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a  b  s  t  r  a  c  t

The  ability  to  inhibit  actions,  one  of the hallmarks  of human  motor  control,  appears  to  decline  with
advancing  age.  Evidence  for a link  between  changes  in  inhibitory  functions  and  poor  motor  performance
in  healthy  older  adults  has  recently  become  available  with  transcranial  magnetic  stimulation  (TMS).
Overall,  these  studies  indicate  that  the  capacity  to  modulate  intracortical  (ICI)  and interhemispheric  (IHI)
inhibition  is preserved  in high-performing  older  individuals.  In  contrast,  older  individuals  exhibiting
motor  slowing  and a declined  ability  to coordinate  movement  appear  to  show  a reduced  capability  to
modulate  GABA-mediated  inhibitory  processes.  As  a decline  in the integrity  of  the GABA-ergic  inhibitory
processes  may  emerge  due  to age-related  loss  of white and  gray  matter,  a promising  direction  for  future
research would  be  to correlate  individual  differences  in  structural  and/or  functional  integrity  of  principal
brain  networks  with  observed  changes  in inhibitory  processes  within  cortico-cortical,  interhemispheric,
ABA
ntracortical inhibition
nterhemispheric inhibition
euroimaging
erformance
eaction time

and/or  corticospinal  pathways.  Finally,  we underscore  the  possible  links  between  reduced  inhibitory
functions  and  age-related  changes  in brain  activation  patterns.

©  2014  Elsevier  Ltd.  All  rights  reserved.
ranscranial magnetic stimulation (TMS)

ontents

1. Introduction  . . .  . .  . . . . . .  . . .  .  . . .  .  . . .  .  . . .  .  . . .  .  . . .  . . . .  . . . .  . . .  . . . .  .  . . .  . . . .  . .  .  . . . . . .  .  . . . . . .  . . . . . .  . . . .  .  . . . . . . . .  . . .  . .  .  . . . .  .  . .  .  .  . . .  . . . .  . . . .  . . . . . . .  .  . . . .  .  . .  .  . . . 101
1.1. Overview  and  aims  . . . .  . . .  .  . . .  . . .  . . . .  . . . .  . . .  .  . . .  .  .  . .  .  .  . .  . . .  .  . .  .  .  . . .  . .  .  . . .  .  . .  . . . . . . .  . . . .  . . .  . . .  . . . . . . .  .  . . . . . .  .  . . . . . .  .  . . . . . .  .  . . .  .  .  .  .  . .  . . . .  . . . . . . 101
1.2.  Transcranial  magnetic  stimulation  (TMS)  .  .  . . .  .  . .  . . . . . . . .  . . . . . . .  . . .  .  .  . . .  . . .  . . . . . .  .  . . . .  . . .  .  . . . .  . . . .  . . .  . . . .  . . . . . . . .  . . . .  . . . . . . .  .  . . . .  .  .  .  .  . .  .  . . . .  101

2.  Motor  inhibition  in  aging:  a general  perspective  .  . .  . .  .  .  . . .  .  . . . . . . .  . . . . .  . . . . . . .  .  . .  . . . . .  . .  . . . . . .  .  . . . .  . . . . .  . . .  . .  . . . .  .  . . .  . . . . . . . .  .  .  .  .  . . . .  . . .  .  .  . .  . .  .  . . . . 102
3.  Neurophysiological  basis  of  age-related  changes  in  inhibitory  control:  evidence  from  TMS studies  in  healthy  older  adults  .  .  .  .  .  . . .  .  . . .  . . .  .  .  . .  .  104

3.1.  Age-related  changes  in  inhibitory  control  involved  in  the  preparation  and  generation  of speeded  motor  responses  . . .  .  . .  .  . .  .  .  .  .  . . . .  . . .  104
3.1.1.  Intracortical  inhibition  . .  . . . .  .  . .  .  .  . .  .  .  .  .  . . .  .  .  . . .  . . .  .  .  . . . . .  .  . .  .  . . . .  . . .  . . .  . .  .  .  . . .  . . .  . . . . . .  .  .  . . .  .  . . .  .  . . .  . . . .  .  . . . .  .  . . . .  .  .  .  .  . .  .  . . . . . . . . . .  104
3.1.2.  Interhemispheric  inhibition  . . .  . . . .  .  . .  .  . . .  .  . . .  . . . . . .  .  . . . . . . .  .  . . . . .  . . . . . . .  .  . . . . . . .  . . .  . . . . . . .  .  . . . . .  . .  . . . . . .  .  . . . .  .  .  .  . . .  .  .  . . . .  . . . . .  .  .  . .  106

3.2. Age-related  differences  in  inhibitory  processes  during  interlimb  coordination  . . . . . . .  . . .  . . . .  .  . . . . . . . .  . . . . . .  . . . . . . . .  . .  .  . . . .  . . . . .  . .  .  .  . .  .  . . .  106
3.2.1.  Intracortical  inhibition  . .  . . . .  .  . .  .  .  . .  .  .  .  .  . . .  .  .  . . .  . . .  .  .  . . . . .  .  . .  .  . . . .  . . .  . . .  . .  .  .  . . .  . . .  . . . . . .  .  .  . . .  .  . . .  .  . . .  . . . .  .  . . . .  .  . . . .  .  .  .  .  . .  .  . . . . . . . . . .  107

3.2.2.  Interhemispheric  inhibition  . . .  . . . .  .  . .  .  . . .  .  . . .  . . . . . .  .  . . . . . 

4.  Inhibitory  control  and  age-related  changes  in  brain  structure  . . .  . . .  . . . .  .  .
5.  Inhibition  and  changes  in  brain  activity  . .  . . . .  . . . . . . . .  . . . .  . . .  . . . . . . . .  . . . . . . 

∗ Corresponding author. Tel.: +32 16 32 90 98; fax: +32 16 32 91 97.
E-mail address: oron.levin@faber.kuleuven.be (O. Levin).

1 O.L. and H.F. contributed equally to the paper.

ttp://dx.doi.org/10.1016/j.neubiorev.2014.04.001
149-7634/© 2014 Elsevier Ltd. All rights reserved.
. .  .  . . . . .  . . . . . . .  .  . . . . . . .  . . .  . . . . . . .  .  . . . . .  . .  . . . . . .  .  . . . .  .  .  .  . . .  .  .  . . . .  . . . . .  .  .  . .  108
 . . .  . .  . . . . . . .  .  . . . .  . . .  . . . . .  .  . . . .  .  . . . . . .  .  . . . . . .  .  . . . .  . .  . . .  .  .  .  . . .  .  . . . . . .  . . .  . . .  109
.  . .  . . . .  . .  . . . . . .  .  .  . . .  .  . . .  .  . . .  . . . .  . . . . . . .  . . .  . . . . .  . . . . . . .  . .  .  . .  .  . . . . . .  .  . . .  . .  .  111

dx.doi.org/10.1016/j.neubiorev.2014.04.001
http://www.sciencedirect.com/science/journal/01497634
http://www.elsevier.com/locate/neubiorev
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neubiorev.2014.04.001&domain=pdf
mailto:oron.levin@faber.kuleuven.be
dx.doi.org/10.1016/j.neubiorev.2014.04.001


O. Levin et al. / Neuroscience and Biobehavioral Reviews 43 (2014) 100–117 101

6.  Do  interventions  make  a difference?  . . .  .  . .  .  .  . . .  .  . . .  . . .  .  . . . . . .  .  . . . . . . .  .  .  . . . .  .  . .  . . . .  . . .  . . .  .  . . . .  . . .  . . . .  .  . . . . . .  .  . . . . . .  . . . . . . .  .  . .  .  . . . . . .  .  . . .  .  .  .  . . .  . .  .  .  . . 112
7. Conclusions,  limitations  and  further  directions  . . .  . . . .  . . . .  .  . . .  . . . . . . .  .  . .  .  . . . . . . . . . . . .  . . . . .  . . .  . . . . .  . .  . . . . .  . . .  . . .  . . . . .  . .  .  . .  .  .  .  . . .  .  .  . .  . .  . . . . . .  . . . .  .  . . . 112

Acknowledgments  . . .  .  . . .  .  . . . . . . . . . .  . . . .  . . .  .  . . .  . . . .  .  . . . . . . . . . .  . . . . .  . .  .  . . .  . . . .  . . .  . .  .  . . . . . . .  . . . . .  . . .  . . . . .  . . . . .  .  . . .  .  . . .  . . .  .  . . .  . . . .  . . .  .  .  .  .  . . . . .  . .  . . .  . .  .  . 113
. .  . .  .  .

1

1

f
b
n
L
s
S
a
b
a
t
i
s
R
2
fi
e
P
e
w
n
a
i
c
2

a
i
m
d
(
e
m
u
2
R
G
t
Z
T
a
G
i
G
p
t
A
G
a
p

r
c
c
r

References  . .  . . .  . .  .  . .  . . .  .  . . .  . . . .  . . .  .  . . .  . . .  . . . .  . . . .  .  . .  .  . . .  .  . . .  . . . . . . .  .  . . 

. Introduction

.1. Overview and aims

Normal aging is characterized by changes in the structural and
unctional integrity of the brain. These changes are marked, at the
ehavioral level, by progressive deterioration of motor and cog-
itive functions (Fling and Seidler, 2012a; Heuninckx et al., 2008;
angan et al., 2010; Nielson et al., 2002; O‘Sullivan et al., 2001;
ee reviews, Seidler et al., 2010; Swinnen et al., 2011; Turner and
preng, 2012). Some of the neurodegenerative processes in healthy
ging, including changes in structural (e.g., Inano et al., 2011) and
iochemical (e.g., Gao et al., 2013) properties of the brain, are
rgued to affect cortical inhibitory functions. Age-related deficits in
he ability to control cerebral inhibition may  explain many behav-
oral declines that healthy older adults experience in daily life,
uch as longer reaction times (e.g., Bedard et al., 2002; Jordan and
abbitt, 1977), impaired coordination skills (e.g., Heuninckx et al.,
004; Serrien et al., 2000; Swinnen et al., 1998) and deterioration of
ne motor functions (e.g., Calautti et al., 2001). There is also some
vidence that inhibition at both corticospinal (Oliviero et al., 2006;
einemann et al., 2001; Sale and Semmler, 2005) and spinal (Kido
t al., 2004) levels of the central nervous system (CNS) decreases
ith advancing age. With the increasing use of neuroimaging tech-
iques, a systems level approach has been developed which links
ge-related deteriorations in behavioral performance with changes
n the functional and structural properties of brain networks that
ontrol motor inhibition (e.g., Coxon et al., 2009; Jackson et al.,
012).

At the cortical level, motor inhibition is largely mediated via
ctivation of gamma-aminobutyric acid (GABA) receptors. GABA
s a principal inhibitory neurotransmitter in the brain tissue of

ammalians with a rich structural diversity of receptors and a
ense representation of GABA-ergic interneurons in the neocortex
e.g., Blatow et al., 2005). Deficiencies or abnormalities in GABA-
rgic activity have been documented in many cognitive and/or
ovement disorders, particularly in those diseases where excess or

ndesired movements emerge such as dystonia (Di Lazzaro et al.,
009) and epilepsy (Fedi et al., 2008) (see review, Hallett, 2011;
amamoorthi and Lin, 2011). Importantly, the activity of cortical
ABA-ergic inhibitory interneurons can be monitored in vivo with

ranscranial magnetic stimulation (TMS) (e.g., Siebner et al., 1998;
iemann et al., 1996b; see review, Reis et al., 2008). This makes
MS  a powerful tool to investigate the neurophysiological mech-
nisms associated with age-related changes in the regulation of
ABA-ergic inhibitory function. The main aim of the present review

s to provide, specifically, an overview of age-related changes in
ABA-ergic mediated intracortical and interhemispheric inhibitory
rocesses (as monitored with TMS), with particular reference to
heir impact on declines in motor performance with advancing age.

 question of interest in this context is to what extent declines of
ABA-ergic inhibitory functions are operating as underlying mech-
nisms for motor performance declines in the absence of overt
athology.

Functional neuroimaging techniques (e.g., functional magnetic

esonance imaging, fMRI) and TMS  are expected to generate
omplementary information on age-related changes in functional
ommunication between brain regions: fMRI underscores the neu-
oanatomical boundaries of the brain regions involved in a task,
 . . . . .  .  . . . . . . .  . . . . .  .  . . . . . . . .  .  . . .  . . .  . . . . . . .  . . .  .  .  . . . .  .  . . .  .  .  .  . . . .  . . .  . . .  .  . . . . . 113

whereas TMS  is used to explore the presence and strength of
inhibitory and excitatory projections between those brain regions
and M1  more directly. Likewise, TMS  and structural neuroimaging
may  be used to link age-related changes in the ability to mod-
ulate inhibition with differences in white matter microstructural
organization and gray matter volume of brain regions that project
into M1.  Studies combining TMS  and diffusion tensor imaging (DTI)
in young adults have already indicated that inhibitory functions
are strongly affected by differences in the brain’s structural prop-
erties (Buch et al., 2010; Fling et al., 2011b; Neubert and Klein,
2010; Wahl et al., 2007). Similarly, there is also evidence to sug-
gest that age differences in interhemispheric connectivity affect
functional brain activity (Langan et al., 2010). In the past, TMS and
neuroimaging techniques have been used to study aging indepen-
dently from each other with some exceptions (Fling and Seidler,
2012a; Lanza et al., 2013; McGregor et al., 2013, 2011; Talelli et al.,
2008a). The secondary aim of this review is, therefore, to fur-
ther advance our current understanding of the mechanisms which
underlie age-related changes in GABA-ergic inhibitory functions,
associated with age-differences in motor performance, specifically
focusing on findings from neuroimaging studies that reported age-
differences in the brain’s function (e.g., Heuninckx et al., 2008;
Nielson et al., 2002) or structure (e.g., Coxon et al., 2009; O‘Sullivan
et al., 2001) that predict declines in motor functions.

1.2. Transcranial magnetic stimulation (TMS)

For the sake of clarity, here we provide a brief overview of
the relevant TMS  techniques which are central neurophysiological
techniques in the current review. The physiological effect of TMS
over the primary motor cortex (M1) can be quantified by measuring
the motor-evoked potential (MEP) obtained from surface elec-
tromyographic (EMG) activity in the target muscles (Hallett, 2000;
Rossini et al., 2010; Rothwell, 1997). The MEP  amplitude obtained
with TMS  reflects the net effect of excitatory and inhibitory inputs
to the motor cortex pyramidal cells. GABA-ergic inhibitory pro-
cesses can be explored through the application of various TMS
techniques. For example, the paired-pulse TMS  paradigm (Kujirai
et al., 1993), in which two separate pulses with a short (2–3 ms)
interstimulus interval (ISI) are delivered to the motor cortex
through the same TMS  coil at rest, provides a measure for excitabil-
ity of inhibitory interneurons within M1 (intracortical inhibition,
ICI): the first sub-threshold (conditioning) stimulus is applied to
recruit intracortical inhibitory interneurons which reduce the MEP
amplitude produced by the second (supra-threshold) test stimu-
lus. This phenomenon is referred to as short-interval intracortical
inhibition (SICI). Evidence for the involvement of GABAA-ergic inhi-
bition in the generation of SICIs came from a pharmacological study
by Ziemann et al. (1996a) which observed increased SICI by the
ingestion of lorazepam, a positive modulator of the GABAA receptor.
Another form of cortical inhibition induced with a paired-pulse TMS
paradigm is long interval intracortical inhibition (LICI), in which
two superthreshold stimuli of equal intensities applied with a long
ISI (50–200 ms)  (Valls-Sole et al., 1992). Evidence from a pharmaco-
logical study suggests that LICIs are mediated by GABAB receptors

(Werhahn et al., 1999).

Paired-pulse paradigms that combine peripheral afferent nerve
stimulation with TMS  (e.g., Tokimura et al., 2000) may  be
used to monitor activity of non-GABA-ergic inhibitory pathways;
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epending on the durations of ISIs between the conditioning (affer-
nt, electrical) and test (TMS) stimuli. Inhibition induced by short
SIs (∼20 ms), a phenomenon referred to as short latency affer-
nt inhibition (SAI), is thought to involve cholinergic pathways
Di Lazzaro et al., 2000). For long latency afferent inhibition (LAI)
ISI ∼ 40–70 ms), the inhibition of M1  appears to be mediated via
ABA receptors rather than cholinergic ones (Sailer et al., 2002).
ven though SAI and SICI appeared to be mediated by different
echanisms, evidence from a recent study showed that SAI can

nhibit SICI and vice versa (Udupa et al., 2013). Importantly, both
ICI and SAI appear to serve as significant predictors for age-
ifferences in behavior (both motor and cognitive) among healthy

ndividuals (e.g., Fujiyama et al., 2012a; Heise et al., 2013; Young-
ernier et al., 2012a).

The excitability of GABAB-ergic interneurons in M1  can be
xplored by applying a single TMS  pulse during the voluntary
ontraction of a target muscle. This produces a motor evoked poten-
ial (MEP) in the target muscle contralateral to the stimulated

1 followed by a period of suppressed EMG  activity, which is
ermed contralateral silent period (cSP). The duration of cSPs has
een reported to be prolonged by administration of GABAB ago-
ist, baclofen (Siebner et al., 1998), suggesting that cSP could be
ediated by GABAB-ergic interneurons. Suppression of EMG  activ-

ty in active muscles, ipsilateral to the stimulated hemisphere is
ermed ipsilateral silent period (iSP). Importantly, studies on sub-
ects with callosal lesions have shown that iSPs can been taken
o reflect recruitment of cortical inhibitory interneurons via tran-
callosal fibers passing through the posterior segments of the
orpus callosum (e.g., Li et al., 2013; Meyer et al., 1995, 1998). The
SP is particularly well suited for investigating interhemispheric
ontrol of voluntary hand motor output (e.g., Giovannelli et al.,
009).

The status of interhemispheric inhibition (IHI) between differ-
nt cortical brain regions and M1  on the contralateral hemisphere
an be explored with a double-site TMS  protocol (Chen et al., 2003;
erbert et al., 1992; Lee et al., 2007; Ni et al., 2009; Talelli et al.,
008b). This technique combines the delivery of a conditioning-
ulse over selected cortical sites prior to the test-pulse over M1
n the contralateral hemisphere. Typically, IHI is assessed at two
anges of ISI: short (8–10 ms)  and long (40–60 ms), referred to
s SIHI and LIHI, respectively. In general, SIHI is expected to
e mediated through excitation of direct transcallosal inhibitory
rojections to the contralateral M1  whereas LIHI is likely to be
ediated by indirect interhemispheric projections (e.g., Chen et al.,

003; Gerloff et al., 1998; Ni et al., 2009). Evidence from phar-
acological studies suggests that LIHI may  be mediated through

ctivation of postsynaptic GABAB receptors since the administra-
ion of baclofen (GABAB agonist) significantly enhanced LIHI at
SIs between 20 and 50 ms  (Irlbacher et al., 2007). The GABA-ergic

echanisms responsible for iSP and SIHI, however, are still unclear.
A number of studies have used these TMS  techniques to inves-

igate the involvement of inhibitory mechanisms in the regulation
f voluntary movements in the general healthy population (e.g.,
aldissera et al., 2002; Byblow et al., 2007; Coxon et al., 2006, 2007,
009; Duque and Ivry, 2009; Duque et al., 2012, 2010; Hinder et al.,
010a; Perez and Cohen, 2008; Sinclair and Hammond, 2008, 2009;
andonnet et al., 2010, 2011; van den Berg et al., 2011). However,
nly a limited number of studies have so far investigated the role
f GABA-ergic inhibitory function in motor control in older adults.
vidence for a causal link between age-related differences in per-
ormance and the decreased ability to modulate inhibition has been
rovided lately through observations from an increasing number

f TMS  studies on healthy older adults (Davidson and Tremblay,
013; Fling and Seidler, 2012a; Fujiyama et al., 2009, 2012a,b; Heise
t al., 2013; Hinder et al., 2012; McGregor et al., 2011; Talelli et al.,
008a; Young-Bernier et al., 2012a; see Table 1 for details). The
vioral Reviews 43 (2014) 100–117

observations obtained in these studies are discussed in the present
review.

2. Motor inhibition in aging: a general perspective

On a conceptual level, it has been argued that a degraded ability
for inhibitory control is a primary cause of declined performance
in cognitive (Burke, 1997; Hasher and Zacks, 1988; Kane et al.,
1994; Kramer et al., 1994; Zacks et al., 2000) and motor tasks
(Dustman et al., 1996, 1993). This hypothesis is based on the view
that enhanced top-down control can improve performance in sit-
uations where performance is degraded by other factors. That is,
to some extent, one can reduce performance decline by increasing
attention to task-relevant stimuli or by inhibiting task-irrelevant
information (Hasher et al., 1997). Top-down executive functions
that organize inhibitory functioning, scheduling, planning, and task
switching are cognitive functions most susceptible to the process
of aging (Colcombe et al., 2005). Executive functions are believed to
be largely subserved by the frontal lobes of the brain (West, 1996)
(in interaction with cortical and subcortical structures), which
are compromised by the aging process to a greater extent than
other regions of the brain (Coxon et al., 2012; Raz, 2000; Resnick
et al., 2003). fMRI studies also demonstrate additional brain acti-
vation in older adults (especially in frontal areas) when they are
required to suppress irrelevant processing (e.g., Milham et al., 2002;
Nielson et al., 2002). Using fMRI, Nielson et al. (2002), for exam-
ple, investigated age-related changes in inhibitory control in a task
requiring participants to respond to the letters ‘X’ and ‘Y’ when
presented alternately, while consecutive presentations of same let-
ters required no response. They found increased neural activity
predominantly in right prefrontal and parietal regions and more
extensive bilateral and prefrontal activity in older adults who suc-
cessfully inhibited potentially erroneous responses to repeated
target letters (e.g., X, X). The authors concluded that the additional
activation in successful older adults was  evidence of a compen-
satory mechanism to overcome declined inhibitory control. In
contrast to cognitive tasks, the extent to which age-related changes
in inhibitory functions contribute to motor performance declines
in healthy aging is not well understood (Heuninckx et al., 2005).

The impact of aging on the balance between inhibition and facili-
tation has also been studied with TMS  in healthy older individuals at
rest (Bernard et al., 2013; Kossev et al., 2002; McGinley et al., 2010;
Oliviero et al., 2006; Peinemann et al., 2001; Smith et al., 2009;
Stevens-Lapsley et al., 2013; Wassermann, 2002). Trends, however,
appear inconclusive with observations pointing towards either
increased or reduced cortical inhibition. For example, Peinemann
et al. (2001) reported that normal aging is associated with a decline
of intracortical inhibition, as documented with paired-pulse TMS.
Other studies reported no apparent impact of aging on intra-
cortical (and/or interhemispheric) inhibition (e.g., Kossev et al.,
2002; Stevens-Lapsley et al., 2013; Wassermann, 2002) or even
an increased GABA-ergic mediated intracortical inhibition relative
to younger adults under resting conditions (e.g., McGinley et al.,
2010). Discrepancy between studies may  be due to inconsisten-
cies in the methodology, for example: exploring distal (Peinemann
et al., 2001) vs. proximal (Kossev et al., 2002) hand muscles and/or
age-and gender-differences in hormone levels (e.g., testosterone)
which may  affect the activity of GABAA receptors (Reddy and Jian,
2010; see review, Wang, 2011).

Declines in cerebral inhibitory processes during healthy aging,
however, should not be attributed exclusively to reduced activ-

ity of GABA. For example, cortical GABA-ergic motor interneurons
receive strong cholinergic innervation from afferent pathways
through the thalamus (e.g., Nardone et al., 2012) whereas corti-
cal regions contralateral to M1  may  deliver synaptic input onto
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Table 1
Key TMS  studies which linked age-differences in cerebral inhibitory processes with behavioral changes in healthy aging. Information on age-differences in the brain’s structure or function from neuroimaging data (fMRI or DTI)
was  provided in the main findings when available.

Study Demographic characteristicsa TMS  protocolb Inhibitory neu-
rotransmitter
system(s)

Motor task Main findings

Authors Age
group

No. of
subjects

Age (years)

Davidson and
Tremblay (2013)

YA
OL

13/4F
17/11F

22.4 ± 3.0
73.0 ± 7.6

iSP
(right/left FDI)

Grooved pegboard
Grip strength

Smaller iSP areas (lower transcallosal inhibition)
predicted poorer performance on both manual
tasks.

Fling and Seidler
(2012a)

YA
OA

16
15

18–28
65–76

iSP
(right FDI)

Force production tasks:
unimanual (right), bimanual
simultaneous, bimanual independent

Better microstractuaral organization of the CC
(estimated with DTI) predicted larger iSPs in YA
but not in OA who showed the opposite trend.
Superior inhibition was related to poorer bimanual
performance in OA on all tasks.

Fujiyama et al. (2009) YA
OA

15/9F
15/9F

18–33
61–75

cSP
(right ECR)

GABAB ISO and non-ISO movements with
ipsilateral/contralateral hand and foot

cSP durations differed between contralateral and
ipsilateral limb coordination in young but not in
older adults.

Fujiyama et al. (2012a) YA
OA

15/8F
15/9F

18–29
58–84

as above as above as above Sorter cSP duration (lower inhibition) was more
prominent in older adults that showed lower
coordination stability (Fig. 3).

Fujiyama et al. (2012b) YA
OA

13/10F
13/10F

SICI
(right FDI)

GABAA Go/no-go pre-cued RT SICIs did not differ significantly from baseline in
older adults.
Higher inhibition during movement preparation
(250ms WS)  predicted faster RTs (Fig. 1).

Heise et al. (2013) 64 20–88 SICI
(right FDI)

GABAA SRT/CRT with right index finger (IF).
Finger tapping (FT) with the right IF.
2FT task with right IF and little finger

Declining resting-state inhibition predicted poorer
event-related modulation of SICI.
Better event-related modulation of SICI predicted
better performance on tasks demanding
high-processing load (i.e., 2F tapping and CRT).

Hinder et al. (2012) YA
OA

13
13

22.2 ± 2.4
68.5± 2.9

SIHI/LIHI
LM1→RM1
LPMd→RM1
(left FDI)

GABA-ergic,
glutamatergic

SRT with right IF For the older adults, modulation of LPMd-RM1
interactions early in the preparation period was
associated with faster responses.
Significant correlation between performance and
LIHI (Fig. 2).

McGregor et al. (2011) YA
OA

12/5F
24/13F
(active/
sedentary)

19–39
60–85

iSP
(right FDI)

Manual performance
with right IF, hand grip force, tapping
speed, SRT

Longer iSPs and less positive fMRI BOLD signal of
ipsilateral motor cortex in YA and active OA  than
in sedentary OA.  For all groups, shorter iSP
predicted increased BOLD on tapping.

Talelli et al. (2008a) 27 19–78 SIHI/LIHI
LM1-RM1
(right FDI)

GABA-ergic,
glutamatergic

Right hand grip to
target forces between
15% and 55% MVC

Declined ability to modulate LIHI was  correlated
with increased fMRI BOLD signal at the non-active
M1 (Fig. 4).

Young-Bernier et al.
(2012a)

YA
OA

24/14F
31/18F

22.5 ± 3.5
70.3 ± 3.8

SAI/LAI
(right FDI)

GABA-ergic
cholinergic

SRT with IF
go/no-go with IF
CRT with right/left IF
dexterity pegboard test

SAI was  significantly weaker in OA.  Weaker SAI
predicted poorer performance on CRT, go/no-go
and dexterity. No age-differences in LAI.

a For all studies participants in all age groups were healthy volunteers with no known cognitive or motor disorders (unless mentioned otherwise). In Fujiyama et al. (2009), one subject in each age group was scored as a left
handed.  In Young-Bernier et al. (2012a), two YA and one OA were scored as left handed.

b Figure of eight coils (70–90 mm)  were used in 10 of 12 studies. Hinder et al. (2012) used two 50 mm figure of eight coils for both test and conditioning pulses. Talleli et al. (2008a) used a 50 mm figure of eight coil for test
stimulus (over RM1) and 70 mm figure of eight coil for conditioning stimulus (over LM1). YA = young adults, OA = older adults, F = female, FDI  = first dorsal interosseous muscles, iSP = ipsilateral silent period, cSP = contralateral
silent  period, SICI = short intracortical inhibition, SIHI = short interhemispheric inhibition, LIHI = long interhemispheric inhibition, SAI = short afferent inhibition, LAI = long afferent inhibition, RM1  = right primary motor cortex,
LM1  = left primary cortex, LPMd = left dorsal premotor cortex, ISO = isodirectional, NON-ISO = non-isodirectional, SRT = simple reaction time, CRT = choice reaction time, DTI = diffusion tensor imaging, fMRI = functional magnetic
resonance imaging.
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ABA-ergic motor neurons through glutamatergic circuits (e.g.,
hen, 2004; Liuzzi et al., 2010; Perez and Cohen, 2008). There is evi-
ence to suggest that declines in cholinergic activity (as evaluated
ith SAI) affect psychomotor speed and memory in normal cerebral

ging (Young-Bernier et al., 2012a,b). Nevertheless, dysfunctions in
ctivity of the aforementioned neurotransmitters mainly become
isible in the presence of pathological aging. For example, the loss
f motor inhibition has been documented with TMS  in clinical con-
itions where movement disorders associated with aging emerge
ue to specific (pathology-related) changes in the brain’s struc-
ural and/or biochemical properties, such as in Alzheimer’s disease
Jackson et al., 2012; Pennisi et al., 2011) and Parkinson’s disease
Cantello et al., 2007). While some of the mechanisms underlying
athological aging may  overlap and/or explain reduced inhibitory
rocesses in normal cerebral aging, their relationships to other
iomarkers of healthy aging cannot be generalized.

Although age-related declines in motor inhibition may  arise
t various levels of the CNS, the present review focuses specifi-
ally on the effect of normal cerebral aging on cortical inhibitory
rocesses. Principal regions of interest in this respect are the
refrontal/premotor–motor networks (e.g., Byblow et al., 2007;
uque et al., 2012) and the fronto-basal-ganglia network (Aron
t al., 2007; Aron and Poldrack, 2006; Coxon et al., 2012). Gener-
lly, the cortical regions and intrahemispheric neuronal pathways
hat set up the aforementioned networks are good candidates
or exploring the aging motor system since they are involved
n the regulation of inhibitory processes during daily life situa-
ions where overt suppression of responses is required, such as
o/no-go or go/stop reactions. Other regions of interest are the tran-
callosal pathways which account for interhemispheric inhibitory
rocesses between the two M1s, as well as between the M1s
nd prefrontal/premotor regions in the contralateral hemisphere
Baldissera et al., 2002; Byblow et al., 2007; Fujiyama et al., 2012a;
i et al., 2009; Perez and Cohen, 2008; Talelli et al., 2008b; van den
erg et al., 2011). As such, we consider inhibitory functions within
he key motor area (i.e., M1)  as well as projections from other cor-
ical regions to M1.  Regarding the behavioral (motor) aspects of
ging, slowing of reaction times (e.g., Cuypers et al., 2012; Fujiyama
t al., 2012b, 2013, 2011; Hunter et al., 2001; Morgan et al., 1994;
althouse, 1991, 1996) and decreased ability to coordinate move-
ents with the upper and/or lower limbs (e.g., Fujiyama et al.,

009, 2012a; Goble et al., 2010; Heuninckx et al., 2004; Serrien
t al., 2000; Van Impe et al., 2009) have been documented as typi-
al markers of performance decline in healthy older individuals due
o loss of inhibition.

. Neurophysiological basis of age-related changes in
nhibitory control: evidence from TMS  studies in healthy
lder adults

.1. Age-related changes in inhibitory control involved in the
reparation and generation of speeded motor responses

Aging is associated with progressive slowing of reaction times
Jordan and Rabbitt, 1977; Salthouse, 2000). Many behavioral stud-
es suggest that aging affects the readiness of the motor system,
articularly in choice reaction time tasks (Adam et al., 1998; Bherer
nd Belleville, 2004; Jordan and Rabbitt, 1977; Proctor et al., 2005;
althouse, 2000). Previously, this slowing has been attributed to
ge-related declines in central processing (Clarkson, 1978; Crossley
nd Hiscock, 1992; Jordan and Rabbitt, 1977; Walsh, 1976) and

orking memory (Briggs et al., 1999). Observations from electroen-

ephalography (EEG) studies confirmed that behavioral slowing
ay  be due to changes in response generation, rather than in stim-

lus processing and sensorimotor integration stages (Falkenstein
vioral Reviews 43 (2014) 100–117

et al., 2006; Roggeveen et al., 2007; Yordanova et al., 2004). Fur-
thermore, some studies also found age-related differences in the
preparatory period (i.e., prior to an imperative signal). For exam-
ple, age-related changes in preparatory state have been indexed in
EEG studies by cortical slow potentials, with older adults show-
ing increased amplitudes of the stimulus-preceding negativity
and attenuated contingent negative variation (CNV) amplitudes
in response to a warning signal (Hillman et al., 2002). Sterr and
Dean (2008) similarly observed attenuated CNV amplitudes in older
adults during the waiting period (foreperiod) for the imperative
signal during execution of a motor task, suggesting that neural
processing in older adults was  less efficient relative to younger
adults in the preparatory period, perhaps reflecting deterioration in
attentional processes. Interestingly, TMS  studies with younger par-
ticipants showed that faster reaction times were associated with a
release of intracortical inhibition during the foreperiod, indicating
that decreased cortical inhibition may  be an important compo-
nent of the preparation process prior to response initiation (Sinclair
and Hammond, 2008, 2009). Thus, inhibitory processes required
for response preparation are likely linked to GABA-ergic inhibitory
functions.

Overall, evidence from these studies suggests that response
preparation involves concurrent activation of two functionally
opposing mechanisms which are instrumental for the shortening
of reaction times: (1) suppression of corticospinal excitability by
increasing cortical inhibition, prior to the onset of the impera-
tive signal (impulse control) and (2) release of cortical inhibition
prior to the generation of motor output. As preparation is gener-
ally thought to reflect an activation process through an increase
of cortical excitability, the suppression of corticospinal excitability
during movement preparation (i.e., the time elapsing between the
warning signal and the imperative signal) may, on the one hand,
appear surprising. On the other hand, temporal preparation during
pre-cued choice or go/no-go reaction time paradigms entails sup-
pression of potential premature and/or preferred responses during
the waiting period (Davranche et al., 2007; Duque and Ivry, 2009;
Hasbroucq et al., 1997) to secure a correct response. This suppres-
sion is expected to be followed by a rapid, selective facilitation of
corticospinal excitability in the target muscles through release of
SICI after the onset of the imperative stimulus (Duque et al., 2010;
Tandonnet et al., 2010). In contrast, the reduction of corticospinal
excitability observed after a no-go signal is hypothesized to reflect
the operation of an inhibitory mechanism related to selectively
withholding a response (Tandonnet et al., 2011). Questions of inter-
est that remain, however, are how and to what extent age-related
changes in the balance between inhibitory and excitatory processes
affect reaction time performance in normal aging. In the following,
we will examine the effect of aging on intracortical and interhemi-
spheric inhibitory processes during response preparation.

3.1.1. Intracortical inhibition
Evidence to directly link decreased ability to modulate cor-

ticospinal excitability in general and intracortical inhibition in
particular with motor slowing in healthy older adults has been pro-
vided in recent TMS  studies (Fujiyama et al., 2012b, 2011; Heise
et al., 2013; Young-Bernier et al., 2012a). Specifically, in Fujiyama
et al. (2012b), age-related changes in the time course of corti-
cospinal excitability and intracortical inhibition during a warned
reaction time task were investigated by delivering TMS  during
preparatory (time between warning and imperative signal) and
response generation (after the onset of imperative signal) periods
(Fig. 1A). Age-related differences in the time course of MEP  sup-

pression during the preparatory interval, when inhibition related
to impulse control operates (Davranche et al., 2007; Duque and
Ivry, 2009; Touge et al., 1998), were characterized by smaller mod-
ulations of corticospinal excitability in older individuals relative
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Fig. 1. Excitatory and inhibitory processes associated with psychomotor slowing. (A) The go/no-go task and TMS protocol used in the study of Fujiyama et al. (2012b). A
warning signal (WS) was followed by an imperative signal (IS) to which participants were required to respond with a rapid flexion of the right thumb (go condition) or
withhold their response (no-go condition). Single- and paired-pulse TMS  were administered at various times between WS and IS (response preparation phase) and between
IS  and onset of response-related muscle activity (response generation phase) in the right thumb. (B) Correlations between premotor time (preMT) and normalized SICI
obtained at WS 250 ms  (circles are data from older adults and squares are data from younger adults). A significant positive correlation (p < 0.05) between preMT (ordinate)
a nifican
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nd  normalized SICI (abscissa) was observed in older but not in younger adults. Sig
abscissa) in older adults were observed at WS  250 ms  (C) and 3/4 preMT (D). pr
esponse-related EMG  activity. All illustrations were reproduced from Fujiyama et 

o that observed in younger adults. Although there was no age-
ifference in the ability to modulate intracortical inhibition at the
roup level, a greater recruitment of GABAA-ergic mediated intra-
ortical inhibition (i.e., smaller SICI values) during the preparatory
eriod was associated with faster RTs in older but not in younger
dults (Fig. 1B). During the preparatory period, simultaneous acti-
ations of excitatory and inhibitory circuits appear instrumental in
he generation of fast responses (Fig. 1C and D), with the processes
f preparing to dispatch the motor command (MEP facilitation)
nd impulse control (increased ICI) occurring at the same time.
n contrast, for the motor generation stage, a rapid increase of
et corticospinal excitability, to which a release of ICI partly con-
ributes, results in fast responses. Interestingly, observations from

 recent study by Heise et al. (2013) showed a declined ability
o modulate the GABAA activity as a function of age; specifically,
vent-related modulation of GABAA-ergic inhibition in terms of a
elease of inhibition was drastically reduced in subjects of older
ge. A question of importance, in this respect, is whether age-

elated changes in resting-state inhibition would be directly related
o declines in the ability to modulate inhibition. Evidence from
he same study of Heise et al. (2013) appears to verify this link
y showing that resting-state inhibition is a significant predictor
t negative correlations between preMT (ordinate) and normalized MEP  amplitude
 The latency between the onset of the IS and the first occurrence of the onset of
12b) with permission.

for a decline in task-related modulation of inhibition, suggesting
that lower resting-state inhibition is associated with degraded task-
related inhibitory control in older adults (Heise et al., 2013).

Another question of importance is whether age-differences in
the generation of speeded motor responses are associated with
altered activity of neurotransmitter systems which are not GABA-
ergic. Evidently, motor slowing is attributed in part to a decreased
ability to modulate cholinergic activity. Importantly, observations
from a recent study of Young-Bernier et al. (2012a) showed that
SAI, a phenomenon linked with dysfunction of cholinergic activ-
ity in M1  (e.g., Di Lazzaro et al., 2000; Nardone et al., 2012), is
selectively reduced in healthy older individuals. Also, there is some
consensus that psychomotor slowing in healthy older adults is
not caused exclusively by reduction in the activity of GABAA-ergic
motor interneurons. For example, Young-Bernier et al. (2012a)
showed that SAI levels were significant predictors for performance
in a dexterity task (explaining 32% of the variance), choice reac-
tion time (17%), and go/no-go reaction time (10%). While evidence

from this study suggests that declines in cholinergic processes may
explain age-related decline in regulation of intracortical inhibi-
tion in M1,  the two  inhibitory mechanisms are possibly coupled
with each other (Udupa et al., 2013). Future studies are warranted
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o consider association between these two inhibitory mechanisms
nvestigating SAI and SICI in older adults.

Finally, a growing body of literature shows that response prepa-
ation is controlled by inhibitory projections from non-motor areas
nd secondary motor areas to M1.  For example, Duque et al. (2012)
ound that transient disruption of the dorsal premotor cortex (PMd)
y repetitive TMS  (rTMS) increased the excitability of contralateral
1.  Direct evidence for the involvement of prefrontal and premotor

reas in movement preparation has also been demonstrated with
EG (Huster et al., 2013; Wheaton et al., 2008) and fMRI (Duann
t al., 2009; Smith et al., 2013; Watanabe et al., 2002). In particular,

 network consisting of bilateral premotor area, anterior cingulate
ortex and supplementary motor area (SMA) was highly implicated
n the preparation of a motor response when movements were pre-
ued (Smith et al., 2013; Watanabe et al., 2002). Based on these
ndings, we propose that the reduced ability to modulate inhibi-
ion in healthy older adults could originate at the interface between
refrontal/premotor regions and M1  rather than within M1  per se.

n particular, age-related differences in inhibitory (or excitatory)
rojections from the dorsolateral prefrontal cortex (DLPFC), infe-
ior frontal cortex (IFC), and PMd  to M1  should be considered in
his respect.

.1.2. Interhemispheric inhibition
During preparation and execution of an action, IHI from the

assive to active motor cortex is reduced to allow the planned
ction, while IHI onto the non-responding cortex is increased to
revent unwanted mirror activity (Duque et al., 2007; Hinder et al.,
010b). This predicts that task-related modulation of IHI plays a
unctional role in the preparation and generation of speeded motor
esponses. Interhemispheric interactions are hypothesized to be
articularly important during movement preparation given that

preparatory neurons’ are more abundant in premotor, compared
o primary motor regions during a choice reaction time task (Riehle
nd Requin, 1989). In particular, the left PMd  assumes a domi-
ant role in the preparation of movements of either hand, when
ovements occur in response to external cues (Cisek et al., 2003;

rammond and Kalaska, 1996; Duque et al., 2012; Schluter et al.,
998). Accordingly, any changes in interhemispheric interactions
manating from motor/premotor areas that occur with advancing
ge would assume significance for control of movement prepara-
ion and movement initiation. Indeed, Hinder et al. (2012) reported
reater task-related facilitatory changes in the nature of the inter-
ctions between left PMd  and right M1  for older, compared to young
dults, during response preparation in a simple reaction time task
sing the left hand (Fig. 2). Young and older adults exhibited a simi-

ar degree of inhibition from left to right M1  at rest. The task-related
1–M1  IHI modulations, however, were not correlated to reaction

ime performance. In contrast, the ability to modulate left PMd-
ight M1  IHIs early in the preparation period was associated with
aster responses, suggesting that specifically timed modulation of
hese pathways may  be a compensatory mechanism to overcome,
t least in part, slowing of motor responses in the older adults
roup. Interestingly, the aforementioned effect was  more promi-
ent for LIHI than SIHI, suggesting that tuning of M1  excitability
uring response preparation in the older adults also involves indi-
ect pathways from left PMd  to the right M1.

Finally, recent findings from Fujiyama et al. (2013) showed
hat, particularly for older adults, M1  ipsilateral to the responding
and also assumed a functional role during movement preparation.
pecifically, the authors showed that transient disruption of the left
1 function with double-pulse TMS  during response preparation
or speeded motor responses with the left index finger resulted in
elayed response time in older but not younger adults. This finding

s consistent with the view that the bilateral activation of M1  in
lder adults during unimanual actions is functional and may  help
vioral Reviews 43 (2014) 100–117

to compensate for motor slowing that occurs with advancing age.
The fact that, in older adults, preparing for movement with one limb
entails activation of a bilateral cortical network could partly explain
the early findings of Levin et al. (2011), showing that the older
adults differentially tuned excitability of the active and non-active
M1s  during the preparatory period in a simple reaction time. Specif-
ically, these authors reported that older adults tended to increase
readiness of the moving side to the upcoming go-signal during a
simple reaction time by increasing the excitability of corticospinal
projections to the active hand while suppressing the descending
tracts of the resting hand. The authors suggested that this ear-
lier “differential facilitation” of the corticospinal pathways was a
manifestation of an optimized preparatory strategy that may be
beneficial for overcoming motor slowing. Based on the observations
from Hinder et al. (2012), one would expect that the differential
tuning of corticospinal excitability during performance of a simple
reaction time task (as reported by Levin et al., 2011), is mediated (in
part) by the modulation of interhemispheric interaction between
premotor and primary motor regions. More specifically, the release
of IHI from premotor regions to the M1  contralateral to the mov-
ing side resulted in the earlier facilitation of MEP  amplitude, while
increasing IHI from the same premotor regions to M1 contralateral
to the resting hand was  reflected in the suppression of MEPs in the
non-moving hand.

3.2. Age-related differences in inhibitory processes during
interlimb coordination

Previous studies investigating coordination of the upper and/or
lower limbs in healthy older adults have shown that their abil-
ity to coordinate movements declines with age (e.g., Goble et al.,
2010; Greene and Williams, 1996; Heuninckx et al., 2004; Serrien
et al., 2000). This is particularly evident, for example, during
conditions where suppression of preferred movement patterns
is required, such as in coordination behaviors that require mov-
ing two  or more joints/limbs at different amplitudes, directions
and/or speeds (e.g., Levin et al., 2004b; Serrien and Swinnen, 1997;
Swinnen et al., 2001). Generally, when performing the same coor-
dination task, older adults will normally show higher movement
variability, larger phase wandering, and more frequent phase tran-
sitions relative to those seen in younger individuals (Heuninckx
et al., 2004; Lee et al., 2002; Serrien et al., 2000; Temprado et al.,
2010; Wishart et al., 2000). These markers of deteriorated perfor-
mance tend to emerge at higher movement speeds whereas older
adults might still be able to achieve comparable levels of perfor-
mance with their younger counterparts at comfortable speeds (e.g.,
Heuninckx et al., 2004; Temprado et al., 2010; Wishart et al., 2000).
The aforementioned findings may  suggest, at first, that the age-
related deterioration of coordination might be a consequence of
decreased central sensory processing and sensorimotor integra-
tion (e.g., Heuninckx et al., 2004, 2005). However, as it is necessary
to inhibit conflicting neural outputs that tend to promote pre-
ferred coordination patterns in order to successfully perform the
non-preferred coordination pattern, impaired inhibitory control is
also expected to cause deficits in coordinated movements in older
adults. In this section, we will outline age-related differences in
coordination performance that may  be associated with declines in
the ability of older adults to modulate cortical inhibition.

The manifestation of inhibition in interlimb coordination has
been explored with TMS  (e.g., Baldissera et al., 2002; Byblow et al.,
2007; Carson and Kelso, 2004; Levin et al., 2004a; van den Berg et al.,
2010). Generally, these studies revealed that cyclical activation of

upper or lower limb muscles can result in a phasic modulation of
the excitability of the contralateral homologous or ipsilateral motor
pathways. For example, Byblow et al. (2007) showed that SICIs
obtained from a resting forearm extensor muscle were selectively
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Fig. 2. Interhemispheric interactions and psychomotor slowing. Association between the neurophysiological predictors for interhemispheric inhibition (SIHI and LIHI) and
performance measures (i.e., reaction time). Higher facilitation, probably by release of inhibition, early in preparation (coincident with warning signal = WS)  was  associated
with  faster responses for both 8 and 40 ms.  Task and TMS  protocol: a warning signal (orange light, WS,  here represented by the white circle) was presented for 500 ms  followed
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ith permission.

educed during dorsiflexion compared to plantarflexion movement
f the ipsilateral lower limb, suggesting that intracortical inhibition
as reduced to promote the isodirectional coordination pattern. A

imilar reduction of ICI in hand muscles from both discrete and
hasic dorsiflexion movements of the ipsilateral foot was reported
sing the silent period TMS  protocol (Sohn et al., 2005; Tazoe et al.,
007). Specifically, Sohn et al. (2005) found that cSP duration from

 hand muscle was reduced (i.e., decreased inhibition) when TMS
as triggered by foot movement compared to without foot move-
ent, indicating that cortical inhibition on the hand was released
hen the task required moving another part of the body. How-

ver, until recently, there has been limited research using TMS  to
nvestigate the role of inhibitory processes in the control of inter-
imb coordination performance in aging. A question of importance,
herefore, is the extent to which the greater difficulty observed
n the performance of interlimb movements by older adults is a
onsequence of reduced ICI and IHI inhibitory processes in aged
articipants.

.2.1. Intracortical inhibition
The first evidence for linking lower coordination stability with

eclined ability to modulate ICI in older adults was provided by
ujiyama et al. (2009). Specifically, they assessed cSP duration
n the right extensor carpi radialis (ECR) muscle during perfor-

ance of cyclical hand–foot movements with contralateral and
psilateral limb combinations that moved in the same or oppo-
ite directions (Fig. 3A). Results revealed that older as compared

o young adults showed lower levels of inhibition (shorter cSPs) in
he tasks involving ipsilateral movements (i.e., moving hand and
oot on the same body side). A significant finding in this respect
s the fact that task-related modulations of cSP durations, which
e. Participants responded to the IS as quickly as possible by rapidly abducting their
ed by the vertical arrows. Illustrations were reproduced from Hinder et al. (2012)

are mediated by activity of GABAB receptors (e.g., Siebner et al.,
1998), were observed in younger but not older individuals. Specifi-
cally, younger adults displayed significantly longer cSP durations
(i.e., an increase of GABAB activity) in the most difficult condi-
tion (i.e., movements with the lowest coordination stability) which
was the non-isodirectional pattern with ipsilateral limbs (mean
cSP = 148 ms)  in comparison to baseline phasic hand movement
or contralateral (iso/non-isodirectional hand–foot coordination; all
cSPs < 134 ms). In contrast, no significant difference in cSP was
observed in the older adults across all task coordination modes
(cSP ranged between 137 and 140 ms). The subsequent studies
by Fujiyama et al. (2012a) provided further evidence for the link
between behavioral declines and inhibitory processes in the aging
brain. In their first experiment, using the similar TMS  protocol and
task (Fig. 3B), the authors compared excitatory and inhibitory pro-
cesses in high and low performing older adults. As in the study of
Fujiyama et al. (2009), younger adults exhibited longer cSP (i.e.,
an increase of GABAB activity) with ipsilateral limb combinations
than contralateral limb combinations (Fig. 3C). Indeed, coordina-
tion stability metrics (performance) and cSP duration metrics in
the older adults group covaried with each other, showing that
longer cSPs (i.e., an increase of GABAB activity) were associated
with improved performance (Fig. 3D). Further inspection of the
results revealed that older adults with the lowest behavioral per-
formance exhibited significantly shorter cSP duration than older
adults with significantly more stable performance (i.e., higher per-
formers). These findings proposed for the first time a causal link

between age-related differences in the ability of older adults to acti-
vate GABAB-ergic circuits and their ability to perform an interlimb
coordination task. The difference between high and lower perform-
ers is consistent with the hypothesis that ICI plays a prominent
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Fig. 3. Intracortical inhibitory processes and interlimb coordination. The TMS  protocol and the behavioral coordination tasks were used in experiment 1 of Fujiyama
et  al. (2012a). (A) Cyclical coordination of the hand and foot according to the isodirectional mode (ISO; both limb segments are moved in the same direction) and the
nonisodirectional mode (N-ISO; both segments are moved in opposite directions). (B) Magnetic stimulation (TMS) was delivered at 3 right hand positions (−18◦ , −9◦ , 0◦ ,
relative to horizontal) eliciting right extensor carpi radialis (ECR) muscle stimulating left M1.  (C) Histograms showing the mean right extensor carpi radialis (ECR) silent
period (SP) duration relative to the baseline (hand only) for the younger and older group (dashed line). Error bars indicate 95% confidence intervals. Asterisks indicate
statistically significant differences between conditions in each group (*p  < 0.05; ***p < 0.001). Abbreviations: CNT ISO, contralateral isodirectional; CNT N-ISO, contralateral
n directi
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on-isodirectional; IPS ISO, ipsilateral isodirectional; IPS N-ISO, ipsilateral non-iso
ilent  period duration relative to the baseline (hand only) for lower (LP) and higher
eproduced from Fujiyama et al. (2012a) with permission.

ole in permitting successful execution of the more difficult inter-
imb coordination patterns that require suppression of the more
nherently stable modes (Classen et al., 1998; Garry et al., 2004).

.2.2. Interhemispheric inhibition
The second part of Fujiyama’s study (Fujiyama et al., 2012a,

xperiment 2) examined the primary motor cortex ipsilateral to
he moving hand by measuring MEP  amplitude and cSP duration
rom the left ECR during performance of ipsilateral (right hand
nd foot) and heterolateral (right hand and left foot) coordination
asks. Consistent with previous studies (Hinder et al., 2010a; Sohn
t al., 2003), both younger and older adults showed shortened cSP
urations (i.e., a decrease of GABAB activity) in the tonically con-
racted left ECR when the right hand was moving relative to the
aseline condition in which only the left hand was tonically con-

racted (albeit this effect was more pronounced in young adults).
he decreased cSP durations during the right hand movement were
ccompanied by a significant increase of MEPs measured from
he left ECR (only in young adults). The authors proposed that
onal. (D) Mean standard deviation of relative phase (SD of RP) and mean right ECR
rming (HP) groups in younger and older groups in experiment 1. Illustrations were

phasic activation of the muscles on one side can increase excitabil-
ity of the contralateral homologous motor pathway (e.g., Carson
et al., 2004). As in the previous studies (Fujiyama et al., 2009,
2012a, Experiment 1), younger adults showed significantly longer
cSP durations (i.e., an increase of GABAB activity) during perfor-
mance of the ipsilateral non-isodirectional movements than in the
other movement conditions which did not differ from each other.
This effect was  not seen in the older adults. The aforementioned
finding suggests that, in younger adults, corticospinal inhibition
in both hemispheres was higher during the performance of ipsi-
lateral non-isodirectional limb combinations compared with the
other coordination modes. The authors then proposed that modu-
lation of the intracortical inhibitory pathways in the ipsilateral M1
is linked to the modulation of cSP durations within the contralat-
eral M1,  possibly through interhemispheric inhibitory pathways

(Hinder et al., 2010a,b). Older adults, in contrast, showed no mod-
ulation of cSP durations in the left ECR across conditions, suggesting
that the ability to regulate GABAB activity through the transcallosal
pathways declines with aging.
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Further evidence for linking declined coordination ability in
lder adults with regulation of transcallosal inhibition was  pro-
ided in a study of Fling and Seidler (2012a). Specifically, these
uthors looked into modulations of iSPs in the first dorsal
nterosseous (FDI) muscle of the dominant (right) hand during per-
ormance of three force production tasks including: (1) unimanual
right hand) constant force, (2) bimanual constant force (biman-
al simultaneous), and (3) right hand constant force and left hand
ine wave tracking force (bimanual independent). Observations
rom this study revealed a trend for stronger transcallosal inhi-
ition in young adults, but no age group differences were noted.
hese findings are in contrast to observations from other studies
here transcallosal inhibition (assessed with the same method)
as strongly influenced by age (e.g., Davidson and Tremblay, 2013;
cGregor et al., 2013, 2011). Interestingly, Fling and Seidler (2012a)

eported that higher transcallosal inhibition (i.e., longer and larger
SPs) was significantly correlated with poorer performance of the
imanual independent task (assessed by dominant hand force vari-
bility) in both age groups. This observation contrasts with findings
rom other studies on aging (e.g., Fujiyama et al., 2012a,b; Heise
t al., 2013) where higher levels of inhibition (both ICI and IHI) in
lder adults were found in better performers. Although conflict-
ng, the findings reported by Fling and Seidler (2012a) provided
ome vital evidence about how interhemispheric communication
ay  adapt with aging. Importantly, Fling and Seidler (2012a) found

hat: (1) higher transcallosal inhibition was related to poorer per-
ormance in older adults across all tasks, whereas in young adults
igher transcallosal inhibition predicted poorer performance only
uring the bimanual independent task and (2) higher transcallosal

nhibition predicted lower interhemispheric facilitation (assessed
y MEP  amplitudes in the left FDI during unimanual force produc-
ion) in younger individuals but not in older adults. Interestingly, a
econd study of the same authors (Fling and Seidler, 2012b) which
nvolved only younger adults (but with the same TMS protocol and
asks) has shown that increased transcallosal inhibition reduced

otor overflow during unimanual force production but limited
erformance during performance of independent bimanual force
roduction. Taken together, observations from Fling and Seidler
2012b) suggest that while some degree of inhibition is required for
ndependent bimanual control, the ability to suppress transcallosal
nhibition is also essential since the degree of cooperation between
he two hemispheres is expected to vary across different tasks.

Further evidence for task-related reduction in interhemispheric
nhibition with advancing age has been provided by Talelli et al.
2008a,b). In the first study (Talelli et al., 2008b), TMS  was
sed to assess age-related differences in interhemispheric balance
etween the two M1s, monitoring SIHIs (ISI = 10 ms)  and LIHIs
ISI = 40 ms)  from left to right M1  at rest (rest-IHI) and during
sometric activation of the right hand (active-IHI). Task-related
hanges in IHI were then expressed as the ratio of the values of the
ctive IHI relative to IHI at rest (with values < 1 reflecting stronger
nhibition, and values > 1 reflecting less inhibition). They showed an
verall tendency for stronger SIHI and LIHIs from left to right M1
uring activation of the right index finger muscle relative to rest.
owever, age-related reduction in the extra inhibition imposed by

he activation of right index finger muscle was seen only for LIHIs
Fig. 4A, left hand panel). Based on this observation the authors sug-
ested that the amount of inhibition targeting the ipsilateral (right)
otor cortex increased when the right hand was activated but this

ffect was “gradually attenuated and often reversed with increasing
ge” (c.f. Talelli et al., 2008b). In the subsequent study by Talelli
t al. (2008a), fMRI and TMS  were combined to map  task-related

hanges in interhemispheric inhibition onto task-related activa-
ion changes in motor-related brain areas during the performance
f a similar behavioural task. The authors observed that activity
n the ipsilateral M1  during the active motor task was  greater in
vioral Reviews 43 (2014) 100–117 109

subjects that showed lower LIHIs from left to right M1  (Fig. 4A,
right hand panel). Both effects were positively correlated with age,
i.e., younger adults generally showed lower BOLD signal in M1  and
higher inhibition values, whereas higher M1  BOLD signal and lower
inhibition values were mainly observed in the older adults, suggest-
ing that increased brain activity in the “non-active” hemisphere
was associated with decreased ability of the “active” hemisphere
to inhibit the “non-active” hemisphere (Fig. 4B).

The aforementioned observations may  partly explain the
manifestation of increased coordination interference (e.g., phase
wandering and phase transitions) in older adults during perfor-
mance at higher movement speeds (Sosnoff and Newell, 2011;
Temprado et al., 2010). For example, it is expected that older
adults who show lower interhemispheric inhibition would also
present increased bilateral brain activity during performance of
high-frequency unilateral movements with upper and/or lower
limbs. Likewise lesser capacity to modulate IHI as a function of task
is expected to increase bimanual interference as, for example, in
tasks where limbs are required to move with different frequency
ratios (e.g., Sisti et al., 2011). Importantly, Talelli et al. (2008a,b)
reported that age-related declines in the ability to regulate inhi-
bition were found only for LIHIs but not for SIHIs. This finding
suggests that the decreased ability to modulate M1-M1 IHIs in the
aging brain may  not be only due to degeneration of callosal fibres
that directly connect the two primary motor cortices. Instead, the
declined ability to modulate LIHIs hints that regulation of inhibition
between the two motor cortices involves transcallosal interactions
that expand beyond M1,  for example projections from the con-
tralateral PMd  (Hinder et al., 2012) or (pre-)SMA (Neubert et al.,
2010). In addition, the reduced ability to modulate LIHIs in the
older adults may  well be attributed to neurodegenerative processes
within those regions, for example, decrease of GABA levels (Gao
et al., 2013).

4. Inhibitory control and age-related changes in brain
structure

It is well accepted that structural changes in the aging brain may
at least partly contribute to the decline of motor performance in
the general healthy older population. These structural changes are
normally characterized by a decrease in white matter microstruc-
tural organization (O‘Sullivan et al., 2001; Pfefferbaum et al., 2005;
Salat et al., 2005; Sullivan et al., 2001) and gray matter loss (Good
et al., 2001; Resnick et al., 2003; Ziegler et al., 2012; see review,
Seidler et al., 2010). DTI is a non-invasive magnetic resonance
technique that provides information about microstructural orga-
nization of white matter (myelinated) bundles by measuring the
directionality of water diffusion (Basser et al., 1994). Evidence from
recent studies of Rushworth’s group (Buch et al., 2010; Neubert
et al., 2010), using DTI in conjunction with dual-site TMS  protocols,
clearly showed that individual differences in the microstructure of
the brain motor network do affect the dynamics of corticospinal
excitability. For example, by using diffusion-weighted magnetic
resonance image scans alongside with TMS, Buch et al. (2010)
showed that inter-subject differences in the facilitation-inhibition
contrast during a task which required action reprogramming of
a goal-directed action were correlated with fractional anisotropy
(FA) of white-matter structures of ventral-prefrontal, premotor,
and/or intraparietal brain regions in healthy young adults. Fur-
ther evidence for correlations between individual differences in
white-matter anisotropy and inhibitory control in healthy young

individuals was reported in a second study from the same group
(Neubert et al., 2010). These authors showed that individual differ-
ences in inhibitory interactions between the pre-SMA and M1 could
be predicted by the mean FA of white-matter connections between
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Fig. 4. Interhemispheric inhibition and age-related differences in brain activation. (A) The associations between the neurophysiological predictors for interhemispheric
inhibition (SIHI and LIHI), age, and brain activation reported by Talleli and colleagues (Talelli et al., 2008a,b). Age was  significantly correlated with LIHI (ISI = 40 ms)
but  not SIHI (ISI = 10 ms). Definitions: restIHI = IHI measured with both hands relaxed; activeIHI = IHI measured during a tonic contraction of the dominant hand;
changeIHI = activeTMS/restTMS; changeTMS < 1 indicate stronger IHI at the active condition. Illustration was reproduced from Talelli et al. (2008b) with permission. (B)
Brain  activation during right hand grip (BG) is greater in left (ipsilateral) sensorimotor cortex and supplementary motor area in subjects with less interhemispheric inhibition
(where a greater value for IHI40c represents less interhemispheric inhibition) from left to right motor cortices. The significant voxels (p < 0.05, corrected) are overlaid onto
the  mean normalized T1-weighted structural image obtained from all subjects (right hand panel). Illustration was reproduced from Talelli et al. (2008a) with permission.
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he aforementioned regions. Relating changes in the microstruc-
ural organization of the aging brain to age-related declines in
he ability to modulate inhibition is, therefore, a necessary step
or understanding the mechanisms which underlie performance
eficits in healthy aging.

Regulation of IHI may  depend, in this respect, on the integrity of
he corpus callosum (CC) which plays a critical role in the functional
ntegration of large scale brain networks that mediate interhemi-
pheric communication. Since disintegration of the motor callosal
bers is expected to disrupt connectivity among brain regions, one
ould expect to find an association between degraded coordination
erformance and age-related changes in IHI. Some evidence to sup-
ort this view comes from Fling and Seidler (2012a) who assessed
ranscallosal inhibition and microstructural integrity of interhemi-
pheric fiber tracts connecting the two primary motor cortices in

 single experimental design. Findings, however, were somewhat
urprising. In line with evidence from many other studies, Fling and
eidler (2012a) showed that a better microstructural organization
f CC fiber tracts in healthy older adults (Fling et al., 2011b), as well
s in patients with leukoaraiosis (Frederiksen et al., 2011; Jokinen
t al., 2012; Lanza et al., 2013; Ryberg et al., 2011), is beneficial
or performance. Importantly, the results from Fling and Seidler
2012a) study revealed that (1) higher levels of transcallosal inhi-
ition (i.e., longer iSPs) predicted better callosal microstructural
rganization of the CC (i.e., higher FA values) in young adults but
2) higher levels of transcallosal inhibition predicted poorer perfor-

ance in older adults. In other words: superior structural integrity
as positively associated with stronger transcallosal inhibition in

oung adults, whereas this relationship was negative in older adults
ho also showed a negative relationship between transcallosal

nhibition and performance. Taken together, it was  proposed that
lder adults who maintained interhemispheric fiber tract integrity
ay  rely less on transcallosal inhibition as a compensation strategy

or performance declines (Fling and Seidler, 2012a).
Findings from other TMS  studies using double-site TMS  pro-

ocol provide further evidence that the declines in the ability to
odulate transcallosal inhibition may  not be directly attributed

o microstructural organization of the CC. For example, observa-
ions from studies where IHI inhibition was monitored in older
dults with double-site TMS  showed that the ability to regulate
IHI (which directly reflects M1-M1  inhibition) is either preserved
Talelli et al., 2008a,b) or exhibited only slight declines with aging
Hinder et al., 2012). Rather, task-related declines in the ability to
egulate IHI (Hinder et al., 2012; Talelli et al., 2008a,b) are more
rominent in LIHI, suggesting that decreased integrity of callosal
bers is not a limiting factor for regulation of interhemispheric

nhibition between homologous motor centers. Interestingly, age-
elated changes in the microstructural organization of the CC are
lso non-uniform in that anterior segments of the CC are more
rone to degeneration than posterior parts (e.g., Coxon et al.,
012; Pfefferbaum et al., 2005; Serbruyns et al., 2013). This may
artly explain the observations by Talelli et al. (2008a,b) that LIHIs
etween the two motor cortices (which are believed to be medi-
ted via indirect projections combining anterior, posterior and/or
ubcortical brain regions) were more affected by aging than SIHIs
hich are believed to be mediated by direct callosal pathways

etween the two motor cortices.
Alternatively, age-differences in interhemispheric interactions

nvolving LIHI but not SIHI could be taken as markers for the
ntegrity of interhemispheric interactions between non-primary

otor and/or prefrontal regions and the M1  of the opposite hemi-
phere via indirect (subcortical) pathways. Therefore, white matter

ubstructures other than the CC should also be considered. Possible
andidates are the white matter bundles connecting the (pre-)SMA
ith the right IFC and the subthalamic nucleus (STN). The role of

hese brain regions in the inhibitory control of action and cognition
vioral Reviews 43 (2014) 100–117 111

is well documented (e.g., Aron and Poldrack, 2006; Duann et al.,
2009; see review, Aron et al., 2007). Importantly, parts of the brain
network that regulate inhibition are located in the prefrontal cortex
which is more prone to age-related structural changes than poste-
rior areas (e.g., Coxon et al., 2012; Pfefferbaum et al., 2005). Indeed,
recent structural imaging studies clearly show that age-related
changes in the microstructural organization of the prefrontal-basal
ganglia network are associated with a reduced ability to actively
prevent movements when a “stop” is delivered after a “go” (Coxon
et al., 2012; Hu et al., 2012, 2013). Particularly in older adults, higher
microstructural organization of white matter bundles that connect
the right IFC, pre-SMA, and STN predicts successful performance of
switching and stopping behavior.

In addition to breakdown of the myelin sheath around the axon
of neurons, structural changes in the aging brain also consist of
shrinkage in soma size, reduction in the complexity of dendrite
arborization and length (Dickstein et al., 2007), interneuron loss
(Stanley et al., 2012), and alteration in the number of GABA recep-
tors (e.g., Gleichmann et al., 2012) which is generally a sign of
gray matter atrophy (see review, Kumar and Foster, 2007). These
changes are likely associated with impaired ICI and IHI in the
aging brain, e.g., by decreasing the number of active GABA-ergic
inhibitory interneurons (both GABAA and GABAB) within brain cen-
ters that control inhibition. Finally, a recent study, using magnetic
resonance spectroscopy (1H-MRS) detected declines in GABA lev-
els in healthy older participants (Gao et al., 2013). This observation
could explain the reported declines in both resting-state and task-
related GABAA-mediated activity in the M1  of older adults (Heise
et al., 2013). A promising avenue for further research would be
linking the declines in GABA levels with age-related changes in
the ability to modulate ICI and IHI in the aging brain as has been
suggested in this review.

5. Inhibition and changes in brain activity

Evidence from many fMRI studies indicates that older adults
recruit additional cortical and subcortical areas compared to young
adults for the performance of the same motor tasks (Boudrias et al.,
2012; Calautti et al., 2001; Goble et al., 2010; Heuninckx et al., 2005,
2008, 2010; Mattay et al., 2002; Swinnen et al., 2011; Talelli et al.,
2008a; Ward and Frackowiak, 2003; Ward et al., 2008). Generally,
increased brain activation has been considered as “compensatory”
(e.g., Cabeza, 2001) since such activity is often positively corre-
lated with performance. Compensatory brain activation is normally
observed in high performing older adults during complex motor
tasks and in regions that are generally less activated by young
adults. Interestingly, this increased activation is often (but not
exclusively) seen in prefrontal brain regions such as the IFC and/or
(pre-)SMA (Goble et al., 2010; Heuninckx et al., 2008) that are
classically involved in the suppression of prepotent response ten-
dencies. An interesting question, therefore, is the extent to which
this increased activation is associated with the recruitment of extra
inhibitory pathways or elevated activity in inhibitory brain net-
works? One way  to address this question is linking the observation
of Heuninckx et al. (2008) where increased BOLD fMRI signal pre-
dicted better performance, with the observations of Fujiyama et al.
(2012a) who  showed an increased cortical inhibition in M1  in high-
but not low-performing older adults.

Notably, both studies used the same behavioral task (i.e.,
the non-isodirectional patterns with ipsilateral hand and foot)
and showed elevated cortical inhibition (Fujiyama et al., 2012a)

and increased BOLD responses (Heuninckx et al., 2008) in high-
performing older individuals. In contrast, older individuals who
showed lower levels of cortical inhibition and lower levels of BOLD
response were also those who performed worst. Interestingly,
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bservations from an early study by the same authors (Heuninckx
t al., 2005) indicated that increased BOLD signal in cortical
egions of the brain during execution of the non-isodirectional
non-preferred) mode was especially pronounced in secondary

otor areas (specifically, (pre-)PMd and (pre-)SMA), whereas
hese brain areas were less active during execution of the isodi-
ectional (preferred) mode of coordination. Fujiyama et al. (2009,
012a) also reported longer SPs during the non-isodirectional
ode as compared to the isodirectional mode, which can be

nterpreted as an increased activation of GABAB-ergic inhibitory
nterneurons. Both effects may  represent a signature for suppres-
ion of prepotent response tendencies (i.e., the tendency to shift
rom non-isodirectional foot-wrist coordination to the isodirec-
ional coordination mode). Thus, the speculation emerges that the
ncreased activity of prefrontal/premotor brain areas during the
erformance of the non-isodirectional movements (observed by
euninckx et al., 2008) is partly related to an increased recruitment
f inhibitory motor pathways in high-performing older individuals
reported by Fujiyama et al., 2012a) whereas low-performing older
dults may  lack the capacity to recruit extra inhibitory resources.

The aforementioned hypotheses should be taken, nonetheless,
ith caution. Indeed, some of the brain areas showing increased

ctivation during performance of the non-isodirectional move-
ents, such as the IFC and PMd  (Heuninckx et al., 2005, 2008),

re directly connected with the primary motor cortex (Boudrias
t al., 2012; Neubert et al., 2011). Other prefrontal or secondary-
otor regions such as the (pre)SMA and DLPFC appear to regulate
1 excitability via subcortical or indirect cortico-cortical loops

Aron et al., 2007; Aron and Poldrack, 2006; Coxon et al., 2010,
012). Alternatively, elevated activation of prefrontal or parietal
rain areas in the high-performing older individuals may  be the
esult of increased demands on memory (Bangert et al., 2010; Lewis
nd Miall, 2003; Summers et al., 1981), increased deployment of
ttention (Boisgontier et al., 2012; Coxon et al., 2010; Fujiyama
t al., 2010; Heuninckx et al., 2004; Hiraga et al., 2004, 2005;
an Impe et al., 2011; see review, Boisgontier et al., 2013) and/or

ncreased reliance on sensory information processing (Boisgontier
nd Nougier, 2013; Heuninckx et al., 2005, 2010; Serrien et al.,
000; Van Impe et al., 2009).

Increased brain activation in older adults may  also be associated
ith dysfunctional brain activity which is generally characterized

y activation spreading from active to non-active motor regions
e.g., Boudrias et al., 2012; Talelli et al., 2008a). Therefore, by relat-
ng functional brain imaging metrics and task-related changes in
HI metrics, it is possible that a link may  be established between
oor inhibitory interactions and increased dysfunctional activation
preading from the active M1  to primary and/or secondary motor
reas in the contralateral hemisphere (Talelli et al., 2008a; Ward,
006). Further evidence, linking inferior transcallosal inhibition in
lder adults with positive BOLD changes during motor activity, has
ome from recent studies of McGregor et al. (2013, 2011). Such dys-
unctional activation spreading is not predicted to be associated
ith higher performance.

. Do interventions make a difference?

We  have argued that declines in inhibitory functions with aging
re related to differences in motor performance. The ability to
egulate inhibition declines in healthy aging due to multiple degen-
rative processes in GABA-ergic or cholinergic neurotransmission
ystems (as described in Section 3). Evidence from animal models,

owever, suggests that pharmacological intervention could com-
ensate for this decline. For example, observations from a study on
rimates (Leventhal et al., 2003) showed that the administration
f muscimol (a GABAA receptor agonist) improved visual functions
vioral Reviews 43 (2014) 100–117

in older animals, presumably via the up-regulation of intracortical
inhibitory processes. Yet, there is no clear line of evidence to sug-
gest that pharmacological interventions targeting the GABA-ergic
system may  help to improve motor functions in healthy human
older adults. Further investigation as to whether the pharmacolog-
ical interventions improve inhibitory control of movements in the
general healthy population is warranted.

There is some evidence that alterations in brain structure and
function with advancing age can be delayed or even reversed and
skills can be revived by training-induced neuroplastic changes (e.g.,
Erickson et al., 2007). More specifically, recent work has shown
that learning a new skill induces plastic changes in grey and white
matter structure in young adults (Scholz et al., 2009; Taubert et al.,
2011) and grey matter increase in older adults (Boyke et al., 2008).
The basic assumption is that these structural changes are the result
of adaptation based on relative use and activity (use-dependent
plasticity), whereby such changes in functional processing induces
the structural changes. Related changes have also been observed
with the use of TMS, showing modulation of cortical excitability
and inhibitory function after training (Koeneke et al., 2006).

Other possible interventions consist of non-invasive brain stim-
ulation techniques, electrical or magnetic stimulation and cortical
stimulation combined with peripheral stimulation. In particular
transcranial direct current stimulation (tDCS) may have high clin-
ical potential since the device is inexpensive and operation is very
simple. For example, anodal tDCS (atDCS) over the DLPFC has been
reported to transiently improve cognitive functions (e.g., Javadi
and Walsh, 2012; Leite et al., 2011) and supports learning (e.g.,
Foerster et al., 2013; Reis and Fritsch, 2011). There is also evi-
dence that tDCS over M1 in healthy older adults improves motor
performance (Hummel et al., 2010; Zimerman et al., 2013), high-
lighting the potential benefit of tDCS. Interestingly, it has also been
demonstrated that application of atDCS improves the efficiency
of inhibitory control (and enhances cognitive control of action)
(Boggio et al., 2006; Fecteau et al., 2007). The question remains open
whether long term atDCS-supported training can promote changes
in brain structure, alleviate age-related declines in the control of
inhibition and improve cognitive control of action more effectively
than training on its own. Further studies in this domain are essen-
tial for uncovering age-related changes in inhibitory recruitment
processes and provide a foundation for intervention programs that
promote functional independence, a goal with considerable social
and economic impact.

7. Conclusions, limitations and further directions

Over the past five years TMS  has been increasingly used as a non-
invasive method to monitor age-related changes in the integrity of
inhibitory functions responsible for motor decline in healthy aging.
In the present review we  outlined evidence from recent TMS studies
linking poor inhibitory control with declined performance of volun-
tary movements in healthy older individuals (Cuypers et al., 2012;
Fling and Seidler, 2012a; Fujiyama et al., 2009, 2012a; Heise et al.,
2013; Hinder et al., 2012; Levin et al., 2011; McGregor et al., 2013,
2011). Overall, these studies indicate the possible contribution of
the ability to modulate inhibitory function to preserved motor
performance in healthy aging. Specifically, observations from the
studies of Fujiyama et al. (2012a,b), Heise et al. (2013), and Hinder
et al. (2012) suggest that successful performance of a motor task
in older adults is related to the capacity to modulate inhibition
through the GABAA- and GABAB-ergic neurotransmission systems.

Interactions between GABA-ergic and other neurotransmission
systems should, nonetheless, be considered as well. Although these
findings show a consistent pattern, there is still a need for further
research to substantiate the association between reduced control
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f inhibition and age-related changes in performance. One neces-
ary step towards generalization of the findings reported here is
o link them with other hallmarks of the aging CNS that have also
een associated with motor performance declines, such as declines

n brain structural metrics and changes in functional brain activity.
While this review highlights the advantages of TMS  as an impor-

ant research tool to explore age-related changes in the integrity
f the brain networks that control movements, one should not
verlook its limitations. First, the TMS  techniques discussed in this
eview cannot be used to assess inhibitory pathways that do not
roject to M1.  Given that inhibition of action is controlled by brain
etworks that span beyond M1,  using TMS  as the only method to
valuate inhibitory functions in the aging brain will limit our under-
tanding of the role of inhibitory mechanisms in motor control.
econd, only a small number of studies have used TMS  to explore
he integrity of the inhibitory motor network in the aging brain
nd only a limited number of motor tasks have been examined in
hese studies. More studies are needed to obtain a more compre-
ensive picture of TMS  techniques and subgroups of the healthy
lder population (e.g., active versus sedentary older adults, males
ersus females, etc.). Furthermore, the current literature still lacks a
ritical body of evidence that allows systematic and meta-analysis
ype reviews.

The research summarized in this review provides evidence for
resumptive relationships between declines in the inhibitory con-
rol of movements and other biomarkers of aging which reflect
hanges in structural and functional brain metrics (Fling et al.,
011a) in the general healthy population. An important challenge
or the near future is to make use of a complementary array of
rain measurement techniques, such as MRI  and TMS techniques,
o further our understanding of the aging brain in action.
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Boudrias, M.-H., Gonç alves, C.S., Penny, W.D., Park C.-h. Rossiter, H.E., Talelli, P.,
Ward, N.S., 2012. Age-related changes in causal interactions between cortical
motor regions during hand grip. Neuroimage 59, 3398–3405.

Boyke, J., Driemeyer, J., Gaser, C., Büchel, C., May, A., 2008. Training-induced brain
structure changes in the elderly. J. Neurosci. 28, 7031–7035.

Briggs, S.D., Raz, N., Marks, W.,  1999. Age-related deficits in generation and manipu-
lation of mental images: I The role of sensorimotor speed and working memory.
Psychol. Aging 14, 427–435.

Buch, E.R., Mars, R.B., Boorman, E.D., Rushworth, M.F.S., 2010. A network centered
on  ventral premotor cortex exerts both facilitatory and inhibitory control over
primary motor cortex during action reprogramming. J. Neurosci. 30, 1395–1401.

Burke, D.M., 1997. Language, aging, and inhibitory deficits: evaluation of a theory. J.
Gerontol B. Psychol. Sci. Soc. Sci. 52, 254–264.

Byblow, W.,  Coxon, J.P., Stinear, C.M., Fleming, M.K., Williams, G., Müller, J.F.M., Zie-
mann, U., 2007. Functional connectivity between secondary and primary motor
areas underlying hand–foot coordination. J. Neurophysiol. 98, 414–422.

Cabeza, R., 2001. Functional neuroimaging of cognitive aging. In: Cabeza, R., King-
stone, A. (Eds.), Handbook of Functional Neuroimaging of Cognition. MIT  Press,
Cambridge, MA,  pp. 331–377.

Calautti, C., Serrati, C., Baron, J.C., 2001. Effects of age on brain activation dur-
ing auditory-cued thumb-to-index opposition: a positron emission tomography
study. Stroke 32, 139–146.

Cantello, R., Tarletti, R., Varrasi, C., Cecchin, M.,  Monaco, F., 2007. Cortical inhibition in
Parkinson’s disease: new insights from early, untreated patients. Neuroscience
150, 64–71.

Carson, R.G., Kelso, J.A.S., 2004. Governing coordination: behavioural principles and
neural correlates. Exp. Brain Res. 154, 267–274.

Carson, R.G., Riek, S., Mackey, D.C., Meichenbaum, D.P., Willms, K., Forner, M.,
Byblow, W.D., 2004. Excitability changes in human forearm corticospinal pro-
jections and spinal reflex pathways during rhythmic voluntary movement of the
opposite limb. J. Physiol. (Lond.) 560, 929–940.

Chen, R., 2004. Interactions between inhibitory and excitatory circuits in the human
motor cortex. Exp. Brain Res. 154, 1–10.

Chen, R., Yung, D., Li, J.Y., 2003. Organization of ipsilateral excitatory and inhibitory
pathways in the human motor cortex. J. Neurophysiol. 89, 1256–1264.

Cisek, P., Crammond, D.J., Kalaska, J.F., 2003. Neural activity in primary motor and
dorsal premotor cortex in reaching tasks with the contralateral versus ipsilateral
arm. J. Neurophysiol. 89, 922–942.

Clarkson, P.M., 1978. The effect of age and activity level on simple and choice frac-
tionated response time. Eur. J. Appl. Physiol. 40, 17–25.

Classen, J., Liepert, J., Wise, S.P., Hallett, M.,  Cohen, L.G., 1998. Rapid plasticity of
human cortical movement representation induced by practice. J. Neurophysiol.
79, 1117–1123.

Colcombe, S.J., Kramer, A.F., Erickson, K.I., Scalf, P., 2005. The implications of corti-
cal recruitment and brain morphology for individual differences in inhibitory
function in aging humans. Psychol. Aging 20, 363–375.

Coxon, J.P., Goble, D.J., Van Impe, A., De Vos, J., Wenderoth, N., Swinnen, S.P.,
2010. Reduced basal ganglia function when elderly switch between coordinated
movement patterns. Cereb. Cortex 20, 2368–2379.

Coxon, J.P., Stinear, C.M., Byblow, W.D., 2006. Intracortical inhibition during voli-
tional inhibition of prepared action. J. Neurophysiol. 95, 3371–3383.

Coxon, J.P., Stinear, C.M., Byblow, W.D., 2007. Selective inhibition of movement. J.
Neurophysiol. 97, 2480–2489.

Coxon, J.P., Stinear, C.M., Byblow, W.D., 2009. Stop and go: the neural basis of selec-
tive movement prevention. J. Cogn. Neurosci. 21, 1193–1203.

Coxon, J.P., Van Impe, A., Wenderoth, N., Swinnen, S.P., 2012. Aging and inhibitory
control of action: cortico-subthalamic connection strength predicts stopping
performance. J. Neurosci. 32, 8401–8412.

Crammond, D.J., Kalaska, J.F., 1996. Differential relation of discharge in primary
motor cortex and premotor cortex to movements versus actively maintained
postures during a reaching task. Exp. Brain Res. 108, 45–61.

Crossley, M.,  Hiscock, M.,  1992. Age-related differences in concurrent-task perfor-
mance of normal adults: evidence for a decline in processing resources. Psychol.
Aging 7, 499–506.

Cuypers, K., Thijs, H., Duque, J., Swinnen, S.P., Levin, O., Meesen, R.L.J., 2012. Age-
related differences in corticospinal excitability during a choice reaction time
task. Age, 1–15.

Davidson, T., Tremblay, F., 2013. Age and hemispheric differences in transcallosal
inhibition between motor cortices: an ispsilateral silent period study. BMC  Neu-

rosci. 14, 3766–3774.

Davranche, K., Tandonnet, C., Burle, B., Meynier, C., Vidal, F., Hasbroucq, T., 2007.
The dual nature of time preparation: neural activation and suppression revealed
by  transcranial magnetic stimulation of the motor cortex. Eur. J. Neurosci. 25,
3766–3774.

http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0005
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0010
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0015
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0020
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0025
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0025
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0025
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0025
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0025
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0025
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0025
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0025
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0025
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0025
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0025
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0025
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0030
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0030
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0030
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0030
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0030
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0030
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0030
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0030
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0030
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0030
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0030
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0030
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0035
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0040
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0040
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0040
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0040
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0040
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0040
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0040
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0040
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0040
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0040
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0040
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0040
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0045
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0050
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0055
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0060
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0065
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0070
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0075
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0080
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0080
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0080
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0080
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0080
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0080
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0080
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0080
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0080
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0080
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0080
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0080
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0080
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0085
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0090
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0095
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0100
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0105
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0110
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0115
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0120
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0125
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0130
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0135
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0140
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0145
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0150
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0155
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0160
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0165
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0170
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0170
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0170
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0170
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0170
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0170
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0170
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0170
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0170
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0170
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0175
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0180
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0185
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0190
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0195
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0200
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0205


1 iobeha

D

D

D

D

D

D

D

D

D

D

E

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

G

G

14 O. Levin et al. / Neuroscience and B

i Lazzaro, V., Oliviero, A., Profice, P., Dileone, M.,  Pilato, F., Insola, A., Della Marca, G.,
Tonali, P.A., Mazzone, P., 2009. Reduced cerebral cortex inhibition in dystonia:
direct evidence in humans. Clin. Neurophysiol. 120, 834–839.

i Lazzaro, V., Oliviero, A., Profice, P., Pennisi, M.A., Di Giovanni, S., Zito, G., Tonali,
P., Rothwell, J.C., 2000. Muscarinic receptor blockade has differential effects on
the  excitability of intracortical circuits in the human motor cortex. Exp. Brain
Res. 135, 455–461.

ickstein, D.L., Kabaso, D., Rocher, A.B., Luebke, J.I., Wearne, S.L., Hof, P.R., 2007.
Changes in the structural complexity of the aged brain. Aging Cell 6, 275–284.

uann, J.-R., Ide, J.S., Luo, X., Li, C.-S.R., 2009. Functional connectivity delineates
distinct roles of the inferior frontal cortex and presupplementary motor area in
stop signal inhibition. J. Neurosci. 29, 10171–10179.

uque, J., Ivry, R.B., 2009. Role of corticospinal suppression during motor prepara-
tion. Cereb. Cortex 19, 2013–2024.

uque, J., Labruna, L., Verset, S., Olivier, E., Ivry, R.B., 2012. Dissociating the role of
prefrontal and premotor cortices in controlling inhibitory mechanisms during
motor preparation. J. Neurosci. 32, 806–816.

uque, J., Lew, D., Mazzocchio, R., Olivier, E., Ivry, R.B., 2010. Evidence for two con-
current inhibitory mechanisms during response preparation. J. Neurosci. 30,
3793–3802.

uque, J., Murase, N., Celnik, P., Hummel, F., Harris-Love, M., Mazzocchio, R., Olivier,
E.,  Cohen, L.G., 2007. Intermanual differences in movement-related interhemi-
spheric inhibition. J. Cogn. Neurosci. 19, 204–213.

ustman, R.E., Emmerson, R.Y., Shearer, D.E., 1996. Life span changes in electrophys-
iological measures of inhibition. Brain Cogn. 30, 109–126.

ustman, R.E., Shearer, D.E., Emmerson, R.Y., 1993. EEG and event-related potentials
in normal aging. Prog. Neurobiol. 41, 368–401.

rickson, K.I., Colcombe, S.J., Wadhwa, R., Bherer, L., Peterson, M.S., Scalf, P.E., Kim,
J.S.,  Alvarado, M.,  Kramer, A.F., 2007. Training-induced plasticity in older adults:
effects of training on hemispheric asymmetry. Neurobiol. Aging 28, 272–283.

alkenstein, M.,  Yordanova, J., Kolev, V., 2006. Effects of aging on slowing of motor-
response generation. Int. J. Psychophysiol. 59, 22–29.

ecteau, S., Knoch, D., Fregni, F., Sultani, N., Boggio, P., Pascual-Leone, A., 2007. Dimin-
ishing risk-taking behavior by modulating activity in the prefrontal cortex: a
direct current stimulation study. J. Neurosci. 27, 12500–12505.

edi, M.,  Berkovic, S.F., Macdonell, R.A.L., Curatolo, J.M., Marini, C., Reutens, D.C.,
2008. Intracortical hyperexcitability in humans with a GABA(A) receptor muta-
tion. Cereb. Cortex 18, 664–669.

erbert, A., Priori, A., Rothwell, J.C., Day, B.L., Colebatch, J.G., Marsden, C.D., 1992.
Interhemispheric inhibition of the human motor cortex. J. Physiol. (Lond.) 453,
525–546.

ling, B.W., Chapekis, M.,  Reuter-Lorenz, P.A., Anguera, J., Bo, J., Langan, J., Welsh,
R.C., Seidler, R.D., 2011a. Age differences in callosal contributions to cognitive
processes. Neuropsychologia 49, 2564–2569.

ling, B.W., Seidler, R.D., 2012a. Fundamental differences in callosal structure, neu-
rophysiologic function, and bimanual control in young and older adults. Cereb.
Cortex 22, 2643–2652.

ling, B.W., Seidler, R.D., 2012b. Task-dependent effects of interhemispheric inhibi-
tion  on motor control. Behav. Brain Res. 226, 211–217.

ling, B.W., Walsh, C.M., Bangert, A.S., Reuter-Lorenz, P.A., Welsh, R.C., Seidler, R.D.,
2011b. Differential callosal contributions to bimanual control in young and older
adults. J. Cogn. Neurosci. 23, 2171–2185.

oerster, A., Rocha, S., Wiesiolek, C., Chagas, A.P., Machado, G., Silva, E., Fregni, F.,
Monte-Silva, K., 2013. Site-specific effects of mental practice combined with
transcranial direct current stimulation on motor learning. Eur. J. Neurosci. 37,
786–794.

rederiksen, K.S., Garde, E., Skimminge, A., Barkhof, F., Scheltens, P., van Straaten,
E.C., Fazekas, F., Baezner, H., Verdelho, A., Ferro, J.M., Erkinjuntti, T., Jokinen, H.,
Wahlund, L.O., O‘Brien, J.T., Basile, A.M., Pantoni, L., Inzitari, D., Waldemar, G.,
2011. Corpus callosum tissue loss and development of motor and global cogni-
tive impairment: the LADIS study. Dement. Geriatr. Cogn. Disord. 32, 279–286.

ujiyama, H., Garry, M.I., Levin, O., Swinnen, S.P., Summers, J.J., 2009. Age-related dif-
ferences in inhibitory processes during interlimb coordination. Brain Res. 1262,
38–47.

ujiyama, H., Garry, M.I., Martin, F.H., Summers, J.J., 2010. An ERP study of age-related
differences in the central cost of interlimb coordination. Psychophysiology 47,
501–511.

ujiyama, H., Hinder, M.R., Schmidt, M.W.,  Garry, M.I., Summers, J.J., 2012a.
Age-related differences in corticospinal excitability and inhibition during
coordination of upper and lower limbs. Neurobiol. Aging 33, e1414, 1484.e1481-
1484.

ujiyama, H., Hinder, M.R., Schmidt, M.W.,  Tandonnet, C., Garry, M.I., Summers,
J.J., 2012b. Age-related differences in corticomotor excitability and inhibitory
processes during a visuomotor RT task. J. Cogn. Neurosci. 24, 1253–1263.

ujiyama, H., Hinder, M.R., Summers, J.J., 2013. Functional role of left PMd  and left
M1  during preparation and execution of left hand movements in older adults. J.
Neurophysiol..

ujiyama, H., Tandonnet, C., Summers, J.J., 2011. Age-related differences in
corticospinal excitability during a Go/NoGo task. Psychophysiology 1148,
1448–1455.

ao, F., Edden, R.A., Li, M., Puts, N.A., Wang, G., Liu, C., Zhao, B., Wang, H., Bai, X.,

Zhao, C., Wang, X., Barker, P.B., 2013. Edited magnetic resonance spectroscopy
detects an age-related decline in brain GABA levels. Neuroimage 78, 75–82.

arry, M.I., Kamen, G., Nordstrom, M.A., 2004. Hemispheric differences in the rela-
tionship between corticomotor excitability changes following a fine-motor task
and motor learning. J. Neurophysiol. 91, 1570–1578.
vioral Reviews 43 (2014) 100–117

Gerloff, C., Cohen, L.G., Floeter, M.K., Chen, R., Corwell, B., Hallett, M.,  1998. Inhibitory
influence of the ipsilateral motor cortex on responses to stimulation of the
human cortex and pyramidal tract. J. Physiol. (Lond.) 510, 249–259.

Giovannelli, F., Borgheresi, A., Balestrieri, F., Zaccara, G., Viggiano, M.P., Cincotta,
M., Ziemann, U., 2009. Modulation of interhemispheric inhibition by voli-
tional motor activity: an ipsilateral silent period study. J. Physiol. (Lond.) 587,
5393–5410.

Gleichmann, M., Zhang, Y., Wood 3rd, W.H., Becker, K.G., Mughal, M.R., Pazin, M.J.,
van  Praag, H., Kobilo, T., Zonderman, A.B., Troncoso, J.C., Markesbery, W.R., Matt-
son, M.P., 2012. Molecular changes in brain aging and Alzheimer’s disease are
mirrored in experimentally silenced cortical neuron networks. Neurobiol. Aging
33  (205), e201–e218.

Goble, D.J., Coxon, J.P., Van Impe, A., De Vos, J., Wenderoth, N., Swinnen, S.P., 2010.
The neural control of bimanual movements in the elderly: brain regions exhibit-
ing age-related increases in activity, frequency-induced neural modulation, and
task-specific compensatory recruitment. Hum. Brain Mapp. 31, 1281–1295.

Good, C.D., Johnsrude, I.S., Ashburner, J., Henson, R.N., Friston, K.J., Frackowiak, R.S.,
2001. A voxel-based morphometric study of ageing in 465 normal adult human
brains. Neuroimage 14, 21–36.

Greene, L.S., Williams, H.G., 1996. Aging and coordination from the dynamic pattern
perspective. In: Ferrandez, A.M., Teasdale, N. (Eds.), Change in Sensori Motor
Behavior in Aging. Elsevier Science B.V, Holland, pp. 89–131.

Hallett, M.,  2000. Transcranial magnetic stimulation and the human brain. Nature
406, 147–150.

Hallett, M., 2011. Neurophysiology of dystonia: the role of inhibition. Neurobiol. Dis.
42,  177–184.

Hasbroucq, T., Kaneko, H., Akamatsu, M.,  Possamai, C.A., 1997. Preparatory inhibition
of  cortico-spinal excitability: a transcranial magnetic stimulation study in man.
Brain Res. Cogn. Brain Res. 5, 185–192.

Hasher, L., Quig, M.B., May, C.P., 1997. Inhibitory control over no-longer-relevant
information. Adult age differences. Mem.  Cognit. 25, 286–295.

Hasher, L., Zacks, R.T., 1988. Working memory, comprehension, and aging: a review
and a new view. In: Bower, G.H. (Ed.), The Psychology of Learning and Motivation.
Academic Press, New York, pp. 193–225.

Heise, K.F., Zimerman, M.,  Hoppe, J., Gerloff, C., Wegscheider, K., Hummel, F.C.,
2013. The aging motor system as a model for plastic changes of GABA-
mediated intracortical inhibition and their behavioral relevance. J. Neurosci. 33,
9039–9049.

Heuninckx, S., Debaere, F., Wenderoth, N., Verschueren, S., Swinnen, S.P., 2004.
Ipsilateral coordination deficits and central processing requirements associated
with coordination as a function of aging. J. Gerontol B. Psychol. Sci. Soc. Sci. 59,
225–232.

Heuninckx, S., Wenderoth, N., Debaere, F., Peeters, R., Swinnen, S.P., 2005. Neural
basis of aging: the penetration of cognition into action control. J. Neurosci. 25,
6787–6796.

Heuninckx, S., Wenderoth, N., Swinnen, S.P., 2008. Systems neuroplasticity in the
aging brain: recruiting additional neural resources for successful motor perfor-
mance in elderly persons. J. Neurosci. 28, 91–99.

Heuninckx, S., Wenderoth, N., Swinnen, S.P., 2010. Age-related reduction in the
differential pathways involved in internal and external movement generation.
Neurobiol. Aging 31, 301–314.

Hillman, C.H., Weiss, E.P., Hagberg, J.M., Hatfield, B.D., 2002. The relationship to age
and cardiovascular fitness to cognitive and motor processes. Psychophysiology
39,  303–312.

Hinder, M.R., Fujiyama, H., Summers, J.J., 2012. Premotor-motor interhemispheric
inhibition is released during movement initiation in older but not young adults.
PLoS ONE 7, e52573.

Hinder, M.R., Schmidt, M.W.,  Garry, M.I., Summers, J.J., 2010a. The effect of ballistic
thumb contractions on the excitability of the ipsilateral motor cortex. Exp. Brain
Res. 201, 229–238.

Hinder, M.R., Schmidt, M.W.,  Garry, M.I., Summers, J.J., 2010b. Unilateral contrac-
tions modulate interhemispheric inhibition most strongly and most adaptively
in  the homologous muscle of the contralateral limb. Exp. Brain Res. 205,
423–433.

Hiraga, C.Y., Summers, J.J., Temprado, J.J., 2004. Attentional costs of coordi-
nating homologous and non-homologous limbs. Hum. Movement Sci. 23,
415–430.

Hiraga, C.Y., Summers, J.J., Temprado, J.J., 2005. Effects of attentional prioritisation
on  the temporal and spatial components of an interlimb circle-drawing task.
Hum. Movement Sci. 24, 815–832.

Hu, S., Chao, H.H.-A., Winkler, A.D., Li, C.S., 2012. The effects of age on cerebral acti-
vations: internally versus externally driven processes. Front. Aging Neurosci.
4.

Hu, S., Chao, H.H., Zhang, S., Ide, J.S., Li, C.S., 2013. Changes in cerebral morphometry
and amplitude of low-frequency fluctuations of BOLD signals during healthy
aging: correlation with inhibitory control. Brain Struct. Funct..

Hummel, F.C., Heise, K., Celnik, P., Floel, A., Gerloff, C., Cohen, L.G., 2010. Facilitating
skilled right hand motor function in older subjects by anodal polarization over
the  left primary motor cortex. Neurobiol. Aging 31, 2160–2168.

Hunter, S.K., Thompson, M.W.,  Adams, R.D., 2001. Reaction time, strength, and phys-
ical activity in women aged 20–89 years. J. Aging Phys. Activity 9, 32–42.
Huster, R.J., Enriquez-Geppert, S., Lavallee, C.F., Falkenstein, M.,  Herrmann, C.S., 2013.
Electroencephalography of response inhibition tasks: functional networks and
cognitive contributions. Int. J. Psychophysiol. 87, 217–233.

Inano, S., Takao, H., Hayashi, N., Abe, O., Ohtomo, K., 2011. Effects of age and gender
on white matter integrity. AJNR Am. J. Neuroradiol. 32, 2103–2109.

http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0210
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0215
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0220
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0225
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0230
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0235
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0240
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0245
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0250
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0255
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0260
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0265
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0270
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0275
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0280
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0285
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0290
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0295
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0300
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0305
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0310
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0315
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0320
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0325
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0330
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0335
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0340
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0345
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0350
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0355
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0360
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0365
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0370
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0375
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0380
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0385
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0390
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0395
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0400
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0405
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0410
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0415
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0420
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0425
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0430
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0435
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0440
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0445
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0450
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0455
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0460
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0465
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0470
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0475
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0480
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0485
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490
http://refhub.elsevier.com/S0149-7634(14)00085-2/sbref0490


obeha

I

J

J

J

J

K

K

K

K

K

K

K

L

L

L

L

L

L

L

L

L

L

L

L

M

M

M

M

O. Levin et al. / Neuroscience and Bi

rlbacher, K., Brocke, J., Mechow, J.V., Brandt, S.A., 2007. Effects of GABA(A) and
GABA(B) agonists on interhemispheric inhibition in man. Clin. Neurophysiol.
118, 308–316.

ackson, J.D., Balota, D.A., Duchek, J.M., Head, D., 2012. White matter integrity
and reaction time intraindividual variability in healthy aging and early-stage
Alzheimer disease. Neuropsychologia 50, 357–366.

avadi, A.H., Walsh, V., 2012. Transcranial direct current stimulation (tDCS) of the
left dorsolateral prefrontal cortex modulates declarative memory. Brain Stimul.
5,  231–241.

okinen, H., Frederiksen, K.S., Garde, E., Skimminge, A., Siebner, H., Waldemar, G.,
Ylikoski, R., Madureira, S., Verdelho, A., van Straaten, E.C., Barkhof, F., Fazekas,
F.,  Schmidt, R., Pantoni, L., Inzitari, D., Erkinjuntti, T., 2012. Callosal tissue loss
parallels subtle decline in psychomotor speed a longitudinal quantitative MRI
study. The LADIS Study. Neuropsychologia 50, 1650–1655.

ordan, T.C., Rabbitt, P.M., 1977. Response times to stimuli of increasing complexity
as  a function of ageing. Br. J. Psychol. 68, 189–201.

ane, M.J., Hasher, L., Stoltzfus, E.R., Zacks, R.T., Connelly, S.L., 1994. Inhibitory atten-
tional mechanisms and aging. Psychol. Aging 9, 103–112.

ido, A., Tanaka, N., Stein, R.B., 2004. Spinal excitation and inhibition decrease as
humans age. Can. J. Physiol. Pharmacol. 82, 238–248.

oeneke, S., Lutz, K., Herwig, U., Ziemann, U., Jäncke, L., 2006. Extensive training
of  elementary finger tapping movements changes the pattern of motor cortex
excitability. Exp. Brain Res. 174, 199–209.

ossev, A.R., Schrader, C., Däuper, J., Dengler, R., Rollnik, J.D., 2002. Increased
intracortical inhibition in middle-aged humans; a study using paired-pulse tran-
scranial magnetic stimulation. Neurosci. Lett. 333, 83–86.

ramer, A.F., Humphrey, D.G., Larish, J.F., Logan, G.D., Strayer, D.L., 1994. Aging and
inhibition: beyond a unitary view of inhibitory processing in attention. Psychol.
Aging 9, 491–512.

ujirai, T., Caramia, M.D., Rothwell, J.C., Day, B.L., Thompson, P.D., Ferbert, A., Wroe,
S.,  Asselman, P., Marsden, C.D., 1993. Corticocortical inhibition in human motor
cortex. J. Physiol. (Lond.) 471, 501–519.

umar, A., Foster, T.C., 2007. Neurophysiology of old neurons and synapses. In: Rid-
dle, D.R. (Ed.), Brain Aging: Models, Methods, and Mechanisms. Taylor & Francis
Group LLC, Boca Raton, FL.

angan, J., Peltier, S.J., Bo, J., Fling, B.W., Welsh, R.C., Seidler, R.D., 2010. Functional
implications of age differences in motor system connectivity. Front. Syst. Neu-
rosci., 4.

anza, G., Bella, R., Giuffrida, S., Cantone, M.,  Pennisi, G., Spampinato, C., Giordano,
D., Malaguarnera, G., Raggi, A., Pennisi, M.,  2013. Preserved transcallosal inhibi-
tion to transcranial magnetic stimulation in nondemented elderly patients with
leukoaraiosis. BioMed Res. Int. 2013, 351680.

ee, H., Gunraj, C., Chen, R., 2007. The effects of inhibitory and facilitatory intra-
cortical circuits on interhemispheric inhibition in the human motor cortex. J.
Physiol.-Lond. 580, 1021–1032.

ee, T.D., Wishart, L.R., Murdoch, J.E., 2002. Aging, attention, and bimanual coordi-
nation. Can. J. Aging 21, 549–557.
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