated after 5 

minutes on day 1, after 15 minutes on day 2 and after 30 minutes on day 3. In a group of critically ill patients, 

the VOT was repeated after 5 minutes. For each VOT, we calculated the StO2 desaturation slope (DescSlope), 

StO2 resaturation slope (AscSlope) and the NIRS VO2 as the DescSlope×mean total hemoglobin index over the 

occlusion time. All statistical analyses were performed using SPSS 19.0 (IBM, USA). Results Twenty-one healthy 

volunteers (age 29 ± 6 years, heart rate 71 ± 6 bpm, mean arterial pressure 82 ± 6 mmHg) and 18 critically ill 

patients (age 59 ± 14 years, APACHE II score 21 ± 9, norepinephrine use in 10/18, ICU mortality 22%) were 

included. In the healthy volunteers, repetition of the VOT was associated with a decrease in the DescSlope and 

in NIRS VO2. This effect was not observed in the critically ill patients (Tables 1 and 2). Conclusion Rapid 

repetition of a VOT alters VOT-induced NIRS-derived variables in healthy volunteers but not in critically ill 

patients. If these alterations reflect preconditioning, our results suggest that this phenomenon may be altered in 

critically ill patients. 

 

 

34. Tak & Ye. (2013). Statistical analysis of fNIRS data: A comprehensive review 

 

Abstract:  Functional near-infrared spectroscopy (fNIRS) is a non-invasive method to measure brain activities 

using the changes of optical absorption in the brain through the intact skull. fNIRS has many advantages over 

other neuroimaging modalities such as positron emission tomography (PET), functional magnetic resonance 

imaging (fMRI), or magnetoencephalography (MEG), since it can directly measure blood oxygenation level 

changes related to neural activation with high temporal resolution. However, fNIRS signals are highly corrupted 

by measurement noises and physiology-based systemic interference. Careful statistical analyses are therefore 

required to extract neuronal activity-related signals from fNIRS data. In this paper, we provide an extensive 

review of historical developments of statistical analysis for fNIRS signal, which includes motion artifact 

correction, short source-detector separation correction, principal component analysis (PCA)/independent 

component analysis (ICA), false discovery rate (FDR), serially-correlated errors, as well as inference techniques 

such as the standard t-test, F-test, analysis of variance (ANOVA), and statistical parameter mapping (SPM) 

framework. In addition, to provide a unified view of various existing inference techniques, we explain a linear 

mixed effect model with restricted maximum likelihood (ReML) variance estimation, and show that most of the 

existing inference methods for fNIRS analysis can be derived as special cases. Some of the open issues in 

statistical analysis are also described. 

 

 

35. Caliandroet al. (2013). fNIRS evaluation during a phonemic verbal task reveals prefrontal 

hypometabolism in patients affected by myotonic dystrophy type 1 

 

Abstract: Objective: Myotonic dystrophy type 1 (DM1), the most common muscular dystrophy in adults, is 

characterized by a multisystem involvement. Cognitive involvement predominantly affecting frono-temporal 

functions is an established clinical feature in this disorder. Brain imaging and metabolic studies showed a 

predominant involvement of fronto-temporal regions in DM1 patients, yet correlation studies among these 

findings and neuropsychological data gave contrasting results. In order to contribute to clarify the relationship 
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between the metabolic changes documented in the frontal cortex of DM1 patients and a related cognitive task, 

we applied the functional near-infrared spectroscopy (fNIRS) during the execution of a phonemic verbal fluency 

task (pVFT). Methods:  We enrolled 29 consecutive right-handed DM1 patients and 30 controls. A 2-channel 

fNIRS imaging system was used to investigate changes in oxygenated [O2Hb] and deoxygenated [HHb] 

hemoglobin concentrations in the prefrontal cortex (PFC) during a pVFT. [O2Hb] and [HHb] baseline-corrected 

activation values were calculated (respectively [O2Hb]c and [HHb]c). Results: In the control group [O2Hb] 

significantly increased and [HHb] significantly decreased during the pVFT, in the DM1 group no significant 

variation was found for both parameters revealing no activation of both PFCs during the task. On the other 

hand, in the DM1 sample, statistical analysis revealed a direct correlation between [O2Hb]c of the left PFC and 

the pVFT score, while no correlation was observed in the control group. Conclusions: Our study reveals that 

DM1 patients show prefrontal hypometabolism during a specific frontal cognitive task compared to controls. 

Moreover the rapid temporal discrimination of fNIRS allows revealing the correlation between the PFC 

hypometabolism and the cognitive performance in DM1 patients. Significance: fNIRS can be helpful to 

understand the functional correlates of the frontal cognitive impairment in DM1. 

 

 

36. Fava et al. (2013). Hemodynamic responses to speech and music in preverbal infants 

 

Abstract:  Numerous studies have provided clues about the ontogeny of lateralization of auditory processing in 

humans, but most have employed specific subtypes of stimuli and/or have assessed responses in discrete 

temporal windows. The present study used near-infrared spectroscopy (NIRS) to establish changes in 

hemodynamic activity in the neocortex of preverbal infants (aged 4–11 months) while they were exposed to two 

distinct types of complex auditory stimuli (full sentences and musical phrases). Measurements were taken from 

bilateral temporal regions, including both anterior and posterior superior temporal gyri. When the infant sample 

was treated as a homogenous group, no significant effects emerged for stimulus type. However, when infants' 

hemodynamic responses were categorized according to their overall changes in volume, two very clear 

neurophysiological patterns emerged. A high-responder group showed a pattern of early and increasing 

activation, primarily in the left hemisphere, similar to that observed in comparable studies with adults. In 

contrast, a low-responder group showed a pattern of gradual decreases in activation over time. Although age did 

track with responder type, no significant differences between these groups emerged for stimulus type, suggesting 

that the high- versus low-responder characterization generalizes across classes of auditory stimuli. These results 

highlight a new way to conceptualize the variable cortical blood flow patterns that are frequently observed across 

infants and stimuli, with hemodynamic response volumes potentially serving as an early indicator of 

developmental changes in auditory-processing sensitivity. 

 

 

37. Jackson & Kennedy (2013). The application of near infrared spectroscopy in nutritional 

intervention studies 

 

Abstract:  Functional near infrared spectroscopy (NIRS) is a non-invasive optical imaging technique used to 

monitor cerebral blood flow (CBF) and by proxy neuronal activation. The use of NIRS in nutritional intervention 

studies is a relatively novel application of this technique, with only a small, but growing, number of trials 

published to date. These trials—in which the effects on CBF following administration of dietary components 

such as caffeine, polyphenols and omega-3 polyunsaturated fatty acids are assessed—have successfully 

demonstrated NIRS as a sensitive measure of change in haemodynamic response during cognitive tasks in both 

acute and chronic treatment intervention paradigms. The existent research in this area has been limited by the 

constraints of the technique itself however advancements in the measurement technology, paired with studies 

endeavouring increased sophistication in number and locations of channels over the head should render the use 

of NIRS in nutritional interventions particularly valuable in advancing our understanding of the effects of 

nutrients and dietary components on the brain. 
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38. Caliandro et al. (2013). Multiple source positions in time-domain optical brain imaging: a novel 

approach 

 

Abstract:  Multi-source operation in time-domain optical brain imaging often relies on the use of 

piezomechanical fiber switches which limit the speed when recording dynamic processes. The concept presented 

in this work overcomes this limitation by multiplexing on the nanosecond and microsecond time scales. In 

particular, the source positions were encoded by different delays on the nanosecond time scale. Multiplexing of 

wavelengths on the microsecond time scale (e.g. within 100 μs) was achieved by burst-mode operation of 

picosecond diode lasers in combination with addressing of different memory blocks in time-correlated single 

photon counting by means of routing inputs. This concept was implemented for 4 detectors and 5 source optodes 

yielding 12 measurement channels per hemisphere. In order to largely equalize the count rates for all source-

detector pairs with minimal overall losses, a setup was developed that enabled the freely adjustable distribution 

of laser power to the various source optodes. It was based on polarization splitters and motorized broadband 

polarization rotators. The method was successfully demonstrated in an in vivo experiment employing two 

different types of motor activation of the brain piezomechanical fiber switches which limit the speed when 

recording dynamic processes. The concept presented in this work overcomes this limitation by multiplexing on 

the nanosecond and microsecond time scales. In particular, the source positions were encoded by different delays 

on the nanosecond time scale. Multiplexing of wavelengths on the microsecond time scale (e.g. within 100 μs) 

was achieved by burst-mode operation of picosecond diode lasers in combination with addressing of different 

memory blocks in time-correlated single photon counting by means of routing inputs. This concept was 

implemented for 4 detectors and 5 source optodes yielding 12 measurement channels per hemisphere. In order to 

largely equalize the count rates for all source-detector pairs with minimal overall losses, a setup was developed 

that enabled the freely adjustable distribution of laser power to the various source optodes. It was based on 

polarization splitters and motorized broadband polarization rotators. The method was successfully demonstrated 

in an in vivo experiment employing two different types of motor activation of the brain. 

 

 

39. Shellhaas et al. (2013). Limited short-term prognostic utility of cerebral NIRS during neonatal 

therapeutic hypothermia 

 

Abstract:  Objective: We evaluated the utility of amplitude-integrated EEG (aEEG) and regional oxygen 

saturation (rSO2) measured using near-infrared spectroscopy (NIRS) for short-term outcome prediction in 

neonates with hypoxic ischemic encephalopathy (HIE) treated with therapeutic hypothermia. Methods: Neonates 

with HIE were monitored with dual-channel aEEG, bilateral cerebral NIRS, and systemic NIRS throughout 

cooling and rewarming. The short-term outcome measure was a composite of neurologic examination and brain 

MRI scores at 7 to 10 days. Multiple regression models were developed to assess NIRS and aEEG recorded 

during the 6 hours before rewarming and the 6-hour rewarming period as predictors of short-term outcome. 

Results: Twenty-one infants, mean gestational age 38.8 ± 1.6 weeks, median 10-minute Apgar score 4 (range 0–

8), and mean initial pH 6.92 ± 0.19, were enrolled. Before rewarming, the most parsimonious model included 4 

parameters (adjusted R2 = 0.59; p = 0.006): lower values of systemic rSO2 variability (p = 0.004), aEEG 

bandwidth variability (p = 0.019), and mean aEEG upper margin (p = 0.006), combined with higher mean aEEG 

bandwidth (worse discontinuity; p = 0.013), predicted worse short-term outcome. During rewarming, lower 

systemic rSO2 variability (p = 0.007) and depressed aEEG lower margin (p = 0.034) were associated with worse 

outcome (model-adjusted R2 = 0.49; p = 0.005). Cerebral NIRS data did not contribute to either model. 

Conclusions: During day 3 of cooling and during rewarming, loss of physiologic variability (by systemic NIRS) 

and invariant, discontinuous aEEG patterns predict poor short-term outcome in neonates with HIE. These 

parameters, but not cerebral NIRS, may be useful to identify infants suitable for studies of adjuvant 

neuroprotective therapies or modification of the duration of cooling and/or rewarming.  
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40. Yamauchi et al. (2013). Relation between Parametric Change of the Workload and Prefrontal 

Cortex Activity during a Modified Version of the ‘Rock, Paper, Scissors' Task 

 

Abstract:  Background/Aims: Modified rock, paper, scissors (RPS) tasks have previously been used in 

neuroscience to investigate activity of the prefrontal cortex (PFC). In this study, we investigated hemodynamic 

changes in the PFC using near-infrared spectroscopy (NIRS) during a modified RPS task in which each subject's 

successful performance rate was equalized; the workload was increased parametrically in order to reveal the 

resulting pattern of PFC activation. Methods: The subjects were 20 healthy adults. During RPS, the player uses 

hand gestures to represent rock, paper, and scissors. Rock beats scissors, paper beats rock, and scissors beats 

paper. In the modified RPS task, the player is instructed to lose intentionally against the computer hand; the 

computer goes first and the player follows. The interstimulus interval (ISI) level was adjusted with 11 steps. If 

the level rose, the ISI decreased and the workload increased parametrically. The maximal level (maxLv: the 

shortest ISI and the biggest workload) in which a subject could perform the task correctly was determined for 

every subject during rehearsal of the task prior to the experiment. Lowering the level from the maxLv made the 

task easier. Hemodynamic changes were measured by NIRS over 4 task levels (maxLv-3, maxLv-2, maxLv-1 and 

maxLv). Results: The hemodynamic changes in the left lateral PFC and bilateral Brodmann area 6 rose 

significantly with the increase in workload and presented a linear trend. Conclusion: These results suggest that 

PFC activation may linearly increase with increased workload during a modified RPS task in which successful 

performance rates of subjects are equalized. 

 

 

41. Wu et al. (2013). Quantitative evaluation of registration methods for atlas-based diffuse optical 

tomography 

 

Abstract:  In Diffuse Optical Tomography (DOT), an atlas-based model can be used as an alternative to a 

subject-specific anatomical model for recovery of brain activity. The main step of the generation of atlas-based 

subject model is the registration of atlas model to the subject head. The accuracy of the DOT then relies on the 

accuracy of registration method. In this work, 11 registration methods are quantitatively evaluated. The 

registration method with EEG 10/20 systems with 19 landmarks and non-iterative point to point algorithm 

provides approximately 1.4 mm surface error and is considered as the most efficient registration method. 

 

 

42. Hasnain et al. (2013). Developing a robust time domain diffuse optical tomography system 

 

Abstract:  This paper emphasizes on the stability of the diffused signal acquired by a time domain diffuse 

optical tomography system. The robustness of the system is enhanced to make it perform consistently over a 

longer period of time. 

 

 

43. Homae (2013). A brain of two halves: Insights into interhemispheric organization provided by 

near-infrared spectroscopy 

 

Abstract:  The discovery of functional lateralization and localization of the brain marked the beginning of a new 

era in neuroscience. While the past 150 years of research have provided a great deal of knowledge of hemispheric 

differences and functional relationships, the precise organization of functional laterality remains a topic of 

intense debate. Here I will shed light on the functional organization of the two hemispheres by reviewing some of 

the most recent functional near-infrared spectroscopy (NIRS) studies that have reported hemispheric differences 

in activation patterns. Most NIRS studies using visual stimuli, which revealed functional differentiation 

between the hemispheres, have reported unilateral activation, i.e., significant levels of activation in only one 

hemisphere. Auditory stimuli, including speech sounds, elicited bilateral activation, while the limited number of 

studies on young infants revealed primarily unilateral activation. The stimulus modality and the age of the 

participants therefore determine whether the resulting cortical activation is unilateral or bilateral. By combining 
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a review of the existing literature with NIRS results regarding homologous connectivity across hemispheres, I 

hypothesized that the origin of functional lateralization changes from the independence of each hemispheric 

region, to mutual inhibition between homologous regions during development. Future studies applying multi-

modal measurements along with NIRS and spatiotemporal analyses will further deepen our understanding of 

the interhemispheric organization of brain function. 

 

 

44. Mazureka et al. (2013). A non-contact time-domain scanning brain imaging system: first in-vivo 

results 

 

Abstract:  We present results of first in-vivo tests of an optical non-contact scanning imaging system, intended 

to study oxidative metabolism related processes in biological tissue by means of time-resolved near-infrared 

spectroscopy. Our method is a novel realization of the short source-detector separation approach and based on a 

fast-gated single-photon avalanche diode to detect late photons only. The scanning system is built in quasi-

confocal configuration and utilizes polarizationsensitive detection. It scans an area of 4×4 cm2, recording images 

with 32×32 pixels, thus creating a high density of source-detector pairs. To test the system we performed a range 

of in vivo measurements of hemodynamic changes in several types of biological tissues, i.e. skin (Valsalva 

maneuver), muscle (venous and arterial occlusions) and brain (motor and cognitive tasks). Task-related changes 

in hemoglobin concentrations were clearly detected in skin and muscle. The brain activation shows weaker, but 

yet detectable changes. These changes were localized in pixels near the motor cortex area (C3). However, it was 

found that even very short hair substantially impairs the measurement. Thus the applicability of the scanner is 

limited to hairless parts of body. The results of our first in-vivo tests prove the feasibility of non-contact scanning 

imaging as a first step towards development of a prototype for biological tissue imaging for various medical 

applications. 

 

 

45. Myllylä et al. (2013). Optical sensing of a pulsating liquid in a brain-mimicking phantom 

 

Abstract:  In study of the brain, oxygenation changes in the cerebral cortex are increasingly monitored using 

optical methods based on near-infrared spectroscopy (NIRS). When monitoring blood oxygenation in the cerebral 

cortex, at depth of approximately 15 mm - 20 mm from the skin surface, separation distance between source and 

detector becomes significant. Many studies show that by increasing the source-detector distance, illuminating 

light penetrates deeper into tissue. In this work, we use optical phantoms to determine experimentally the 

minimum source-detector distance between that allows sensing of the cerebral cortex, particularly the grey 

matter of the brain. A multilayered forehead phantom was fabricated and a silicon tube was added inside the 

phantom at depths of 15 mm and 19 mm, measured from the surface of the skin mimicking layer. This depth 

corresponds to the grey matter layer of the brain. The phantom’s optical properties were specifically designed to 

mimic the optical properties of tissue layers of the forehead and to facilitate near-infrared sensing. Optical 

sensing of liquid movement within the tube was measured by varying the distance between the near-infrared 

light source and the detector. Based on our measurements, we can conclude that it is possible to sense pulsations 

from a grey matter mimicking layer of the brain using near-infrared spectroscopy at a source-detector distance of 

3 - 4 cm. 

 

 

46. Guo et al. (2013). Optimization for brain activity monitoring with near infrared light in a four-

layered model of the human head 

 

Abstract:  We describe a four-layered model for near infrared light propagation in a human head based on the 

Monte Carlo method. With the use of three-dimensional voxel-based media discretization, photon migration in 

the brain is analyzed by both the time-of-fight measurement and the spatial sensitivity probe. In the 

measurement of brain activity, the selection of light wavelength and the distance between the source and the 

detector have a great influence on the detected signal. In this study, we compare the detected signals from the 
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detectors with different source-detector spacing at wavelengths of 690 nm, 800nm and 1300 nm, and find that in 

our model, the wavelength of 1300nm is more appropriate for the measurement of brain activity because the 

signals at 1300nm get better detection sensitivity and spatial resolution. Source-detector spacing is also 

optimized. 

 

 

47. Moriguchi et al. (2013). Behavioral and neural differences during two versions of cognitive 

shifting tasks in young children and adults 

 

Abstract:  The present study examined how young children and adult participants activated inferior prefrontal 

regions when they were given different cognitive shifting tasks. Children and adults were given two versions of 

the Dimensional Change Card Sort task (the standard and advanced versions), and brain activations during the 

tasks were examined using near infrared spectroscopy. On the behavioral level, the performance of both children 

and adults deteriorated during the advanced version as compared to the standard version. On the neural level, 

adults exhibited similar bilateral inferior prefrontal activations during the advanced version and the standard 

version. On the other hand, children showed the significant differences of the activations between the regions 

during the advanced version, but not during the standard version. The results indicated that children recruited 

different inferior prefrontal areas depending on the demands of cognitive shifting. 

 

 

48. Fellahi et al. (2013). Dynamic evaluation of near-infrared peripheral oximetry in healthy 

volunteers: A comparison between INVOS and EQUANOX 

 

Abstract:  PURPOSE: The present study aimed to compare peripheral regional tissue oxygen saturation (rSO2) 

values and desaturation/resaturation rates given by INVOS and EQUANOX devices. MATERIALS AND 

METHODS: Twenty healthy volunteers were investigated during 4 experimental steps: baseline, hyperoxia, 

ischemia, and reperfusion. For each volunteer, 2 sensors INVOS and 2 sensors EQUANOX were placed on both 

left and right calves. Blood pressure, heart rate, and peripheral pulse oximetry were monitored. RESULTS: 

Peripheral rSO2 ranged from 40% to 95% (INVOS) and from 47% to 100% (EQUANOX): 81 ± 12 vs 82 ± 9 (P = 

.469). A significant relationship was found at baseline between absolute values of INVOS and EQUANOX (n = 

40; R2 = 0.159; P = .011). Bias was -0.4%, and limits of agreement were ±15.1%. The percent maximum 

differences vs baseline values during dynamic maneuvers were 33% ± 19% (95% confidence interval, 24-42) and 

21% ± 14% (95% confidence interval, 15-28) for INVOS and EQUANOX, respectively. No significant relationship 

was observed between percent maximum differences in INVOS and EQUANOX (n = 20; R2 = 0.128; P = .122). 

Rates of desaturation/resaturation during occlusive vascular tests were 3.65% per minute vs 2.36% per minute 

(P = .027) and 30.42% per minute vs 16.28% per minute (P = .004) for INVOS and EQUANOX, respectively. 

CONCLUSIONS: INVOS and EQUANOX are not comparable in measuring both absolute values and dynamic 

changes of peripheral rSO2 and near-infrared spectroscopy-derived parameters during occlusion vascular tests. 

 

 

49. Kurihara et al. (2013). A hybrid MC-FEM model for analysis of light propagation in highly 

scattering medium 

 

Abstract:  The hemodynamic change related to the brain activation can be located by the diffuse optical 

tomography (DOT) using the near-infrared spectroscopy (NIRS) signals and the spatial sensitivity profiles (SSP). 

Monte Carlo (MC) method and finite element method (FEM) have been used to predict the SSPs. The 

computation time for MC method is much longer than that for the FEM, however, the accurate solution in the 

region close to the light source cannot be obtained by FEM solutions of the diffusion equation. In this study, a 

hybrid MC-FEM model is proposed for fast and accurate simulation of light propagation in a highly scattering 

medium. In the hybrid model, the solution in the region close to the light source is calculated by the MC method 

whereas that in the region far from the light source is calculated by the FEM. The solutions by the FEM in 

hemispherical models were compared with those by the MC method to determine the region in which diffusion 
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approximation does not hold and the number of photons for the MC method for the hybrid model. The results 

demonstrate that the proposed hybrid model can calculate the accurate solutions within reasonable computation 

time for a multi-layered model. 

 

 

50. Otsuka (2013). Face recognition in infants: A review of behavioral and near-infrared 

spectroscopic studies 

 

Abstract:  Recent developmental studies investigating face recognition ability in infants’ have provided evidence 

not only that infants show selective attention to faces, but also that they can discriminate between faces from 

birth, and that biases in face processing such as the face inversion and other race effects exist even in infancy. 

Studies measuring the hemodynamic responses to facial images in the infants’ brain using near-infrared 

spectroscopy (NIRS) have also reported differential cortical activity in response to face and nonface images in 

infants. This paper will review recent findings on infants face recognition provided by both behavioral studies 

and neuroimaging studies using NIRS. These converging lines of evidence point to the early onset of face 

recognition ability in infancy. 

 

 

51. Kamrani et al. (2013). On-Chip Single Photon Counting Electronic Circuitry Dedicated to Real-

Time Brain Imaging Applications 

 

Abstract:  A new high-speed and controllable single-photon counter system is proposed in this paper for real-

time brain imaging. It includes an avalanche photodiode (APD), a preamplifier and a mixed quench-reset circuit. 

In order to reduce the power consumption and after-pulsing, and also increasing the sensitivity and fill factor, 

the photon-counting front-end circuitry is integrated on-chip with APD using standard CMOS technology. This 

miniaturized system offers an ultra-fast quench-rest time (~few ns) with a low-power consumption (<;1mW). 

 

 

52. Thien et al. (2013). Distinguish Two Hands Moving Measured by Near-Infrared Spectroscopy 

 

Abstract:  Near-Infrared Spectroscopy (NIRS) is used to measure the concentration change of oxygenated 

hemoglobin (ΔHbO) and deoxygenated hemoglobin (ΔHHb) on two sides of primary motor cortex in the human 

brain by stimulating two hand of participant moving up and down in succession. In this research, we 

demonstrate the ability analyze signal of human brain activity using a 20-chanels continuous wave optical NIRS 

system over the primary motor cortex of 3 healthy males. We propose a method analysis based on the theory of 

angular coefficient in the line and calculating the mean to distinguish the data offline of left and right hand 

moving with an average accuracy 86.77% for all volunteers. The result indicates potential application of this 

method in processing signal from NIRS. We also discuss here the ability of application of our method can be used 

for the development of brain-computer interface (BCI) in the future. 

 

 

53. Takizawa et al. (2013). Neuroimaging-aided differential diagnosis of the depressive state 

 

Abstract:  A serious problem in psychiatric practice is the lack of specific, objective biomarker-based 

assessments to guide diagnosis and treatment. The use of such biomarkers could assist clinicians in establishing 

differential diagnosis, which may improve specific individualised treatment. This multi-site study sought to 

develop a clinically suitable neuroimaging-guided diagnostic support system for differential diagnosis at the 

single-subject level among multiple psychiatric disorders with depressive symptoms using near-infrared 

spectroscopy, which is a compact and portable neuroimaging method. We conducted a multi-site, case–control 

replication study using two cohorts, which included seven hospitals in Japan. The study included 673 patients 

(women/men: 315/358) with psychiatric disorders (major depressive disorder, bipolar disorder, or schizophrenia) 

who manifested depressive symptoms, and 1007 healthy volunteers (530/477). We measured the accuracy of the 
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single-subject classification in differential diagnosis among major psychiatric disorders, based on spatiotemporal 

characteristics of fronto-temporal cortical haemodynamic response patterns induced by a brief (< 3 min) verbal 

fluency task. Data from the initial site were used to determine an optimal threshold, based on receiver-operator 

characteristics analysis, and to generate the simplest and most significant algorithm, which was validated using 

data from the remaining six sites. The frontal haemodynamic patterns detected by the near-infrared 

spectroscopy method accurately distinguished between patients with major depressive disorder (74.6%) and 

those with the two other disorders (85.5%; bipolar disorder or schizophrenia) that presented with depressive 

symptoms. These results suggest that neuroimaging-guided differential diagnosis of major psychiatric disorders 

developed using the near-infrared spectroscopy method can be a promising biomarker that should aid in 

personalised care in real clinical settings. Potential confounding effects of clinical (e.g., age, sex) and systemic 

(e.g., autonomic nervous system indices) variables on brain signals will need to be clarified to improve 

classification accuracy. 

 

 

54. Chaddad et al. (2013). Denoising fNIRS Signals to Enhance Brain Imaging Diagnosis 

 

Abstract:  Functional Near Infrared Spectroscopy (fNIRS) signals have the potential to permit accurate analysis 

of intracortical brain physiologic disease. The HomER graphical user interface is used to display the NIRS data, 

FastICA is updated to reduce data dimension and combined Wavelet & Pca method is developed to denoise NIRS 

signals. These signals include several types of noise spread from low to high frequencies such as respiratory 

interference frequency band of 0.1-0.3Hz, NIRS Mayer wave which is about 0.1Hz, cardiac interference 

frequency band which is 0.8-2.0Hz, artifacts from head and facial motions, and high frequency noise generated 

from electronic components. Wavelet & Pca is an efficient method to reduce biological noise, motion artifact and 

high-frequency noise. The applied processing technique consists of adaptively modifying the wavelet coefficients 

based on the degree of noise contaminating the processed NIRS signal. This is done subsequently to signal pre-

processing by reducing data dimension using the FastICA method. The feasibility of the method was 

demonstrated by testing it on experimental fNIRS data collected from 47 subjects. Preliminary results, through 

signal-to-noise ratio and correlation indicators show that the technique reduces noise and improves the quality of 

the acquired NIRS signals and its corresponding analysis. 

 

 

55. Nhat et al. (2013). Investigating Brain Activity when Listening to Different Types of Music by 

Near-Infrared Spectroscopy 

 

Abstract:  Music plays an important role in our daily lives. Thus, there are many studies about musical effects 

on brain. In this research, we tried to investigate the responding of cerebral cortex to different types of music 

and the effects of emotion when listening to music. There were 5 subjects listening to 3 musical categories: Rock, 

Classic and Vietnamese folk song. All experiments were measured by near-infrared spectroscopy, and data was 

analyzed by Matlab® (MathWorks, Natick, MA) and SPSS® (SPSS inc., IBM) software. Our results showed that 

there was obvious decrease in HbO when listening to rock music more than listening to classical or Vietnamese 

folk one. In addition, the differences among subjects' emotional levels were not statistically significant, although 

the more they enjoyed the song, the lower the averaged area under curve of oxygenated hemoglobin was. 

 

 

56. Lloyd-Fox et al. (2013). Reduced neural sensitivity to social stimuli in infants at risk for autism 

 

Abstract:  In the hope of discovering early markers of autism, attention has recently turned to the study of 

infants at risk owing to being the younger siblings of children with autism. Because the condition is highly 

heritable, laterborn siblings of diagnosed children are at substantially higher risk for developing autism or the 

broader autism phenotype than the general population. Currently, there are no strong predictors of autism in 

early infancy and diagnosis is not reliable until around 3 years of age. Because indicators of brain functioning 

may be sensitive predictors, and atypical social interactions are characteristic of the syndrome, we examined 
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whether temporal lobe specialization for processing visual and auditory social stimuli during infancy differs in 

infants at risk. In a functional near-infrared spectroscopy study, infants aged 4–6 months at risk for autism 

showed less selective neural responses to social stimuli (auditory and visual) than low-risk controls. These group 

differences could not be attributed to overall levels of attention, developmental stage or chronological age. Our 

results provide the first demonstration of specific differences in localizable brain function within the first 6 

months of life in a group of infants at risk for autism. Further, these differences closely resemble known patterns 

of neural atypicality in children and adults with autism. Future work will determine whether these differences 

in infant neural responses to social stimuli predict either later autism or the broader autism phenotype 

frequently seen in unaffected family members. 

 

 

57. Falk et al. (2013). Client-Centred Music Imagery Classification Based on Hidden Markov Models 

of Baseline Prefrontal Hemodynamic Responses 

 

Abstract:  - not abstract available -  

 

 

58. Toricelli et al. (2013). Time domain functional NIRS imaging for human brain mapping 

 

Abstract:  This review is aimed at presenting the state-of-the-art of time domain (TD) functional near-infrared 

spectroscopy (fNIRS). We first introduce the physical principles, the basics of modeling and data analysis. Basic 

instrumentation components (light sources, detection techniques, and delivery and collection systems) of a TD 

fNIRS system are described. A survey of past, existing and next generation TD fNIRS systems used for research 

and clinical studies is presented. Performance assessment of TD fNIRS systems and standardization issues are 

also discussed. Main strengths and weakness of TD fNIRS are highlighted, also in comparison with continuous 

wave (CW) fNIRS. Issues like quantification of the hemodynamic response, penetration depth, depth selectivity, 

spatial resolution and contrast-to-noise ratio are critically examined, with the help of experimental results 

performed on phantoms or in vivo. Finally we give an account on the technological developments that would pave 

the way for a broader use of TD fNIRS in the neuroimaging community. 

 

 

59. Elliot et al. (2013). Client-Centred Music Imagery Classification Based on Hidden Markov Models 

of Baseline Prefrontal Hemodynamic Responses 

 

Abstract:  - not abstract available -  

 

 

60. Moerman et al. (2013). Influence of variations in systemic blood flow and pressure on cerebral 

and systemic oxygen saturation in cardiopulmonary bypass patients 

 

Abstract:  BACKGROUND: Although both pressure and flow are considered important determinants of regional 

organ perfusion, the relative importance of each is less established. The aim of the present study was to evaluate 

the impact of variations in flow, pressure, or both on cerebral and whole-body oxygen saturation. METHODS: 

Thirty-four consenting patients undergoing elective cardiac surgery on cardiopulmonary bypass were included. 

Using a randomized cross-over design, four different haemodynamic states were simulated: (i) 20% flow 

decrease, (ii) 20% flow decrease with phenylephrine to restore baseline pressure, (iii) 20% pressure decrease with 

sodium nitroprusside (SNP) under baseline flow, and (iv) increased flow with baseline pressure. The effect of 

these changes was evaluated on cerebral and systemic oxygen saturation, and on systemic oxygen extraction 

ratio (OER). Data were assessed by within- and between-group comparisons. RESULTS: Decrease in flow was 

associated with a decrease in [from 63.5 (7.4) to 62.0 (8.5) %, P<0.001]. When arterial pressure was restored with 

phenylephrine during low flow, further decreased from 61.0 (9.7) to 59.2 (10.2) %, P<0.001. Increase in flow was 

associated with an increase in from 62.6 (7.7) to 63.6 (8.9) %, P=0.03, while decreases in pressure with the use of 
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SNP did not affect . was significantly lower (P<0.001) and OER was significantly higher (P<0.001) in the low flow 

arms. CONCLUSIONS: In the present elective cardiac surgery population, and were significantly lower with 

lower flow, regardless of systemic arterial pressure. Moreover, phenylephrine administration was associated 

with a reduced cerebral and systemic oxygen saturation. 

 

 

61. Koike et al. (2013). Reduced but broader prefrontal activity in patients with schizophrenia 

during n-back working memory tasks: A multi-channel near-infrared spectroscopy study 

 

Abstract:  Background: Caudal regions of the prefrontal cortex, including the dorsolateral (DLPFC) and 

ventrolateral (VLPFC) prefrontal cortex, are involved in essential cognitive functions such as working memory. 

In contrast, more rostral regions, such as the frontopolar cortex (FpC), have integrative functions among 

cognitive functions and thereby contribute crucially to real-world social activity. Previous functional magnetic 

resonance imaging studies have shown patients with schizophrenia had different DLPFC activity pattern in 

response to cognitive load changes compared to healthy controls; however, the spatial relationship between the 

caudal and rostral prefrontal activation has not been evaluated under less-constrained conditions. Method: 

Twenty-six patients with schizophrenia and 26 age-, sex-, and premorbid-intelligence-matched healthy controls 

participated in this study. Hemodynamic changes during n-back working memory tasks with different cognitive 

loads were measured using multi-channel near-infrared spectroscopy (NIRS). Results: Healthy controls showed 

significant task-related activity in the bilateral VLPFC and significant task-related decreased activity in the 

DLPFC, with greater signal changes when the task required more cognitive load. In contrast, patients with 

schizophrenia showed activation in the more rostral regions, including bilateral DLPFC and FpC. Neither 

decreased activity nor greater activation in proportion to elevated cognitive load occurred. Conclusions: This 

multi-channel NIRS study demonstrated that activation intensity did not increase in patients with 

schizophrenia associated with cognitive load changes, suggesting hypo-frontality as cognitive impairment in 

schizophrenia. On the other hand, patients had broader prefrontal activity in areas such as the bilateral DLPFC 

and FpC regions, thus suggesting a hyper-frontality compensatory response. 

 

 

62. Hassanpour  et al. (2013). Statistical analysis of high density diffuse optical tomography 

 

Abstract:  High density diffuse optical tomography (HD-DOT) is a noninvasive neuroimaging modality with 

moderate spatial resolution and localization accuracy. Due to portability and wear-ability advantages, HD-DOT 

has the potential to be used in populations that are not amenable to functional magnetic resonance imaging 

(fMRI), such as hospitalized patients and young children. However, whereas the use of event-related stimuli 

designs, general linear model (GLM) analysis, and imaging statistics are standardized and routine with fMRI, 

such tools are not yet common practice in HD-DOT. In this paper we adapt and optimize fundamental elements 

of fMRI analysis for application to HD-DOT. We show the use of event-related protocols and GLM de-convolution 

analysis in un-mixing multi-stimuli event-related HD-DOT data. Statistical parametric mapping (SPM) in the 

framework of a general linear model is developed considering the temporal and spatial characteristics of HD-

DOT data. The statistical analysis utilizes a random field noise model that incorporates estimates of the local 

temporal and spatial correlations of the GLM residuals. The multiple-comparison problem is addressed using a 

cluster analysis based on non-stationary Gaussian random field theory. These analysis tools provide access to a 

wide range of experimental designs necessary for the study of the complex brain functions. In addition, they 

provide a foundation for understanding and interpreting HD-DOT results with quantitative estimates for the 

statistical significance of detected activation foci. 
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63. Ekbal et al. (2013). Monitoring Tissue Perfusion, Oxygenation, and Metabolism in Critically Ill 

Patients 

 

Abstract:  Alterations in oxygen transport and use are integral to the development of multiple organ failure; 

therefore, the ultimate goal of resuscitation is to restore effective tissue oxygenation and cellular metabolism. 

Hemodynamic monitoring is the cornerstone of management to promptly identify and appropriately manage 

(impending) organ dysfunction. Prospective randomized trials have confirmed outcome benefit when preemptive 

or early treatment is directed toward maintaining or restoring adequate tissue perfusion. However, treatment 

end points remain controversial, in large part because of current difficulties in determining what constitutes 

“optimal.” Information gained from global whole-body monitoring may not detect regional organ perfusion 

abnormalities until they are well advanced. Conversely, the ideal “canary” organ that is readily accessible for 

monitoring, yet offers an early and sensitive indicator of tissue “unwellness,” remains to be firmly identified. 

This review describes techniques available for real-time monitoring of tissue perfusion and metabolism and 

highlights novel developments that may complement or even supersede current tools. 

 

 

64. Mehnert et al. (2013). Effect of a mirror-like illusion on activation in the precuneus assessed with 

functional near-infrared spectroscopy 

 

Abstract:  Mirror therapy is a therapy to treat patients with pain syndromes or hemiparesis after stroke. 

However, the underlying neurophysiologic mechanisms are not clearly understood. In order to determine the 

effect of a mirror-like illusion (MIR) on brain activity using functional near-infrared spectroscopy, 20 healthy 

right-handed subjects were examined. A MIR was induced by a digital horizontal inversion of the subjects’ filmed 

hand. Optodes were placed on the primary motor cortex (M1) and the occipito-parietal cortex (precuneus, PC). 

Regions of interest (ROI) were defined a priori based on previous results of similar studies and confirmed by the 

analysis of effect sizes. Analysis of variance of the ROI signal revealed a dissociated pattern: at the PC, the MIR 

caused a significant inversion of a hemispheric lateralization opposite to the perceived hand, independent of the 

moving hand. In contrast, activity in M1 showed lateralization opposite to the moving hand, but revealed no 

mirror effect. These findings extend our understanding on interhemispheric rivalry and indicate that a MIR is 

integrated into visuomotor coordination similar to normal view, irrespective of the hand that is actually 

performing the task. 

 

 

65. McKendrick et al. (2013). Enhancing dual-task performance with verbal and spatial working 

memory training: Continuous monitoring of cerebral hemodynamics with NIRS 

 

Abstract:  To better understand the mechanisms by which working memory training can augment human 

performance we continuously monitored trainees with near infrared spectroscopy (NIRS) while they performed a 

dual verbal–spatial working memory task. Linear mixed effects models were used to model the changes in 

cerebral hemodynamic response as a result of time spent training working memory. Nonlinear increases in left 

dorsolateral prefrontal cortex (DLPFC) and right ventrolateral prefrontal cortex (VLPFC) were observed with 

increased exposure to working memory training. Adaptive and yoked training groups also showed differential 

effects in rostral prefrontal cortex with increased exposure to working memory training. There was also a 

significant negative relationship between verbal working memory performance and bilateral VLPFC activation. 

These results are interpreted in terms of decreased proactive interference, increased neural efficiency, reduced 

mental workload for stimulus processing, and increased working memory capacity with training. 
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66. Kuruvilla et al. (2013). Neural correlates of cognitive decline in ALS: An fNIRS study of the 

prefrontal cortex 

 

Abstract:  Functional near infrared spectroscopy (fNIRS) is a clinically feasible functional neuroimaging 

modality for detecting early cortical changes due to neurodegenerative diseases that affect cognition. The 

objective of this preliminary investigation was to test for reduced prefrontal activity in persons with cognitive 

impairments due to amyotrophic lateral sclerosis (ALS). Participants were required to complete two N-back 

working memory tasks of increasing complexity during fNIRS recordings. Five participants with ALS and age- 

and gender-matched healthy participants comprised the experimental and control groups, respectively. 

Significant reductions in prefrontal oxygenation levels were observed for the left and right hemispheres in the 

ALS group compared to the control group. Reduced prefrontal activation despite intact behavioral performance 

for a working memory task may suggest early neuroanatomical, neurophysiological and/or compensatory 

mechanisms in affected individuals. The fNIRS-derived oxygenation measure shows promise as a sensitive 

neural marker to identify early neuropsychological impairments due to ALS. 

 

 

67. Heger et al. (2013). Towards Biometric Person Identification using fNIRS 

 

Abstract:  We investigate the potential of using fNIRS signals for biometric person identification. Independent 

sessions for training and testing have been recorded using 8 channels of frontal fNIRS. We extract logarithmic 

power spectral densities as features to train and test a Naive Bayes Classifier. We evaluate different frequency 

bands and report classification results for different trial lengths. 

 

 

68. Herff et al. (2013). Self-paced BCI with NIRS based on speech activity 

 

Abstract:  To enable Brain Computer Interfaces (BCIs) to be used intuitively, they should use an input 

paradigm which is as natural as possible, while the usage of the device is as convenient as possible. In this 

study, we show that functional near infrared spectroscopy (fNIRS) signals can be used to automatically detect 

the user’s intent to use the system by detecting asynchronous speech activity, which is a very natural form of 

communication. Thereby, we take a first step towards self-paced BCIs with fNIRS based on speech activity. 

 

 

69. Shimizu et al. (2013). Basic Study for Human Spatial Cognition Based on Brain Activity During 

Car Driving 

 

Abstract:  The  purpose  in  this  research  is  to  contribute  to  developing  of  assistive  robot and related-

apparatus.  Recently, there is  a  pressing need to  develop a  new system  which  assists and  acts  for  car  

driving  and  wheelchair  for  the  elderly  as  the population grows older. In terms of developing a new system, it 

is thought that it is important to examine behaviors as well as spatial recognition. Therefore, experiments  have  

been  performed  for  an  examination  of  human  spatial  perceptions, especially  right  and  left recognition,  

during  car  driving  using NIRS. In previous research, it has been documented that there were significant 

differences at dorsolateral prefrontal cortex at left hemisphere during virtual driving task and actual driving. In 

this paper, brain activity during car driving was measured and detailed analysis was performed by 

segmentalizing brain activity during car driving on the basis of subjects’ motion. So, we  report  the  relationship  

between  brain  activity  and movement  concerned  with  perception  during  driving in  this paper. 
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70. Inoue et al. (2013). Consideration for Evaluation Method of Human Behavior Based on Brain 

Activity 

 

Abstract:  Recently, Japan (also  world-wide  countries) has  become aged  society,  and a wide  variety  welfare  

device and  system have been  developed. But  evaluation  of  welfare system and  device are limited  only  

stability,  intensity  and  partial  operability.  So, evaluation of usefulness is insufficient. Therefore, we will 

attempt to establish the standard to evaluate usefulness for objectively and quantitatively on the basis of 

including non-verbal cognition. In this paper, we measure load of sitting and standing movement to use 

Electoromyogram (EMG) and 3D Motion Capture and set a goal to establish objective evaluation method. We 

think that establishing objective evaluation method is necessity to develop useful welfare device. We examined 

possibility of assessing load and fatigue from measuring brain activity to use Near Infra-Red Spectroscopy 

(NIRS). The idea of universal design is widespread in welfare device and system. Measuring requires verification 

of all generations. But, we performed to measure younger subjects as a first step. We think that younger subjects 

were observed the significant difference, because they had enough physical function. Considering younger 

subjects as a benchmark is appropriate for creating evaluation method. 

 

 

71. Waltz et al. (2013). Is there a relationship between the hematocrit-to-viscosity ratio and 

microvascular oxygenation in brain and muscle? 

 

Abstract:  The hematocrit-to-viscosity ratio (HVR) has been widely used has an estimate of red blood cell (RBC) 

oxygen transport effectiveness into the microvasculature or as an oxygen delivery index. However, no study 

investigated the possibility of HVR to truly reflect RBC oxygen transport effectiveness or to be an oxygen 

delivery index. We measured blood viscosity at high shear rate (225 s−1), hematocrit, HVR, as well as the 

microvascular oxyhemoglobin saturation (TOI; tissue oxygen index) by spatial resolved near-infrared 

spectroscopy (NIRS) at cerebral and muscle levels in three population known to have various degrees of 

hemorheological abnormalities: healthy subjects (AA), patients with sickle cell SC disease (SC) characterized by 

moderate anemia and patients with sickle cell anemia (SS) marked by severe anemia. At both the cerebral and 

muscle level, HVR was positively correlated with TOI (r = 0.28; p = 0.03 and r = 0.38; p = 0.003, at the cerebral 

and muscle level, respectively). These findings suggest that HVR probably play a key role in blood flow and 

hemodynamic regulation in the microvasculature, hence modulating the amount of oxygen available for tissues. 

Nevertheless, the strengths of the associations are weak (R2 < 0.50), suggesting that other determinants 

modulate microvascular blood flow and oxygenation, such as vascular geometry and vasomotor reserve. 

 

 

72. Bouzat et al. (2013). Effect of moderate hyperventilation and induced hypertension on cerebral 

tissue oxygenation after cardiac arrest and therapeutic hypothermia 

 

Abstract:  AIM: Improving cerebral perfusion is an essential component of post-resuscitation care after cardiac 

arrest (CA), however precise recommendations in this setting are limited. We aimed to examine the effect of 

moderate hyperventilation (HV) and induced hypertension (IH) on non-invasive cerebral tissue oxygenation 

(SctO2) in patients with coma after CA monitored with near-infrared spectroscopy (NIRS) during therapeutic 

hypothermia (TH). METHODS: Prospective pilot study including comatose patients successfully resuscitated 

from out-of-hospital CA treated with TH, monitored with NIRS. Dynamic changes of SctO2 upon HV and IH 

were analyzed during the stable TH maintenance phase. HV was induced by decreasing PaCO2 from ∼40 to 

∼30mmHg, at stable mean arterial blood pressure (MAP∼70mmHg). IH was obtained by increasing MAP from 

∼70 to ∼90mmHg with noradrenaline. RESULTS: Ten patients (mean age 69 years; mean time to ROSC 19min) 

were studied. Following HV, a significant reduction of SctO2 was observed (baseline 74.7±4.3% vs. 69.0±4.2% at 

the end of HV test, p<0.001, paired t-test). In contrast, IH was not associated with changes in SctO2 (baseline 

73.6±3.5% vs. 74.1±3.8% at the end of IH test, p=0.24). CONCLUSIONS: Moderate hyperventilation was 

associated with a significant reduction in SctO2, while increasing MAP to supra-normal levels with vasopressors 
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had no effect on cerebral tissue oxygenation. Our study suggests that maintenance of strictly normal PaCO2 

levels and MAP targets of 70mmHg may provide optimal cerebral perfusion during TH in comatose CA patients. 

 

 

73. Papadopoulos et al. (2013). Cerebral oximetry values in dialyzed surgical patients: a comparison 

between hemodialysis and peritoneal dialysis 

 

Abstract:  Background: Cerebral tissue regional oxygen saturation (rSO2) through near-infrared spectroscopy 

(NIRS) is a method for non-invasive monitoring of cerebral tissue oxygenation. However, nowadays there is 

limited information on the level of cerebral tissue oxygenation in dialyzed end-stage renal disease (ESRD) 

surgical patients. The aim of this observational study was to evaluate the baseline cerebral rSO2 values, to 

compare values between hemodialysis (HD) and peritoneal dialysis (PD) patients and identify risk factors that 

could predict cerebral tissue oxygenation in these patients. Patients/Methods: Thirty-two ESRD patients (≥18 

years old), scheduled to undergo elective minor or major surgery, were enrolled. Patients were allocated in two 

groups according to dialysis modality. Twenty-three patients were treated with HD and nine were treated with 

PD. Demographic and clinical characteristics, comorbidities and arterial hemoglobin oxygen saturation (SpO2) of 

the study population were recorded. Results: Patients who were treated with HD had significant lower baseline 

rSO2 values compared with PD patients [median, 50% (28–63) vs. 63% (45–69), p = 0.002]. Hierarchical linear 

regression model analysis showed that preoperative Hb and SpO2 were positive predictive variables (B  = 0.353, 

p = 0.01 and B = 0.375, p = 0.009, respectively) for rSO2. Moreover, dialysis modality was independent predictor 

for baseline rSO2. The modality of dialysis remained an independent predictor for rSO2 after controlling for the 

other significant variables (B = 0.291, p = 0.032) and PD was associated with higher baseline values of rSO2. 

Conclusion: In conclusion, ESRD surgical patients undergoing PD treatment appear to have significantly higher 

baseline cerebral tissue saturation values compared with HD. 

 

 

74. Grossmann (2013). The role of medial prefrontal cortex in early social cognition 

 

Abstract:  One major function of our brain is to enable us to behave with respect to socially relevant 

information. Much research on how the adult human brain processes the social world has shown that there is a 

network of specific brain areas, also called the social brain, preferentially involved during social cognition. 

Among the specific brain areas involved in the adult social brain, functional activity in prefrontal cortex (PFC), 

particularly the medial prefrontal cortex (mPFC), is of special importance for human social cognition and 

behavior. However, from a developmental perspective, it has long been thought that PFC is functionally silent 

during infancy (first year of life), and until recently, little was known about the role of PFC in the early 

development of social cognition. I shall present an emerging body of recent neuroimaging studies with infants 

that provide evidence that mPFC exhibits functional activation much earlier than previously thought, 

suggesting that the mPFC is involved in social information processing from early in life. This review will 

highlight work examining infant mPFC function across a range of social contexts. The reviewed findings will 

illustrate that the human brain is fundamentally adapted to develop within a social context. 

 

 

75. Medvedev et al. (2013). Does the resting state connectivity have hemispheric asymmetry? A near-

infrared spectroscopy study 

 

Abstract:  Near-infrared spectroscopy (NIRS) is a novel technology for low-cost noninvasive brain imaging 

suitable for use in virtually all subject and patient populations. Numerous studies of brain functional 

connectivity using fMRI, and recently NIRS, suggest new tools for the assessment of cognitive functions during 

task performance and the resting state (RS). We analyzed functional connectivity and its possible hemispheric 

asymmetry measuring coherence of optical signals at low frequencies (0.01–0.1 Hz) in the prefrontal cortex in 13 

right-handed (RH) and 2 left-handed (LH) healthy subjects at rest (4–8 min) using a continuous-wave NIRS 

instrument CW5 (TechEn, Milford, MA). Two optical probes were placed bilaterally over the inferior frontal 
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gyrus (IFG) and the middle frontal gyrus (MFG) using anatomical landmarks of the 10–20 system. As a result, 

28 optical channels (14 for each hemisphere) were recorded for changes in oxygenated (HbO) and de-oxygenated 

(HbR) hemoglobin. Global physiological signals (respiratory and cardiac) were removed using Principal and 

Independent Component Analyses. Inter-channel coherences for HbO and HbR signals were calculated using 

Morlet wavelets along with correlation coefficients. Connectivity matrices showed specific patterns of 

connectivity which was higher within each anatomical region (IFG and MFG) and between hemispheres (e.g., 

left IFG < − > right IFG) than between IFG and MFG in the same hemisphere. Laterality indexes were 

calculated as t-values for the ‘left > right’ comparisons of intrinsic connectivity within each regional group of 

channels in each subject. Regardless of handedness, the group average laterality indexes were negative thus 

revealing significantly higher connectivity in the right hemisphere in the majority of RH subjects and in both LH 

subjects. The analysis of Granger causality between hemispheres has also shown a greater flow of information 

from the right to the left hemisphere which may point to an important role of the right hemisphere in the resting 

state. These data encourage further exploration of the NIRS connectivity and its application for the analysis of 

hemispheric relationships within the functional architecture of the brain. 

 

 

76. Gentili et al. (2013). Functional near-infrared spectroscopy-based correlates of prefrontal 

cortical dynamics during a cognitive-motor executive adaptation task 

 

Abstract:  This study investigated changes in brain hemodynamics, as measured by functional near infrared 

spectroscopy, during performance of a cognitive-motor adaptation task. The adaptation task involved the 

learning of a novel visuomotor transformation (a 60° counterclockwise screen-cursor rotation), which required 

inhibition of a prepotent visuomotor response. A control group experienced a familiar transformation and thus, 

did not face any executive challenge. Analysis of the experimental group hemodynamic responses revealed that 

the performance enhancement was associated with a monotonic reduction in the oxygenation level in the 

prefrontal cortex. This finding confirms and extends functional magnetic resonance imaging and 

electroencephalography studies of visuomotor adaptation and learning. The changes in prefrontal brain 

activation suggest an initial recruitment of frontal executive functioning to inhibit prepotent visuomotor 

mappings followed by a progressive de-recruitment of the same prefrontal regions. The prefrontal hemodynamic 

changes observed in the experimental group translated into enhanced motor performance revealed by a 

reduction in movement time, movement extent, root mean square error and the directional error. These 

kinematic adaptations are consistent with the acquisition of an internal model of the novel visuomotor 

transformation. No comparable change was observed in the control group for either the hemodynamics or for the 

kinematics. This study (1) extends our understanding of the frontal executive processes from the cognitive to the 

cognitive-motor domain and (2) suggests that optical brain imaging can be employed to provide hemodynamic 

based-biomarkers to assess and monitor the level of adaptive cognitive-motor performance. 

 

 

77. Kato et al. (2013). Toward Personalized Cognitive Training for Elderly with Mild Cognitive 

Impairment Using Cerebral Blood Flow Activation 

 

Abstract:  This paper presents a block-designed cognitive training task for elderly with mild cognitive 

impairment. As designed with conscious of daily conversation, the task is done by oral answering some 

questionnaire. An elderly firstly talks about the topics of favorite season, travel, gourmet, and daily life, and 

then he/she does three cognitive tasks of a reminiscence task, category recall, and working memory task. With 

the use of the functional near-infrared spectroscopy (fNIRS), which can measure cerebral blood flow activation 

non-invasively, we had collected 42 CHs fNIRS signals on frontal and right and left temporal areas from 22 

elderly participants (7 males and 15 females between ages of 64 to 89) during cognitive tests in a specialized 

medical institute. All participates are classified into three clinical groups: elderly individuals with normal 

cognitive abilities (NC), patients with mild cognitive impairment (MCI), and Alzheimer’s disease (AD). Toward 

personalized cognitive training, we report a task effect measurement by the statistical tests of fNIRS signals. 
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78. De Almeida Ribeiro et al. (2013). Controlling Assistive Machines in Paralysis Using Brain Waves 

and Other Biosignals 

 

Abstract:  The extent to which humans can interact with machines significantly enhanced through inclusion of 

speech, gestures, and eye movements. However, these communication channels depend on a functional motor 

system. As many people suffer from severe damage of the motor system resulting in paralysis and inability to 

communicate, the development of brain-machine interfaces (BMI) that translate electric or metabolic brain 

activity into control signals of external devices promises to overcome this dependence. People with complete 

paralysis can learn to use their brain waves to control prosthetic devices or exoskeletons. However, information 

transfer rates of currently available noninvasive BMI systems are still very limited and do not allow versatile 

control and interaction with assistive machines. Thus, using brain waves in combination with other biosignals 

might significantly enhance the ability of people with a compromised motor system to interact with assistive 

machines. Here, we give an overview of the current state of assistive, noninvasive BMI research and propose to 

integrate brain waves and other biosignals for improved control and applicability of assistive machines in 

paralysis. Beside introducing an example of such a system, potential future developments are being discussed. 

 

 

79. Litscher et al. (2013). Manual khalifa therapy in patients with completely ruptured anterior 

cruciate ligament in the knee: First results from near-infrared spectroscopy 

 

Abstract:  Background: Manual Khalifa therapy has been practiced in Hallein, Austria, for more than 30 years; 

however, there are no scientific results available on the topic. Aims: The goal of the present study was to 

investigate possible acute effects of Khalifa therapy on regional oxygen saturation of knee tissues in patients 

with completely ruptured anterior cruciate ligament. Materials and Methods: We investigated 10 male patients 

(mean age ± standard deviation (SD) 35.9 ± 6.1 year) using a four-channel oximeter. The sensors were applied 

anterolaterally and anteromedially, beside the patella, on both the injured and the healthy (control) knee. 

Results: The results of the controlled study showed that values of oxygen saturation on the knee with the 

ruptured ligament were significantly increased (P < 0.001) immediately after Khalifa therapy, whereas the 

values on the control knee showed insignificant increases. Baselines values of the anterolateral side of the 

injured knee were significantly (P < 0.001) different from those of the anterolateral side of the control knee. The 

same effect was present on the anteromedial side; however, with a lower degree of significance (P < 0.05). 

Conclusions: Khalifa therapy was clinically successful in all 10 patients. Further, investigations and analyzes 

are necessary to explain the underlying mechanism. 

 

 

80. Kober et al. (2013). Near-infrared spectroscopy based neurofeedback training increases specific 

motor imagery related cortical activation compared to sham feedback 

 

Abstract:  In the present study we implemented a real-time feedback system based on multichannel near-

infrared spectroscopy (NIRS). Prior studies indicated that NIRS-based neurofeedback can enhance motor 

imagery related cortical activation. To specify these prior results and to confirm the efficacy of NIRS-based 

neurofeedback, we examined changes in blood oxygenation level collected in eight training sessions. One group 

got real feedback about their own brain activity (N = 9) and one group saw a playback of another person’s 

feedback recording (N = 8). All participants performed motor imagery of a right hand movement. Real 

neurofeedback induced specific and focused brain activation over left motor areas. This focal brain activation 

became even more specific over the eight training sessions. In contrast, sham feedback led to diffuse brain 

activation patterns over the whole cortex. These findings can be useful when training patients with focal brain 

lesions to increase activity of specific brain areas for rehabilitation purpose. 
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81. Ono et al. (2013). Frontotemporal oxyhemoglobin dynamics predict performance accuracy of 

dance simulation gameplay: Temporal characteristics of top-down and bottom-up cortical 

activities 

 

Abstract:  We utilized the high temporal resolution of functional near-infrared spectroscopy to explore how 

sensory input (visual and rhythmic auditory cues) are processed in the cortical areas of multimodal integration 

to achieve coordinated motor output during unrestricted dance simulation gameplay. Using an open source clone 

of the dance simulation video game, Dance Dance Revolution, two cortical regions of interest were selected for 

study, the middle temporal gyrus (MTG) and the frontopolar cortex (FPC). We hypothesized that activity in the 

FPC would indicate top-down regulatory mechanisms of motor behavior; while that in the MTG would be 

sustained due to bottom-up integration of visual and auditory cues throughout the task. We also hypothesized 

that a correlation would exist between behavioral performance and the temporal patterns of the hemodynamic 

responses in these regions of interest. Results indicated that greater temporal accuracy of dance steps positively 

correlated with persistent activation of the MTG and with cumulative suppression of the FPC. When auditory 

cues were eliminated from the simulation, modifications in cortical responses were found depending on the 

gameplay performance. In the MTG, high-performance players showed an increase but low-performance players 

displayed a decrease in cumulative amount of the oxygenated hemoglobin response in the no music condition 

compared to that in the music condition. In the FPC, high-performance players showed relatively small variance 

in the activity regardless of the presence of auditory cues, while low-performance players showed larger 

differences in the activity between the no music and music conditions. These results suggest that the MTG plays 

an important role in the successful integration of visual and rhythmic cues and the FPC may work as top-down 

control to compensate for insufficient integrative ability of visual and rhythmic cues in the MTG. The relative 

relationships between these cortical areas indicated high- to low-performance levels when performing cued motor 

tasks. We propose that changes in these relationships can be monitored to gauge performance increases in motor 

learning and rehabilitation programs. 

 

 

82. Buss et al. (2013). Probing the early development of visual working memory capacity with 

functional near-infrared spectroscopy 

 

Abstract:  Visual working memory (VWM) is a core cognitive system with a highly limited capacity. The present 

study is the first to examine VWM capacity limits in early development using functional neuroimaging. We 

recorded optical neuroimaging data while 3- and 4-year-olds completed a change detection task where they 

detected changes in the shapes of objects after a brief delay. Near-infrared sources and detectors were placed 

over the following 10–20 positions: F3 and F5 in left frontal cortex, F4 and F6 in right frontal cortex, P3 and P5 

in left parietal cortex, and P4 and P6 in right parietal cortex. The first question was whether we would see 

robust task-specific activation of the frontal–parietal network identified in the adult fMRI literature. This was 

indeed the case: three left frontal channels and 11 of 12 parietal channels showed a statistically robust difference 

between the concentration of oxygenated and deoxygenated hemoglobin following the presentation of the sample 

array. Moreover, four channels in the left hemisphere near P3, P5, and F5 showed a robust increase as the 

working memory load increased from 1 to 3 items. Notably, the hemodynamic response did not asymptote at 1–2 

items as expected from previous fMRI studies with adults. Finally, 4-year-olds showed a more robust parietal 

response relative to 3-year-olds, and an increasing sensitivity to the memory load manipulation. These results 

demonstrate that fNIRS is an effective tool to study the neural processes that underlie the early development of 

VWM capacity. 

 

 

83. Hallacoglu et al. (2013). Optical Characterization of Two-Layered Turbid Media for Non-Invasive, 

Absolute Oximetry in Cerebral and Extracerebral Tissue 

 

Abstract:  We introduce a multi-distance, frequency-domain, near-infrared spectroscopy (NIRS) method to 

measure the optical coefficients of two-layered media and the thickness of the top layer from diffuse reflectance 

http://www.sciencedirect.com/science/article/pii/S1053811913005715
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measurements. This method features a direct solution based on diffusion theory and an inversion procedure 

based on the Levenberg-Marquardt algorithm. We have validated our method through Monte Carlo simulations, 

experiments on tissue-like phantoms, and measurements on the forehead of three human subjects. The Monte 

Carlo simulations and phantom measurements have shown that, in ideal two-layered samples, our method 

accurately recovers the top layer thickness (L), the absorption coefficient (µa) and the reduced scattering 

coefficient (µ′s) of both layers with deviations that are typically less than 10% for all parameters. Our method is 

aimed at absolute measurements of hemoglobin concentration and saturation in cerebral and extracerebral 

tissue of adult human subjects, where the top layer (layer 1) represents extracerebral tissue (scalp, skull, dura 

mater, subarachnoid space, etc.) and the bottom layer (layer 2) represents cerebral tissue. Human subject 

measurements have shown a significantly greater total hemoglobin concentration in cerebral tissue (82±14 µM) 

with respect to extracerebral tissue (30±7 µM). By contrast, there was no significant difference between the 

hemoglobin saturation measured in cerebral tissue (56%±10%) and extracerebral tissue (62%±6%). To our 

knowledge, this is the first time that an inversion procedure in the frequency domain with six unknown 

parameters with no other prior knowledge is used for the retrieval of the optical coefficients and top layer 

thickness with high accuracy on two-layered media. Our absolute measurements of cerebral hemoglobin 

concentration and saturation are based on the discrimination of extracerebral and cerebral tissue layers, and 

they can enhance the impact of NIRS for cerebral hemodynamics and oxygenation assessment both in the 

research arena and clinical practice. 

 

 

84. Everdell et al. (2013). A portable wireless near-infrared spatially resolved spectroscopy system 

for use on brain and muscle 

 

Abstract:  We have designed, built and successfully tested a prototype portable and wireless near-infrared 

spectroscopy system. It takes forward the well-established series of NIRO spectroscopy instruments made by 

Hamamatsu Photonics (Hamamatsu City, Japan). It uses an identical optical probe, and has a data acquisition 

rate of 10 Hz. It illuminates the tissue with laser diode sources at 3 wavelengths of 775, 810 and 850 nm, and 

detects the reflected light with 2 silicon photodiode detectors at 2 different separations, enabling spatially 

resolved spectroscopy to be performed. We have tested it with both in vitro and in vivo experiments to establish 

its basic functionality for use in studies of both brain and muscle. 

 

 

85. Yeo et al. (2013). The cortical activation differences between proximal and distal joint 

movements of the upper extremities: A functional NIRS study 

 

Abstract:  OBJECTIVES: Motor control of musculature of proximal and distal joints has been suggested to 

differ. However, no study comparing patterns of activation between movements of proximal and distal joints has 

been conducted. In this study, using functional near infrared spectroscopy (fNIRS), we attempted to compare 

patterns of cortical activation generated during movements of shoulder and hand. METHODS: Nine normal 

subjects were recruited. fNIRS was performed using a fNIRS system with 49 channels. Flexion-extension 

movements of the right shoulder or hand were performed. We measured values of oxy-hemoglobin (HbO) and 

total-hemoglobin (HbT) in three regions of interest: the primary sensory-motor cortex (SM1), the premotor cortex 

(PMC), and the prefrontal cortex (PFC). The relative activation ratio of HbO and HbT was estimated for 

comparison of the relative activity of the left PMC or PFC to the left SM1. RESULTS: Mean values of HbO and 

HbT of the left SM1, PMC, and PFC were higher during movements of the right shoulder, compared with 

movements of the left hand. Relative activation ratios for movements of the right shoulder (HbO: PMC-104.5%, 

PFC-110.9%; HbT: PMC-136.3%, PFC-200.1%) were greater than 100%, and, by contrast, less than 100% (HbO: 

PMC-57.5%, PFC-84.8%; HbT: PMC-88.9%, PFC-70.3%) for movements of the right hand. CONCLUSIONS: Our 

results appear to indicate that movements of the shoulder require greater neural recruitment than movements of 

the hand. In addition, the PMC and PFC appeared to have greater involvement than the SM1 in movements of 

the shoulder; by contrast, the SM1 appears to have greater involvement than the PMC and PFC in movements of 

the hand. 
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86. Kolyva et al. (2013). Cytochrome c oxidase response to changes in cerebral oxygen delivery in 

the adult brain shows higher brain-specificity than haemoglobin 

 

Abstract:  The redox state of cerebral mitochondrial cytochrome c oxidase monitored with near-infrared 

spectroscopy (Δ[oxCCO]) is a signal with strong potential as a non-invasive, bedside biomarker of cerebral 

metabolic status. We hypothesised that the higher mitochondrial density of brain compared to skin and skull 

would lead to evidence of brain-specificity of the Δ[oxCCO] signal when measured with a multi-distance near-

infrared spectroscopy (NIRS) system. Measurements of Δ[oxCCO] as well as of concentration changes in 

oxygenated (Δ[HbO2]) and deoxygenated haemoglobin (Δ[HHb]) were taken at multiple source-detector distances 

during systemic hypoxia and hypocapnia (decrease in cerebral oxygen delivery), and hyperoxia and hypercapnia 

(increase in cerebral oxygen delivery) from 15 adult healthy volunteers. Increasing source-detector spacing is 

associated with increasing light penetration depth and thus higher sensitivity to cerebral changes. An increase 

in Δ[oxCCO] was observed during the challenges that increased cerebral oxygen delivery and the opposite was 

observed when cerebral oxygen delivery decreased. A consistent pattern of statistically significant increasing 

amplitude of the Δ[oxCCO] response with increasing light penetration depth was observed in all four challenges, 

a behaviour that was distinctly different from that of the haemoglobin chromophores, which did not show this 

statistically significant depth gradient. This depth-dependence of the Δ[oxCCO] signal corroborates the notion of 

higher concentrations of CCO being present in cerebral tissue compared to extracranial components and 

highlights the value of NIRS-derived Δ[oxCCO] as a brain-specific signal of cerebral metabolism, superior in this 

aspect to haemoglobin.  

 

 

87. Morrison et al. (2013). Cognitive function and blood-brain barrier permeability during exercise 

in the heat: Effect of fitness and bovine colostrum supplementation 

 

Abstract:  We investigated whether fitness and bovine colostrum supplementation modulates cognition and 

cerebrovascular function during exercise in the heat in this placebo-controlled, double-blind study. Seven highly-

fit (HF, View the MathML sourceV  O2peak 64±4 mL kg−1 min−1) and eight moderately-fit (MF, 46±4 mL kg−1 

min−1) men completed two randomised, 90-min exercise bouts (30 °C, 50% RH) after 7-d of bovine colostrum 

supplementation (COL: 1.7 g kg−1 d−1) or placebo (CON: cornflour). Multi-mode exercise consisted of: 15-min 

fixed-load cycling at 50% heart rate reserve (HRR; Cycle1), 30-min fixed-speed running (80% HRR; Run1), 30-

min time trial (Run2), then repeating cycling (Cycle2). Heart rate, end-tidal PCO2, cerebral oxygenation, a 

marker of blood-brain barrier integrity ([S100ß]), cognition (Stroop test) and perceptions were recorded at rest, 

Cycles1 and 2, and 5 h post-exercise. MF had less cerebral deoxygenation during exercise (MF: −5±14, HF: 8±7 

μM L−1), but [S100ß] was unchanged across fitness and colostrum supplementation. Hypocapnia was evident 

from Cycle1 to Run2 with end-tidal PCO2 decreasing from 36±5 to 31±5 mmHg in both trials. Response time to 

simple and complex tasks decreased during exercise by ~83 and ~301 ms, compared to rest in both fitness groups 

in both trials. The time difference between complex and simple tasks (i.e. decision-making time) also decreased 

from 724±200 (Rest) to 552±326 (Cycle1), 565±148 (Cycle2) and 515±216 ms (post-exercise; pooled results). We 

conclude that fitness per se does not modulate cognitive executive function or blood-brain barrier permeability 

during comparable, relative-intensity exercise in the heat, and that colostrum supplementation had negligible 

effect on performance, cognitive or cerebrovascular functioning.  

 

 

88. Soeding (2013). Effects of Positioning on Cerebral Oxygenation 

 

Abstract:  Postural change during anesthesia has a complex effect on the systemic and cerebral circulations 

which can potentially decrease cerebral blood flow and oxygenation. Cerebral oximetry is emerging as a monitor 

of cerebral perfusion with widespread application in many types of surgery. The technology is based on the 

differential absorption of oxygenated and deoxygenated hemoglobin to near-infrared light. However, the dynamic 

coupling that exists between cerebral arterial, venous and cerebrospinal fluid volumes may influence oximetric 

http://www.sciencedirect.com/science/article/pii/S1053811913005703
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readings during postural change. Interpretation of cerebral oxygen saturation measurement must account for 

these changes in cerebral physiology if monitoring is to predict neurological outcome. 

 

 

89. Duan et al. (2013). Cross-Brain Neurofeedback: Scientific Concept and Experimental Platform 

 

Abstract: The present study described a new type of multi-person neurofeedback with the neural 

synchronization between two participants as the direct regulating target, termed as “cross-brain neurofeedback.” 

As a first step to implement this concept, an experimental platform was built on the basis of functional near-

infrared spectroscopy, and was validated with a two-person neurofeedback experiment. This novel concept as 

well as the experimental platform established a framework for investigation of the relationship between multiple 

participants' cross-brain neural synchronization and their social behaviors, which could provide new insight into 

the neural substrate of human social interactions. 

 

 

90. Iwanaga et al. (2013). Usefulness of near‐infrared spectroscopy to detect brain dysfunction in 

children with autism spectrum disorder when inferring the mental state of others 

 

Abstract: Aims: The purpose of this study was to examine the usefulness of near-infrared spectroscopy (NIRS) 

for identifying abnormalities in prefrontal brain activity in children with autism spectrum disorders (ASD) as 

they inferred the mental states of others. Methods: The subjects were 16 children with ASD aged between 8 and 

14 years and 16 age-matched healthy control children. Oxygenated hemoglobin concentration was measured in 

the subject's prefrontal brain region on NIRS during tasks expressing a person's mental state (MS task) and 

expressing an object's characteristics (OC task). Results: There was a significant main effect of group (ASD vs 

control), with the control group having more activity than the ASD group. But there was no significant main 

effect of task (MS task vs OC task) or hemisphere (right vs left). Significant interactions of task and group were 

found, with the control group showing more activity than the ASD group during the MS task relative to the OC 

task. Conclusions: NIRS showed that there was lower activity in the prefrontal brain area when children with 

ASD performed MS tasks. Therefore, clinicians might be able to use NIRS and these tasks for conveniently 

detecting brain dysfunction in children with ASD related to inferring mental states, in the clinical setting. 

 

 

91. Hahn et al. (2013). Cerebral Effects of Commonly Used Vasopressor-Inotropes: A Study in 

Newborn Piglets 

 

Abstract: Background: Despite widespread use in sick infants, it is still debated whether vasopressor-inotropes 

have direct cerebral effects that might affect neurological outcome. We aimed to test direct cerebrovascular 

effects of three commonly used vasopressor-inotropes (adrenaline, dopamine and noradrenaline) by comparing 

the responses to those of nonpharmacologically induced increases in blood pressure. We also searched for reasons 

for a mismatch between the response in perfusion and oxygenation. Methods: Twenty-four piglets had long and 

short infusions of the three vasopressor-inotropes titrated to raise mean arterial blood pressure (MAP) 10 mmHg 

in random order. Nonpharmacological increases in MAP were induced by inflation of a balloon in the descending 

aorta. We measured cerebral oxygenation (near-infrared spectroscopy), perfusion (laser-Doppler), oxygen 

consumption (co-oximetry of arterial and superior sagittal sinus blood), and microvascular heterogeneity (side 

stream dark field video microscopy). Results: Vasopressor-inotropes increased cerebral oxygenation significantly 

less (p≤0.01) compared to non-pharmacological MAP increases, whereas perfusion was similar. Furthermore, 

cerebral total hemoglobin concentration increased significantly less during vasopressor-inotrope infusions (p = 

0.001). These physiologic responses were identical between the three vasopressor-inotropes (p>0.05). 

Furthermore, they induced a mild, although insignificant increase in cerebral metabolism and microvascular 

heterogeneity (p>0.05). Removal of the scalp tissue did not influence the mismatch (p>0.05). Conclusion: We 

demonstrated a moderate vasopressor-inotrope induced mismatch between cerebral perfusion and oxygenation. 

Scalp removal did not affect this mismatch, why vasopressor-inotropes appear to have direct cerebral actions. 

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0064590
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The statistically nonsignificant increases in cerebral metabolism and/or microvascular heterogeneity may 

explain the mismatch. Alternatively, it may simply reflect a vasopressor-inotrope-induced decrease in the 

arterial-to-venous volume ratio as detected by near-infrared spectroscopy. 

 

 

92. Fujimoto et al. (2013). Cortical changes underlying balance recovery in patients with hemiplegic 

stroke 

 

Abstract: Balance problems are a major sequelae of stroke and are implicated in poor recovery of activities of 

daily living. In a cross-sectional study, using 50-channel event-related functional near-infrared spectroscopy we 

previously reported a significant correlation between individual balance ability after stroke and postural 

perturbation-related cortical activation in the supplementary motor area (SMA) and the prefrontal cortex. 

However, the neural mechanisms underlying balance recovery after stroke remain unclear. Herein, we examined 

the cortical involvement in balance recovery after stroke by determining longitudinal regional cortical activation 

changes in patients with hemiplegic stroke. Twenty patients with subcortical stroke admitted to our hospital for 

post-acute inpatient rehabilitation participated in this study. Before and after intensive inpatient physical and 

occupational therapy rehabilitation, we evaluated cortical activation associated with external postural 

perturbations induced by combined brisk forward and backward movement on a platform. Postural perturbation-

related cortical activation in the SMA of the affected and unaffected hemispheres was significantly increased 

after intensive rehabilitation. The increment of the postural-perturbation-related oxygenated hemoglobin signals 

in the SMA of the unaffected hemisphere was significantly correlated with the gain in balance function 

measured by the Berg Balance Scale. These findings support the conclusion that the SMA plays an important 

role in postural balance control, and suggest that the SMA is a crucial area for balance recovery after hemiplegic 

stroke. 

 

 

93. Moro et al. (2013). A semi-immersive virtual reality incremental swing balance task activates 

prefrontal cortex: A functional near-infrared spectroscopy study 

 

Abstract: Previous functional near-infrared spectroscopy (fNIRS) studies indicated that the prefrontal cortex 

(PFC) is involved in the maintenance of the postural balance after external perturbations. So far, no studies have 

been conducted to investigate the PFC hemodynamic response to virtual reality (VR) tasks that could be adopted 

in the field of functional neurorehabilitation. The aim of this fNIRS study was to assess PFC oxygenation 

response during an incremental and a control swing balance task (ISBT and CSBT, respectively) in a semi-

immersive VR environment driven by a depth-sensing camera. It was hypothesized that: i) the PFC would be 

bilaterally activated in response to the increase of the ISBT difficulty, as this cortical region is involved in the 

allocation of attentional resources to maintain postural control; and ii) the PFC activation would be greater in 

the right than in the left hemisphere considering its dominance for visual control of body balance. To verify these 

hypotheses, 16 healthy male subjects were requested to stand barefoot while watching a 3 dimensional virtual 

representation of themselves projected onto a screen. They were asked to maintain their equilibrium on a virtual 

blue swing board susceptible to external destabilizing perturbations (i.e., randomizing the forward-backward 

direction of the impressed pulse force) during a 3-min ISBT (performed at four levels of difficulty) or during a 3-

min CSBT (performed constantly at the lowest level of difficulty of the ISBT). The center of mass (COM), at each 

frame, was calculated and projected on the floor. When the subjects were unable to maintain the COM over the 

board, this became red (error). After each error, the time required to bring back the COM on the board was 

calculated (returning time). An eight-channel continuous wave fNIRS system was employed for measuring 

oxygenation changes (oxygenated-hemoglobin, O2Hb; deoxygenated-hemoglobin, HHb) related to the PFC 

activation (Brodmann Areas 10, 11 and 46). The results have indicated that the errors increased between the 

first and the second level of difficulty of the ISBT, then decreased and remained constant; the returning time 

progressively increased during the first three levels of difficulty and then remained constant. During the CSBT, 

the errors and the returning time did not change. In the ISBT, the increase of the first three levels of difficulty 

was accompanied by a progressive increase in PFC O2Hb and a less consistent decrease in HHb. A tendency to 
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plateau was observable for PFC O2Hb and HHb changes in the fourth level of difficulty of the ISBT, which could 

be partly explained by a learning effect. A right hemispheric lateralization was not found. A lower amplitude of 

increase in O2Hb and decrease in HHb was found in the PFC in response to the CSBT with respect to the ISBT. 

This study has demonstrated that the oxygenation increased over the PFC while performing an ISBT in a semi-

immersive VR environment. These data reinforce the involvement of the PFC in attention-demanding balance 

tasks. Considering the adaptability of this virtual balance task to specific neurological disorders, the absence of 

motion sensing devices, and the motivating/safe semi-immersive VR environment, the ISBT adopted in this 

study could be considered valuable for diagnostic testing and for assessing the effectiveness of functional 

neurorehabilitation. 

 

 

94. Snowball et al. (2013). Long-Term Enhancement of Brain Function and Cognition Using 

Cognitive Training and Brain Stimulation 

 

Abstract: Noninvasive brain stimulation has shown considerable promise for enhancing cognitive functions by 

the long-term manipulation of neuroplasticity [1, 2 and 3]. However, the observation of such improvements has 

been focused at the behavioral level, and enhancements largely restricted to the performance of basic tasks. 

Here, we investigate whether transcranial random noise stimulation (TRNS) can improve learning and 

subsequent performance on complex arithmetic tasks. TRNS of the bilateral dorsolateral prefrontal cortex 

(DLPFC), a key area in arithmetic [4 and 5], was uniquely coupled with near-infrared spectroscopy (NIRS) to 

measure online hemodynamic responses within the prefrontal cortex. Five consecutive days of TRNS-

accompanied cognitive training enhanced the speed of both calculation- and memory-recall-based arithmetic 

learning. These behavioral improvements were associated with defined hemodynamic responses consistent with 

more efficient neurovascular coupling within the left DLPFC. Testing 6 months after training revealed long-

lasting behavioral and physiological modifications in the stimulated group relative to sham controls for trained 

and nontrained calculation material. These results demonstrate that, depending on the learning regime, TRNS 

can induce long-term enhancement of cognitive and brain functions. Such findings have significant implications 

for basic and translational neuroscience, highlighting TRNS as a viable approach to enhancing learning and 

high-level cognition by the long-term modulation of neuroplasticity. 

 

 

95. Fujiki et al. (2013). Reduced prefrontal cortex activation using the Trail Making Test in 

schizophrenia 

 

Abstract: Schizophrenia has been associated with a deficit of the prefrontal cortex, which is involved in 

attention, executive processes, and working memory. The Trail Making Test (TMT) is administered in two parts, 

TMT-A and TMT-B. It is suggested that the difference in performance between part A and part B reflects 

executive processes. In this study, we compared the characteristics of hemodynamic changes during TMT tasks 

between 14 outpatients with schizophrenia and 14 age- and gender-matched healthy control subjects. Using 

multichannel near-infrared spectroscopy, we measured relative changes in oxygenated hemoglobin 

concentration, which reflects brain activity of the prefrontal cortex during this task. In both tasks, patients 

showed significantly smaller activation than controls and, in an assessment of executive functions, a subtraction 

of oxygenated hemoglobin (oxy-Hb) changes during TMT-A from those of TMT-B showed a decrease in cerebral 

lateralization and hypoactivity in patients. There was a significant negative correlation between oxy-Hb changes 

and the severity of psychiatric symptoms. These findings may characterize disease-related features, suggesting 

the usefulness of oxy-Hb change measurement during TMT tasks for assessing functional outcomes in 

schizophrenic patients. 
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96. Kuo et al. (2013). Hypoxic-state estimation of brain cells by using wireless near-infrared 

spectroscopy 

 

Abstract: Near-infrared spectroscopy is a modern measuring technology in neuroscience. It can be used to non-

invasively measure the relative concentrations of oxy-hemoglobin (OxyHb) and deoxy-hemoglobin (DeoHb) which 

can reflect information related to cerebral blood volume and cerebral oxygen saturation. Therefore, it has the 

potential for non-invasive monitoring of cerebral ischemia. However, there is still a lack of reliable physiological 

information on the relationship between the concentrations of OxyHb and DeoHb in cerebral blood and the exact 

hypoxic state of brain cells under cerebral ischemia. In this study, we describe a wireless multi-channel NIRS 

system which we designed to non-invasively monitor the relative concentrations of OxyHb and DeoHb in 

bilateral cerebral blood before, during and after middle cerebral artery occlusion. By comparing the results with 

the lactate/ pyruvate ratio measured by microdialysis, we investigated the correlation between the relative 

concentrations of OxyHb and DeoHb in cerebral blood and the hypoxic state of brain cells. The results showed 

that the relationship between the concentration changes of DeoHb in cerebral blood and the hypoxic state of 

brain cells was significant. Therefore, by monitoring the changes in concentrations of DeoHb, the wireless near-

infrared spectroscopy can be used to estimate the hypoxic-state of brain cells indirectly. 

 

 

97. Ando et al. (2013). The Effects of Exercise Under Hypoxia on Cognitive Function 

 

Abstract: Increasing evidence suggests that cognitive function improves during a single bout of moderate 

exercise. In contrast, exercise under hypoxia may compromise the availability of oxygen. Given that brain 

function and tissue integrity are dependent on a continuous and sufficient oxygen supply, exercise under hypoxia 

may impair cognitive function. However, it remains unclear how exercise under hypoxia affects cognitive 

function. The purpose of this study was to examine the effects of exercise under different levels of hypoxia on 

cognitive function. Twelve participants performed a cognitive task at rest and during exercise at various 

fractions of inspired oxygen (FIO2: 0.209, 0.18, and 0.15). Exercise intensity corresponded to 60% of peak oxygen 

uptake under normoxia. The participants performed a Go/No-Go task requiring executive control. Cognitive 

function was evaluated using the speed of response (reaction time) and response accuracy. We monitored pulse 

oximetric saturation (SpO2) and cerebral oxygenation to assess oxygen availability. SpO2 and cerebral 

oxygenation progressively decreased during exercise as the FIO2 level decreased. Nevertheless, the reaction time 

in the Go-trial significantly decreased during moderate exercise. Hypoxia did not affect reaction time. Neither 

exercise nor difference in FIO2 level affected response accuracy. An additional experiment indicated that 

cognitive function was not altered without exercise. These results suggest that the improvement in cognitive 

function is attributable to exercise, and that hypoxia has no effects on cognitive function at least under the 

present experimental condition. Exercise-cognition interaction should be further investigated under various 

environmental and exercise conditions. 

 

 

98. Arakaki et al. (2013). Muscle oxygenation measurement in humans by noninvasive optical 

spectroscopy and Locally Weighted Regression 

 

Abstract: We have developed a method to make real-time, continuous, noninvasive measurements of muscle 

oxygenation (Mox) from the surface of the skin. A key development was measurement in both the visible and 

near infrared (NIR) regions. Measurement of both oxygenated and deoxygenated myoglobin and hemoglobin 

resulted in a more accurate measurement of Mox than could be achieved with measurement of only the 

deoxygenated components, as in traditional near-infrared spectroscopy (NIRS). Using the second derivative with 

respect to wavelength reduced the effects of scattering on the spectra and also made oxygenated and 

deoxygenated forms more distinguishable from each other. Selecting spectral bands where oxygenated and 

deoxygenated forms absorb filtered out noise and spectral features unrelated to Mox. NIR and visible bands were 

scaled relative to each other in order to correct for errors introduced by normalization. Multivariate Curve 

Resolution (MCR) was used to estimate Mox from spectra within each data set collected from healthy subjects. A 

http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6512599&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D6512599
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Locally Weighted Regression (LWR) model was built from calibration set spectra and associated Mox values from 

20 subjects using 2562 spectra. LWR and Partial Least Squares (PLS) allow accurate measurement of Mox 

despite variations in skin pigment or fat layer thickness in different subjects. The method estimated Mox in five 

healthy subjects with an RMSE of 5.4%. 

 

 

99. Endo et al. (2013). Dynamic exercise improves cognitive function in association with increased 

prefrontal oxygenation 

 

Abstract: The Stroop test was performed before and after ergometer exercise for 15 min at 20, 40, and 60 % of 

maximum voluntary exercise (EXmax), in order to examine whether dynamic exercise is capable of improving 

cognitive function and whether the changes in regional cerebral blood flow of the prefrontal cortex are associated 

with the cognitive improvement. Subjects were asked to answer the displayed color of incongruent color words as 

quickly as possible. The total time period and the number of errors for the Stroop test were measured as an 

index of cognitive function. The concentrations of oxygenated-hemoglobin (Oxy-Hb) and deoxygenated-

hemoglobin (Deoxy-Hb) in the cerebral prefrontal area were measured with near-infrared spectroscopy to 

determine the changes in regional cerebral blood flow. Ergometer exercise at 40 % of EXmax, but not 20 and 60 

% of EXmax, shortened (P < 0.05) the total time period for the Stroop test by 6.6 ± 1.5 % as compared to the time 

control. In contrast, the number of errors was not altered by exercise at any intensity. The Oxy-Hb in bilateral 

prefrontal cortices increased during the Stroop test, while the Deoxy-Hb in those areas was unchanged. 

Ergometer exercise at 40 % of EXmax, but not at 20 and 60 % of EXmax, significantly augmented the response in 

the prefrontal Oxy-Hb during the Stroop test. The magnitude of the increased prefrontal Oxy-Hb response 

tended to correlate with the reduction in total time period for the Stroop test. Thus, it is likely that ergometer 

exercise at moderate intensity for 15 min may improve cognitive function through the increased neural activity 

in the prefrontal cortex.  

 

 

100. Brinkman et al. (2013). Cerebral oxygen desaturation during one-lung ventilation: correlation 

with hemodynamic variables 

 

Abstract: Purpose: Cerebral desaturation occurs frequently in patients undergoing one-lung ventilation for 

thoracic surgery. The mechanism of this desaturation is unclear regarding its etiology. The objective of this 

study was to investigate whether or not decreases in cerebral oxygen saturation associated with one-lung 

ventilation were a consequence of decreased cardiac output. Methods: A blinded observational study was 

conducted in 23 patients undergoing one-lung ventilation with thoracic surgery. Eighteen patients completed the 

study. Cerebral oxygen saturation was monitored using near-infrared spectroscopy (FORE-SIGHT® monitor). 

Invasive blood pressure was monitored and hemodynamic variables were interrogated using the FloTrac® 

system. Anesthesia was maintained with sevoflurane with a F i O2 of 1.0. Post-hoc analysis involved a 

comparison between baseline and integrated changes in cerebral saturation, heart rate, stroke index, cardiac 

index, and stroke volume variability. Results: All patients showed cerebral desaturation from a baseline of two-

lung ventilation in the lateral decubitus position following institution of one-lung ventilation. The cardiac index 

was stable at these times, but with one-lung ventilation, the heart rate decreased and the stroke index increased 

to maintain a stable product. The integral of heart rate × time was inversely correlated with the integral of 

cerebral desaturation × time (linear regression analysis; P = 0.02; (df) = 16)). Conclusions: Cerebral oxygen 

desaturation was universal during one-lung ventilation in this study. There was no correlation between cerebral 

desaturation and cardiac output or other hemodynamic variables. 
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101. Wilson et al. (2013). Functional specialization within the supplementary motor area: A fNIRS 

study of bimanual coordination 

 

Abstract: Bimanual movements can be performed by flexing and extending the target effectors (e.g., hand 

muscles) in unison, or by flexing units on one side in unison with extension of the same units on the opposite 

side. The former movement patterns are generally referred to as in-phase or parallel, whereas the latter patterns 

are often termed anti-phase movements. It is well known that anti-phase patterns are unstable and tend to 

spontaneously transition to in-phase movements at higher repetition rates, but the mechanisms and brain 

regions involved are not fully understood. In the current study, we utilized functional near-infrared spectroscopy 

(fNIRS) to evaluate whether anterior/posterior subdivisions of the supplementary motor complex (SMA) have 

distinct functional roles in maintaining in-phase and anti-phase movement patterns. Twelve healthy adult 

participants completed a bimanual coordination task comprised of anti-phase and in-phase trials as 24-channel 

fNIRS data was recorded from dorsal-medial motor areas. We examined the relative concentrations of 

oxygenated and deoxygenated hemoglobin in the channels that were located over the anterior SMA (e.g., pre-

SMA) and the SMA proper. Our most interesting results indicated that oxygenated hemoglobin responses were 

greater in the anterior SMA during performance of anti-phase compared to in-phase movements. In the SMA 

proper, oxygenated hemoglobin responses did not differ between the two movement patterns. These data suggest 

that the anterior SMA is critical to programming and maintaining the less stable anti-phase movement patterns, 

and support the conceptual framework of an anterior-directed gradient of progressively more complex 

functionality in the SMA. 

 

 

102. Mandrick et al. (2013). Prefrontal cortex activity during motor tasks with additional mental load 

requiring attentional demand: A near-infrared spectroscopy study 

 

Abstract: Functional near-infrared spectroscopy (fNIRS) is suitable for investigating cerebral oxygenation 

changes during motor and/or mental tasks. In the present study, we investigated how an additional mental load 

during a motor task at two submaximal loadings affects the fNIRS-measured brain activation over the right 

prefrontal cortex (PFC). Fifteen healthy males performed isometric grasping contractions at 15% and 30% of the 

maximal voluntary contraction (MVC) with or without an additional mental (i.e., arithmetic) task. Mental 

performance, force variability, fNIRS and subjective perception responses were measured in each condition. The 

performance of the mental task decreased significantly while the force variability increased significantly at 30% 

MVC as compared to 15% MVC, suggesting that performance of dual-task required more attentional resources. 

PFC activity increased significantly as the effort increased from 15% to 30% MVC (p < .001). Although a larger 

change in the deoxyhemoglobin was observed in dual-task conditions (p = .051), PFC activity did not change 

significantly as compared to the motor tasks alone. In summary, participants were unable to invest more 

attention and effort in performing the more difficult levels in order to maintain adequate mental performance. 

 

 

103. Cao et al. (2013). A Near Infra-Red Study of Blood Oxygenation Changes Resulting From High 

and Low Frequency Repetitive Transcranial Magnetic Stimulation 

 

Abstract: High and low frequency repetitive transcranial magnetic stimulation (rTMS) are both used to treat 

major depressive disorder(MDD). However, the physiological mechanisms underlying the therapeutic benefit and 

the effect of the stimulation frequency are unclear. Twelve healthy participants received 1Hz, 2Hz, and 5Hz 

active rTMS. Twenty 5 second trains were delivered at left dorsolateral prefrontal cortex at 110% of resting 

motor threshold with a 25 second inter-train interval. Blood oxygenation (HbO) was significantly reduced 

following the 1Hz trains compared to the HbO increases observed in both the 2Hz and 5Hz conditions. There was 

no significant inter-hemispheric difference in response. These results suggest that short trains of high and low 

frequency rTMS delivered to prefrontal cortex evoke a differential HbO response and provide additional evidence 

that high frequency trains result in increased neural activity. The findings may provide further explanation for 

the improved symptoms observed in MDD patients treated with high frequency rTMS. 

http://www.sciencedirect.com/science/article/pii/S1053811913004795
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104. Yadav et al. (2013). Evaluating and improving the quality of time-dependent, diffuse reflectance 

spectroscopic signals measured from in vivo brain during craniotomy 

 

Abstract: Background: Optical spectroscopy can be used to assess the pathophysiological characteristics of 

diseased and injured biological tissue in vivo in a non-destructive way. It is often used in conjunction with a 

contact optical probe for the purposes of operating and sensing in a sterile field. Since the probe is often held by 

the hand of an investigator during data acquisition, any hand instability can affect the quality of acquired data 

and, hence, degrade the accuracy of diagnosis. This study was designed to quantitatively characterize these 

artifacts, and then propose an effective engineering solution to remove them. Methods: Time-dependent diffuse 

reflectance spectra (Rd(λ,t)) were acquired from the normal cortex region of pediatric patients undergoing 

epilepsy surgery. They were acquired at a rate of 33 Hz, and their range was 400 and 900 nm. Two distinct ways 

of collecting data were tested: one with the fiber optical probe held by the surgeon's hand during data 

acquisition, and the other with the probe held by a specially designed probe holder. The probe holder was 

designed and constructed to minimize the variations in probe contact pressure and contact point for the full 

duration of any given investigation. Spectral data acquired using versus not using the probe holder were 

characterized and compared in the time, wavelength, and frequency domains, using both descriptive and 

inferential statistics. Results: Hand motion manifested as strong random variations in Rd(λ,t) which impacted 

temporal and frequency characteristics of Rd(λ,t). The percentage standard deviation %STD of Rd(λ,t) acquired 

without probe holder could be as high as 60%, and they are significantly higher than those with probe holder at 

all wavelengths. This difference is especially prominent between 400 and 600 nm. Rd(λ,t) acquired without the 

probe holder also processed a higher spectral power energy in the frequency domain than those with the probe 

holder. The correlation analysis revealed that the hand motions induced synchronistic variations in Rd(λ,t) 

between 600 and 800 nm, but this synchronicity is not obvious between 400 and 600 nm. Conclusion: The results 

of this investigation demonstrate the nature and the magnitude of hand motion induced artifacts in in vivo 

diffuse reflectance spectra and propose one potential solution (i.e., a probe holder) to remove them. These 

findings allow us to improve the quality of time-dependent, diffuse reflectance signals acquired to study the 

dynamic characteristics of biological tissues, like brain, in vivo. 

 

 

105. Kim et al. (2013). Continuous Optical Monitoring of Cerebral Hemodynamics During Head-of-

Bed Manipulation in Brain-Injured Adults 

 

Abstract: Introduction: Head-of-bed manipulation is commonly performed in the neurocritical care unit to 

optimize cerebral blood flow (CBF), but its effects on CBF are rarely measured. This pilot study employs a novel, 

non-invasive instrument combining two techniques, diffuse correlation spectroscopy (DCS) for measurement of 

CBF and near-infrared spectroscopy (NIRS) for measurement of cerebral oxy- and deoxy-hemoglobin 

concentrations, to monitor patients during head-of-bed lowering. Methods: Ten brain-injured patients and ten 

control subjects were monitored continuously with DCS and NIRS while the head-of-bed was positioned first at 

30° and then at 0°. Relative CBF (rCBF) and concurrent changes in oxy- (ΔHbO2), deoxy- (ΔHb), and total-

hemoglobin concentrations (ΔTHC) from left/right frontal cortices were monitored for 5 min at each position. 

Patient and control response differences were assessed. Results: rCBF, ΔHbO2, and ΔTHC responses to head 

lowering differed significantly between brain-injured patients and healthy controls (P < 0.02). For patients, 

rCBF changes were heterogeneous, with no net change observed in the group average (0.3 ± 28.2 %, P = 0.938). 

rCBF increased in controls (18.6 ± 9.4 %, P < 0.001). ΔHbO2, ΔHb, and ΔTHC increased with head lowering in 

both groups, but to a larger degree in brain-injured patients. rCBF correlated moderately with changes in 

cerebral perfusion pressure (R = 0.40, P < 0.001), but not intracranial pressure. Conclusion: DCS/NIRS detected 

differences in CBF and oxygenation responses of brain-injured patients versus controls during head-of-bed 

manipulation. This pilot study supports the feasibility of continuous bedside measurement of cerebrovascular 

hemodynamics with DCS/NIRS and provides the rationale for further investigation in larger cohorts. 
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106. Gerull et al. (2013). Physiological parameters after nonpharmacological analgesia in preterm 

infants: a randomized trial 

 

Abstract: Aim: To compare the influence of three different nonpharmacological interventions on cortical 

activation, heart rate and peripheral oxygen saturation (SaO2) after heelstick in preterm infants. Methods: 

Twenty five preterm infants between 24 0/7 and 32 0/7 weeks of gestational age were randomized to either oral 

sucrose (S), facilitated tucking (FT) or a combination of the two interventions (SFT) prior to five heelsticks each 

within the first 14 days of life. SaO2, heart rate and oxygenation of the somatosensory cortex, measured by near 

infrared spectroscopy (NIRS), were analysed. Results: Hundred and twenty five heelsticks were performed. The 

heart rate increased significantly after heelstick in all three intervention groups (p < 0.004 in all groups). The 

increase was higher in the FT group compared with the other groups (S: p = 0.007; SFT: p = 0.004). There was no 

difference among the two groups receiving sucrose (S and SFT; p = 0.87). SaO2 did not change significantly after 

heelstick in all intervention groups. Near infrared spectroscopy measurements did not show a significant change 

in the curve but patients in the FT group showed a trend towards higher average oxygenation of the 

contralateral somatosensory cortex. Conclusion: Oral sucrose seems to be more effective in reducing reaction to 

pain than FT. Application of both interventions did not show an additive effect. 

 

 

107. Fabiani et al. (2013). Neurovascular coupling in normal aging: A combined optical, ERP and 

fMRI study 

 

Abstract: Brain aging is characterized by changes in both hemodynamic and neuronal responses, which may be 

influenced by the cardiorespiratory fitness of the individual. To investigate the relationship between neuronal 

and hemodynamic changes, we studied the brain activity elicited by visual stimulation (checkerboard reversals 

at different frequencies) in younger adults and in older adults varying in physical fitness. Four functional brain 

measures were used to compare neuronal and hemodynamic responses obtained from BA17: two reflecting 

neuronal activity (the event-related optical signal, EROS, and the C1 response of the ERP), and two reflecting 

functional hemodynamic changes (functional magnetic resonance imaging, fMRI, and near-infrared spectroscopy, 

NIRS). The results indicated that both younger and older adults exhibited a quadratic relationship between 

neuronal and hemodynamic effects, with reduced increases of the hemodynamic response at high levels of 

neuronal activity. Although older adults showed reduced activation, similar neurovascular coupling functions 

were observed in the two age groups when fMRI and deoxy-hemoglobin measures were used. However, the 

coupling between oxy- and deoxy-hemoglobin changes decreased with age and increased with increasing fitness. 

These data indicate that departures from linearity in neurovascular coupling may be present when using 

hemodynamic measures to study neuronal function. 

 

 

108. Strangman et al. (2013). Scalp and skull influence on near infrared photon propagation in the 

Colin27 brain template 

 

Abstract: Near-infrared neuromonitoring (NIN) is based on near-infrared spectroscopy (NIRS) measurements 

performed through the intact scalp and skull. Despite the important effects of overlying tissue layers on the 

measurement of brain hemodynamics, the influence of scalp and skull on NIN sensitivity are not well 

characterized. Using 3555 Monte Carlo simulations, we estimated the sensitivity of individual continuous-wave 

NIRS measurements to brain activity over the entire adult human head by introducing a small absorption 

perturbation to brain gray matter and quantifying the influence of scalp and skull thickness on this sensitivity. 

After segmenting the Colin27 template into five tissue types (scalp, skull, cerebrospinal fluid, gray matter and 

white matter), the average scalp thickness was 6.9 ± 3.6 mm (range: 3.6–11.2 mm), while the average skull 

thickness was 6.0 ± 1.9 mm (range: 2.5–10.5 mm). Mean NIN sensitivity – defined as the partial path length 

through gray matter divided by the total photon path length – ranged from 0.06 (i.e., 6% of total path length) at 

a 20 mm source–detector separation, to over 0.19 at 50 mm separations. NIN sensitivity varied substantially 

around the head, with occipital pole exhibiting the highest NIRS sensitivity to gray matter, whereas inferior 

http://onlinelibrary.wiley.com/doi/10.1111/apa.12288/abstract
http://onlinelibrary.wiley.com/doi/10.1111/apa.12288/abstract
http://www.sciencedirect.com/science/article/pii/S1053811913004801
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frontal regions had the lowest sensitivity. Increased scalp and skull thickness were strongly associated with 

decreased sensitivity to brain tissue. Scalp thickness always exhibited a slightly larger effect on sensitivity than 

skull thickness, but the effect of both varied with SD separation. We quantitatively characterize sensitivity 

around the head as well as the effects of scalp and skull, which can be used to interpret NIN brain activation 

studies as well as guide the design, development and optimization of NIRS devices and sensors. 

 

 

109. Choi et al. (2013). Efficient Data Extraction Method for Near-Infrared Spectroscopy (NIRS) 

Systems With High Spatial and Temporal Resolution 

 

Abstract: An hardware-efficient method for the extraction of hemodynamic responses in near-infrared 

spectroscopy systems is proposed to increase the spatial and temporal resolution. The performance improvement 

is attributed to high signal-to-noise ratio receivers, a modulation scheme, and a multi-input-multi-output based 

data extraction algorithm. The proposed system shows more than twofold improvement in the figure of merit 

compared to conventional designs. Experimental results support the validity of the proposed system. 

 

 

110. Kaiser et al. (2013). Cortical effects of user training in a motor imagery based brain–computer 

interface measured by fNIRS and EEG 

 

Abstract: The present study aims to gain insights into the effects of training with a motor imagery (MI)-based 

brain–computer interface (BCI) on activation patterns of the sensorimotor cortex. We used functional near-

infrared spectroscopy (fNIRS) and electroencephalography (EEG) to investigate long-term training effects across 

10 sessions using a 2-class (right hand and feet) MI-based BCI in fifteen subjects. In the course of the training a 

significant enhancement of activation pattern emerges, represented by an [oxy-Hb] increase in fNIRS and a 

stronger event-related desynchronization in the upper β-frequency band in the EEG. These effects were only 

visible in participants with relatively low BCI performance (mean accuracy ≤ 70%). We found that training with 

an MI-based BCI affects cortical activation patterns especially in users with low BCI performance. Our results 

may serve as a valuable contribution to the field of BCI research and provide information about the effects that 

training with an MI-based BCI has on cortical activation patterns. This might be useful for clinical applications 

of BCI which aim at promoting and guiding neuroplasticity. 

 

 

111. Fu et al. (2013). The neural correlates of the face attractiveness aftereffect: A functional near-

infrared spectroscopy (fNIRS) study 

 

Abstract: Extensive behavioral evidence shows that our internal representation of faces, or face prototype, can 

be dynamically updated by immediate experience. This is illustrated by the robust attractiveness aftereffect 

phenomenon whereby originally unattractive faces become attractive after we are exposed to a set of 

unattractive faces. Although behavioral evidence suggests this effect to have a strong neural basis, limited 

neuroimaging evidence exists. Here we used functional near-infrared spectroscopy methodology (fNIRS) to 

bridge this gap. During the pre-adaptation trials, participants judged the attractiveness of three sets of faces: 

normal/undistorted faces, compressed faces (the internal features and distances between them were 

compressed), and expanded faces (the internal features and distances between them were stretched). Then, 

participants were shown extremely compressed faces for 5 min as adaptation stimuli, after which participants 

judged the same three sets of faces in post-adaptation trials. Behaviorally, after the adaptation trials, 

participants rated the compressed faces more attractive whereas they judged the other two sets of faces as less 

attractive, replicating the robust adaptation effect. fNIRS results showed that short-term exposure to 

compressed faces led to significant decreases in neural activity to all face types, but in a more extended network 

of cortical regions in the frontal and occipital cortexes for undistorted faces. Taken together, these findings 

suggest that the face attractiveness aftereffect mainly reflects changes in the neural representation of the face 

prototype in response to recent exposures to new face exemplars. 

http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6509463&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D6509463
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6509463&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D6509463
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112. Vermeij et al. (2013). Very-low-frequency oscillations of cerebral hemodynamics and blood 

pressure are affected by aging and cognitive load 

 

Abstract: Spontaneous slow oscillations occur in cerebral hemodynamics and blood pressure (BP), and may 

reflect neurogenic, metabolic or myogenic control of the cerebral vasculature. Aging is accompanied by a 

degeneration of the vascular system, which may have consequences for regional cerebral blood flow and cognitive 

performance. This degeneration may be reflected in a reduction of spontaneous slow oscillations of cerebral 

hemodynamics and BP. Therefore, we aimed to establish the dependency of slow oscillations of cerebral 

hemodynamics and BP on the factors age and cognitive load, by using functional near-infrared spectroscopy 

(fNIRS). Fourteen healthy young (23–32 years) and 14 healthy older adults (64–78 years) performed a verbal n-

back working-memory task. Oxygenated and deoxygenated hemoglobin concentration changes were registered by 

two fNIRS channels located over left and right prefrontal cortex. BP was measured in the finger by 

photoplethysmography. We found that very-low-frequency oscillations (0.02–0.07 Hz) and low-frequency 

oscillations (0.07–0.2 Hz) of cerebral hemodynamics and BP were reduced in the older adults compared to the 

young during task performance. In young adults, very-low-frequency oscillations of cerebral hemodynamics and 

BP reduced with increased cognitive load. Cognitive load did not affect low-frequency oscillations of the cerebral 

hemodynamics and BP. Transfer function analysis indicated that the relationship between BP and cerebral 

hemodynamic oscillations does not change under influence of age and cognitive load. Our results suggest aging-

related changes in the microvasculature such as declined spontaneous activity in microvascular smooth muscle 

cells and vessel stiffness. Moreover, our results indicate that in addition to local vasoregulatory processes, 

systemic processes also influence cerebral hemodynamic signals. It is therefore crucial to take the factors age 

and BP into consideration for the analysis and interpretation of hemodynamic neuroimaging data. 

 

 

113. Sthalekar et al. (2013). A CMOS Sensor for Measurement of Cerebral Optical Coefficients using 

Non-Invasive Frequency Domain Near Infrared Spectroscopy 

 

Abstract: A heterodyned architecture has been integrated on a 180nm CMOS chip for use in portable Frequency 

Domain Near Infrared Spectroscopy (fdNIRS) tools for real time monitoring of tissue oxygenation in the brain. 

The design and performance measurement results of this chip are summarized in this paper to demonstrate its 

applicability in multi-distance fdNIRS to measure the absorption and scattering coefficients of tissue. The 

2:25mm2 chip is integrated with 4 sensor channels that have a high frequency low noise front end and 

information processing circuitry to interface with an avalanche photodiode (APD) to detect the high speed weak 

light signal. The 4-channel sensor draws 40mA of current from a 1.8V power supply and uses an offchip counter 

implemented on an FPGA to quantize the amplitude and phase information required for tissue characterization 

with < 6:5% and < 2:5% linearity error, respectively. An experiment using the multi-distance measurement is 

used to measure the optical properties of a homogeneous tissue phantom using the CMOS integrated 

instrument. 

 

 

114. Matsubara et al. (2013). Prefrontal activation in response to emotional words in patients with 

bipolar disorder and major depressive disorder 

 

Abstract: Abnormal emotional processing is involved in the pathophysiology of bipolar disorder (BD) and major 

depressive disorder (MDD). However, whether the neural mechanism underlying this deficit is a trait 

characteristic of BD and MDD is unclear. The aim of this study was to elucidate the similarities and differences 

in processing of emotional stimuli between patients with BD and MDD in remission, using functional near-

infrared spectroscopy (fNIRS). Thirty-two patients (16 with BD and 16 with MDD) and 20 healthy control 

subjects matched for age, sex, handedness, and years of education were included. An emotional Stroop task, 

including happy, sad, and threat words, was used. The relative oxygenated and deoxygenated hemoglobin 

concentration ([oxy-Hb] and [deoxy-Hb]) changes in the frontal region were measured using 52-channels of 

NIRS. During the threat task, compared to healthy control subjects, patients with BD showed significantly 

http://www.sciencedirect.com/science/article/pii/S1053811913004667
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increased [oxy-Hb] in the left inferior frontal region whereas patients with MDD showed significantly increased 

[oxy-Hb] in the left middle frontal region. During the happy task, compared to healthy control subjects, patients 

with BD showed significantly decreased [oxy-Hb] in the middle frontal region in both hemispheres. Moreover, 

patients with BD exhibited decreased [oxy-Hb] and increased [deoxy-Hb] in the superior frontal and middle 

frontal regions compared to MDD in response to the happy stimulus. No significant differences in [oxy-Hb] or 

[deoxy-Hb] were seen between the groups during the sad task. These results suggest that abnormal neural 

responses to emotional stimuli in patients with mood disorders in remission may be a trait characteristic, that 

negative emotional stimuli are associated with similar prefrontal responses, and that positive emotional stimuli 

are associated with different prefrontal responses in patients with BD and MDD. These findings indicate that 

different neural circuits play a role in emotional processing in BD and MDD; this may aid the elucidation of the 

pathophysiology of these two disorders. 

 

 

115. Talukdar et al. (2013). Continuous correction of differential path length factor in near-infrared 

spectroscopy 

 

Abstract: In continuous-wave near-infrared spectroscopy (CW-NIRS), changes in the concentration of 

oxyhemoglobin and deoxyhemoglobin can be calculated by solving a set of linear equations from the modified 

Beer-Lambert Law. Cross-talk error in the calculated hemodynamics can arise from inaccurate knowledge of the 

wavelength-dependent differential path length factor (DPF). We apply the extended Kalman filter (EKF) with a 

dynamical systems model to calculate relative concentration changes in oxy- and deoxyhemoglobin while 

simultaneously estimating relative changes in DPF. Results from simulated and experimental CW-NIRS data 

are compared with results from a weighted least squares (WLSQ) method. The EKF method was found to 

effectively correct for artificially introduced errors in DPF and to reduce the cross-talk error in simulation. With 

experimental CW-NIRS data, the hemodynamic estimates from EKF differ significantly from the WLSQ 

(p<0.001). The cross-correlations among residuals at different wavelengths were found to be significantly 

reduced by the EKF method compared to WLSQ in three physiologically relevant spectral bands 0.04 to 0.15 Hz, 

0.15 to 0.4 Hz and 0.4 to 2.0 Hz (p<0.001). This observed reduction in residual cross-correlation is consistent 

with reduced cross-talk error in the hemodynamic estimates from the proposed EKF method. 

 

 

116. Sawan et al. (2013). Wireless Recording Systems: From Noninvasive EEG-NIRS to Invasive EEG 

Devices 

 

Abstract: In this paper, we present the design and implementation of a wireless wearable electronic system 

dedicated to remote data recording for brain monitoring. The reported wireless recording system is used for a) 

simultaneous near-infrared spectrometry (NIRS) and scalp electro-encephalography (EEG) for noninvasive 

monitoring and b) intracerebral EEG (icEEG) for invasive monitoring. Bluetooth and dual radio links were 

introduced for these recordings. The Bluetooth-based device was embedded in a noninvasive multichannel EEG-

NIRS system for easy portability and long-term monitoring. On the other hand, the 32-channel implantable 

recording device offers 24-bit resolution, tunable features, and a sampling frequency up to 2 kHz per channel. 

The analog front-end preamplifier presents low input-referred noise of 5 μ VRMS and a signal-to-noise ratio of 

112 dB. The communication link is implemented using a dual-band radio frequency transceiver offering a half-

duplex 800 kb/s data rate, 16.5 mW power consumption and less than 10-10 post-correction Bit-Error Rate 

(BER). The designed system can be accessed and controlled by a computer with a user-friendly graphical 

interface. The proposed wireless implantable recording device was tested in vitro using real icEEG signals from 

two patients with refractory epilepsy. The wirelessly recorded signals were compared to the original signals 

recorded using wired-connection, and measured normalized root-mean square deviation was under 2%. 
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117. Wintermark et al. (2013). Near-infrared spectroscopy versus magnetic resonance imaging to 

study brain perfusion in newborns with hypoxic–ischemic encephalopathy treated with 

hypothermia 

 

Abstract: Background: The measurement of brain perfusion may provide valuable information for assessment 

and treatment of newborns with hypoxic–ischemic encephalopathy (HIE). While arterial spin labeled perfusion 

(ASL) magnetic resonance imaging (MRI) provides noninvasive and direct measurements of regional cerebral 

blood flow (CBF) values, it is logistically challenging to obtain. Near-infrared spectroscopy (NIRS) might be an 

alternative, as it permits noninvasive and continuous monitoring of cerebral hemodynamics and oxygenation at 

the bedside. Objective: The purpose of this study is to determine the correlation between measurements of brain 

perfusion by NIRS and by MRI in term newborns with HIE treated with hypothermia. 

Design/methods: In this prospective cohort study, ASL-MRI and NIRS performed during hypothermia were used 

to assess brain perfusion in these newborns. Regional cerebral blood flow (CBF) values, measured from 1–2 MRI 

scans for each patient, were compared to mixed venous saturation values (SctO2) recorded by NIRS just before 

and after each MRI. Analysis included groupings into moderate versus severe HIE based on their initial 

background pattern of amplitude-integrated electroencephalogram. Results: Twelve concomitant recordings were 

obtained of seven neonates. Strong correlation was found between SctO2 and CBF in asphyxiated newborns with 

severe HIE (r = 0.88; p value = 0.0085). Moreover, newborns with severe HIE had lower CBF (likely lower oxygen 

supply) and extracted less oxygen (likely lower oxygen demand or utilization) when comparing SctO2 and CBF to 

those with moderate HIE. Conclusions: NIRS is an effective bedside tool to monitor and understand brain 

perfusion changes in term asphyxiated newborns, which in conjunction with precise measurements of CBF 

obtained by MRI at particular times, may help tailor neuroprotective strategies in term newborns with HIE. 

 

 

118. Liao et al. (2013). Neurovascular coupling: in vivo optical techniques for functional brain 

imaging 

 

Abstract: Optical imaging techniques reflect different biochemical processes in the brain, which is closely 

related with neural activity. Scientists and clinicians employ a variety of optical imaging technologies to 

visualize and study the relationship between neurons, glial cells and blood vessels. In this paper, we present an 

overview of the current optical approaches used for the in vivo imaging of neurovascular coupling events in small 

animal models. These techniques include 2-photon microscopy, laser speckle contrast imaging (LSCI), voltage-

sensitive dye imaging (VSDi), functional photoacoustic microscopy (fPAM), functional near-infrared spectroscopy 

imaging (fNIRS) and multimodal imaging techniques. The basic principles of each technique are described in 

detail, followed by examples of current applications from cutting-edge studies of cerebral neurovascular coupling 

functions and metabolic. Moreover, we provide a glimpse of the possible ways in which these techniques might be 

translated to human studies for clinical investigations of pathophysiology and disease. In vivo optical imaging 

techniques continue to expand and evolve, allowing us to discover fundamental basis of neurovascular coupling 

roles in cerebral physiology and pathophysiology. 

 

 

119. Imai et al. (2013). Functional connectivity of the cortex of term and preterm infants and infants 

with Down's syndrome 

 

Abstract: Near-infrared spectroscopy (NIRS) imaging studies have revealed the functional development of the 

human brain in early infancy. By measuring spontaneous fluctuations in cerebral blood oxygenation with NIRS, 

we can examine the developmental status of the functional connectivity of networks in the cortex. However, it 

has not been clarified whether premature delivery and/or chromosomal abnormalities affect the development of 

the functional connectivity of the cortex. In the current study, we investigated the spontaneous brain activity of 

sleeping infants who were admitted to a neonatal intensive care unit at term age. We classified them into the 3 

following infant groups: (i) term-or-late-preterm, (ii) early-preterm, and (iii) Down's syndrome (DS). We used 

http://www.sciencedirect.com/science/article/pii/S1053811913004199
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multichannel NIRS to measure the spontaneous changes in oxygenated hemoglobin (oxy-Hb) and deoxygenated 

hemoglobin (deoxy-Hb) at 10 measurement channels, which covered the frontal, temporal, and occipital regions. 

In order to reveal the functional connectivity of the cortical networks, we calculated the temporal correlations of 

the time-course signals among all of the pairs of measurement channels. The functional connectivity was 

classified into the 4 following types: (i) short-range, (ii) contralateral-transverse, (iii) ipsilateral-longitudinal, and 

(iv) control. In order to examine whether the local properties of hemodynamics reflected any pathological 

conditions, we calculated the phase differences between the oxy- and deoxy-Hb time-course signals in the 3 

groups. The statistical analyses of the functional connectivity data showed main effects of group and the types of 

connectivity. For the group effect, the mean functional connectivity of the infants in the term-or-late-preterm 

group did not differ from that in the early-preterm group, and the mean functional connectivity of the infants in 

the DS group was lower than that in the other 2 groups. For the effect of types of connectivity, short-range 

connectivity was highest compared to any of the other types of connectivity, and the second highest connectivity 

was the contralateral-transverse one. The phase differences between the oxy- and deoxy-Hb changes showed that 

there were significant differences between the DS group and the other 2 groups. Our findings suggested that the 

development of the functional connectivity of cortical networks did not differ between term-or-late-preterm 

infants and early-preterm infants around term-equivalent ages, while DS infants had alterations in their 

functional connectivity development and local hemodynamics at term age. The highest short-range connectivity 

and the second highest contralateral-transverse connectivity suggested that the precursors for the basic cortical 

networks of functional connectivity were present at term age. 

 

 

120. Brigadoi et al. (2013). Motion artifacts in functional near-infrared spectroscopy: A comparison of 

motion correction techniques applied to real cognitive data 

 

Abstract: Motion artifacts are a significant source of noise in many functional near-infrared spectroscopy 

(fNIRS) experiments. Despite this, there is no well-established method for their removal. Instead, functional 

trials of fNIRS data containing a motion artifact are often rejected completely. However, in most experimental 

circumstances the number of trials is limited, and multiple motion artifacts are common, particularly in 

challenging populations. Many methods have been proposed recently to correct for motion artifacts, including 

principle component analysis, spline interpolation, Kalman filtering, wavelet filtering and correlation-based 

signal improvement. The performance of different techniques has been often compared in simulations, but only 

rarely has it been assessed on real functional data. Here, we compare the performance of these motion correction 

techniques on real functional data acquired during a cognitive task, which required the participant to speak 

aloud, leading to a low-frequency, low-amplitude motion artifact that is correlated with the hemodynamic 

response. To compare the efficacy of these methods, objective metrics related to the physiology of the 

hemodynamic response have been derived. Our results show that it is always better to correct for motion 

artifacts than reject trials, and that wavelet filtering is the most effective approach to correcting this type of 

artifact, reducing the area under the curve where the artifact is present in 93% of the cases. Our results 

therefore support previous studies that have shown wavelet filtering to be the most promising and powerful 

technique for the correction of motion artifacts in fNIRS data. The analyses performed here can serve as a guide 

for others to objectively test the impact of different motion correction algorithms and therefore select the most 

appropriate for the analysis of their own fNIRS experiment. 

 

 

121. Yuan et al. (2013). Correlated slow fluctuations in respiration, EEG, and BOLD fMRI 

 

Abstract: Low-frequency temporal fluctuations of physiological signals (< 0.1 Hz), such as the respiration and 

cardiac pulse rate, occur naturally during rest and have been shown to be correlated with blood-oxygenation-

level-dependent (BOLD) signal fluctuation. Such physiological signal modulations have been considered as 

sources of noise and their effects on BOLD signal are commonly removed in functional magnetic resonance 

imaging (fMRI) studies. However, possible neural correlates of the physiological fluctuations have not been 

considered nor examined in detail. In the present study we investigated this possibility by simultaneously 
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acquiring electroencephalogram (EEG) with BOLD fMRI data, respiratory and cardiac waveforms in healthy 

human subjects at eyes-closed and eyes-open resting. We quantified the concurrent changes of the EEG power in 

the alpha frequency band, the respiration volume, and the cardiac pulse rate, then assessed the temporal 

correlations between alpha EEG power and physiological signal fluctuations. In addition, time-shifted time 

courses of alpha EEG power or physiological data were included as regressors to examine their correlations with 

the whole-brain BOLD fMRI signals. We observed a significant correlation between alpha EEG global field 

power and respiration, particularly at eyes-closed resting condition. Similar spatial patterns were observed 

between the correlation maps of BOLD with alpha EEG power and respiration, with negative correlations 

coinciding in the visual cortex, superior/middle temporal gyrus, inferior frontal gyrus, and inferior parietal 

lobule and positive correlations in the thalamus and caudate. Regressing out the physiological variations in the 

BOLD signal resulted in reduced correlation between BOLD and alpha EEG power. These results suggest a 

mutual link of neuronal origin between alpha EEG power, respiration, and BOLD signals. 

 

 

122. Koenraadt et al. (2013). Cortical control of normal gait and precision stepping: An fNIRS study 

 

Abstract: Recently, real time imaging of the cortical control of gait became possible with functional near-

infrared spectroscopy (fNIRS). So far, little is known about the activations of various cortical areas in more 

complex forms of gait, such as precision stepping. From previous work on animals and humans one would expect 

precision stepping to elicit extra activity in the sensorimotor cortices (S1/M1), supplementary motor area (SMA), 

as well as in prefrontal cortices (PFC). In the current study, hemodynamic changes in the PFC, SMA, M1, and S1 

were measured with fNIRS. In contrast to previous fNIRS gait studies, the technique was optimized by the use 

of reference channels (to correct for superficial hemodynamic interference). Eleven subjects randomly performed 

ten trials of treadmill walking at 3 km/h (normal walking) and ten trials of 3 km/h treadmill walking on 

predefined spots for the left and right foot presented on the treadmill (precision stepping). The walking trials of 

approximately 35 seconds were alternated with rest periods of 25–35 seconds consisting of quiet standing. The 

PFC revealed profound activation just prior to the onset of both walking tasks. There was also extra activation of 

the PFC during the first half of the task period for precision stepping. The SMA showed mainly increased 

activation prior to the start of both tasks. In contrast, the sensorimotor cortex did not show a change in 

activation during either task as compared to a condition of standing. The SMA, M1, and S1 revealed no 

significant differences between normal walking and precision stepping. It was concluded that fNIRS is suited to 

record the planning and initiation of gait. The lack of M1/S1 activation during gait suggests that even in the 

current precision stepping task the control of ongoing gait depended mostly on subcortical automatisms, while 

motor cortex contributions did not differ between standing and walking. 

 

 

123. Raith et al. (2013). Near-infrared spectroscopy for objectifying cerebral effects of laser 

acupuncture in term and preterm neonates 

 

Abstract: Laser acupuncture (LA) becomes more and more relevant in neonates and infants. With near-infrared 

spectroscopy (NIRS), a continuous and noninvasive measurement of tissue oxygenation is possible. Aim was to 

investigate, whether the application of LA was associated with any changes in regional cerebral oxygen 

saturation (rcSO2) in term and preterm neonates. The study included 20 neonates (12 males, 8 females). The 

Large Intestine 4 acupuncture point (LI 4, Hegu) was stimulated by a microlaser needle (10  mW, 685 nm laser 

needle EG GmbH, Germany) for 5 minutes, bilaterally. All neonates underwent polygraphic recording during 

undisturbed daytime sleep, including heart rate (HR), peripheral oxygen saturation (SpO2), and measurement of 

nasal flow. Using NIRS, rcSO2 was measured continuously. Cerebral fractional tissue oxygen extraction 

(cFTOE) was calculated. We did not observe any significant changes in SpO2 and HR values during the whole 

observation period. However, there was a significant decrease in rcSO2 (P = 0.003) within postintervention 

period, accompanied by a significant increase in cFTOE (P = 0.010) in postintervention period. 
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124. Perlman et al. (2013). fNIRS evidence of prefrontal regulation of frustration in early childhood 

 

Abstract: The experience of frustration is common in early childhood, yet some children seem to possess a lower 

tolerance for frustration than others. Characterizing the biological mechanisms underlying a wide range of 

frustration tolerance observed in early childhood may inform maladaptive behavior and psychopathology that is 

associated with this construct. The goal of this study was to measure prefrontal correlates of frustration in 3–5-

year-old children, who are not readily adaptable for typical neuroimaging approaches, using functional near 

infrared spectroscopy (fNIRS). fNIRS of frontal regions were measured as frustration was induced in children 

through a computer game where a desired and expected prize was “stolen” by an animated dog. A fNIRS general 

linear model (GLM) was used to quantify the correlation of brain regions with the task and identify areas that 

were statistically different between the winning and frustrating test conditions. A second-level voxel-based 

ANOVA analysis was then used to correlate the amplitude of each individual's brain activation with measure of 

parent-reported frustration. Experimental results indicated increased activity in the middle prefrontal cortex 

during winning of a desired prize, while lateral prefrontal cortex activity increased during frustration. Further, 

activity increase in lateral prefrontal cortex during frustration correlated positively with parent-reported 

frustration tolerance. These findings point to the role of the lateral prefrontal cortex as a potential region 

supporting the regulation of emotion during frustration. 

 

 

125. Marumo et al. (2013). Functional abnormalities in the left ventrolateral prefrontal cortex during 

a semantic fluency task, and their association with thought disorder in patients with 

schizophrenia 

 

Abstract: Thought disorder is one of the primary symptoms in schizophrenia, yet the neural correlates and 

related semantic processing abnormalities remain unclear. We aimed to investigate the relationship between 

functional prefrontal abnormalities and thought disorder in schizophrenia using 2 types of verbal fluency tasks: 

the letter fluency task (LFT) and the category fluency task (CFT). Fifty-six adult patients with schizophrenia 

and 56 healthy controls matched for age, gender, and IQ participated in the study. During completion of the 2 

types of verbal fluency tasks, we measured oxy- and deoxy-hemoglobin concentration ([oxy-Hb] and [deoxy-Hb]) 

signal changes over a wide area of the bilateral prefrontal cortex, using a 52-channel near-infrared spectroscopy 

(NIRS) system. Thought disorder scores were evaluated using the positive and negative syndrome scale. CFT 

performance was significantly higher than LFT performance in both groups, while there was no significant 

difference in any prefrontal NIRS signal changes between the 2 tasks in either group. In both versions of verbal 

fluency task, healthy controls exhibited a significantly greater NIRS signal change than did patients with 

schizophrenia. On the CFT only, left ventrolateral prefrontal NIRS [deoxy-Hb] signals were significantly 

associated with thought disorder scores in patients with schizophrenia. Our results suggest that left 

ventrolateral prefrontal abnormalities in category fluency might be related to thought disorder in schizophrenia. 

This could lead to an improved understanding of the neural mechanisms within the left ventrolateral prefrontal 

cortex involved in mediating semantic processing, as well as the relationship between semantic processing 

abnormalities and thought disorder in schizophrenia. 

 

 

126. Faress et al. (2013). Towards a multimodal brain–computer interface: Combining fNIRS and 

fTCD measurements to enable higher classification accuracy 

 

Abstract: Previous brain–computer interface (BCI) research has largely focused on single neuroimaging 

modalities such as near-infrared spectroscopy (NIRS) or transcranial Doppler ultrasonography (TCD). However, 

multimodal brain–computer interfaces, which combine signals from different brain modalities, have been 

suggested as a potential means of improving the accuracy of BCI systems. In this paper, we compare the 

classification accuracies attainable using NIRS signals alone, TCD signals alone, and a combination of NIRS and 

TCD signals. Nine able-bodied subjects (mean age = 25.7) were recruited and simultaneous measurements were 

made with NIRS and TCD instruments while participants were prompted to perform a verbal fluency task or to 
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remain at rest, within the context of a block-stimulus paradigm. Using Linear Discriminant Analysis, the verbal 

fluency task was classified at mean accuracies of 76.1 ± 9.9%, 79.4 ± 10.3%, and 86.5 ± 6.0% using NIRS, TCD, 

and NIRS–TCD systems respectively. In five of nine participants, classification accuracies with the NIRS–TCD 

system were significantly higher (p < 0.05) than with NIRS or TCD systems alone. Our results suggest that 

multimodal neuroimaging may be a promising method of improving the accuracy of future brain–computer 

interfaces. 

 

 

127. Lin et al. (2013). Non-invasive optical measurement of cerebral metabolism and hemodynamics 

in infants 

 

Abstract: Perinatal brain injury remains a significant cause of infant mortality and morbidity, but there is not 

yet an effective bedside tool that can accurately screen for brain injury, monitor injury evolution, or assess 

response to therapy. The energy used by neurons is derived largely from tissue oxidative metabolism, and neural 

hyperactivity and cell death are reflected by corresponding changes in cerebral oxygen metabolism (CMRO₂). 

Thus, measures of CMRO₂ are reflective of neuronal viability and provide critical diagnostic information, making 

CMRO₂ an ideal target for bedside measurement of brain health. Brain-imaging techniques such as positron 

emission tomography (PET) and single-photon emission computed tomography (SPECT) yield measures of 

cerebral glucose and oxygen metabolism, but these techniques require the administration of radionucleotides, so 

they are used in only the most acute cases. Continuous-wave near-infrared spectroscopy (CWNIRS) provides 

non-invasive and non-ionizing radiation measures of hemoglobin oxygen saturation (SO₂) as a surrogate for 

cerebral oxygen consumption. However, SO₂ is less than ideal as a surrogate for cerebral oxygen metabolism as 

it is influenced by both oxygen delivery and consumption. Furthermore, measurements of SO₂ are not sensitive 

enough to detect brain injury hours after the insult, because oxygen consumption and delivery reach equilibrium 

after acute transients. We investigated the possibility of using more sophisticated NIRS optical methods to 

quantify cerebral oxygen metabolism at the bedside in healthy and brain-injured newborns. More specifically, we 

combined the frequency-domain NIRS (FDNIRS) measure of SO2 with the diffuse correlation spectroscopy (DCS) 

measure of blood flow index (CBFi) to yield an index of CMRO₂ (CMRO₂i). With the combined FDNIRS/DCS 

system we are able to quantify cerebral metabolism and hemodynamics. This represents an improvement over 

CWNIRS for detecting brain health, brain development, and response to therapy in neonates. Moreover, this 

method adheres to all neonatal intensive care unit (NICU) policies on infection control and institutional policies 

on laser safety. Future work will seek to integrate the two instruments to reduce acquisition time at the bedside 

and to implement real-time feedback on data quality to reduce the rate of data rejection. 

 

 

128. Sakakibara et al. (2013). Genetic influences on prefrontal activation during a verbal fluency task 

in adults: A twin study based on multichannel near-infrared spectroscopy 

 

Abstract: Near-infrared spectroscopy (NIRS) studies have reported that prefrontal hemodynamic dysfunction 

during executive function tasks may be a promising biomarker of psychiatric disorders, because its portability 

and noninvasiveness allow easy measurements in clinical settings. Here, we investigated the degree to which 

prefrontal NIRS signals are genetically determined. Using a 52-channel NIRS system, we monitored the oxy-

hemoglobin (oxy-Hb) signal changes in 38 adult pairs of right-handed monozygotic (MZ) twins and 13 pairs of 

same-sex right-handed dizygotic (DZ) twins during a letter version of the verbal fluency task. Heritability was 

estimated based on a classical twin paradigm using structured equation modeling. Significant genetic influences 

were estimated in the right dorsolateral prefrontal cortex and left frontal pole. The degrees of heritability were 

66% and 75% in the variances, respectively. This implies that the prefrontal hemodynamic dysfunction observed 

during an executive function task measured by NIRS may be an efficient endophenotype for large-scale imaging 

genetic studies in psychiatric disorders. 
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129. Farradal et al. (2013). Atlas-based head modeling and spatial normalization for high-density 

diffuse optical tomography: In vivo validation against fMRI 

 

Abstract: Diffuse optical imaging (DOI) is increasingly becoming a valuable neuroimaging tool when fMRI is 

precluded. Recent developments in high-density diffuse optical tomography (HD-DOT) overcome previous 

limitations of sparse DOI systems, providing improved image quality and brain specificity. These improvements 

in instrumentation prompt the need for advancements in both i) realistic forward light modeling for accurate 

HD-DOT image reconstruction, and ii) spatial normalization for voxel-wise comparisons across subjects. 

Individualized forward light models derived from subject-specific anatomical images provide the optimal inverse 

solutions, but such modeling may not be feasible in all situations. In the absence of subject-specific anatomical 

images, atlas-based head models registered to the subject's head using cranial fiducials provide an alternative 

solution. In addition, a standard atlas is attractive because it defines a common coordinate space in which to 

compare results across subjects. The question therefore arises as to whether atlas-based forward light modeling 

ensures adequate HD-DOT image quality at the individual and group level. Herein, we demonstrate the 

feasibility of using atlas-based forward light modeling and spatial normalization methods. Both techniques are 

validated using subject-matched HD-DOT and fMRI data sets for visual evoked responses measured in five 

healthy adult subjects. HD-DOT reconstructions obtained with the registered atlas anatomy (i.e. atlas DOT) had 

an average localization error of 2.7 mm relative to reconstructions obtained with the subject-specific anatomical 

images (i.e. subject-MRI DOT), and 6.6 mm relative to fMRI data. At the group level, the localization error of 

atlas DOT reconstruction was 4.2 mm relative to subject-MRI DOT reconstruction, and 6.1 mm relative to fMRI. 

These results show that atlas-based image reconstruction provides a viable approach to individual head 

modeling for HD-DOT when anatomical imaging is not available. 

 

 

130. Abookasis et al. (2013). Monitoring hemodynamic and morphologic responses to closed head 

injury in a mouse model using orthogonal diffuse near-infrared light reflectance spectroscopy 

 

Abstract: The authors’ aim is to assess and quantitatively measure brain hemodynamic and morphological 

variations during closed-head injury (CHI) in mice using orthogonal diffuse near-infrared reflectance 

spectroscopy (o-DRS). CHI is a type of injury to the head that does not penetrate the skull. Usually, it is caused 

by mechanical blows to the head and frequently occurs in traffic accidents, falls, and assaults. Measurements of 

brain optical properties, namely absorption and reduced scattering coefficients in the wavelength range from 650 

to 1000 nm were carried out by employing different source–detector distance and locations to provide depth 

sensitivity on an intact scalp over the duration of the whole experiment. Furthermore, alteration in both cortical 

hemodynamics and morphologic markers, i.e., scattering power and amplitude properties were derived. CHI was 

induced in anesthetized male mice by a weight-drop model using ∼50g cylindrical metal falling from a height of 

90 cm onto the intact scalp producing an impact of 4500 g cm. With respect to baseline, difference in brain 

physiological properties was observed following injury up to 1 h post-trauma. Additionally, the reduced 

scattering spectral shapes followed Mie scattering theory was quantified and clearly shows changes in both 

scattering amplitude and power from baseline indicating structural variations likely from evolving cerebral 

edema during CHI. We further demonstrate high correlation between scattering amplitude and scattering 

power, with more than 20% difference in slope in comparison to preinjury. This result indicates the possibility of 

using the slope also as a marker for detection of structural changes. Finally, experiments investigating brain 

function during the first 20 min postinjury were conducted and changes in chromophore concentrations and 

scattering were observed. Overall, our experiments demonstrate the potential of using the proposed technique as 

a valuable quantitative noninvasive tool for monitoring brain physiology following CHI injury at the bedside 

and/or at the field. 
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131. Cugmas et al. (2013). Pressure-induced near infrared spectra response as a valuable source of 

information for soft tissue classification 

 

Abstract: Acquiring near infrared spectra in vivo usually requires a fiber-optic probe to be pressed against the 

tissue. The applied pressure can significantly affect the optical properties of the underlying tissue, and thereby 

the acquired spectra. The existing studies consider these effects to be distortions. In contrast, we hypothesize 

that the pressure-induced spectral response is site- and tissue-specific, providing additional information for the 

tissue classification. For the purpose of this study, a custom system was designed for dynamic pressure control 

and rapid acquisition of spectra. The pressure-induced spectral response was studied at three proximate skin 

sites of the human hand. The diffuse reflectance and scattering were found to decrease with the applied contact 

pressure. In contrast, the concentrations of chromophores, and consequently the absorption, increased with the 

applied contact pressure. The pressure-induced changes in the tissue optical properties were found to be site-

specific and were modeled as a polynomial function of the applied contact pressure. A quadratic discriminant 

analysis classification of the tissue spectra acquired at the three proximate skin sites, based on the proposed 

pressure-induced spectral response model, resulted in a high (90%) average classification sensitivity and 

specificity, clearly supporting the working hypothesis. 

 

 

132. Zhu et al. (2013). Review of Monte Carlo modeling of light transport in tissues 

 

Abstract: A general survey is provided on the capability of Monte Carlo (MC) modeling in tissue optics while 

paying special attention to the recent progress in the development of methods for speeding up MC simulations. 

The principles of MC modeling for the simulation of light transport in tissues, which includes the general 

procedure of tracking an individual photon packet, common light–tissue interactions that can be simulated, 

frequently used tissue models, common contact/noncontact illumination and detection setups, and the treatment 

of time-resolved and frequency-domain optical measurements, are briefly described to help interested readers 

achieve a quick start. Following that, a variety of methods for speeding up MC simulations, which includes 

scaling methods, perturbation methods, hybrid methods, variance reduction techniques, parallel computation, 

and special methods for fluorescence simulations, as well as their respective advantages and disadvantages are 

discussed. Then the applications of MC methods in tissue optics, laser Doppler flowmetry, photodynamic 

therapy, optical coherence tomography, and diffuse optical tomography are briefly surveyed. Finally, the 

potential directions for the future development of the MC method in tissue optics are discussed. 

 

 

133. Puszka et al. (2013). Time-domain reflectance diffuse optical tomography with Mellin-Laplace 

transform for experimental detection and depth localization of a single absorbing inclusion 

 

Abstract: We show how to apply the Mellin-Laplace transform to process time-resolved reflectance 

measurements for diffuse optical tomography. We illustrate this method on simulated signals incorporating the 

main sources of experimental noise and suggest how to fine-tune the method in order to detect the deepest 

absorbing inclusions and optimize their localization in depth, depending on the dynamic range of the 

measurement. To finish, we apply this method to measurements acquired with a setup including a femtosecond 

laser, photomultipliers and a time-correlated single photon counting board. Simulations and experiments are 

illustrated for a probe featuring the interfiber distance of 1.5 cm and show the potential of time-resolved 

techniques for imaging absorption contrast in depth with this geometry. 
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134. Baniqued et al. (2013). Frontoparietal Traffic Signals: A Fast Optical Imaging Study of 

Preparatory Dynamics in Response Mode Switching 

 

Abstract: Coordination between networks of brain regions is important for optimal cognitive performance, 

especially in attention demanding tasks. With the event-related optical signal (a measure of changes in optical 

scattering because of neuronal activity) we can characterize rapidly evolving network processes by examining 

the millisecond-scale temporal correlation of activity in distinct regions during the preparatory period of a 

response mode switching task. Participants received a precue indicating whether to respond vocally or manually. 

They then saw or heard the letter “L” or “R,” indicating a “left” or “right” response to be implemented with the 

appropriate response modality. We employed lagged cross-correlations to characterize the dynamic connectivity 

of preparatory processes. Our results confirmed coupling of frontal and parietal cortices and the trial-dependent 

relationship of the right frontal cortex with response preparation areas. The frontal-to-modality-specific cortex 

cross-correlations revealed a pattern in which first irrelevant regions were deactivated, and then relevant 

regions were activated. These results provide a window into the subsecond scale network interactions that 

flexibly tune to task demands. 
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Publications from the BORL, Zurich  

 

 

135. Zimmermann et al. (2013). Silicon photomultipliers for improved detection of low light levels in 

miniature near-infrared spectroscopy instruments 

 

Abstract: Silicon photomultipliers are novel solid state photodetectors that recently became commercially 

available. The goal of this paper was to investigate their suitability for low light level detection in miniaturized 

functional near-infrared spectroscopy instruments. Two measurement modules with a footprint of 26×26 mm2 

were built, and the signal-to-noise ratio was assessed for variable source-detector separations between 25 and 65 

mm on phantoms with similar optical properties to those of a human head. These measurements revealed that 

the signal-to-noise ratio of the raw signal was superior to an empirically derived design requirement for source-

detector separations up to 50 mm. An arterial arm occlusion was also performed on one of the authors in vivo, to 

induce reproducible hemodynamic changes which confirmed the validity of the measured signals. The proposed 

use of silicon photomultipliers in functional near-infrared spectroscopy bears large potential for future 

development of precise, yet compact and modular instruments, and affords improvements of the source-detector 

separation by 67% compared to the commonly used 30 mm. 

 

 

136. Scholkmann et al. (2013). A review on continuous wave functional near-infrared spectroscopy 

and imaging instrumentation and methodology 

 

Abstract: This year marks the 20th anniversary of functional near-infrared spectroscopy and imaging 

(fNIRS/fNIRI). As the vast majority of commercial instruments developed until now are based on continuous 

wave technology, the aim of this publication is to review the current state of instrumentation and methodology of 

continuous wave fNIRI. For this purpose we provide an overview of the commercially available instruments and 

address instrumental aspects such as light sources, detectors and sensor arrangements. Methodological aspects, 

algorithms to calculate the concentrations of oxy- and deoxyhemoglobin and approaches for data analysis are 

also reviewed. From the single-location measurements of the early years, instrumentation has progressed to 

imaging initially in two dimensions (topography) and then three (tomography). The methods of analysis have 

also changed tremendously, from the simple modified Beer-Lambert law to sophisticated image reconstruction 

and data analysis methods used today. Due to these advances, fNIRI has become a modality that is widely used 

in neuroscience research and several manufacturers provide commercial instrumentation. It seems likely that 

fNIRI will become a clinical tool in the foreseeable future, which will enable diagnosis in single subjects. 

 

 

137. Hyttel-Sorensen et al. (2013). A phase II randomized clinical trial on cerebral near-infrared 

spectroscopy plus a treatment guideline versus treatment as usual for extremely preterm 

infants during the first three days of life (SafeBoosC): study protocol for a randomized 

controlled trial 

 

Abstract: BACKGROUND: Every year in Europe about 25,000 infants are born extremely preterm. These 

infants have a 20% mortality rate, and 25% of survivors have severe long-term cerebral impairment. 

Preventative measures are key to reduce mortality and morbidity in an extremely preterm population. The 

primary objective of the SafeBoosC phase II trial is to examine if it is possible to stabilize the cerebral 

oxygenation of extremely preterm infants during the first 72 hours of life through the application of cerebral 

near-infrared spectroscopy (NIRS) oximetry and implementation of an clinical treatment guideline based on 

intervention thresholds of cerebral regional tissue saturation rStO2. METHODS/DESIGN: SafeBoosC is a 

randomized, blinded, multinational, phase II clinical trial. The inclusion criteria are: neonates born more than 

12 weeks preterm; decision to conduct full life support; parental informed consent; and possibility to place the 

cerebral NIRS oximeter within 3 hours after birth. The infants will be randomized into one of two groups. Both 

groups will have a cerebral oximeter monitoring device placed within three hours of birth. In the experimental 

http://www.opticsinfobase.org/boe/abstract.cfm?uri=boe-4-5-659
http://www.opticsinfobase.org/boe/abstract.cfm?uri=boe-4-5-659
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group, the cerebral oxygenation reading will supplement the standard treatment using a predefined treatment 

guideline. In the control group, the cerebral oxygenation reading will not be visible and the infant will be treated 

according to the local standards. The primary outcome is the multiplication of the duration and magnitude of 

rStO2 values outside the target ranges of 55% to 85%, that is, the 'burden of hypoxia and hyperoxia' expressed in 

'%hours'. To detect a 50% difference between the experimental and control group in %hours, 166 infants in total 

must be randomized. Secondary outcomes are mortality at term date, cerebral ultrasound score, and interburst 

intervals on an amplitude-integrated electroencephalogram at 64 hours of life and explorative outcomes include 

neurodevelopmental outcome at 2 years corrected age, magnetic resonance imaging at term, blood biomarkers at 

6 and 64 hours after birth, and adverse events. DISCUSSION: Cerebral oximetry guided interventions have the 

potential to improve neurodevelopmental outcome in extremely preterm infants. It is a logical first step to test if 

it is possible to reduce the burden of hypoxia and hyperoxia. 

 


