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Available online 19 July 2016 of ASD. A specific impairment in the ability to integrate information across brain networks has been

proposed to contribute to these disruptions. A crucial mechanism for these integrative processes is
the rhythmic synchronization of neuronal excitability across neural populations; collectively known

Zeu{gg:dsi;ectmm Disorder as oscillations. In ASD there is believed to be a deficit in the ability to efficiently couple functional
Oscillation neural networks using these oscillations. This review discusses evidence for disruptions in oscillatory
Perception synchronization in ASD, and how disturbance of this neural mechanism contributes to alterations in sen-
Sensory processing sory and perceptual function. The review also frames oscillatory data from the perspective of prevailing
Synchronization neurobiologically-inspired theories of ASD.
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1. Introduction

Autism Spectrum Disorder (ASD) is a developmental disability
characterized by persistent deficits in social communication and
interaction, restricted interests, and repetitive behaviors (American
Psychiatric Association, 2013). An estimated 1 in 68 children born
in the United States will receive a diagnosis of ASD, and the disorder
carries enormous social and economic costs (Buescher et al., 2014;
Developmental Disabilities Monitoring Network Surveillance Year
Principal et al., 2014; Karst and Van Hecke, 2012). This high
prevalence and socioeconomic cost have motivated numerous
investigations to better understand the brain bases of ASD. Stud-
ies utilizing functional magnetic resonance imaging (fMRI) have
consistently indicated that patterns of structural (Shukla et al.,
2010) and functional (Dinstein et al., 2011) connectivity are sig-
nificantly altered in individuals with ASD. Postmortem anatomical
inquiries have likewise indicated that the microstructure of corti-
cal circuitry is fundamentally altered in ASD (Casanova et al., 2006;
McKavanagh et al., 2015). Investigations examining connectivity
on more rapid time scales utilizing electroencephalography (EEG)
(Coben et al., 2014) and magnetoencephalography (MEG) (Ye et al.,
2014) have similarly indicated that connectivity alterations are a
characteristic feature of ASD. These connectivity alterations have
been proposed as both a leading biomarker and the origin of the
behavioral dysfunction characteristic of the disorder (Geschwind
and Levitt, 2007). Network-based analyses have revealed that the
nature of connectivity differences among individuals with ASD is
highly individualized (Hahamy et al., 2015). However, how these
changes in network structure impact neural processing and emerge
as the collection of phenotypes that characterize ASD is poorly
understood, and consequently has become an area of important
investigation. Studies using EEG and MEG have uncovered differ-
ences in rhythmically modulated networks known as oscillators.
This oscillatory dysfunction in ASD may form the bridge between
dysfunction at the cellular and local levels, changes in large-scale
network organization, and the sensory and perceptual processing
differences that represent a core feature of the disorder.

2. Sensory and perceptual function in ASD

Alterations in sensory and perceptual processes have long been
recognized to be present in ASD (Marco et al., 2011). Recent revi-
sions to diagnostic criteria have now acknowledged that these
sensory and perceptual dysfunctions constitute a core feature of
ASD (American Psychiatric Association, 2013). Intriguingly, investi-
gations focused on sensory function in ASD have revealed that, even
within a single sensory modality such as vision, both strengths and
weaknesses can be present. For example, individuals with ASD con-
sistently outperform their typically developing (TD) peers in terms
of accuracy and response speed in visual search tasks (O’Riordan
etal.,2001; Shah and Frith, 1983), and similarly excel at visuospatial
tasks (Caron et al., 2006). In other visual tasks, such as discrimina-
tion of visual motion (David et al.,2010; Milne et al., 2002) or gestalt
perception (Grinter et al., 2010), individuals with ASD show a pat-
tern of significant deficits. This dichotomy between impaired and
enhanced processing is also found in other sensory modalities. For
example, in auditory tasks, individuals with ASD excel at detection
of pitch change (Bonnel et al., 2003; Foxton et al., 2003), but are
impaired in the ability to utilize gaps in noise to assist with speech
comprehension (Groen et al., 2009). Tactile discrimination thresh-
olds may also be superior in ASD (Blakemore et al., 2006), although
this is more debated (Puts et al., 2014). Collectively, this complex
pattern of strengths and weaknesses define sensory and perceptual
function in ASD as an area of difference rather than one of deficit.

An account of perceptual differences that has gained increasing
support is that individuals with ASD have deficits in perceptual inte-
gration. In other words, they may possess normal or even superior
processing of stimulus characteristics, but fail to integrate sensory
information into a coherent perceptual whole (Dakin and Frith,
2005). Tasks such as discriminating visual motion within a cloud of
moving dots require integration of localized evidence and are fre-
quently impaired in ASD, despite their seemingly simplistic sensory
composition. In contrast, visual search of complex stimuli does not
require combining disparate pieces of sensory information. Indeed,
reduced integration may result in enhanced performance on cer-
tain tasks (Mottron et al., 2006). This hypothesis receives support
from experimental manipulations that focus upon the perceptual
complexity of visual stimuli. In these tasks, the performance of indi-
viduals with ASD continuously degrades as the need for feature
integration increases (Bertone et al., 2005). Impaired processing
is also notable when the available evidence spans multiple sen-
sory systems and thus requires integration for the formation of
correct multisensory perceptual representations. In these multi-
sensory tasks individuals with ASD exhibit perceptual deficits even
when working with relatively simplistic sensory stimuli (Kwakye
et al., 2011). The level of impairment in ASD further rises with the
increased need for perceptual integration associated with process-
ing complex naturalistic stimuli such as speech (Stevenson et al.,
2014). Investigators have increasingly turned to non-invasive neu-
roimaging and neurophysiological techniques to investigate the
neural bases of these differences. These investigations have uncov-
ered that harmonic neural synchronization, collectively referred to
as oscillations, is altered in ASD (Uhlhaas and Singer, 2012).

3. Oscillatory contributions to sensory encoding

The rhythmic nature of neural activity has been recognized since
the earliest attempts at non-invasive measurement (Berger, 1929).
These rhythmic fluctuations are referred to as oscillations, and have
been characterized over a large range of frequencies (here denoted
as delta: 8, 1-4Hz, theta: 6, 4-8Hz, alpha: «, 8-14Hz, beta: 3,
15-30Hz, and gamma: vy, >30 Hz, although the exact ranges vary in
the literature). The role of these oscillations in neural computation
is of great interest and has motivated studies designed to estab-
lish their neurophysiological origin and functional significance. At
the cellular level, these studies have indicated that oscillations
index fluctuations of the local field potential (LFP; a measure of
voltage change in proximity to a recording electrode), and are
primarily a result of synchronized postsynaptic activity (Buzsaki
et al., 2012) (Fig. 1A). These studies have also found that neu-
rons have biophysical properties that facilitate synchronization,
such as intrinsic resonance (Hutcheon and Yarom, 2000; Llinas,
1988) and a mixture of predictable harmonic and responsive relax-
ation properties (Glass, 2001). At the circuit level, this harmonic
synchronization appears to be an optimal mechanism of network
organization, allowing for modulation of responses and synchro-
nization of outputs at low energetic cost (Buzsaki and Draguhn,
2004).The optimal nature of oscillatory synchronization is also sup-
ported by modelling studies in the field of network science, which
indicate that forming small world networks (Bullmore and Sporns,
2009) through harmonization and network hubs is more efficient
(Strogatz, 2001) and flexible (Bullmore and Sporns, 2012) than
direct structural connections. Neurons participating in these syn-
chronized assemblies experience temporally aligned fluctuations
in membrane potential that correspond with the observed oscil-
latory phase (Wang and Buzsaki, 1996). This synchronized phasic
modulation of neuronal excitability and spike timing represents
an effective method of selectively shaping the nature of network
interactions and multiplexing signals (Akam and Kullmann, 2014).
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Fig. 1. Properties of neural oscillations. (A) Neural origins of oscillations. Postsynaptic activity generates rhythmic fluctuations in neuron membrane potential (red). The
extracellular field (local field potential, blue) represents the summation of these membrane potential fluctuations. Sufficiently strong local field potentials can be indexed by
EEG and MEG. (B) Properties of oscillatory signals. Frequency, power, and phase are needed to fully describe the properties of signals measured by EEG and MEG. Frequency
defines the rate of oscillation, amplitude/power defines the strength of the oscillation, and phase defines the relative timing of oscillatory peaks and troughs. (C) Canonical
oscillatory hierarchy. The phase of lower frequency oscillations dictates the power of higher frequency oscillations in a process known as phase-amplitude coupling. The
phase of delta oscillations (bottom) influences the amplitude of theta oscillations (middle). The phase of both delta and theta oscillations influences the amplitude of gamma
oscillations (top). A very low gamma frequency (32 Hz) is used here for ease of visualization. (For interpretation of the references to color in this figure legend, the reader is

referred to the web version of this article.)

Multiple properties of ongoing oscillations, including the ampli-
tude (power) of the rhythmic activity and the timing of the peaks
and troughs (phase) (Fig. 1B) have been shown to influence percep-
tion (Ai and Ro, 2014; Gruber et al., 2005; Mathewson et al., 2009;
Strauss et al., 2015). Evoked responses, consisting of phase locked
responses to a sensory or perceptual event, have also been demon-
strated to depend on oscillatory state (Jansen and Brandt, 1991;
Makeig et al., 2002). These studies also establish that pre-stimulus
neural synchronization plays an important role in subsequent pro-
cessing and perception of sensory inputs. Importantly, sensory
stimulation also generates oscillatory responses that are consis-
tent in phase (evoked activity) and changes in ongoing oscillations
that are of inconsistent phase (induced activity). Oscillations thus
provide a mechanism for interaction both between and across sen-
sory systems (van Atteveldt et al., 2014). The reciprocity between
oscillations and evoked responses establishes that synchronization
of networks is an inherent and crucial component of the neural
response to sensory stimulation. Disruption of this process could
thus contribute to altered sensory function. In addition, oscillators
have also been suggested to play a critical role in the integra-
tion of sensory information into unified perceptual representations
(Rodriguez et al., 1999). Coupling of sensory networks through
oscillatory resonance has been proposed to form the physiological
backbone of this process.

Biophysical constraints dictate that long range oscillatory syn-
chronization is largely restricted to lower frequencies, while
localized synchronization can occur at very high frequencies. To cir-
cumvent this physical constraint, the brain utilizes cross frequency
coupling to achieve coherent synchronization of neuronal popu-
lations across differing spatial and temporal scales. A frequently
observed form of this regulation is phase-amplitude coupling (PAC),
in which the phase of low frequency oscillatory activity influences
the amplitude of higher frequency oscillations. An idealized three
level oscillatory hierarchy is illustrated in Fig. 1C, in which the
phase and amplitude of 1Hz § and 6 Hz 0 oscillations shapes the
amplitude of 32 Hz y oscillations and resulting spike activity. These
oscillatory hierarchies, in which 9, 6, and a band rhythms organize
activity in the (3 and vy bands are ubiquitous in the brain (Canolty
et al., 2006; Canolty and Knight, 2010; Palva et al., 2005). In the
oscillatory coupling model of perception, localized and fast acting
cortical networks are formed through y synchronization and this y
synchronization plays a key role in the encoding sensory evidence.
These networks are then unified through coupling to ongoing lower
frequency oscillations capable of having impact over larger spatial
scales to form integrative networks, allowing different pieces of
sensory evidence to be integrated or “bound” (Engel and Singer,
2001; Siegel et al., 2012). These large scale integrated networks
then form the basis of perception and behavior (Siegel et al., 2011).
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These multiscale oscillatory interactions are likewise believed to
be critically important in the interactions between sensory pro-
cessing and cognitive mechanisms such as attention and working
memory, which are known to manifest in low frequency rhythms.
A disruption in neural synchronization at either high or low fre-
quencies would thus impact the process of integrating information
into percepts. Such disruption would be consistent with the deficits
in perceptual function observed in ASD (Uhlhaas and Singer, 2007)
and proposed by theories of integrative deficits (Happe and Frith,
2006). In light of the physical constraints on the spatial distribu-
tion of oscillations, the frequency of synchronization deficits also
provides physiologically interpretable results regarding the nature
of the networks involved. Investigations of synchronization in ASD
and the correspondence of oscillatory changes to altered percep-
tion have demonstrated that just such a relationship exists across
the oscillatory hierarchy.

4. Gamma abnormalities in ASD and their role in sensory
and perceptual processing

Gamma (', >30Hz) band responses have been proposed to play
a key role in the encoding of sensory evidence in local networks
and are strongly modulated in response to sensory stimulation.
Importantly, the physiological origins of vy oscillations in sensory
cortices are well known; high vy (>80 Hz) oscillations largely cor-
respond with spiking activity while low vy (<80Hz) oscillations
primarily correspond with localized network synchronization (Ray
and Maunsell, 2011). Activity in the 30-45Hz range in particu-
lar has been recognized to constitute a ‘gamma rhythm’ in these
localized cortical networks (Fries et al., 2007). An example of how
sensory inputs impact gamma oscillations is that during simple
visual tasks, y power is modulated in correspondence with visual
properties such as spatial frequency (Busch et al., 2004). This
stimulus-dependent modulation of y has been found to be either
reduced (Milne et al., 2009) or absent (Snijders et al., 2013) in ASD,
despite behavioral performance on these tasks which is compara-
ble with typically-developing (TD) individuals. These findings have
beeninterpreted to indicate reduced synchronization in the cortical
networks recruited during early visual processing (Snijders et al.,
2013) (see Fig. 2 for a proposed mechanism of reduced oscillatory
power). Gamma disturbances in ASD are not restricted to simple
stimuli, however, and the vy response to complex (Buard et al.,
2013) and illusory (Grice et al., 2001; Sun et al., 2012) visual stim-
uli is similarly attenuated. Abnormalities in the -y response to these
perceptually complex stimuli are also more durable than those for
simple stimuli, indicating that higher order feedback processing is
also likely to be impacted. An example of this can be found when
children with ASD are asked to make perceptual judgments of sim-
ple face images made up of black and white elements and which
have reduced information content. When viewing these so-called
“Mooney” faces (Mooney, 1957), participants must rely on feature
integration as the stimuli have greatly reduced information con-
tent. When asked to report whether Mooney faces and matched
images are faces, children with ASD show behavioral impairments
in response accuracy and reaction times. In addition, these children
exhibit significantly reduced y power and phase coherence in early
activity (<150 ms post stimulus) (Sun et al., 2012) (Fig. 3A). The
gamma response in later stages of processing linked to perception
and feedback (>200 ms post stimulus) also differs in both power and
localization (Sun et al., 2012). This is consistent with early stimu-
lus processing networks being less synchronized, as well as with
perturbations in subsequent perceptual processing and feedback.
Similar findings can be found in a study of a younger ASD cohort
utilizing contour defined shapes known as Kanisza squares dur-
ing a strictly passive task (Stroganova et al., 2012). During passive
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Observed EEG / MEG Signal

Fig. 2. Reduced oscillatory power as a signature of reduced neural synchronization.
Rhythmic shifts in single neuron membrane potentials (top, red) can occur in or out
of phase synchronization. TD individuals (left) recruit neural networks with a high
degree of phase synchronization, while individuals with ASD (right) have reduced
phase synchronization. EEG/MEG signal amplitude diminishes with decreased phase
synchronization despite the number of participating neurons and membrane fluctu-
ations being of equal size. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

viewing of these images, children with ASD between the ages of 3
and 7 demonstrated significantly reduced evoked y power during
moderate to late time periods (120-270 ms). Neural activity in this
time frame is believed to represent perceptual processes related
to contour integration (Stroganova et al., 2012). Impaired inter-
hemispheric vy coherence has also been directly related to impaired
perceptual integration across visual fields in ASD (Peiker et al.,
2015). Together, these studies provide strong evidence that -y band
network recruitment and synchronization in response to visual
inputs is altered in ASD. Furthermore, behavioral impairments that
correspond with these vy differences emerge when visual stim-
uli become more complex and perceptual integration is required.
Dysfunction in vy band synchronization thus appears to directly
correspond with deficits in visual perception tasks.

The pattern of reduced y synchronization is not restricted to
visual processing, and experiments focused on the auditory system
have demonstrated a similar pattern of dysfunction. In discrimi-
nation tasks using pure tones, children with ASD have a reduced
level of evoked y power compared to TD children (Edgar et al.,
2015c; Gandal et al.,, 2010; Rojas et al., 2008). Importantly, this
occurs despite behavioral evidence that frequency discrimination
and spectral processing is intact in ASD (Groen et al., 2009). Evi-
dence of y disruption can also be found in auditory entrainment
paradigms. Typically, vy activity can be strongly entrained in audi-
tory cortex using amplitude modulated auditory stimuli (Pastor
et al., 2002), and this effect is very strong for frequencies near
40Hz (Boettcher et al., 2001). Children and adolescents with ASD
may demonstrate a reduced amount of phase locking in the neural
response to these amplitude modulated sounds (Gandal et al.,2010;
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Fig. 3. Gamma synchronization during sensory processing is reduced in ASD. (A) Time frequency representation of neural responses to Mooney faces in typically developing
(control) individuals (top) and individuals with ASD (bottom). Topographic representations are averaged for the time interval from 0-400 ms after onset of the stimulus
and across frequencies from 25-120 Hz. Note that on the time-frequency plots that induced gamma power is significantly reduced in individuals with ASD. Reproduced
with permission from: Limin Sun et al., J. Neurosci. 2012;32:9563-9573. (B) Time frequency representation of neural responses to 25 Hz vibrotactile stimulation in primary
somatosensory cortex (S1; top) and secondary somatosensory cortex (S2; bottom) in both TD (left) and ASD (right) individuals. Note that the TD individuals show significantly
more 50 Hz phase locking in both S1 and S2 than individuals with ASD. Reproduced with permission from: Sheraz Khan et al., Brain 2015;138:1394-1409. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)

Wilson et al., 2007); although see (Edgar et al., 2016). Reductions
in this auditory entrainment have also been demonstrated in first
degreerelatives of individuals with ASD, implicating it as a potential
phenotypic marker (McFadden et al.,2012; Rojas et al., 2008,2011).
These patterns of altered synchronization in response to tones and
the weaknesses in auditory entrainment indicates that basic audi-
tory sensory processing is altered in ASD, despite intact behavioral
performance. Recent evidence suggests that atypical auditory vy
band function may contribute to behavioral deficits when percep-
tual demands increase. Baseline y power in the superior temporal
gyrus, a core auditory area, was recently shown to be chronically
elevated in a large ASD sample (Edgar et al., 2015c). Furthermore,
the level of chronic y power elevation corresponded with mea-
sures of language function and delays in auditory evoked responses,
which have been noted in a number of other studies (Edgar et al.,
2015a; Roberts et al., 2011, 2010). This indicates that, in addition to
impaired recruitment in response to auditory stimulation in ASD,
there is also an inability to maintain appropriate baseline oscilla-
tory power during an auditory task. Whether this elevated baseline
vy power is an independent phenomenon or is indicative of local-
ized (‘bottom up’) or large scale (‘top down’) network disruptions
is currently unresolved.

Examinations of tactile processing in ASD have been less fre-
quent, but similarly show that y band (50 Hz) synchronization is
virtually absent (Khan et al., 2015) (Fig. 3B). Furthermore, whereas
rhythmic tactile stimulation impairs detection of interspersed
punctate stimuli in TD individuals, this effect is significantly
reduced in individuals with ASD (Tommerdahl et al., 2008). This
suggests that vy synchronization deficits underlie differences in
tactile perception and creates an impetus for further research
investigating -y responses to somatosensory stimuli in ASD.

The ubiquity of reduced y power and phase locking indicates
that disturbance of high frequency synchronization is a robust
feature of sensory processing in ASD. This body of research demon-
strates that, for even the most basic sensory stimuli, and where
there are no demonstrable behavioral deficits, recruitment of local-
ized processing networks is different in ASD. As stimuli and task
demands become increasingly complex and increasingly reliant
upon perceptual integration, the relationship between vy dysfunc-
tion and behavioral impairment in ASD becomes more evident.

5. Alpha abnormalities in ASD and their role in sensory and
perceptual processing

Alpha (o, 8-14 Hz) is one of the most distinct frequency ranges
in human neural activity, notable for its significant deviation from
the expected relationship between frequency and power. For most
oscillatory neural activity, total power is inversely related to fre-
quency, but human alpha power is notably higher than would be
expected from this relationship (Buzsaki and Draguhn, 2004). This
atypical power distribution implies additional functional signifi-
cance for this frequency band, which has been demonstrated in
numerous studies linking o oscillations to sensory and perceptual
processing of visual inputs (Busch et al., 2009; Hanslmayr et al.,
2007; Thut et al., 2012; van Dijk et al., 2008). Similarly, the ongo-
ing phase of a activity has been linked to both auditory (Strauss
et al.,, 2015) and tactile perception (Ai and Ro, 2014), and inter-
regional o phase synchronization has been shown to contribute
to multisensory perception (van Driel et al.,, 2014). These per-
ceptual effects are believed to arise because « oscillations index
phasic large scale inhibition of the cortex by subcortical structures;
most notably regions of the thalamus (Jensen and Mazaheri, 2010;
Klimesch et al., 2007; Mathewson et al., 2011). The phase of these
ongoing inhibitory pulses thus significantly influences the overall
excitability of cortical neurons and thereby shapes cortical respon-
sivity to sensory inputs and interregional interactions. Due to this
putative importance, « oscillations have become a significant tar-
get of investigation in ASD, and these studies have indicated the
presence of alterations in both o power and phase locking. Some of
the most direct evidence of a dysfunction in ASD arises from tasks
involving perceptual judgments of visual stimuli. In a task requir-
ing visual discrimination of sinusoidal gratings (Gabor patches), TD
individuals demonstrate increasing induced (non-phase locked) o
power in visual cortices with increasing spatial frequency. In indi-
viduals with ASD, the correspondence between o power and spatial
frequency is still present, but the overall magnitude of power mod-
ulation is significantly reduced (Milne et al., 2009). Furthermore,
the initial peak in a power occurs earlier in ASD (Milne et al., 2009).
This indicates that the level of synchronization and overall size of
the neural network recruited during this task are reduced. Further
analysis indicated that the overall consistency of evoked « activity
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in the ASD group was also lower in this task (Milne, 2011). This
decreased consistency suggests that timing of neural responses is
more variable on a trial-by-trial basis in ASD, and may contribute
to enhanced behavioral variability. The altered « in this study did
not correspond with differences in reaction time or discrimination
accuracy, consistent with the notion that these differences only
emerge in more perceptually complex tasks. Further evidence of
altered o recruitment in ASD visual processing is seen when using
photic driving, in which intermittent visual stimulation entrains a
corresponding neural frequency and influences processing of later
stimuli (Spaak et al., 2014). Photic driving has revealed that the
ability to phase lock o and [3 oscillations to repetitive stimulation is
reduced in ASD (Lazarev et al., 2009, 2010). Collectively, these stud-
ies lead to the conclusion that synchronization of neural assemblies
at moderate frequencies in response to sensory inputs is impaired
in ASD.

In addition to abnormalities in stimulus induced « activity
there is also evidence that top down modulation of a power is
impaired in ASD, and these differences have been robustly linked
with behavioral deficits. An example of this can be found in tasks
requiring selective attention to competing stimuli in multiple sen-
sory modalities such as audition and vision. When one modality
is cued to be relevant, selective attention is used to suppress the
irrelevant stimulus. Typically, inhibition in the form of o power
is reduced in regions that will process the relevant stimulus and
increased in areas that will process the irrelevant stimulus (Foxe
and Snyder, 2011; Jokisch and Jensen, 2007) suggesting it to be
a functional correlate of attentional allocation. Children with ASD
fail to appropriately modulate o power when performing a version
of this task with competing auditory and visual stimuli (Murphy
et al., 2014). Furthermore, on trials where a distracting stimulus
is present, they demonstrate significant performance impairments
(Murphy et al., 2014). Top down modulation of synchronization in
anticipation of sensory task demands is thus impaired in ASD, and
this impairment has significant performance consequences. Inap-
propriate attentional selection has previously been theorized to
underlie many ASD traits (Ciesielski et al., 1990), and this demon-
strates that impaired neural synchronization may represent one
mechanism for impaired sensory selection. Evidence of reduced
stimulus driven synchronization and excessive anticipatory syn-
chronization may initially appear to be inconsistent. Both, however,
can be viewed as synchronization processes that resist both top
down and bottom up adjustment. This indicates that the ability to
flexibly recruit functional networks to meet cognitive demands is
reduced in ASD, regardless of the nature of the cognitive function.
Furthermore, as « oscillations have been strongly tied to thalamo-
cortical interactions (Klimesch et al.,2007; Mathewson etal.,2011),
a dysfunction suggests that changes in subcortical function also
contribute to the atypical oscillatory function observed in ASD.

6. Oscillatory organization is disrupted in ASD

The presence of consistent deficits in ASD in both the o and ~y
frequency ranges suggests that these may be coupled in meaning-
ful ways and that these changes may result in reduced flexibility
of moderate and high frequency synchronization. Such a mecha-
nism is offered by oscillatory hierarchies, in which low frequency &
and 0 oscillations play an instrumental role in shaping higher fre-
quency oscillations. One of the best studied of these hierarchical
relationships is the entrainment of 8 oscillations that encode the
slow amplitude modulations (i.e., the temporal envelope) found in
speech signals (Ding and Simon, 2013; Zion Golumbic et al., 2013).
Through PAC, vy activity critical to speech perception depends on
the phase of these slow 6 modulations (Luo and Poeppel, 2007).
Individuals with ASD are significantly less able to entrain to these

slow speech amplitude modulations, thus resulting in vy dysreg-
ulation (Jochaut et al., 2015). Disruption of this entrainment and
hierarchical coupling (see Fig. 4 for an idealized version of this
disruption) presumably results in degraded speech percepts and
a corresponding reduction in speech intelligibility. Such disrup-
tion would be particularly impactful when entrainment related
processes are used to rescue degraded acoustic information such
as what occurs in noisy environments, and individuals with ASD
struggle with speech comprehension in such situations (Foxe et al.,
2015). Although additional evidence for hierarchical disruption in
sensory processing in ASD is somewhat sparse, a failure of o activity
to organize <y activity during visual processing has been demon-
strated (Khan et al., 2013).

Along with these changes in hierarchical coupling, there is also
evidence in ASD for differences in inter-hemispheric oscillatory
synchronization. For example, disruption of & and 6 synchroniza-
tion across brain hemispheres in response to visual stimulation
has been found in ASD (Isler et al, 2010). This weakness in
inter-hemispheric synchronization could contribute to reduced
integration of distributed cortical vy activity encoding sensory evi-
dence. Similar inter-hemispheric synchronization differences have
also been found in the (3 band in response to repetitive visual
stimulation (Lazarev et al., 2015) and in low to moderate (<13 Hz)
frequencies during picture identification (Catarino et al., 2013).
Unfortunately, these inter-hemispheric studies did not establish
the behavioral relevance of these differences. Recent work examin-
ing inter-hemispheric y coherence, however, has established such
a link between coherence and integration of visual features across
hemispheres (Fig. 5). This study also simultaneously identified
reduced power in the high (3/low y frequency range (Peiker et al.,
2015). These studies suggest that impairment in low frequency
long-range synchronization across hemispheres may be present
in ASD, and that such impairment is certainly present at higher
frequencies. In addition to these differences specific to certain oscil-
latory bands, there is also evidence that oscillatory dysfunction
during sensory processing in ASD may be characterized by disrup-
tions spanning a wide range of frequencies. Edgar et al. found that
activity in the superior temporal gyrus of ASD subjects was char-
acterized by increased power across an extremely large frequency
range (4-80Hz) specifically during the inter-stimulus period and
suggest that this increased power characterizes either an inability
to maintain ‘neural tone’ or an inability to reset oscillatory state
after a stimulus (Edgar et al., 2015c¢). Both of these would resultin a
reduced signal to noise ratio by generating inconsistencies in sub-
sequent stimulus locked activity. Supporting this idea, excessive
baseline broadband power was found to correspond with abnor-
malities in the early y power and later low frequency portions of
stimulus locked auditory responses. Further research is needed to
determine the relevance of elevated baseline power in multiple fre-
quency bands, its relationship to evoked responses, and the broader
relationship to behavior. More research is also needed that focuses
on the integrity of hierarchical coupling, particularly in the context
of tasks requiring interhemispheric integration. Hierarchical cou-
pling failure provides a ready explanation for perceptual deficits
including impaired stream segregation (Bouvet et al., 2016) and
impaired visual integration during slit viewing (Peiker et al., 2015),
and may form the basis of numerous similar impairments.

7. Methodological challenges and opportunities

The finding of increased power over a wide range of frequencies
highlights an important methodological challenge for oscillatory
research in ASD. If intrinsic broadband power is chronically ele-
vated then procedures which determine power changes compared
to baseline systematically underestimate both evoked and induced
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Fig.4. Disrupted oscillatory hierarchy. Disruption in phase-amplitude coupling between oscillatory frequencies leads to decreased neural synchronization at high frequencies.
In this conceptual figure, the red and blue signals indicate theta oscillations in separate neural networks. Coupling for each signal to delta activity is out of phase alignment
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of this article.)
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power. This effect may account for some of the notable discrep-
ancies between task based and resting state investigations of
oscillatory function in ASD. A striking example of this contrast is
that increased y power is found in individuals with ASD at rest
(Cornew et al.,, 2012; Orekhova et al., 2007; Wang et al., 2013),
while y power is decreased during many sensory tasks (reviewed
above). These differences result in difficulty generalizing the pur-
ported U shaped profile of ASD resting state differences, consisting
of decreased a power and increased 8, 6, and y power (Wang
et al., 2013), to oscillatory measures of active sensory and percep-
tual processing. Determining the correspondence between resting
and task based oscillatory networks by utilizing techniques such as
graph theory remains a critically important step for future research.
Such an approach is needed to better clarify the apparent links
between resting oscillations, oscillatory responses to sensory stim-
uli, coupling across the oscillatory hierarchy, the autism phenotype
(Cornew et al., 2012), and autism traits in the general population
(Barttfeld et al., 2013). Methodological challenges are also imposed
by the low-pass filtering effects of the skull. This low-pass fil-
tering substantially attenuates the spatial specificity of EEG/MEG
signals and preferentially impacts high frequency power. Relative
to intracranial recordings this makes examination of PAC for very

high frequencies (>50 Hz) difficult, and in particular obscures the
presumed spatial specificity of y synchronization representing sen-
sory evidence. Research designs supporting examination of slow
d oscillations during sensory processing are important for future
studies as they allow for exhaustive examination of potential PAC
effects. Improvements in analytical techniques (Vinck et al., 2011),
methods of moving connectivity analyses away from sensor based
measures (Ewald et al., 2012; Ye et al., 2014), and designs support-
ing investigation of low frequencies will provide better clarity on
the nature of oscillatory dysfunction in ASD.

8. Mechanistic account of altered oscillator function in ASD

The consistent finding of impaired power modulation and
reduced phase synchronization across multiple frequency bands
suggests that disruption of oscillatory processes is a strong con-
tributor to the neurobiological differences that underpin ASD.
In attempting to link these more network-based changes to
cellular and microcircuit substrates, disruption of the balance
between excitation and inhibition has received substantial atten-
tion (Rubenstein and Merzenich, 2003). High frequency oscillations
are known to depend on inhibitory interneurons and appropriate
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regulation of inhibition (Sohal etal., 2009), providing a link between
proposed changes in synaptic function and observed <y disrup-
tions. Accounting for disruptions in lower frequencies requires an
account that reconciles how changes in inhibition and excitation at
the microcircuit level cascade to inappropriate synchronization of
spatially disparate cortical regions. The thalamus is believed to play
a crucial role in coordination of cortical synchronization, although
cortico—cortico connections also play an importantrole (Engel etal.,
1991). Importantly, low frequencies readily span the larger spa-
tial scale required for subcortical control of cortical excitability
(Canolty and Knight, 2010). Substantial consideration must thus
be given to how impaired function at the synaptic and cellular
scale relates to large-scale thalamocortical circuit function and con-
tributes to observed deficits in rhythmic cortical synchronization.

8.1. Inhibition and excitation

Proposed disruption in the regulation (i.e. balance) between
excitation and inhibition forms one of the most plausible bio-
logical substrates for oscillatory dysfunction. This disruption is
believed to lead to hyper-excitable neural networks with reduced
stability (Hussman, 2001), and substantial biological evidence is
present to support this theory. Indirect evidence of decreased inhi-
bition in ASD includes the high prevalence of comorbid epilepsy
(Lee et al., 2015) and the recognition that many genetic risk
factors for the disorder are related to inhibitory interneuron func-
tion (Marin, 2012). More directly, inhibitory dysfunction in ASD
has been shown in the form of altered cortical GABA receptor
expression (Oblak et al., 2010) and reduced cortical GABA con-
centrations (Gaetz et al., 2014; Harada et al., 2011). Findings of
altered mini-columnar morphology in ASD additionally implicate
that changes in neuroanatomical organization may also contribute
to inhibitory dysfunction (Casanova et al., 2003, 2006; McKavanagh
et al., 2015). In particular, reduction of the peripheral neuropil
space through which GABAergic local circuit projections pass may
form an anatomical substrate for dysfunctional inhibition in ASD.
Evidence for an overall imbalance between inhibition and excita-
tion, rather than simple inhibitory dysfunction, takes the form of
increased blood and cortical glutamate levels in ASD (Brown et al.,
2013; Joshietal., 2013; Shinohe et al., 2006). It is important to note,
however, that the role of excess excitation is still under debate, and
both hyper- and hypo-glutamatergic rodent models display ASD
like phenotypes (Choudhury et al., 2012). Thus, the contribution
of glutamatergic system dysfunction to the phenotypes observed
in rodent models (Gogolla et al., 2009; Rubenstein and Merzenich,
2003) raises the possibility that deficits in ASD may not be solely a
result of changes in inhibitory processes.

Alterations in inhibitory function align well with electrophysi-
ological findings of oscillatory disruption. Gamma oscillations are
known to depend on cortical interneuron activity, particularly in
fast-spiking interneurons expressing parvalbumin (Buzsaki and
Wang, 2012; Sohal et al., 2009). Furthermore, many of the func-
tions suggested for -y rhythms depend on maintaining extremely
high temporal precision, and thus significant consistency in the
efficacy of these interneurons in mediating precisely timed inhi-
bition (Fries et al., 2007). Disruption of inhibition alone, or the
balance between excitation and inhibition, would impair the ability
to temporally synchronize large numbers of neurons in a consistent
manner. Such disruption would be observable at the population
level as attenuated -y power and phase locking—results highly con-
sistent with what has been observed in individuals with ASD during
sensory processing tasks. Such inconsistency could also be char-
acterized as a generalized deficit in neural signal-to-noise ratio
(SNR), which has been previously proposed as a fundamental fea-
ture of ASD (Rubenstein and Merzenich, 2003). Recent work also
highlights that rapid plasticity of localized inhibition and excitation
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activity at disparate cortical regions through phase-amplitude coupling. Reduced
cortical synchronization in ASD results from impaired coordination between thala-
mic oscillators and/or impaired regulation of cortical phase by thalamic inhibition.
Phase amplitude coupling to desynchronized low frequency oscillation then results
in impaired high frequency synchronization between cortical regions.

underlies numerous fundamental cortical computations (Roux and
Buzsaki, 2015), providing a potential locus for additional disruption
in ASD. Further, the overall relationship between rhythmic activity,
neurotransmitter levels, and cognitive processes is still an area of
vigorous ongoing investigation.

Evidence that cortical GABA concentration strongly cor-
responds to the frequency of visually induced < activity
(Muthukumaraswamy et al., 2009) and that this peak frequency
is highly heritable (van Pelt et al., 2012) offers tantalizing evidence
linking genetics and basic neurobiological function to individual
oscillatory network characteristics. The frequency characteristics
of y activity in response to sensory stimulation in ASD is currently
unexplored, but an enhanced peak frequency in ASD is suggested by
the recently discovered correspondence between peak v, visual dis-
crimination thresholds, and autistic traits (Dickinson et al., 2015).
This correspondence could potentially bridge known GABAergic
biomarkers and sensory impairment in ASD. Overall, the concept of
a generalized imbalance between excitation and inhibition in ASD
has widespread empirical support, but significant work is needed
to determine exactly how this imbalance contributes to perceptual
dysfunction and whether heterogeneous neurobiological disrup-
tions may contribute to nonetheless consistent patterns of network
dysfunction. Investigations utilizing animal models of ASD are par-
ticularly important for overcoming the low-spatial specificity of
non-invasive physiological methods and identifying how microcir-
cuit dysfunction and resulting high frequency perturbations can
account for low frequency disruptions that involve both cortical
and subcortical structures.
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8.2. Thalamic control of cortical rhythms

The thalamus is as a subcortical hub through which sensory
information passes (e.g. visual inputs through the lateral geniculate
nucleus) before reaching cortical processing centers. In addition
to these relay functions, the thalamus has also been identified as
a critical component in the generation, maintenance, and regula-
tion of oscillatory synchronization of the cortex. This link has been
drawn particularly strongly for oscillations in the o band (i.e. Liu
etal., 2012), which are known to be generated by thalamic circuitry
in response to excitation (Lorincz et al., 2008). Precise inhibitory
timing mediated through gap junction synapses (Bazhenov et al.,
1999; Hughes and Crunelli, 2005; Hughes et al., 2011) forms the
circuit level basis of this thalamic oscillatory regulation, and consti-
tutes a mechanism that is highly vulnerable to disruption because
of this reliance on temporal precision. Critically, recent work has
elucidated that phase amplitude coupling in the cortex depends
on anatomically constrained and spatiotemporally specific thala-
mic coordination of low frequency oscillations (Malekmohammadi
etal., 2015). This strongly suggests that appropriate intra-thalamic
inhibitory regulation is important for the precise generation of
many low frequency synchronization signals (Fig. 6).

This crucial role and notable vulnerability suggests that impair-
ment of thalamic function may constitute a biological substrate for
disruption of rhythmic synchronization in ASD. Investigations of
thalamic function utilizing MRI have shown both structural and
functional connectivity changes in ASD (Nair et al., 2013, 2015).
Structural MRI investigations have also indicated that the thalamus
in ASD is characterized by reduced volume (Tamura et al., 2010;
Tsatsanis et al., 2003) and abnormal morphology (Schuetze et al.,
2016). Investigating the thalamus using non-invasive techniques
with high temporal resolution such as EEG and MEG is challeng-
ing, as its deep location and relatively low structural parallelism
dramatically occlude its electromagnetic signature outside the
head (Nunez and Srinivasan, 2006). Recent multimodal approaches
combining fMRI and MEG have circumvented these challenges by
leveraging the relative strengths of each technique to determine
correspondence of thalamic characteristics and neural activity in
ASD. One of these investigations found that thalamic volume and
resting state o power are positively correlated in TD individuals,
but that this relationship is does not exist in those with ASD (Edgar
et al., 2015b) (Fig. 7). Another study found that thalamocortical
white matter structure is correlated with auditory evoked response
latencies in TD children, and that once again this relationship is
disrupted in ASD (Roberts et al., 2013). These studies suggest that
thalamic regulation of cortical neural activity is altered in ASD, but
additional multimodal work targeting thalamic function in ASD is
desperately needed. In particular, work is needed to determine:
(i) whether thalamocortical structural connectivity plays a role in
interhemispheric synchronization of high frequencies (3 and +y)
during sensory processing and (ii) whether this is attributable to
deficits in phase-amplitude coupling putatively mediated by these
connections. Such work offers the promise of bridging between the
well-characterized disruptions in synaptic inhibition and microcir-
cuit function to large-scale cortical synchronization and perceptual
integration.

9. Oscillatory function and neurobiologically inspired
theories of autism

Theoretical perspectives on ASD have long recognized that the
basis of neurologic impairment may lie in disruption of processes
related to information transfer and information integration. The
Weak Central Coherence (WCC) model, for example, posits that
processing differences in ASD result from deficits of information

integration across distributed and distant cortical circuits while
localized processing remains intact (Happe and Frith, 2006). From
a biological perspective, such processes would rely on the forma-
tion of integrated networks through oscillatory synchronization.
Disruption of synchronization across cortical circuits processing
sensory information thus represents a plausible neurophysiolog-
ical explanation for observed deficits. The proposal of disrupted
inter-circuit communication mediated through oscillatory syn-
chronization as a core deficitin ASD is also congruent with studies of
spontaneous synchronization. These studies have found that both
long range synchronization (Coben et al., 2008, 2014; Murias et al.,
2007) and PAC (Berman et al., 2015) are different during rest in
ASD, pointing to disruption of global mechanisms controlling cor-
tical synchronization. Longstanding theories regarding the nature
of processing deficits underlying the ASD phenotype are thus well
accounted for by perturbation cortical synchronization resulting
from disruption of inhibitory function, thalamic coordination, or
other mechanisms.

These findings may also relate to the connectivity changes that
have been purported to exist in ASD on the basis of functional MRI
studies, in which long range connectivity appears to be impaired
while localized connectivity may be either intact or excessive
(Just et al., 2004, 2007; Keown et al., 2013). While these findings
have become somewhat contentious due to the impact of subject
motion on functional connectivity measures (Power et al., 2012)
they nonetheless reinforce that altered connectivity in some form
is a feature of ASD. Robust evidence supporting a more detailed
theory of connectivity differences has recently emerged, in which
differences are highly individualized and where absolute deviation
from the general connectivity architecture found in typical devel-
opment may be the important feature in ASD (Hahamy et al., 2015).
Such a theory of heterogeneous and individualized disruption of
neural architecture corresponds well with the lack of correlation
between MRI measures of thalamic function and MEG responses
in ASD (Edgar et al., 2015b; Roberts et al., 2013).This analytical
approach has not yet been widely utilized with EEG, MEG, or by the
wider fMRI community to determine whether deviation from the
typical profile of brain synchronization captures alterations in neu-
ral function better than generalized over or under connectedness.
Alterations found in multi-scale measures such as EEG complex-
ity (Bosl et al., 2011; Catarino et al., 2011; Ghanbari et al., 2015)
suggest that such a connectivity approach may yield substantial
rewards by capturing dynamics that are not constrained to individ-
ual frequency bands or anatomical locations. In the context of both
spontaneous and task driven brain activation such an approach is
highly warranted, as the notion of individualized changes in neu-
ral architecture is congruent with the extreme heterogeneity of
the ASD phenotype. Such approaches offer to better capture how
inter-individual variability contributes to diagnostic features and
inform revised theories encapsulating the contribution changes in
connectivity make to behavioral differences.

10. Diagnostic and treatment implications of oscillator
dysfunction

Perturbations in sensory and perceptual function are being
increasingly recognized as core features of ASD that contribute
to lifelong disability (American Psychiatric Association, 2013). The
recognition of brain oscillations and synchronization as playing
an important role in pathology raises two critical questions. First,
whether oscillations can be utilized for evaluation of treatment
regimes, and second, whether oscillatory function itself is a poten-
tial avenue of treatment. There is currently a wide array of sensory
interventions for ASD, but evidence for the effectiveness of these
regimes ranges from nonexistent (Dawson and Watling, 2000) to
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Fig. 7. Thalamocortical connectivity fails to correlate with oscillatory power in ASD. (A) Calcarine sulcus region of interest (ROI; left) & correlation between relative alpha
power within this ROI and social responsiveness scale (SRS) total score (right). Lower alpha power is associated with a higher (worse) SRS score. (B) Correlation between
thalamic volume and alpha power. Thalamic volume is positively correlated with relative alpha power in typically developing children (TDC) (left), but does not correlate in
children with ASD (right). Modified with permission from: James Edgar et al., J. Autism Dev. Disord., 2015, 45(3):795-804.

limited (Pfeiffer et al., 2011). Furthermore, effectiveness is assessed
using clinical methods that are vulnerable to experimenter bias,
frequently rely on parent report, and often are not grounded in
brain mechanisms. Prospective evaluative models should draw
from examples in other fields, such as studies demonstrating that
audiovisual training ameliorates deficits in early auditory 'y power
in children with language-learning impairment (Heim et al., 2013).
A similar approach is warranted in ASD to directly address whether
sensory interventions improve phase locking or power modulation.
Such an approach also promises to differentiate improvement due
to the development of compensatory strategies from true reme-
diation of neural dysfunction. However substantial fundamental
research is still needed to support the utilization of oscillatory
measures in this way. More speculatively, correcting oscillatory
dysfunction in ASD may be a potential treatment target. There has
been limited preliminary work on modifying oscillations in ASD
in this manner. One approach has been to attempt to correct the
balance between excitatory and inhibitory function with repetitive
transcranial magnetic stimulation (rTMS). Slow (0.5 Hz) stimula-
tion of dorsolateral prefrontal cortex via rTMS has been utilized to
reduce cortical excitability (Boroojerdi et al., 2000) and thus alter
the balance of excitation and inhibition in ASD (Sokhadze et al.,
2009). Treatment with rTMS resulted in significant normalization
of evoked responses and induced v activity during the process-
ing of Kanisza squares (Sokhadze et al., 2009). However, the lack of
behavioral improvements in reaction times or accuracy casts doubt
on the more generalized efficacy of this treatment approach. More
intriguingly, modification of «y synchronization through training
with neurofeedback has been demonstrated (Keizer et al., 2010).
In this study subjects attempted to maximize the occurrence of
tones that occurred based on continuous estimates of posterior
vy or 3 power over a series of 8 training sessions. This training
resulted in increased power in the targeted frequencies. Critically,

only increased y power decreased the reaction time cost of aber-
rant perceptual binding processes for visual stimuli. Neurofeedback
training focused on increasing gamma synchronization in primates
has also been shown toimpactimportant aspects of neural response
such as spike timing (Engelhard et al., 2013) that are believed to
be depend on the gamma rhythm (Fries et al., 2007). These stud-
ies raise the exciting possibility of using biofeedback or perceptual
learning/training paradigms to correct oscillatory disruption and
perceptual deficits in ASD. Rigorous future research addressing
whether correction of oscillations is effective for remediation of
sensory function in ASD may yield significant insight into new
avenues of treatment.

Recognition that altered oscillatory processes underlie clinical
features of ASD also strongly implicates that they have diagnos-
tic value. Despite the presence of behavioral deficits as early as 6
months of age (Ozonoff et al., 2010), reliable early diagnosis of ASD
remains difficult until the age of 2-3 years. The use of passively-
derived neural measures at ages before children readily exhibit
diagnostic behaviors or are capable of performing tasks holds
substantial promise for even earlier diagnosis. Given the neurode-
velopmental trajectory of ASD, earlier diagnosis and intervention
hold great promise in ameliorating the cascade of brain changes
that ultimately result in the constellation of deficits that character-
ize autism. Supporting that these features may be diagnostic at such
early ages, ASD siblings have been shown to have reduced -y coher-
ence in response to sensory stimulation at 6 months of age (Righi
et al., 2014). Complexity measures, which may indirectly measure
oscillatory coordination of cortical function, also distinguish ASD
siblings from their typically developing peers at young ages (Bosl
etal., 2011). These same complexity measures differ in response to
sensory stimulation in individuals with ASD (Catarino et al., 2011).
By combining multiple measures of neural activity, including oscil-
latory processes, it may be possible to refine approaches sufficiently
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so that they become diagnostically viable. Refining our understand-
ing of oscillatory responses to sensory inputs is thus a crucial step
to developing sorely needed tools that will shift the age of effective
diagnosis and intervention.

11. Conclusions and future directions

Disruptionsin oscillatory synchronization are ubiquitous during
sensory and perceptual processing in ASD. While synchronization
alterations in ASD are not limited to these processes, deficits in
these areas are particularly important given the renewed empha-
sis on sensory dysfunction as a core impairment that potentially
emerges early in development (and that may then underpin the
develop of more complex and higher-order functions). These dis-
ruptions have been found in multiple sensory modalities, and have
been localized to a number of sensory and multisensory brain
regions. Furthermore, disruption occurs at frequency ranges asso-
ciated with both long range (9, 6, a, B) and short range (B, )
connectivity. For tasks that are not reliant on perceptual inte-
gration, reductions in synchronization appear to have little effect
on discrimination thresholds, reaction times, and accuracy. For
tasks requiring integration of disparate sensory information held
in multiple cortical networks, reductions in synchronization prove
more problematic. For these tasks, deficits in synchronization man-
ifest as impairments in reaction time and accuracy. Based on this
relationship, dysfunction of oscillatory synchronization should be
considered as a biomarker of disruption in sensory processes and
the bridge between altered biology and altered perception. The
importance of these perceptual alterations cannot be overstated,
and they have been hypothesized to contribute to the development
of higher order social and cognitive deficits (Wallace and Stevenson,
2014). Processes dependent on merging evidence from multiple
sensory systems, such as multisensory speech perception, may be
particularly vulnerable (Stevenson et al., 2014; Woynaroski et al.,
2013)and have been shown to be impaired in ASD. Given the signif-
icant ecological importance of such signals, further investigation of
the contribution oscillatory synchronization makes to these pro-
cesses is desperately needed. The success of linking coordination
between the 8 and -y bands to severity of verbal impairment and
autism symptoms reinforces the power of such approaches (Jochaut
et al., 2015). Similarly, oscillatory coupling between o« and vy activ-
ity has been demonstrated to have high diagnostic value (Khan
et al., 2013). Extension of this research strategy to other paradigms
is needed to firmly address if hierarchical coupling of oscillations
is a globally disrupted mechanism in ASD. Failures in oscillatory
coupling also constitute a reasonable but under-investigated expla-
nation for excessive intra-participant neural response variability
that has been noted in both EEG (Milne, 2011) and fMRI (Dinstein
et al., 2012) studies. Further research is needed to determine the
integrity of oscillatory coupling in ASD, the contribution of thala-
mocortical circuits to oscillatory processes, and the relationship of
these brain rhythms to neural and behavioral variability.

The advent of techniques such as transcranial alternating cur-
rent stimulation (TACS) offers substantial opportunity for probing
causal relationships between oscillations and perceptual pertur-
bations. TACS allows direct driving of neural oscillation with high
frequency and temporal specificity through application of oscil-
lating electrical current. Direct investigations of the effects of
oscillatory driving on perceptual outcomes are thus now possi-
ble and underway (Antal and Paulus, 2013; Helfrich et al., 2014b).
Investigators have already used this technique to demonstrate how
individual oscillatory frequency contributes to multisensory inte-
gration (Cecere et al., 2015) and perception of ambiguous motion
(Helfrich et al., 2014a). Importantly, this approach also allows for
experimental desynchronization between brain regions and can

thus be used to assess the importance of long range phase syn-
chrony (Polania et al.,2012). Causal relationships should be clarified
through direct manipulation of oscillations both intended to recre-
ate the ASD perceptual pattern in TD individuals and remediate
perceptual deficits in individuals with ASD. Investigators pursuing
such research should account for baseline power differences and
report both relative and absolute power changes. Future research
meeting these challenges will clarify the etiology of perceptual
deficits and their contribution to disability. Such research also holds
significant promise for the development of new empirically vali-
dated diagnostic tool and treatments.

Acknowledgements

This work was supported by NIH U54 HDO083211, NIH
DC010927, CA183492, HD83211, and by the Wallace Foundation
and the Simons Foundation Autism Research Initiative. The funding
sources played no role in the writing or submission of this article.
The authors declare no competing interests.

References

Ai, L., Ro, T., 2014. The phase of prestimulus alpha oscillations affects tactile
perception. J. Neurophysiol. 111, 1300-1307.

Akam, T., Kullmann, D.M., 2014. Oscillatory multiplexing of population codes for
selective communication in the mammalian brain. Nat. Rev. Neurosci. 15,
111-122.

American Psychiatric Association, 2013. Diagnostic and Statistical Manual of
Mental Disorders, 5th ed. American Psychiatric Association, Washington, DC.

Antal, A., Paulus, W., 2013. Transcranial alternating current stimulation (tACS).
Front. Hum. Neurosci. 7, 317.

Barttfeld, P., Amoruso, L., Ais, J., Cukier, S., Bavassi, L., Tomio, A., Manes, F., Ibanez,
A., Sigman, M., 2013. Organization of brain networks governed by long-range
connections index autistic traits in the general population. J. Neurodev. Disord.
5,16.

Bazhenov, M., Timofeev, I., Steriade, M., Sejnowski, T.J., 1999. Self-sustained
rhythmic activity in the thalamic reticular nucleus mediated by depolarizing
GABAA receptor potentials. Nat. Neurosci. 2, 168-174.

Berger, H., 1929. Uber das electrenenkephalogramm des menschen [On the
electroencephalogram of humans]. Arch. Pscyhiatrica Nervkrankh 87, 527-570.

Berman, J.I, Liu, S., Bloy, L., Blaskey, L., Roberts, T.P., Edgar, J.C., 2015.
Alpha-to-gamma phase-amplitude coupling methods and application to
autism spectrum disorder. Brain Connect. 5, 80-90.

Bertone, A., Mottron, L., Jelenic, P., Faubert, J., 2005. Enhanced and diminished
visuo-spatial information processing in autism depends on stimulus
complexity. Brain 128, 2430-2441.

Blakemore, S.J., Tavassoli, T., Calo, S., Thomas, R.M., Catmur, C., Frith, U., Haggard,
P., 2006. Tactile sensitivity in Asperger syndrome. Brain Cogn. 61, 5-13.

Boettcher, F.A., Poth, E.A., Mills, J.H., Dubno, ].R., 2001. The amplitude-modulation
following response in young and aged human subjects. Hear. Res. 153, 32-42.

Bonnel, A., Mottron, L., Peretz, I., Trudel, M., Gallun, E., Bonnel, A.M., 2003.
Enhanced pitch sensitivity in individuals with autism: a signal detection
analysis. J. Cogn. Neurosci. 15, 226-235.

Boroojerdi, B., Prager, A., Muellbacher, W., Cohen, L.G., 2000. Reduction of human
visual cortex excitability using 1-Hz transcranial magnetic stimulation.
Neurology 54, 1529-1531.

Bosl, W., Tierney, A., Tager-Flusberg, H., Nelson, C., 2011. EEG complexity as a
biomarker for autism spectrum disorder risk. BMC Med. 9, 18.

Bouvet, L., Mottron, L., Valdois, S., Donnadieu, S., 2016. Auditory stream
segregation in autism spectrum disorder: benefits and downsides of superior
perceptual processes. J. Autism Dev. Disord. 46, 1553-1561.

Brown, M.S., Singel, D., Hepburn, S., Rojas, D.C., 2013. Increased glutamate
concentration in the auditory cortex of persons with autism and first-degree
relatives: a (1)H-MRS study. Autism Res. 6, 1-10.

Buard, L, Rogers, S.J., Hepburn, S., Kronberg, E., Rojas, D.C., 2013. Altered oscillation
patterns and connectivity during picture naming in autism. Front. Hum.
Neurosci. 7, 742.

Buescher, A.V., Cidav, Z., Knapp, M., Mandell, D.S., 2014. Costs of autism spectrum
disorders in the United Kingdom and the United States. JAMA Pediatr. 168,
721-728.

Bullmore, E.T., Sporns, 0., 2009. Complex brain networks: graph theoretical
analysis of structural and functional systems. Nat. Rev. Neurosci. 10, 186-198.

Bullmore, E., Sporns, O., 2012. The economy of brain network organization. Nat.
Rev. Neurosci. 13, 336-349.

Busch, N.A,, Debener, S., Kranczioch, C., Engel, A.K., Herrmann, C.S., 2004. Size
matters: effects of stimulus size, duration and eccentricity on the visual
gamma-band response. Clin. Neurophysiol. 115, 1810-1820.

Busch, N.A,, Dubois, J., VanRullen, R., 2009. The phase of ongoing EEG oscillations
predicts visual perception. ]. Neurosci. 29, 7869-7876.


http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0110

D.M. Simon, M.T. Wallace / Neuroscience and Biobehavioral Reviews 68 (2016) 848-861 859

Buzsaki, G., Draguhn, A., 2004. Neuronal oscillations in cortical networks. Science
304, 1926-1929.

Buzsaki, G., Wang, X.J., 2012. Mechanisms of gamma oscillations. Annu. Rev.
Neurosci. 35, 203-225.

Buzsaki, G., Anastassiou, C.A., Koch, C., 2012. The origin of extracellular fields and
currents—EEG, ECoG, LFP and spikes. Nat. Rev. Neurosci. 13, 407-420.

Canolty, R.T., Knight, R.T., 2010. The functional role of cross-frequency coupling.
Trends Cogn. Sci. 14, 506-515.

Canolty, R.T., Edwards, E., Dalal, S.S., Soltani, M., Nagarajan, S.S., Kirsch, H.E., Berger,
M.S., Barbaro, N.M., Knight, R.T., 2006. High gamma power is phase-locked to
theta oscillations in human neocortex. Science 313, 1626-1628.

Caron, M.J., Mottron, L., Berthiaume, C., Dawson, M., 2006. Cognitive mechanisms,
specificity and neural underpinnings of visuospatial peaks in autism. Brain
129, 1789-1802.

Casanova, M.F,, Buxhoeveden, D., Gomez, ]., 2003. Disruption in the inhibitory
architecture of the cell minicolumn: implications for autism. Neuroscientist 9,
496-507.

Casanova, M.F., van Kooten, L.A., Switala, A.E., van Engeland, H., Heinsen, H.,
Steinbusch, H.W., Hof, P.R,, Trippe, ]., Stone, J., Schmitz, C., 2006. Minicolumnar
abnormalities in autism. Acta Neuropathol. (Berl.) 112, 287-303.

Catarino, A., Churches, O., Baron-Cohen, S., Andrade, A,, Ring, H., 2011. Atypical EEG
complexity in autism spectrum conditions: a multiscale entropy analysis. Clin.
Neurophysiol. 122, 2375-2383.

Catarino, A., Andrade, A., Churches, O., Wagner, A.P., Baron-Cohen, S., Ring, H.,
2013. Task-related functional connectivity in autism spectrum conditions: an
EEG study using wavelet transform coherence. Mol. Autism 4, 1.

Cecere, R., Rees, G., Romei, V., 2015. Individual differences in alpha frequency drive
crossmodal illusory perception. Curr. Biol. CB 25, 231-235.

Choudhury, P.R,, Lahiri, S., Rajamma, U., 2012. Glutamate mediated signaling in the
pathophysiology of autism spectrum disorders. Pharmacol. Biochem. Behav.
100, 841-849.

Ciesielski, K.T., Courchesne, E., Elmasian, R., 1990. Effects of focused selective
attention tasks on event-related potentials in autistic and normal individuals.
Electroencephalogr. Clin. Neurophysiol. 75, 207-220.

Coben, R,, Clarke, A.R., Hudspeth, W., Barry, RJ., 2008. EEG power and coherence in
autistic spectrum disorder. Clin. Neurophysiol. 119, 1002-1009.

Coben, R., Mohammad-Rezazadeh, 1., Cannon, R.L., 2014. Using quantitative and
analytic EEG methods in the understanding of connectivity in autism spectrum
disorders: a theory of mixed over- and under-connectivity. Front. Hum.
Neurosci. 8, 45.

Cornew, L., Roberts, T.P., Blaskey, L., Edgar, ].C., 2012. Resting-state oscillatory
activity in autism spectrum disorders. ]. Autism Dev. Disord. 42, 1884-1894.

Dakin, S., Frith, U., 2005. Vagaries of visual perception in autism. Neuron 48,
497-507.

David, N., Rose, M., Schneider, T.R., Vogeley, K., Engel, AK., 2010. Brief report:
altered horizontal binding of single dots to coherent motion in autism. J.
Autism Dev. Disord. 40, 1549-1551.

Dawson, G., Watling, R., 2000. Interventions to facilitate auditory, visual, and
motor integration in autism: a review of the evidence. ]. Autism Dev. Disord.
30, 415-421.

Developmental Disabilities Monitoring Network Surveillance Year Principal, I.,
Centers for Disease, C., Prevention, 2014. Prevalence of autism spectrum
disorder among children aged 8 years—autism and developmental disabilities
monitoring network, 11 sites, United States, 2010. Morbidity and mortality
weekly report. Surveillance summaries, 63, 1-21.

Dickinson, A., Bruyns-Haylett, M., Jones, M., Milne, E., 2015. Increased peak gamma
frequency in individuals with higher levels of autistic traits. Eur. ]. Neurosci.
41,1095-1101.

Ding, N., Simon, ].Z., 2013. Robust cortical encoding of slow temporal modulations
of speech. Adv. Exp. Med. Biol. 787, 373-381.

Dinstein, L., Pierce, K., Eyler, L., Solso, S., Malach, R., Behrmann, M., Courchesne, E.,
2011. Disrupted neural synchronization in toddlers with autism. Neuron 70,
1218-1225.

Dinstein, I., Heeger, D.J., Lorenzi, L., Minshew, N.J., Malach, R., Behrmann, M., 2012.
Unreliable evoked responses in autism. Neuron 75, 981-991.

Edgar, J.C.,, Fisk Iv, C.L,, Berman, J.I., Chudnovskaya, D., Liu, S., Pandey, ]J., Herrington,
J.D., Port, R.G,, Schultz, R.T., Roberts, T.P., 2015a. Auditory encoding
abnormalities in children with autism spectrum disorder suggest delayed
development of auditory cortex. Mol. Autism 6, 69.

Edgar, ].C., Heiken, K., Chen, Y.H., Herrington, ].D., Chow, V., Liy, S., Bloy, L., Huang,
M., Pandey, J., Cannon, K.M., Qasmieh, S., Levy, S.E., Schultz, R.T., Roberts, T.P.,
2015b. Resting-state alpha in autism spectrum disorder and alpha associations
with thalamic volume. J. Autism Dev. Disord. 45, 795-804.

Edgar, ].C,, Khan, S.Y., Blaskey, L., Chow, V.Y., Rey, M., Gaetz, W., Cannon, K.M.,
Monroe, J.F., Cornew, L., Qasmieh, S., Liu, S., Welsh, J.P., Levy, S.E., Roberts, T.P.,
2015c. Neuromagnetic oscillations predict evoked-response latency delays and
core language deficits in autism spectrum disorders. ]. Autism Dev. Disord. 45,
395-405.

Edgar, J.C,, Fisk C.L. t. Liu, S., Pandey, J., Herrington, ].D., Schultz, R.T., Roberts, T.P.,
2016. Translating adult electrophysiology findings to younger patient
populations: difficulty measuring 40-Hz auditory steady-state responses in
typically developing children and children with autism spectrum disorder.
Dev. Neurosci. 38, 1-14.

Engel, A.K,, Singer, W., 2001. Temporal binding and the neural correlates of sensory
awareness. Trends Cogn. Sci. 5, 16-25.

Engel, AK, Konig, P., Kreiter, A.K., Singer, W., 1991. Interhemispheric
synchronization of oscillatory neuronal responses in cat visual cortex. Science
252,1177-1179.

Engelhard, B., Ozeri, N., Israel, Z., Bergman, H., Vaadia, E., 2013. Inducing gamma
oscillations and precise spike synchrony by operant conditioning via
brain-machine interface. Neuron 77, 361-375.

Ewald, A., Marzetti, L., Zappasodi, F., Meinecke, F.C., Nolte, G., 2012. Estimating true
brain connectivity from EEG/MEG data invariant to linear and static
transformations in sensor space. Neuroimage 60, 476-488.

Foxe, JJ., Snyder, A.C., 2011. The role of alpha-band brain oscillations as a sensory
suppression mechanism during selective attention. Front. Psychol. 2, 154.

Foxe, ].J., Molholm, S., Del Bene, V.A,, Frey, H.P., Russo, N.N., Blanco, D., Saint-Amour,
D., Ross, L.A,, 2015. Severe multisensory speech integration deficits in
high-functioning school-aged children with Autism Spectrum Disorder (ASD)
and their resolution during early adolescence. Cereb. Cortex 25, 298-312.

Foxton, J.M., Stewart, M.E., Barnard, L., Rodgers, ]., Young, A.H., O'Brien, G., Griffiths,
T.D., 2003. Absence of auditory ‘global interference’ in autism. Brain 126,
2703-2709.

Fries, P., Nikolic, D., Singer, W., 2007. The gamma cycle. Trends Neurosci. 30,
309-316.

Gaetz, W., Bloy, L., Wang, DJ., Port, R.G., Blaskey, L., Levy, S.E., Roberts, T.P., 2014.
GABA estimation in the brains of children on the autism spectrum:
measurement precision and regional cortical variation. Neuroimage 86, 1-9.

Gandal, MJ., Edgar, J.C., Ehrlichman, R.S., Mehta, M., Roberts, T.P., Siegel, S.J., 2010.
Validating gamma oscillations and delayed auditory responses as translational
biomarkers of autism. Biol. Psychiatry 68, 1100-1106.

Geschwind, D.H., Levitt, P., 2007. Autism spectrum disorders: developmental
disconnection syndromes. Curr. Opin. Neurobiol. 17, 103-111.

Ghanbari, Y., Bloy, L., Christopher Edgar, ]., Blaskey, L., Verma, R., Roberts, T.P.,

2015. Joint analysis of band-specific functional connectivity and signal
complexity in autism. J. Autism Dev. Disord. 45, 444-460.

Glass, L., 2001. Synchronization and rhythmic processes in physiology. Nature 410,
277-284.

Gogolla, N., Leblanc, J.J., Quast, K.B., Sudhof, T.C., Fagiolini, M., Hensch, T.K., 2009.
Common circuit defect of excitatory-inhibitory balance in mouse models of
autism. J. Neurodev. Disord. 1, 172-181.

Grice, S.J., Spratling, M.W., Karmiloff-Smith, A., Halit, H., Csibra, G., de Haan, M.,
Johnson, M.H., 2001. Disordered visual processing and oscillatory brain activity
in autism and Williams syndrome. Neuroreport 12, 2697-2700.

Grinter, E.J., Maybery, M.T., Pellicano, E., Badcock, J.C., Badcock, D.R., 2010.
Perception of shapes targeting local and global processes in autism spectrum
disorders. J. Child Psychol. Psychiatry Allied Discip. 51, 717-724.

Groen, W.B., van Orsouw, L., Huurne, N., Swinkels, S., van der Gaag, RJ., Buitelaar,
J.K., Zwiers, M.P., 2009. Intact spectral but abnormal temporal processing of
auditory stimuli in autism. J. Autism Dev. Disord. 39, 742-750.

Gruber, W.R,, Klimesch, W., Sauseng, P., Doppelmayr, M., 2005. Alpha phase
synchronization predicts P1 and N1 latency and amplitude size. Cereb. Cortex
15,371-377.

Hahamy, A., Behrmann, M., Malach, R., 2015. The idiosyncratic brain: distortion of
spontaneous connectivity patterns in autism spectrum disorder. Nat. Neurosci.
18, 302-309.

Hanslmayr, S., Aslan, A., Staudigl, T., Klimesch, W., Herrmann, C.S., Bauml, K.H.,
2007. Prestimulus oscillations predict visual perception performance between
and within subjects. Neuroimage 37, 1465-1473.

Happe, F., Frith, U., 2006. The weak coherence account: detail-focused cognitive
style in autism spectrum disorders. J. Autism Dev. Disord. 36, 5-25.

Harada, M., Taki, M.M., Nose, A., Kubo, H., Mori, K., Nishitani, H., Matsuda, T., 2011.
Non-invasive evaluation of the GABAergic/glutamatergic system in autistic
patients observed by MEGA-editing proton MR spectroscopy using a clinical
3T instrument. J. Autism Dev. Disord. 41, 447-454.

Heim, S., Keil, A., Choudhury, N., Thomas Friedman, ]., Benasich, A.A., 2013. Early
gamma oscillations during rapid auditory processing in children with a
language-learning impairment: changes in neural mass activity after training.
Neuropsychologia 51, 990-1001.

Helfrich, R.F., Knepper, H., Nolte, G., Struber, D., Rach, S., Herrmann, C.S., Schneider,
T.R., Engel, A K., 2014a. Selective modulation of interhemispheric functional
connectivity by HD-tACS shapes perception. PLoS Biol. 12, e1002031.

Helfrich, R.F,, Schneider, T.R,, Rach, S., Trautmann-Lengsfeld, S.A., Engel, AK.,
Herrmann, C.S., 2014b. Entrainment of brain oscillations by transcranial
alternating current stimulation. Curr. Biol.: CB 24, 333-339.

Hughes, S.W., Crunelli, V., 2005. Thalamic mechanisms of EEG alpha rhythms and
their pathological implications. Neuroscientist 11, 357-372.

Hughes, S.W,, Lorincz, M.L,, Blethyn, K., Kekesi, K.A., Juhasz, G., Turmaine, M.,
Parnavelas, J.G., Crunelli, V., 2011. Thalamic gap junctions control local
neuronal synchrony and influence macroscopic oscillation amplitude during
EEG alpha rhythms. Front. Psychol. 2, 193.

Hussman, J.P., 2001. Suppressed GABAergic inhibition as a common factor in
suspected etiologies of autism. J. Autism Dev. Disord. 31, 247-248.

Hutcheon, B., Yarom, Y., 2000. Resonance, oscillation and the intrinsic frequency
preferences of neurons. Trends Neurosci. 23, 216-222.

Isler, J.R., Martien, K.M., Grieve, P.G., Stark, R.I, Herbert, M.R., 2010. Reduced
functional connectivity in visual evoked potentials in children with autism
spectrum disorder. Clin. Neurophysiol. 121, 2035-2043.

Jansen, B.H., Brandt, M.E., 1991. The effect of the phase of prestimulus alpha
activity on the averaged visual evoked response. Electroencephalogr. Clin.
Neurophysiol. 80, 241-250.


http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0195
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0195
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0195
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0195
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0195
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0195
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0195
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0195
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0195
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0195
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0195
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0405

860 D.M. Simon, M.T. Wallace / Neuroscience and Biobehavioral Reviews 68 (2016) 848-861

Jensen, O., Mazaheri, A., 2010. Shaping functional architecture by oscillatory alpha
activity: gating by inhibition. Front. Hum. Neurosci. 4, 186.

Jochaut, D., Lehongre, K., Saitovitch, A., Devauchelle, A.D., Olasagasti, I., Chabane,
N., Zilbovicius, M., Giraud, A.L., 2015. Atypical coordination of cortical
oscillations in response to speech in autism. Front. Hum. Neurosci. 9, 171.

Jokisch, D., Jensen, 0., 2007. Modulation of gamma and alpha activity during a
working memory task engaging the dorsal or ventral stream. J. Neurosci. 27,
3244-3251.

Joshi, G., Biederman, J., Wozniak, J., Goldin, R.L., Crowley, D., Furtak, S., Lukas, S.E.,
Goneng, A., 2013. Magnetic resonance spectroscopy study of the glutamatergic
system in adolescent males with high-functioning autistic disorder: a pilot
study at 4T. Eur. Arch. Psychiatry Clin. Neurosci. 263, 379-384.

Just, M.A,, Cherkassky, V.L., Keller, T.A., Minshew, N.]., 2004. Cortical activation and
synchronization during sentence comprehension in high-functioning autism:
evidence of underconnectivity. Brain 127, 1811-1821.

Just, M.A,, Cherkassky, V.L., Keller, T.A., Kana, R.K., Minshew, N.J., 2007. Functional
and anatomical cortical underconnectivity in autism: evidence from an FMRI
study of an executive function task and corpus callosum morphometry. Cereb.
Cortex 17, 951-961.

Karst, J.S., Van Hecke, A.V., 2012. Parent and family impact of autism spectrum
disorders: a review and proposed model for intervention evaluation. Clin.
Child Fam. Psychol. Rev. 15, 247-277.

Keizer, A\W., Verschoor, M., Verment, R.S., Hommel, B., 2010. The effect of gamma
enhancing neurofeedback on the control of feature bindings and intelligence
measures. Int. ]. Psychophysiol. 75, 25-32.

Keown, C.L,, Shih, P., Nair, A., Peterson, N., Mulvey, M.E., Muller, R.A., 2013. Local
functional overconnectivity in posterior brain regions is associated with
symptom severity in autism spectrum disorders. Cell Rep. 5, 567-572.

Khan, S., Gramfort, A, Shetty, N.R., Kitzbichler, M.G., Ganesan, S., Moran, .M., Lee,
S.M.,, Gabrieli, ].D., Tager-Flusberg, H.B., Joseph, R.M., Herbert, M.R.,
Hamalainen, M.S., Kenet, T., 2013. Local and long-range functional connectivity
is reduced in concert in autism spectrum disorders. Proc. Natl. Acad. Sci. U. S. A.
110, 3107-3112.

Khan, S., Michmizos, K., Tommerdahl, M., Ganesan, S., Kitzbichler, M.G., Zetino, M.,
Garel, K.L,, Herbert, M.R., Hamalainen, M.S., Kenet, T., 2015. Somatosensory
cortex functional connectivity abnormalities in autism show opposite trends,
depending on direction and spatial scale. Brain 138, 1394-1409.

Klimesch, W., Sauseng, P., Hanslmayr, S., 2007. EEG alpha oscillations: the
inhibition-timing hypothesis. Brain Res. Rev. 53, 63-88.

Kwakye, L.D., Foss-Feig, J.H., Cascio, CJ., Stone, W.L., Wallace, M.T., 2011. Altered
auditory and multisensory temporal processing in autism spectrum disorders.
Front. Integr. Neurosci. 4, 129.

Lazarev, V.V,, Pontes, A., deAzevedo, L.C., 2009. EEG photic driving:
right-hemisphere reactivity deficit in childhood autism. A pilot study. Int. J.
Psychophysiol. 71, 177-183.

Lazarev, V.V., Pontes, A., Mitrofanov, A.A., deAzevedo, L.C., 2010. Interhemispheric
asymmetry in EEG photic driving coherence in childhood autism. Clin.
Neurophysiol. 121, 145-152.

Lazarev, V.V,, Pontes, A., Mitrofanov, A.A., deAzevedo, L.C., 2015. Reduced
interhemispheric connectivity in childhood autism detected by
electroencephalographic photic driving coherence. J. Autism Dev. Disord. 45,
537-547.

Lee, B.H., Smith, T., Paciorkowski, A.R., 2015. Autism spectrum disorder and
epilepsy: disorders with a shared biology. Epilepsy Behav. 47, 191-201.

Liu, Z., de Zwart, ].A., Yao, B., van Gelderen, P., Kuo, LW., Duyn, J.H., 2012. Finding
thalamic BOLD correlates to posterior alpha EEG. Neuroimage 63, 1060-1069.

Llinas, R.R., 1988. The intrinsic electrophysiological properties of mammalian
neurons: insights into central nervous system function. Science 242,
1654-1664.

Lorincz, M.L., Crunelli, V., Hughes, S.W., 2008. Cellular dynamics of cholinergically
induced alpha (8-13 Hz) rhythms in sensory thalamic nuclei in vitro. J.
Neurosci. 28, 660-671.

Luo, H., Poeppel, D., 2007. Phase patterns of neuronal responses reliably
discriminate speech in human auditory cortex. Neuron 54, 1001-1010.

Makeig, S., Westerfield, M., Jung, T.P., Enghoff, S., Townsend, ]., Courchesne, E.,
Sejnowski, T.J., 2002. Dynamic brain sources of visual evoked responses.
Science 295, 690-694.

Malekmohammadi, M., Elias, W.J., Pouratian, N., 2015. Human thalamus regulates
cortical activity via spatially specific and structurally constrained
phase-amplitude coupling. Cereb. Cortex 25, 1618-1628.

Marco, E.J., Hinkley, L.B., Hill, S.S., Nagarajan, S.S., 2011. Sensory processing in
autism: a review of neurophysiologic findings. Pediatr. Res. 69, 48R-54R.

Marin, O., 2012. Interneuron dysfunction in psychiatric disorders. Nat. Rev.
Neurosci. 13, 107-120.

Mathewson, K.E., Gratton, G., Fabiani, M., Beck, D.M., Ro, T., 2009. To see or not to
see: prestimulus alpha phase predicts visual awareness. J. Neurosci. 29,
2725-2732.

Mathewson, K.E.,, Lleras, A., Beck, D.M., Fabiani, M., Ro, T., Gratton, G., 2011. Pulsed
out of awareness: EEG alpha oscillations represent a pulsed-inhibition of
ongoing cortical processing. Front. Psychol. 2, 99.

McFadden, K.L., Hepburn, S., Winterrowd, E., Schmidt, G.L., Rojas, D.C., 2012.
Abnormalities in gamma-band responses to language stimuli in first-degree
relatives of children with autism spectrum disorder: an MEG study. BMC
Psychiatry 12, 213.

McKavanagh, R, Buckley, E., Chance, S.A., 2015. Wider minicolumns in autism: a
neural basis for altered processing? Brain 138, 2034-2045.

Milne, E., Swettenham, J., Hansen, P., Campbell, R, Jeffries, H., Plaisted, K., 2002.
High motion coherence thresholds in children with autism. J. Child Psychol.
Psychiatry Allied Discip. 43, 255-263.

Milne, E., Scope, A., Pascalis, O., Buckley, D., Makeig, S., 2009. Independent
component analysis reveals atypical electroencephalographic activity during
visual perception in individuals with autism. Biol. Psychiatry 65, 22-30.

Milne, E., 2011. Increased intra-participant variability in children with autistic
spectrum disorders: evidence from single-trial analysis of evoked EEG. Front.
Psychol. 2, 51.

Mooney, C.M., 1957. Age in the development of closure ability in children. Can. J.
Psychol. 11, 219-226.

Mottron, L., Dawson, M., Soulieres, 1., Hubert, B., Burack, J., 2006. Enhanced
perceptual functioning in autism: an update, and eight principles of autistic
perception. J. Autism Dev. Disord. 36, 27-43.

Murias, M., Webb, S.J., Greenson, J., Dawson, G., 2007. Resting state cortical
connectivity reflected in EEG coherence in individuals with autism. Biol.
Psychiatry 62, 270-273.

Murphy, J.W., Foxe, ].J., Peters, ].B., Molholm, S., 2014. Susceptibility to distraction
in autism spectrum disorder: probing the integrity of oscillatory alpha-band
suppression mechanisms. Autism Res. 7, 442-458.

Muthukumaraswamy, S.D., Edden, R.A,, Jones, D.K., Swettenham, J.B., Singh, K.D.,
2009. Resting GABA concentration predicts peak gamma frequency and fMRI
amplitude in response to visual stimulation in humans. Proc. Natl. Acad. Sci. U.
S.A. 106, 8356-8361.

Nair, A, Treiber, ].M., Shukla, D.K., Shih, P., Muller, R.A., 2013. Impaired
thalamocortical connectivity in autism spectrum disorder: a study of
functional and anatomical connectivity. Brain 136, 1942-1955.

Nair, A., Carper, R.A., Abbott, A.E., Chen, C.P., Solders, S., Nakutin, S., Datko, M.C.,
Fishman, I., Muller, R.A., 2015. Regional specificity of aberrant thalamocortical
connectivity in autism. Hum. Brain Mapp. 36, 4497-4511.

Nunez, P.L,, Srinivasan, R., 2006. Electric Fields of the Brain: the Neurophysics of
EEG, 2nd ed. Oxford University Press, Oxford, New York.

O’Riordan, M.A,, Plaisted, K.C., Driver, J., Baron-Cohen, S., 2001. Superior visual
search in autism. J. Exp. Psychol. Hum. Percept. Perform. 27, 719-730.

Oblak, A.L., Gibbs, T.T., Blatt, G.J., 2010. Decreased GABA(B) receptors in the
cingulate cortex and fusiform gyrus in autism. J. Neurochem. 114, 1414-1423.

Orekhova, E.V,, Stroganova, T.A., Nygren, G., Tsetlin, M.M., Posikera, L.N., Gillberg,
C., Elam, M., 2007. Excess of high frequency electroencephalogram oscillations
in boys with autism. Biol. Psychiatry 62, 1022-1029.

0Ozonoff, S., losif, A.M., Baguio, F., Cook, I.C., Hill, M.M., Hutman, T., Rogers, S.J.,
Rozga, A., Sangha, S., Sigman, M., Steinfeld, M.B., Young, G.S., 2010. A
prospective study of the emergence of early behavioral signs of autism. J. Am.
Acad. Child Adolesc. Psychiatry 49, 256-266, e251-e252.

Palva, .M., Palva, S., Kaila, K., 2005. Phase synchrony among neuronal oscillations
in the human cortex. ]. Neurosci. 25, 3962-3972.

Pastor, M.A., Artieda, J., Arbizu, ., Marti-Climent, ].M., Penuelas, 1., Masdeu, J.C.,
2002. Activation of human cerebral and cerebellar cortex by auditory
stimulation at 40 Hz. ]. Neurosci. 22, 10501-10506.

Peiker, L., David, N., Schneider, T.R., Nolte, G., Schottle, D., Engel, A.K., 2015.
Perceptual integration deficits in autism spectrum disorders are associated
with reduced interhemispheric gamma-band coherence. J. Neurosci. 35,
16352-16361.

Pfeiffer, B.A., Koenig, K., Kinnealey, M., Sheppard, M., Henderson, L., 2011.
Effectiveness of sensory integration interventions in children with autism
spectrum disorders: a pilot study. Am. J. Occup. Ther. 65, 76-85.

Polania, R., Nitsche, M.A., Korman, C., Batsikadze, G., Paulus, W., 2012. The
importance of timing in segregated theta phase-coupling for cognitive
performance. Curr. Biol.: CB 22, 1314-1318.

Power, J.D., Barnes, K.A,, Snyder, A.Z., Schlaggar, B.L., Petersen, S.E., 2012. Spurious
but systematic correlations in functional connectivity MRI networks arise from
subject motion. Neuroimage 59, 2142-2154.

Puts, N.A.,, Wodka, E.L., Tommerdahl, M., Mostofsky, S.H., Edden, R.A., 2014.
Impaired tactile processing in children with autism spectrum disorder. J.
Neurophysiol. 111, 1803-1811.

Ray, S., Maunsell, ].H., 2011. Different origins of gamma rhythm and high-gamma
activity in macaque visual cortex. PLoS Biol. 9, e1000610.

Righi, G., Tierney, A.L., Tager-Flusberg, H., Nelson, C.A., 2014. Functional
connectivity in the first year of life in infants at risk for autism spectrum
disorder: an EEG study. PLoS One 9, e105176.

Roberts, T.P., Khan, S.Y., Rey, M., Monroe, ].F., Cannon, K., Blaskey, L., Woldoff, S.,
Qasmieh, S., Gandal, M., Schmidt, G.L., Zarnow, D.M.,, Levy, S.E., Edgar, ].C., 2010.
MEG detection of delayed auditory evoked responses in autism spectrum
disorders: towards an imaging biomarker for autism. Autism Res. 3, 8-18.

Roberts, T.P., Cannon, K.M., Tavabi, K., Blaskey, L., Khan, S.Y., Monroe, ].F., Qasmieh,
S., Levy, S.E., Edgar, ].C.,, 2011. Auditory magnetic mismatch field latency: a
biomarker for language impairment in autism. Biol. Psychiatry 70, 263-269.

Roberts, T.P., Lanza, M.R,, Dell, ]., Qasmieh, S., Hines, K., Blaskey, L., Zarnow, D.M.,
Levy, S.E., Edgar, J.C., Berman, ].I,, 2013. Maturational differences in
thalamocortical white matter microstructure and auditory evoked response
latencies in autism spectrum disorders. Brain Res. 1537, 79-85.

Rodriguez, E., George, N., Lachaux, J.P., Martinerie, ., Renault, B., Varela, F.J., 1999.
Perception’s shadow: long-distance synchronization of human brain activity.
Nature 397, 430-433.

Rojas, D.C., Maharajh, K., Teale, P., Rogers, S.J., 2008. Reduced neural
synchronization of gamma-band MEG oscillations in first-degree relatives of
children with autism. BMC Psychiatry 8, 66.


http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0580
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0620
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0685
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0690
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0690
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0690
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0690
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0690
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0690
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0690
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0690
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0690
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0690
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0690
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0690
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0690
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0695

D.M. Simon, M.T. Wallace / Neuroscience and Biobehavioral Reviews 68 (2016) 848-861 861

Rojas, D.C,, Teale, P.D., Maharajh, K., Kronberg, E., Youngpeter, K., Wilson, L.B.,
Wallace, A., Hepburn, S., 2011. Transient and steady-state auditory
gamma-band responses in first-degree relatives of people with autism
spectrum disorder. Mol. Autism 2, 11.

Roux, L., Buzsaki, G., 2015. Tasks for inhibitory interneurons in intact brain circuits.
Neuropharmacology 88, 10-23.

Rubenstein, J.L., Merzenich, M.M., 2003. Model of autism: increased ratio of
excitation/inhibition in key neural systems. Genes Brain Behav. 2, 255-267.

Schuetze, M., Park, M.T., Cho, LY., MacMaster, F.P., Chakravarty, M.M., Bray, S.L.,
2016. Morphological alterations in the thalamus, striatum and pallidum in
autism spectrum disorder. Neuropsychopharmacology [Epub ahead of print].

Shah, A, Frith, U., 1983. An islet of ability in autistic children: a research note. J.
Child Psychol. Psychiatry Allied Discip. 24, 613-620.

Shinohe, A., Hashimoto, K., Nakamura, K., Tsujii, M., Iwata, Y., Tsuchiya, KJ., Sekine,
Y., Suda, S., Suzuki, K., Sugihara, G., Matsuzaki, H., Minabe, Y., Sugiyama, T.,
Kawai, M., lyo, M., Takei, N., Mori, N., 2006. Increased serum levels of
glutamate in adult patients with autism. Progr. Neuro-Psychopharmacol. Biol.
Psychiatry 30, 1472-1477.

Shukla, D.K., Keehn, B., Lincoln, AJ., Muller, R.A., 2010. White matter compromise
of callosal and subcortical fiber tracts in children with autism sp ectrum
disorder: a diffusion tensor imaging study. ]. Am. Acad. Child Adolesc.
Psychiatry 49, 1269-1278, 1278 e1261-1262.

Siegel, M., Engel, A.K., Donner, T.H., 2011. Cortical network dynamics of perceptual
decision-making in the human brain. Front. Hum. Neurosci. 5, 21.

Siegel, M., Donner, T.H., Engel, AK,, 2012. Spectral fingerprints of large-scale
neuronal interactions. Nat. Rev. Neurosci. 13, 121-134.

Snijders, T.M., Milivojevic, B., Kemner, C., 2013. Atypical excitation-inhibition
balance in autism captured by the gamma response to contextual modulation.
Neuroimage Clin. 3, 65-72.

Sohal, V.S., Zhang, F., Yizhar, O., Deisseroth, K., 2009. Parvalbumin neurons and
gamma rhythms enhance cortical circuit performance. Nature 459, 698-702.

Sokhadze, E.M.,, El-Baz, A., Baruth, ., Mathai, G., Sears, L., Casanova, M.F., 2009.
Effects of low frequency repetitive transcranial magnetic stimulation (rTMS)
on gamma frequency oscillations and event-related potentials during
processing of illusory figures in autism. J. Autism Dev. Disord. 39, 619-634.

Spaak, E., de Lange, F.P., Jensen, 0., 2014. Local entrainment of alpha oscillations by
visual stimuli causes cyclic modulation of perception. ]. Neurosci. 34,
3536-3544.

Stevenson, R.A.,, Siemann, ].K., Schneider, B.C., Eberly, H.E., Woynaroski, T.G.,
Camarata, S.M., Wallace, M.T., 2014. Multisensory temporal integration in
autism spectrum disorders. ]. Neurosci. 34, 691-697.

Strauss, A., Henry, M.J., Scharinger, M., Obleser, ]., 2015. Alpha phase determines
successful lexical decision in noise. ]. Neurosci. 35, 3256-3262.

Stroganova, T.A., Orekhova, E.V., Prokofyev, A.O., Tsetlin, M.M., Gratchev, V.V,
Morozov, A.A., Obukhov, Y.V., 2012. High-frequency oscillatory response to
illusory contour in typically developing boys and boys with autism spectrum
disorders. Cortex 48, 701-717.

Strogatz, S.H., 2001. Exploring complex networks. Nature 410, 268-276.

Sun, L., Grutzner, C., Bolte, S., Wibral, M., Tozman, T., Schlitt, S., Poustka, F., Singer,
W., Freitag, C.M., Uhlhaas, PJ., 2012. Impaired gamma-band activity during
perceptual organization in adults with autism spectrum disorders: evidence
for dysfunctional network activity in frontal-posterior cortices. ]. Neurosci. 32,
9563-9573.

Tamura, R, Kitamura, H., Endo, T., Hasegawa, N., Someya, T., 2010. Reduced
thalamic volume observed across different subgroups of autism spectrum
disorders. Psychiatry Res. 184, 186-188.

Thut, G., Miniussi, C., Gross, J., 2012. The functional importance of rhythmic
activity in the brain. Curr. Biol. CB 22, R658-663.

Tommerdahl, M., Tannan, V., Holden, ].K., Baranek, G.T., 2008. Absence of
stimulus-driven synchronization effects on sensory perception in autism:
evidence for local underconnectivity? Behav. Brain Funct.: BBF 4, 19.

Tsatsanis, K.D., Rourke, B.P., Klin, A., Volkmar, F.R,, Cicchetti, D., Schultz, R.T., 2003.
Reduced thalamic volume in high-functioning individuals with autism. Biol.
Psychiatry 53, 121-129.

Uhlhaas, PJ., Singer, W., 2007. What do disturbances in neural synchrony tell us
about autism. Biol. Psychiatry 62, 190-191.

Uhlhaas, PJ., Singer, W., 2012. Neuronal dynamics and neuropsychiatric disorders:
toward a translational paradigm for dysfunctional large-scale networks.
Neuron 75, 963-980.

van Atteveldt, N., Murray, M.M., Thut, G., Schroeder, C.E., 2014. Multisensory
integration: flexible use of general operations. Neuron 81, 1240-1253.

van Dijk, H., Schoffelen, ].M., Oostenveld, R., Jensen, O., 2008. Prestimulus
oscillatory activity in the alpha band predicts visual discrimination ability. J.
Neurosci. 28, 1816-1823.

van Driel, J., Knapen, T., van Es, D.M., Cohen, M.X,, 2014. Interregional alpha-band
synchrony supports temporal cross-modal integration. Neuroimage 101,
404-415.

van Pelt, S., Boomsma, D.1, Fries, P., 2012. Magnetoencephalography in twins
reveals a strong genetic determination of the peak frequency of visually
induced gamma-band synchronization. ]. Neurosci. 32, 3388-3392.

Vinck, M., Oostenveld, R., van Wingerden, M., Battaglia, F., Pennartz, C.M., 2011. An
improved index of phase-synchronization for electrophysiological data in the
presence of volume-conduction, noise and sample-size bias. Neuroimage 55,
1548-1565.

Wallace, M.T., Stevenson, R.A., 2014. The construct of the multisensory temporal
binding window and its dysregulation in developmental disabilities.
Neuropsychologia 64C, 105-123.

Wang, X]J., Buzsaki, G., 1996. Gamma oscillation by synaptic inhibition in a
hippocampal interneuronal network model. . Neurosci. 16, 6402-6413.

Wang, J., Barstein, J., Ethridge, L.E., Mosconi, M.W., Takarae, Y., Sweeney, J.A., 2013.
Resting state EEG abnormalities in autism spectrum disorders. ]. Neurodev.
Disord. 5, 24.

Wilson, T.W., Rojas, D.C., Reite, M.L., Teale, P.D., Rogers, S.J., 2007. Children and
adolescents with autism exhibit reduced MEG steady-state gamma responses.
Biol. Psychiatry 62, 192-197.

Woynaroski, T.G., Kwakye, L.D., Foss-Feig, ].H., Stevenson, R.A., Stone, W.L.,
Wallace, M.T., 2013. Multisensory speech perception in children with autism
spectrum disorders. J. Autism Dev. Disord. 43, 2891-2902.

Ye, A.X., Leung, R.C., Schafer, C.B., Taylor, M.J., Doesburg, S.M., 2014. Atypical resting
synchrony in autism spectrum disorder. Hum. Brain Mapp. 35, 6049-6066.

Zion Golumbic, E.M., Ding, N., Bickel, S., Lakatos, P., Schevon, C.A., McKhann, G.M.,
Goodman, R.R,, Emerson, R., Mehta, A.D., Simon, ].Z., Poeppel, D., Schroeder,
C.E., 2013. Mechanisms underlying selective neuronal tracking of attended
speech at a cocktail party. Neuron 77, 980-991.


http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0700
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0705
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0705
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0705
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0705
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0705
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0705
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0705
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0705
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0705
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0705
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0705
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0705
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0705
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0710
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0715
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0720
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0725
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0730
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0735
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0740
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0740
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0740
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0740
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0740
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0740
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0740
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0740
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0740
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0740
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0740
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0740
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0740
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0745
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0750
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0755
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0760
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0765
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0765
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0765
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0765
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0765
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0765
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0765
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0765
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0765
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0765
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0765
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0765
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0765
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0770
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0775
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0780
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0780
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0780
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0780
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0780
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0780
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0780
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0780
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0785
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0790
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0795
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0800
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0805
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0810
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0815
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0820
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0820
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0820
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0820
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0820
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0820
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0820
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0820
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0820
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0820
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0820
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0820
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0825
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0830
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0830
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0830
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0830
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0830
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0830
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0830
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0830
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0830
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0830
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0830
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0830
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0835
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0840
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0845
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0850
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0855
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0855
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0855
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0855
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0855
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0855
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0855
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0855
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0855
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0855
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0855
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0855
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0855
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0860
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0865
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0870
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875
http://refhub.elsevier.com/S0149-7634(16)30089-6/sbref0875

	Dysfunction of sensory oscillations in Autism Spectrum Disorder
	1 Introduction
	2 Sensory and perceptual function in ASD
	3 Oscillatory contributions to sensory encoding
	4 Gamma abnormalities in ASD and their role in sensory and perceptual processing
	5 Alpha abnormalities in ASD and their role in sensory and perceptual processing
	6 Oscillatory organization is disrupted in ASD
	7 Methodological challenges and opportunities
	8 Mechanistic account of altered oscillator function in ASD
	8.1 Inhibition and excitation
	8.2 Thalamic control of cortical rhythms

	9 Oscillatory function and neurobiologically inspired theories of autism
	10 Diagnostic and treatment implications of oscillator dysfunction
	11 Conclusions and future directions
	Acknowledgements
	References


