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bstract

bjective  To compare the effects of different waveforms of 1 MHz and 3 MHz therapeutic ultrasound on endothelial function in healthy
ubjects.
esign  Randomised placebo-controlled, crossover study with concealed allocation and assessor blinding.
etting  Imaging Centre of the University Hospital.
articipants  Thirty volunteers aged between 18 and 35 years were divided into two homogeneous groups (1 MHz and 3 MHz).
nterventions  Continuous (CUT; 0.4 W/cm2SATA), pulsed (PUT; 20% duty cycle, 0.08 W/cm2SATA) and placebo waveforms (equipment off)
f ultrasound (1 MHz and 3 MHz) were randomized and applied over the brachial artery for 5 minutes.
ain  outcome  measures  Endothelial function was evaluated using the flow-mediated dilation (FMD) technique.
esults  Both 1 MHz [CUT: mean difference 4%, 95% confidence interval (CI) 2 to 6%, P  <  0.001; PUT: mean difference 4%, 95% CI

 to 6%, P  <  0.001] and 3 MHz (CUT: mean difference 4%, 95% CI 2 to 6%, P  <  0.001; PUT: mean difference 4%, 95% CI 2 to 6%,
 <  0.001) of therapeutic ultrasound increased %FMD by approximately 4% compared with the placebo waveforms. The endothelium-
ependent vasodilator responses were the same for both types of waves and frequencies. No differences in baseline diameter, hyperaemic
ow, and nitroglycerin-mediated diameter and vasodilation were observed between groups.
onclusion  Both CUT and PUT ultrasound waveforms improved endothelial function. The 1 MHz and 3 MHz frequencies of therapeutic
ltrasound led to similar improvement in endothelial function in healthy volunteers.
linical  trial  registration  number  RBR-4z5z3t.
 2017 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.

eywords: Endothelial function; Vascular endothelium; Ultrasonic therapy; Ultrasound; Nitric oxide

t
ntroduction
Therapeutic ultrasound is a form of acoustic energy com-
only used in physiotherapy because of its biological effects
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hrough thermal and mechanical mechanisms [1]. Thermal
nd mechanical effects of ultrasound occur simultaneously,
o it is inadequate to assume that the thermal effects cor-
espond to exposure to continuous waves and mechanical
ffects correspond to exposure to pulsed waves [2]. However,

hese effects are dose-dependent on application parameters
hat can be manipulated, such as wave type [continuous ultra-
ound (CUT) or pulsed ultrasound (PUT)], wave frequency
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1 or 3 MHz), intensity (0.1 to 3 W/cm2SATA), duty cycle (%)
nd application time (minutes). In addition, the effects on
iological tissue are important for better treatment [2,3]. The
olecular and cellular action of therapeutic ultrasound is the

oal of treatment; however, the mechanisms and parameters
re still not fully understood [4]. Clinical trials and exper-
mental studies have revealed that therapeutic ultrasound
s able to improve endothelial function [5,6], and increase
ndothelial NO release [1,7] and vascular angiogenesis [8].

Endothelial function is an important humoral regulator of
essel tone, mainly because of the production of nitric oxide
NO) produced by the conversion of arginine to citruline by
O synthase [1]. This molecule acts together with prostacy-

lin and endothelium-derived hyperpolarising factor (EDHF)
o maintain vascular balance [9–11]. The inhibition of platelet
ggregation, suppression of smooth muscle cell proliferation
nd stimulation of angiogenesis are performed by endothe-
ial cells, which are located in the strategic area between
lood and vascular smooth muscle of the cardiovascular sys-
em [9–11]. Recent clinical studies have demonstrated that
ndothelial function evaluated by the flow-mediated dila-
ion (FMD) technique is a predictor of cardiovascular events
9,12,13] and all-cause mortality [13].

By altering various technical therapeutic ultrasound
arameters, especially transducer wave frequency, phys-
otherapists can ensure that the ultrasonic wave reaches
eeper tissue layers [14]. Frequencies usually have a depth-
ependent effect on tissues, because there is less energy
ttenuation in surface tissues at lower frequencies, which
llows more energy to be available for absorption in deeper
issues [15]. A wave frequency of 3 MHz is absorbed at a
epth of approximately 1 to 2 cm and has surface action at
kin level [2,3]. Previous studies demonstrating improvement
n endothelial function after the application of ultrasound
ave used low wave frequencies (in kHz) [1,5,7,8] or 1 MHz
6]; however, to the authors’ knowledge, no studies to date
ave evaluated the endothelial response using a wave fre-
uency of 3 MHz. Thus, the aim of this study was to compare
he effects of CUT and PUT waveforms of 1 MHz and 3 MHz
herapeutic ultrasound on the endothelial function of humans.

ethods

esign

This randomized placebo-controlled crossover study with
oncealed allocation and assessor blinding was approved by
he institutional ethics committee, and was registered in the
razilian Clinical Trials Registry (Protocol: RBR-4z5z3t).

Initially, a sample of 30 healthy volunteers was divided
nto two homogeneous groups: the 1 MHz group and the
 MHz group. Each group was organised into three blocks
o perform a crossover study, and the randomised volun-
eers were submitted to the following treatments: CUT, PUT
r placebo waveforms. The randomisation was performed

i
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y 105 (2019) 120–125 121

sing software (www.random.org) by a blinded researcher
LUS), and the information was sealed in a brown envelope.
he volunteers and evaluators (MH, AMVS) were blinded

o the type of intervention. %FMD was measured before and
mmediately after the application of therapeutic ultrasound
Fig. A, see supplementary material in the online version at
OI:10.1016/j.physio.2017.08.010).

articipants

All participants were aged between 18 and 35 years with
ody mass index (BMI) <30 kg/m2; non-smokers; free of
utaneous/subcutaneous lesions in the left arm; and free
f skeletal muscle, rheumatic, cardiovascular, metabolic,
eurological, oncological, immunological, haematological,
sychiatric and cognitive disorders. The enrolled participants
ere not taking any type of medication.
Before and during the interventions, the volunteers were

sked not to drink alcohol, coffee or citrus juice, and
ot to perform intense physical activity 72 h before the
valuations. The exclusion criteria were: arterial diameter
0.25 mm or >5 mm, endothelial dysfunction assessed by
MD (%FMD <8%), inflammatory response (C-reactive
rotein >3 mg/dL, fibrinogen <200 or >400 mg/dL), and
eukocytosis (>11,000 ×  103/mm3). Two of the enrolled par-
icipants were not included due to the exclusion criteria. Data
ere collected between January and December 2014 at the

maging Centre of the University Hospital.

ntervention

The ultrasound equipment (Ultrasound Therapy,
onopulse III 1 and 3 MHz, IBRAMED, Amparo, SP,
razil) was calibrated by the Biocare Medical System (Passo
undo, RS, Brazil) before and after the study [16,17]. The

ransducer had a diameter of 4.5 cm (No. TR3CCE02),
ith an effective radiation area of 7 cm2, and was applied

n a stationary mode over the brachial artery above the
ntecubital fossa of the left arm using a commercially
vailable ultrasound gel as a conduction agent. CUT was
pplied for 5 minutes at an intensity of 0.4 W/cm2 spatial
veraged-temporal intensity (SATA). PUT was applied
ith a 20% duty cycle (2 milliseconds on, 8 milliseconds
ff), which represents 0.08 W/cm2SATA [6,16–18]. The
essions were performed on three consecutive days. The
lacebo session was performed in the same way but with the
quipment turned off.

linical  and  biochemical  evaluation

The initial evaluation included anthropometric variables
body weight, height and BMI) and blood samples collected

n the fasting state (12 hours). This was undertaken on the
rst day of intervention.

Haemogram blood tests (erythrogram and leukogram)
ere processed automatically using ABX kits (Horiba Diag-

http://www.random.org
https://doi.org/10.1016/j.physio.2017.08.010
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óstica, Curitiba, PR, Brazil) and microscopy. Cholesterol,
riglycerides, high-density lipoproteins and urea were ana-
ysed using LAB MAX 240 (Tokyo, Japan) equipment.
oncentrations of low-density lipoproteins were calculated
sing Friedewald‘s formula. Glucose levels were measured
sing the Trinder assay (calorimetry), and glycosylated
aemoglobin was determined by enzymatic methods, both
ith LAB MAX 240. Insulin was assessed by the chemi-

uminescence method using Immulite (Diagnostic Products
orporation, Los Angeles, CA, USA). Fibrinogen was ana-

ysed using START equipment (Diagnóstica Stago, Asnieres,
rance) using LAB TEST commercial tests (Lagoa Santa,
G, Brazil). Ultra-sensitive C-reactive protein was eval-

ated by nephelometry (Nephelometer Beckman Coulter,
MMAGE, Fullerton, CA, USA).

valuation  of  endothelial  function

Arterial endothelium-dependent vasodilation was eval-
ated by FMD in the same place where the ultrasound
as applied, with high-resolution vascular ultrasound and

 5 to 12 MHz linear transducer (Logiq P6, GE Health-
are, GE Ultrasound Korea Ltd, Seoul, Korea) according
o the American Heart Association Guidelines and adjust-

ents [5,6,12,19]. Briefly, after adjustments, the baseline
mage was acquired, and changes in the brachial artery diam-
ter until 60 seconds of reactive hyperaemia after deflation
f the cuff positioned around the upper arm and inflated
o 50 mmHg above systolic blood pressure for 5 minutes
ere compared with baseline measures. Mid-artery pulsed
oppler velocity signals were used to evaluate basal blood
ow and flow immediately after cuff release (obtained no later

han 15 seconds after cuff deflation). Brachial artery diame-
er was measured at the same time in the cardiac cycle by
lectrocardiographic monitoring during image acquisition,
nd data were calculated as an average of three consecutive
eart cycles (three measurements per cycle) at basal eval-
ation and after the intervention. Onset of the R-wave was
sed to identify end-diastole, which corresponds to the min-
mum diameter of the artery. The increased diameter after a
ublingual nitroglycerin spray (0.4 mg) was used as a mea-
urement of endothelium-independent vasodilation. Vessel
iameter responses to reactive hyperaemia and nitroglycerin
re expressed as percentage changes in relation to diam-
ter before cuff inflation and before drug administration
5,6,12,20]. Measurements of brachial artery diameter were
ccomplished offline by two evaluators (blind measures) after
nterventions. Differences >0.01 mm between the assessors
mean vessel diameter) were repeated.

utcome  measures

rimary  outcome

The primary outcome measure was endothelial function,

s measured by %FMD before and after application of ther-
peutic ultrasound.
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econdary  outcomes
Secondary outcome measures were endothelium-

ependent vasodilation (as evaluated by vascular response
o nitroglycerin after FMD), baseline arterial diameter,
yperaemic arterial diameter, baseline flow and hyperaemic
ow, as measured by FMD.

ata  analysis

ample  size
On the basis of a previous study [6], it was estimated that

 sample size of 15 volunteers in each study group (ultra-
ound and placebo) would have a power of 80% to detect a
% difference between means of %FMD with 2% standard
eviation (SD) for α  = 0.05.

Results are presented as mean (SD). Variations between
nterventions are reported as mean differences and 95% con-
dence intervals (95% CI). The distribution of variables was

ested by the Kolmogorov–Smirnov normality test. In the
tatistical analysis, Student’s t-test was applied in order to
ompare the means or two repeated measures. Two-way anal-
sis of variance with repeated measures (waveforms, time and
nteraction) was applied, followed by the Bonferroni post
oc test. Categorical variables were evaluated by Fisher’s
xact test and expressed as proportions. Pearson’s corre-
ation coefficient was calculated to show the relationship
etween ultrasound effect and brachial artery %FMD, and
he reproducibility of the ultrasound effect. Differences were
onsidered to be significant when P  < 0.05.

esults

low  of  participants

There was no significant difference in mean age [1 MHz
roup 26.6 (SD 5.4) years, 3 MHz group 27.1 (SD 5.2) years,

 = 0.785] or BMI [1 MHz group 24.3 (SD 3.4) kg/m2, 3 MHz
roup 23.7 (SD 3.1) kg/m2, P = 0.591] between the two
roups. Systolic blood pressure [1 MHz group 108 (SD 9.6)
mHg, 3 MHz group 111.3 (SD 8.9) mmHg, P  = 0.333] and

iastolic blood pressure [1 MHz group 74.3 (SD 6.3) mmHg,
 MHz group 75.3 (SD 5.5) mmHg, P = 0.647] were within
ormal limits in both groups. The basic attributes of the clin-
cal and metabolic characteristics of the fasting participants
re presented in Table A (see supplementary material in the
nline version at DOI:10.1016/j.physio.2017.08.010).

ltrasound  measurements  in  the  brachial  artery

Measurements of the brachial artery in response to differ-
nt wave frequencies of therapeutic ultrasound are shown in

able 1. Nitroglycerin resulted in no modifications in baseline
iameter (P  = 0.746), hyperaemic flow (P  =  0.798), hyper-
emic diameter (P  = 0.834) or %FMD (P  =  0.730) for either
f the ultrasound frequencies used. CUT and PUT waveforms

https://doi.org/10.1016/j.physio.2017.08.010
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Table 1
Results of ultrasound measurements in the brachial artery.

Endothelial function Frequency Basal Placebo PUT CUT Group Time Interaction

Baseline diameter
(mm)

1 MHz 3.51 (0.7) 3.52 (0.7) 3.51 (0.7) 3.54 (0.7) 0.746 0.773 0.401
3 MHz 3.36 (0.6) 3.45 (0.6) 3.43 (0.6) 3.42 (0.6)

Hyperaemic diameter
(mm)

1 MHz 3.89 (0.7) 3.89 (0.7) 3.99 (0.7)a,b 4.05 (0.7)a,b 0.789 <0.001 0.583
3 MHz 3.85 (0.6) 3.85 (0.6) 3.94 (0.6)a,b 3.95 (0.6)a,b

Hyperaemic flow
(ml/min)

1 MHz 194 (116) 244 (177) 234 (117) 239 (128) 0.798 0.504 0.908
3 MHz 222 (128) 233 (125) 247 (120) 245 (139)

NMD diameter (mm) 1 MHz 4.06 (0.8) 4.08 (0.8) 4.22 (0.8) 4.11 (0.8) 0.834 0.712 0.501
3 MHz 4.10 (0.8) 4.24 (4.7) 4.20 (0.8) 4.16 (0.8)

NMD (%) 1 MHz 25.0 (4.1) 26.1 (5) 24.9 (5.1) 26.8 (4.2) 0.730 0.291 0.459
3 MHz 25.1 (3.9) 25.2 (3.7) 26.2 (4.7) 26.2 (4.7)

Basal, average of three baseline measurements; PUT, pulsed ultrasound therapy; CUT, continuous ultrasound therapy; NMD, nitroglycerin-mediated vasodilation.
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ll values are presented as mean (standard deviation).
a Compared with baseline measures.
b Compared with placebo.

f the 1 MHz frequency increased the diameter of the brachial
rtery after reactive hyperaemia compared with the baseline
valuation (P  <  0.001 for CUT, mean difference 0.16 mm,
5% CI 0.05 to 0.26 mm; P  <  0.001 for PUT, mean differ-
nce 0.09 mm, 95% CI 0.00 to 2.03 mm), and when compared
ith the placebo group (P  <  0.001 for CUT, mean differ-

nce 0.16 mm, 95% CI 0.05 to 0.26 mm; P  <  0.001 for PUT,
ean difference 0.10 mm, 95% CI 0.05 to 2.0 mm). Similar

esults were reported for the 3 MHz frequency for both wave-
orms compared with the baseline evaluation (P  <  0.001 for
UT, mean difference 0.10 mm, 95% CI 0.00 to 0.21 mm;

 <  0.001 for PUT, mean difference 0.09 mm, 95% CI 0.00
o 2.00 mm) and the placebo group (P  <  0.001 for CUT, mean
ifference 0.1 mm, 95% CI 0.00 to 0.21 mm; P  <  0.001 for
UT, mean difference 0.09 mm, 95% CI 0.00 to 2.00 mm).
here were no significant differences in diameter and other
ariables after reactive hyperaemia between the CUT and
UT waveforms of the 1 MHz and 3 MHz frequencies (mean
ifference 0.06 mm, 95% CI -0.04 to 0.16 mm; mean differ-
nce 0.01 mm, 95% CI -0.10 to 0.11 mm, respectively).

ndothelium-dependent  vasodilation

The %FMD measurements in response to different wave-
orms (CUT and PUT) and different wave frequencies
1 MHz and 3 MHz) of therapeutic ultrasound are shown in
ig. 1. For 1 MHz frequency, %FMD increased for both CUT
mean difference 4%, 95% CI 2 to 6%, P  <  0.001) and PUT
mean difference 3%, 95% CI 1 to 5%, P  <  0.001) waveforms
ompared with the baseline evaluation. When compared with
he placebo group, %FMD increased by 4% for CUT (95%
I 2 to 6%, P  <  0.001) and by 4% for PUT (95% CI 2 to 6%,

 <  0.001). For 3 MHz frequency of therapeutic ultrasound,

UT (mean difference 4%, 95% CI 2 to 6%, P  <  0.001)
nd PUT (mean difference 4%, 95% CI 2 to 6%, P  <  0.001)
aveforms caused an increase in %FMD compared with the
aseline evaluation. In relation to the placebo group, there

f
t

ediated vasodilation; PUT, pulsed ultrasound therapy; CUT, continuous
ltrasound therapy.

as an increase of 4% for CUT (95% CI 2 to 6%, P < 0.001)
nd 4% for PUT (95% CI 2 to 6%, P  < 0.001).

The type of wave (mean difference 0%, 95% CI -3 to 4%
or CUT; mean difference 1%, 95% CI -3 to 5% for PUT;

 = 0.712) and different ultrasound frequencies (mean dif-
erence 1%, 95% CI -1 to 3% for 1 MHz; mean difference
%, 95% CI -2 to 2% for 3 MHz; P  = 0.718) did not mod-
fy %FMD (group: P  = 0.537; time: P = 0.271; interaction:

 = 0.473). The reproducibility of the ultrasound effects is
hown in Fig. B (see supplementary material in the online
ersion at DOI:10.1016/j.physio.2017.08.010). The results
how strong correlation (superior results to r > 0.7) between
rachial artery %FMD basal and vasodilation in response to
ifferent wave frequencies (1 MHz and 3 MHz) and different
aveforms (CUT and PUT) of therapeutic ultrasound Fig. B.

iscussion
This study found that both CUT and PUT wave-
orms of 1 and 3 MHz therapeutic ultrasound increased
he brachial artery diameter and improved the

https://doi.org/10.1016/j.physio.2017.08.010


1 otherap

e
v
e
a
s
a

a
t
i
e
a
t
e
a
e
f
f

F
i
[
o
t
f
p
i
[
0
e
e
2
[
g
e

a
[
o
t
a
e
i
a
v
i
t
m
s
m
o
s

h
w
t

I
f
s
s
[
p
h
b
m
m
o
H
o
i
w

l
g
s
f
d
v
[
s
T
s
a
m
c
t
t
e

C

t
v
f
s
i
a
E
R
t
t

F
C
(
n

24 M. Hauck et al. / Physi

ndothelium-dependent vasodilator function in healthy
olunteers. Anti-inflammatory, proliferative and remod-
lling actions of therapeutic ultrasound are dependent on the
pplication parameters that can be modified. In the present
tudy, the parameters were manipulated by the type of wave
nd frequency [2,3].

The appropriate wave frequency is normally between 0.8
nd 3 MHz, and is important for the production of a penetra-
ion pattern and generation of thermal and acoustic effects
n tissues [15]. A frequency of 3 MHz causes therapeutic
ffects in superficial tissues, and is absorbed at a depth of
pproximately 1 to 2 cm [2,3]. The ultrasonic energy pene-
ration depth is inversely proportional to frequency, and this
nergy is absorbed rapidly by tissues, causing superficial ther-
peutic effects [2,3]. However, the present study showed that
ven with lower penetration frequency, CUT and PUT wave-
orms of 3 MHz ultrasound were able to improve endothelial
unction.

The improvement in endothelial function evaluated by
MD in this study has been reported in a previous clin-

cal study that used frequencies of 29 kHz [5] and 1 MHz
6]. Furthermore, Iida et  al.  [5] showed that the application
f PUT wave (30% duty cycle) of low-frequency therapeu-
ic ultrasound (0.12 W/cm2SATA) improved the endothelial
unction of healthy volunteers. These clinical results are
redominantly caused by NO, because prostacyclin was
nhibited [6] and EDHF acts mainly in small blood vessels
21,22]. Additionally, the low-frequency ultrasound (27 kHz,
.25 W/cm2SATA, 10 minutes) enhanced NO production in
ndothelial cells from 10 seconds, and for 30 minutes after
xposure [1]. In humans, this effect lasts for approximately
0 minutes after the application of 29 kHz [5] and 1 MHz
6] therapeutic ultrasound. The abovementioned studies sug-
est that 29 kHz, 1 MHz and 3 MHz frequencies have similar
ffects on the endothelial function of the brachial artery.

Established biological effects of therapeutic ultrasound
re the result of pressure waves and an increase in temperature
23–25]. The mechanical effects occur due to the propagation
f ultrasonic pressure waves through tissues that stimulate
he formation of stable microbubbles (acoustic streaming
nd microstreaming) [7,24] and induce shear stress over the
ndothelial cells [23,25]. These mechanisms are transformed
nto specific cellular signals which enhance NO bioavail-
bility [11,23] and, consequently, the endothelium-dependent
asodilation [11]. The application of therapeutic ultrasound
n stationary mode (especially with CUT waves) can induce
he risk of endothelial damage, especially in in-vitro experi-

ents, but they are much less likely to occur in  vivo  [2], as
hown in a previous study [6]. In the present study, stationary
ode ultrasound was used to attenuate the mechanical effect

f the ultrasound head on the brachial artery and to generate
hear stress.
Thermal effects are frequency dependent, although the
eating depth of the 0.86 MHz, 1 MHz, 2 MHz and 3 MHz
ave frequencies remained the same [15], which suggests

hat a lower frequency does not cause a deep heating pattern.

E
P

C

y 105 (2019) 120–125

n previous clinical studies using low [5] and high [6] wave
requencies to investigate endothelial function, it was not pos-
ible to observe any increase in skin temperature. The authors
uggest that other application parameters must be considered
2], particularly an effective low intensity (such as used in the
resent study) and other parameters [5,6] that do not cause
eat generation [26]. The presence of thermal effects cannot
e disregarded, especially for CUT waves [29], as the ther-
al gradient at the skin activates the vasodilator nerves which
ediate a decrease in smooth muscle tone, leading to arteri-

lar vasodilation and an increase in skin blood flow [27,28].
owever, this study found no difference in the improvement
f endothelial function between the two waveforms, suggest-
ng that the main effects are due to the mechanical effects of
aves on vascular reactivity.
The 3 MHz therapeutic ultrasound has superficial and

ocal vascular effects that act by inhibiting platelet aggre-
ation, suppressing smooth muscle cell proliferation, and
timulating angiogenesis as endothelial cells are responsible
or these actions [9–11]. An increase in endothelium-
ependent vasodilation is important because systemic
ascular homeostasis is dependent of NO vasodilator action
11,30] for musculoskeletal tissue repair [30] and angiogene-
is [8], which justifies the clinical importance of these results.
his way, these essential actions on blood vessels justify and
upport the use of 3 MHz ultrasound for the treatment of
cute cutaneous and subcutaneous lesions, such as in the der-
atological area, especially burns and scars as they do not

ause tissue heating. The lack of evaluation of the depth of
he brachial artery and tissue temperature are limitations of
his study, that contributed to clarify the impact of ultrasound
ffects on vascular reactivity.

onclusion

This study showed that CUT and PUT waveforms of
herapeutic ultrasound at frequencies of 1 and 3 MHz cause
asodilation in the brachial artery, and improve endothelial
unction. Although the 3 MHz wave frequency reaches more
uperficial regions in the cutaneous and subcutaneous levels,
ts ultrasonic wave has the same effect on endothelial function
s the 1 MHz wave frequency
thical  approval: This study was approved by the Health
esearch Ethics Committee (CEP/FURG No. 88/2012) of

he Federal University of Rio Grande, and was registered in
he Brazilian Clinical Trials Registry (Protocol RBR-4z5z3t).
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Key  messages

• Continuous and pulsed therapeutic ultrasound wave-
forms are able to improve endothelial function.

• This improvement in endothelial function is indepen-
dent of the wave frequency (1 MHz and 3 MHz) of
therapeutic ultrasound.

•  The vascular effects of therapeutic ultrasound act by
inhibiting platelet aggregation and leukocyte adhe-
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sion, suppressing smooth muscle cell proliferation,
and stimulating angiogenesis and tissue repair.

eferences

[1] Altland OD, Dalecki D, Suchkova VN, Francis CW. Low-intensity
ultrasound increases endothelial cell nitric oxide synthase activity and
nitric oxide synthesis. J Thromb Haemost 2004;2:637–43.

[2] Baker KG, Robertson VJ, Duck F. A review of therapeutic ultrasound:
biophysical effects. Phys Ther 2001;81:1351–8.

[3] Watson T. Ultrasound in contemporary physiotherapy practice. Ultra-
sonics 2008;48:321–9.

[4] Fontes-Pereira AJ, Teixeira RC, Oliveira AJB, Pontes RWF, Barros
RSM, Negrão J. The effect of low-intensity therapeutic ultrasound in
induced fracture. Acta Ortop Bras 2013;21:18–22.

[5] Iida K, Luo H, Hagisawa K, Akima T, Shah PK, Naqvi TZ, et al.
Noninvasive low-frequency ultrasound energy causes vasodilation in
humans. J Am Coll Cardiol 2006;48:532–7.

[6] Cruz JM, Hauck M, Cardoso Pereira AP, Moraes MB, Martins CN,
da Silva Paulitsch F, et al. Effects of different therapeutic ultrasound
waveforms on endothelial function in healthy volunteers: a randomized
clinical trial. Ultrasound Med Biol 2016;42:471–80.

[7] Sugita Y, Mizuno S, Nakayama N, Iwaki T, Murakami E, Wang Z,
et al. Nitric oxide generation directly responds to ultrasound exposure.
Ultrasound Med Biol 2008;34:487–93.

[8] Maan ZN, Januszyk M, Rennert RC, Duscher D, Rodrigues M, Fuji-
wara T, et al. Noncontact, low-frequency ultrasound therapy enhances
neovascularization and wound healing in diabetic mice. Plast Reconstr
Surg 2014;134:402e–11e.

[9] Poredos P, Jezovnik MK. Testing endothelial function and its clinical
relevance. J Atheroscler Thromb 2013;20:1–8.

10] Rajendran P, Rengarajan T, Thangavel J, Nishigaki Y, Sakthisekaran
D, Sethi G, et al. The vascular endothelium and human diseases. Int J
Biol Sci 2013;9:1057–69.

11] Vanhoutte PM, Tang EHC. Endothelium-dependent contractions: when
a good guy turns bad! J Physiol 2008;586:5295–304.

12] Thijssen DHJ, Black MA, Pyke KE, Padilla J, Atkinson G, Harris
RA, et al. Assessment of flow-mediated dilation in humans: a method-
ological and physiological guideline. Am J Physiol Heart Circ Physiol
2011:2–12.
13] Xu Y, Arora RC, Hiebert BM, Lerner B, Szwajcer A, McDonald K, et al.
Non-invasive endothelial function testing and the risk of adverse out-
comes: a systematic review and meta-analysis. Eur Heart J Cardiovasc
Imaging 2014;15:736–46.

[

Available  online  at  www.s

ScienceD
y 105 (2019) 120–125 125

14] Cambier D, Herde KD, Witvrouw E, Beck M, Soenens S, Vander-
straeten G. Therapeutic ultrasound: temperature increase at different
depths by different modes in a human cadaver. J Rehabil Med
2001;33:212–5.

15] Demmink JH, Helders PJM, Hobek H, Enwemeka C. The variation of
heating depth with therapeutic ultrasound frequency in physiotherapy.
Ultrasound Med Biol 2003;29:113–8.

16] Rossato DD, Lago PD, Hentschke VS, Rucatti AL, Signori LU, Silveira
MN, et al. Ultrasound modulates skeletal muscle cytokine levels in rats
with heart failure. Ultrasound Med Biol 2015;41:797–805.

17] Martins CN, Moraes MB, Hauck M, Guerreiro LF, Rossato DD, Varela
Jr AS, et al. Effects of cryotherapy combined with therapeutic ultra-
sound on oxidative stress and tissue damage after musculoskeletal.
Physiotherapy 2016;102:377–83.

18] Signori LU, Costa STD, Neto AFS, Pizzolotto RM, Beck C, Sbruzzi
G, et al. Haematological effect of pulsed ultrasound in acute muscular
inflammation in rats. Physiotherapy 2011;97:163–9.

19] Corretti MC, Anderson TJ, Benjamin EJ, Celermajer D, Charbon-
neau F, Creager MA, et al. Guidelines for the ultrasound assessment
of endothelial-dependent flow-mediated vasodilation of the brachial
artery: a report of the International Brachial Artery Reactivity Task
Force. J Am Coll Cardiol 2002;39:257–65.

20] Signori LU, de Quadros AS, Sbruzzi G, Dipp T, Lopes RD, Schaan BD.
Endothelial function in patients with slow coronary flow and normal
coronary angiography. Clinics 2012;67:677–80.

21] Urakami-Harasawa L, Shimokawa H, Nakashima M, Egashira K,
Takeshita A. Importance of endothelium-derived hyperpolarizing factor
in human arteries. J Clin Invest 1997;100:2793–9.

22] Félétou M, Vanhoutte PM. Endothelium-derived hyperpolariz-
ing factor: where are we now? Arterioscler Thromb Vasc Biol
2006;26:1215–25.

23] Bertuglia S. Mechanisms by which low-intensity ultrasound improve
tolerance to ischemia–reperfusion injury. Ultrasound Med Biol
2007;33:663–71.

24] Juffermans LJM, van Dijk A, Jongenelen CM, Drukarch B, Reijerkerk
A, de Vries HE, et al. Ultrasound and microbubble-induced intra- and
intercellular bioeffects in primary endothelial cells. Ultrasound Med
Biol 2009;35:1917–27.

25] Van Bavel E. Effects of shear stress on endothelial cells: possi-
ble relevance for ultrasound applications. Prog Biophys Mol Biol
2007;93:374–83.

26] Robertson VJ. Dosage and treatment response in randomized clinical
trials of therapeutic ultrasound. Phys Ther Sport 2002;3:124–33.

27] Kellogg DL. In vivo mechanisms of cutaneous vasodilation and vaso-
constriction in humans during thermoregulatory challenges. J Appl
Physiol 2006;100:1709–18.

28] Charkoudian N. Mechanisms and modifiers of reflex induced cuta-
neous vasodilation and vasoconstriction in humans. J Appl Physiol
2010;109:1221–8.

29] Gallo JA, Draper DO, Brody LT, Fellingham GW. A comparison
of human muscle temperature increases during 3-MHz continuous
30] Verma S, Anderson T. Fundamentals of endothelial function for the
clinical cardiologist. Circulation 2002;105:546–9.

ciencedirect.com

irect

http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0005
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0010
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0015
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0020
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0025
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0030
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0035
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0040
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0045
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0050
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0055
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0060
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0065
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0070
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0075
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0080
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0085
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0090
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0095
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0100
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0105
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0110
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0115
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0120
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0125
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0130
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0135
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0140
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0145
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://refhub.elsevier.com/S0031-9406(17)30336-X/sbref0150
http://www.sciencedirect.com/science/journal/00319406

	Comparison of the effects of 1MHz and 3MHz therapeutic ultrasound on endothelium-dependent vasodilation of humans: a rando...
	Introduction
	Methods
	Design
	Participants
	Intervention
	Clinical and biochemical evaluation
	Evaluation of endothelial function
	Outcome measures
	Primary outcome
	Secondary outcomes

	Data analysis
	Sample size


	Results
	Flow of participants
	Ultrasound measurements in the brachial artery
	Endothelium-dependent vasodilation

	Discussion
	Conclusion
	References


