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Objective:  The  purpose  of our study  was  to  investigate  the  effects  of  Yoga  on  reducing  cognitive-motor
interference  (CMI)  for maintaining  balance  control  during  varied  balance  tasks.
Method:  Yoga  (N  = 10)  and  age-similar  non-practitioners  (N =  10)  performed  three  balance  tasks  including
the Limits  of  Stability  test  (LOS  – Intentional  balance),  Motor  Control  test  (MCT  –  Reactive  balance),  and
Sensory  Organization  Test  (SOT  –condition  6:  inducing  both  somatosensory  and  visual  conflicts)  under
single-task  (ST)  and  dual-task  (DT, addition  of  a cognitive  working  memory  task)  conditions.  The  motor
performance  was  assessed  by  recording  the  response  time  (RT)  and  movement  velocity  (MV)  of  the  center
of pressure  (CoP)  on  LOS  test,  weight  symmetry  (WS)  of  CoP  on  the MCT test  and  equilibrium  (EQ)  of CoP
on the  SOT  test.  Cognitive  performance  was  recorded  as the  number  of correct  responses  enumerated  in
sitting  (ST)  and  under  DT  conditions.  The  motor  cost  (MC)  and cognitive  cost  (CC)  were  computed  using
the  formula  ([ST-DT]/ST)*100  for all the  variables.  Greater  cost  indicates  lower  performance  under  DT
versus  ST  condition.
Results: The  Yoga  group  showed  a significantly  lesser  MC for both  MCT  and  SOT  tests  (p  <  0.05)  in  com-

parison  to  their  counterparts.  The  CC  were  significantly  lower  on  LOS and  MCT  test  for  the  Yoga group
(p  < 0.05).
Conclusion:  Results  suggest  that  Yoga  practice  can  significantly  reduce  CMI  by  improving  allocation  and
utilization  of  attentional  resources  for both  balance  control  and  executive  cognitive  functioning;  thus
resulting  in  better  performance  under  DT conditions.

© 2016  Published  by Elsevier  Ltd.
. Introduction

Many daily activities need individuals to perform functional
asks requiring balance control concurrently with cognitive tasks.1

tudies that have examined the attentional demands of the motor
asks during simultaneous performance of balance control and
ognitive tasks (dual-tasking – DT), 2,3 had observed that the per-
ormance on either or both the tasks declines under DT conditions.

hese studies suggest sharing of central resources between bal-
nce and cognitive tasks, causes lesser attention to be focused on

Abbreviations: CMI, cognitive-motor interference; CoP, center of pressure; CNS,
entral nervous system; ST, single - task; DT, dual - task; LOS, limits of stability; MCT,
otor control test; SOT, sensory organization test; RT, response time; WS,  weight

ymmetry; EQ, equilibrium; MV,  movement velocity; MC,  motor cost; CC, cognitive
ost; Y, yoga; NY, Non yoga.
∗ Corresponding author at: Department of Physical Therapy, 1919, W Taylor St,

M/C 898), University of Illinois at Chicago, Chicago, IL, USA.
E-mail address: tbhatt6@uic.edu (T. Bhatt).

ttp://dx.doi.org/10.1016/j.ctim.2016.10.012
965-2299/© 2016 Published by Elsevier Ltd.
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either one or both the tasks. This phenomenon is referred to as
cognitive-motor interference (CMI).4

Dual-task studies have demonstrated a decline in performance
of gait (gait speed, swing time, increased swing time variability)
and cognition (executive function), dynamic balance (decrease in
muscle response amplitude) and obstacle crossing (decrease in toe
clearance and reactive time and increase in stepping time), demon-
strating decline in performance of either one or both tasks when
performed concurrently.5–8 The pattern of interaction between
integrating cognitive and motor tasks may  depend on several fac-
tors, the type of cognitive task and the complexity of the balance
control task.9–10

Many studies have demonstrated that Yoga training leads to
improvement in balance control.11–13 A systematic review indi-
cated that Yoga improved performance on clinical balance control
tests such as the Berg balance scale in both young and older healthy

14
adults. Another study compared the effect of a custom-designed
Yoga program with Tai Chi training in healthy older adults and con-
cluded that Yoga was  as effective as Tai Chi for improving both static
and dynamic balance control.15

vard University from ClinicalKey.com by Elsevier on June 17, 2017.
017. Elsevier Inc. All rights reserved.
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Furthermore, recent studies have reported that Yoga is effective
n improving various higher cognitive functions such as executive
ontrol, mental flexibility, and working memory. A randomized
ontrolled trial study examined the effects of an 8-week Hatha
oga training on executive function, measures of task switching
nd working memory capacity in comparison with stretching-
trengthening exercises in healthy older adults. The results showed

 significant improvement in executive cognitive function, working
emory capacity and mental set shifting and flexibility compared
ith their counterparts.16 Another study demonstrated greater

ognitive performance (increased accuracy) with an hour of Yoga
ractice, relative to aerobic exercise in healthy young adults on
orking memory function tested with the N-back task.17 In spite

f wide practice and balance control and cognitive benefits of Yoga,
here has been no study yet evaluating the CMI  under DT conditions,

 necessary part to assess effects of Yoga practice.18

Thus, the purpose of this study was to investigate the effects
f Yoga on CMI  for maintaining balance control (intentional, reac-
ive and both somatosensory and visual conflicts induced) while
ach of them is concurrently performed with a working memory
unction task. We  hypothesized that the Yoga practitioners would
erform significantly better in all the three balance control tasks in
omparison to their age-similar non-practitioners in DT condition.
oga practitioners would also have a significantly higher cogni-
ive performance demonstrating decreased mutual CMI  under DT
onditions.

. Method

Participants: Twenty individuals, including Ten Yoga practi-
ioners, ten non-practitioners, similar in age, sex, height and
ducation participated in this study. All participants were from the
hicagoland area. Yoga practitioners were recruited from Yoga cen-
ers and age-similar non-practitioners from the university student
ool. All the participants reported that they practiced Hatha and
undalini yoga (45–60 min/session, 2–3 sessions a week ≥1 year),
hich are the most popular forms of thought in the west. The study
as approved by the Institutional Review Board of the University

f Illinois. Informed consent was obtained from all the participants.

.1. Protocol

Each participant completed three balance control tasks includ-
ng the Limits of Stability test (LOS) (intentional balance), Motor
ontrol test (MCT) (reactive balance), and posturography with
onflicting somatosensory and visual information Sensory Organi-
ation test (SOT – condition 6) with and without a serial subtraction
ask.19,20 The posturography task was conducted for condition 6,
s the age-associated decline in equilibrium has been excessively
eported in this condition. Further, the decrease in equilibrium
cores has been correlated with increased risk of falls in older
dults.21 Participants also performed the three balance control
asks and the serial subtraction cognitive task in isolation while
eated. The Equitest (Computerized Dynamic Posturography) sys-
em used in this study records the signals from the force-sensing
urface and the computer processes the signals to quantity postural
tability under various test conditions, normalized to participant’s
eight and weight. These trials were defined as single-task (ST)
nd dual-task (DT) conditions. The details of each test are further
escribed below.

.1.1. Single task conditions
.1.1.1. Limits of stability test (Intentional balance control task).
he design, equipment and protocol for intentional balance con-
rol used in this study have been comprehensively detailed
reviously.22 The outcome measures recorded by the software

ed for Anonymous User (n/a) at President and Fellows of Harvard College on behalf of Harvard
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included movement velocity (MV) and response time (RT). Move-
ment velocity was the average speed of the center of pressure
movement in degrees per second. The Response time is calculated
as the point in time at which the participants center of pressure
(CoP) moves beyond the area occupied between the command to
move and the onset of the individual’s movement.

Formula:Reaction time forward direction = 0.5∗SLF +SF +0.5∗SRF
2

23

S = Score, SLF = Score of left forward movement, SRF = Score of right
forward movement

2.1.1.2. Motor control test (MCT) (reactive balance control task). The
design, equipment and protocol for the reactive balance control
task is described elsewhere.22 The outcome measure recorded
by the software was  weight symmetry (WS) and response time
(RT). Weight symmetry quantifies the distribution of total body
weight over each lower extremity during completion of the test.
The response time was  quantified as the time between translation
(stimulus) onset and initiation of the individual’s active response
in milliseconds.

2.1.1.3. Sensory organization test (SOT – condition 6). Posturography
task with conflicting somatosensory and visual information: Assessed
by SOT protocol of the Equitest (Computerized Dynamic Postur-
ography) on condition 6 with eyes open on sway- referenced
support surface and surround (in this situation, the participants
both somatosensory and visual information was distorted and the
input from only the vestibular system was  given). Participants ini-
tial starting position was similar to that of the starting position
during LOS and MCT  balance control protocol tests and participants
wore the safety harness system. Participants were instructed to
stand still and were asked to maintain their balance without taking
a step or falling with eyes open on condition 6. Scores are based
on the assumption that a normal individual can exhibit anterior
to posterior sway over a total range of approximately 12.5 ◦ with-
out losing balance. The equilibrium (EQ) score for each trial was
calculated by comparing the angular difference between the indi-
vidual’s maximum anterior to posterior CoP displacements to this
theoretical maximum displacement. The result was  expressed as
an inverse percentage between 0 and 100. Scores approaching 0
indicate sway amplitudes approaching the LOS with a value of 100
indicating perfect stability. A score of 0 indicates that the patient
“fell” on that trial.

Equilibrium = 12.5◦−(�max− �min)×100
12.5◦ 23

2.1.1.4. Cognitive task. Each participant performed a test of execu-
tive function, serial subtraction task in a sitting position (single-task
condition, ST). The serial subtraction task requires the transient
holding and processing of new and existing information and can
assess the working memory function. Participants were given pre-
determined numbers and asked to perform a serial subtraction (e.g.
subtract 8 from 96 as many times as you can until stopped).24

2.1.2. Dual-task conditions
Under dual-task (DT) conditions, participants performed the

three balance control tasks (LOS, MCT, and SOT tests) in conjunction
with the serial subtraction task (Fig. 1). For the LOS test participants
were asked to start serial subtraction from the given numbers as
soon as they heard the start beep, while simultaneously shifting
their weight in a given direction with feet in place. Similarly, for the
MCT  test they were asked to recite as many numbers as possible
starting from the given numbers, while trying to maintain their bal-
ance and upright posture without taking a step or falling in response

to sudden movement of the platform underneath their feet. For the
SOT test, participants were asked to recite as many numbers as
possible, while trying to maintain their standing balance with eyes
open while the standing surface and the surrounding environment

 University from ClinicalKey.com by Elsevier on June 17, 2017.
. Elsevier Inc. All rights reserved.
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F three balance control tasks LOS (Limits of stability), MCT  (Motor control test), and SOT
( l subtraction cognitive task.
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Table 1
Demographics of Yoga practitioners and age-similar non-practitioners.

Characteristics Yoga practitioners
(n = 10)

Age-similar
non-practitioners
(n = 10)

p-value

Age (year) 27.5 ± 9.33 26.7 ± 6.48 0.681
Height (cm) 163.4 ± 8.22 165.9 ± 7.34 0.267
Weight (lb) 136.8 ± 16.17 142.7 ± 8.9 0.264

Down
ig. 1. Schematic of dual-task (DT) conditions where participants performed the 

Sensory organization test) in conjunction with the Counting backward (CB), a seria

ways (condition 6). To minimize the potential for learning, dif-
erent sets of serial subtraction numbers were provided for each
est under DT condition. To allow for accurate comparison of cog-
itive performance between ST and DT conditions, the same set of
erial subtraction numbers were used for the seated cognitive task
ST) and the balance tasks under DT conditions and the participants
ere not specifically instructed to prioritize either of the cognitive

r the balance task. The numbers for each trial condition remained
he same between participants.

All tests were completed in one test session, lasting approxi-
ately one hour and 20 min. The order of all balance ST and DT

rials was randomized using a computerized random number gen-
rator software and was the same across all the participants (Fig. 2).
ach participant was given a total of six familiarization trials, one
rial each for ST and DT conditions for LOS, MCT, and SOT tests. To
void fatigue, a 1–2-min rest period was provided between trials.
o avoid a recall bias, an interval of 15 min  was given between the
eated cognitive task and DT conditions trials. The assessor, par-
icipant and the person analyzing the data were all blinded in this
tudy.

.2. Statistical analysis

The means and standard deviations of the absolute values of the
alance outcome measures (Movement velocity, weight symme-
ry and equilibrium and response time of the CoP) were obtained.
n order to compare the reaction time for reactive and volun-
ary balance control task in this study, we had converted the
eactive balance milliseconds units to seconds. Following, which
o determine any change in performance between ST and DT
cognitive-motor interference) conditions, we calculated the DT
osts for each of the balance outcome measures and the cognitive
easure. Dual-task cost was computed using the formula
Movement velocity, equilibrium and response time

ost =
[

ST−DT
DT

]
∗ 100

Weight symmetry = −
[

ST−DT
DT

]
∗ 100 25,26

As movement velocity and equilibrium were likely to decrease
uring DT conditions, lesser cost demonstrates (better perfor-
ance), while greater cost indicates better performance in weight

ymmetry. As the response latency was expected to increase dur-
ng DT conditions, a greater cost (lower performance) would be
ndicated by greater negative values. A value of 0 indicated no dif-
erence in response time between ST and DT, and positive values

ndicated a reduced cost under DT conditions. A 3 × 2 repeated

easures ANOVA was performed the independent variables: motor
nd cognitive cost. Motor cost (MC) and cognitive cost (CC) were
onsidered as the primary outcome variables for this study. The

loaded for Anonymous User (n/a) at President and Fellows of Harvard College on behalf of Har
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Sex  (male/female) 2/8 2/8 0.157

Values are mean ± SD.

three balance tasks were treated as the independent within group
(repeated) factor and the two groups as the between-group fac-
tor. Significant test x group interactions were resolved with post
hoc paired and independent t-tests. The alpha level was adjusted
to account for the multiple comparisons. The Bonferroni correc-
tion was  used to make the adjustment of P values. Among the
three balance tests, the SOT test does not generate response time.
However, as movement initiation ability (response time), is an
important aspect of balance control, we evaluated the changes in
the response time cost between the LOS and MCT  tests, for both
groups (practitioners and non-practitioners) x motor tasks com-
pared using 2 × 2 ANOVAs. Significant test (LOS and MCT  tests) x
group interactions were resolved with post hoc t-tests. Age, weight,
and height were compared between the Yoga practitioners and the
age similar non-practitioners using independent t-tests. A �2 test
was used to compare the sex distributions of the groups. Analyses
were performed using the SPSS version 17.0 of the commercially
available Statistical Package for the Social Sciences (SPSS).

3. Results

The Yoga practitioners and age similar non-practitioners were
similar in demographics (age, gender, and height) and are repre-
sented in Table 1. The cognitive measure, the number of correct
cognitive responses from the total number of responses, were com-
puted and presented for two groups for the ST and the DT conditions
(Table 2).

3.1. Effect of dual-tasking on balance performance

A significant group (practitioners and non-practitioners)
x motor tasks (LOS, MCT, and SOT tests) was observed

[F(2,40) = 22.205, (p < 0.001)]. There was a significant main effect
of type of motor task cost on the LOS, MCT  and SOT test (move-
ment velocity, weight symmetry and equilibrium respectively)
with [F(2,40) = 13.152, (p = 0.01)] and a main effect of group with

vard University from ClinicalKey.com by Elsevier on June 17, 2017.
017. Elsevier Inc. All rights reserved.
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Fig. 2. Schematics of the study design for the balance test. MCT (SINGLE) = Motor control test with single task, LOS (SINGLE) = Limits of stability with dual-task (counting
backward), SOT = Sensory organization test with dual-task (counting backward), LOS (SINGLE) = Limits of stability with single task, SOT (SINGLE) = Sensory organization test
with  single task, MCT = Motor control test with dual-task (counting backward).

Table 2
Raw scores of cognitive responses for Limits of Stability, Motor Control and Sensory Organization tests Yoga practitioners and age similar non-Yoga practitioners.

Variable LOS MCT SOT

Single Dual Single Dual Single Dual

Total responses Y
NY

3.6 ± 0.76
4.6 ± 1.54

3.92 ± 1.49
4.5 ± 1.66

7.86 ± 2
6.79 ± 2.15

7.5 ± 2.4
5.07 ± 1.66

7 ± 1.63
6 ± 2.63

5.5 ± 1.98
5.07 ± 1.20

Wrong responses Y
NY

0.14 ± 0.36
0.5 ± 0.75

0.5 ± 0.94
2.86 ± 0.67

2.28 ± 1.54
1.64 ± 0.92

2.42 ± 2.44
1.46 ± 1.2

1 ± 1.03
1.43 ± 1.22

2 ± 1.09
1.79 ± 1.25

Correct responses Y
NY

3.57 ± 0.76
4.5 ± 1.65

3.92 ± 1.5
2.2 ± 0.42

7.9 ± 2
5.57 ± 1.79

7.5 ± 2.4
3.6 ± 1.16

6.9 ± 1.98
4.6 ± 1.5

6.29 ± 2.16
3.2 ± 1.2

LOS = Limits of stability, MCT  = Motor control test, SOT = Sensory organization test, Y = Yoga practitioners, NY = non-Yoga practitioners.

Fig. 3. Comparison of Motor cost between the Yoga practitioners and age similar non-pra
Organization test condition 6 for spatial variables (Movement Velocity, Weight Symmetr

Fig. 4. Comparison of Response time cost between the Yoga practitioners and age
similar non-practitioners for single and dual-task in Limits of Stability and Motor
C
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–posturography task with conflicting somatosensory and visual

Download
ontrol tests.

F(1,20) = 4.808, (P = 0.04)]. Post-hoc analyses revealed that the con-
rol group demonstrated significantly higher motor cost for the SOT
n comparison with the LOS test (p = 0.001). On the other hand,
oga practitioners demonstrated a significant lower motor cost
n MCT  compared with the SOT test (p = 0.001). The between-
roup analysis indicated that the non-practitioners in comparison
o the Yoga practitioners group had higher motor cost for both MCT
p = 0.002) and SOT tests (p = 0.001) Fig. 3a. There was a signifi-
ant task (LOS and MCT  tests) x group interaction [F(1,19) = 9.337
p = 0.008)] observed for the response time. The Yoga practitioners
ad a significantly greater cost (more negative values) during the
OS in comparison to the MCT  task (p = 0.04). For between-group

nalyses, the control group had a significantly greater cost for the
OS task (p = 0.03) with no difference for the MCT  test Fig. 4.

ed for Anonymous User (n/a) at President and Fellows of Harvard College on behalf of Harvard
For personal use only. No other uses without permission. Copyright ©2017
ctitioners for single and dual-task in Limits of Stability, Motor Control and Sensory
y, Equilibrium) (a) Motor Cost (b) Cognitive Cost.

3.2. Effect of dual-tasking on cognitive performance

Cognitive cost across the three balance tasks differed between
the groups, observed by a significant group x task interaction with
[F(2,40) = 2.481, (p = 0.04)]. There was also significant main effect
of dual-tasking on cognitive cost with [F(2,40) = 1.339 (p = 0.04)].
A significant difference in cognitive cost was  observed between
the groups [F(1,20) = 12.428, (p = 0.002)]. Post-hoc comparisons
showed that the non-practitioners group had a significant lower
cognitive cost for SOT test in comparison to LOS test (p = 0.002),
while the Yoga practitioners did not show any difference on cogni-
tive costs across the three balance tasks. Between groups analysis
showed that the Yoga practitioners had significantly lower cog-
nitive cost for both LOS (p = 0.04) and MCT  (p = 0.03) tasks in
comparison with age similar non-practitioners (Fig. 3b).

4. Discussion

This study explored the effects of Yoga on reducing CMI  for
maintaining balance control during varied balance tasks while
each of them was  concurrently performed with a working mem-
ory function task. The results, as hypothesized, demonstrated
that Yoga practitioners displayed improved motor and cognitive
cost on symmetrical body-weight distribution during the Motor
Control test (MCT – reactive balance control). Yoga practitioners
also had increased motor cost indicated by decreased center of
information) with no difference in cognitive cost in comparison
to their age-matched non-practitioners. During dual-tasking on

 University from ClinicalKey.com by Elsevier on June 17, 2017.
. Elsevier Inc. All rights reserved.
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he Limits of stability test (LOS –intentional balance control), Yoga
ractitioners demonstrated better cognitive control with no differ-
nce in motor cost compared to their age-matched counterparts.

.1. Intentional balance control task between groups

While dual-tasking, the Yoga practitioners performed simi-
arly to non-practitioners on the intentional balance control task
no different in motor cost) but displayed comparatively higher
erformance on the cognitive task with lower cognitive cost for
his task. The increased cognitive ability while dual-tasking could
ave been due to automatization of the balance control task. Exe-
ution of Yoga practice requires the employment of intentional
alance control.27,28 Through regular practice, intentional balance
ontrol may  have turned out to be almost automatic with lim-
ted involvement of cognitive resources among Yoga practitioners.
onsequently, allowing more allocation of the available atten-
ional resources towards cognitive performance.29 In line with our
esults, recent studies have also shown that in a situation requir-
ng performance of a complex cognitive task, concurrently with
n excessively learned task, individuals tend to prioritize the per-
ormance of the cognitive task and the allotment of attentional
apacity can be regulated voluntarily.30 In addition to the prior-
tization of the cognitive task and automatization of the balance
ontrol task, Yoga practice positively influences executive func-
ion measures of working memory capacity.16,17 Thus, all the above
ndings suggest that Yoga practice could have helped to increase
erformance on the cognitive task.

.2. Reactive balance control task between groups

Lower motor and cognitive costs for the MCT  task suggests sig-
ificantly better performance on both symmetrical body-weight
istribution and cognitive task while dual-tasking among the Yoga
ractitioners in comparison with the non-practitioners. It may  be
ossible that symmetrical body-weight distribution is improved
ith training and the Yoga practitioners gain the training-induced

bility to allocate better allocation of attentional resources toward
he cognitive task.31 Similar to the above results recent studies
as shown that Yoga practice provides the potential for weight
hift training, resulting in an improved symmetry in weight
istribution.32–34

.3. Response time cost on intentional and reactive balance
ontrol task between both groups

During dual-tasking, the Yoga practitioners showed a sig-
ificantly lesser response time cost (higher performance) for

ntentional balance control task, while exhibited equal response
ime (similar performance) on the reactive balance control task
n comparison to their age-matched counterparts. Although there
re no studies that investigate response time on voluntary bal-
nce control, other studies have examined auditory, visual and
xecution response time for various other tasks and have shown
mprovement with Yoga practice.32–34 Given the distinct neural
athway,35–38 CMI  among both intentional and reactive balance
ontrol and that Yoga practice focuses on voluntarily attaining
ifference poses it may  effectively reduce response time in only

ntentional balance control and not in automatic reactive balance
ontrol system.

.4. Posturography under conflicting sensory information (both

omatosensory and visual conflicts)

Individuals undergoing visual conflict along with a perturbed
omatosensory system, are predisposed to a high postural insta-
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bility, e.g., walking on a sandy beach.39–40 An important property
of the postural control system is its ability to “down-weight” poor
sensory cues and “up-weight” more reliable cues, known as sensory
reweighting.41–43 Sensory reweighting targeted balance training
may  improve postural stability and thus contribute significantly
towards lowering the center of pressure sway path when the bal-
ance is perturbed. In line with our results, which demonstrates
decreased center of pressure sway on the posturography task with
conflicting somatosensory and visual information other studies
have also reported improved sensory contribution to postural sta-
bility with Yoga practice.44 These studies have suggested that Yoga
practice could have increased the capacity to influence sensory
reweighting by the CNS via self-directed attention to postural sta-
bility. This corroborates with the principle that Yoga practitioners
acquire the ability to allocate attentional resources for multisensory
reweighting, which is a critical adaptive ability for an individual to
maintain quite standing when sensory conditions change. Albeit,
there was no significant difference in cognitive cost while dual −
tasking. It could be possible that it was a more a complex task in
comparison to the other balance tasks, requiring greater processing
resources and considering the fact that training-induced expansion
of attentional capacity is not possible, Yoga practitioners used all
the resources on the balance over the cognitive task.

4.5. Reason for difference in CMI in varied balance control tasks

The CMI  of dual-tasking in this study differed with respect to
the type of balance control task performed concurrently with the
working memory cognitive task. Yoga practitioners showed signifi-
cantly reduced CMI  on reactive balance control task, exhibiting least
motor and cognitive cost in comparison to the other two  balance
control tasks. This indicates that Yoga practice that encompasses
postural symmetry training could generalize to improve body-
weight distribution and help restore stability when the balance is
perturbed with support surface translations. The motor and cogni-
tive costs for the intentional balance task and the posturography
task were comparable among Yoga practitioners. Thus, improve-
ment in intentional balance control as a result of Yoga practice,
could have allowed prioritization of the cognitive task lowering its
cost.

4.6. Mechanism

In a recent review study, Tang et al. 45 observed an increased
anterior cingulate cortex involvement during rest among Yoga
practitioners and suggested that this increased involvement could
account for an improved executive attention. In another review,
effects of Yoga practice on brain wave and structural changes
have been reviewed and concluded that breathing, meditation, and
posture-based Yoga, increased overall brain wave activity, which
has been associated with improvements in cognition.46 Further-
more, decrease in stress related anxiety attained through Yoga
practice, can increase processing efficiency (executive functions
involving attentional control: inhibition and shifting) leading to an
improved dual-task ability.47,48

5. Conclusion

Cognitive-motor interference during dual-tasking has been a
significant factor for the occurrence of imbalance and falls.49

While the positive effect of conventional, multisensory and dual-

task training modes on dual-tasking has been recognized, there
is still uncertainty of the superiority of one method over the
other.50,51 While, this study had a small sample size and further
larger sample size studies are still needed, our findings con-

vard University from ClinicalKey.com by Elsevier on June 17, 2017.
017. Elsevier Inc. All rights reserved.
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ey that Yoga practitioners expended fewer motor and cognitive
esources, thus, significantly reduce CMI  during dual-tasking than
on-practitioners. Suggesting long-term Yoga practice could effec-
ively promote the ability to maintain optimal function under
hallenging dual-tasking conditions.
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24. Beauchet O, Véronique D, Franç ois RH, Reto WK.  Stride-to-stride variability
while backward counting among healthy young adults. J Neuroeng Rehabil.
2005;2:26.

25. Bock O. Dual-task costs while walking increase in old age for some, but not for
other tasks: an experimental study of healthy young and elderly persons. J
Neuroeng Rehabil. 2008;5:27.

26. Schwenk M, Tania Z, Peter O, Klaus H. Dual-task performances can be
improved in patients with dementia: a randomized controlled trial.
Neurology.  2010;74(24):1961–1968.

27. Zettergren, KK, Lubeski Jm Fau − Viverito, JM,  Viverito, JM, Effects of a yoga
program on postural control, mobility, and gait speed in community-living
older adults: a pilot study (2152–0895. (Electronic)).

28. Schmid, AA, Van Puymbroeck, DM,  Fau − Koceja, M,  Koceja, DM,  Effect of a
12-week yoga intervention on fear of falling and balance in older adults: a
pilot study (1532–821X. (Electronic)).

29. Shiffrin RM, Schneider W.  Controlled and automatic human information
processing: II Perceptual learning, automatic attending and a general theory.
Psychol Rev. 1977;84(2):p127.

30. Pellecchia, GL, Dual-task training reduces impact of cognitive task on postural
sway (0022–2895. (Print)).

31. Hakim RM, Kotroba E, Cours J, Teel S, Leininger PM.  A cross-sectional study of
balance-related measures with older adults who participated in tai chi: yoga,
or no exercise. Phys Occup Ther Geriatr. 2010;28(1):63–74.

32. Hart CE, Tracy BL. Yoga as steadiness training: effects on motor variability in
young adults. J Strength Cond Res. 2008;22(5):1659–1669.

33. Berger BG, Owen DR. Mood alteration with yoga and swimming: aerobic
exercise may  not be necessary. Percept Mot  Skills. 1992;75(3 Pt 2):1331–1343.

34. Chen KM,  Tseng WS.  Pilot-testing the effects of a newly-developed silver yoga
exercise program for female seniors. J Nurs Res. 2008;16(1):37–46.

35. Stapley, PJ, Drew, T, The pontomedullary reticular formation contributes to
the compensatory postural responses observed following removal of the
support surface in the standing cat (0022–3077. (Print)).

36.  Dufosse, M, Fau−Macpherson, J, Macpherson, J, Fau−Massion, J, Massion, J,
Biomechanical and electromyographical comparison of two  postural
supporting mechanisms in the cat (0014–4819. (Print)).

37.  Maki, BE, McIlroy, WE,  Cognitive demands and cortical control of human
balance-recovery reactions (0300–9564. (Print)).

38. Mochizuki, G, et al. Perturbation-evoked cortical activity reflects both the
context and consequence of postural instability. (Electronic) 1873–7544.

39. Di Girolamo S, Di Nardo W,  Cosenza A, Ottaviani F, Dickmann A, Savino G,
et  al. The role of vision on postural strategy evaluated in patients affected by
congenital nystagmus as an experimental model. J Vestib Res.
1999;9(6):445–451.

40. Elliott DB, Aftab EP, John GF, Sandi S, Shirley R, Graham S, et al. The Waterloo
Vision and Mobility Study: postural control strategies in subjects with ARM.
Ophthalmic Physiol Opt. 1995;15(6):553–559.

41. Oie KS, Kiemel T, Jeka JJ. Multisensory fusion: simultaneous re-weighting of
vision and touch for the control of human posture. Brain Res Cogn Brain Res.
2002;14(1):164–176.

42. Bair WN,  Tim K, John JJ, Jane EC. Development of multisensory reweighting for
posture control in children. Exp Brain Res.  2007;183(4):435–446.

43. Kuo AD. An optimal state estimation model of sensory integration in human
postural balance. J Neural Eng. 2005;2(3):S235–49.

44. Jeter PE, Steffany HM,  Ava KB, Gislin D. Ashtanga-based yoga therapy
increases the sensory contribution to postural stability in visually-impaired
persons at risk for falls as measured by the wii balance board: a pilot
randomized controlled trial. PLoS One. 2015;10(6):e0129646.

45. Tang YY, Posner MI.  Attention training and attention state training. Trends
Cognit Sci.  2009;13(5):222–227.

46. Desai R, Tailor A, Bhatt T. Effects of Yoga on Brain Waves and Structural
Activation: A Review. Complement Ther Clin Pract; 2015.

47. Eysenck MW,  Derakshan N, Santos R, Calvo MG.  Anxiety and cognitive
performance: attentional control theory: attentional control theory. Emotion.
2007;7(2):336.

48. Visu-Petra L, Miclea M, Visu-Petra G. Individual differences in anxiety and
executive functioning: a multidimensional view. Int J Psychol.
2013;48(4):649–659.

49. Shumway-Cook A, Woollacott M.  Attentional demands and postural control:
the effect of sensory context. J Gerontol A Biol Sci Med  Sci. 2000;55(1):M10–6.

50. TE Howe, R Lynn, J Alison, MHB  Pauline, AB Valerie et al. Exercise for
prevention programs? a mini-review. Gerontology. 2008;54(1):40–49.

 University from ClinicalKey.com by Elsevier on June 17, 2017.
. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0005
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0010
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0015
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0020
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0025
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0030
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0045
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0050
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0055
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0060
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0065
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0070
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0075
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0080
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0085
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0090
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0095
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0100
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0105
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0110
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0120
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0125
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0130
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0145
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0155
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0160
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0165
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0170
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0195
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0200
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0205
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0210
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0215
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0220
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0225
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0230
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0235
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0240
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0245
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255
http://refhub.elsevier.com/S0965-2299(16)30266-7/sbref0255

	Effect of Yoga practice on reducing cognitive-motor interference for improving dynamic balance control in healthy adults
	1 Introduction
	2 Method
	2.1 Protocol
	2.1.1 Single task conditions
	2.1.1.1 Limits of stability test (Intentional balance control task)
	2.1.1.2 Motor control test (MCT) (reactive balance control task)
	2.1.1.3 Sensory organization test (SOT – condition 6)
	2.1.1.4 Cognitive task

	2.1.2 Dual-task conditions

	2.2 Statistical analysis

	3 Results
	3.1 Effect of dual-tasking on balance performance
	3.2 Effect of dual-tasking on cognitive performance

	4 Discussion
	4.1 Intentional balance control task between groups
	4.2 Reactive balance control task between groups
	4.3 Response time cost on intentional and reactive balance control task between both groups
	4.4 Posturography under conflicting sensory information (both somatosensory and visual conflicts)
	4.5 Reason for difference in CMI in varied balance control tasks
	4.6 Mechanism

	5 Conclusion
	Conflict of interest
	Acknowledgement
	References


