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Abstract Background: Preoperative anxiety is a challenge in most surgical interventions that
needs to be taken into consideration. This trial assessed the effect of relation technique on the
anxiety and hemodynamic response in patients undergoing surgical procedures.
Methods: This single blind, randomized clinical trial was conducted on patients who were can-
didates for coronary artery bypass graft, coronary angiography, percutaneous intervention, or
general surgery at Ekbatan and Besat Hospitals, Hamadan University of Medical Sciences, from
March to August 2014. Patients were randomly assigned to intervention and control groups. The
intervention group received Benson’s relaxation technique, a half an hour before surgical pro-
cedures. The preoperative anxiety and hemodynamic status (systolic and diastolic blood pres-
sure, pulse pressure, heart rate, and respiratory rate) were evaluated before and after
intervention.
Results: Of 166 patients identified, 144 patients enrolled into the study. No patient declined
follow-up. The baseline clinical characteristics of the patients in the intervention and control
groups were nearly the same. The mean systolic and diastolic blood pressure, pulse pressure,
the average number of heart rates and respiratory rates declined significantly in the interven-
tion group compared to the control group (P < 0.001). The mean score of hospital anxiety was
significantly lower in the intervention group than in the control group (P < 0.001). The inter-
vention was effective in both males and female patients.
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Conclusion: This trial indicated that Benson’s relaxation technique is a safe method with no
adverse effects with significant beneficial effect on preoperative anxiety and hemodynamic re-
sponses in patients who were candidates for surgical procedures.
Tr ia l reg i s t rat ion: I ran ian Reg i s t ry of C l in ica l Tr ia l s reg i s t rat ion number:
IRCT201312249014N19. http://www.irct.ir/searchresult.php?idZ9014&numberZ19.
ª 2017 Association for Research into Arterial Structure and Physiology. Published by Elsevier
B.V. All rights reserved.

Introduction

Most patients experience anxiety before any kind of surgi-
cal procedure. It is reported that 24%e72% of patients has
some degree of anxiety before percutaneous intervention
(PCI).1 Anxiety is a common emotional distress among pa-
tients undergoing coronary artery bypass graft (CABG).2

About 25%e80% of patients experience anxiety before
heart surgery.3

Anxiety can exacerbate the symptoms of the disease and
may have an undesirable effect on the physiological sta-
tus.4 Anxiety can trigger stress response and stimulate
releasing epinephrine and norepinephrine. Activation of
the neuroendocrine response to stress may be associated
with several physiologic changes such as an increase in
blood pressure, heart rate, and cardiac output.5 Poor
management of anxiety may be life-threatening in patients
with coronary artery disease and may increase the likeli-
hood of myocardial infarction or stroke.1,3

Apart from conventional medical treatment, other ap-
proaches, such as the relaxation response, education, and
music therapy, can be used to manage the preoperative
distress and anxiety in patients who are candidates for
surgical procedures.3,6 Relaxation is one of non-
pharmaceutical techniques that may useful in reducing
anxiety and increase self-esteem by effecting on the
mental and emotional status.7 Benson’s relation technique
in one of the most popular methods of relation which was
first introduced in 1975 by Herbert Benson, a Harvard
physician. He denoted that the technique could bring about
the relaxation response by reducing the activity of the
autonomic nervous system.8 It is indicated that Benson’s
relaxation technique can reduce the severity of pain and
improve the quality of life in patients with hemodialysis.9 It
can efficiently decrease the emotional distress during the
period of diagnostic uncertainty in women who underwent
percutaneous breast biopsy.10 In addition to its simplicity,
this technique is an inexpensive, efficacious, and practical
method to reduce pain, anxiety, and medication during
invasive procedures such as femoral angiography.11

It is posited that Benson’s relaxation technique can
counteract the stress response before and during invasive
procedures and might be associated with better patient
outcomes, however, no study has been conducted that
examines and compares the effect of this relaxation
technique on different types of surgeries. This clinical trial
was conducted to examine the effect of Benson’s relation
technique on the anxiety and hemodynamic response in
patients undergoing various kinds of surgical procedures

including coronary artery bypass graft (CABG), coronary
angiography (CAG), percutaneous intervention (PCI), or
general surgeries.

Materials and methods

This single blind, randomized clinical trial was conducted in
Ekbatan and Besat Hospitals, affiliated with Hamadan Uni-
versity of Medical Sciences, in the west of Iran, from March
to August 2014. The patients were enrolled voluntarily into
the trial and gave written informed consent. The Ethics
Committee of the university approved the consent pro-
cedure and the whole trial. The protocol was registered
with the Iranian Registry of Clinical Trials on January 6,
2014 (IRCT201312249014N19).

The study population included patients aged 18 to 65
who were candidates for CABG, CAG, PCI, or general sur-
gery. Patients with any of the following problems were
excluded from the trial: (a) hearing loss; (b) muscle pa-
ralysis; (c) known psychiatric disease; (e) substance or
alcohol abused dependent.

According to the results of a clinical trial conducted by
Zakerimoghadam et al.,12 the mean (SD) level of anxiety on
the first hour after angiography was 3.96 (2.17) and 6.58
(2.18) in the intervention receiving relaxation technique
and the control groups, respectively, on a scale of 0e10. On
the basis of these results, we arrived at a sample size of 18
for each group and a total sample size of 36 at 95% signif-
icance level and 95% statistical power. Since we used the
intervention for four different groups of patients undergo-
ing CABG, CAG, PCI, and general surgeries, we quadrupled
the sample size to a maximum of 144, of which 36 were
allocated to the CABG group, 36 to the CAG group, 36 to the
PCI group, and 36 to the general surgery.

The eligible patients were randomly assigned to the
intervention and control groups using the balance block
randomization method. The allocations remained con-
cealed during the study. For this purpose, we prepared four
sheets of paper, writing on two sheets “I” for “interven-
tion” and on two “C” for control”. The paper sheets were
pooled, placed in a container, and randomly drawn one at a
time for each patient without replacement until all four
sheets were drawn. The four paper sheets were then placed
back into the container and this action repeated until the
sample size was reached.

The trial was carried out as single blind so that the
examiner who evaluated the preoperative anxiety and he-
modynamic responses was not aware of the allocated inter-
vention. Furthermore, the statistical analyst was unaware of
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the trial groups until the data were analyzed and the labels
were decoded.

The intervention of interest was listening to an audio file
for 20 min through a headphone about a half an hour before
surgical intervention. In addition, the intervention group
received routine preoperative medications. The control
group received routine preoperative medications alone.

Among several quiet and relaxing music, six music were
selected of which two music were finally used for relaxation
technique. The audio file included the following recom-
mendations broadcasted for the patients during listening to
music through a headphone.5,7,9,13

(a) Lie down quietly in a comfortable position.
(b) Close your eyes slowly.
(c) Relax all your muscles deeply from the feet to the

face.
(d) Meanwhile, inhale deeply through the nose. Be aware

of your breathing and pay attention to it. Then,
exhale quietly through your mouth while repeating a
word on the lips.

(e) Repeat these actions several times for 15e20 min.
Then, open your eyes for a few moments while you
are lying down.

(f) Do not worry whether or not you are at a deep level of
relaxation. Let the relaxation happens itself. When
annoying thoughts occur, try to ignore them.

The primary outcome of interest was preoperative anx-
iety, which was evaluated before and immediately after
intervention using the Hospital Anxiety and Depression
Scale (HADS) including subscales for anxiety (7 items),
which was used in this trial, and depression (7 items). Each
item was rated from 0 to 3, where higher scores indicated
more anxiety. The maximum score was 21 on the anxiety

subscale. The range of scores for cases was as follows: 0e7
normal, 8e10 mild disorder, 11e14 moderate disorder, and
15e21 severe disorder.14,15 The Cronbach’s alpha coeffi-
cient was used to measure the reliability of the anxiety
questionnaire. The coefficient was 0.86 for before and 0.90
for after intervention based on our results.

The secondary outcomes of interest were: (a) systolic
and diastolic blood pressure in mmHg; (b) heart rate per
minute; and (c) respiratory rate per minute. The secondary
outcomes were measured before and immediately after
intervention using a heart monitoring device.

We used the independent t-test for comparison mean
difference between intervention and control groups before
and after intervention. We also used ANOVA and multivar-
iate analysis for comparing the mean difference between
the two groups adjusting on baseline values. All statistical
analyses were performed at a significance level of 0.05
using Stata software, version 11 (StataCorp).

Results

Of 166 patients identified, 18 were ineligible and 4 declined
to participate. The randomization was based on the
remaining 144 patients, of whom 72 patients were allo-
cated to the intervention and 72 to the control groups. No
patient declined follow-up (Fig. 1). The analysis was based
on data from 144 patients (male/female ratio was 42/30
and 41/31 in the control and intervention groups, respec-
tively, P Z 0.866) including 36 in the CABG group, 36 in the
CAG group, 36 in the PCI group, and 36 in the general sur-
gery group. The mean (SD) age of the patients was 51.3
(10.9) years ranged from 17 to 65 years.

The baseline characteristics of the participants in the
two groups are given in Table 1. The results show that there

Figure 1 Flowchart of progress through the trial.
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was no statistically significant difference between the pa-
tients’ hemodynamic status, including systolic and diastolic
blood pressure, pulse pressure, respiratory rate, and pre-
operative anxiety score except heart rate, in the inter-
vention and control groups at baseline.

The effect of the Benson’s relaxation technique versus
no intervention on the preoperative anxiety and hemody-
namic responses are given in Table 2. The mean level of
systolic and diastolic blood pressure, pulse pressure, the
average number of heart rates and respiratory rates
declined significantly in the intervention group compared
to the control group (P < 0.001). In addition, the mean

score of preoperative anxiety was significantly lower in the
intervention group than the control group (P < 0.001). The
results indicated that the intervention was effective in both
male and female patients. After adjusting on baseline
values, the mean differences between the intervention and
control groups became more significant for all hemody-
namic variables and anxiety score.

The effect of the Benson’s relaxation technique on the
preoperative anxiety and hemodynamic response are given
in Table 3 by type of surgical procedures including CABG,
CAG, PCI, general surgery. Regardless of the type of surgical
procedures, the mean score of preoperative anxiety was
significantly lower in the intervention group than in the
control group. Furthermore, the hemodynamic responses
were improved significantly in the intervention group than
control group except the diastolic blood pressure in pa-
tients undergoing CAG, the systolic blood pressure, pulse
pressure, and the heart rate in patients undergoing PCI, and
pulse pressure and the heart rate in patients undergoing
general surgery. Although, some hemodynamic responses
were not statistically different between the intervention
and control groups, however, the averages of hemodynamic
responses were lower in the intervention group than in the
control group.

Discussion

The use of Benson’s relaxation technique is a safe and
inexpensive method that is associated with a beneficial

Table 1 Baseline clinical characteristics of the interven-
tion and control groups.

Variables Control Intervention P value

Mean SD Mean SD

Age (yr) 51.41 11.25 51.31 10.70 0.957
Systolic blood

pressure (mmHg)
124.09 13.38 124.90 12.64 0.711

Diastolic blood
pressure (mmHg)

76.59 7.99 78.25 8.90 0.243

Pulse pressure (mmHg) 47.50 9.96 46.65 10.22 0.615
Respiratory rate (/min) 17.65 2.07 17.88 2.24 0.512
Heart rate (/min) 77.12 9.04 80.55 7.73 0.015
Anxiety score 10.73 4.45 10.56 4.02 0.814

Table 2 Comparison of the effect of Benson’s relaxation technique versus no intervention on the hemodynamic status and
hospital anxiety by gender.

Variables Control Intervention P valuea P valueb

Mean SD Mean SD

Total

Systolic blood pressure (mmHg) 125.72 13.66 115.41 12.93 0.001 0.001
Diastolic blood pressure (mmHg) 77.91 7.67 72.68 8.24 0.001 0.001
Pulse pressure (mmHg) 47.80 10.58 42.73 10.31 0.004 0.001
Respiratory rate (/min) 18.05 1.70 15.97 1.82 0.001 0.001
Heart rate (/min) 78.58 8.15 71.95 11.48 0.001 0.001
Anxiety score 10.83 4.33 5.54 2.94 0.001 0.001

Female

Systolic blood pressure (mmHg) 129.06 14.33 116.29 13.47 0.001 0.001
Diastolic blood pressure (mmHg) 78.00 9.15 73.38 8.88 0.050 0.016
Pulse pressure (mmHg) 51.06 8.94 42.90 9.19 0.001 0.134
Respiratory rate (/min) 17.90 1.60 15.87 1.91 0.001 0.001
Heart rate (/min) 78.26 8.74 73.54 7.95 0.031 0.001
Anxiety score 11.06 3.84 6.41 2.90 0.001 0.001

Male

Systolic blood pressure (mmHg) 123.33 12.81 114.75 12.63 0.002 0.001
Diastolic blood pressure (mmHg) 77.85 6.54 72.14 7.78 0.001 0.003
Pulse pressure (mmHg) 45.47 11.14 42.60 11.18 0.245 0.091
Respiratory rate (/min) 18.16 1.77 16.04 1.77 0.001 0.001
Heart rate (/min) 78.80 7.80 70.75 13.54 0.001 0.069
Anxiety score 10.66 4.66 4.87 2.82 0.001 0.001
a Comparing intervention and control groups using independent t-test.
b Multivariate analysis using ANOVA comparing hemodynamic variables between intervention and control groups adjusted on baseline

values and the anxiety score and comparing anxiety score between the two groups adjusted on the baseline value and hemodynamic
variables.
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effect on preoperative anxiety and the hemodynamic status
in patients who are candidates for undergoing a various
kinds of surgical procedures such as CABG, CAG, PCI, and
general surgery. The investigations have shown that relax-
ing music can significantly reduce heart rate, respiratory
rate, and myocardial oxygen demand.16 In addition,
listening to music in a quiet and restful environment may
reduce anxiety in persons with coronary heart disease,
especially those patients recovering from acute myocardial
infarction.16,17

Apart from anti-anxiety effect of music therapy, it has a
beneficial effect on pain relief. Using music can decrease
opioid administration and improve satisfaction in patients
undergoing hysterectomy.18 Music can reduce the dose of
sedative medication required for colonoscopy.19 Listening
to music during labor has a beneficial effect on labor pain
and anxiety, maternalefetal parameters and may reduce
postpartum analgesic requirement.20

The investigations suggest that music can modify the
physiological function through several mechanisms,
including the autonomic nervous system, plasma cytokine,
and catecholamine levels. The evidence has shown that
music can induce parasympathetic activities and reduce
plasma cytokine and catecholamine levels.21e24

The main limitation of the present study was that the
blinding of the intervention to the patients was impossible.

This might raise the possibility of the information bias.
Despite its limitation, this trial was carried out several
groups of patients undergoing various kinds of surgical
procedures in two separate hospitals. This increases the
generalizability of the intervention effect.

We performed music therapy through a headphone
which has its own limitation when this method of relation is
to be used for a large number of patients. Therefore, we
suggest the effect of this technique is examined on pre-
operative anxiety and hemodynamic responses broad-
casting music through speakers in the ward for all patients
rather than individually through a headphone.

Conclusion

The results of this trial indicated that music therapy is a
safe and less expensive method with beneficial effects
on preoperative anxiety and hemodynamic responses
in patients undergoing coronary artery bypass graft,
coronary angiography, percutaneous intervention, or gen-
eral surgeries.
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Table 3 Comparison of the effect of Benson’s relaxation technique versus no intervention on the hemodynamic status and
hospital anxiety by surgical procedures.

Variables Control Intervention P value

Mean SD Mean SD

Coronary artery bypass graft (CABG)

Systolic blood pressure (mmHg) 126.94 13.18 114.16 13.17 0.006
Diastolic blood pressure (mmHg) 78.61 8.18 72.66 8.35 0.038
Pulse pressure (mmHg) 48.33 8.22 41.50 7.26 0.012
Respiratory rate (/min) 18.66 1.32 16.05 1.05 0.001
Heart rate (/min) 82.88 6.20 74.05 6.11 0.001
Anxiety score 13.50 2.95 7.05 2.77 0.001

Coronary angiography (CAG)

Systolic blood pressure (mmHg) 124.55 11.24 112.77 11.27 0.003
Diastolic blood pressure (mmHg) 75.00 5.42 72.77 7.90 0.332
Pulse pressure (mmHg) 49.55 11.50 40.00 11.73 0.012
Respiratory rate (/min) 18.44 1.19 16.55 1.19 0.001
Heart rate (/min) 78.27 7.53 73.11 6.97 0.040
Anxiety score 11.11 2.21 5.16 1.79 0.001

Percutaneous intervention (PCI)

Systolic blood pressure (mmHg) 127.77 12.27 124.72 11.69 0.449
Diastolic blood pressure (mmHg) 79.44 5.91 74.72 7.37 0.041
Pulse pressure (mmHg) 48.33 10.71 50.00 12.60 0.671
Respiratory rate (/min) 18.27 1.40 16.83 1.15 0.001
Heart rate (/min) 79.94 7.56 72.16 19.10 0.117
Anxiety score 9.61 2.00 6.50 1.61 0.001

General surgery

Systolic blood pressure (mmHg) 123.61 17.80 110.00 11.37 0.009
Diastolic blood pressure (mmHg) 78.61 10.11 70.55 9.37 0.018
Pulse pressure (mmHg) 45.00 11.88 39.44 7.25 0.099
Respiratory rate (/min) 16.83 2.17 14.44 2.52 0.004
Heart rate (/min) 73.22 8.53 68.50 9.02 0.116
Anxiety score 9.11 6.96 3.44 3.79 0.004

Effect of Benson relaxation technique on anxiety 37



Acknowledgments

We would like to appreciate the Vic-chancellor of Research
and Technology of Hamadan University of Medical Sciences
(No. 930126458) for approval and financial support of this
work. In addition, we thank the staffs and patients of
Ekbatan and Besat Hospitals for sincerely collaboration
with this study.

References

1. Trotter R, Gallagher R, Donoghue J. Anxiety in patients un-
dergoing percutaneous coronary interventions. Heart Lung
2011;40(3):185e92.

2. Tung HH, Hunter A, Wei J. Coping, anxiety and quality of life
after coronary artery bypass graft surgery. J Adv Nur 2008;
61(6):651e63.

3. Brand LR, Munroe DJ, Gavin J. The effect of hand massage on
preoperative anxiety in ambulatory surgery patients. AORN J
2013;97(6):708e17.

4. Guo P, East L, Arthur A. A preoperative education intervention
to reduce anxiety and improve recovery among chinese cardiac
patients: a randomized controlled trial. Int J Nurs Stud 2012;
49(2):129e37.

5. Johns RF. The effect of a brief relaxation response interven-
tion on physiologic markers of stress in patients hospitalized
with coronary artery disease. ProQuest; 2009.

6. Chang B-H, Casey A, Dusek JA, Benson H. Relaxation response
and spirituality: pathways to improve psychological outcomes
in cardiac rehabilitation. J Psychosom Res 2010;69(2):93e100.

7. Mahdavi A, Gorji MA, Gorji AM, Yazdani J. Implementing Ben-
son’s relaxation training in hemodialysis patients: changes in
perceived stress, anxiety, and depression. N Am J Med Sci
2013;5(9):536e40.

8. Benson H, Klipper MZ. The relaxation response. USA: Harper-
Collins; 2001.

9. Rambod M, Sharif F, Pourali-Mohammadi N, Pasyar N, Rafii F.
Evaluation of the effect of Benson’s relaxation technique on
pain and quality of life of haemodialysis patients: a random-
ized controlled trial. Int J Nurs Stud 2014;51(7):964e73.

10. Park ER, Traeger L, Willett J, Gerade B, Webster A, Rastegar S,
et al. A relaxation response training for women undergoing
breast biopsy: exploring integrated care. Breast 2013;22(5):
799e805.

11. Mandle CL, Domar AD, Harrington DP, Leserman J,
Bozadjian EM, Friedman R, et al. Relaxation response in
femoral angiography. Radiology 1990;174(3 Pt 1):737e9.

12. Zakerimoghadam M, Shaban M, Mehran A, Hashemi S. Effect of
muscle relaxation on anxiety of patients undergo cardiac
catheterization. J Fac Nurs Midwifery 2010;16(2):64e71.

13. Gill S, Kolt GS, Keating J. Examining the multi-process theory:
an investigation of the effects of two relaxation techniques on
state anxiety. J Bodyw Mov Ther 2004;8(4):288e96.

14. Snaith RP, Zigmond AS. The hospital anxiety and depression
scale manual. London: NFRF-Nelson; 1994.

15. Haugan G, Drageset J. The hospital anxiety and depression
scale e dimensionality, reliability and construct validity among
cognitively intact nursing home patients. J Affect Disord 2014;
167C:206.

16. White JM. Effects of relaxing music on cardiac autonomic
balance and anxiety after acute myocardial infarction. Am J
Crit Care 1999;8(4):220e30.

17. Bradt J, Dileo C, Potvin N. Music for stress and anxiety
reduction in coronary heart disease patients. Cochrane Data-
base Syst Rev 2013;12:Cd006577.

18. Rafer L, Austin F, Frey J, Mulvey C, Vaida S, Prozesky J. Effects
of jazz on postoperative pain and stress in patients undergoing
elective hysterectomy. Adv Mind Body Med 2015;29(1):6e11.

19. Lee DW, Chan KW, Poon CM, Ko CW, Chan KH, Sin KS, et al.
Relaxation music decreases the dose of patient-controlled
sedation during colonoscopy: a prospective randomized
controlled trial. Gastrointest Endosc 2002;55(1):33e6.

20. Simavli S, Gumus I, Kaygusuz I, Yildirim M, Usluogullari B,
Kafali H. Effect of music on labor pain relief, anxiety level and
postpartum analgesic requirement: a randomized controlled
clinical trial. Gynecol Obstet Invest 2014;78(4):244e50.

21. Okada K, Kurita A, Takase B, Otsuka T, Kodani E, Kusama Y,
et al. Effects of music therapy on autonomic nervous system
activity, incidence of heart failure events, and plasma cytokine
and catecholamine levels in elderly patients with cerebrovas-
cular disease and dementia. Int Heart J 2009;50(1):95e110.

22. Lin LC, Chiang CT, Lee MW, Mok HK, Yang YH, Wu HC, et al.
Parasympathetic activation is involved in reducing epilepti-
form discharges when listening to Mozart music. Clin Neuro-
physiol Pract 2013;124(8):1528e35.

23. Orita M, Hayashida N, Shinkawa T, Kudo T, Koga M, Togo M,
et al. Monitoring the autonomic nervous activity as the
objective evaluation of music therapy for severely and
multiply disabled children. Tohoku J Exp Med 2012;227(3):
185e9.

24. Chuang CY, Han WR, Li PC, Young ST. Effects of music therapy
on subjective sensations and heart rate variability in treated
cancer survivors: a pilot study. Complement Ther Med 2010;
18(5):224e6.

38 J. Poorolajal et al.

http://refhub.elsevier.com/S1872-9312(16)30088-6/sref1
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref1
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref1
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref1
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref2
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref2
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref2
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref2
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref3
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref3
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref3
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref3
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref4
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref4
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref4
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref4
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref4
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref5
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref5
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref5
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref6
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref6
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref6
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref6
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref7
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref7
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref7
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref7
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref7
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref8
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref8
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref9
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref9
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref9
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref9
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref9
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref10
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref10
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref10
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref10
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref10
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref11
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref11
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref11
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref11
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref12
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref12
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref12
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref12
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref13
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref13
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref13
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref13
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref14
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref14
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref15
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref15
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref15
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref15
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref15
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref16
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref16
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref16
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref16
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref17
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref17
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref17
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref18
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref18
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref18
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref18
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref19
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref19
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref19
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref19
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref19
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref20
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref20
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref20
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref20
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref20
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref21
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref21
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref21
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref21
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref21
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref21
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref22
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref22
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref22
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref22
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref22
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref23
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref23
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref23
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref23
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref23
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref23
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref24
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref24
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref24
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref24
http://refhub.elsevier.com/S1872-9312(16)30088-6/sref24



